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ABSTRACT

Sedimentation analysis indicated that a fucoamyloid isolated from sodium
hydroxide-soluble rapeseed polysaccharides was homogeneous. The fucoamyloid
contained D-galactose, D-zlucose, D-xylose. and L-fucose residues in molar pro-
portions of 3:14:10:2. Methylauon studies showed that the polysaccharide had a highly
branched structure. Hydrolysis of the methylated fucoamyloid vielded 2,3.4-tri-O-
methyl-D-xylose (8 mol.). 2.3,4-tr-O-methyl-L-fucose (2 mol.), 2,3.4,6-tetra-O-methyl-
D-glucose (0.2 mol.), 2,3,4.6-tetra-0O-methyl-p-galactose (1 mol.), 3,4-di-O-methyl-
p-xylose (2 mol.), 2,3,6-tri- O-methyl-D-glucose (4 mol.), 3,4,6-tri- O-methyl-p-
galactose (2 mol.). and 2,3-di-O-methyl-pD-glucose (12 mol.). The general structural
features of the fucoamyloid are discussed and compared with those of other fuco-
amyloids.

INTRODIJCTION

In previous papers' ™, the isolation and characterization of an amyloid, an
acidic arabinogalactan. an arabinan. and pectic polysaccharides from rapeseed
cotyledon meal were described. A sodium hydrosidz extraction of the meal has yielded
an acidic xylan and a polysaccharide designated as fucoamyloid. and we now report
on the main structural features of the latter.

RESULTS AND DISCUSSION

The residue from the oxalate extraction?® of rapeseed meal was extracted under
nitrogen with 10% sodium hydroaide, yielding a major polysaccharide fraction
(hemicellulose B) which was almost free from protein; acid hydrolysis gave galactose,
glucose, fucose, sylose, uronic acid. and small proportions of mannose and arabinose.
The hemicellulose A and C fractions, also isolated, were composed largely of proteins
and showed only minute amounts of the same sugars as the hemicellulose B fraction.

*Contnbuuon No. 276 of the Food Research Institute. Agriculture Canada, Ottawa. Ontario.
tTFor Part 1V, sce Ref 4.
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The fact that only a minute amount of hemicellulose A was present was consistent
with the view that seeds of the dicotyledon vanety contain either very little or no
hemicellulose A.

Fractionation of the hemicellulose B fraction on DEAE-cellulose® (CO37)
yielded a major, neurtral fraction (45%, eluted with water) and a senes of acidic
fractions comprising 12. 6, 10, 9. and 2% of the sodium hydroxide-soluble hemi-
cellulose B fraction. Acid hydrolysis of the water-eluted fraction gave mainly
galactose, glucose, and xylose, together with small proportions of mannose. fucose.
and uronic acid, and traces of rhamnose. On the basis of hydroiysis results, these
fractions appeared to be similar 1o the pectin fraction reported earfier®. The acidic
fractions 4 and 5, following hydrolysis. showed major proportions of galactose.
glucose, and aylose, together with minor proportions of mannose. arabinose. fucose.
and uronic acid: rhamnose was not detected.

The water-eluted fraction was further purified by fractionation on DEAE-
cellulose (borate form)®, yielding a water-eluted fraction (18%%) and a series of berate-
eluted fractions, B,~B, (14. 30, 2, and 2°%;). The water-eluted fraction and fraction B,
were essentially identical on the basis of their specific optical rotations and their
behaviour on hvdrolysis: each gave mainly glucose and xylose, together with com-
paratively smaller amountis of galactose and fucose. These fractions were combined to
yield the fucoamyloid Hydrolysis of fraclions B,-B. gave, in addition to the above
sugars, increasing (traces-minor-major) amounts of mannose. These fractuons,
therefore. contained the fucoamyloid admixed with small proportions of a mannose-
containing polysaccharide. However, atiempts to i1solate such a polymer from
fraction B, were not successful.

