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INTRODUCTION

In compounds such as cyclohexanol and its O-derivatives, the atom directly
attached to the ring, i.e. oxygen, determines?, in large measure, the free energy of the
process (I) = (II). Other exocyclic atoms attached to the first one are much less
important. Thus, the conformational energy of (I), where R=H, Me, Et, MeCO, or
p-CH3-CgH,4-SO3, is 0.6-0.9 kcal. mole—1.

/ﬁ
i M R=Me
™ RrR=8ut

However, it was of interest to ascertain whether the replacement of the axially
disposed methoxy group in methyl «-D-glucopyranoside (III) by the more bulky rterz-
butoxy group would modify the Cr conformation (Reeves’ nomenclature?) of the
pyranose ring. For this purpose, several conformationally dependent measurements
were made on the fert-butyl «- and B-p-glucopyranosides, using the corresponding
methyl b-glucosides as references.

RESULTS AND DISCUSSION

Table I shows the molecular rotations of D-glucopyranosides. The calculated
values have been obtained by Whiffen’s method3. The contribution to rotation of the
aglycones was calculated empirically from the molecular rotation of the 8-b anomer,
since, for each pair, this is more likely to adopt the Cr conformation. In all cases,
except fert-butyl «-D-glucopyranoside, the observed values are in close agreement
with those calculated for the Cr conformation. The 7% difference between the observed
value for the rert-butyl «-D-glucopyranoside and that calculated for its Cr1 confor-
mation, since this should tend to lower the molecular rotation.
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Likewise, the paper-electrophoretic mobility in borate solution (Table IT) and
the rate of periodate oxidation of tert-butyl «-D-glucopyranoside are similar to those
of the corresponding methyl derivative. They are thus compatible with the Cr con-
formation.

TABLE I
MOLECULAR ROTATIONS, [M]p, OF D-GLUCOPYRANOSIDES
D-Gluco- Contribution Calculated value,® Observed value,”
pyranoside from CI 1C

aglycone,® conformation  conformation
Methy! «- +100 -+309 — 69 +309
Methyl 8- —100 — 68 —212 — 66
Cyclohexyl - 4140 +349 47109 +349
Cyclohexyl - —140 —108 —252 —109
tert-Butyl o~ + 77 +286 + 46 -+308
terr-Butyl B- — 77 — 45 —156 — 45
TABLE 11

PAPER ELECTROPHORETIC MOBILITIES OF D-GLUCOPYRANOSIDES IN BORATE SOLUTION

D-Glucopyranoside ~ Methyl -  tert-Butyl -  Methyl f-  tert-Butyl -

Me O.IX 0.10 0.19 0.13

The infrared spectra of the rerz-butyl D-glucopyranosides were interpreted?—5 as
shown in Table III. However, if the «-D anomer adopts the Cr conformation, it is not
clear why the Type 2a absorption should be 2 doublet.

Much evidence has been accumulated to demonstrate that the anomeric
proton in pyranoses and their derivatives resonates at a lower magnetic field than the
other ring protons”8, and assignments of conformation have been made from its
chemical shift and coupling constant. The anomeric protons of several «-p-gluco-

TABLE III
INFRARED SPECTRA OF D-GLUCOPYRANOSIDES

D-Glucopyranoside  Absorption (cm™1)%
Type 155 Type 26%5  O-tert-Butyi® Type 2a%5

Methyl - 896 s 840s
tert-Butyl «- 897 s 865 s 8s50m, 840 w
Methyl §- 9I9 W 884 s

tert-Butyl §- - 918w 900 S 875s

@3, m, and w indicate strong, medium, and weak, respectively.
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fert-BUTYL DERIVATIVES OF D-GLUCOSE 3

pyranosides exhibit a chemical shift of 4.88 4+ 0.33 z with Ji,2 3.2 &4 0.6 c.p.s5.
The corresponding figures for the f-D anomers are 5.56 4 0.06 v and 7.2 - 0.2 ¢.p.s.
These values have been interpreted on the basis of the CI conformation. The chemical
shifts for the anomeric protons in zerz-butyl «- and g-D-glucopyranosides are 4.9 and
5.6 z, respectively. The coupling constant for the «-D anomer, J1,2 3.5 C.p.S., is close
to an axial-equatorial coupling in cyclohexane systems, while that for the §-D anomer,
J1,2 6.0 c.p.s., is in agreement with the corresponding axial-axial coupling. We thus
conclude that the rerz-butyl «-(AV) and B-bD-glucopyranoside (V) exist in the Cr
conformation and that the rert-butyl group in the «-D anomer is not sufficiently large
to modify this conformation.

CH.

20H CcH,0But OH

HO” ° o oH o
1 OH OH H.OH
HO OBu Ho HO
HO
OH osu’
x i xu

During these investigations, it was found that D-glucose, in the presence of an
acid catalyst, reacts with fert-butyl alcohol to afford significant proportions of a
material which was shown to be 6-O-tert-butyl-g-D-glucopyranose (VI). The assignment
of structure for this ether is based on the following observations: (@) the compound
was easily hydrolysed to give D-glucose; (b) the infrared spectrum of the crystalline
material contained absorption bands at 875 (possibly with a shoulder at 870) and
900 cm™1, but not at 844 + 8 cm™1; (¢) the direction of mutarotation; (d) the p.m.r.
spectrum, measured in D20, revealed the presence of a tert-butyl group and the
anomeric protons of «- and -pD-glucopyranoses; (e) acetylation afforded the tetra-O-
acetyl derivative of its g-D anomer; (d) when treated with periodate, the ether con-
sumed ca. 4 mol. of periodate, but no formaldehyde was produced during the reaction:

Minor products formed by the reaction between D-glucose and tert-butyl
alcohol were the terz-butyl «- and g-D-glucopyranosides and another ferz-butyl ether.
This ether was obtained crystalline, but not in sufficient quantities for a complete
structural analysis. However, it was hydrolysed to give D-glucose, and consumed
6.4 mol. of periodate with liberation of 1 mol. of formaldehyde. This. together with
the paper-electrophoretic mobilities of the ether and its reduction product in germanate
and molybdate solutions, respectively, indicates that the ether is 2-O-zert-butyl-p-
glucose (VII).

By treatment of 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose with terz-
butyl bromide, and subsequent hydrolysis, Kenner and Richards® obtained trace
proportions of a material which they assumed to be 3-O-fert-butyl-D-glucose. The
3-O-tert-butyl-1,2:5,6-di- O-isopropylidene-a-D-glucofuranose was, however, synthe-
sised in good vields by the action of 2-methylpropene on 1,2:5,6- d1- 0-1sopropyhdene-
w-p-glucefuranesel?,
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The formation of terz-butyl ethers of pD-glucose, under the conditions described
in this paper, can be understood in terms of the known facility with which ferr-butyl
alcohol reacts with alcohols to give mixed etherstl. Good yields are, however, obtained
from this 1eversible reaction only if one of the products is removed from the reaction
mixture as it is formed. In our case, this was water, which was removed by barium
oxide. This proportion of the 2- and 6-ethers present in the reaction mixture is in
agreement with the relative reactivities of simple secondary and primary alcoholst?
in this reaction with zert-butyl alcohol. It is also in agreement with the relative reac-
tivities of the hydroxyl groups of D-glucose towards several acylating and alkylating
reagentsi2,

EXPERIMENTAL

General
The tert-butyl «- and B-D-glucopyranosides were prepared as described in the

literature!3.14, Electrophoresis was carried out on Whatman No. 3 paper, using
boratel5, germanatel$, or molybdatel? solutions as electrolytes. Thin-layer chromato-
graphy was performed on silica gel, using a benzene—-methanol mixture (24:1). The
solvent used for paper chromatography was butan-i-ol-ethanol-water (40:11:19).
Spectra. — Potassium bromide discs or Nujol mulls were used for measure-
ments of the infrared spectra of the D-glucopyranosides. Only the range from 750-
950 cm 1 was examined in detail. The p.m.r. spectra were measured in deuterium oxide,
using a Varian A-6o spectrometer with terz-butyl alcohol as an internal reference.

Periodate oxidation of methyl and tert-butyl a-D-glucopyranosides

The rates of oxidation of the methyl and zers-butyl «-D-glucopyranosides in
0.015M potassium periodate (buffered to pH 6.93 with phosphate) at 20° were fol-
lowed spectrophotometrically!8. The moles of periodate consumed per mole of the
methyl derivative were as follows: 0.25 h, 0.53; 0.5 h, 1.21; 0.75 h, 1.50; 2.0 h, 2.07;
4.5 h, 2.23. The corresponding figures for the fert-butyl derivative were: 0.25 h, 0.66;
0.5 h, 1.14; 0.75 h, 1.28; 2.0 h, 1.85; 4.5 h, 2.05; 7.0 h, 2.00.

Reaction between D-glucose and tert-butyl alcohol

A suspension of D-glucose (20 g) and Zeo-Carb 225 (H* form) (15 g) in tert-
butyl alcohol (150 ml, dried over calcium oxide and redistilled) was refluxed for 2 h
in a Soxhlet apparatus, the thimble of which contained barium oxide, The supernatant
liguor was then poured off and replaced by ferz-butyl alcohol (150 ml), together with
additional resin (5 g). The suspension was again refluxed for 2 h. This operation was
carried out three times. The combined supernatant liquors were concentrated to a
syrup (15 g). This was fractionated (25-ml fractions) on a charcoal-Celite column
(5 X 50 cm) using (a) water (3 1), (b) 0-20%; ethanol (4 1), and (¢) 20-40%, ethanol (4 1)
as eluants.

Fractions 20-70 contained unreacted D-glucose (ca. 10 g of crystallised syrup).
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The residue from fractions 157163 gave, from a small volume of water, 2-O-tert-
butyl-D-glucose (0.2 g), m.p. 220-223°, [o:]};? + 119° (5 min) — -} 103° (equil.) (¢ 3.0,
water) (Found: C, 50.1; H, 8.2. C10Hz200s calc.: C, 50.8; H, 8.5%). It showed absorp-
tion at 1380, 1365, 1250, 1240, and 860 cm—1 and had Re¢ 3.5, Me(Ge) 0.03 (consistent
with a 2-ether). When it was treated with potassium periodate in a buffered solution
[phosphate, pH 6.5 (Ref. 19)] the moles of periodate consumed (determined by the
arsenite method?2%) per mole of the ether were as follows: 54 min, 3.9; 18 h, 6.4;
24 h, 6.4. In 24 h, 1 mol. of formaldehyde was produced by this reaction. The reduction
product of the ether (obtained by treatment with potassium borohydride) had Ms(Mo)
0.91 (consistent with a 2- or 6-ether).

The 2-O-tert-butyl-p-glucose (10 mg) was hydrolysed in 2N sulphuric acid for
1 h at go°. Paper chromatography of the hydrolysate revealed the presence of a single
component corresponding to glucose.

Crystallisation from ethyl acetate of the residue of fractions 164-220 {containing
also small amounts of zert-butyl «- [Rg 3.6, Mg(B) 0.10] and g-D-glucopyranoside
[Re 3.3, M¢e(B) 0.13]} gave 6-O-tert-butyl-f-p-glucopyranose (2.0 g), m.p. 149-151°,
[oz]ll;.s -+ 70° (5 min) — -+ 80° (equil.) (¢ 2.3, water) Found: C, 50.5; H, 8.6. C;0H200s
calc.: C, 50.8; H, 8.5%). It showed absorption at 875 {possibly with a shoulder at
870) and 900 cm~L. Signals in the p.m.r. spectrum were at 8.8 (tert-butyl), 5.4 (8, H-1),
and 4.8 v (, H-1). The moles of periodate consumed per mole of the ether (determined
as described above) were as follows: 45 min, 2.5; 3 h, 4.1; 20 h, 4.1. No formaldehyde
was produced on treatment of the ether with periodate,

The 6-O-tert-butyl derivative (100 mg) was hydrolysed in water (1o ml) in the
presence of Zeo-Carb 225 (H* form) for 15 min at 9go°. Paper chromatography of
the hydrolysate revealed the presence of a single component corresponding to glucose.
This was converted into N-p-nitrophenyl-D-glucosylamine dihydrate?t, m.p. 180-184°.

Acetylation of the 6-O-tert-butyl derivative with acetic anhydride in pyridine
afforded 1,2,3,4-tetra-O-acetyl-6-O-fert-butyl-g-b-glucopyranose, m.p. 133-135°
[]% + 21° (¢ 1.0, chloroform) (Found: C, 53.7; H, 6.9. C1gHzsO1o calc.: C, 53.5:
H, 7.09). It showed absorption at 870 and goo cm™1,

The residue of the mother liquor from the crystallisation of the 6-O-tert-butyl
derivative was acetylated. Fractional crystallisation from ethanol-light petroleum
(b.p. 40-60°) yielded fert-butyl 2,3,4,6-tetra-O-acetyl-f-D-glucopyranoside'* (0.4 g),
m.p. 144°, [y — 16° (c 0.8, chloroform), and 1,2,3,4-tetra-O-acetyl-6-O-tert-butyl-
g-D-glucopyranose (0.4 g), m.p. and mixed m.p. 133-135°, [GC]%O -+ 21° (¢ 1.0, chloro-
form).
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SUMMARY -

tert-Butyl «- and §-D-glucopyranoside have been shown to adopt the CrI con-

formation.
Treatment of D-glucose with fers-butyl alcohol, in the presence of an acid

catalyst, yields 6-O-tert-butyl-g-D-glucopyranose and a small proportion of 2-O-tert-
butyi-D-glucose.
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INTRODUCTION

Amylomaize, the maize starch having a high amylose-content, has aroused
considerable interest in view of its industrial importance, but only a limited number
of fundamental studies have been made of the properties of this type of starch and
its component fractions. This ficld has been reviewed! .

It is apparent that one of the main features of amylomaize starch is the nature
and structure of the branched component. This “amylopectin™ apparently possesses
a high average-length of unit-chain of about 36 p-glucose residues, and a high f§-
amylolysis limit of about 65% conversion into maltosel. It is not known whether, in
fact, these properties are due to real characteristics2—4, or whether they are the result
of an artifact?.

‘We have now extended our earlier observations® and have fractionated samples
of amylomaize having an apparent amylose-content of 509 and 70% by () our
normal procedure involving dispersion after pretreatment with liquid ammonia®,
and (2) the extraction-sedimentation procedure of Montgomery et al.3. The properties
of the resulting starch-fractions, particularly the branched one, have been studied.

EXPERIMENTAL

Samples of amylomaize

Two commercial samples of amylomaize were provided through the courtesy
of Dr. J. Goodwin of the Corn Industries Research Foundation. The samples were
“Amylon 50” and “Amylon 70”, and were reputed to contain 50%, 2ud 70% of
amylose, respectively. Prior to fractionation, the starches were shaken in saline
suspension with toluene to remove protein, and stirred for 3 h in boiling, 85% aqueous
methanol to remove fatty contaminants. [Protein found (%) Amylon 50, 0.38;
Amylon 70, 0.44.] The iodine affinity of the starches was determined as described
earlier?,

*For Part I, see Ref. 1.
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Fractionation of the starches
(2) The samples were pretreated twice with liquid ammonia and dispersed into

water by boiling for 1 h under nitrogen, and the “amylose” component was precipi-
tated by addition of thymol. The complex was purified by recrystallization twice as the
butan-l-ol complex. The starch fraction in the supernatant liquors, after removal of
the thymol complex, was obtained by freeze-drying8.

() The starches were subjected to the extraction-sedimentation procedure of
Montgomery et al.3. This method is shown schematically below.

Amylomaize

Pretreated with HaO/BuOH/glycerol at 98°.
Extracted with EtOH/NaOH(3M)

Neutralized

Centrifuged
Supernatant A1 Sediment Apr
Refluxed BuOH Alkaline extraction
Complex formation Refluxed AmOH
Centrifuged Complex formation

Centrifuged
Sediment A2 Supernatant Apz Sediment A4 Supernatant Ap4
Refluxed BuOH Dialysis
Complex formation - Freeze-drying
Centrifuged
Ap4
Sediment A3 Supernatant Ap3
Freeze-drying
Ap3

Characterization of the fractionation products
Methods described earlier® were used to measure (@) iodine affinity, to obtain

purity; (b) percentage conversion into maltose under (i) the action of crystalline
B-amylase, and (#i) the concurrent action of f-amylase and Z-enzyme; (c) limiting-
viscosity number [#] in M potassium hydroxide at 25°; (d) Average length of unit
chain by periodate oxidation.

Subfractionation of the branched fraction
(a) Differential ultracentrifugation. This was carried out by spinning aqueous

solutions (0.25%) for () 1 h at 90,000 g, and (i) 2 h at 90,000 g twice5. The sediments
were dissolved in water and freeze-dried; material in the supernatant liquors was

also recovered by freeze-drying.
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() Iodine-complex formation. Fraction Ap4 (75 ml; 0.2%;) was subfraction-
ated by the addition of iodine (5 ml; 0.2M in 2M potassium iodide) at room temper-
ature. The mixture was maintained at 4° for 48 h before the precipitated iodine-
complex was removed by centrifugation. Iodine in the complex and supernatant
liquors was destroyed by the addition of thiosulphate, the solutions were then dialysed,
and the polysaccharide was obtained by freeze-drying.

RESULTS AND DISCUSSION

Properties of the whole starches
Although the protein content of the amylomaize starches was low, and the

samples had been exhaustively defatted, the potentiometric iodine-titration curves
obtained by our usual procedure? were found to be of an unusual shape. Fig. 1 shows

el e e e

L —————

s 3

Bound iodine (mg|100mg of starch)

o 6 2
Free iodine (x 10m)

Fig. 1. Iodine-titration curves for the amylomaize starches (extrapolations to obtain the “iodine
affinity” are shown by dotted lines): (1) “Amylon 50”; (2) “Amylon 70”;(3) regular maize-starch,

that the binding of iodine occurred more slowly, and terminated at a higher free-iodine
concentration, than is generally found for regular maize starch. Again, when the
linear portion of the adsorption curve is extrapolated to zero free-iodine concentration,
the iodine affinity obtained? corresponded to only 38%; and 45%; of amylose in Amylon
50 and Amylon 70, respectively. This problem will be discussed elsewhere8.

Properties of fractions from the conventional agueous dispersion
Table I shows the properties of the thymol-fractionation products. The amyleses,

even after two recrystallizations with butan-1-ol, were impure, as they were incom-
pletely hydrolysed into maltose by the concurrent action of f-amylase and Z-enzyme.
The low values for the limiting-viscosity number suggest further that the amyloses
are of relatively short chain-length. (¢f. values of [7] given in Ref. 6).
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In agreement with earlier reports?—5, the non-precipitable “amylopectin
fraction® was found to have an apparent average-length of unit-chain of 35 or 36
pD-glucose residues, and a f-amylolysis limit of 65 or 665/ conversion into maltose.

TABLE1 )
PROPERTIES OF THE FRACTIONS SEPARATED FROM AQUEOUS DISPERSIONS OF THE AMYLOMAIZE STARCHES
Amyloses Amylopectins
B-Limit®  Purity (%4)° [ Purity (34)¢ B-Limit Chain-lengthk Internal
@ G (0] chain-length®
Amylon 50 75 94 88 100 93 65 35 10
Amylon 70 70 go 8o 100 92 66 36 10

aPercentage conversion into maltose under the action of (i) pure f-amylase, and (ii) f-amylase and
Z-enzyme. BCalculated from B-limit (if). ¢Calculated from iodine-affinity measurements. ¢Calcul-

ated from {chain-length—[(chain-length X §-limit) + 2.5} }, to the nearest whole-number.

The calculated values for the internal chain-length of 10 are only slightly higher than
those found for potato amylopectin (8-9)8S.

However, it was observed that the apparent reducing-power of the samples
(1072 equiv./g), measured directly with alkaline ferricyanide, was much higher than
that for a normal potato-amylopectin (1.6 X 1074 equiv./g), which suggested that
contaminating short-chain material was present. Further, the iodine-titration curves
were also of an unusual shape and not like those for normal amylopectins (see Fig. 2).
Subfractionation of the “amylopectin® was then attempted.

=)

14

Bound jodine(mg]100mg ot starch)
\

o 3 =
Free iodine (x10%)

Fig. 2. lodine-titration curves for the non-precipitable “amylopectin fraction” from amylomaize

starch (“Amylon 50”): (1) initial polysaccharide-material; (2) fraction obtained after ultracentri-

fugation.

Properties of subfractions of the “ amylopectins®
By differential ultracentrifugation, the “amylopectins” were separated into
sedimentable and non-sedimentable portions. The properties of these are shown in

Tables II and III.
Carbohydrate Res., 3 (1966) 7-13
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TABLE 11

PROPERTIES OF THE SEDIMENTABLE SUBFRACTION OF AMYLOPECTIN

Sample Centrifugation Yield (34) PB-Limit Chain-length  Iodine stain Amaz (mpd)
time (h) (i)e

Amylon 50 I 70 56 27 Red 560

Amylon 70 1 75 57 28 Red 560

Amylon 50 2 8o 57 27 Red 560

Amylon 70 2 8o 57 28 Red 560

¢As in Table 1.

TABLE III

PROPERTIES OF THE NON-SEDIMENTABLE SUBFRACTION OF AMYLOPECTIN

Sample Centrifugation Yield (%) p-Limit Iodine stain Amaz (mp)
time (h) e

Amylon 50 1 30 76 Blue 580

Amylon 70 1 25 81 Blue 580

Amylon 50 2 20 79 Blue 580

Amylon 70 2 20 88 Blue 585

¢As in Table 1.

The sedimented material was some 75% of the total and possessed f-amylolysis
limits and average lengths of unit-chain comparable tothose for a normal amylopectin®.
Furthermore, the colour and wavelength of maximum adsorption of solutions pro-
duced on staining of the sedimented materials with iodine, indicated the absenge of
any normal, long-chain, amylose-type material. The iodine-binding curve was also
that for a pure amylopectin as shown in Fig. 2.

The characteristics of the polysaccharide remaining in the supernatant solutions
after ultracentrifugation are those of a short-chain amylose. In contrast to our
earlier results3, degradation with f-amylase was incomplete, but this could arise from
some natural differences in the starches of higher amylose-content used here. The
value of Amax for the iodine complex corresponded to a chain length of ca. 55 for a
linear moleculel.

These results are in agreement with those of Greenwood and Thomson5.
Furthermore, it is to be noted that unpublished experiments by G. K. Adkins, M.Sc.,
in these laboratories, have shown that an exactly comparable behaviour is found if the
amylomaize starch is pretreated with dimethyl sulphoxide and then precipitated with
ethanol, prior to aqueous dispersion!l.

The extraction-sedimentation method3.4 of fractionating amylomaize was then
examined.

Properties of fractions obtained by extraction-sedimentation
The properties of the starch fractions obtained by the procedure of Mcntgomery

et al.34 are shown in Table IV.
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TABLE IV
PROPERTIES OF FRACTIONS OBTAINED BY EXTRACTION—SEDIMENTATION OF THE AMYLOMAIZES

Fraction® Iodine affinity (¢4) Amylose ($4)? B-Limit [} Chain-length

O aie
Arx n.d.2 n. d. 63 69 50 mn.d.
A2 12.0 63 70 78 70 n.d.
A3 17.8 89 83 94 100 nd.
Ag 13.0 . 69 75 82 75 n.d.
Ap2 0.2 1.0 57 nd. nd. nd.
Ap3 0.3 1.5 60 n.d. n.d. 30
Ap4a 1.8 0.5 65 nd. nd. 35

aSee fractionation scheme in Experimental. ?Calculated from the iodine affinity. ¢As in Table L.
dn.d. = not determined.

The “amylose” fractions were impure as shown by the results of iodine titrations
and enzymic assay. Amylose-product 43 was similar to that obtained in the thymol
fractionation. Again, recrystallization by butan-1-ol did not successfully purify the
amylose products.

It is of interest to note that the f-amylolysis limits of the products remaining in
solution after recrystallization with butan-1-ol (i.e., 4p2 and 4p3) were more similar
to the value of 58% found for normal maize-amylopectin® than that for the largest
amylopectin product (4p4). Fraction Ap4 was similar in character to the product ob-
tained using thymol as the amylose precipitant, and had an apparent chain-length
of 35 units and a g-amylolysis limit of 65%;.

However, on subfractionation with iodine, the non-complexing portion (85%
of the whole) was found to have a chain-length of 28 units and a f-amylolysis limit of
59%, which were again comparable to those for a normal amylopectin. Also, the
subfraction with iodine-complex forming properties appeared to have the properties
of 5o0-unit amylosel? (see Table V).

CONCLUSIONS

Notwithstanding the difficulties in separating amylomaize into its component
fractions, various fractionation techniques appear to yield a branched fraction having
an apparent chain-length of 36 D-glucose residues. The homogeneity of this product is,

TABLE V

PROPERTIES OF SUBFRACTIONS OBTAINED FROM Ap4a BY FRACTIONATION WITH IODINE

Subfraction Yield (%4) Iodine affinity (4)* Amaz (mp) f-Limit  Chain-length
@ @)

Non-complexing 85 0.4 560 59 n.d.b 28

Iodine complex 15 n.d. 580 oo 100 n.d.

6Ag in Table IV. Un.d. = not determined.
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however, in doubt, and the evidence suggests that the branched component is con-
taminated with short-chain, relatively linear, amylose-type material. It is to be noted
that we have found a comparable result for the branched component of the high-
amylose starch from the wrinkled-seeded pea?2,

The significance of these results with regard to biosynthetic theories will be
discussed elsewhere.
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SUMMARY

Amylomaize starches of 50% and 70% apparent amylose-content have been
investigated. The iodine-binding characteristics of these starches are abnormal. The
starches have been fractionated by a conventional dispersion and an extraction—
sedimentation procedure. Both methods yielded a branched product having an appar-
ent chain-length of 36 p-glucose residues, and a B-amylolysis limit of 659, conversion
into maltose. Subfractionation of these anomalous amylopectins by both differential
ultracentrifugation and iodine-complex formation gave fractions having properties
comparable to those of normal amylopectin. It is considered, therefore, that 36-unit
amylopectins in amylomaize starches are artifacts.
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INTRODUCTION

The availability of 2-amino-2-deoxy-D-gulose derivatives by interconversion
from 2-amino-2-deoxy-D-glucose derivatives!, and the importance of the former struc-
ture in natural products2, have led us to begin a systematic study of 2-amino-2-deoxy-
D-gulose derivatives. Uronic acids are of value?:¢ as intermediates for a variety of pre-
parative purposes in the amino sugar field. It is possible that 2-amino-2-deoxy-b-
guluronic acid may eventually be found in Nature, as have been 2-amino-2-deoxy-D-
galacturonic acid5, 2-amino-2-deoxy-D-glucuronic acidé, and 2-amino-2-deoxy-D-
mannuronic acid?. This first report is concerned with possible routes to derivatives of
2-amino-2-deoxy-D-guluronic acid.

RESULTS AND DISCUSSION

Initially, a route through the known 2-amino-2-deoxy-D-glucuronic acid8
appeared convenient, provided that the 3-0O-acetyl derivative (1) could be oxidized to
the acid, to furnish an intermediate which could be subjected to configurational
inversions!-? at C-3 and C-4 and give the desired material in only four subsequent
steps. However, catalytic oxidation of each of the anomeric 3-O-acetyl derivatives
(1a and 1b)* proved to be accompanied by deacetylation, leading to 2a and 2b,
respectively. Both products were identified and further characterized by their
known10:11 methyl esters (3a and 3b). The 3,4-dimethanesulfonate of this ester, 4b, was
prepared, with a view to conversion into 21 by treatment with base, by the well-known
procedure for preparing an epoxy sugarl? from a vicinal disulfonate. However, all
efforts in that direction were unsuccessful.

Substance 1b was selected for the remaining work, because of the generally
superior crystallizing and handling properties noted with the f-D-glycosides. Substance
1b was converted into the 4,6-dimethanesulfonate (6), and thence into the 3,6-di-O-
acetyl-4-O-(methylsulfonyl) derivative (9). The relatively high vields in this direct
route to 9 were not consistently reproducible. Moreover, although alkaline conversion

*The anomeric benzyl glycosides are indicated throughout by “a” for the «-D anomer and “b” for
the §-p anomer.

Carbohydrate Res., 3 (1966) 14—24



DERIVATIVES OF 2-AMINO-2-DEOXY-D-GULURONIC ACID 15

of 9 into the 3,4-epoxy intermediate (12) gave excellent crude yields, the intensive
recrystallization necessary to remove the last traces of sulfur-bearing contaminants
from 12-—essential if poisoning of the catalyst was to be avoided in the following
oxidation step— diminished the usable yield of epoxide to not greater than 65%.

CHLOH COOH COOCH3 OOCHa
O,
OAc QCH,Ph —— OH ocHzph——-- OCH PR ——e— OCH,P1
i0 HO

NHR NHR
1 2a
b 26 5 %
‘ CHOMs
cH,0Tr \ Hp

O_ OCHaPh O, OCH,Ph

QAc

OAc
10 MsO
NHR NHR
5 6

CH,OTr CHyOH Ha0Ac
o OCHzPh O OCHzPh 0, OCH,Ph
Oac

|

NHR

sO
NHR
/ e \ s
HC=0 cHR' CH,OH CH,OMs
O OCHLPh O _QCH2Ph O_QCH,Ph O_OCH,Ph
OAc —_— OAc (4] — e
MsO
1sO NHR

NHR NHR | NHR
10 £t 12 \ 13
16

R = PhCH,0C0-

R'S =NNH NO2 a denctes a-D configuration
\ b denotes [3-D configuration

NO2

Accordingly, an alternative route through the 6-trityl ether (5) derived from 1b
was examined. Substance 5 could be readily converted into the 4-methanesulfonate (7)
and then be detritylated with aqueous acetic acid to give 8. The structure of 8 was
confirmed by methanesulfonation, to give the previously knownl? 6, and by its
conversion into 9. Attempts at catalytic oxidation of 8 resulted in immediate poisoning
of the catalyst, with no subsequent oxidation. It may be noted that the selectivity of
the deacetylation of 9 at C-6 (pH 10 at o) to give 8 is a little surprising in view of the
extraordinarily facile deacetylation at C-3 (pH 8 at 80°) observed during catalytic
oxidation of 1a and 1b. It appears that the solvolysis of the 3-O-acetyl group can be
facilitated or prevented, simply by a suitable adjustment of the temperature. Not
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only was the overall yield of 9 from 1b by the indirect route via the trityl ether slightly
superior (75% vs. 73%) to that by the direct route, but, more important, the direct
alkaline conversion of 8 into 12 immediately gave an uncontaminated product,
suitable for oxidation to 16.

A further advantage of the indirect route appeared when it was found that 8
could be specifically oxidized* to the 6-aldehyde (10) by methyl sulfoxide in the
presence of N,N’-dicyclohexylcarbodiimide and phosphoric acid!®, Substance 10
was not isolated, but was characterized as its (2,4-dinitrophenyl)hydrazone (11). The
aldehyde 10 and analogous derivatives offer promise as intermediates for future study.

Alkaline conversion of 6 into 13, as used for the «-D anomer® of 13, provided a
reference substance for further characterization of 12. Methanesulfonation of the
latter gave 13. Treatment with hot, aqueous acetic acid converted 12 into the 2,3-
carbamate** (18) having the 2-amino-2-deoxy-D-gulose configuration, and the same
treatment of 13 gave the 2,3-carbamate 14. The latter was characterized as the 4,6-
dimethanesulfonate (19) and also as the 4-O-acetyl-6-O-(methylsulfonyl) derivative
(15). Substance 19 also served as an aid in confirming the structure of 18, which was
also characterized as the diacetate (22). The 2-amino-2-deoxy-D-gulose structure of 18
was finally verified by alkaline hydrolysis to give benzyl 2-amino-2-deoxy-8-D-
guloside (23), which could be converted by acid hydrolysis into the known! 2-amino-2-
deoxy-D-gulose hydrochloride.