The fucoamyloid had [x];° + 3547 and showed a single, symmetrical peak on
sedimentation analysis’. Analysis revealed the constituent sugars to be galactose,
glucose, vylose, and fucose in the molar ratios 1.6:5.2:5.1:1.0

Hydrolysis of the fucoamyloid, and fractionation of the resulting sugars on
paper chromatograms, gave crystalline p-galactose and bp-aylose. D-Glucose was
identified as the crystalline N-p-nitrophenyl-g-p-glucopyranosylamine dihydrate, and
L-fucose as the methylphenylhydrazone. The fucoamyloid was methylated®, and then
methanolysed and hydrolysed, and the identities and molar ratios of the products
were determined by g.lc. There was poor correspondence between the proportions
of end-groups and branch-points, and also between the ratios of rhe sugars determined
bafore and after methylation.

Consequently. a sample of the fucoamyloid was further purified by lugh-speed
centrifugation, deionization, precipitation with methanol. and dialysis. The product
thus recovered had [x]3* + 56" and showed a single, symmetrical peak on sedimenta-
tion analysis. However, a small shoulder appeared at ~ 32,000 r.p.m., but sedimented
before the emergence of the major peak. Graded hydrolysis (3-12 h) of the purified
matenal showed that the hydrolysis of fucose, galactose, and xylose residues was
essentially complete at 6-9 h, but that the amount of glicose continued to increase
and was still not constant after 12 h.
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A second methylation of the fucoamyloid, using a clear, centrifuged solution In
methyl sulphoxide, vielded a fully methylated product which was subjected to
methanolysis and hydrolysis. Paper chromatography of the hydrolysis products gave
5 fractions, and the identitics of rthe sugars in each fraction were determined by
gl.c.-m.s.%'? of the derived alditol acetates. The molar proporuons of the sugars
(determined by g.d.c.) were as follows: 2,3,4-tn-O-methyl-D-xylose, 3:; 2,3,4-1ri-O-
methyl-L-fucose. 2: 2.3.4.6-tetra-O-methyl-p-glucose, 0.2: 2,3,4.6-tetra-O-methyl-p-
galactose, 1: 3.4-di-O-methyl-D-xylose, 2: 2,3.6-tri-O-methyl-D-glucose, 4. 3.4,6-tri-
O-methyl-p-galactose, 2: and 2,3-di-O-methyl-D-glucose, 12. The molar ratios
3:16:10:2 for galactose, glucose, xylose, and fucose, calculated from the proportions
of methylated sugars, were in good agrcement with those (3:14:10:2) found for the
original polysaccharide after hydrolysis for 12 h. The deficiency of two mol. of
glucese in the unmethylated polysaccharide is ascribed to the slow hydrolysis of the
residual cellulose backbone, since hydrolysis with 7295 sulphuric acid of the material
that remained after hydrolysis with M sulphuric acid showed only alucose.

The methylation analysis data show that the fucoamyloid has a highly branched
structure. From the above molar proportions, it 1s seen that, on avarage, for every 31
sugar residues. there are 11 terminal, non-reducing end-groups (8 p-xylose, 2 L-fucose,
and | p-galactose.) There are 11-12 residues of p-glucose involved in branching.
through positions 4 and 6. The remaining 8 non-terminal residues consist of two
{1 =2)-linked D-xylose units, four (| —4)-linked p-glucose umits, and two (1 —2)-linked
D-galactose units.

Amyloids of seed origin which have been studied 1n detail fall into 1wo classes.
The first class includes those that contain p-glucose. p-galactose, and D-yylose
residues, and have been adequately discussed in a previous communication'. The
second group, termed fucoamyloids, contain L-fucoss residues in addition Lo the

TABLE |

SUGARS (*OL ) OBTAINED ON HYDROLYSIS OF THe METHYLATED FUCNAMY LOIDS

Sugar Mustard Srecamaore® Rupeseeld
Ref. 11 Refs. 12 and 13 Present srudh

19
i
I

19

3,4.6-Tetra-O-methyl-p-glucose
.3,4,6-Tetra-O-methyl-p-galactose
.3,4-Tri-O-methvl-p-xylose
3,4-Tr1-O-methyl-L-fucore
2.3.6-Tr1-O-methyl-p-glucose
1,4,6-Tri-0-methyl-p-galactose
3,4-Di-O-methyl-p-xylose
2,3-Di1-O-methyl-pD-vylose
2,4-Di-0O-methyl-D-xylose
2-0-Methyl-p-xylose
2,3-Di-O-methyl-p-giucose
3-O0-Methyl-p-glucose
2,3.4-Tr1-O-mcthyi-L-arabinosc

_PJIJIJ

I+ + + -t
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?Calculated on the basis of struciure proposed.
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above sugars. Fucoamyloids are found in mustard seed!! and in suspension-cultured
sycamore cells!'? '3 Rapeseed apparently contains both types, the former being
present in small amounts only'. A detailed comparison of rape- and mustard-sced
fucoamyloids is not possible in view of the lack of quantitative data for the latier.
However, the presence of vylose residues linked through positions 3 and 4, rather than
position 2, warranis a closer examination of the methylated products from the soluble-
and insoluble-fucoamyloids of mustard. It is possible that these fragments originate
cither from the insoluble-fucoamyloids or are derived from a contaminating xylan.
The absence of both (1 —2)-linked xylose!! and galactose units is difficult to under-
stand. The distinction between the fucoamyloids (Table 1) of sycamore!?:'* and rape
is based on differences in the ratio of the sugar moicties. Another significant variation
noted in the present study is the presence of 1 mol. of p-galactose as a non-reducing
end-group. Finally, since our preparation of fucoamyloid, following rigorous
purification, showed no arabinose, the presence of a non-reducing arabinose end-
group and a triply-linked-glucose unit is definitely ruled out'?*:'3,

EXPERTMENTAL

The general experimental methods have been reported previously!'.

Extraction with sodium hydroxide. — The oxalate-insoluble residue® (500 g)
was extracted with 10% sodium hydroxide (101) in an atmosphere of nitrogen for
24 h. yielding an insoluble residue (95.2 g, 19%; N, 4.55; ash, 5.88; moisture, 6.45%5),
and a soluble extract which was adjusted to pH 4.5 with 50% acetic acid. The
precipitated material (63.5g, 13%; N, 13.29: ash, 3.08: moisture 5.189%) was
recovered by centrifugation and the supernatant solution was mixed with ethanol
(2 vol.), vielding insoluble material (hemicellulose B, 44.9 g, 9% N, 1.35; ash, 13.11;
moisture, 5.52%). The alcohol supernatant was freeze-dried, following removal of
ethanol and dialysis, to yield a fourth fraction (74.4 g, 15%; N, 13.35; ash, 5.69;
moisture 7.3%). Acid hydrolysates (M sulphuric acid, 100°, 3 h) prepared from the
four fractions showed major amounts of sugars consisting mainly of galactose, glucose,
xylose, fucose, and uronic acids, with small amouats of mannose and traces of
arabinose in the case of hemicellulose B fraction. The hydrolysates from the earlier two
fractions showed only traces of these sugars. Acid hydrolysis (70% H,SO;) of the
residue showed mainly glucose.

Fractionation of polysaccharide. — The hemicellulose B fraction (15 g) was
fractionated on a column (4~ 16in.) of DEAE-cellulose® (CO3~). Elution with
water (7 ], fraction 1), followed by stepwise elution with 0.5M ammonium carbonate
(6 1, fraction 2). and 0.5M sodium hydroxide (31, 21, 1 1, 1 |, fractions 3-6), yielded a
total of six fractions which were recovered by freeze-drying, following neutralization,
dialysis, and concentration. The hvdrolysis and analytical data are shown in Table 1.