When 12 was subjected to catalytic oxidation, it readily provided benzyl
3,4-anhydro-2-[(benzyloxycarbonyl)amino]-2-deoxy-j8-D-galactopyranosiduronic acid
(18) in a yield (60%,) comparable to that obtained by catalytic oxidation of otherwise
unprotected benzyl 2-[(benzyloxycarbonyl)amino]-2-deoxy-bp-glucopyranosides8-10.11
and -galactopyranosides 17-18, It is evident from this fact that the 3,4-epoxide bridge
is quite stable to the conditions required for this oxidation, in marked contrast to the
3-acetyl group, which is labile. Substance 16 was readily characterized as its methyl
ester (20), which could be prepared in quantitative yield by treatment with diazo-
methane. The derivative 16 could also be converted, by aqueous acetic acid, into a
hygroscopic carbamate (17) having the D-gulo configuration. The carbamate (17) was
also obtained, but in markedly lower yield, by catalytic oxidation of 18. Substance 18
showed a strong tendency to become adsorbed to the catalyst, hindering the oxidation.
The hygroscopic carbamate 17 was characterized as its methyl ester (21) and 3-acetate
(24). Attempts to cleave the carbamate 17 with alkali gave an uncrystallizable gum
that was not characterized.

The preferred route from 1b to 17 is considered to be as follows: 1b—6—7—8
—12—>16—18. However, the ester derivative (21) obviously affords a more felicitous
material for handling and storage than does the acid 17.

*Using conditions similar to those above, Horton ez al.14 have converted the primary alcohol function
in 1,2:3,4-di-O-isopropylidene-o-p-galactopyranose into an aldehyde function.
**This class of compound has been referred to as oxazolidone in earlier publications26,
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EXPERIMENTAL

All melting points are uncorrected. Thin-layer chromatograms were made
on silica gel, with benzene—methanol mixtures, usually in a 19:1 ratio, as developer.

In a few cases, slight deviations from these proportions were required in order to
assure satisfactory migration of the spots.
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Benzyl 2-[(benzyloxycarbonyl)amino}-2-deoxy-«-D-glucopyranosiduronic acid (2aj

A suspension of 3.2 g of 1a13 in 700 ml of distilled water was heated to 80°
with stirring at 4000 to 5000 rpm, and I.2 g of pre-hydrogenated platinum dioxide was
added. Oxygen was bubbled through the stirred mixture for 4 h, during which time the
pH was maintained at 8 by continual addition of sodium hydrogen carbonate. After
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being cooled to 10°, the suspension was filtered, and the filtrate was concentrated to
50 ml. This solution was cooled to 5°, filtered, and acidified to pH 3 by careful addition
of concentrated hydrochloric acid. After storage for 2h at 0°, the product was filtered
off, washed at o° with water, and recrystallized from 60% methanol, to give 1.1 g
(30%) of long, white needles having properties identical with those given in the
literature®,10 for 2a.

Benzyl 2-[(benzyloxycarbonyl)aminol-2-deoxy-f-D-glucopyranosiduronic acid (2b)
Treatment of 1b!2 in a manner identical to that given above gave 2b (yield 30%)
having properties identical with those previously described?!.

Methyl (benzyl 2-[(benzyloxycarbonyl)aminol-2-deoxy-3,4-di-O-(methylsulfonyl)-a-D-
glucopyranosid)uronate (43)

Substance 2a was converted into the methyl ester (3a) by treatment with diazo-
methane, as described in the literature 10. To 0.5 g of 32 in pyridine at —5° was added
0.5 ml of methanesulfonyl chloride. After storage at —5° for 2 days, the mixture was
poured into ice-water to precipitate a gum, which was separated by decantation and
recrystallized from 80% aqueous methanol, to afford 0.37 g (64%) of long, white
needles, m.p. 141-2°, []5 +93° (c 2.4, pyridine).

Anal. Calc. for CaaHzgNO;282: C, 49.06; H, 4.97; N, 2.39. Found: C, 49.43;
H, 4.98; N, 2.41.

Metkyl (benzyl 2-[(benzyloxycarbonyl)amino}-2-deoxy-3,4-di-O-(methylsulfonyl)-f-D-
glucopyranosid)uronate (4b)

Substance 2b was converted into the methyl ester (3b) with diazomethanell.
The ester (0.7 g) was methanesulfonated as described for 4a. The crystals which formed
when the preduct was poured into ice-water were filtered off and recrystallized
from methanol, to provide 0.8 g (85%) of needles, m.p. 180°, [«]3 —10° (¢ 1.2,
pyridine).

Anal. Calc. for CzaH2sNO12S2: C, 49.06; H, 4.97; N, 2.39; O, 32.67; S, 10.91.
Found: C, 49.29; H, 5.11; N, 2.42; O, 32.98; S, 10.66.

Benzyl 3-O-acetyl-2-[(benzyloxycarbonyl)amino}-2-deoxy-6-O-trityl--b- glucopyran-
oside (5)

Substance 1b (13 g), which had been dried for 24 h at 9o° and 3 mm over
P20s, was dissolved in 30 ml of absolute pyridine, treated with 8.2 g of chlorotriphenyl-
methane, and shaken for 48 h at room temperature. The bulk of this solution of 5§
was used, without isolation of 5, for the preparation of 7. A small aliquot was removed,
poured into ice-water, and the precipitated syrup dissolved in hot methanol. Crystals
of 5 were formed upon cooling, m.p- 130-1°, [rx]%? —32° (¢ 1.8, pyridine).

Anal. Calc. for Ce2HuaNOg: C, 73.34; H, 6.01; N, 2.04; O, 18.61. Found:
C, 73.05; H, 6.06; N, 2.33; O, 18.61.
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Benzyl 3-O-acetyl-2-[(benzyloxycarbonyl)aminol-2-deoxy-4-O-(methylsulfonyl)-6-O-
trityl-p-p-glucopyranoside (T)

A further 40 ml of pyridine was added to the solution of 5 described above, the
whole was cooled to —5°, and 13 ml of methanesulfonyl chloride was added slowly
with stirring. The mixture was kept for 48 h at —5°, poured into ice-water, and filtered,
and the precipitate was recrystallized from isopropyl alcohol to give 21.3 g (90%) of
7, m.p. 135-6°, [«]iy —11°(c 1.0, pyridine).

Anal. Calc. for Cs3HazNO10S: C, 67.44; H, 5.66; N, 1.83; O, 20.89; S, 4.19.
Found: C, 66.47; H, 5.77; N, 1.94; O, 21.11; S, 4.74.

Benzyl 3-O-acetyl-2-[(benzyloxycarbonyl)amino}-2-deoxy-4-O-(methylsulfonyl)-3-p-
glucopyranoside (8)

(a) To a solution of 7 (19.4 g) in glacial acetic acid (200 ml) at 95° was added
water (200 ml) during 45 min. After refrigeration overnight, the mixture was filtered.
The precipitate was successively extracted with four roo-ml portions of benzene, and
the residual product (10.8 g, 849%,) was recrystallized from chloroform-isopropyl
ether, m.p. 166-7°, [o«]3 —14° (c 2.0, pyridine).

Anal. Calc. for CogH2eNO10S: C, 55.06; H, 5.55; N, 2.68; O, 30.56; S, 6.14
Found: C, 54.33; H, 5.38; N, 2.72; O, 31.55; S, 6.25.

(b) A solution of 3 g of 9 in 50 ml of p-dioxane was cooled to 0°, and 0.5N
aqueous potassium hydroxide was added during 3 h, at a rate sufficient to maintain
the pH at 10. The solution was then neutralized with a few drops of glacial acetic acid,
and concentrated to give a gel. This residue was suspended in 100 ml of water, and the
suspension was shaken for 12 h, and filtered. The solid was recrystallized from
chloroform~isopropyl ether, to provide 2.0 g (80%) of product identical in all respects
(m.p., specific rotation, t.l.c., i.r. spectrum) with the product obtained by method (a).

Benzyl 3,6-di-O-acetyl-2-[(benzyloxycarbonyl)aminol-2-deoxy-4-O-(methy!sulfonyl)-f-D
glucopyranoside (9)

(a) A mixture of 5 g of 613, 10 g of potassium acetate, and 32 ml of a 3:1 (v/v)
mixture of glacial acetic acid and acetic anhydride was heated for 10 h at 105°, and
then evaporated at 12-15 mm pressure.

The residue was successively re-evaporated with two 10-ml portions of glacial
acetic acid, and then two 20-ml portions of toluene, to give a solid which was twice
extracted with 75-ml portions of tetrahydrofuran. The combined extracts were filtered
through a thin layer of silica gel, and the solution was evaporated to a syrup and
re-evaporated twice with toluene; the residue was crystallized from ethanol, to afford
3.5 g (76% crude) of 9, m.p. 158° (dec.), [cz]1231 —16° (¢ 1.9, pyridine).

Anal. Calc. for CeeHa1NOuS: C, 55.21; H, 5.53; N, 2.48; O, 31.11; S, 5.68.
Found: C, 54.65; H, 5.42; N, 2.52; O, 31.94; S, 5.88.

(b) A solution of 8 (0.5 g) in the minimal volume of pyridine was cooled to 0°,
and acetylated at room temperature for 12 h with acetic anhydride (0.5 ml), after
which time it was poured into ice-water to give 0.7 g (quantitative yield) of 9, which
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was recrystallized from ethanol. This material was identical (m.p., specific rotation,
t.l.c., i.r. spectrum) with that prepared by method (a).

Benzyl 3-O-acetyl-2-[(benzyloxycarbonyl)amino}-2-deoxy-4-O-(methylsulfonyl)--p-
gluco-hexodialdo-1,5-pyranoside 6-(2,4-dinitrophenyl)hydrazone (11)

To a stirred solution of 8 (0.913 g) in 20 ml of methyl sulfoxide at 21°, which
had been treated with 1.47 g of N,N’-dicyclohexylcarbodiimide, was added dropwise
0.46 ml of anhydrous orthophosphoric acid. Stirring was continued for 21 h at room
temperature (25°), after which time the mixture was filtered, and the residue was
washed with small portions of methyl sulfoxide and acetone. The filtrate and washings
were combined and diluted with an excess of chloroform, followed by water and
sufficient 2.4N potassium hydrogen carbonate solution to give a pH of 8. The aqueous
layer was extracted repeatedly with chloroform, and the combined organic layers
were washed with water until they were neutral. The organic solution was evaporated
to a syrup, which was dissolved in methanol; a product was precipitated by addition
of water. Thin-layer chromatography of this product showed the presence of starting
material (8) and one other component (presumably 10). This mixture was dissolved in
the minimal volume of methanol, and treated with an excess of alcoholic (2,4-dinitro-
phenyDhydrazine. After 45 min, the product was filtered off and recrystallized from
ethyl acetate-methanol to give 0.47 g (27% based on 8) of yellow crystals, m.p. 219°
(dec.).

Anal. Cale. for C3oHs1N5O13: C, 51.35; H, 4.45; N, 9.98. Found C, 51.44;
H, 4.44; N, 9.80.

Benzyl 3,4-anhydro-2-[(benzyloxycarbonyl)aminol-2-deoxy-B-D-galactopyranoside (12)

(a) A solution of 9 (6.5 g) in 30 ml of absolute p-dioxane was cooled to 0°
ice-cold 0.51M sodium methoxide (33 ml) was added, and the mixture was stirred for
3 h, and kept overnight at 0°. The mixture was filtered, the residue was washed
thoroughly with tetrahydrofuran, and the filtrate and washings were combined,
filtered through a thin layer of silica gel, and evaporated to dryness at 12-15 mm. The
residual solid was recrystallized by dissolving it in ethyi acetate and adding isopropyl
ether, to give 4.1 g (95%) of 12, m.p. 159-60°, [o]% —106° (¢ 1.3, pyridine), via:
3500 (hydroxyl), 3350, 1700, 1520 (urethan), 1250 (epoxide), 730, 700 (phenyl) cm 1.

Anal. Cale. for C21H23NOeg: C, 65.44; H, 6.01; N, 3.64. Found : C, 65.44; H, 5.99
N, 3.82.

(b) Treatment of 8 in the manner described in method (a) above gave 12
(77% yield), having properties (m.p., specific rotation, t.Lc., i.r. spectrum) identical
with those of the foregoing product.

Benzyl 3.4-anhydro-2-[(benzyloxycarbonyl)aminol-2-deoxy-6-O-(methylsulfonyl)-f-D-
galactopyranoside (13)
(2) To anice-cold solution of 3 g of 612 in 50 ml of absolute p-dioxane was added
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17 ml of ice-cold 0.38M sodium isopropoxide. With continued stirring, the partially
frozen material dissolved completely. After stirring the mixture for 12 h in the cold,
tetrahydrofuran (30 ml) was added, the mixture was filtered, and the filtrate was
concentrated to a syrup at 12—15 mm. The residue was dissolved in tetrahydrofuran,
the mixture was filtered through a thin layer of silica gel, and the product was preci-
pitated from the filtrate with isopropyl ether containing a little heptane. It was
recrystallized from methanol-isopropyl ether to give 1.8 g (789%) of white crystals,
m.p. 145-6°, [oc]%,5 —101° (¢ 1.4, pyridine), ¥max 3350, 1700, 1550 (urethan), 1260
(epoxide), 1185 (suifonate), 735, 700 (phenyl) cm -1,

Anal. Cale. for CaoH25NOsS: C, 57.01; H, 5.44; N, 3.02. Found: C, 57.19;
H, 5.44; N, 3.02.

(b) To 12 (0.22 g) in the minimal volume of pyridine at —5° was added methane-
sulfonyl chloride (0.25 ml), and the mixture was kept for 2 days at —5°. When poured
over crushed ice, it gave 0.23 g (899%) of product, which was recrystallized as in (a)
and was identical in all respects (m.p., specific rotation, t.l.c., i.r. spectrum) with the
preceding preparation.

Benzyl 2-amino-2-deoxy-f-D-gulopyranoside 2,3-carbamate (18)

To a solution of 12 (1.5 g) in 6o ml of glacial acetic acid at 105° was added
6o ml of water during 1 h, after which time the solution was evaporated at 12—-15 mm.
The residue was re-evaporated with ethanol and then with toluene, to give a dry
syrup which was dissolved in a small volume of methanol; the product crystallized
on addition of isopropyl ether. Recrystallization from the same solvent afforded
0.9 g (82%) of needles, m.p. I15°, [«J5° —I0I° (¢ 2.6, pyridine) ymax 3500 (hydroxyl),
3350, 1750 (carbamate), 740, 700 (phenyl) cm —1; amide-II band at 1500-1550 cm —1
absent because of ring formation.

Anal. Calc. for C14H17NOg: C, 56.94; H, 5.80; N, 4.75; O, 32.51. Found:
C, 56.63; H, 5.97; N, 4.83; O, 32.63.

Benzyl 4,6-di-O-(methylsulfonyD)-8-p-gulopyranoside 2,3-carbamate (19)

(a) Compound i3 (1 g) was treated as described above for 18, and after evapo-
ration, the product was re-evaporated once with glacial acetic acid and twice with
toluene, to give 14 as a syrup. The latter was dissolved in a small volume of pyridine,
cooled to —5°, and cold methanesulfonyl chloride (1 ml) was added. The mixture
was kept for 2 days at —5°, and then poured over ice, to give 0.6 g (67%, based on 13)
of crystals which were recrystallized from acetone—isopropyl ether, m.p. 202°, [«]%
—69° (c 1.5, pyridine).

Anal. Calc. for CieH21NO10S2: C, 42.57; H, 4.69; N, 3.10. Found: C, 42.78;
H, 4.73; N, 3.13.

(b) Treatment of 0.14 g of 18 with methanesulfonyl chloride, and recrystalli-
zation as in method (a), gave 0.17 g (76%) of product identical (m.p., specific rotation,
t.lc.,, i.r. spectrum) with that described above.
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Eenzyl 3-O-acetyl-6-O-(methylsulforyl)-p-p-gulopyranoside 2,3-carbamate (15)

Substance 13 (7.5 g) was converted into 14 by the method described in the
preparation of 19. To a cold solution of syrupy 14 in pyridine was added acetic anhy-
dride (3 ml), and the solution was kept for 12 h at room temperature. When poured
into ice-water, it afforded 6.6 g (989, based on 13) of product, which was recrystallized
from methanol, m.p. 180°, [a]%;" —55° (¢ 2.2, pyridine).

Anal. Calc. for Ci7Ha1NOgS: C, 49.15; H, 5.10; N, 3.37; O, 34.66; S, 7.74.
Found: C, 49.26; H, 5.39; N, 3.53; O, 34.78; S, 7.63.

Benzyl 4,6-di-O-acetyl-B-D-gulopyranoside 2,3-carbamate (22)

Substance 18 (0.17 g) was acetylated in pyridine-acetic anhydride for 12 h at 0°,
and, after being poured onto ice, it gave 0.13 g (60%,) of product, which was recrystal-
lized from methanol, m.p. 168—9°, [“]]2)7 —71° (¢ 1.0, pyridine.)

Anal. Calc. for Ci1gsHa1NOg: C, 56.99; H, 5.58; N, 3.69; O, 33.74. Found:
C, 56.82; H, 5.70; N, 4.04; O, 33.45.

Benzyl 2-amino-2-deoxy-B-D-gulopyranoside (23)

To 12 ml of a 159, aqueous potassium hydroxide solution was added 18 (2.5 g),
and the mixture was heated for 4 h at 55°. After the mixture had been cooled, the
precipitate was filtered off, thoroughly washed with ice-water, and crystallized from
methanol by the addition of isopropyl ether, to afford 2.2 g (969%,) of short, white
needles, m.p. 146-7°, [o]5 —75° (¢ 1.0, pyridine).

Anal. Calc. for CisHi1gNOs: C, 57.98; H, 7.11; N, s5.20; O, 29.71. Found:
C, 57.12; H, 7.11; N, 5.01; O, 31.16.

Benzyl 3,4-anhydro-2-[(benzyloxycarbonyl)aminol-2-deoxy-B-D-galactopyranosiduronic
acid (15)

Substance 12 (2.2 g) was oxidized by the procedure described for the preparation
of 2a. After the product from the hydrochloric acid solution had been collected, it
was dissolved in methanol, and the mixture was filtered through a thin layer of silica
gel; the product crystallized from the filtrate on adding water. Recrystallization
from 509%, aqueous methanol gave 1.6 g (60%) of long, white needles, m.p. 131°,
3 —151° (¢ 1.1, pyridine), e 3300, 1690, 1550 (urethan), 1720 (carbonyl), 1250
(epoxide), 730, 700 (phenyl) cm 1.

Anal. Calc. for CHa1NO7: C, 63.15; H, 5.30; N, 3.51; O, 28.04. Found:
C, 62.87; H, 5.27; N, 4.07; O, 28.03.

Methyl (benzyl 3,4-anhydro-2-[(benzyloxycarbonyl)aminol-2-deoxy-f-D-
galactopyranosid)uronate (20)

To an ice-cold solution of 16 (0.5 g) in anhydrous methanol was added an
ethereal solution of diazomethane until the yellow color persisted. The mixture was
kept overnight at 0°, and then evaporated at 40°/12-15 mm. The residue was crystallized
from hot methanol, to yield 0.6 g (quantitative) of long, white needles, m.p. 177-8°,

Ci5y —137° (¢ 1.3, pyridine).
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Anal. Calc. for CaeHsNO7: C, 63.91; H, 5.61; N, 3.39; O, 27.09. Found:
C, 64.28; H, 5.69; N, 3.50; O, 26.91.

Benzyl f-p-gulopyranosiduronic acid 2,3-carbamate (17)

{a) Substance 18 (0.7 g) was oxidized in the manner described for the preparation
of 2a. After acidification of the cold, concentrated solution, it was saturated with
potassium chloride and extracted three times with tetrahydrofuran. The combined
organic extracts were evaporated to dryness. The residue was dissolved in a small
volume of hot tetrahydrofuran, isopropyl ether was added to incipient opalescence,
and the solution was kept for several hours in the cold. The resulting crystals turned
to a gum immediately after exposure to the air. The compound was, therefore, charac-
terized as its methyl ester (21).

(b) Substance 16 (1.5 g) was treated in hot, aqueous acetic acid as described for
the preparation of 18. Crystallization of the product as in method (a) above gave
crystals which turned to a gum, and the product was characterized as its methyl ester.

Methyl (benzyl p-D-gulopyranosid)uronate 2,3-carbamate (21)

The gummy products from (a) and (b) of the preceding experiment were
separately dissolved in absolute methanol and cooled to 0°. To each solution was added
ethereal diazomethane, after which it was treated as described for the preparation of
20. Addition of a large excess of isopropyl ether to the methanolic solution gave
crystals which were recrystallized in the same way. From 18, there was obtained 0.1 g
(13% for the two steps), and from 16, 1.0 g (789% for the two steps) of product,
m.p. 146—7°, [«]5 — 125° (c 1.1, pyridine), el 3490 (hydroxyl), 3350, 1750 (carbamate),
1750 (carbonyl), 740, 700 (phenyl) cm ~1; amide-II band between 1550 and 1500 cm —1
was absent.

Anal. Calc. for CisHisNO7: C, 55.90; H, 5.00; N, 4.35; O, 34.75- Found:
C, 55.79; H, 5.25; N, 4.15; O, 34.82.

Methyl (benzyl 4-O-acetyl-p-p-gulopyranosid)uronate 2,3-carbamate (24)

Acetylation of 0.5 g of 21 in pyridine-acetic anhydride for 24 h at 0° gave a
crystalline product when the mixture was poured into ice-water. Recrystallization
from methanol-isopropyl ether afforded 0.54 g (quantitative) of long needles, m.p.
205-6°, [a:]?)1 —87° (¢ 1.3, pyridine).

Anal. Calc. for Ci7H19NOs: C, 55.89; H, 5.24; N, 3.83; C, 35.03. Found:
C, 55.96; H, 5.19; N, 3.96; O, 35.14.
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SUMMARY

Inversion of configuration at C-3 and C-4 of 2-amino-2-deoxy-D-glucose, via
an anchimerically assisted cleavage of a 3,4-epoxide, has been explored as a route for
the preparation of derivatives of 2-amino-2-deoxy-D-guluronic acid. It is shown that
catalytic oxidation of the benzyl 3-O-acetyl-2-[(benzyloxycarbonyl)amino]-2-deoxy-D-
glucopyranosides over platinum is accompanied by solvolysis of the 3-O-acetyl
group in the product. On the other hand, oxidations could be achieved by the action
of N,N’-dicyclohexylcarbodiimide—phosphoric acid—methyl sulfoxide, without affect-
ing the substituents at C-3 and C-4, on benzyl 3-O-acetyl-2-[(benzyloxycarbonyl)-
amino]-2-deoxy-4-O-(methylsulfonyl)-f-D-glucopyranoside (giving specifically the
6-aldehyde), and also on benzyl 3,4-anhydro-2-[(benzyloxycarbonyl)amino]-2-deoxy-
B-D-galactopyranoside over platinum (giving the uronic acid). The latter acid could
be transformed readily by aqueous acetic acid into benzyl f-p-gulopyranosiduronic
acid 2,3-carbamate.
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Sugar phenylosazones are known to yield, on oxidation with periodic acidl,
mesoxalaldehyde 1,2-bis(phenylhydrazone) (1). Under drastic conditions, the oxida-
tion proceeds further, to give 1-phenyl-4-phenylazo-2-pyrazolin-s-one? (S), which is
also obtained by the action of hydroxylamine hydrochloride? on the osazone. We
have studied the properties of these two compounds, and have prepared a number
of their substituted derivatives.

It was interesting to study the type of chelation in 1, since the imino proton of the
phenylhydrazone residue on C-2 could form a chelated ring, either with the aldimine
nitrogen atom on C-I, or with the oxygen atom of the carbonyl group on C-3.

We have compared the chemical shift of this chelated, imino proton with that
of the chelated, imino proton of the C-2 phenylhydrazone in mesoxalaldehyde
tris(phenylhydrazone) (2), which cannot form an oxygen chelate.

HN—Pn H—n
syl Y
N NI
° MSNH—Ph
1 2

The n.m.r. spectrum of 1 (see Fig. 1) showed two imino protons, which could
be deuterated, at § 10.83 and 13.15 p.p.m.; the latter was assigned to the chelated
proton.

In the case of 2 (see Fig. 2), three deuteratable imino protons were
detected, two unchelated imino protons at 4 10.22 and 10.83 p.p.m., and a chelated,
imino proton at 12.51 p.p.m. The similarity in the chemical shift of the chelated
imino protons in both cases strongly suggests that chelation in 1 is of the same type
as in 2, that is to say, with the imino nitrogen atom of C-1. This conclusion is further
supported by our previous experience that hydrogen—oxygen chelates, such as that of
Percival’s dianhydro-osazone4, appeared at much lower value.
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Mesoxalaldehyde 1,2-bis(phenylhydrazone) (1), is known to react with acetic
anhydride to give 1-phenyl-4-phenylazopyrazoles (4). We have effected this conversion
with a number of acidic reagents, such as ethanol containing a few drops of concen-

He f‘ll-Ph HdriI—Ph
N~
L / ‘H d /N\\ Fh

o

ity
WW\./

1 i 2 1
12 10 8

14 * 12 10 8 [

6 o
Fig. 1. The n.m.r. spectrum of mesoxalaldehyde 1,2-bis(phenylhydrazone) (1) in methyl sulfoxide,
before deuteration (uppercurve) and after deuteration (lower curve).

Fig. 2. The n.m.r. spectrum of mesoxalaldehyde tris(phenylhydrazone)(2) in methyl sulfoxide, before
deuteration (upper curve) and after deuteration (lower curve).

trated hydrochloric acid, glacial acetic acid, malonic acid, or salts of carbonyl-group
reagents, such as hydroxylamine hydrochloride, semicarbazide hydrochloride, and
phenylhydrazine hydrochloride. It seems that this acid-catalyzed dehydration occurs
through a cyclic intermediate (3) after the chelated ring has been broken.

Ph ' Ph

1 }

HC=N-—-NH—FPh -
Ho—e” Ny —H20 HCT N

1 — = C=N—NH—Ph —= [ il _— i
Ph—HN-——N==C-———CH Ph—N==N—C cH

HC==0
3

The same product (4) was obtained from mesoxalaldehyde tris(phenylhydrazone) (2)
by the action of the above acidic reagents. In this case, we believe that the phenyl-
hydrazone residue on C-3, not being stabilized by chelation, is first split hydrolytically,
giving 1, which then undergoes cyclization as above.

We have also prepared a number of mesoxalaldehyde 1,2-bis(arylhydrazones)
having different groups on the benzene ring, and have converted them with ethanolic
hydrochloric acid into the corresponding azopyrazoles. The reaction was successfully
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applied to mesoxalaldehyde 1,2-bis(arylhydrazones) having o-, m-, and p-Me; m- and
p-Cl; and p-Br and 4-Br-2-Me groups on the benzene ring, indicating that this is a
general reaction of mesoxalaldehyde 1,2-bis(arylhydrazones).

Mesoxalaldehyde 1,2-bis(phenylhydrazone) (1) could also be reduced (with
sodium borohydride) to hydroxypyruvaldehyde bis(phenylhydrazone), affording a
simple means of obtaining this compcund, in high yield, from saccharide osazones.

i-Phenyl-4-phenylazo-2-pyrazolin-s-one {(5) may be prepared by a method other
than vigorous oxidation with periodic acid. This cyclization was first observed by
Diels®, who found that, when hexulose phenylosazones are refluxed in methanol
containing hydroxylamine hydrochloride, they undergo fission between C-3 and C-4
to yield 5. We have found that this reaction may alse be effected with phenylhydrazine
hydrochloride, phenylhydrazine sulfate, or semicarbazide hydrochloride, acting on
hexulose osazones and on osazones from disaccharides having a hexose residue as
the reducing moiety.

Pentose and 6-deoxyhexose phenylosazones, however, did not give this reaction,
suggesting that the primary hydroxyl group on C-6 in hexoses is, in some way,
involved in this reaction, probably through formation of a 3,6-anhydro ring. This
conclusion is supported by the observation of Diels that Diels’ monoanhydrophenyl-
osazone, which is now recognized® to be 3,6-anhydro-D-ribo-hexulose phenylosazone,
readily gives this reaction. The infrared spectrum of the 2-pyrazolin-5-one showed a
weak carbonyl band at 1660 cm —1, suggesting that it exists mainly in the enol form.
We could not, however, verify this by n.m.r. spectroscopy because of the extremely
low solubility of this compound in deuteriochloroform, and in methyl sulfoxide. Since
this compound was not readily acetylated with acetic anhydride in pyridine or with
boiling acetic anhydride, or benzoylated with benzoyl chloride in pyridine, we believe
that it exists in the chelated form (6). We were, however, able to effect the benzoylation
with benzoyl chloride and sodium hydroxide, which was used to break down the
chelated ring by the formation of the sodium enolate (7). The benzoate (8) now showed
the OBz band at 1770 cm 1.

Ph Ph

o ] | 'T' Fl.,,
~c H/°\C/N\N .
e NaOH AN PN
- H| NH = Y g “H a NaQ—C N _Bz2Cl BzOo—C ﬁa
~nFF PNy c Ph—N=N—C CH PR—N=N—C——CH
5 6 7 8
EXPERIMENTAL

The n.m.r. spectra were recorded on a Varian A-60o spectrometer in methyl
sulfoxide, and tetramethylsilane was used as the internal standard. The imino protons
were detected by deuteraticn. Infrared absorption spectra were recorded on a Unicam
S.P. 200 spectrophotometer, and ultraviolet absorption spectra on a Zeiss PMQ 1I
spectrophotometer. Microanalyses were performed -by A. Bernhardt, Miilheim,
Germany.
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Mesoxalaldehyde 1,2-bis(phenylhydrazone) (1)

A solution of D-arabino-hexulose phenylosazone (5.4 g) in warm 66%, ethanol
(2 ) was cooled to room temperature and treated with metaperiodic acid (10 g) in
water (70 ml). The aldehyde, which separated at once as yellow-orange needles, was
filtered off afier 15 minutes, and crystailized from etnanol m.p. 198—200°, lit.t m.p.
198°, AMox 250, 315, 420 mp; 1og = 4.2, 4.4, 4.3; Amia: 270, 365 my; log € 3.9, 3.8;

7§£x 1665 (C=0), 1605 cm —1 (C=N).
Anal. Calc. for C;sH314N40: C, 67.7; H, 5.3. Found: C, 67.6; H, 5.3.

1-Phenyl-4-phenylazopyrazole (4)

A solution of 1 (0.2 g) in ethanol (25 ml) was refluxed with 3 drops of concen-
trated hydrochloric acid (or 3 drops of glacial acetic acid, 0.2 g of malonic acid,
0.2 g of hydroxylamine hydrochloride, 0.2 g of semicarbazide hydrochloride, oro.2 g
of phenylhydrazine hydrochloride) for 20 min. On concentration, substance 4 separated
and was crystalh_ed from ethanol as yellow plates, m.p. and mixed m.p. 122—123 ,
lit.® m.p. 126°; P max 230, 335 myu; log € 4.2, 4.4; Amin 280 mu; log ¢ 4.0; Vinax 1605
cm 1 (C=N).

Anal. Calc. for CisHizNa: C, 72.5; H, 4.9.; N, 22.6. Found: C, 72.5, 72.4, 72.1;
H, 5.0, 5.0, 4.8; N, 22.7, 22.8, 22.9.

Hydroxypyruvaldehyde I,2-bis(phenylhydrazone)

Mesoxalaldehyde 1,2-bis(phenylhydrazone) 1, (0.2 g) in ethanol (20 ml) was
treated with sodium borohydride (0.3 g) in water (10 ml). After 20 min, the reaction
mixture was diluted with water, whereupon the title compound separated; it was
ﬁltered off and crystallized from benzene, yield 0.12 g, m.p. and mixed m.p. 131°;

el 3400 (OH), 1605 cm 1 (C=N).