Fractionation of the neutral polysaccharide. — Fraction 1 (2 g) was further
fractionated on a column (2 x 16 in.) of DEAE-cellulose (borate form). Elution with
water (3 |) removed a fraction (0.36 g, 18%), and gradient elution with sodium meta-



89

A RAPESEED FUCOAMYLOID

fu Pl 8oL 680 M M- M- Jofew aorn aofrwr Jofrw aarn — — €50 9
89 PES TSR 5601 DA M- jomw Jofcw ouw Jofrw Joftw Jolhuw el + — S
RC'T 'y 't Tl wen s Jould Jofrw ounu souiw Joftw Ioftw 76+ — ¢ +
16711 Fl't 86'C ir JA+ dounu dar1) Jofrw  rofmw  qounwn  Joftw  Jofrw £R0+ — 0 £
Lot 6L°6 £I'TL £L'0 a4 Jowiw 2orn; gofiiu goftw gounw  tofrit Jsofeu LT+ FOt+ ¥l 7

fu LSS Tt o M- d— Joulw  lofmw oorn Jounu Jofew  joftw — PO+ L9 i
pv pLo

Nuodfy  dasiopy Sy N i oy anyg MHx pay urjy 0 10 (vaas3ap)
(HOVN W5'0)  (uupa)  (3)
(%0) vivp pronfjouy sHnsad snajop gy 9|z o] prrg  wonedy

AIMOUV 1SOINTTID-1VIA NO STAIMVHIIVSATON TVIN-AAIs IV 1181 10S-JAIXOUARTE WAldOS 10 NOTIVNOT] DV

I 31dVL



90 1. R. SIDDIQUL, P. }. WOOD

borate (0-+0.5M, 4 1) yielded 4 fractions which were dialyzed for 48 h against running
tap-water and for 4 h against two changes of distilled water, and freeze-dried to yield
fractions B, (0.27 g, 13.6%), B; (0.99 g, 49.7%), B, (0.037 g, 1.6%), and B, (0.04 g,
1.7%).

Acid hydrolysis (M sulphuric acid, 100°, 3 h} of the water-eluted fraction gave
mainly glucose and xylose, with smaller amounts of galactose and fucose. Fraction B,
following hydrolysis, showed the same results. On hydrolysis, fractions B;, B,, and
B, gave, in addition to the above sugars, increasing amounts (trace to minor to major)
of mannose. The water-eluted fraction, [&]2} +55° (¢ 1.1, water), and the borate-
eluted fraction B,, [x]3* +49° (c 7, water), were combined to vield the pure fuco-
amyloid (0.63 g, 31.2%).

Analysis of the fucoamyloid. — The fucoamyloid had [z]2° +54° (c 0.37, water)
(Found: N, 0.38; ash, 1.93; moisture, 5.16%). Sedimentation analysis’ of a 0.5%
solution in 0.1M sodiom tetraborate at 44,000 r.p.m. showed a single, symmetrical
peak. The fucoamyloid {5 mg) was hydrolysed with M sulphuric acid for 3 h at 100°,
The hydrolysate was neutralized (BaCQ,), filtered, and evaporated to dryness. The
residue was dissolved in M ammonium hydroxide, and sodium borohydride (20 mg)
was added’?. After 20 h at room temperature, excess borohydride was decomposed
with glacial acetic acid, the solution was evaporated to dryness (codistillation with
methanol-benzene once, followed by methanol four times), and the residue was dried
in vacuo over KOH overnight. The resulting mixture of alditols was acetylated with
acetic anhydride at 100° for 1.5 h. Following removal of acetic anhydride by codistil-
laton with water in vacio and drying overnight over KOH, the mixture of alditol
acetates was taken up in dichloromethane for analysis by g.l.c. G.l.c. was carried out
on a Pye 104 Gas chromatograph, using dual columns (5 ft) of 3% of OV-225 on
Chromosort W-HP (80-100 mesh), with temperature programming at 2°/min from
180-250°, and a nitrogen flow-rate of 45 mi/min. Peak areas, evaluated by a CSI
digital integrator (model 208), gave molar ratios of glucose, galactose, xylose, and
fucose of 5.2:1.6:5.1:1.0.