Mesoxalaldehyde tris(phenylhydrazone) (2)

A suspension of 1 (0.5 g) in ethanol (10 ml) was warmed with phenylhydrazine
(0.5 g) until it all dissolved. The solution was diluted with ethanol (20 ml) and refluxed
for 10 min. The product 2 separated on addition of hot water, and was crystallized
from ethanol-water as yellow plates, m.p. 168°; lit.1 m.p. 167°; pRees 240, 300 345,
410 mu; 10g & 4.2, 4.4, 4.5, 4.5; A'min' 275, 315, 365 my; l0g € 4.0, 4.3, 4.4; Vmax 1605
cm 1 (C=N).

Anal. Calc. for Ca1H2oNg: C, 70.8; H, 5.6; N, 23.6. Found: C, 70.8; H, 5.7;
N, 23.8.

Mesoxalaldehyde 1,2-bis (o-tolylhydrazone)
A solution of D-arabino-hexulose o-tolylosazone (I g) in warm 669, ethanol

(400 ml) was cooled to room temperature, and treated with metaperiodic acid (2 g)
in water (10 ml). The aldehyde that separated was crystallized from ethanol as orange,
prismatic needles, m.p. 202-204°; el 1670 (C=0), 1600 cm ~1 (C=N).

Anal. Calc. for C17H1sN4O: C, 69.4; H, 6.1; N, 19.1. Found: C, 69.3; H, 6.3;

N, 18.9.
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I-0-Tolyl-4-(o-tolylazo)pyrazole

A solution of mesoxalaldehyde 1,2-bis(o-tolylhydrazone) (0.2 g) in ethanol
(20 ml) was treated with concentrated hydrochloric acid (3 drops) for 20 min. On
concentration, the azopyrazole which separated was crystallized from ethanol as
yellow, prismatic needles, m.p. 92—94°; mar 1600 cm 1 (C=N).

Anal. Calc. for Ci7HieNg: C, 73.9; H, 5.8; N, 20.3. Found: C, 73.7; H, 5.9;
N, 20.5.

Mesoxalaldehyde 1,2-bis(m-tolylhydrazone)

A solution of D-arabino-hexulose m-tolylosazone (1 g) in 66%, ethanol (400 mil)
was oxidized with metaperiodic acid {2 g) as before. The aldehyde obtained
. . . ° KBr
crystallized from ethanol as orange, prismatic needles, m.p. 174~175°; ¥max 1670

(C=0), 1600 cm 1 (C=N).
Anal. Calc. for C17Hi1s8N4O: N, 19.1. Found: N, 19.1.

1-m-Tolyl-4-(m-tolylazo)pyrazole

A solution of mesoxalaldehyde 1,2-bis(m-tolylhydrazone) (0.2 g) in ethanol
(20 ml) was treated, as before, with concentrated hydrochloric acid (3 drops). The
azopyrazole obtamed was crystallized from ethanol as yellow, prismatic needles,
m.p. 66-68°; Vinme 1605 cm—1 (C=N).

Anal. Calc. for Ci7HieNa: C, 73.9; H, 5.8; N, 20.3. Found: C, 74.2; H, 5.9;
N, 20.1.

Mesoxalaldehyde 1,z-bis(p-tolylhydrazone)

A solution of D-arabino-hexulose p-tolylosazone (1 g) was oxidized as before,
with metaperiodic acid (2 g), and the aldehyde which separated was crystallized from
ethanol as orange, prismatic needles, m.p. 187-189°; Voums 1670 (C=0), 1610 cm 1
(C=N).

Anal. Calc. for C17Hi18N4O: C, 69.4; H, 6.1; NN, 19.1. Found: C, 69.7; H, 6.2;
N, 19.2.

1-p-Tolyl-4-(p-tolylazo)pyrazole

A solution of mesoxalaldehyde 1,2-bis(p-tolylhydrazone) (0.2 g) was treated
with ethanol containing hydrochloric acid, as before, and the azopyrazole obtained
on concentration of the alcoholic solution was crystallized from ethanol as yellow,
prismatic needles, m.p. 178-180°; vﬁfﬁ 1605 cm 1t (C=N).

Anal. Calc. for C;7Hi6Na: C, 73.9; H, 5.8; N, 20.3. Found: C, 73.8; H, 6.1;
N, 20.2.

Mesoxalaldehyde r1,2-bis[(m-chlorophenylhydrazone]

D-arabino-Hexulose (mm-chlorophenyl)osazone (1 g) in warm 669%, ethanol
(400 ml), was oxidized as before with metaperiodic acid (2 g). The aldehyde obtained
was crystallized from ethanol as yellow-orange needies, m.p. 204-207°; 'VnKlEx 1680

(C=0), 1605 cm 1 (C=N).
Carbohydrate Res., 3 (1966) 25-31



30 H. EL. KHADEM, M. M. A. ABDEL RAHMAN
Anal. Calc. for CisH12CleN4O: C, 53.7; H, 3.6; N, 16.7. Found: C, 54.1; H, 3.9;
N, 16.8. -

I-(m-Chlorophenyl)-4-(m-chlorophenylazo)pyrazole

Mesoxalaldehyde 1,2-bis[(z-chlorophenyl)hydrazone] (0.2 g) in ethanol (20 ml)
was treated with concentrated hydrochloric acid (3 drops) as before, for 20 min, and
the azopyrazole obtained was crystallized from ethanol as yellow, prismatic needles,

o KBr

m.p. I59—161°; ymax 1590 cm—1 (C=N).

Anal. Cale. for Ci5H;0Cl:Ny: C, 56.8; H, 3.2; N, 17.7. Found: C, 56.6; H, 3.3;
N, 17.7.

I-(p-Chlorophenyl)-4-(p-chlorophenylazo)pyrazole

A solution of D-arabino-hexulose (p-chlorophenyl)osazone (1 g) in 669, ethanol
was oxidized as before, and the aldehyde obtained was dissolved in ethanol (20 ml) and
refluxed with 3 drops of concentrated hydrochloric acid for 2o min. 1-(p-Chlorophenyl)-
4-(p-chlorophenylazo)pyrazole separated on concentration of the alcoholic solution,
and was crystallized from ethanol as yellow, prismatic needles, m.p. 177-179°.

Anal. Calc. for CisHj0CleNy: C, 56.8; H, 3.2. Found: C, 57.0; H, 2.9.

I-(p-Bromophenyl)-4-(p-bromophenylazo)pyrazole

D-arabino-Hexulose (p-bromophenyl)osazone (I g) was treated as above, and the
azopyrazole obtained was crystallized from ethanol as orange-yellow plates, m.p.
183—-185°.

Anal. Calc. for CisHioBr2Na: C, 44.3; H, 2.5; N, 13.8. Found: C, 44.2; H, 2.6;
N, 13.9.

I-(4-Bromo-2-methylphenyl)-4-(4-bromo-2-methylphenylazo)pyrazole
D-arabino-Hexulose (4-bromo-2-methylphenyljosazone (1 g) was oxidized as
above, and the aldehyde that separated was similarly treated with ethanolic hydro-
chloric acid. On concentration of the alcoholic solution, the azopyrazole separated as
orange-yellow needles, and was crystallized from ethanol, m.p. 140-142°.
Anal. Calc. for C17H14BraNa: C, 47.0; H, 3.2; N, 12.9. Found: C, 46.8; H, 3.3;

N, 12.7.

1-Fhenyl-4-phenylazo-2-pyrazolin-5-one (5)

A solution of p-arabino-hexulose phenylosazone (2 g) in ethanol (100 ml) was
efluxed with 2 g of hydroxylamine hydrochloride(or 2 g of semicarbazide hydrochlor-
ide, 2 g of phenylhydrazine hydrochloride, or 2 g of phenylhydrazine sulfate) for 7 h;
the solution darkened after one h. The 2-pyrazolin-5-one obtained after concentration
of the solution was crystallized from ethanol as orange, prismatic needles, m.p.
I44-146°, lit." m.p. 150°; Aax 250, 395 mp; log £ 4.3, 4.3; Amin 300 my; log ¢ 3.2;
¥max 1660 weak (C=0), 1605 cm 1 (C=N).

Anal. Calc. for CisHi12N4O: C, 68.2; H, 4.6; N, 21.2. Found: C, 68.2; H, 4.6;
N, 2I1.1.
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I-Phenyl-4-phenylazo-2-pyrazolin-5-one benzoate (8)

1-Phenyl-4-phenylazo-2-pyrazolin-5-one 5, (0.5 g) in 15% sodiem hydroxide
solution (70 ml) was treated with benzoyl chloride (12 ml) in portions during 4 h.
The reaction mixture was kept overnight at room temperature and filtered, and the
crystais were washed repeatedly with water. The benzoate crystailized from ethanol
as yellow, prismatic needles, m.p. 109°; Viene 1770 (OB2z), 1605 cm 1 (C=N).

Anal. Calc. for CooHi6N4Os: C, 71.7: H, 4.4; N, 15.2. Found: C, 71.7; H, 4.5;
N, 15.3.
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SUMMARY

The n.m.r. spectra of mesoxalaldehyde 1,2-bis(phenylhydrazone) and tris(phenyl-
hydrazone) suggest chelations as in structures 1 and 2. Acid reagents convert these
two compounds into 1-phenyl-4-phenylazopyrazole (4). A number of substituted 4
were prepared from the corresponding 1. The conversion of saccharide phenylosazones
into 1-phenyl-4-phenylazo-2-pyrazolin-5-one (5) probably proceeds through the
formation of a 3,6-anhydro ring.
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TRANSFER REACTIONS CATALYSED BY A FUNGAL f#-p-XYLOSIDASE:
ENZYMIC SYNTHESIS OF PHENYL g-p-XYLOBIOSIDE

M. CLAEYSSENS, E. VAN LEEMPUTTEN, F. G. LooNTIENS, AND C. K. DE BRUYNE
Laboratorium voor Anorganische Scheikunde A., H.I1. K. W., Rijksuniversiteit Gent, Ghent (Belgium)
(Received April 29th, 1966; in revised form, May 20th, 1966)

As with several other glycosidases, transferase action by g-bD-xylosidase (f-D-
xyloside xylohydrolase), partially purified from commercial Hemicellulase!, was an
expected side-reaction of the hydrolysis of aromatic 8-p-xylopyranosides. Aliphatic
alcohols and several polyhydric alcohols were shown to be powerful activators of the
hydrolysis reaction, as well as acceptors of the D-xylosyl radical. When glycerol was
used as acceptor and p-nitrophenyl S-p-xyloside as substrate, activation and transfer
were estimated to be 55% and 81%,, respectively. With methanol as acceptor, retention
of the B-p-configuration in the resulting methyl xyloside could be demonstrated?2.
Of particular interest, was the appearance of several oligosaccharides and their
phenyl glycoside derivatives in enzymic digests of phenyl f-p-xylopyranoside solutions
(5% 102 to 102M). For the main transfer product formed, a bioside, the substrate
probably acted, with equal facility, as both donor and acceptor. The structure of this
transfer product has been established as phenyl 4- O-f-D-xylopyranosyl-fg-p-xylopyran-
oside (1). Several other transfer products were formed in minor proportions. Evidence
is presented which indicates these products to be lower members of two homologous
series consisting of phenyl f-D-glycosides of xylose oligosaccharides containing
(1—3)- or (I—4)-linkages.

Q, o O
OH [\o OH 2
HO
OH OH
1

These dismutation reactions or self transfers have been observed with several
other glycosidases. Almond emulsin was found to catalyze a similar reaction with
arbutin or salicin as substrate3, and two digalactosyl derivatives of resorcinol have been
tentatively identified as tramsfer products from lactose to resorcinol, using E. coli
p-galactosidaset. Other examples of such transglycosylation reactions can be found
in studies dealing with a specific transfructosylase in plantsS, as well as with maltases
in rumen protozoa$, or Aspergillus niger, which catalyze the transfer of p-glucose from
maltose to resorcinol?.

Carbohydrate Res., 3 (1966) 32—37



PHENYL 8-p-XYLOBIOSIDE 33
EXPERIMENTAL AND RESULTS

General experimental conditions .

Paper and thin-layer chromatography (t.l.c.) were carried out on Whatman
No. 1 paper and Kieselgel G (Merck), respectively, using the solvent systems: A,
water-saturated butanol; B, propan-2-ol-water-butanol (5:2:3, v/v); C, benzene—
ethanol (2/1, v/v). Reducing sugars were detected with the p-aminohippuric acid
[N-(p-aminobenzoyl)glycine]® or triphenyltetrazolium sali® (TTC) reagents, and both
reducing and non-reducing sugars with 59, sulphuric acid in ethanol (10 min at 100°).
Solutions were concentrated at 40-50°/20 mm. U.v. spectra were obtained with a
Beckman DK-2 spectrophotometer, and i.r. spectra with a Perkin~Elmer 21 instrument,
using KBr pellets. A unit of 8-p-xylosidase has been defined! as causing the hydrolysis
of 1 umole of p-nitrophenyl f-D-xyloside (at 2 X 10—3M) per min, at 40° and pH 3.0in
Mcllvain’s buffer, in 5 ml of reaction mixture.

Preparation and purification of the trensfer product 1

Phenyl f-D-xylopyranoside (2 g) was dissolved in potassium hydrogen
phthalate-hydrochloric acid buffer (pH 3, 100 ml) followed by addition of 1 unit of
B-xylosidase, obtained by dissolving commercial “Hemicellulase” (Nutritional
Biochemicals Corporation 6013, 60 mg). After 16 h at 40°, the reaction was stopped
by heating for 1 min at 100°. The mixture, after extraction with ether, deionisation
with Dowex-1 (OH ~form) and Dowex-50W (H+ form), and concentration, was
chromatographed on a Whatman Standard-cellulose column (3 X 6o cm), by develop-
ment with solvent 4. The eluate was continuously analysed with a Uvicord system
(LK B) at 257 my (phenyl absorption), and each 4-ml fraction was analysed by t.l.c. in
solvent 4. Fractions containing component 1 (R 0.45) were collected and rechromato-
graphed (Fig. 1). The procedure was repeated three times until the component was
free from any contaminating substance. By concentration (to 10 ml) of the fractions
containing the pure product, crystallisation occurred to give a product (40 mg)
having m.p. 144-145°, [«]5 —80° (¢ 1, water). The u.v. spectrum was identical with
that of phenyl g-D-xylopyranoside (Amax 265.5 mu, emax 0.82 X 106).

Structure of the transfer product 1

(@) Toral and partial acid hydrolysis. After complete hydrolysis (3 h in o.1M
hydrochloric acid at 100°), total pentose and phenol concentrations were determined
by the Bial'® and Folin—Ciocalteu!! procedures, respectively. The molar ratio xylose/
phenol was 2.08, indicating the disaccharide character of the transfer product.
Partial hydrolysis (0.1M hydrochloric acid for 3 min at 100°) resulted in the formation
of xylobiose (4-O0-f8-p-xylopyranosyl-p-xylose), identified (t.l.c., solvent B) by compa-
rison with an authentic sample of the disaccharide.

(b) Periodate oxidation. To the phenyl xylobioside (5.85 mg) in 0.2M acetate
buffer (pH 4,10 ml), 0.I1M aqueous sodium metaperiodate (12.5 ml) was added, and
the mixture was diluted with water to 25 ml. Periodate uptake was determined by the
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Fleury-Lange procedure!2. Formic acid liberation was followed by titration with

0.1M sodium hydroxide, using Methyl Red as indicator.
The consumption of 3 mol. of periodate and the formation of 1 mol. of formic

acid (Fig. 2) precluded the presence of a (1—3)-linkage.
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Fig. 1. Cellulose-column chromatography of an enzymic digest of phenyl B-p-xylopyranoside.
Shoulder, transfer product 2; second peak, transfer product 1; first peak, phenyl #-p-xylopyranoside.
Inset, t.1.c. of the digest: () phenyl 8-p-xylopyranoside, (b) transfer product 2, (c) transfer product 1

(d) p-xylose.
Fig. 2. Periodate oxidation of phenyl §-p-xylobioside (1—>4). —o0—, periodate uptake; —e—, formic
acid production.

(¢) Methylation. Complete methylation of the phenyl xylobioside (10 mg) by
the method of Kuhnl3, subsequent hydrolysis (129, sulphuric acid for 4 h at 100°),
and analysis of the reaction products on t.l.c. (solvent C), indicated the formation of
a 2,3,4-tri-O-methylxylose and a 2,3-di-O-methylxylose. The possibility of the presence
of a 3,4-di-O-methylxylose was excluded, as the reaction with the TTC reagent was
negativeld.

The results of both periodate oxidation and methylation studies produced
evidence in favour of a (1—4)-position of the disaccharide linkage.

(d) Lr. spectroscopy. Comparison of the spectra of phenyl «- and g-p-xylo-
pyranoside with the spectrum of the transfer product revealed no bands characteristic
of the «-D-configuration5 (¢f. the retention of configuration in the transfer reaction
with methanol as acceptor).

(e) Enzymic breakdown. The enzymic hydrolysis of a 5X 10 —3M solution of the
phenyl xylobioside (PXX) by a purified 8-xylosidase sample! was followed at room
temperature in a DK 2 Beckman continuously recording spectrophotometer at 280 mp16
(phenol formation) (Fig. 3). The most likely explanation for the observed non-linearity
is that the phenol (P) is not liberated directly from the substrate, but from the inter-
mediately formed pheny! xyloside (PX), as depicted in the following two-step reaction
scheme: :

PXX—->PX+X )
PX »P +X (2)
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This situation is similar to that encountered in the enzymic hydrolysis of phenol-
phthalein diphosphate to phenolphthalein and orthophosphate by.a phosphatasel?.
The rate of phenol formation will increase with time, since the enzymic attack initially
involves the “holoside” bond (Fig. 3). Examination of the hydrolysis products on

204 Q.2
Enzyme J Nact
cctivities !
(arbitrary /
.. units) /

280 mp,
0100+
0.0501

O 10 20 30 40 50 60 70 BO SO 100
. Fraction number
Time (2mi)

T T T
10 20 30 min

Fig. 3. Enzymic hydrolysis of phenyl §-p-xylobioside (1—>4).

Fig. 4. DEAE Sephadex A-50 chromatography of 8-xylosidase. -——o—, activity against p-nitrophenyl
pB-p-xylopyranoside; —e-—, activity against phenyl S-xylobioside.

t.l.c. (solvent B) confirmed this reaction sequence, since the intermediate phenyl
xyloside could easily be detected. On the other hand, no xylobiose formation could be
observed, and the enzyme was therefore devoid of any xylobiosidase activity. The
apparent xylobiase (reaction 1) and xylosidase (reaction 2) activities were tentatively
assigned to the same enzyme. Further purification of the f-xylosidase on DEAE-
Sephadex A-50 ion-exchanger did not produce any separation of the two activities.
The column was equilibrated with KHpPO4/Naz-*IPO4 buffer (pH 7.I, # = 0.05),
and the concave sodium chloride-gradient (0—0.2M) was obtained by using the
Varigrad system (Fig. 4). The g-xylosidase activity was tested against p-nitrophenyl
B-p-xylopyranoside.

Xylobiase activity was estimated by following the D-xylose liberation from the
bioside, using the Somogyi—Nelsonl8 colorimetric procedure.

Nature of the other transfer products

On paper chromatograms and t.l.c. (solvent B), the presence of xylobiose and
xylotriose in the enzymic digests could be demonstrated by comparison with authentic
samples of the two oligosaccharides.

Component 2, having Rr 0.54 on t.L.c. (solvent A) (Fig. 1), was obtained in pure
form (5 mg) and methylated by the Kuhn method. After acid hydrolysis (129, sul-
phuric acid for 4 h at 100°), only the formation of a 2,3,4~tri-O-methylxylose and a
2,4-di-O-methylxylose was observed on t.l.c. (solvent C), indicating the presence
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of a (1—3)-linkage in the transfer product. Examination of the Rr values fon t.l.c.
and paper chromatography (solvent 4)] of other phenyl derivatives, found in further
fractions from the cellulose column, revealed a linear relationship between Rasflog
(1/Rp—1)] and the hypothetical degree of polymerisation of the oligosaccharides. Two

-~

M B1=a) fu=3)
0.7
Q.61
Q.51
O.44
Q.34
oz
Q.14
o-
-Q100
=02001
~0.300

1 2 3 a4

Xylose units
Fig. 5. Ray-plot against hypothetical number of p-xylose units in phenyl §-p-glycosides of p-xylose
oligosaccharides.

series, each fitting a line, were obtained, indicating the presence of two homologous
series of oligosaccharides containing respectively (1—4)- and (1—3)-linkages (Fig. 5).
Products having Rar values not fitting these plots presumably possess mixed (1—3)-
and (1—>4)-linkages.
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SUMMARY

Because of the transferase activity of partially purified g-p-xyloside xylo-
hydrolase, enzymic breakdown of phenyl f-p-xylopyranoside results in the formation
of by-products of particular interest. The lower members of two homologous series
of phenyl g-p-glycosides of D-xylose oligosaccharides, respectively containing (1—3)-
and (1—4)-linkages, were tentatively identified by t.l.c. and paper chromatography.
Two phenyl 8-p-xylobiosides were isolated, and the main transfer product was charac-
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terised as phenyl 4-O0-g-p-xylopyranosyl-8-D-xylopyranoside by total and partial acid
and enzymic hydrolysis, periodate oxidation, and i.r. spectroscopy. Chemical evidence
for the (1—-3)-linkage in the second phenyl g-p-xylobioside is also given.
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PART IX*. CYCLIC PHOSPHORIC ACID DERIVATIVES
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Phosphoric acid derivatives containing phosphorus attached to a nitrogen
mustard group were first described by Friedman and Seligman®' who assumed that
the nitrogen—phosphorus bond would be split preferentially by tumour cells, owing to
their relatively higher phosphoramidase content?, and that the nitrogen mustard
thus formed in situ might exert its cytostatic effect. These authors prepared a highly
reactive phosphamide, bis(2-chloroethyl)phosphoramidic dichloride (1), which was
used to synthesize a number of esters and amides.

—CHa
(Cl-CHg + CHz)2 N+ POCh (C1-CHz - CHa)2 N—R=0 /CHz
o—CHz

\
2

On further examination, the dichloride (1) appeared to react with certain diols,
amino alcohols, or diamines, to furnish, principally, cyclic esters or amides. One of
these cyclic compounds is the amido-ester, tetrahydio-2-[bis(2-chloroethyl)amino]-
1,3,2-oxazaphosphorine 2-oxide (2), prepared by Arnold et a/. and used therapeutically,
under the name Endoxan or Cytoxan, in the treatment of malignant diseases.

Recently, experiments were also carried out to obtain cyclic phosphamides of
polyhydroxy compounds. Serfontein and Jordaan® treated 2,4-O-benzylidene-D-
ribose dimethyl acetal with the dichloride (1), and subsequent debenzylidenation gave
impure D-ribose dimethyl acetal cyclic 3,5-[bis(2-chloroethyl)phosphoramidate] (3)

Yo
HC(OMe)z RZN-OP< IH2
HCOH _vchy _octs oCH
| ren-0P | RoN-0PL T ocH
HCO OCH o oCH o
[ H—yp
HCITOH/PO-NRz OMs T
HC
H.
2C0 o—z: o—i | °>FO-NRz
3 HyCY
4 Y=0 6
5 Y=NH 7 Y=0
R= CHy* CHy*Cl, Ip= Me,C 8 Y=NH
Ms = MeSO2

* Part VIII: Ann., 684 (1965) 231.

Carbohydrate Res., 3 (1966) 38-46



CYCLIC PHOSPHORIC ACID DERIVATIVES 39

In our own experiments, we wished to investigate, in detail, the reaction of
polyhydroxy compounds, such as sugars and sugar alcohols, with dichloride 1 and
also the ring size of the resulting esters. We were also interested in the biological
effects of such compounds since, according to our previous experience®, polyhydroxy
compounds seemed to be suitable carriers for cytotoxic groups.

The first experiments were carried out with 1,2-O-isopropylidene-a-D-gluco-
furanose. This substance could give cyclic esters having the phosphorus atom attached
to the 5,6-, 3,5-, and 3,6-oxygen atoms, respectively. Moreover, the formation of
stereoisomers would be expected (as for the analogous benzylidene derivatives),
owing to the asymmetry of the phosphorus atom. Acylation with dichloride 1 in
pyridine gave a crystalline substance (isclated in 209%; yield) in which the phosphoric
acid group must span the 5,6-positions (4), since the O-methanesulphonyl derivative
(6) was identical with the product obtained from the reaction of 1,2-O0-isopropylidene-
3-O-methanesulphonyl-e-bD-glucofuranose® with dichloride 1. Compound 4 was formed
in the reaction of 1,2-O-isopropylidenc-x-D-glucofuranose with the dichloride (1)
under various conditions and with various ratios of the components, thus showing that,
under favourable sterical conditions, the dichloride reacts with polyhydroxy compounds
principally to give cyclic derivatives. The P-N bond of the D-glucose derivative (4) is
readily split in acidic media (cf. the 1esults of Stock et ¢/.”). Thus, selective hydrolysis
of the isopropylidene group could not be achieved.

6-Amino-6-deoxy-1,2- O-isopropylidene-a-D-glucofuranose (hitherto known®,
but not in the crystalline state) was expected to give a 5,6-(amido-ester) (5) on treat-
ment with the dichloride (1). However the product failed to crystallise and, presumably,
was a mixture of isomers.

From 3,4-O-isopropylidene-D-mannitol and 2 mol. of dichloride 1, a cyclic
diphosphoricacidester (7), probably having a structure analogous to that of 1,2:3,4:5,6-
tri-O-isopropylidene-pD-mannitol, was formed. Two crystalline substances were
isolated from the reaction product, and these compounds are, presumably, siereo-
isomers arising from the asymmetry of the cyclic phosphorus atom; this inference is
supported by their nearly identical i.r. spectra. With 2 mol. of dichloride 1, 1,6-
diamino-1,6-dideoxy-3,4- O-isopropylidene-p-mannitol® gave a 1,2:5,6-di(amido-ester)
(8), from which isomeric products could not be separated.

Since the isopropylidene group could not be selectively removed from the
cyclic derivatives mentioned above, because of the sensitivity of the P-N bond, the
reaction of several non-substituted polyols with 2 and 3 mol. of dichloride 1 was
examined. In both cases, D-mannitol yielded only amorphous powders, the elemental
analyses of which were fairly close to the calculated values. From the corresponding
reactions of D-glucitcl, two, unidentified, crystalline substances were isolated in
poor yield.

The reaction of erythritol with the dichloride (1) was then examined in order to
decrease the number of possible isomers. In this case, with 2 mol. of dichloride 1,
the formation of two structural isomers could be expected, viz., 1,2:3,4- (9) and
1,3:2,4-derivatives (10); the first structure seems to be more likely by analogy (a) with
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the corresponding reaction of 1,2-O-isopropylidene-a-D-glucose and (b) with the
O-isopropylidene derivatives of erythritol. The formation of a 1,4:2,3-derivative is
improbable because of sterical reasons. In both cases, four stereoisomers are possible,
viz., an enantiomorphic pair and two meso forms. Experimentally, three, sharp-melting,
crystalline substances (4, B,and C) were obtained. Substance 4,however, gave two spots
on silica gel, and, consequently, at least four isomers must have been formed. Since
there can only be three stereoisomers for each structural isomer, viz., a racemate and
two meso modifications, the formation of both structures 9 and 10 is highly feasible

H:i:>PO-NR2 tzz\po-nnz o‘\P /0 CHzY RN, Ve CHY
Hclzo\ Hc::0)<ao-NR2 RN \o CHY o’ \o CHLY
Hz(|:0 _CFONR, Hsco ~

11 Y=MeSQ,' O 13 Y=MeS0,-0
° 10 12 Y=8Br 14 Y=Br

R=CHjp " CHp- Cl

The possible formation, in these experiments, of stereoisomers as a function
of the presence of a cyclic phosphate group was proved with 1,4-substituted erythritol
derivatives. Dichloride (1) can react with such substances only at the 2,3-position.
1,4-Di-O-methanesulphonyl-® and 1,4-dibromo-1,4-dideoxy-erythritol'* each gave,
with the dichloride (1), two substances in approximately equal amounts. These
substances can only be the optically inactive cis- and trans-isomers (11-14); the phos-
phorus atom is not asymmetric because of the symmetry of the erythritol moiety. The
i.r. spectra of the members of each pair of isomers are very similar.

Thus polyhydroxy compounds usually give stereoisomers on treatment with
the dichloride (1), and it is therefore rather surprising that no formation of diastereo-
isomers could be observed in the case of serine which affords'? five-membered,
cyclic amido-ester, similar to the cyclic esters described above.

The compounds described here are poorly soluble, or insoluble, in water, and
their biological examination could be carried out only through oral administration.
On Yoshida satcoma, they displayed a weak effect; their therapeutic quotient was
much less (5—209;) than that of Endoxan and therefore they were not studied in detail.
It is noteworthy that a substantial difference was observed between the toxicity
(LDs,) and therapeutic effect of the cis,trans-1,4-di-O-methanesulphonyl and 1,4-
dibromo-1,4-dideoxy derivatives of erythritol.

EXPERIMENTAL

Melting points are uncorrected. Thin-layer chromatography (t.l.c.) was carried
out on silica gel. Detection reagents used were potassium permanganate o1 p-nitro-

benzylpyridine®3.
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1,2-O-Isopropylidene-o-D-glucofuranose cyclic 5,6-[bis(2-chloroethyl)phosphorami-
date] (4)

To 1,2-O-isopropylidene-a-D-glucofuranose (22 g, o.1 mole), dissolved in
pyridine (100 ml), dichloride 1 (26 g) was added, with stirring, so that the temperature
of the reaction mixture did not exceed 30°. Stirring was continued for 5 h at room
temperature, and the reaction mixture was then evaporated under diminished pressure
at 30°. The recidue was treated with ice-water and extracted with chloroform, and the
organic phase was washed with cold N sulphuric acid, water, aqueous sodium hydrogen
carbonate, and water. After being dried (Na,SO,) and treated with charcoal, the
solution was evaporated to dryness under diminished pressure to give a yellow,
pulverisable, amorphous material (33 g, 81%). The substance could be partially
crystallized from ethyl acetate by gradual addition of light petioleum. After recrystal-
lization from ethyl acetate, compound 4 (8.1 g, 20%/) was obtained, m.p. 167-168°,
[a]E? —15.0° (¢ 1, chloroform) (Found: C, 39.0; H, 5.7; Cl, 17.7; N, 3.4; P, 7.3.
C,3H,,Cl,NO,P calc.: C, 38.4; H, 5.5; Cl, 17.5; N, 3.45; P, 7.6%).

From the ethyl acetate mother liquor, an amorphous powder, [«]2° 0° (¢ 1,
chloroform), was obtained which showed the same R value as compound 4 in water-
saturated butanol (Found: Cl, 17.2; N, 3.3; P, 6.9%).

Hydrolysis of phosphoramidate 4 )

A solution of ester 4 (1 2) in a mixture of 0.2N hydrochloric acid and dioxane
(1:1, v/v; 10 ml) was kept at 50°, and the hydrolysis was followed by t.l.c. The charac-
teristic blue spot of nitrogen mustard appeared after 30 min (development with p-
nitrobenzylpyridine). After 5 h, half of the starting material could still be recovered,
and the residue reduced Fehling’s solution.

In another experiment, under the same conditions, hydrolysis for 8 h was
required for complete removal of the isopropylidene group.

1,2-O-Isopropylidene-3-O-methanesulphonyl-a-D-glucofuranose cyclic §,6-[bis(2-chloro-
ethyl)phosphoramidate] (6).

(a) A solution of 1,2-0O-isopropylidene-3-O-methanesulphonyl-o-D-glucofura-
nose® (obtained from 10 g of 1,2:5,6-di-O-isopropylidene-3-O-methanesulphonyl-a-D-
glucofuranose) in benzene was evaporated to dryness under diminished pressure.
The dissolution and evaporation were repeated, and the residual gum was freed from
solvent at 50°/0.22 mm. The syrup obtained showed a single spot on t.l.c. (ethyl
acetate). To a solution in pyridine (30 ml) of this substance, dichloride 1 (7.7 g) was
added with stirring and cooling. The reaction mixture was kept at room temperature
overnight and then poured onto ice. The syrupy product was dissolved in chloroform
and the solution was washed with N suiphuric acid, water, and aqueous sodium hydro-
gen carbonate, dried, and evaporated. The residual syrup was crystallised from ethyl
acetate-light petroleum, and then from ethyl acetate-ether, to give compound 6
(3.5 g), m.p. 145-147°, [«]3® —22.15° (¢ 1, chloroform). (Found: C, 34.8; H, 4.9;
Cl, 14.5; N, 2.7; S, 6.5; P, 6.1. C;,H,;,CI,NOySP calc. : C, 34.7; H, 5.0; Cl, 14.6;
N, 2.9; S, 6.6; P, 6.1%).
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(b) To a solution of compound 4 (2 g) in pyridine (10 ml), methanesulphonyl
chloride (0.6 ml) was added at —10° with stirring. After 3 h at room temperature, the
reaction mixture was poured onto ice and processed as under (@) to give a product
(2 g) identical (m.p., mixed m.p., and [«];) with that described in (a).

6-Amino-6-deoxy-1,2-O-isopropylidene-c-D-glucofuranose

This substance was prepared by a slight modification of the literature method?®.

A solution of s5,6-anhydro-I,2-O-isopropylidene-«-b-glucofuranose'* (20.2 g)
in methanol (200 ml) saturated with ammonia at 0° was kept in a sealed vessel at 20°
for 12 h and then refluxed for 2 h. The residue obtained after evaporation to dryness
under diminished pressure was dissolved in benzene, and the solution was evaporated.
During this procedure, the substance crystallized as thin needles, m.p. 114—122°;
Danilov and Lishansky® reported m.p. 60-65°. On being dried under diminished
pressure over sodium hydroxide and paraffin, the product lost its crystalline structure.
The physical constants of the hydrochloride are consistent with the literature datal®.
(Found: C, 48.9; H, 7.9; N, 6.0. CoH,,NO; calc.: C, 49.3;: H, 7.8; N, 6.4%).

6-Amino-6-deoxy-1,2-O-isopropylidene-a-D-glucofuranose cyclic 5,6-[bis(2-chloroethyl
phosphoramidate] (5)

To a suspension of 6-amino-6-deoxy-1,2-0-isopropylidene-a-b-glucofuranose
(11 g) in dioxane (50 ml) friethylamine ( 14 ml) and dichloride 1 (13 g) were added with
stirring so that the temperature did not rise over 30°. Stirring was continued for 5 h
at 20° and the reaction mixture was then poured onto ice and extracted with chloro-
form. The organic phase was washed with water, dried (Na,S0O,), and evaporated to
a solid, yellow mass (18 g, 80%). A solution of this residue in ethyl acetate-light
petroleum was treated with charcoal and evaporated under diminished pressure to
give compound 5 as a colourless, amorphous solid, [«]2° —5.9 (¢ 1, chloroform).
Found: C, 38.1; H, 5.9; Cl, 16.5; N, 6.8; P, 7.1. C,;H,3;N,O,CL,P calc.: C, 38.5;
H, 5.7; Cl, 17.5; N, 6.95; P, 7.65%,).

3,4-O-Isopropylidene-D-mannitol cyclic I,2:5,6-di-[bis(2chloroethyl)phosphoramidate)

)

To a solution of 3,4-O-isopropylidene-pD-mannitol (11.1 g) in pyridine (60 ml)
dichloride 1 (28.6 g) was added slowly with stirring and cooling below 20°. Next day
the reaction mixture was poured onto ice and extracted with chloroform, and the
organic phase was washed with cold N sulphuric acid, water, and aqueous sodium
hydrogen carbonate, dried (Na,SO,), and evaporated under diminished pressure.
The syrupy residue was crystallised from ethyl acetate (30 ml) and ether (20 ml) to give
product A’ (9 g). Further addition of ether to the mother liquor gave product B’
(8.5 g), and after evaporation of the remaining solution, crystallisation of the residue
from ethyl acetate—ether gave product C’ (5 g). The total yield of crystalline material
was 67%. Recrystallization of 4" from a ten-fold amount of benzene gave pure isomer
A’, m.p. 189-190°, [x]3°® —2.5° (¢ 1, chloroform). (Found: C, 33.9; H, 5.4; Cl, 23.2;
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N, 4.5; P, 10.2. C;,H3,Cl,N,OgP, calc.: C, 34.4; H, 5.1; Cl, 23.9; N, 4.7; P, 10.47%)-
Recrystallization of B’ and C’ from a twenty-fold amount of benzene also furnished
isomer 4’. Concentration of the mother liquor to half-volume gave a mixture of
isomers 4’ and B’, and further concentration gave isomer B, m.p. 156-157° (from
ethyl acetate), [«]2° +10.8° (¢ i, chloroform). (Found: C, 33.75; H, 5.3; Cl, 23.3;
N, 4.3; P, 10.2%). The mixture of 4’ and B’ could also be separated by fractional
crystallization from benzene. The i.r. spectra of isomers 4’ and B’ were almost
identical. The Ry values (ethyl acetate), were A’, 0.60; B’, 0.77.

I,6-Diamino-I,6-dideoxy-3,4-O-isopropylidene-pD-mannitol cyclic 1,2:5,6-di[bis(2-chloro-
ethyl)phosphoramidate] (8)

To a solution of I,6-diamino-I,6-dideoxy-3,4-O-isopropylidene-p-mannitol®
(11 g, 0.05 mole) in dioxane (110 ml) and triethylamine (31 ml) dichloride 1 (28.6 g,
0.11 mole) was added slowly with cooling (below 20°) and stirring. Next day, the
triethylamine hydrochloride was filtered off, and the filtrate was concentrated. A
solution of the syrupy residue in chloroform was washed with water, dried (Na,SO,)
and evaporated under diminished pressure. A solution of the residue in ethyl acetate—-
ether was treated with charcoal and then evaporated under diminished pressure to
give a nearly colourless, amorphous solid (72 %), R 0.80 in ethyl acetate-propan-2-ol—
water (3.5:27:1) (Found: Cl, 20.45; N, 7.55; P, 10.55. C,;H;,CI;N,O¢P, calc.:
Cl, 23.9; N, 9.5; P, 10.5%).

D-Mannitol cyclic di-[bis(2-chloroethyl)phosphoramidate}

To a suspension of D-mannitol (9.1 g) in pyridine (40 ml), which had previously
been refluxed for 10 min. and then cooled rapidly with vigorous stirring to 10°,
dichloride 1 (29.5 g, 2 mole) was added slowly. Next day the reaction mixture was
poured onto ice and extracted with chloroform, and the organic phase was washed
with water, N sulphuric acid, and aqueous sodium hydrogen carbonate, and evapor-
ated under diminished pressure to give an amorphous solid (13.6 g, 50%). A solution
of this material in ethyl acetate—ether was treated with charcoal and evaporated under
diminished pressure to give a white, amorphous powder, [«]3° +2.0° (¢ 2, chloroform)
(Found: C, 30.0; H, 4.3; Cl, 25.3; N, 4.9; P, 10.9. C,,H,cCI4N,0OgP, calc.:
C, 30.3; H, 4.7; Cl, 25.6; N, 5.05; P, 11.2%().

p-Mannitol cyclic tri-[bis(2-chloroethyl)phosphoramidate]

This compound was prepared from dichloride 1 (3.1 mole) according to the
previous procedure. After purification, as above, a white, amorphous powder (18 g,
60%,) was obtained, having [«]3° +7.2° (¢ 2, chloroform) (Found: C, 28.9, H, 4.5;
Cl 28.1; N, 6.2; P, 11.5. C,gH;,CIgN;O4P; calc.: C, 29.2; H, 4.4; Cl, 28.2;
N, 5.7; P, 12.5%).

p-Glucitol cyclic di-[bis(2-chloroethyl)phosphoramidate]
This compound (43%), prepared as for the analogous D-mannitol derivative,
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was a white, amorphous powder, [«]2° 0° (¢ 1, chloroform) (Found: C, 30.1; H, 4.3;
ClL, 24.1; N, 4.9; P, 11.2. C; H,4Cl;N, 0P, calc.: C, 30.3; H, 4.7; Cl, 25.6; N, 5.05;
P, 11.2. From ethyl acetate—ether, a portion (2.2 g) of this product gave crystals (0.5 g),
m.p. 155-160° (from ethyl acetate), [«]2° -+9.8° (c 1, dioxane) (Found: C, 30.8; H, 4.4;
Cl, 24.8; N, 5.0; P, 10.9%).

D-Glucitol cyclic tri-[bis(2-chloroethyl)phosphoramidatel

Prepared as for the analogous D-mannitol derivative, the product (71%;) was
a white, amorphous solid, [«]3® 410.0° (¢ 1, chloroform) (Found: C, 29.0; H, 4.7;
Cl, 27.9; N, 5.4; P, 12.1. C,3H;,ClgN;O04P; calc.: C, 29.2; H, 4.4; Cl, 28.7; N, 5.7;
P, 12.5%). Crystallisation of a portion (2.8 g) of this material from ethyl acetate-ether
gave a product (0.2 g), m.p. 201~202° (from ethyl acetate), [«]3° -I-14.5° (¢ 0.5, chloro-
form) (Found: C, 29.2; H, 4.5; Cl, 28.35; N, 5.6; P, 12.0%).

Erythritol cyclic di-[bis(2-chloroethyl)phosphoramidate} (9) or (10)

To a stirred solution of erythritol (24.4 g) in pyridine (160 ml) dichloride 1
(103.6 g, 2 mole) was added in small portions below 20°. After being stirred for 6 h,
the mixture was poured onto ice, and the precipitated solid (81.2 g, 829%) was
collected. The filtrate was extracted with chloroform, and the extract was washed with
water, dried (Na,S0,), and evaporated to give further product (7.5 g, 7.6 %). The reac-
tion product consisted of at least 3 components which could be separated by fractional
crystallization. The precipitate was boiled with a 15-fold amount of ethyl acetate,
and the insoluble material was filtered off from the hot solution and recrystallized
from methanol to give isomer 4, m.p. 185~186° (Found: C, 29.25; H, 4.7; Cl, 28.2;
N, 5.3; P, 12.2. C,,H,,CI;N,OP, calc.: C, 29.2; H, 4.5; Cl, 28.7; N, 5.6; P, 12.5%).
The ethyl acetate solution yielded, on cooling, a mixture of 4, B, and C. Evaporation of
the mother liquor, and recrystallisation of the residue from benzene gave isomer C,
m.p. 123-125° (Found: C, 29.15; H, 4.6; Cl, 28.8; N, 5.4;: P, 12.4%). The above
chloroform extract also afforded isomer C. The mixture of 4, B, and C was boiled
with a 15-fold amount of ethyl acetate, the solution was filtered to remove undissolved
A and B and evaporated, and the residue (B contaminated with C) was extracted with
hot benzene to remove isomer C. Recrystallization from ethyl acetate gave isomer B,
m.p. 152-154° (Found: C, 29.0; H, 4.55; Cl, 28.15; N, 5.2; P, 12.2%). The ratio of
the compounds 4:B:C was ca. 1:1:2. On chromatography in ethyl acetate, Band C gave
a single spot, whereas A afforded two spots of equal intensity; the Ry values were
A, 0.62, 0.75; B, 0.68; C, 0.32.

I,4-Di-O-methanesulphonylerythritol  cyclic  2,3-[bis(2-chloroethyl)phosphoramidate]
(11, 13)

To a solution of I,4-di-O-methanesulphonylerythritol'® (2.8 g) in pyridine
(10 ml) dichioride 1 (2.8 g, 1 mole) was added with stirring and cooling. Stirring was
continued for 1 h at o°. After storage at 20° overnight, the reaction mixture was
poured onto ice, and the solidified product (3.5 g, 76%,) was filtered off and washed
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with water. Crystallization from ethyl acetate (50 ml) gave isomer 4, m.p. 135-137°
(after repeated recrystallization from ethyl acetate or methanol) (Found: C, 26.0;
H, 4.6; Cl, 15.2; N, 2.9; P, 6.5; S, 13.9. C;oH,,CI,NOPS, calc.: C, 25.9; H, 4.3;
Cl, 15.3; N, 3.0; P, 6.7; S, 13.8%). The mother liquor was concentrated to half-volume,
and addition of an equal volume of ether caused the separation of a mixture of 4 and
B. Evaporation of the mother liquor gave almost pure isomer B which was purified
by dissolution in a ten-fold amount of hot methanol. After removal of separated
A, B-mixture, the cooled solution was evaporated to half-volume, and isomer B then
crystallised; m.p. 102~104° {Found: C, 25.9; H, 4.5; Cl, 15.2; N, 3.0; P, 6.6; S, 13.65%).
The A, B-mixture could be separated by fractional crystallization, first from ethyl
acetate and then from methanol. The ratio of 4:B was ca. 3:2. The R, values (ethyl
acetate) were A, 0.70; B, 0.33. The i.r. spectra showed the following bands. Isomer 4
(m.p. 135-137°): 3035, 3020, doublet, m; 2970 m; 2940 m; 1365, 1370 shoulder, s;
1270 s; 1185 s; 1080 S; 1000 S; 970 S; 935 §; 820 5; 655 W; 530, 520 cm ™!, doublet, s.
Isomer B (m.p. 102-104°): 3020, 3030 shoulder, m; 2940 m; 1355, broad, s; 1260 s;
1180 s; 1080 s: 1005 S; 970 s; 920 s; 830, 820 shoulder, s; 660 w; 535, 520 cm™%,
doublet, broad, s.

I,4-Dibromo-I.4-dideoxyerythritol cyclic 2,3-[bis(2-chloroethyl)phosphoramidate]
(12, 14)

To I,4-dibromo-1,4-dideoxyerythritol'! (10 g) in pyridine (40 ml) dichloride
1 (12 g, 1 mole) was added with stirring and cooling in ice. Stirring was continued for
1 h. Next day, the reaction mixtute was poured onto ice, and the solidified mass
(16.2 g, 93%) was filtered off and washed with water. The crude material was crystal-
lized from a two-fold amount of benzene to give a fraction (6.5 g) rich in isomer 4.
Recrystallisation from aqueous methanol gave the pure substance, m.p. 123-124°.
(Found: C, 22.4; H, 3.5; Br, 37.1; Cl, 16.6; N, 3.15; P, 6.9. CgH, ;Br,CI,NO;P calc.:
C, 22.1; H, 3.25; Br, 36.8; Cl, 16.3; N, 3.2; P, 7.1%). The residue from the benzene
mother liquor was dissolved in ethyl acetate or methanol, and the solvent was allowed
to evaporate slowly at room temperature. Isomer B crystallized as large, flat crystals
which could be readily separated from isomer 4 which crystallized as fine needles.
Isomer B, purified by crystallisation from ethyl acetate-light petroleum, had m.p.
97—-98° (Found: C, 22.3; H, 3.4; Br, 36.6; Cl, 16.6; N, 3.2; P, 6.9 7). Chromatography,
separately, in ethyl acetate, butanol saturated with water, and propan-2-ol-ethyl
acetate—water revealed the two isomers to have identical Rg values (0.91, 0.79, 0.77).
The i.r. spectra showed the following bands. Isomer 4 (m.p. 123-124°) : 3030, 3020,
doublet, m; 2980, 2965, doublet, m; 1260 s; 1035 S; 995 s; 665 w; 630 m cm~ 1.
Isomer B (m.p. 97-98°): 3025 w; 2965 m; 1280, 1270 shoulder s; 1040 S; 990 s; 665 W;

625 wcm™ L.

SUMMARY

With polyhydroxy compounds, such as sugars and sugar alcohols, bis(2-
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chloroethyl)phosphoramidic dichloride (1) gave mixtures of cyclic derivatives in
stereoisomeric forms analogous to benzylidene derivatives. In several cases, homo-
geneous products were isolated and their structures elucidated. The following com-
pounds were obtained: 1,2-O-isopropylidene-a-D-glucofuranose cyclic 5,6-[bis(2-
chloroethyl)phosphoramidate] (4), cis- and frans-1,4-di-O-methanesulphonyleryth-
ritol cyclic 2,3-[bis(2-chloroethyl)phosphoramidate] (11, 13), cis and trans-1,4-
dibromo-1,4-dideoxyerythritol cyclic 2,3-[bis(2-chloroethyl)phosphoramidate (12, 14).
With amino-polyhydroxy compounds, amorphous products, presumably cyclic amido-
esters, were formed, from which no homogeneous compounds could be isolated. The
substances examined showed a weak cytostatic effect on Yoshida sarcoma.
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MONOSACCHARIDE MIT STICKSTOFFHALTIGEM RING
TEIL XI. KONFORMATION VON N-ACYL-p-Xp/0-PIPERIDINOSEN UND DEREN STRUKTUR AM
ANOMEREN C-ATOM. DARSTELLUNG UND EIGENSCHAFTEN VON D-Xp/0o-PIPERIDINOSIDENY

H. Paursen unp F. LEUPOLD
Institut fur Organische Chemie der Universitdt Hamburg (Deutschland)
(Eingegangen den 6. Mai, 1966)

Einftihrung

N-Acetyl-p-xylo-piperidinose (5-Acetamido-5-desoxy-D-xylopyranose, 1)2 ent-
hilt eine cyclische Amidgruppierung, die infolge der Amidmesomerie eine gehinderte
Rotation aufweist. Bei Zimmertemperatur liegen in L&sung zwei Isomere, €ine cis-
und eine trans-Form, nebeneinander vor. Yon beiden Formen lassen sich im NMR-
Spektrum die Signale der anomeren Protonen gut beobachten3. Beide Signale zeigen
eine kleine Dublett-Aufspaltung (J1 2 3.5 Hz), was auf eine dquatorial-axial-Kopplung
mit dem Proton am C-2 hinweist. Die Zuordnung einer «-D-Form setzt aber voraus,
daB die Piperidinose in einer CI-Sesselkonformation vorliegt, bei der in der pD-xyro-
Konfiguration H-2, H-3, und H-4 axial angeordnet sind. Gegen eine a-D-Form spricht
die negative Drehung ([o]%—19.5°) der N-Acetyl-D-xylo-piperidinose (1), die in
Lésung nur in einer der anomeren Formen vorliegt, da keine Mutarotation beobachtet
wird. Um die Frage der Konformation von Monosaccnariden mit stickstoffhaltigem
Ring grundsitzlich zu kliren, wurde eine volistindige Konformationsanalyse mit
Hilfe der NMR-Spektroskopie durchgefiihrt. Bei bekannter Konformation ist die
Konfiguration am C-1 aus dem Spektrum zu entnehmen.

Konformation und Konfiguration von N-Acyl-D-xylo-piperidinosen

Eine vollstindige Analyse des NMR-Spekirums der N-Acetylpiperidinosen wird
durch die gehinderte Rotation um die N-CO Bindung erschwert. Diese fiihrt nicht
nur zu unterschiedlichen chemischen Verschiebungen des anomeren Protons in
Abhingigkeit von seiner fixierten Stellung zur Carbonylgruppe, sondern auch die
Mehrzahl der Signale der anderen Protonen kann verdoppelt sein®. Eine Zuordnung
der Signale der Ringprotonen bereitet somit grof3e Schwierigkeiten.

Im Gegensatz zu den acetylierten Piperidinosen zeigt die N-Carbobenzoxy-p-
xylo-piperidinose[5-Benzyloxycarbonylamino-5-deoxy-D-xylopyranose, 5]° infolge
ihrer Urethanstruktur oberhalb —40° eine freie Rotation der Acylgruppe um die
N-CO Bindung. Eine gehinderte Rotation scheint bei Urethanen allgemein nicht
aufzutretenS und wurde bisher erst in einem Falle beobachtet?. Das NMR-Spektrum
der N-Carbobenzoxy-D-xylo-piperidinose (5) ist deshalb wesentlich vereinfachkt und
daher einer Deutung zuginglich. Am giinstigsten fiir eine vollstindige Analyse erwies
sich das Spektrum der 1,2,3,4-Tetra-O-acetyl-N-carbobenzoxy-D-xylo-piperidinose (8),
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welches Abb. I zeigt. Die weitgehende Trennung der Signale ermé&glicht eine Behand-
lung nach der ersten Ordnung und ldsst unter Anwendung der Doppelresonanz-
technik eine genaue Zuordnung der sechs Ringprotonen zu. Die Signalaufspaltungen
konnen angendhert als Kopplungskonstanten betrachtet werden, aus denen unter
Anwendung der Karplus-Beziehung? fiir die Kopplung vicinaler Protonen, Dihedral-
winkel ermittelt werden, die einen Vergleich mit der angenommenen Konformation

erlauben.
2 100 Mhz
H (ﬁ—Jz.a
-5 -Sa
A—Jso.Se H‘)‘JSC.Se
H /coocnzcsr-vs
| _CeHs, FCHz CeH) Aco” &
8
J.
4.5e AcO H
J3,4 I,
H-3 H-2 J4:5e H-S5e H-5ag
s 12 .50 J4-5°
25 30 40 50 80 70 T

Abb. 1. NMR-Spektrum der 1I,2,3,4-Tetra-O-acetyl-N-carbobenzoxy-«-D-xylo-piperidinose (8) bei
100 Mhz in CDCl3 (ohne O-Acetyl-Protonen). T 35°. Oberer Teil: Signale bei Spinentkopplung.

Das bel niedriger Feldstirke liegende Signal fiir das anomere Proton (= 2.93)
zeigt die fiir eine syn-clinale Stellung zum benachbarten Proton am C-2 typische
kleine Aufspaltung von Ji 2 3.5 Hz®. Das H-2-Signal erscheint bei = 5.03 als Quartett
infolge Kopplung mit H-1 und H-3. Durch Einstrahlung beim H-1 geht das Signal
iiber in ein Dublett mit groBer Aufspaltung Jz3 10.0 Hz, die nur durch eine
Diaxialkopplung mit H-3 zu erkldren ist. Diec Einsirahlung der Resonanzfre-
quenz des H-2 fuihrt entsprechend zu einem Singulett fiir das Signal des anomeren
Protons. Die durch Spinentkopplung erhaltenen Signale sind in der oberen Reihe
von Abb. 1 wiedergegeben. Fiir das H-3 findet man ein Triplett bei v 4.58 mit groBer
Aufspaltung durch die gleich groBe vicinale Diaxialkopplung mit H-2 und H-4 von
jeweils 10.0 Hz. Das H-4 erscheint als Oktett bei v 5.06 infolge Kopplung mit den
beiden Protonen am C-5 sowie mit dem H-3. Die Signale des H-5¢ und des H-5a
treten als zwel Quartetts bei T 5.71 und T 6.94 mit einer Geminalkopplung von 12.5
Hz und Jy 5. 6.0 Hz,bzw. J3 5, 11.0 Hz, auf, Infolge des iiberraschend groBen Unter-
schiedes in den chemischen Verschiebungen ergibt sich ein einfaches AMX-Spektrum.
Den Beweis fiir die Richtigkeit der Zuordnung liefert die Spinentkopplung. Durch
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Einstrahlung beim H-4 gehen beide Signale in Dubletts mit gleicher groBer Geminal-
kopplung iiber. Beim Vergleich mit dem Spektrum der Tetra-Q-acetyl-z-D-xylo-
pyranosel0 fillt die erhebliche Verschiebung des H-5a zu hoherer Feldstirke auf.
Diese verstirkte Abschirmung sollte durch die Anisotropiewirkung der Amidgrup-
pierung verursacht sein. Temperaturversuche zeigen, daBl das Spektrum zwischen —40°
und 116° unverdndert bleibt, und damit eine Fixierung der Urethangruppe sowie des
Phenylrestes unter diesen Bedingungen nicht eintritt.

TABELLE I

ANALYSE DES NMR-SPEKTRUMS DER 1,2,3,4-TETRA-O-ACETYL-N-CARBOBENZOX Y-x-D-X}/0-PIPERIDINOSE
(8) BEI 100 MHZ (OHNE (O-ACETYL PROTONEN).
Losungsmittel : CDClz. TMS als innerer Standard. T, 35°.

Signal T (p.p.m.) Kopplung (Hz) Anordnung Spinentkopplung®
der Protonen

CgHs— 2.67 Singulett
—CH2~  4.86 Singulett

H-1 2.95 Dublett Ji,2 3.5 e-a H-1—{H-2} Singnlett

H-2 5.03 Quartett Jz2,3 10.0 a-a H-2—{H-1} Dublett

H-3 4.58 Triplett Js 2 10.0 a-a

H-4 5.06 Oktett

H-s5e 5.71 Quartett Js,5¢ 6.0 a-e H-5¢—{H-4} Dublett

H-5a 6.94 Quartett J4,52 11.0 a-a H-5a—{H-4} Dublett
Jse 52 12.8 geminal

aZur Kennzeichnung der Doppelresonanzversuche wurde die von Baldeschwieler und Randall vor-
geschlagene Bezeichnungsweise benutzt. Cherm. Rev., 63 (1963) 81.

Abb. 2. Konformation der I,2,3,4-Tetra-O-acetyl-N-carbobenzoxy-2-b-xylo-piperidinose (8) mit
zugehorigen Kopplungskonstanten.

In Tab.Tund Abb. 2 sind die Ergebnisse fiir die Tetra-0-acetyl-N-carbobenzoxy-
D-xylo-piperidinose (8) zusammengefaBt. Hieraus geht klar hervor, daf3 die Piperidi-
nose in einer Sesselkonformation vorliegen muB. Insbesondere die groBen Kopplungen
zwischen H-2 und H-3, H-3 und H-4, und H-4 und H-5a sprechen fiir eine Diaxial-
anordnung. Es folgt somit fiir die Konfiguration am C-1 aus der kleinen Kopplung
zwischen H-1 und H-2 eine «-Form.

Zu dem gleichen Ergebnis fiihrt auch die Analyse des in D20 aufgenommenen
NMR-Spektrums der N-Carbobenzoxy-D-xylo-piperidinose (5), welches in Tab. II
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TABELLE II

ANALYSE DES NMR-SPEKTRUMS DER N-CARBOBENZOXY--D-Xy [0-PIPERIDINOSE (S5) BEI IGO MHZ.
Lasungsmittel : D20O. DSS¢ als innerer Standard. T, 35°.

Signal z (p.p.m.) Kopplung (Hz) Anordnung
der Protonen

CeHs— 2.68 Singulett
—CHz—~  4.92 Singulett

H-1 4.19 Dublett Ji,2 3.8 e-a

H-2 6.53 Quartett J2,3 9.3 a-a

H-3 6.22 Triplett 73,4 9-3 a-a

H-4 6.46 Multiplett

H-5e 5.90 Quartett Ja,5¢ 4.9 a-e

H-5a 6.91 Quartett J4,5a 11.0 a-a
J5e,5a 12.5 geminal

a

DSS, Natrium- 2,2-dimethyl-2-silapentan-5-sulfonat.

wiedergegeben ist. Das Multiplett fiir H-4 ist nach der ersten Ordnung nicht mehr
auflosbar. Wahrend die Protonen am C-5 etwa die gleiche Lage wie in der acetylierten
Verbindung haben, werden die Signale der iibrigen Ringprotonen infolge groBerer
Abschirmung durch die Hydroxylgruppen um 1.2—1.6 p.p.m. zu hoherer Feldstirke
verschoben. Die Verbindung liegt gleichfalls in der Sesselform vor, eine Konformations-
inderung des Piperidinolsystems durch Wasserstoffbriicken tritt demnach nicht
ein.

Sehr instruktiv ist das NMR-Spektrum des Methyl- N-acetyl-2,3,4-tri-O-methyl-
e-D-xylo-piperidinosids (9), welches in Abb. 3, unten bei 35°, oben bei 110° abgebildet
ist. Die Verbindung weist eine gehinderte Amidrotation auf, so dass in der Kilte fiir das
anomere Proton zwei Dubletts auftreten. In diesem Spektrum sind auch Quartett-
Signale sichtbar, die den Protonen am C-5 zukommen. Diese Signale sind infolge
der gehinderten Rotation ebenfalls aufgespalten. Das bei 7 5.49 sichtbare Quartett
mit der Intensitiit fiir ein halbes Proton ist dem H-5¢ der einen Form zuzuordnen,
withrend das Signal des Protons H-5e des Rotationsisomeren in dem Multiplett bei
T ca. 6.8 verborgen ist. Beim Erhitzen auf 110° flieBen beide Quartetts zu einer Linie
bei T ca. 6.2 zusammen, wie aus der oberen Kurve zu erkennen ist.

Von den Protonen H-5a ist nur das rechte Quartett bei v 7.64 sichtbar. Beim
FErhitzen wandert dieses Quartett,wie zu erwarten,in das Multiplett bei 7 ca. 7.0. In
der Kilte sind auch die OCHs-Signale aufgespalten und flieBen bei hherer Temperatur
infolge freier Rotation zu einem Signal zusammen.

Aus den Quartettaufspaltungen der Protonen H-5¢ und H-5a und der Beob-
achtung von Proton H-2 mittels Doppelresonanz lieBen sich die in Tab. III angegebe-
nen Kopplungskonstanten ermitteln. Sie entsprechen den bei der N-Carbobenzoxy-
«-D-xylo-piperidinose (5) gefundenen Werten und lassen sich am besten dahingehend
interpretieren, daB die permethylierte N-Acetyl-D-xplo-piperidinose (9) ebenfalls nur
in der Sesselkonformation und nur in der z-Form vorliegt. Ein zusédtzliches Argument
zum Beweis der «-Form lieB3 sich bei der N-Acetyl-D-xylo-piperidinose (1) erbringen.
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An 1 konnte erstmalig eine ”long-range” -Kopplung zwischen H-5¢ und H-1 iiber
den Ringstickstoff hinweg von 1.0 Hz beobachtet werden!!. Die Zuordnung erfolgte
durch Doppelresonanz. Nach den bisherigen Vorstellungen iiber die Stereochemie von
”long-range” -Kopplungen sollte nur bei 1,3-diiquatorialer Anordnung, also bei
einer «-Form, cine Kopplung auftreten.

,OCH32
anZ . 100 Mhz
T 110° H-2,H-3,H-4.H-5a
OCH,|
CHZ0} <
an &-3)j| fanc HaCO
H-1 H-5e
‘v""/\"‘v—v’mf’,’\‘ “}F
A
L
OCH3 - .
CH30__] anc2.c-a ~N-CO-CHs
T 38°C an C~3 H-2
Ja3
oCH; | iz /J 50,50
an C~-1
H-1 Se Hsam ,
i~ 4,80
o W ot
Ja,se
___Mw_______‘MNJVVv\_..,—-——-/—/) W M A

40 50 60 70 80 °0 T

Abb. 3. NMR-Spektrum des Methyl-N-acetyl-2,3,4-tri-O-methyl-e-D-xylo-piperidinosids (9) bei
100 Mhz in CoCls. T 35 (unten) und 110° (oben).

TABELLE III

ANALYSE DES NMR-SPEKTRUMS DES METHYL-N-ACETYL-2,3,4-TR1- O-METH YL-&-D-XYy/0-PIPERIDINOSIDS
{9) BEI 100 Mhz.
Lésungsmittel: C2Cls. TMS als innerer Standard. T 35°.

Signal Tz (p.p.m.) Kopplung (Hz) Anordnung
der Protonen

CH3-CO-N <.97 Singulett

CH3-O(an C-1) 6.82 Dublett

CH3-O(an C-2 und C-4) 6.60 Dublett

CHs3-O(an C-3) 6.52 Singulett

H-1 4.25 und 5.12 Dublett  J12 3.5 e-a
H-2 7.20 Quartett J2,3 9.5 a-a
H-se (1/2) 5.49 Quartett J15¢ 5.5 a-¢
H-5a (1/2) 7.64 Quariett Js,5¢ 11.0 a-a

J5e,5a 12.5 geminal
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Die bisher bekannten N-Acyipiperidinosen und N-Acylpiperidinoside der
D-Xylose-Reihe bevorzugen somit ausschlieBlich die «-D-Form. Sie zeigen also einen
viel stirkeren anomeren Effekti2 als die entsprechenden sauerstoffhaltigen Pyranose-
ringe. Eine Erklirung dafiir 14Bt sich geben, wenn man die Stereochemie einer-
N-Acylpiperidinose betrachtet. Bei der N-Acetylpiperidinose 1 sollen z.B. infolge der

. . g -~ 2 o®. . . .
Amidmesomerie die Atome C>N---C< c o einer Ebene liegen. Dadurch gerit

wie man leicht am Atommodell erkennen kann, der dquatoriale Substituent am C-1
in eine direkte ekliptische Stellung zur Amidgruppe. Ein gréoBerer Substituent am
C-1 wird daher der ekliptischen g-Form ausweichen und bevorzugt in die sterisch
giinstigere «-Form iibergehen. Ahnliche Verhiltnisse findet man bei Sechsring-
Keto-Verbindungen, bei denen die benachbarten ekliptischen Substituenten gemif
der Brown-Brewster—Shechter—Regell3 ein Instabilititsmoment des Ringes hervor-
rufen.