Acid hydrolysis of the fucoamyloid. — The fucoamyloid (200 mg) was hydrolysed
with M suiphuric acid (10 ml) for 3h at 100°. Neutralization of the hydrolysate
(BaCQ,), filtration, and evaporation yielded a mixture of sugars which was separated
on six sheets (18 x 22 in.} of Whatman No. 1 paper, using solvent 4, to give fractions |,
2, and 3, corresponding to galactose, glucose, and a mixture of xylose and fucose.
Fraction 3 was further fractionated in l-butanol-acetic acid-water (4:1:5) to give
fractions 3a (xylose) and 3b (fucose). Fractions 1 and 3a, on crystallization and
recrystallization from 90-95% ethanol in the cold, gave D-galactose, m.p. and mixture
m.p. 164-166°, [x]3° + 101° (12 min) — +75° {equil.) (¢ 10, water), and D-xylose, m.p.
and mixture m.p. 145-146°, [«)37 +67° (3 min) —~ 18° (equil.) (¢ 0.49, water). Fraction
2 (p-glucose) was identified as N-p-nitrophenyl-B-D-glucopyranosylamine dihydrate,
m.p. and mixture m.p. 183-184°, [2]Z7 —204° (2 min)—206° (equil) (c 0.29,
pyridineg). Fraction 3b (L-fucose) was characterized as the methylphenylhydrazone,

T omn ommm i o we . 177A_1730 1128 EC o A mnenl Al
mL.p. il SRWIS TP, 1ia—170 , [&]y T \C UG, pyudmc}.
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Methylation analysis of the fucoamyloid. ~- The fucoamyloid (100 mg) was
dissolved in dry methyl sulphoxide® (15 ml) by stirring for 12 h at room temperature.
The solution was flushed with nitrogen, and a 2 solution (1 ml) of methylsulphinyl
carbanion in methyl sulphoxice was added dropwise. The resulting, viscous solution
was stirred for 10h at room temperature. Methyl iodide (1 ml) was then added
dropwise, with external cooling, and the mixture was stirred at room temperature
for 4 h, then poured into water (50 ml), dialysed for 20 h against running tap-water,
concentrated, and extracted continuously with chloroform. The extract was dried
{Na,;S80,) and conceritrated. The solid residue (67 mg) showed a small but definite
i.r. absorption for hydroxyl, The residue from the chloroform extraction was dialysed
against running tap-water for 4 days and freeze-dried to yield material (45 mg) which
was further methylated in methyl sulphoxide (5ml) using 2mM methylsulphinyl
carbanion {1 ml} and methyl icdide (0.1 mi). Following the additicn of methyl iodide,
a second portion (1 ml) of methylsulphinyl carbanion was added, and the methylation
process repeated except that excess of methyl iodide (I ml) was added. The solution
was poured into water; recovery of the product, as before, yielded a material (41 mg)
which also showed a small i.r. absorption for hydroxyl.

The combined, methylated product (105 mg) was dissolved in methyl iodide
(20 ml), silver oxide (I g) was added, and the mixture was boiled under reflux for 24 h.
After four more methylations by this procedure, a product (94 mg) was recovered
which still showed a small i.r. absorption for hydroxyl. Consequently, the methylated
product (90 mg) was dissolved in methyl salphoxide (£ ml) to which crushed pellets
of sodium hydroxide (1 g} were added, followed by methyl sulphate (0.5 ml) during
5 h. The suspension was stirred for 24 h before excess of methy! sulphate was de-
composed by heating for 1 h at 90°. Water was added to dissolve the sodium
hydroxide, the pH was adjusted to 7, and the solution was extracted 4 times with equal
volumes of chloroform. The extract (75 ml) was dried (Na,S0,), filtered, and
evaporated to a solid (90 mg) which showed only a weak i.r. absorption for hydroxy!
and had [«12° + 15° (¢ 0.78, chloroform).