Im Widerspruch zpr o-Form steht die bei N-Acyl-D-xylo-piperidinosen
beobachtete negative optische Drehung. Es wurden daher die Rotationsdispersions-
kurven (ORD) der N-Acylpiperidinosen und ihrer Derivate ausgemessen und mit
denen der Methyl-pD-xylopyranoside verglichen (vgl. Abb. 4).

Methyl-z-D-xylopyranosid weist, wie Abb. 4b zeigt, eine positive, die J-D-
Verbindung eine negative Plain-Kurve auf. Die Richtung der Kurve wird durch einen
bei ca. 180 mu liegenden Cotton-Effekt (CE) bestimmt, welcher vermutlich durch den
Ringsauerstoff als asymmetrischen Chromophor verursacht wird4,

N-Acyl-a-D-xylo-piperidinosen (Abb. 4a) und Methyl-N-acyl-a-D-xylo-piperidi-
noside (Abb. 4b) zeigen dagegen negative Plain-Kurven und damiteinder Hudson’schen
Regelld entgegengeseiztes Verhalten. Offenbar bestimmt hier eine vorgelagerte
langwelligere, optisch aktive Absorption der Amidgruppe die Richtung der Kurve.
Bei der Kurve der N-Acetyl-a-D-xylo-piperidinose (1) ist bereits ein beginnender
negativer CE bei etwa 200 mu zu erkennen. Die gefundenen negativen Drehungen der
N-Acyl-a-D-xylo-piperidinosen finden somit eine Erkldrung.

Darstellung und Eigenschaften von Methyl-o-D-xylo-piperidinosid

Die Frage der Konfiguration am C-1 der D-xylo-Piperidinose® (6) mit freier
Aminogruppe im Ring liess sich durch kernmagnetische Resonanz nicht 16sen. Eine
Analyse des Spektrums der mit BaO in D20 aus D-xylo-Piperidinosyl-1-sulfonsiure®
hergestellten Losung von 6 war nicht moglich, da die im Vergleich zum Ringsauerstoff

Carbohydrate Res., 3 (1966) 47-57



MONOSACCHARIDE MIT STICKSTOFFHALTIGEM RING. XI

33

verstdrkte Abschirmung des anomeren Protons durch die unsubstituierte Aminogruppe
sein Signal in den Bereich der iibrigen Ringprotonen verschiebt. Hinzu kommen die
Bildung von D-xylo-3,4,5-Trihydroxy-41-piperidein (4) und die schon bei pH <(7.8
einsetzende Amadori-Umlagerung zu 7, die das Spektrum weiter komplizieren®.
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s - (4 b
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+4000 +4000%
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+10004 +1000] | I
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Abb. 4a und 4b. Optische Rotationsdispersion (ORD) der Piperidinosen und ihrer Methylglykoside,
¢, 1 mg/ml in Wasser (Piperidinosen) bzw. Methanol (Piperidinoside).

Versuche, Methyl-a-D-xylo-piperidinosid (3) durch direkte Umsetzung der
Piperidinose 6 mit Methanol unter den verschiedensten Bedingungen darzustellen,
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waren ohne Erfolg. Stets wurde 6 im Gemisch mit den Sekundirprodukten 4 und 7
zuriickerhalten. Es wurde daher versucht, 3 iiber das Piperidinosid 2 zu gewinnen,
welches leicht aus N-Carbobenzoxy-x-D-xylo-piperidinose § mit Methanol-HCl
dargestellt werden kann.

Die Hydrierung von 2 in absolutem Methanol mit Pd lieferte eine Losung
von 3, die als Nebenprodukt wenig I,5-Didesoxy-I,5-iminoxylit® enthielt. Das
Piperidinosid 3 mit freier Aminogruppe im Ring erwies sich als recht instabil. Bereits
durch Wasser wird 3 schrell unter Bildung von 6 gespalten, welches teilweise zum
Piperidein 4 und Amadori-Umlagerungsprodukt 7 weiterreagiert. Eine Isolierung
von reinem Glykosid 3 war nicht mdoglich, da beim Einengen der methanolischen
Losung teilweise Methanolabspaltung zu 4 eintritt. Der erhaltene Sirup enthilt stets
Piperidein 4 und durch Spaltung mit Spuren von Wasser gebildete Piperidinose 6.
Methylpiperidinoside mit freier Aminogruppe im Ring verhalten sich somit hinsicht-
lich ihrer Stabilitidt grundsitzlich anders als normale Methylpyranoside.

Untersucht man eine Losung von 3 mit Hilfe des Circulardichroismus (CD),
so findet man auch bei sorgféltigstern Wasserausschluss bereits nach ca. 1 Stunde einen
geringen negativen Cotton-Effekt (CE) bei 300 mu. Dieser CE ist dem Piperidein 4
zuzuordnen, welches einen asymmetrischen C=N Chromophor besitzt5. Der Versuch
beweist, daB das Piperidinosid 3 in der Lage ist, bereits in methanolischer Lésung
spontan Methanol unter Bildung von 4 abzuspalten. Es stellt sich offensichtlich
ein Gleichgewicht zwischen Piperidincsid 3 und Piperidein 4 ein, welches weitgehend
auf der Seite von 3 liegt, und dessen Anteile an 4 durch CD-Messungen einwandfrei
nachweisbar sind.

Wihrend das Methyl-N-carbobenzoxy-«-D-xylo-piperidinosid 2 eine negative
Plain-Kurve bei der ORD-Messung aufweist, zeigt die frisch dargestellte L6sung von
Piperidinosid 3 umgekehrt eine positive Plain-Kurve (Abb. 4b). Da nicht anzunehmen
ist, daB bei der hydrierenden Abspaltung der Carbobenzoxy-Gruppe eine Umkehr der
Konfiguration am C-1 eingetreten ist, sollte 3 ebenfalls in der «-Form vorliegen.
Das Piperidinosid 3 gibt dann, da der langwellige Chromophor abgespalten ist,
wieder eine Plain-Kurve, die der Kurve des Methyl-a-D-xylopyranosids entspricht.

Untersucht man die ORD-Kurve einer durch Hydrierung von 5 oder Zersetzung
von D-xylo-Piperidinosyl-1-sulfonséure frisch dargestellten Losung der Piperidinoss 6,
so findet man ebenfalls eine positive Plain-Kurve (Abb. 4a). Es ist demnach zu
vermuten, daB3 auch die freie p-xylo-Piperidinose 6 bevorzugt in einer «-D-Form
vorliegt.

EXPERIMENTELLER TEIL

Methyl-N-carbobenzoxy-«-D-xylo-piperidinosid (2)
N-Carbobenzoxy-«-D-xylo-piperidinose 5 (136 mg) wurde in Methanol (21 ml),
das 1.5% HCI enthielt, geldst und drei Tage bei Raumtemperatur aufbewahrt. Nach
dieser Zeit lieSen sich diinnschichtchromatographisch (Kieselgel G mit Benzol—
Athanol, 3:14+3.2% Wasser) nur noch Spuren der Ausgangsverbindung nachweisen.

Carbohydrate Res., 3 (1966) 47-57



MONOSACCHARIDE MIT STICKSTOFFHALTIGEM RING. XI 55

Die Losung wurde mit Blei(I)-carbonat neutralisiert, die Bleisalze abfiltriert und mit
Methanol gewaschen. Die im Vakuum eingeengte L3sung ergab einen farblosen Sirup,
der bald kristallisierte. Umkristallisation aus wenig Methanol unter Zusatz von
Essigester. Ausbeute 110 mg (77%); Schmp. 85-87°; [l%+9.2° (¢ 1, Methanol)

(Gef.: C, 55.90; H, 6.40; N, 4.56. C1aH19NOs. Ber.: C, 56.54; H, 6.44; N, 4.71%)-

Methyl-o-D-xylo-piperidinosid (3)

2 (76 mg) wurde in absolutem Methanol (10 ml) gel6st und mit Pd-Schwarz
(10 mg) 10 Minuten bei Normaldruck hydriert. Die farblose Lésung wurde sofort vom
Katalysator abfiltriert. Eine Ausbeutebestimmung in der Losung kann wie bei der
p-xylo-Piperidinose durch Umsetzung mit o-Aminobenzaldehyd durchgefiihrt werdens.
Unter Voraussetzung eines quantitativen Umsatzes ergeben sich dabei Ausbeuten von
ca. 65% an 3. Das Diinnschichtchromatogramm [Kieselgel G, Dioxan—Wasser
(5:1D)] ist wegen der leichten Spaltbarkeit des Piperidinosids stets identisch mit dem der
p-xylo-Piperidinose 6. Die CD- und ORD-Kurven der frisch hergestellten Losung
zeigen die Abwesenheit des Piperideins 4. Nach 3 Stunden beobachtet man bei 300 mu
eine circulardichroitische optische Dichte von AbD—5% 104, die nach einem Tag auf
Ap—15X% 10~% und nach zwei Tagen auf 4D—20X 10 % angestiegen ist. Dann treten
Zersetzungserscheinungen auf, die schnell zu einer Gelbfirbung der Lésung fithren
und weitere Messungen verhindern. '

Methyl-N-acetyl-2,3,4-tri-O-methyl-x-D-xylo-piperidinosid (9)*

N-Acetyl-a-D-xplo-piperidinose? 1 (0.5 g) wurde in Dimethylformamid (10 ml)
geldst und Methyljodid (2.5 ml) zugegeben. Nach Abkiihlen auf 0° wurde Bariumoxid
(2.5 g) und Bariumhydroxid (I g) zugegeben und zunichst 5 Stunden bei 0°, dann 20
Stunden bei 20° geschiittelt. Dann wurden die Salze abzentrifugiert und mit Chloro-
form ausgewaschen. Die Lsung wurde mit Wasser (17 ml), dem Natriumthiosulfat
(5 mg) zugesetzt worden war, und dann mit Wasser (17 ml) gewaschen. Nach Trocknen
iiber Natriumsulfat ergab das Abdampfen an der Olpumpe einen Sirup, der durch
Vakuumdestillation bei 10-6 Torr und 70° gereinigt wurde. Ausb. 0.591 g (91%);
[«]p+5.5° (¢ 1, Chloroform) (Gef.: C, 53.10; H, 8.51; N, 5.61. CuH21NOs. Ber.:
C, 53.42; H, 8.56; N, 5.66%).

1,2,3,4-Tetra-O-acetyl-N-carbobenzoxy-a~D-xylo-piperidinose (8)
N-Carbobenzoxy-«-D-xylo-piperidinose 5 (551 mg) wurde in Pyridin (5 ml)
unter Zusatz von Acetanhydrid (1.3 ml) 20 Stunden bei Raumtemperatur gehalten.
Das Pyridin wurde im Vakuum abdestilliert und der Riickstand in Chloroform (15 ml)
aufgenommen. Die Losung wurde mit Wasser (5 ml), NaHCOs3-L&sung (5 ml) und
nochmals mit Wasser (10 ml) gewaschen, das Chloroform im Vakuum abdestilliert,
der farblose Sirup mehrfach mit Athanol abgedampft und an der Olpumpe scharf

*In der kiirzlich erschienenen Arbeit von K. HEyns und D. MULLER, Tefrahedron, 21 (1965) 3151,
wurde die Verbindung irrtiimlicherweise in der B-p-Form formuliert.
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getrocknet. Ausbeute 710 mg (81%); [x]5-+20.3° (¢ 1, Chloroform) (Gef.: C, 56.00;
H, 5.75; N, 3.03. Ca1H25NOy¢. Ber.: C, 55.87; H, 5.59; N, 3.10%,).

Die NMR-Spektren wurden aufgenommen mit einem VARIAN HA-r100
Spektrometer unter Verwendung von DO (Natrium-2,2-dimethyl-2-silapentan-s-
sulfonat als innerer Standard) sowie CDCls und CzCly (innerer Standard : TMS) als
Losungsmittel. Die optische Rotationsdispersion wurde mit einem Spektropolarimeter
Cary 60, der Circulardichroismus mit einem Roussel-Jouan-Dichrographen gemessen.

DANK

Herrn Prof. Dr. K. Heyns sei fiir sein Interesse und die stete Férderung der
Untersuchungen gedankt.

ZUSAMMENFASSUNG

N-Acyl-D-xylo-piperidinosen und deren Derivate liegen, wie durch eine voll-
stindige Analyse aller Kopplungskonstanten der NMR-Spektren festgestellt wurde,
in der Sesselkonformation vor. Die bisher bekannten Verbindungen der p-Xylose-
Reihe treten nur in der «-Form auf. Fiir den starken anomeren Effekt wird die
unglinstige Stereochemie der p-Form mit eklii)tischer Stellung des &dquatorialen
Substituenten zur Amidgruppe verantwortlich gemacht., N-Acyl-«-D-xylo-piperidino-
side zeigen bei ORD-Messungen negative Plain-Kurven und damit ein den normalen
«-D-Glykosiden entgegengesetztes Verhalten.

Methyl-a-p-xylo-piperidinosid (3) liegt in Methanol im Gleichgewicht mit
D-xylo-3,4,5-Trihydroxy-Al-piperidein (4) vor. Piperidinoside mit freier Aminogruppe
im Ring wie 3 sind so labil, daB sie bereits durch Wasser gespalten werden.

SUMMARY

5-Acylamido-5—déoxy-D-xonpyranoses (N-acyl-D-xylo-piperidinoses) and their
derivatives are shown, by complete analysis of all the coupling constants in their
n.m.r. spectra, to exist in a chair conformation. All known “piperidinoses” in the
D-xylose series occur only as the «-D anomer. The unfavourable stereochemistry of
the §-D anomer, where the equatorial substituent is in the eclipsed position with respect
to the amide group, is proposed as the cause of the pronounced anomeric effect.
N-Acyl-a-D-xylo-piperidinosides show negative, plain o.r.d. curves in contrast to the
positive, plain o.r.d. curves shown by «-D-glycopyranosides.

In methanolic solution, methyl 5-amino-5-deoxy-«-D-xylopyranoside (3) exists
in equilibrium with D-xylo-3,4,5-trihydroxy-4'-piperideine (4). “Piperidinosides”
such as (3), having a free amino group in the ring, are so sensitive that the methoxyl
group undergoes hydrolysis in water alone.
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INTRODUCTION

Many marine annelids live within tubes of diverse form and composition.
A few members of the Errantia manufacture a light, translucent, quill-like tube
containing appreciable proportions of phosphorus, together with smaller proportions
of calcium and magnesium. The relation of these elements to the rest of the tube
substance has been a matter of speculation for nearly a century * ~%.

Recent studies of the tube of H. tubicola (see Fig. 1) have suggested that the
structure is not homogeneous, but is composed principally of the metal salt of a sugar
phosphate polymer®, of high molecular weight, which has been called onuphic acid®"”.

Fig. 1. Empty tubes of Hyalinoecia tubicola. X 1.2.

‘We present here an account of the extraction, purification, and general charac-
teristics of onuphic acid as an introduction to more detailed studies of this new
biological macromolecule.
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MATERIALS AND METHODS

Whole tubes containing live Hyalinoecia, and empty tubes, were collected and
identified by staff of the Marine Biological Laboratory, Plymouth; the majority of
specimens were harvested by deep trawl at 40 fathoms about 5 miles off the Eddystone
Lighthouse. Only clean, dried tubes were used for experiments.

Extraction procedure

The tubes were extracted with various media, generally 50 ml per g at 2°,
and usually for 24 h with occasional shaking. Extracts were filtered at the pump
through Carlson—Ford filter sheets; subsequent purification by precipitation with
quaternary ammonium salts confirmed that the filtrate was not contaminated with
cellulose from the filter. Cold ethanol was added, with mixing, to the chilled filtrate,
until the supernatant gave no further precipitate with ethanol; the mixtures were kept
for 4 h at 2° to aggregate. A more workable product was obtained if solid potassium
chloride was added (to a concentration of 1%,) before addition of ethanol. Precipitates
were collected by centrifugation, dispersed under ethanol, and recentrifuged, and the
process was repeated once more in ethanol, twice in acetone, and twice in ether.
After the ether had been allowed to evaporate in air, the products were dried in vacuo
over phosphorus pentoxide. For most studies, each preparation was redissolved in
water and dialysed for 24 h against successive changes of deionised water, followed by
further dialysis for 24 h against deionised water containing self-indicating ion-exchange
resin (“Indicator Biodeminrolit”, Permutit, 1.td.). Dialysis was carried out through
pre-washed Visking 18/32 tubing at 2° with gentle stirring. All dialysates were filtered
through paper and freeze-dried.

Analytical methods

Carbon, hydrogen, and nitrogen microanalyses were kindly carried out by
Mr. J. A. Stewart of the Chemistry Department, Leeds University. Oxygen could not
be determined because of the formation of phosphorus pentoxide. Other analyses
were as follows: amino nitrogen by the micro-Kjeldahl method®, calcium by the
method of Weatherell® (magnesium interference !® was below the limits of detection),
magnesium by atomic absorption spectroscopy*!, inorganic phosphate by the Gomori!?
method. Silicate, arsenate, and germanate were shown to be absent!3.

Gel filtration was carried out on Sephadex G-200 gels'4; water and M potassium
chloride were used as eluants. Diethylaminoethyl-Sephadex (DEAE-Sephadex) gels'®
were eluted with potassium chloride, using the following linear gradients: o to
3M KCl in water; o to saturated KCl in o.0oo1M HCI; o to saturated KCl in o.01m HCI;
o to saturated KCl in o.1M HCI. Eluates were recovered in 1-ml samples, and elution
patterns were determined by the cysteine—sulphuric acid reaction'®.

Physical methods
Ultracentrifuge studies were carried out in a Beckman Spinco Model E instru-
ment. A concentration of 19/ in 0.2M potassium chloride was normally used.
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60 F. G. E. PAUTARD, H. ZOLA

Moving-boundary electrophoresis was carried out in a Perkin-Elmer Model
238 instrument, kindly made available by Mr. T. J. Bowen, of the Department of
Biochemistry, Leeds University. A 15-mm Schlieren cell was used, and buffered
solutions were dialysed against excess of buffer before electrophoresis.

Visible and ultraviolet spectra were determined on the Perkin—Elmer 137 u.v.
instrument, and infrared spectra were obtained on a Grubb Parsons DBI spectro-
photometer, using the potassium bromide disc technique 7.

Optical rotation was measured in cells fitted with strain-free end windows
in a Microptic photoelectric polarimeter (Hilger and Watts) incorporating a mercury
discharge lamp (1 54814, didymium filtered).

RESULTS

Extraction characteristics

When treated with acid, the hard, papery Hyalinoecia tubes swell to a gelatinous
mass, many of the structural features of the tube wall are lost, and quantities of
soluble substances appear in the supernatant liquid. The phosphorus in the extract
cannot be removed by dialysis, but remains, in association with carbohydrate, as a
clear solution. Precipitation with ethanol, followed by drying in acetone and ether,
produces a white, hygroscopic powder, designated elsewhere®-? as onuphic acid.

Extraction conditions and yields. Hyalinoecia tubes contain approximately 9.5% of
phosphorus. Virtually all of this can be recovered as onuphic acid (P, 14.4%), but,
for reasons outlined below, a ready supply of tubes has enabled us to use mild condi-
tions to prepare onuphic acid at frequent intervals in low yield, but in a high state of
purity, thus avoiding both the severe or prolonged treatment necessary to extract
the major bulk of the polymer and the uncertain state of the product after long storage.

Water, at room temperature and at boiling point, extracted no phosphorus or
carbochydrate from the tube. At room temperature, dimethyl sulphoxide removed
small proportions of a substance having a positive reaction with cysteine-sulphuric
acid, but which contained no phosphorus.

A 10Y; solution of EDTA (ethylenediaminetetra-acetic acid, sodium salt) at
pH 7.4 extracted all but a trace of cations, together with a proportion of substances
of high molecular weight apparently containing ca. 7%, of phosphorus. This product
consisted of a mixture of EDTA and onuphic acid which could not be separated easily
by simple dialysis. Repeated fractional precipitation with ethanol, in solutions
containing 1% potassium chloride, removed the EDTA, leaving an onuphic acid salt
closely resembling salts prepared in the same way after acid extraction. The rate of
dialysis of EDTA was independent of the amount of onuphic acid present (for
similar behaviour, see Watson et q.'® and Gilbert and Swallow'®).

Mineral acids (HCI, H,SO,, HNO;, H PO,) all extracted similar amounts of
non-dialysable material which, when purified, contained the same amount (14.4%)
of phosphorus. A series of experiments with N hydrochloric acid (Fig. 2) showed that
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STUDIES OF ONUPHIC ACID. 1 61

50% of the tube substance was removed in 24 h at 50°, whereas only 5%, was removed
at 2° under the same conditions. After 20 days in N hydrochloric acid at 2°, less than
15% of the tube substance was extracted; repeated treatment with fresh acid, however,
removed 979%; of the onuphic acid in 100 days.
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Fig. 2. Extraction of onuphic acid from tubes of Hyalinoecia tubicola, using N hydrochloric acid.
I; 50°, whole tubes. II; 2°, crushed tubes. I1I; 2°, whole tubes.
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a b

Fig. 3. Sedimentation pattern of onuphic acid (@) beifore and (d) after treatment with ballotini beads
in a Mickle dssintegrator.

Onuphic acid (both as a partial potassium salt and as the free acid) prepared from
EDTA extracts, or under mild acid conditions (for example, N HCI at 2° for periods
up to 20 days) gave the same sharp sedimentation pattern (Fig. 3@) and the same
critical ethanol-solubility curve (Fig. 4a). With increasing strength of acid and with
increasing time and temperature of extraction, the macromolecule became progress-
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ively degraded. The increase in polydispersity was reflected in diffuse sedimentation
patterns (similar to Fig. 3b) and in extended ethanol-solubility curves (similar to
Fig. 4b). In consequence, the onuphic acid used for further studies was prepared under
conditions likely to limit degradation. As standard procedure, extraction with N
hydrochloric acid for 24 h at 2°, or with 10%, EDTA solution, pH 7.4 for 24 h at 2°,
was chosen.

100~ ek S—
» 0/
(e}
80
60~
(o)
u
(33
= (o]
% 40
20}-
Q,
O
o] Wé/ 1 1 i
20 40 60 80 00
°/o Ethanol

Fig. 4. Ethanol solubility curves of onuphic acid (@) extracted from whole tube (x—x) and () extracted
from crushed tubes (0—a). Curves were obtained by adding chilled ethanol, in small aliquots, to
chilled aqueous solutions of onuphic acid containing potassium chloride (1 %). The solutions were

stirred continuously. After precipitates had coagulated, they were collected by centrifugation, dried,
and weighed; the supernatant was treated with further ethanol. All precipitations were carried out

at 2°,

In a typical preparation, onuphic acid (250 mg, as partial potassium salt) was
obtained from 5 g (about 25 tubes) of raw material. Fresh product was usually made
for each series of experiments, since, aithough both the free acid and its potassium
salts could be stored in the form of a dry powder for short periods of time at —10°,
aqueous solutions underwent degradation, particularly at room temperature.

Mechanical degradation. Early preparations were made from coarsely milled
tubes. This practice resulted in greatly increased yields, but the sedimentation patterns
(similar to Fig. 36) and the ethanol solubility curves (Fig. 4b) differed significantly
from the customary, sharp, sedimentation pattern (Fig. 34) and the critical ethanol-
solubility curves (Fig. 4a4) observed in preparations from whole tubes. Since the
sedimentation patterns of fractions of “milled” onuphic acid obtained at low con-
centrations of ethanol were similar to the patterns of the unfractionated onuphic acid
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extracted from the whole tubes, and since all the forms of onuphic acid (from whole
tubes, from crushed tubes, and after fractionation) gave the same figures for phos-
phorus, the same quantitative results in the cysteine-sulphuric acid reaction, and the
same products of hydrolysis2?, it became clear that the increase in polydispersity was
not due to the presence of other species of macromolecules, but might be caused by
the fragmentation of the onuphic acid during milling.

Dry onuphic acid (partial potassium salt), prepared from whole tubes by the
standard method of acid extraction described above and giving a sharp sedimentation
peak (Fig. 3a), was shaken with ballotini beads in a Mickle disintegrator. The resulting
sedimentation pattern (Fig. 3b) of the product (dissolved without further treatment)
shows a significant increase in polydispersity.

We conclude from these experiments that the differences observed in the poly-
dispersity of onuphic acid from whole and from crushed tubes may be the result of
mechanical degradation and may not be caused by the extraction of separate species
of macromolecule rendered more accessible by the milling process. QOther reports
of depolymerization brought about by stirring?! and by sound waves?? serve to
empbhasize the care which must be taken when removing substances of high molecular
weight from natural sources.

PURIFICATION

The method of Scott?3 was used in attempts to prepare onuphic acid in a high
state of purity. A 39 solution of cetylpyridinium bromide was added to a 0.5%
solution of onuphic acid (potassium salt, at pH 7.0) in 0.03M potassium sulphate (to
enhance coagulation) until no further flocculation was observed. After storage for
1 h, the suspension was centrifuged and the supernatant decanted. The precipitate
was washed with ion-free water and dissolved in warm 2M potassium chloride, and
the onuphic acid—detergent salt was reprecipitated by dilution. The washing, disso-
Iution in 2M potassium chloride, and reprecipitation steps were repeated once.
Ethanol was added to precipitate onuphic acid as a partial potassium salt, which was
then dissolved in water and reprecipitated by the addition of further ethanol. The
solution-precipitation procedure was repeated until the absorption at 260 mu (due to
pyridinium ions) was no longer detectable; the detergent-free onuphic acid was
then dissolved in ion-free water, dialysed, and lyophilized. The cysteine-sulphuric
acid reaction, and the analyses for phosphorus and the products of hydrolysis?® of
this material were closely similar to those obtained from the starting material;
yields of 90%; or thereabouts were recovered. The substances remaining in the super-
natant after detergent precipitation were of similar composition to onuphic acid;
no neutral polysaccharides were detected.

When prepared by ethanol precipitation in the presence of potassium chloride,
onuphic acid always contained some potassium and detectable quantities of magnesium
and calcium, even after dialysis. For all subsequent quantitative and physicochemical
experiments, a highly purified product was desirable, and the cation content was

Carbohydrate Res., 3 (1966) 58-68



64 F. G. E. PAUTARD, H. ZOLA

therefore reduced by passing a 19 solution down a column (300 X 18 mm) of Amberlite
IR-120 resin (H* form). The effluent was examined for inorganic phosphate, and for
carbohydrate content by the cysteine-sulphuric acid reaction, and the carbohydrate-
containing fractions were combined and freeze-dried; all glassware was prewashed
with EDTA and deionized water, and wherever possible, polyethylene apparatus was
used. Under these conditions, no inorganic phosphate was detected in the effluent,
and potassium, calcium, and magnesium were present in trace amounts only.

Standard, dry product. Onuphic acid contains water, even after extensive desiccation
at room temperature, and experiments were carried out to establish a reliable, standard,
dry product, from which calculations of elemental composition could be made. Samples
of purified, cation-free onuphic acid were allowed to equilibrate for 12 h at various
temperatures over phosphorus pentoxide, and the loss of weight was determined.
The results (Fig. 5) show that up to 60° the weight loss is reversible; above 60°, the

o 100R
o
g osl
-
@
£ 96}
B o)
[
2 B N~
z % P~
a Q—
2 021
° Reversible Irreversible
—1 i I : - [] —_— 1
20 40 60 80 100

Temperature (°C)

Fig. 5. Weight decrease in onuphic acid dried in vacuo over phosphorus pentoxide for 12 h at various
temperatures.

N

a(Descending)

\————\/w

b (Descending) b(Ascending)
Fig. 6. Moving-boundary electrophoresis of onuphic acid; (a) veronal buffer, pH 8.6, descending
limb; and (b) phosphate buffer, pH 6.4, descending and ascending limb.
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weight loss is irreversible, suggesting decomposition. At 95°, onuphic acid chars. In
general, because of the risk of degradation at elevated temperature, onuphic acid was
dried in vacuo over phosphorus pentoxide at room temperature, and calculations
were based on a water content of 6%.

HOMOGENEITY

The sedimentation patterns (¢f. Fig. 3a), the ethanol solubility curves (cf-
Fig. 4a), the detergent-precipitation characteristics, and the constant composition
of ethanol fractions all suggest . that onuphic acid extracted under mild conditions is a
homogeneous, relatively paucidisperse macromolecule.

No substances of low molecular weight and of similar composition to onuphic
acid were detected in any extract of whole tubes removed under mild conditions, or
after decationization. Sephadex G200 gels excluded all phosphorus, and no resolution
into components was observed for standard preparations as described above. The
elution patterns from aqueous solutions and from solutions in M potassium chloride
were essentially the same. Similarly, Sephadex G200 excluded all of the material
present in the supernatant after treatment of onuphic acid with detergents. On
columns of DEAE Sephadex, onuphic acid was bound strongly, resisting elution at
normal electrolyte concentrations and remaining stable even in saturated aqueous
potassium chloride at pH 1; no neutral polysaccharides were detected in the eluate.

Moving-boundary electrophoresis gave anomalous results. Onuphic acid
(both partial potassium salt and decationized material) at concentrations of 0.5-1%,
examined for periods up to 6 h, gave one peak only in veronal buffer at pH 8.6 (Fig. 62)
with the two arms of the cell showing enantiographic patterns, whereas, in phosphate
buffer at pH 6.4, the patterns were non-enantiographic, and two peaks (Fig. 6b) of
similar mobility appeared.

GENERAL PROPERTIES

The primary cysteine-sulphuric acid reaction'® indicated that onuphic acid
consisted principally of carbohydrate. The only types of monosaccharide found were
hexose and 6-deoxyhexose. The carbazole-sulphuric acid reaction!® gave negative
results for hexuronic acid.

Onuphic acid showed no absorption maxima in the visible and near-ultraviolet
spectral regions, but the optical density of aqueous solutions increased gradually
with decreasing wavelength in the region 270-210 my; thereafter the optical density
increased rapidly towards 200 my.

The principal absorption maxima in the infrared spectrum of decationised
onuphic acid are shown in Table L

Measurement of optical rotation was hampered by the difficulty of obtaining
clear solutions of onuphic acid above 19 concentration. Previous figures® for impure
material suggested a low specific rotation; present studies of purified onuphic acid
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TABLE 1
PRINCIPAL ABSORPTION PEAKS IN THE INFRARED SPECTRUM OF ONUPHIC ACID

Reference
number 1 2 3 4 5 6 7 8 9
Wavelength (1) 2.9 3.4 4.3 6.10 6.85 7.30 8.20 9.50 11.90
(very
Possible broad)
origin O-H P-O-H P-O-H P(O)-OH -CH2 C-CHs P=0O P-O-C o-D anomeric

linkage

give [d]33¢; —4--2° (water). The specific rotation was not affected by replacing the
acid solvent with potassium chloride, or by the addition of urea or dioxane.

ELEMENTAL ANALYSES

Qualitative analysis. Systematic, qualitative, elemental analysis?# of the free
acid detected only C, H, O, and P. In contrast with earlier findings®:”, no nitrogen was
found in any purified preparations of onuphic acid.

Phosphorus. Onuphic acid could not be degraded by calcining, since this method
appeared to cause some volatilization of phosphorus pentoxide. In agreement with
the results of Ogg?®, we found that in the Kjeldahl digestion procedure, the mixture
HNO;-H,SO, gave higher results than did the mixture H,SO,-HCIO,. Carius
digestion®®® was considerably more time-consuming than the Kjeldahl digestion®¢” and
did not lead to higher values. The finally adopted method involved destruction of the
onuphic acid by the procedure of Steyermark?®2, foilowed by determination of phos-
phate by the method of Gomori'2. Estimations by these methods gave a value of 13.5%;
for phosphorus, in accord with the figure recorded by Graham et al.”; by applying
dry-weight corrections (see above), a figure of 14.4%; has been obtained consistently
for the phosphorus content of all purified preparations of onuphic acid.

Carbon. There is evidence®*?7 that large proportions of phosphorus can interfere
with the analysis of carbon by oxidation. When an equal weight of cupric oxide was
added to onuphic acid before oxidation, however, the values obtained for carbon
(consistently between 229 and 23%/) were not significantly different from those
obtained by the oxidation of onuphic acid alone.

From these data, an approximate empirical formula of C,,H,,0,,P; is pro-
posed for decationised onuphic acid.

DISCUSSION

Tt is clear from these results that 709 of the tube of Hyalinoecia tubicola can be
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extracted as onuphic acid, a nitrogen-free substance, of high molecular weight,
containing carbohydrate and phosphorus. Although the easy removal of small
amounts of the macromolecule under mild conditions using EDTA suggests that at
least some of the parent substance may be held in place in the tube by salt linkages
through divalent cations, native onuphic acid might still be degraded by EDTA by an
oxidative-reductive process (see Ogston and Sherman?®).

With precautions to avoid mechanical damage and with optimal conditions of
preparation, the chemical and physical propearties of the product suggest that, within
the limitations of the methods used, onuphic acid is homogeneous, although it may
be polydisperse. There is no evidence for anion-free polysaccharide in association
with onuphic acid, and all attempts to divide the purified product into molecular
species varying in composition have so far failed. While an increase in polydispersity
has been demonstrated as a result of chemical and mechanical degradation, neither the
whole products nor fractions from them vary significantly in phosphorus content.
The evidence of the electrophoretic patterns might be explained best in terms of
interaction, rather than in terms of heterogeneity, since similar observations have
produced similar conclusions for such polyanions as heparin?® and ribonucleate3°,
and there are theoretical explanations®!-32 for behaviour of this kind which could be
applied to onuphic acid.

Both the u.v. and i.r. spectra of onuphic acid are consistent with a structure
containing carbohydrate and phosphorus. The u.v. spectrum resembles that obtained33
for phosphorus oxyanions; the principal features of the i.r. spectrum compare closely
with recent data®*~2¢ for phosphorus compounds. Peak 9 (Table II) suggests!® the
presence of the «-D anomeric linkage, but the absence of a band at 13 z makes this
conclusion less likely, as does the low optical rotation. There are no absorption
features which indicate that aromatic or similar chromophoric groups are present.

The elemental analysis is not entirely compatible with a sugar phosphate polymer,
but the data should be treated with reserve. Since phosphorus was determined as
orthophosphate after oxidative hydrolysis, there is no clear evidence as to the state
of the element in the native macromolecule. Again, the difficulties of a reliable
analysis in a phosphorus-rich molecule of unknown configuration make the values
for some elements, particularly carbon, uncertain. The absence of nitrogen and sulphur,
however, greatly limits the number of structures which mjght:be present.
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SUMMARY

A standard procedure, using ethylenediaminetetra-acetic acid or mineral acid,
is described for the extraction of onuphic acid, a phosphorus-rich carbohydrate of
high molecular weight, from the tubes of the marine annelid Hyalinoecia tubicola.
Under the conditions described, the product is nitrogen-free and homogenous, but,
with increasing mechanical treatment, there is an increase in polydispersity. The
macromolecule contains 14.4% of phosphorus, measured as inorganic phosphate
after oxidation, and colour reactions suggest the presence of hexose and 6-deoxyhexose
as the major organic constituents.
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SYNTHESIS OF 1-C-SUBSTITUTED, UNSATURATED KETOSES

Yu. A. Zapanov, L. A. UzLova, AND G. N. DOROFEENKO
Rostov-on-Don State University (U.S.S.R.)
(Received January 25th, 1966; in revised form, April 20th, 1966)

INTRODUCTION

Higher-carbon sugars, particularly ketoses, are often found in vegetable and
bacterial raw-materials; for example, a nonulose (D-erythro-L-gluco-nonulose) was
recently isolated! from the avocado. Methods for the isolation of higher ketoses® ™5,
and for their synthesis by fermentation® and by chemical methods’:8 are difficult and
complicated. Preparative carbohydrate chemistry has only few methods for the synthesis
of higher ketoses; of these, the Sowden—Fischer nitroalcohol method?®:!? is still the
most important.

in seeking simple and convenient methods for lengthening the carbon chain
of monosaccharides, we have applied the Wittig reaction to acyclic aldose acetates.
The Wittig reaction offers the possibility of synthesising higher, «,f-unsaturated,
aldonic acids (from aldoses!! and acyclic aldoses'?), C-glycosides!®, and unsaturated
higher ketoses'®. The synthesis of higher ketoses from acetylated aldehydo-forms of
Dp-galactose, D-mannose, and D-glucose, using (aroyl- and acetyl-methylene)triphenyl-
phosphoranes, may be represented by Scheme 1. The carbon chain of the hexose may
be lengthened by two or three carbon atoms, depending on the structure of the initial
phosphorylide. The vinylketonic group, which appears in the final products, may be
used for the synthesis of various derivatives of higher ketoses.

R
CHO é=°
(CHOAC),. + Pr13P=CH—-(l:——R C,:H +  PhzPO
CH,0Ac Cg (llH
((I:HOAC)4
Scheme 4 CHz0AC
EXPERIMENTAL

General method for the preparation of (aroylmethylene)triphenylphosphoranes

A benzene solution of a bromomethyl ketone (0.01 mole) was mixed with a
benzene solution of triphenyiphosphine (0.01 mole). After several hours, the phos-
phonium salt was filtered off and washed with absolute ether. An equimolar quantity
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I-C-SUBSTITUTED, UNSATURATED KETOSES 71

of a solution of sodium methoxide in methanol was then added to 0.008-0.01 mole
of the phosphonium salt. The phosphoranes, thus obtained, were isolated by one of the
methods previously described!-1¢, (Acetylmethylene)triphenylphosphorane!” was
synthesised'® in 60-70% yield.

General method for the synthesis of I-C-substituted, o,f-unsaturated ketoses

A solution (6—10 ml) of the aldehydo-D-hexose pentaacetate (0.001-0.0012 mole)
and the (aroylmethylene)triphenylphosphorane (0.0012—-0.0014 mole) in chloroform
was heated on a boiling-water bath for 2—-4 h. Completion of the reaction was indi-
cated by absence of the hexose starting-material [analysis by thin-layer chromatography
on alumina, using chloroform-benzene (2:3) or chloroform-toluene (13:10)]. After
distillation of the chloroform, the residue was crystallised from methanol or acetone—
methanol (1:4). Data on yields and properties of the higher ketoses thus prepared are
given in Table L.

The syrupy products 4, 6, and 9 (Table I) were purified by Zemplén deacetyla-
tion, followed by removal of triphenylphosphine oxide with organic solvents, and
subsequent acetylation with acetic anhydride in pyridine. Compound 8 was purified
by an alternative procedure in which a solution of the carefully dried residue in
absolute ether was repeatedly shaken with lithium bromide (which forms an ether-
insoluble complex with triphenylphosphine oxide'®), and then washed with water,
dried, and concentrated.

Oxidation of r-C-phenyloctuloses with alkaline permanganate

The octulose (0.3 g) was treated with an oxidising mixture consisting of potas-
sium permanganate (1.5 g), water (15 ml), and 409 aqueous potassium hydroxide
(0.5 ml). The suspension was heated under 1eflux on a boiling-water bath for 2 h.
After being cooled, the solution was made weakly acid with sulphuric acid, and heated
under refiux for 0.5 h. The precipitate was filtered off and washed thoroughly with
ether. The ether layer was dried and concentrated, and the resulting, arylsubstituted
carboxylic acids were recrystallised from water.

Deacetylation of 2,3-dideoxy-1-C-phenyl-D-galacto-oct-2-en-I-ulose pentaacetate (5)
To a suspension of 1-C-phenyloctulose (0.5 g) in absolute methanol (4 ml) was
added o.1N sodium methoxide solution (0.5 ml). After storage for a few minutes, the
residue dissolved, and the solution became pink in colour. After 2 h, the solution
was filtered and concentrated, and the syrupy residue was shaken with portions
(3 X 25 ml) of ether saturated with water. The ether was decanted off, the residue was
dissolved in methanol, and the solufion was decolorised with alumina and concen-
trated to give a slowly crystallising syrup, v, (liquid film) 1675, 1645, 1632, 1599,
and 1586 cm™*! (Found.: C, 59.05; H, 6.46. C;,H, 30 calc.: C, 59.57; H, 6.38%).

Periodate oxidation of 2,3-dideoxy-1-C-phenyl-D-galacto-oct-2-en-1-ulose
The periodate oxidation and determination of the formic acid liberated were
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performed according to the method of Fleury and Lange?2. Oxidations in triplicate,
performed with samples (30—50 mg) of this octulose, gave a periodate consumption
of 3.96—4.12 mol., with liberation of 3.00~3.05 mol. of formic acid.

The reaction of 2,3-dideoxy-I-C-(p-ethoxyphenyl)-p-galacto-oct-2-en-I-ulose (10) with
bromine

To a solution of ketose 10 (0.34 g) in chloroform (3 ml) was added a chloroform
solution (1.5 ml) of bromine (0.1 g; 0.03 ml). The solution was then refluxed until it
became colourless (10 min). Chloroform and traces of bromine were removed under
vacuum to give the dibromide (90%;), m.p. 148-149° (from methanol-acetone, 4:1).
The dibromides of compounds 5, 7, and 12 (Table I) were similarly obtained, and their
properties are recorded in Table I1.
TABLE II
DIBROMIDES OF DERIVATIVES OF D-galacta-ocrm_osss

H OAc CAc H

AcOCHz—C——C—C—C—CHBr—CHBr—C—R

U T I
o

OAc H H OAc

Found, %,
No. R Yield, %, M.p.,°

C H Br
1 phenyl 90 syrup 44.63 4.35 24.25
2  p-methoxyphenyl 9o 144-146 43.67 4.51 23.11
3 p-ethoxyphenyl 92 148-149 44.70 4.85 22.75
4  p-nitrophenyl 85 syrup 40.89 4.19 22.60

TABLE II (continued)
DIBROMIDES OF DERIVATIVES OF D-gﬂlﬂCfO-OCTULOSES

Calculated, %
Formula Ymax, cm—1
C H Br

C24H28Br20O11  44.17 4.30 24.54 1750, 1697, 1604, 1585
CasHaoBraOi2  43.99 4.40 23.46 1743, 1684, 1605, 1580
CosH3z2BreOi2  44.82  4.59 23.00 1748, 1683, 1608, 1578
C24H27BraNOi13 41.32  3.87 22.95 1748, 1700, 1607, 1590

Reaction of 1-C-phenyl-substituted octuloses with phenylhydrazine

(a) Preparation of 5-(D-galacto-1,2,3.4,5-pentaacetoxypentyl)-I,3-diphenyl-2-
pyrazoline (18). (i) A mixture of the 1-C-phenyloctulose pentaacetate 5 (0.3 g)
and phenylhydrazine (0.08 g) was dissolved in ethanol (12 mlj, and the solution
was refluxed for 3.5 h and concentrated to one-third of its original volume. Chloro-
form was added, and the solution was then washed with water (2Xx5 ml),
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dried (Na,SO,), and concentrated. On storage of the resulting dark-red syrup in a
vacuum desiccator, crystallisation occurred to give compound 18 (0.32 g), m.p. 79-81°
(from aqueous ethanol).

(if) A solution of octulose 5 (0.4 g) and phenylhydrazine (0.2 g) in acetic acid
(8 ml) was heated on a boiling-water bath for 1 h. The cooled solution was diluted
with chloroform, washed with water (3 X8 ml), dried, and concentrated to give dark,
cherry-coloured crystals of compound 18 (0.28 g), m.p. 81-84° (from aqueous ethanol),
Vmax (NUjol) 1752 and 1598 cm™1, 4., (methanol) 242 (log E, 4.105) and 344 mu
(3.650) (Found: C, 61.49; H, 5.43; N, 4.60 C;,H;,N,O,, calc.: C, 61.85; H, 5.83;
N, 4.81 %). ‘

(b) Preparation of phenylhydrazones. (i) Compound 5 (0.15 g) and 2,4-dini-
trophenylhydrazine (0.07 g) were dissolved in ethanol (25 ml), and the solution was
refluxed for 4 h and cooled. The resulting precipitate was filtered off and washed
with cold ethanol to give a quantitative yield of the orange 2,4-dinitrophenylhydrazone,
m.p. 156-158° (from aqueous ethanol), v (Nujol) 1754, 1624, 1597, and 1510 cm ™2,
Amax (methanol) 240 (log E, 4.264), 369 (4.430), and 378 mu (4.418) (Found: C, 53.37;
H, 4.90; C30H3,N,0,, calc.: C, 53.57; H, 4.76%)).

(if) The 1-C-(p-nitrophenyl)octulose 7 was converted, using the method
described in ({) above, into its phenylhydrazone, m.p. 144-145°, v_., (Nujol)
1744, 1626, 1601, and 1517 cm™Y, 1. (methanol) 242 (log &, 4.266), 362 (4.427),
and 380 mu (4.420) (Found: C, 57.13; H, 5.50. C3H;3N30,, calc.: C, 57.41; H, 5.26%).

DISCUSSION

The products arising by condensation of Wittig reagents and acyclic aldose
acetates are established as 1-C-substituted, unsaturated ketoses by infrared spectro-
scopy, oxidation with alkaline permanganate to give the corresponding substituted
aromatic acids, periodate oxidation, and a number of other chemical transformations
which confirm the presence of a double bond and a carbonyl group in the products
obtained.

The i.r. spectra of the acetylated ketoses have absorption bands in the regions
1743-1750, 1662-1670, and 1624-1628 cm™'. The first band characterises the ester
groups of the ketoses, the second band is assigned to the carbonyl group of the unsa-
turated ketone, and the third band is assigned to the ethylenic bond of the chalcone type.

Deacetylation of certain of the a,f-unsaturated ketoses listed in Table I gave
products that had i.r. bands charactetistic of C=0 and C=C bonds. These products

HOH,C—CH—(CHOH);—CH—CH,—C—R
: i
A

might be expected to form either cyclic hemiacetals or anhydrides (A) resulting from
reaction of a hydroxyl group with the double bond. However, the product of de-
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acetylation of 5consumed 4.12 mol. of sodium periodate, with liberation of 3.05 mol.
of formic acid, and this behaviour is consistent with an open-chain structure. The
existence of acyclic forms of «,f-unsaturated octuloses may be compared with the
trans structure assigned!® to 3,4-dideoxy-D-glycero-hex-3-enulose by n.m.r. spectro-
scopy. .

The higher o, f-unsaturated ketoses, synthesised by the Wittig reaction, display
certain common reactions (electrophilic addition to the olefinic bond and carbonyl
oxygen substitution) in which the 1-C-(p-nitrophenyl)-substituted octulose derivatives
react more slowly than the other ketose derivatives. This influence of the p-nitio
group in the C-1 substituent is also demonstrated by the instability of the products
obtained by addition at the double bond. Thus, the dibromides of ketose derivatives
6,7, and 8 (Table I), and the adduct of ketose derivative 7 with hydrogen bromide, are
unstable and decompose when kept in a vacuum desiccator.

The carbonyl group in «,f-unsaturated ketones is somewhat unreactive, and the
formation of phenylhydrazones from the 1-C-substituted octulose derivatives required
vigorous conditions. However, when alkoxy groups are present in the aromatic ring
of the ketose derivative, this reaction does not yield a phenylhydrazone. Instead, a
diarylsubstituted pyrazoline is formed; a nitro group in the aromatic ring of the ketose
derivative stabilises the phenylhydrazone (Scheme 2). The pyrazoline derivative
obtained with octulose 5 was assigned the structure 5-(p-galacto-1,2,3,4,5-pentaacet-
oxypentyl)-1,3-diphenyl-2-pyrazoline. This structure was confirmed by the u.v. spec-
trum which showed maxima at 242 (log E, 4.105) and 344 my (3.650); 1,3,5-triaryl-
substituted pyrazolines are reported???! to show 1., at 242-254 and 342-358 mgu.

R

—_ X —

e - L
i HN—NH X ﬁ” HaN—NH—FPh Ha.;;_.\fq
?H H | “en

- — ————

(CHOACY, (CHOAC), (GHoack
CHz04c éﬂzcm CH,0Ac
R=H;XaNO2 )

R= NOg;XeH R=H
Scheme 2
SUMMARY

Using the Wittig reaction, higher «,f-unsaturated ketose derivatives, having
substituents at C-1, were synthesised from the acetylated aldehydo forms of pD-glucose,
D-galactose, and D-mannose, using (acetyl- and aroyl-methylene)triphenylphospho-
ranes. The structures of the ketose derivatives were examined by i.r. and u.v. spectro-
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scopy. In the deacetylated products, the presence of acyclic ketose structures was
indicated by periodate oxidation studies. Certain properties of the ketose derivatives
are influenced by the nature of the substituent at C-1. The Wittig reaction enables
olefinic bonds to be introduced into monosaccharides which may then be converted
into 2,3-dideoxy derivatives.
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GRADED, ACID HYDROLYSIS OF SOME O-ISOPROPYLIDENE
DERIVATIVES (INCLUDING S-erythro-KETALS) OF CARBOHYDRATES

J. S. BRIMACOMBEBE, A. B. FosTER*, AND L. C. N. TUCKER
Chemistry Department, The University, Birmingham 15 ( Great Britain)
(Received May 23rd, 1966)

INTRODUCTION

Although much is known' about the relative stabilities towards acid of cyclic
acetal derivatives of carbohydrates, corresponding information on cyclic ketals is
meagre. In the majority of cases, acid-catalysed condensation of ketones with cyclic,
and acyclic, polyhydric alcohols affords I,3-dioxolan derivatives and, for such com-
pounds containing isolated ketal rings, the stability sequence a-threo**>a in acid
hydrolysis is well established?; the sequence a~a-erythro has been observed in one
case®. The formation of 1,3-dioxane derivatives in ketone-carbohydrate reactions
is relatively rare, and, until recently, only cyclic polyhydric alcohols had been found
to give products of this type; in these cases, the 1,3-dioxan ring was part of a fused-*
or bridged-ring’ system. The direct, acid-catalysed condensation of acylic polyhydric
alcohols with acetone has now been found to give 1,3-dioxane derivatives in certain
cases>*®7, and other compounds of this type have been obtained indirectly®, A compa-
rison of the relative stability towards acid of O-isopropylidene derivatives involving
isolated 1,3-dioxane and 1,3-dioxolane rings has thus been made possible.

For example, I,3-O-isopropylideneglycerol is noticeably® more sensitive
towards acid than is the 1,2 derivative, and the sequence «> f has been observed* for
a compound containing an isolated «-ketal and a f-ketal which was part of a ring
system of the cis-decalin type. However, this stability sequence is reversed® where
the f-ketal is part of a ring system of the cis-hydrindanone type. We now present
corroborative evidence for the latter observation, together with further results which
indicate the stability sequence f-erythro>« for compounds containing isolated ketal

rings.
RESULTS AND DISCUSSION

The acid-catalysed acetonation of D-glycero-nD-gulo-heptono-I,4-lactone yields®,
principally, the 3,5:6,7-di-O-isopropylidene derivative (1). An analogy is provided

*Present address: Chester Beatty Research Institute, Institute of Cancer Research, Royal Marsden

Hospital, Fulham Road, London, S.W.3.
**See Carbohydrate Research, 1 (1965) 329, for an explanation of this nomenclature.
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GRADED HYDROLYSIS OF O-ISOPROPYLIDENE DERIVATIVES 77

by D-glucurono-6,2-lactone diethyl dithioacetal, which yields® a 2,4-O-isopropylidene
derivative, presumably with contraction in size of the lactone ring. Compound 1
provides an indirect route for the synthesis of diketals 2 and 3. Thus, reduction of
diketal 1 with sodium borohydride gave 1,2:3,5-di-O-isopropylidene-L-glycere-L-
gulo-heptitol (2) (isolated as the monohydrate), which was readily converted into
1,2:3,5-di- O-isopropylidene-L~gulitol (3) by oxidation with periodate and subsequent
reduction with borohydride®.

cl:o CHo0H
) weon H(IZOH CHaOH
HCO HCO HCO,
L RN RN RN
c':H /CMez — = HOCH CMe, ——= HOCH /CMez
HCIIO HCO HCO'
HCO. HCOL HCO
[ cme, [ CMe, [ >cMe;
HCO HoCO” HaCO
1 2 3
co CHR0H ‘
[ Lo
! H(I:OH Hi <|:H20H
ticl:o HCO Hclo\
(':H /CMe2 — HO(I:H /CMe2 HOCI‘H /CMeZ
HCI HCO H(l:O
HCOH HCOH HCOH
CHa0H CH20H CHLOH
4 5 6

The graded, acid hydrolysis of di- and tri-ketal derivatives of polyhydric
alcohols may be conveniently followed®* by using n.m.r. spectroscopy to observe
the change in pattern of the signals for the protons of the isopropylidene Me groups.
The n.m.r. spectrum (methanol-water, 3:1) of diketal 1 showed, inter alia, Me proton
signals at 7 8.64, 8.74, and 8.79, having integrated areas in the ratio ca. 1:1:2. Addition
of toluene-p-sulphonic acid to the aqueous methanolic solution resulted in simplifi-
cation of the Me proton resonances to two signals, of similar integrated areas, at
7 8.64 and 8.79. This pattern was also exhibited by the monoketal formed on brief
treatment of compound 1 with 0.1N hydrochloric acid at 30-40°. The monoketal was
identified as 3,5-O-isopropylidene-p-glycero-p-gulo-heptono-1.,4-lactone (4), since
reduction with sodium borohydride converted it into an optically inactive heptitol
derivative 5 which consumed 1.9 mol. of periodate without liberation of acid.

In aqueous methanol containing toluene-p-sulphonic acid, both ketal groups
were removed fiom compounds 2 and 3 although, in each case, a slight difference in
rate could be discerned from the change in the 1elative intensities of the signals for
the Me protons in the n.m.r. spectrum. Graded, acid hydrolysis was best carried out
in 0.IN hydrochloric acid at room temperature. In this manner, compound 2 was
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converted into 3,5-O-isopropylidene-meso-glycero-gulo-heptitol (5), which was
identical with the product obtained by reduction of compound 4. The monoketal
obtained by graded, acid hydrolysis of diketal 3 was identified as 2,4- O-isopropylidene-
p-glucitol (6) by comparison with an authentic sample®’ *, and by its conversion into
L-xylose (identified chromatographically) by periodate oxidation and subsequent acid
hydrolysis.

Thus, graded, acid hydrolysis of 3,5:6,7-di-O-isopropylidene-D-glycero-bp-gulo-
heptono-1,4-lactone (1) reflects the sequence f-erythro>a for ketal stability, with a
relatively marked stability of the f-erythro-ketal. The same, but much less marked,
stability sequence is found with the 1,2:3,5-di-O-isopropylidene-derivatives [(2) and
(3), respectively]l of L-glycero-L-gulo-heptitol and r-gulitol. The greater stability
towards dilute acid of the six-membered cyclic ketal in 1,2:3,5-di-O-isopropylidene-L-
gulitol (2,4:5,6-di-O-isopropylidene-n-glucitol) contrasts with the fact that acid-
catalysed acetonation of 3-O-methyl-D-glucitol affords’ mainly the 1,2:5,6 diketal,
with only a small proportion of the 2,4:5,6 isomer.

EXPERIMENTAL

Thin-layer chromatography (t.l.c.) was performed on Kieselgel G, using acetone
and detection with vanillin-sulphuric acid®. N.m.r. spectra were obtained, for ca.
207; solutions, with a Varian A-60 spectrometer under normal working conditions and
a 6% solution of tetramethylsilane in chloroform as external reference. Infrared
spectra were recorded for Nujol mulls, using a Perkin—Elmer Infracord spectrometer.
Light petroleum refers to the fiaction having b.p. 60-80°, unless otherwise stated.

3,5:6,7-Di-O-isopropylidene-D-glycero-D-gulo-heptono-1,4-lactone, m.p. 153—
154°, [oelp —76° (¢ 2, chloroform); 1,2:3,5-di-O-isopropylidene-L-glycero-L-gulo-
heptitol monohydrate, m.p. 67-68°, [¢]p, —6° (¢ 2, water); and 1,2:3,5-di-O-isopropyl-
idene-L-gulitol, m.p. 117-118°, [a], +2° (¢ 1, methanol) were prepared by the proce-
dures previously described®®.

Graded, acid hydrolysis of 3,5:6,7-di-O-isopropylidene-p-glycero-p-gulo-heptono-1,4-
lactone (1)

(a) A solution of compound 1 (1 g) in 0.IN hydrochloric acid (100 ml) was
stored at 30-40° for 15 min; t.l.c. then indicated that hydrolysis of the «-ketal was
essentially complete. The solution was extracted with chloroform (2Xx50 ml) to
remove unchanged starting material, and the aqueous solution was neutralised with
Amberlite IRA-400 (CO2~ form, 25 ml) and concentrated. A solution of the syrupy
residue in chloroform (100 ml) was dried (MgSO,) and concentrated, to give a solid
which, on recrystallisation from methanol—chloroform-light petroleum, gave 3,5-O-
isopropylidene-D-glycero-D-gulo-heptono-1,4-lactone (4) (0.8 g), m.p. 1581 59°,
[o13° —75° (¢ 1, ethanol), v, 1758 and 1778 cm ™! (Found: C, 48.8; H, 6.3. C,0H,60,

* Kindly provided by Dr. P. A. J. Gorin.
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calc.: C, 48.4; H, 6.5%). The monoketal (4) consumed 1.2 mol. of periodate (spectro-
photometric determination’®) within 5 min.

(b) A solution of compound 1 (0.2 g) in methanol-water (2 ml, 3:1, v/v) con-
taining toluene-p-sulphonic acid (3.3 mg) was stored at room temperature. The change
in pattern of the Me proton signals was followed by n.m.r. spectroscopy (see Dis-
cussion).

3,5-O-Isopropylidene-meso-glycero-gulo-heptitol (5)

Sodium borohydride (0.25 g) was gradually added to a solution of lactone 4
(0.5 g) in ethanol (25 ml), and the solution was stored overnight. The solution was
then concentrated, and cations were removed from an aqueous solution of the residue
by passage over Amberlite IR-120 (NH] form, 25 ml). The eluate and washings were
concentrated, and methanol was distilled several times from the residue, which slowly
crystallised. Two recrystallisations from methanol-chloroform-light petroleum
afforded compound 5 (0.36 g), m.p. 172-173° [alp +0° (¢ 2, methanol) (Found:
C, 47.3; H, 8.2. C,,H,,0; calc.: C, 47.6; H, 8.0%). Compound 5 consumed 1.9 mol.
of periodate (5, 15 min), without liberation of acid.

Graded, acid hydrolysis of I,2:3,5-di-O-isopropylidene-L-glycero-L-gulo-heptitol mono-
hydrate (2)

Conditions which gave an optimal yield of monoketal were ascertained by
small-scale experiments, using t.l.c.

A solution of compound 2 (0.31 g) in 0.IN hydrochloric acid (50 ml) was stored
at room temperature for 15 min and then neutralised by the addition of a few drops
of conc. ammonia. The residue, obtained on removal of the solvent, was extracted
with dry acetone, and the extract was concentrated. Recrystallisation of the residue
from methanol-chloroform-light petroleum (b.p. 80-100°) gave 3,5-O-isopropylidene-
meso-glycero-gulo-heptitol (5) (91 mg), m.p. 169-170°, [y +0° (¢ 2, methanol).
The m.p. was not depressed on admixture with compound 5 prepared in the previous
experiment, and the i.r. spectra of the two compounds were indistinguishable.

The n.m.r. spectrum of compound (2) in methanol-water (3:1) showed Me proton
signals at T 8.71, 8.75, and 8.79 (integrated areas in the ratio ca. 1:2:1); monoketal (5)
gave corresponding signals at 7 8.80 and 8.75 (strength ratio, ca. 1:1).

Graded, acid hydrolysis of I,2:3,5-di-O-isopropylidene-1L-gulitol (3)

A solution of compound 3 (0.2 g) in 0.1N hydrochloric acid (10 ml) was stored at
ca. 25° for 5 min. The hydrolysate was neutralised with conc. ammonia and concen-
trated, and the residue was extracted with acetone. The extract was concentrated, and
the residue was chromatographed on Kieselgel G (2o ml). Elution with acetone (15 ml)
removed starting material, and subsequent elution with methanol afforded the mono-
ketal. The recovered starting material was re-treated with acid, and the product
mixture was fractionated as above. In this way, 2,4-O-isopropylidene-p-glucitol
(6; 45 mg) was obtained; m.p. 167-168° (from acetone), [&]; +11° (¢ 0.33, methanol).
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Gorin® recorded m.p. 158-160°, [&]p -+ 11° (methanol), for this compound prepared
by an alternative route. The t.l.c. properties (R 0.6) and X-ray diffraction patterns of
the two com,.cunds were indistinguishable.

Compound 6 rapidly consumed 0.95 mol. of periodate, and afforded a single
product (Rr 0.7) which was hydrolysed in aqueous solution at 50° for 2 h with Amber-
lite IR-120 (H* form, 0.5 ml) to give a product having indistinguishable properties
from those of D-xylose on paper chromatograms.

The n.m.r. spectrum of compound (3) in methanol-water (3:1) showed Me
proton signals at r 8.69, 8.74, and 8.81 (strength ratio, ca. 1:2:1); monoketal (6)
gave corresponding signals at 8.74 and 8.81 (strength ratio, ca. 1:1).
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SUMMARY

Evidence is presented which supports the sequence S-erythro>o for ketal
stability in the graded, acid hydrolysis of 3,5:6,7-di- O-isopropylidene-p-glycero-p-gulo-
heptono-1,4-lactone (1), 1,2:3,5-di-O-isopropylidene-L-glycero-L-gulo-heptitol mono-
hydrate (2), and 1,2:3,5-di-O-isopropylidene-L-gulitol (3).
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INTRODUCTION

One of the most characteristic properties of a starch is its “iodine affinity”.
This quantity is most readily determined from a potentiometric determination of the
iodine-binding properties of starch!*?, and it enables an estimate of the amylose content
to be made. In the case of the amylomaize starches, however, the iodine-binding curves
are of an unusual shape. In an earlier pait of this Series®, we showed the graphs of the
potentiometric iodine-titration curves for two samples of amylomaize in comparison
with that for a sample of regular maize. It was found that the binding of iodine for
an amylomaize starch occurred more slowly, and terminated at a higher free-iodine
concentration, than is usual for a normal starch. The abnormal shape of the titration
curve made the extrapolation to zero free-iodine concentration, to obtain the iodine
affinity, extremely haphazard. We think that it is most significant that no potentiometric
titration-curves are shown even in the orignal literature for these starches*. Esti-
mations of the percentage of amylose material in the amylomaize starch are therefore
extremely difficult to make.

In this paper, we have made extensive studies of the iodine-binding capacity
for amylomaize starches having a wide variety of amylose contents. From studies
on the analogous starch of high amylose-content from the wrinkled-seeded pea®,
it has been shown that an abnormal, potentiometric, iodine-binding curve is a charac-
teristic of amylomaize starch only. Experiments are described which provide an
explanation of the iodine-binding behaviour of the amylomaize in terms of the
presence of short-chain, amylose-like material.