The solution of methylated polysaccharide (90 mg) in 2% methanotic hydrogen
chioride (50 mi) was boiled for 24 h, then neutralized {(Ag,CO,), and concentrated.
The syrupy product was hydrolysed with 0.5M sulphuric acid (3 ml) for 40 h at 100"
The hydrolysate was neutralised (BaCQ,), filtered, and evaporated to a syrup (67 mg).

A portion (28 mg) of the methylated sugars was fractionated on four sheets of
Whatman No. 1 paper (7x22in.) with solvent. B, giving 5 fractions. Portions (1-
2 mg) of each fraction were demethylated with boron trichloride and the products
were examined by p.c. Portions (1-4 mg) of each fraction were reduced with sodium
borohydride'#, and the products were acetylated and examined by g.l.c., as described
above (temperature programming from 100 — 250° at 2°/min). G.1.c.-m.s. was carried
out on a combined Finnigan 3100 D GC/MS, equipped with a U-shaped column
(5ftx0.25in.) of 3% of OV-225 on Chromosorb W-HP (80-100 mesh), with
temperature programming from 100 200° at 2°/min. The separator temperature

wrne F8N° analucar tammnaratnea A° and ionizine alectran enerov 70 eV The nectra
WaS S0, anaryoer 9 perature X , 2RC 1on1ZIng «eCiron oner ov eV, 1he sh
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were recorded as bar graphs by means of the Finnigan 6000 MS Data Systern. The
results are summarized in Table 1II.

TABLE 1l
PAPER-CHROMATOGRAPHIC, ELECTROPHORETIC, DEMETHYLATION, AND G.L.C.—M.S. DATA FOR
SUGARS FROM THE METHYLATED FUCOAM\ LOID

Fracnion Re Mo Parent sugar®  Reduced product®
(Solrent B) (Borate buijer, pH 10)

i 0.80 0.00 Xylose, 2.3,4-Tr-0-methylxy hitol
glucose (trace) 2.3,4,6-Tetra-O-methylgiucitol

2 0.63 0.00 Galactose 2,3.4,6-Tetra-O-methylgalacintol
and fucose 2,2 &.Tri-O-methyliucitol

3 0.43 0.00 Glucose and 2,3,6-Tri1-O-methylglucitol

022 xylose 3,4-Di-O-methylaylitol

4 0.30 0.24 Galaciose, 3,4,6-Tr1-O-methylzalactitol
glucose (trace) 2,3-Di1-O-methylglucitol

5 0.26 017 Glucose 2,3-Di-0O-methylgluciiol

“tdenuified by demethylation. ¢fdentutied by g.l.c.-m s. of the aceiate

A second portion (3 mg) was similarly reduced. acetylated. and examined by
g.l.c. The molar proportions (to the nearest whole number) of the methylaied alditol
acetates with respect to 2,3,4,6-tefra-O-methylgalactitol diacetate were: 2,3.4-tri-O-
methyixylitol. 6: 2.3.4-tri-O-methyliucitol, 2: 2.3.4,6-tetra-O-methylgalactitol. 1:
3,4-di-O-methylxylitol, 1; 2,3,6-tri-O-methylglucitol, 5; 3,4.6-tri-O-methylgalactitol,
2; and 2,3-di-O-methylgiucitol, 14.

Purification and re-examination of the fucoamyloid. — The fucoamyloid (316 mg)
was dissolved in water (25 ml), and the solution was centrifuged at 16,000 r.p.m. for
0.5 h. A minute amount of precipitate was discarded, and the clear, supernatant
solution was mixed with Rexyn 101(H V) resin. filtered, and then mixed with methanol
(3 vol.). The precipitate was recovered by centrifugation, dissolved in water, dialysed
for 24 h against running tap-water and for 4 h against distilled water, concentrated,
and freeze-dried to yield a product (260 mg) which showed [2]5* + 56° (¢ 0.48, water).