RESULTS AND DISCUSSION

An essential prerequisite for a satisfactory potentiometric titration with iodine
is complete dispersion of the granules. The procedure we have used to date®'® has
involved dispersion of the starch to 0.1%; concentration in 0.2M potassium hydroxide
by shaking overnight at 15°. (Some samples of starch may require further heating
for 3 min at 98°, or the use of stronger alkali, but these variations in procedure have

*For Part VI, see Stirke, 18 (1966) 240.
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been found to have no effect on the resulting titration curves2.) Solutions were then
neutralised prior to titration.

This dispersion procedure was applied to a sample of amylomaize having a
reputed amylose-content of 707, i.e., with an expected iodine affinity of about 14%.
The iodine titration curve obtained was comparable to that reported earlier®. No
adequate extrapolation to obtain the iodine affinity could be made, but it was apparent
that the level of iodine sorption of 14% was not attained (Fig. 1, curve I).

154~ 4 -

......

10

Bound jodine (mg per 100 mg starch)
T
\"
|}

I 1
(o] S 10 15
Free iodine (x106 M)

Fig. 1. Potentiometriciodine-titration curves at 20° for (1) Amylomaize HA470: dispersion—o.2M KOH
and neutralization; (2) Wrinkled-seed pea starch: dispersion—o.2m KOH and neutralization;
(3) Amylomaize HA70; dispersion—1M KOH and neutralization; (4) Amylomaize HA70; dispersion
—i1mM KOH, neutralization and heating at 70°C; (5) Amylomaize HA470: dispersion as in (1), dotted
{ine indicates an interruption of 1h in the titration; (6) Amylomaize HA70: dispersion in dimethyl sul-
phoxide (see Discussion).

It was then shown that this abnormal behaviour was not solely a function of a
high amylose-content by measuring the adsorption curve for the starch of the wrinkled-
seeded pea®. After our normal dispersion procedure, the sample gave essentially
the same shape of curve as for a normal starch, except that the iodine affinity was
correspondingly higher (see curve 2 in Fig. 1); the found value of 12.4%; is in excellent
agreement with our earlier estimation. It appeared, therefore, that the abnormal curve
obtained for the amylomaize sample was a characteristic for that starch.

Various methods were then tried to increase the extent of “dispersion™ of the
sample.

Dispersion of the starch granules.

The use of M potassium hydroxide for dispersion was found to yield higher
iodine-binding curves (see Fig. 1). It thus became apparent that increasing severity
of dispersion (by increasing the molarity of alkali, by heat, by shear, or by combinations
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of these) increased the apparent capacity of the amylomaize starch to bind iodine.
It also appeared that this starch required titration to much higher levels of free-iodine
concentration before uptake of iodine even tended to become linear. In the differential
titration tectinique used, this meant that the titration points obtained at high concen-
trations of iodine were less precise. It was observed also that interruptions of 1 h or
more during the titration gave rise to an abrupt step-up in the graph (Fig. 1, curve 5).
This is in contrast to the behaviour of ordinary, low-affinity starches, where the shape
of the curve was found to be completely independent of time. This behaviour suggested
that the “solutions” of amylomaize starch still contained aggregates, or micelles,
which required time in order to react with 1odine.

The use of dimethyl sulphoxide for better dispersion of the amylomaize starch
was then examined. Preliminary experiments® established that the hydrous amylo-
starch could be dispersed directly, to 7% concentration (w/v), in dimethyl sulphoxide
during 2z h at 15°, with gentle agitation. Aliquot portions of this solution (0.1 ml;
¢ 68 mg per ml) were then added directly to the iodine-titration cell (volume, 850 ml).
Stability and replication of the adsorption curve were found to be excellent, and
the indicated affinity-values were the highest obtained for this starch, as shown by curve
6 in Figure 1.

The presence of dimethyl sulphoxide (ca. 0.01%, v/v) was shown to have no
effect on the iodine titration. For example, the adsorption curve for potato amylose
was identical when the sample was dispersed (r) by our usual procedure, and (2) in
dimethyl sulphoxide solution and added to the titration flask directly. Further, the
iodine-titration curve was found to be essentially the same when the dimethyl sulphox-
ide was removed prior to the titration. This was achieved by heating an aliquot
portion of starch dispersion on a boiling-water bath in a gentle current of nitrogen,
with additions of water. After final removal of liquid, the starch product, on either
direct redispersion in hot water, or on dispersion in 0.5M potassium hydroxide and
neutralization, gave replicable graphs, as found on direct titration of the dispersion.
Potato and maize starches also gave the same result.

The iodine-binding curve was unaltered, furthermore, when the amylomaize
was precipitated from dimethyl sulphoxide solution with acetone, dried with acetone,
and then re-dispersed in dimethyl sulphoxide solution prior to titration. (This solubi-
lization procedure will be discussed elsewhere®).

ITodine-titration curves for amylomaize starch

It appeared that the use of dimethyl sulphoxide for dispersion gave the most
satisfactory iodine-titration curves. This is in agreement with the results of other
techniques for studying the solubilization of amylostarches®. The progress of the
titrations, and the resulting graphs, however, were much the same as those previously
obtained; there was no sharp inflexion-point, and the titrations had to be taken to
high levels of free-iodine concentration.

In order to investigate whether the abnormal curves were a result of the presence
of contaminating protein or fat, the sample of amylomaize of 70%;-amylose content
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(HA 70) was treated with dilute sodium hydroxide (0.05M) in an attempt to solubilize
traces of residual protein, and then the alkali-treated sample was exhaustively defatted
with methanol. No difference in the titration curves was found after these treatments,
and so it appeared unlikely that the observed effects were caused by protein or fat.

Since it had been observed in other experiments with amylomaize®, that aqueous
dilutions of dimethyl sulphoxide solutions may become turbid on standing, the effect
of “ageing” in the electrolyte on the subsequent iodine-titration pattern was examined.
Aliquot portions of a solution of HA-70 amylomaize were mixed with electrolyte
to give concentrations of starch of 0.001, 0.01, and 0.1%. To enhance any possible
instability, the solutions were then stored at 6° for 18 h before titration. The curves
obtained (Fig. 2) indicated no significant change in the pattern of binding by ageing,
at concentrations of starch of 0.001 and 0.01 %; ageing at 0.1 % concentration, however,
gave rise to a greatly depressed binding-pattern as shown in Figure 2. As our titrations
are normally carried out within the hour at a starch concentration of 0.0019}, at 20°,
ageing can have no effect on the result.
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Fig. 2. Effect of pretreatment by ageing of various concentrations of starch HA470 for 18h at 6°
in 0.01M potassium iodide: (1) 0.001 9 starch; (2) 0.01% starch; (3) 0.1% starch.

Fig 3. Potentiometric iodine-titration curves at 20° for amylomaize starches after dispersion in dime-
thyl sulphoxide: (1} HA57; (2) HA62; (3) HA67; (4) EA7S.

The abnormal iodine-titration curve appeared to be, therefore, a characteristic
of this sample of amylomaize. A series of starches having apparent amylomaize-
conteats of 57, 62, 67, and 759/, were then titrated, using the method of prior dispersion
in dimethyl sulphoxide. The results are shown in Figure 3. Although replications of the
titrations were excellent, there was still no definitely linear portion of the curve from
which to make an unambiguous extrapolation to zero free-iodine concentration, in
order to obtain the “iodine affinity” by the method of Anderson and Greenwood?.
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It is to be noted that the shapes of the curves also preclude the use of the method
suggested by Bates et al.! for determining iodine affinity. All that can be said is that
the relative order of iodine sorption is in agreement with the apparent amylose-content.

Iodine-titration curves for synthetic mixtures of amylose and amylopectin

In earlier work on amylomaize starches®, we have suggested that the properties
of the abnormal, 36-unit amylopectin found in these starches can be attributed to the
presence of short-chain, amylose-like material in addition to normal amylopectin.
It appeared very likely, therefore, that this material might be causing the characteristic
iodine-titration curve for the whole starch.

Short-chain amylose was prepared from the normal amylose from HA70-
amylomaize (Fig. 4, curve 1) by degradation with B. subtilis a-amylase. This procedure
yielded degraded amyloses I [average chain-length (C.L.), 27; A_,,, 565 mg], I (C.L.,
71; Apax 585 my), and III (C.L., 125; A, 600 my). The iodine-titration curves for
these samples are shown in Figure 4.

2o}- 3 -

15 -1
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Bound lodine (mg per100mg starch)

S 10
Free iodine(x10%M)

Fig. 4. Potentiometric iodine-titration curves at 20° for (1) amylose from starch HA70; (2) degraded
amylose III; (3) degraded amylose I; (4) degraded amylose I; (5) normal maize amylopectin.

It was first established that a 30:70 (w/w) mixture of normal amylomaize
amylose (Fig. 4, curve I) and normal maize amylopectin (Fig. 4, curve 5) gave, in
contrast io that for starch HA70, a curve of regular shape, from which the iodine
affinity was readily obtained (Fig. 5, curve 2). This experimental value (13.7%) was,
in fact, equivalent to the calculated one of 149/, within experimental error; A___ for
this sample was 620 myu.

max
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The iodine-titration curves for various mixtures of normal amylose, normal
amylopectin, and degraded amylose were then determined, as shown in Figure 5.

Bound iodine {mg per 100mg starch)

0] 5 10 15
Free iodine (x10% M)

Fig. 5. Potentiometric iodine-titration curves at 20° for varicus synthetic mixtures: (1) HA70-starch,
ZAmax 600 my; (2) Amylose:amylopectin (70:30, W/w), Amax 620mu; (3) Amylose:amylopectin:degraded
amylose 1 (37:36:27, w/w), Amax 580 my; (4) Amylose:amylopectin:degraded amylose II (40:30:30,
w/w), Amax 605 mu; (5) Amylose:amylopectin:degraded amylose I (60:30:10, W/W), Amax 590 mg;
(6) Amylose:amylopectin:degraded amylose ITI (55:15:30, w/w), Amax 600 mu; (7) Amylopectin:de-
graded amylose IT (72:28, w/w), Amax 570 my; (8) 36-unit amylopectin, Amax 570 my.

It can be seen that the adscrption curves for these mixtures gave rounded,
inflexionless curves which are similar to those found for amylomaize starch. In
particular, the mixture amylose:amylopectin:degraded amylose III (50:15:30 w/w;
A max 600 my) gave a graph which approximated very closely to that for HA70-starch
(A max 600 my).

An analogous result was obtained when the iodine-binding characteristics of a
mixture of normal amylopectin and degraded amylose II (72:28 w/w; A, 570 my)
were compared to those of the abnormal, 36-unit amylopectin (4,,,, 570 mg); the two
adsorption curves were comparable, as shown by curves 7 and 8 in Figure 5.

Conclusions

The fact that the addition of short-chain amylose to mixtures of normal amylose
and amylopectin, and to amylopectin, permits simulation of the iodine-titration curves
for amylomaize starch and 36-unit amylopectin suggests, very strongly, that the
anomalous behaviour of these materials is due to the presence of degraded, amylose-
like polysaccharide. It is likely that the proportion of this material present will vary
with the type of amylomaize starch, and increase with an increase in apparent amylose-
content. -

The iodine-titration curve for the high amylose-content starch from wrinkled-
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seeded peas has a normal shape, and this suggests that the proportion of degraded,
amylose-like polysaccharide in this starch is less than that in amylomaize.

EXPERIMENTAL

Materials

The isolation and purification of the amylomaize starches has been described
elsewhere”. Starches HA57, HA62, HA67, HA70, and HA75 are reputed to contain
57,62,67,70, and 75% of amylose, respectively. The fractionation technique for starch
HA70 was as described in an earlier part of this Series®.

Degraded amylose was prepared by the action of crystalline B. subtilis a-amylase
(Sigma Chemical Corporation) on amylose from starch HA70. Portions of the digest
were removed at intervals, and the polysaccharide was precipitated with acetone.
Properties of the resulting products are shown in Table I.

TABLE I
PROPERTIES OF DEGRADED AMYLOSE

Sample [n]®  Chainlength® Amax® Complex formation%

I 17 27 565 None
II 25 71 585 None
HI 57 125 600 None

eLimiting-viscosity number in dimethyl sulphoxide. ®Measured by enzymic assay8. Wavelength of
maximum absorption of the iodine complex in millimicrons. 4With butan-1-ol.

Titration procedure

The procedure for the potentiometric iodine-titration was that of Anderson
and Greenwood?, except where the dispersion procedure was modified as described
in the Discussion.

Solutions at the end of the iodine titration were used directly to study the
absorption spectra of the iodine complexes in the range 400—700 mu.
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SUMMARY

The abnormal character of the potentiometric iodine-titration curves obtained
at 20° for amylomaize starch are not a direct result of the high amylose-content,
since the comparable starch from the wrinkled-seeded pea gives a normally-shaped
iodine-titration curve. It has been found that the relative extent of binding of iodine
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by an amylomaize depends on the method of dispersion of the starch granules. The
use of dimethyl sulphoxide gave the most satisfactory iodine-binding curve. Residual
contaminating protein and fat in the starch, and the inherent instability of the disper-
sion, do not influence the titration.

Potentiometric iodine-titration curves have been obtained for a series of amylo-
maizes having apparent amylose-contents varving from 57 to 75%. Although the
relative order of iodine sorption was in agreement with the apparent amylose-content,
the curves possessed no point of inflexion, and estimations of iodine affinity were not
practicable.

Short chain-length amylose has been prepared, and added to normal amylopectin
and to mixtures of normal amylose and normalamylopectin. It has been found that the
iodine-binding characteristics of such mixtures resemble those of the anomalous
36-unit amylopectin and amylomaize starch. The significance of this finding is discussed.
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Chromatographic methods are extremely valuable in separations of complicated
mixtures containing sugars and sugar alcohols. Several comprehensive reviews have
been published in recent years!. Great progress in gas-chromatographic work was
reported recently by Sawardeker et al.?, who demonstrated excellent separations of
alditols after esterification with acetic acid. With complicated mixtures of mono-
saccharides and alditols, several disadvantages arise in the gas-chromatographic
methods.

In earlier papers, it was demonstrated that partition chromatography on ion-
exchange resins®, with automatic determination of the eluate concentration®, is an
efficient method of analysis for complicated mixtures of monosaccharides. The
advantages of this method, over the gas-chromatographic methods, are that many
other substances, which are present in hydrolysates frora materials of biological
origin and in various technical liquors, do not interfere, and that the monosaccharides
can be separated directly without preparation of any derivatives. This Paper describes
the application of automated chromatography to mixtures of alditols and aldoses,
using ion-exchange resins.

ANALYSING SYSTEM

No automated methods for the colorimetric determination of sugar alcohols
seem to have been published previously, whereas several methods for sugar analysis
have been described. Alditols are easily oxidized by periodate and give rise to formal-
dehyde which can be determined by several colorimetric methods. In this work, the
color reaction with pentane-2,4-dione was chosen, and guidance in the choice of
working conditions was obtained from the manual method?®. 1t was observed that the
color developed somewhat more slowly in agueous ethanol than in water. To
decrease the time of reaction, a higher reaction temperature (80°), compared with that
used in the manual method, was chosen. A linear relationship between the absorbance
and the formaldehyde concentration was observed under these conditions.

Before the colorimetric determination, the unreacted periodate was reduced to
iodate or iodide (depending on pH) by addition of sodium arsenite. This precaution
is necessary, since periodate destroys the color. All operations were carried out in a
Technicon Autoanalyzer. The eluate was pumped by means of Yellow-Tygon
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tubing, whereas the other tubing was made of Tygon. Two oxidation methods were
applied.

In Method 4 (see Fig. 1), the oxidation was carried out at pH 7.5 for about
3.5 min. Under these conditions, formaldehyde was formed in high yield, both from

@

E

25° @,\ Air, 0.60 mifmin
&)

SMC DMC pMC @ _ i
0000 Q0000000 Q0000000 @0 M 10%,0.60mi|min

,\ Eluate, 040 mifmin
(9)—

3
®,\ 05 M AsOp 06 m![min
A3

e Pentane-2,4-dione 12 mijmin
=

Single
heatingcoil waste

L)
=4
Proportioning
pump

]

80

-

[
1
= g
| [

Colorimeter Recorder
Fig. 1. Outline of analysing system.
Method 4. Composition of reagents: Periodate: 0.015M HIO4, neutralized with NH3 and buffered to
pH 7.5 with a phosphate buffer (100 ml/l). Arsenite: 0.55 NaAsOg, neutralized with HCI to pH 7.
Pentane-2,4-dione reagent: 2M ammonium acetate, 0.05M acetic acid and 0.02M pentane-2,4-dione
Method B: Periodate: 0.015M NalOg4 in 0.12M HCIL. Other reagents, as in Method A.
The absorbance at 420 mg is measured in a 15-mm flow cell.

alditols and aldoses. A slight precipitation was observed after the addition of both
periodate and arsenite, but, before passing into the heating bath, the solution was
clear. A small amount of precipitate in the coils and tubings was removed by washing
with dilute hydrochloric acid at intervals of 4 days. With well separated mixtures of
sugar alcohols and sugars, this method has the advantage that all solutes can be
determined in a single photometric channel. With complicated mixtures containing
a great number of compounds of both types, overlapping between elution curves
corresponding to sugars and sugar alcohols can jeopardize their quantitative deter-
mination.

In some of theé experiments described in this Paper, therefore, the sugars were
determined by the orcinol method® in one channel, and the sugar alcohols in another
channel, using periodate oxidation at pH ¥ under otherwise unchanged conditions
(Method B). Under these conditions’, the yield of formaldehyde from most alditols
is higher, whereas most sugars give rise to negligible, or very slightly interfering,
amounts of formaldehyde. No precipitation was obtained after addition of the oxidant,
whereas a slight haze was observed after the arsenite addition. Calibration tests

Carbohydrate Res., 3 (1966) 80956



SEPARATION OF ALDITOLS AND ALDOSES 9I

showed that there was a linear relation between the absorbance and the amounts of
added alditol.

Chromatographic conditions. — The chromatographic separations were made
under conditions similar to those reported earlier®. The elutions were carried out at
various temperatures and ethanol-water concentrations.

Two batches of strongly basic anion-exchange resins, in the sulphate form,
were used. One of the resins (T4) had a particle size of 1035 # and an exchange
capacity of 3.7 mequiv./g of dry resin (Cl~form). The other resin (T5B; 3—17 ) had
a higher exchange capacity (4.2 mequiv./g). The resins were kindly supplied by
Dr. H. W. Holy, Technicon Instruments Co., Chertsey, Great Britain. In the micro-
column, a fraction of T5B having a particle size of 10-15 u was employed.

Chromatographic separations. — A typical chromatogram, obtained by elution
of a mixture of several alditols and aldoses with 86% ethanol at 75.5°, is reproduced
in Fig. 2. In this experiment, the eluate was analysed by periodate oxidation according
to Method .4, which gives a strong response both with the alcohols and the sugars.
It is seen that most of the solutes are well separated from each other. For the sugar
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Fig. 2. Separaticn of various alditols and monosaccharides in 86% ethanol at 75.5°.

Resin bed, 6 x 852 mm, T5B. Flow rate, 2.51 ml.cm™2, min—L,

Glyc = glycsrol, 0.05 mg; E—I1 = erythritol, 0.05 mg; X—1 == xylitol, 0.1 mg; A—Il = arabinitol,
0.1 mg; G —1=glucitol, 0.2 mg; Ga —1=galactitol, 0.2 mg; M —1=mannitol, 0.2 mg; A = arabi-
nose,0.3mg; X =xylose, 0.3 mg; M = mannose, 0.1 mg; Ga = galactose, 0,6 mg; Gl = glucose, 0.6 mg.
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alcohols, the curves corresponding to galactitol and mannitol overlap to such an
extent that accurate determination is prevented. Similarly, mannose and galactitol
were incompletely separated from each other.
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Fig. 3. Separation of various alditols and monosaccharides in 899 ethanol at 78.5°. Determination
of monosaccharides with the orcinol method (full line), and alditols with the pentane-2,4-dione
method (broken line).

Resin bed, 6 X 915 mm, TsB. Flow rate, 3.16 ml.cm—2_min—1.

Glyc = glycerol, 0.05 mg; X — 1 =xylitol, 0.1 mg; A — I =arabinitol, 0.1 mg; G — I = glucitol, 0.2 mg;
Ga — ] = galactitol, 0.2 mg; M — 1 =mannitol, 0.2 mg; Di = digitoxose, 0.05 mg; 2d — Ri = 2-deoxy-
ribose, 0.2 mg; 2d — Ga == 2-deoxy-galactose, 0.1 mg; Rh =rhamnose, 0.05 mg; F = fucose, 0.05 mg;
Ri=ribose, 0.2 mg; L =lyxose, 0.2 mg; A =arabinose, 0.3 mg; X = xylose, 0.3 mg; M = mannose,
0.3 mg; Ga = galactose, 0.6 mg; Gl = glucose, 0.6 mg.

Fig. 3 shows a chromatogram for an analysis in which, in addition to common
hexoses and sugar alcohols, various deoxy sugars were present. The eluate was analysed
both with the orcinol method, which gives no color reaction with the alcohols, and by
periodate oxidation according to Method B, which gives only a weak response with
the sugars, but a strong response with the alcohols. By using this technique, the sugars
can be determined quantitatively in the orcinol channel without interference from
overlapping sugar alcohols. Similarly, accurate determinations of the sugar alcohols
can be carried out even if the separation from some sugars is far from complete. A
higher concentration of ethanol and a somewhat longer column were used for thisanal-
ysis, compared with that represented in Figure 2. This explains the improved separa-
tion of galactitol and mannitol, and the complete separation of mannose from galactitol.

In the analysis reported in Fig. 2, about 11 h were required to elute the last
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\
sugar alcohol. In the chromatogram reproduced in Fig. 3, the corresponding time was
16 hours. The time can be shortened by using a resin having a more uniform size of
particle; an example of a rapid separation of some sugar alcohols with a uniform resin
is given in Fig. 4. In this experiment, the total time of elution was less than 2 h, includ-
ing the time for loading the column. It is seen that the curves corresponding to
xylitol and arabinitol, under these conditions, showed some overlapping which has no
serious influence upon the evaluaticn of the chromatogram for quantitative purposes.
By increasing the column length oriethanol concentration, a complete separation was
achieved, aithough a longer time of elution was required. The chromatogram repro-
duced in Fig. 4 was obtained with a column having an inner diameter of 2 mm. Only
a 50-ug sample of each sugar alcohol was added and, although no scale expansion was
applied, the height of the peaks were 15—22 cm; this shows that the method is suitable
for microchemical work.
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Fig. 4. Separation of various alditols in 869 ethanol at 9c°.

Resin bed, 2 X650 mm, T 5B. Flow rate, 16.2 ml. cm~2. min—1.

E—1 = erythritol, 0.05mg; X—1 = xylitol; 0.05 mg; A—1=arabinitol, 0.05mg; G—1 = glucitol,
0.05 mg; M —1=mannitol, 0.05 mg.

Fig. 5. Distribution coefficients of alditols in 889 EtOH at various elution temperatures on resin T4.
-+, erythritol; %, xylitol; «,ribitol; A, arabinitol; [, glucitol; @ , mannitol.

From the peak elution volumes recorded in a great number of analyses at 75°,
with water—ethanol mixtures of varying composition, the volume distribution coefii-
cients (D) were calculated in the usual manner®. The results obtained with the two
types of resin are reproduced in Tables I and II. For comparison, results obtained
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with some sugars are included in Table II. In agreement with the results reported
earlier for a few polyhydric alcohols!?, the distribution coefficients increase with an
increased ethanol concentration. It is noteworthy that the order of elution of the
alcohols, as well as that of the monosaccharides, is independent of the ethanol
concentration and is the same with both resins. The distribution coefficients are higher
with the resin which has the highest exchange capacity. Similarly, the separation
factors (ratio between the distribution coefficients) are somewhat better with the high
capacity resin. These results are in agreement with earlier observations for mono-
saccharides*-8.

TABLE I

VOLUME DISTRIBUTION COEFFICIENTS OF ALDITOLS, AT 75° AND VARIOUS ETHANOL CONCENTRATIONS, ON
RESIN T4

76% 807, 84% 88% 907,

Erythritol 1.87 2.25 3.01 4-38 5.93
Xylitol 2.51 3.32 4.85 7-72 10.55
Ribitol 5.38 8.73 11.08
Arabinitol  2.79 3.80 5.49 9.02 12.87
Glucitol 3.97 5.79 9.25 16.60 24.40
Galactitol 11.83 21.68
Mannitol 11.94 22.21 33.75
TABLE II

VOLUME DISTRIBUTION COEFFICIENTS OF ALDITOLS AND MONOSACCHARIDES, AT 75° AND VARIOUS ETHANOL
CONCENTRATIONS, ON RESIN T5B

84% 86% 88% 90% 842 86% 83Y% 90%
Glycerol 1.72 2.07 2.34 2.68 Mannitol 13.83 19.00 27.50 40.20
Erythritol 3.30  4.15 5.19 6.16 Ribose 5.23 6.71 8.56 11.27
Xylitol 5.49 7.09 9.17 12.I4 Arabinose 8.04 1041 1375 18.50
Ribitol 6.12 7.91 10.38 14.00 Xylose 9.79 12.79 17.32 23.70
Arabinitol 6.31 8.25 10.90 14.70 Mannose 12.43 16.73 23.45 33.40
Glucitol 10.64 14.28 z20.15 28.60 Galactose 17.05 23.77 34.00 49.I0
Galactitol 13.18 17.20 Glucose 20.29 28.09 4I.20 60.70

With the potassium form of a sulfonated styrene-divinylbenzene resin, the
distribution coeflicients increased in the order: ethylene glycol < glycerol < mannitol
< glucitol, indicating that the uptake increases with an increased number of hydroxyl
groups in the solutes, and that individual differences appear among isomeric sugar
alcohols®. The results given in the Tables confirm that the same holds true with the
sulfate form of anion-exchange resins. Interestingly, the order of elution of mannitol
and glucitol is reversed. This fact demonstrates that the interaction forces between
the ions inside the resin and the alditols have a great influence upon the distribution
coefficients.
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Most of the alditols exhibit lower distribution coefficients than the corresponding
aldoses. Ribitol and mannitol are exceptions to this rule and appear after ribose and
mannose, respectively. No simple rule seems to be valid for the order of elution of
various isomers. Similarly, it has not been possible to find any simple rules valid for
the elution of various isomeric monosaccharides. This is to be expected, since the
partition of the solutes is determined not only by the differences in solubility at various
ethanol concentrations, but also by interaction forces with the resin.

A systematic study was carried out in order to establish the influence of temper-
ature upon the distribution coefficients and upon the shape of the elution curves. The
results reproduced in Fig. 5 show that the distribution coefficients decrease with an
increased temperature. This means that the solutes are eluted more rapidly at high
temperatures. From a practical point of view, it is important that, at constant flow-rate,
the pressure drop in the column decreases at high temperature. Similarly, the elution
curves are sharper. A disadvantage of working at very high temperatures is that the
separation factors are less favorable. As an example, it can be mentioned that the
elution bands corresponding to ribitol and arabinitol overlapped seriously in analyses
at 93°, whereas an excellent separation was achieved at 40°.

Reproducibility in quantitative analysis. — As already mentioned, a linear
relationship exists between the absorbance and the amounts of added alditols. Hence,
a quantitative evaluation of the chromatograms can be made using the same methods
as in amino-acid analysis'!. The results obtained in five chromatograms of a complica-
ted mixture, with each of the two analytical methods, are summarized in Table III.
All runs were made with the same amount of added alditols and aldoses, and the
mean areas corresponding to a 0.2-mg sample are given in the first two columns. It
is seen that the response differs with different solutes. Large differences exist even

TABLE III

REPRODUCIBILITY OF THE AREAS OF THE ELUTION CURVES & (ABSORBANCE persus ELUATE VOLUME)
Mean areas Maximum deviation from mean, %,
Method A Method B Method A Method B

Erythritol®>  8.15 13.2 +1.4(—1.6)¢° +0.7(—0.9)

Xylitol 4.42 10.1 +2.3 (—1.7) — 1.3 (4+0.9)

Arabinitol 10.1 10.3 + 1.7 — 1.0

Glucitol 7.38 6.65 — 3.6 (42.1) +2.0 (—1.3)

Mannitol 9.60 8.96 + 2.1 (—2.6) +0.4 (40.6)

Arabinose 4.95 0.73 + 2.8 (—1.2)

Xylose 5.02 < 0.2 — 7.4 (—5.9)

Galactose 2.96 0.37 + 3.7 (+1.8)

Glucose 4.27 0.13 — 3.7 (—2.5)

aColumn: 4 X 720 mm, T5B. Eluant: 859 ethanol. Temperature: 76°. Flow rate: 8.0 ml.cm—2.
min—1.

vAdded 0.08 mg, instead of 0.20 mg as used with other solutes.

cValues in parenthesis refer to calculations with arabinitol as internal standard.
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between isomeric solutes, which shows that the yield of formaldehyde is not quantitative
under the conditions chosen. It is noteworthy that, with erythritol and xylitol, the
oxidation in acid mediuvm (Method B) gives a higher response than oxidation at pH 7.5
(Method A), whereas, with the hexitols, the opposite holds true.

To demonstrate the reproducibility of the method, the maximum deviation
from the mean in the five experiments was calculated. In Method A4, in which both
alditols and sugars can be determined, the maximum deviation from the mean was
3.6% with the alditols. One of the determinations of xylose was less reproducible,
with a deviation of 7.4%;. The data have also been recalculated using arabinitol as an
internal standard. It is seen that, with this procedure, the maximum deviation decrea-
sed to 2.6 % for the alditols (mnannitol) and 5.9% for xylose. The large error obtained
with xylose is explained by the overlapping with glucitol.

Method B, which gives a much lower response with the sugars, is much more
convenient for determination of the alditols in the presence of monosaccharides. It is
seen that better reproducibility was achieved; the maximum deviation was 2%, and,
by use of an internal standard, the deviation was lowered further. As mentioned
previously, the sugars can be determined in a second channel, for example, by the
orcinol methodS.
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SUMMARY

An automated method for the determination of alditols and aldoses in compli-
cated mixtures is described. The solutes were separated on a column of anion-exchange
resin in its sulfate form, using water—ethanol as the eluant. The eluate was analysed
automatically by periodate oxidation and subsequent colorimetric determination of
released formaldehyde, using pentane-2,4-dione.
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INTRODUCTION

The amorphous fraction of a polysaccharide gel may be demonstrated by its
physical characteristics or its chemical accessibility. One such measurement of accessi-
bility is the relative amount of exchangeable hydroxyl hydrogen. Lang and Mason!
used radioactivity determinations in demonstrating that hydrogen could be exchanged
with tritium in both cellulose and starch, and indeed they estimated that cellulose had
71—73 % accessible protons on the hydroxyl groups and that the accessibility of amylose
and of amylopectin was 100%. In essence, the indication was that there were no
inaccessible, i.e. crystalline, regions in these starch materials despite X-ray evidence
of crystallinity in their amylose sample.

Similar results were obtained by Taylor et al.?. They immersed samples of
native starches, amylose, and hydrolyzed amylose in liquid deuterium oxide. On the
basis of their calculations, which were based on weight, all samples approached 100%
exchangeability with deuterium after 1 h immersion. These investigators concluded
that although crystalline regions are present, the hydroxyl hydrogens in these regions
are also completely exchangeable, regardless of the crystalline type.

On the other hand, Ceh and Had¥i® found that the infrared spectrum of deut-
erated amylose film retains the OH absorption band and that accessibility (measured
by the relative areas under the OH and OD peaks) decreases as the film ages. Similarly,
Horitsu* showed with infrared spectra that regions inaccessible to deuterium (vapor)
exchange are present in native starch and to a lesser extent in modified starch.
However, Taylor et al? suggested that equilibrium with deuterium oxide was not
attained by Ceh and HadZi® during several half-hour deuterations in the vapor phase
and stated “it cannot be concluded that resistant hydroxyls have been demonstrated
in their work™.

Because inaccessible regions have been shown both in cellulose’:¢ and starch’
by various techniques, it seemed useful to use infrared methods to re-examine the
question of accessibility and deuterium exchange in starches that had been immersed
in liquid deuterium oxide, after the suggestion of Taylor et al.2.