(a) Sedimentation analysis. The fucoamvloid, as a 1% soluiion in 0.1M sodium
tetraborate, at 44,000 r.p.m. again showed a single, symmetrical peak. However, at
~ 32,000 r.p.m., a tiny shoulder appeared, but it sedimented ahead of the main peak.

(b) Sugar raties. The fucoamyloid (10 mg) was hydrolysed in M sulphuric acid
(1 ml) at 100°. Aliquot portions (0.2 ml) were withdrawn at intervals of 3, 6, 9, and
12 h, neutralized (BaCO,), filtered, evaporated 10 dryness. reduced with borohydride,
acetylated, and examined by g.l.c. as before. The molar ratios for the alditol acetates
of fucose-galactose-aylosc—glucose were: 3 h, 1:1.8:7.7:7.6; 6 h, 1:1.4:5.0:5.9; 9 h,
1:1.6:5.2:6.6; and 12 h, 1:1.6:5.2:6.8.

A second portion (15 mg) was hydrolysed in M sulphuric acid (1.5 ml) and the
hydrolysis was followed polarimetrically. The [x]3° values at 2, 3, 4, 5,6, 7, and 8 h
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were +31.1°, +32.0°, +34.4°, +36.7°, +37.8°, +58.5°, and +38.9°. After 8 h. the
product was isolated, and hydrolysed with cold 72% sulphuric acid (0.5 ml) at room
temperature for 1.5 h. The reaction mixture was then diluted (4 ml), hydrolysed for
3 hat 100°, neutralized (BaCQ,), filtered, and evaporated to dryness. Paper chromaro-
graphy showed only glucose.

(¢) Methylation analysis. The fucoamyloid (54 mg) was dissolved in dry methyl
sulphoxide (5 ml), and the solution was centrifuged at 10,000 r.p.m. for 0.5 h A small
amount of precipitate (~ 5 mg) was discarded, the soluiioa flushed with nitrogen. and
a 2M solution (1 ml) of methylsulphinyl carbanion in methyl sulphoxide added drop-
wise. The resulting solution was strred for 8 h at room temperature. Methyl iodide
(0.1 ml) was added dropwise with external cooling (ice-water), and the mivture was
stirred overnight Following a second methylation. using methylsulphinyl carbanion
solution (0.5 ml) and methyl iodide (I mi), the reaction mixture was poured into water
(50 ml), dialysed for 24 h against tap water, concentrated. and extracted continuously
with chloroform. The sohd residue (55 mg) from the chloroform extract showed a
small i.r. absorption for hvdrovyl. The methylated product (53 mg) was dissolved in
methyl iodide (10 ml). silver oxide (500 mg) was added. the mixture was refluxed
overnight and filtered, and the product recovered. After five further methylations,
a product (49 mg) was recovered which still showed a small i.r. absorption for
hydroxyl. After a final methylation by the Hakomori® procedure as above, the product
(48 mg) had [2]2° + 14® (¢ 0.22, chloroform) and showed only a weak absorption
band for hydroxayl. Methanolysis, hydrolysis, reducuon, acetylation, and g.l.c. gave
the results summarized in Table IV.

TABLE 1V
AN/ LYTICAL DATA FOR THE METHYLATED 3UGARS (2nd METHYLATION)

cetates of Retention tune (1min) Molar ratio
2,3,4-Ti1-O-methylsyhitol 0.66 S
2,3,4Tri-O-methyliucito! 0.70 2
2,3,4,6-Tetra-O-methylglucitol 1.00 02
2.3,4,6-Tctra- O-methylgalacnitol 106 1
3,4-D1-O-methylsylitol 1.10 2
2,3,6-Tri-C-methylgluciiol 1.43 3
3.4,6-Tr1-O-methylgalactitol” 1.43 2
2,3-Di-O-methylglucitol 1.75 12

*Calculated from the rauo of 3,4.6-tr1-O-methylgalacutol and 2,3-di-O-methylglucitiol following
reduclion, acetylation, and g.l.c. of the combined fracuions 4 and 5 oblained by p.c.
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