*Present address: Food Technology Department, Cairo University, Giza, Cairo, Egypt, U.A.R.
Carbohydrate Res., 3 (1966) 97-101
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MATERIALS AND METHODS

The following samples were used: (1) Native potato starch, which was washed
from comminuted fresh tubers, mixed with methanol and decanted 3 times, defatted
with ethanol for 48 h in a Soxhlet extractor, and dried in vacuo (100 z Hg) at 70°;
(2) “Nepol” amylose (Staley Mfg. Co.), which was purified once with 1-pentanol
and 3 times with butyl alcohol®, and then was mixed with butyl alcohol at 3° and
decanted 4 times, and finally was stirred for 48 h with ethanol at room temperature, de-
fatted, and dried as in (1); (3) amylomaize (native maize starch of high amylose con-
tent), which was obtained from the American Maize Products Co. and defatted as in(1);
(4) gelatinized, precipitated (“retrograded™) potato starch, which was prepared by
heating 29 potato starch in water under nitrogen at 70°, then was held at 3° for 10
days, frozen, and dried in vacuo (100 u Hg), and finally was ground to passan 8o-
mesh sieve; (5) cotton cellulose, which was extracted with an ethanol-benzene mix-
ture, hot dilute hydrochloric acid, and hot dilute sodium hydroxide®.

All starch samples had the B X-ray diffraction pattern. X-ray estimates of crystal-
linity were made by the method of Hermans and Weidinger'%-!! for cellulose and by
the same method, modified’, for starch. The samples were held at a constant relative
humidity of 80% in a special chamber!2.

Before deuteration, the samples were sieved at 325 mesh{44 z). Deuteration was
accomplished by suspending a sample in liquid deuterium oxide (5 D,O:1 sample
by gross weight) under nitrogen after the sample had been kept in vacuum under 10~ 1z
Hg pressure for 24 h at room temperature and then brought in direct contact with
an atmosphere of oil-pumped nitrogen. The deuterium oxide used (Matheson, Coleman,
and Bell Co.) had a reported purity of 99.5% deuterium, which was confirmed by
measuring the density in a specific-gravity balance. The sample remained in deuterium
oxide for 24 h and was then dried by evacuation (in the same sample-chamber) under
16~ 1 Hg pressure for 48 h at room temperature. Oil-pumped nitrogen gas wasadmitted
to the evacuated sample chamber, and the sample was transferred under positive nitro-
gen pressure to hexachloro-1,3-butadiene (CCl, =CCICCl=CCl;) as a suspension
agent (minimal absorption in the range 2000-4500 cm™Y).

The suspension (ground sample in hexachloro-1,3-butadiene) was placed between
sodium chloride plates in a Beckman IR-5 spectrometer. Infrared spectra were obtain-
ed for samples in both the original (protonated) and the deuterated states. Deter-
minations were made for 3 different specimens of each sample, except for single samples
of amylose and precipitated potato-starch gel.

RESULTS

In polysaccharides, the CH stretching frequency occupies the region near
2900 cm ™! (Ref. 13), and the OH stretching frequency lies between 3300 and 3400cm™?!
(ref. 14 and 15). These are the only absorption peaks in the 2000-4500 cm ™! region.
Upon deuteration, the OH peak decreases to a greater or lesser extent, and a large
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new peak appears at about 2500-2600 cm ™%, the OD stretching frequency>-4-6-16,
In no case did the absorption peak at 3400 cm™! (the OH stretching frequency)
disappear. (Fig. 1 shows the transmission spectra of representative samples.) Measure-
ment of the areas under the OH and OD peaks (after conversion of the vertical
coordinate to transmittance and the horizontal coordinate to wave number'?) per-
mitted an assessment of the relative crystallinity of the samples: The calculation was

based on assigning twice the area under the OD peak to the amorphous (accessible)
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Fig. 1. Infrared transmission spectra of samples after deuteration for 24 h in large excess of deuterium
oxids; the OD band, at about 2500 cm—1, does not appear in spectra of undeuterated samples. A,
cotton cellulose; B, amylose; C, native amylomaize; D, retrograded potato-starch gel; E, native
potato-starch. Although abscissas are given in terms of wave number, they were recorded linear-
ly with wave length. Peak-area calculations were based on wavenumber and transmittance as

coordinates®?.

content of the sample and the area under the OH peak to the crystalline (inaccessible)
content, the sum of the 2 areas being the basis for computation. [Theoretically, the OH
intensity is greater than the OD intensity by a factor of 2 (ref. 18).] The average
relative crystalline content of each sample is given in Table 1 (the range of these
values is about +-6%). Also listed in this table are the crystallinity values that have
been derived from the X-ray diffraction data.
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DISCUSSION

Regardless of the exact values for the ratios of integrated intensitics (see below),
it is evident that even, with longer periods of immersion in liguid deuterium oxide
than those used by Taylor et al.?, there remain unsubstituted OH groups in these
starch samples. Hence, there are inaccessible regions in starch, which may be conceived
as crystalline in large part.

The calculation of the integrated intensities has been based on the theoretical
consideration of Wilson et al.'® which relates, with qualifications, peak intensity
inversely to the mass of the vibrating atom. Thus, if their qualifications be accepted as
valid, Kop/Koy would be 2.0, which is the relationship used in this study. However,
Mann and Marrinan® estimated this ratio as 1.1 in viscose. Nevertheless, it seemed
justifiable to use the higher value of 2.0 not only because of theory but also because
of the fact that use of the lower value would yield crystalline contents much higher
than are at all reasonable for starch or cellulose.

TABLE 1
CRYSTALLINE CONTENT OF POLYSACCHARIDES

Polysaccharide Method of determination

Deuterium exchange X-ray diffraction

% %
Celluloss 68 70
Potato starch (native) 24 28
Potato starch (retrograded gel) 33 14
Amylomaize 25 24
Amylose 24 25

A comparison of the figures in the two right-hand columns of Table I shows
that the computation of crystallinity from infrared spectra gives values that agree
essentially with those determined on the basis of X-ray diffraction. A major differen-
ce, however, is shown for the retrograded potato-starch gel. This interesting result
is based on a single sample and may therefore be doubted. It suggests that, in the
retrograded gel, some part which is inaccessible to deuteriumexchange is not organized
in a crystalline manner. Such a result could have been expected on the basis of what
is known of the solubility and other characteristics of retrograded starch. This ma-
terial is quite resistant to hydrolysis and to dispersion in water even at autoclave
temperatures!?:20,

The results of this experiment contradict those of Taylor et al.? and of Lang
and Mason®. It is not possible at present to explain this difference. Repeated tests of
our starch samples under various conditions of deuteration always showed remaining,
a significant OH band whose peak area depended on the crystalline composition of
the sample. Moreover, it might be suggested that, if it is impossible for water to disrupt
the crystalline structure of starch at room temperature, it'is difficult to understand
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how deuterium oxide could accomplish such a hypothetical disruption as would be
understood from the work of Taylor et al? and Lang and Mason!. Using infrared
spectroscopy, Mann and Marrinan® (with samples immersed in liquid deuterium oxide)
determined a crystalline content of 619 in bacterial cellulose, which was based on
peak-heights only. It should be noted that, on the basis of a gravimetric analysis of
deuterium oxide uptake, Jeffries?! found 61% of crystallinity in ramie and
589 in cotton, while Morisson22also determined 62% of crystallinity in cotton. These
concurring figures are closely in accord with that shown here for cotton celiulose.
Hermans® has already demonstrated that the crystallinity of native celluloses, as
determined by various methods, lies between 60 and 709%,. All these values clearly

are at variance with those given by Lang and Mason! (27-290%).

SUMMARY

Various starch materials and cotton cellulose were deuterated inliquid deuterium
oxide. Relative accessibility (amorphous content) was determined by infrared spectro-
scopy. The values obtained agreed on the whole with those determined by X-ray
diffraction methods. In all cases, there was a residuum of inaccessible (usually crystal-
line) material which could not be deuterated.
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INTRODUCTION

Cell-free extracts of the ciliate Tetrahymena pyriformis show a wide range of
carbohydrase activities, including maltase, but when the extracts are incubated with
concentrated solutions of maltose, various oligosaccharides are synthesised®. These
include isomaltose, maltotriose, panose, 63-a-D-glucosylmaltotriose and maltotetraose,
and they arise by transfer of an a-D-glucosyl residue from maltose to either D-glucose or
a maltosaccharide. Hence, the OH group at C-6 of D-glucose, or at both C-4 and C-6
of the non-reducing residues of maltose and maltotriose, can serve as acceptors of
e-D-glucosyl residues. The extracts were unable to polymerise D-glucose. In further
studies of the acceptor specificity, digests were prepared containing maltose and pen-
toses, and, by paper chromatography, evidence for the formation of «-D-glucosyl-
pentose disaccharides, in addition to isomaltose, panose, and maltotriose, was obtained?.
In an attempt to favour the formation of pentose-containing oligosaccharides at the
expense of maltosaccharides, we have used phenyl «-D-glucopyranoside as «-p-glucosyl
donoi. By this means, several new disaccharides have been prepared. A preliminary
account of part of this work has been publishe@3,

The above experiments represent trans-a-pD-glucosylation reactions. We have
previously shown* that extracts of barley can transfer g-pD-glucosyl residues from
cellobiose, with the formation of various oligosaccharides. Salicin has now been tested
as a f-p-glucosyl donor, and, in the presence of D-xylose and a barley S-glucosidase
preparation, f-p-glucosyl-p-xylose disaccharides were formed.

MATERIALS AND METHODS

Materials
We are indebted to Dr. J. F. Ryley for freeze-dried cells of Tetrahymena pyri-
formis. The preparation described previously? (Extract 4) was used for most of the

*For Part X1V, see Ref. 1.
**present address, Department of Brewing and Applied Biochemistry, Heriot—-Watt University,
Edinburgh.
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experiments, but a more recent preparation (Extract B) showing a similar, but
stronger, activity was used for the preparation of the «-p-glucosyl-lyxoses.

Phenyl «-D-glucopyranoside was prepared from penta-Q-acetyl-a-D-glucopyra-
nose by treatment with phenol and zinc chloride in acetic acid®, followed by deacety-
lation®. The product had m.p. 173—4° and [«]lf +186° (¢ 1.80, water). 3-O-a-D-
Glucosyl-D-arabinose and §-0-e-D-glucosyl-D-arabinose were prepared from maltose
and isomaltose, respectively, by the method of Whistler and Yagi’.

General methods

Solutions of carbchydrates were concentrated under vacuum at temperatures
below 40°. Disaccharides (ca. 2 mg) were hydrolyzed with 1.5N sulphuric acid (0.2 ml)
at 100° for 2 h, and barium carbonate was used for neutralization. Disaccharides
(ca. 2 mg) were reduced with potassium borohydride (2 mg) in water (1 ml) at 20°
for 24 h, and the solution was then deionised with Amberlite IR-120 (H* form).
Borate ions were removed by successive evaporations with methanol. For the methyl-
ation of disaccharides, the method of Kuhn et al.® was used; the disaccharide (0.5-2.0
mg), methyl iodide (0.2 ml), N,N-dimethylformamide (0.2 ml), and silver oxide (0.2 g)
were shaken in the dark at 20° for 24 h. Two such treatments were generally sufficient.
For methanolysis, 3% methanolic hydrogen chloride at 100° for 5-6 h was used, the
hydrogen chloride was removed by repeated evaporation with methanol, and the
products were examined by gas-liquid chromatography® (g.l.c.), using a Pye Argon
chromatograph. We are indebted to Dr. G. O. Aspinall for these analyses.

The reduction of periodate was measured spectrophotometrically*®.

Paper chromatography

The following solvent systems were used with Whatman No. 1 and 3 MM papers
(v/v): (4) ethyl acetate-pyridine—water (10:4:3); (B) ethyl acetate—-acetic acid—formic
acid—water (18:3:1:4); (C) butanol-acetic acid—water(4:1:5, upper layer) ; (D) butanone—
water-ammonia (200:17:1). In addition to aniline oxalate and silver nitrate, the
following reagents were used in spot tests or as chromatographic sprays: (a) 2,3,5-
triphenyl-2 H-tetrazolium chloride, as a specific test for (1 —2)-linked disaccharides®*;
(b) periodate-p-rosaniline, as follows: disaccharides were sprayed with a solution
containing equal volumes of 29 sodium metaperiodate solution and o.1M phosphate
buffer (pH 8.0). The chromatogram was left at 20° for 5 min, before treatment with
sulphur dioxide and spraying with the p-rosaniline reagent. The inclusion of phosphate
buffer gave clearer yellow colours with 3-O-substituted hexoses and pentoses, and,
in several cases, spots having blue centres were completely avoided. Reduced disaccha-
rides were treated exactly as described by Hardy and Buchanan'?. Carbohydrates
(e.g., 2-0- and 3-O-substituted pentoses and 3-O-substituted pentitols) which give
rise to a malonaldehyde derivative on periodate oxidation at room temperature give
a yellow colour with the reagent, whereas those carbohydrates (e.g., 4- O-substituted
pentoses and 2-0- and 4-O-substituted pentitols) which do not yield a malonaldehyde
derivative give a blue colour. By examining the colour produced before and after
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borohydride reduction, it is therefore possible to distinguish between (1 —2)-, (1—3)-
and (1 —4)-linked glucosylpentoses.

Paper electrophoresis

Separation of disaccharides was effected using a Shandon small-scale electro-
phoresis apparatus, with o.05M borate buffer (pH 10.0) and 10-20 volt/cm for 0.5-2.5 h.
Results are expressed as M values (glucose = 1.00). Disaccharide alcohols were run
in molybdate buffer!3 (12.5 g of sodium molybdate in 1200 ml of water, adjusted to
PH 5.0 with sulphuric acid), but using half the recommended concentration of buffer
to reduce background colour with silver nitrate reagent. Results are expressed as My
values (glucitol = 1.00).

From inspection of the formulae, 2-0- and 4- O-substituted xyloses should have
a low mobility (M; 0.15-0.30) in borate buffer, whilst 3-0- and 5-O-substituted
xyloses should have a high mobility (M; 0.50-0.90). In molybdate buffer (pH 5),
2-0- and 4-O-substituted xylitols, 4-O-substituted arabinitols, and 2-O-substituted
lyxitols should have a low mobility, 5-O-substituted xylitols, arabinitols, and lyxitols
should have high mobility, whilst 3-O-substituted xylitols, arabinitols, and lyxitols, and
4-O-substituted lyxitols should be immobile.

Isolation of disaccharides

Small-scale digests (total volume, 1 ml) containing phenyl «-p-glucopyranoside,
pentose, and extract were prepared, and analysed at intervals by paperchromatography.
The time at which the maximal amount of D-glucosylpentose (which gave a pink
colour with aniline oxalate) was produced, with minimal formation of isomaltose,
was noted. Large-scale digests were then prepared and incubated at 36° for this time.
The solution was heated at 100° for 20 min, to inactivate the extract, and cooled, and
denatured protein was removed by centrifugation. The solution was concentrated and
applied to a charcoal-Celite column, prepared by the method of Andrews et al.'4
from either B. D. H. or Ultrasorb Charcoal, which was eluted with water and increasing
concentrations of aqueous ethanol. Fractions (ca. 200 ml) were collected, concentrated,
and examined by paper chromatography (usually with solvent 4). Mixed fractions
were chromatographed on sheets of Whatman 3 MM paper.

RESULTS

Action of protozoal extract on phenyl a-D-glucopyranoside in the absence and presence
of other carbohydrates

The following results were obtained by paper-chromatographic analysis of
small-scale digests (final volume, 0.5 or 1.0 ml), and tentative identification of products
is based on a comparison of R values with authentic samples.

When phenyl «-D-glucopyranoside (10%) and extract 4 (1%{) were incubated
at 36°, glucose was detected within 15 min, maltose and isomaltose within 1 day, and
oligosaccharides having R;0.30 and 0.22 within 5 days. However, by halving the
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concentration of phenyl a-D-glucopyranoside, the amount of maltose produced was
barely detectable even after 10 days, although small proportions of isomaltose were
still formed.

Digests containing phenyl a-D-glucopyranoside (1%), acceptor (1%), and
extract (0.29,) were incubated (under toluene to prevent microbial contamination)
for 2—3 days, and then fractionated by paper chromatography. New components
were isolated, and shown by acid hydrolysis to be composed of glucose and the
acceptor. The following served as acceptors: D-galactose, D-mannose, D-xylose,
D-ribose, D-lyxose, D-arabinose, L-arabinose, D-mannitol, b-glucitol, xylitol, p-ara-
binitol, erythritol, glycerol, and ethylene glycol. The following were non-acceptors:
p-fructose, L-fucose, L-thamnose, D-glucuronic acid, sucrose, and methyl a-D-gluco-
pyranoside. Control digests containing extract and either D-glucose, p-xylose, or a
mixture of D-glucose and D-xylose, did not produce oligosaccharides. The above
results therefore show that the extract can transfer a D-glucosyl residue from phenol to
several carbohydrates, including five pentoses, with the formation of new Dp-glucosyl-
acceptor disaccharides.

Preparation and properties of O-a-D-glucosyl-D-xylose

Phenyl a-D-glicopyranoside (4.5 g), D-xylose (5.0 g), extract 4 (1 g), and water
(100 ml) were incubated under toluene at 36° for 8 days. After heat treatment and
centrifugation, the solution was concentrated and applied to a charcoal-Celite
column, which was eluted with water and 59%; ethanol. The fractions containing gluco-
sylxylose (R 0.68 in solvent 4) were combined, concentrated, and freed by preparative,
paper chromatography from small proportions of isomaltose and a sugar having
R 0.85, which stained pink with aniline oxalate. The glucosylxylose was isolated as a
thin syrup which solidified on addition of ethanol; it was washed with ether and dried
under vacuum at 20°. Yield, 231 mg.

The glucosylxylose was homogeneous on paper chromatography in solvents
A, B, and C; on total, acid hydrolysis, glucose and xylose were formed in equal
amounts (visual estimation), and, on borohydride reduction, followed by acid hydro-
lysis, glucose and xylitol were produced. The disaccharide had [«]1® --10I (10 min)
— +97° (constant, 100 min) (¢ 0.89, water) and was not hydrolysed by almond
[-glucosidase. On electrophoresis, the disaccharide had an M value of 0.26 suggesting
that the linkage was (I1—2) or (1 »4). Maltose, laminaribiose, isomaltose, and 3-O-§-
D-glucopyranosyl-D-xylose had M; values of 0.28, 0.56, 0.55, and 0.64, respectively.
The borohydride-reduced disaccharide had an M value of 0.30in molybdate buffer (¢f.
M 0.33 for cellobi-itol and maltitol, and o.00 for laminaribi-itol) which also suggested
a(1—2) or (1—4) linkage. However, since the disaccharide rapidly produced a rich,
pink colour with triphenyltetrazolium chloride, a (1—2)-linkage was unlikely. The
disaccharide and the derived alcohol both gave blue colours with the p-rosaniline
reagent, whereas 3-O-g-D-glucopyranosyl-D-xylose gave a yellow colour. A (I—2)-
linked glucosylxylose would also give a yellow colour.

The disaccharide (10.4 mg) was oxidised with 0.015M sodium metaperiodate
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(25 ml) at 20°. After 1.5, 7.5, 20.5, and 27 h, the reduction of periodate was 1.9, 3.2,
3.9, and 3.9 (constant) mol. This value agrees closely with that expected from a
(1—4)- or (1—5)-linked glucosylxylose (4.0 mol.). '

The disaccharide (60 mg) in N,N-dimethylformamide (10 ml) was methylated
with methyl iodide (10 ml) and silver oxide (1 g). The methylation was repeated, the
methylated disaccharide (recovered in 60Y yield) was hydrolysed, and the neutralised
solution was applied to a small cellulose-column which was eluted with methyl ethyl
ketone-water (10:1, v/v). Fractions (2 ml) were collected and analysed by paper
chromatography (solvent D). Fractions 5 and 6, which contained tetra-O-methyl-D-
glucose, were evaporated to a syrup (22 mg) which crystallised after two days. The
product was recrystallised three times from light petroleum (b.p. 60-80°) to yield
colourless crystals (16 mg) which had mp. 83-84°, undepressed on admixture with
2,3,4,6-tetra~- O-methyl-D-glucose, and [«]1® 4-85° (c 0.5, water; lit., +-84°). The crystals
gave an X-ray powder photograph identical with that from 2,3,4,6-tetra-O-methyl-D-
glucose.

Fractions 7 to 12 contained a di-O-methylxylose and a trace of another sugar,
and were purified by paper chromatography to yield a pale-yellow syrup (15 mg) which
crystallised on seeding with the f-form of 2,3-di-O-methyl-D-xylose. The crystals
had m.p. and mixed m.p. 78-81°, and gave an X-ray powder photograph identical
with that of 2,3-di-O-methyl-D-xylose.

Subsequent fractions contained only traces of undermethylated products.

Although the periodate oxidation and methylation studies indicated that the
disaccharide was 4-O-a-D-glucopyranosyl-D-xylopyranose, the remote, but possible,
presence of 5-0-a-D-glucopyranosyl-D-xylofuranose (which would also give rise to
2,3-di-O-methyl-pD-xylose and reduce 4.0 mol. of periodate) had not been eliminated.

The disaccharide (20 mg) in water (20 ml) was treated with potassium boro-
hydride (10 mg) at 20° for 12 h. The excess of borohydride was destroyed, borate
was removed by successive evaporation with methanol, and the solution was adjusted
to pH 4, before the addition of sodium metaperiodate (40 mg) and dilution to 250 ml.
After 24 h at 20°, the solution was deionised with Amberlite IR-120 (H* form) and
IR-45 (HO™ form) resins and concentrated to 20 ml. The solution was again treated
with borohydride, and then hydrolysed with sulphuric acid. By paper chromatography,
glucose and glycerol were found to be the major products; ethylene glycol was absent.
This result showed the presence of a (1—4)-linked xylopyranose residue, since a
(1 —5)-linked xylofuranose residue would yield ethylene glycol. The reaction conditions
were tested with isomaltose, which gave the expected mixture of glucose and ethylene
glycol, and with maltose, which yielded glucose and glycerol. It should be noted that
with dilute solutions of periodate, non-reducing glucose residues are not oxidised!>.

Preparation and properties of O-a-D-glucosyl-D-ribose

From a digest containing D-ribose (5 g) in place of the D-xylose used previously
(p- 105), a disaccharide fraction (200 mg) was isolated. Themajorcomponent had Rg
0.76 in solvent 4 and gave a pink colour with anilinc oxalate. Isomaltose and a
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sugar having R; 0.85 were trace impurities, and were removed by preparative, paper
chromatography. The minor component (R 0.85) gave a yellow colour with the
periodate—p-rosaniline reagent before borohydride reduction, and a blue colour after
this treatment. It did not react with the triphenyltetrazolium chloride reagent, and
under u.v. light gave an orange fluorescence with aniline oxalate. It was probably a
(1—2)-linked «-p-glucosyl-p-ribose.

The major glucosylribose was homegeneous on paper chromatography in
solvents 4 and B; on total hydrolysis by acid, glucose and ribose were formed in
equal amounts (visual estimation) and on borohydride reduction, followed by acid
hydrolysis, glucose and ribitol were produced. The disaccharide had [a]3® + 93°
(c 0.95, water), and Mg 0.28 {¢f. M¢ 0.28 for maltose). The reduced disaccharide had
Mg o.01 which indicated the absence of a (1-»5)-linkage. The disaccharide reacted
rapidly with triphenyltetrazolium chloride, suggesting the absence of a (1 - 2)-linkage,
and gave a blue colour with periodate—p-rosaniline. A (1 »2)- or (1 »3)-linked disacchar-
ide would give a yellow colour, due to the formation of a malonaldehyde structure!?,

The disaccharide (10.6 mg) was oxidised with 0.015M sodium metaperiodate
(25 ml) at 20°. After 0.5, 3, 10, 21, and 31 h, the reduction of periodate was 2.1, 2.9,
3.6, 3.7, and 3.7 (constant) mol. These results confirmed the absence of (1—»2)- or
(1—3)-linkages, and, together with the previous evidence, characterised the disaccharide
as 4-O-a-D-glucopyranosyl-p-ribose. This conclusion is strengthened by the fact that
the borohydride-reduced disaccharide had the same R value (in solvents A and B)
and Mg and Mg values as an authentic sample of 4-0-x-D-glucopyranosyl-D-ribitol,
kindly provided by Dr. A. R. Archibald.

Preparation and properties of O-a-D-glucosyl-p-arabinoses

A mixture of glucosylarabinose disaccharides (i9o mg) was isolated from a
digest containing D-arabinose (5 g), phenyl a-D-glucopyranoside, and extract 4. By
paper chromatography in solvent A4, the presence of four sugars was shown, all of
which stained pink with aniline oxalate (see Table I); compound A3 gave a bright-
orange fluorescence under u.v. light; this has been observed only with (1 —»2)-linked
disaccharides. The results of a preliminary examination (Table I) suggested that the
following linkages might be present: component Al, (I—4); component A2, (I1—3);
component A3, (1-+2); and component A4, (1—55).

The mixture was partially fractionated by thick-paper chromatography into
fraction 4 (160 mg., containing components A1, 2, and 3) and fraction B (30 mg,
containing components A3 and 4). Neither fraction was hydrolysed by almond
B-glucosidase. The two fractions were then methylated, methanolysed, and examined
by g.l.c. For both methanolysates, the presence of peaks corresponding to the methyl
glycosides of 2,3,4,6-tetra- O-methyl-D-glucose, 2,3- and 3,4-di-O-methyl-D-arabinose
was indicated, together with other peaks. Peaks corresponding to the methyl glycosides
of 2,4-or 2,5-di- O-methyl-D-arabinose would probably overlap with the other products.
In fraction A4, the 2,3-di-O-methyl-p-arabinose would arise from a (1 —4)-linked, and
the 3.4-isomer from a (1—2)-linked disaccharide. In fraction B, the 3,4-isomer would
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TABLE I
PROPERTIES OF O-D-GLUCOSYL-D-ARABINOSES (A1-A4) AND O-D-GLUCOSYL-D-LYXOSES (L1-L3).

Disaccharide

Ar A2 A3z Ay Xa Yo Lr L2 L3

R value, solvent 4 061 070 0.77 o0.89 o0.70 0.89 o0.70 0.96 0.87
Reaction with triphenyltetrazolium

chloride + + - + + + + - +
Colour? with periodate—p-rosaniline
(a) before reduction b y y b y b b y y
(b) after reduction b vy b b v b b b y
Mg value, borate - 0.57 0.31 0.45 o0.58 0.47 0.45 0.25 0.45
Mg value, molybdate 0.22 0.00 ©0.0I 0.43 ©0.00 ©0.4I 0.04 0.20 0.06

a¥X, 3-0-a-D-glucopyranosyl-nD-arabinose; Y, 5-O0-a-D-glucopyranosyl-p-arabinose.
bb, blue; y, yellow.

also arise from component A3, and the presence of 2,3-di-O-methyl-D-arabinose is
consistent with a (1 —5)-linked glucosylarabinofuranose structure for component A4.

By repeated paper chromatography, milligram quantities of the four sugars
were isolated in a chromatographically pure state. On acid hydrolysis, each gave
glucose and arabinose before, and glucose and arabinitol after, reduction with boro-
hydride. The colours formed with the periodate-p-rosaniline reagent, before and after
reduction, were consistent with the tentative structures assigned to each component.
In addition, (1 —»4)- and (1 —5)-linked disaccharides could be distinguished by molyb-
date electrophoresis, after borohydride reduction'®. Component A4 had My 0.4, as
had an authentic sample of 5-0-a-D-glucopyranosyl-D-arabinitol; component A2
was virtually immobile, as was 3-0O-x-D-glucopyranosyl-p-arabinitol, and component
AT had M 0.22, in agreement with the theoretical mobility.

It is therefore concluded that transfer of a-p-glucosyl residues to positions
2, 3, 4, and 5 of p-arabinose had occurred, with the formation of a mixture of four
glucosylarabinose disaccharides.

Preparation and properties of O-D-glucosyl-p-Iyxoses

From a digest containing phenyl «-D-glucopyranoside (2.25 g), D-lyxose (2.5 g),
extract B (0.5 g), and water (50 ml), which had been incubated under toluene at 36°
for 4 days, a mixture of three disaccharides was isolated by charcoal-Celite chromato-
graphy. These wereseparated by preparative, paperchromatographyto givecomponent L
{147 mg, R¢ 0.44 in solvent B, [«]L® +102° (¢ 1.26, water)}, component L2 {60 mg,
R 0.68, [alp +74° (c 1.00, water)}, and component L3 {29 mg, R; 0.59, [«], -1-88°
(¢ 1.00, water)}. The three components were chromatographically and electrophore-
tically pure, were not hydrolysed by almond f-glucosidase, yielded glucose and lyxose
on acid hydrolysis, and glucose and Iyxitol after reduction and acid hydrolysis. From
a preliminary examination (Table I), and the fact that component L2 gave a fluores-
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cent colour with aniline oxalate, it was probable that L1 was (I —4)-linked, L2, (1—2)
linked, and L3 (1—3)-linked.

The disaccharides (5 mg each) were methylated, and the products divided.
One portion was hydrolysed and examined by paper chromatography (solvent D);
each hydrolysate contained tetra-O-methylglucose (TG) and an equal proportion
(visual estimation) of a second sugar. The Ry values and colours with aniline oxalate
were L1, 0.47, brown; L2, 0.50, pink; L3, 0.56, pink. An authentic sample of 2,3-di-O-
methyl-D-lyxose had R;; 0.47, and gave a brown stain with aniline oxalate. It should be
noted that methylated sugars having a free OH at C-4 also give a brown colour,
whereas those etherified at position 4 gave a pink colour.

The results suggested that L1 was 4-O-a-D-glucopyranosyl-D-lyxose, and this
was confirmed by g.l.c. of a methanolysate of the methylated material. Peaks corres-
ponding to the methyl glycosides of 2,3,4,6-tetra- O-methyl-p-glucose and 2,3-di-O-
methyl-D-lyxose were detected. The major peak of the latter had relative retention
times of 1.70 and 0.87 on columns of neopentylglycol adipate at 150° and polyphenyl
ether [m-bis(m-phenoxyphenoxy)benzene] at 200 °; ¢f authentic values of 1.69 and
0.88.

The di-O-methyl-lyxoses from disaccharides L1, L2, and L3 were isolated by
paper chromatography, and reduced with borohydride. The solutions (0.01 ml) were
treated with o0.3M sodium metaperiodate (0.01 ml) for 24 h and the products were
examined by aniline oxalate spot-tests. The products from L1 and L2 gave a pink
colour whereas that from L3 gave no reaction. A (i—3)-linked glucopyranosyl-
lyxofuranose would yield a partly methylated lyxose having adjacent OH groups at
C-3 and C-4; this would be susceptible to periodate oxidation and thence give a
positive reaction with aniline oxalate. The lack of reaction is in accord with the view
that L3 is 3-O-a-p-glucopyranosyl-pD-lyxopyranose.

Preparation and properties of O-f-D-glucosyl-D-xylose

Preliminary experiments by Mr. J. Walker had shown that a barley
B-glucosidase preparation* could transfer a f-p-glucosyl residue from salicin to
various pentoses with the formation of new sugars having the R values of f-D-gluco-
sylarabinose, f-D-glucosylxylose, f-D-glucosyl-lyxose and f-pD-glucosylribose.

From a large-scale digest of salicin (40%), D-xylose (20%), and barley
[-glucosidase (1.29) in a total volume of 40 ml incubated for thiee days at 35°, and
subsequent charcoal-Celite chromatography, fractions containing small amounts of
two glucosylxyloses had been isolated. One of these was chromatographically identical
with 3-O0-f-D-glucopyranosyl-D-xylopyranose'®. The second sugar was purified by
preparative, paper chromatography (yield, 190 mg), and examined by the methods
given in Table II. The results show that the new disaccharide is 4-O-f-D-glucopyrano-
syl-D-xylopyranose, and this conclusion was confirmed by small-scale methylation
analysis. A methanolysate, on examination by g.l.c., contained the methyl glycosides
of 2,3,4,6-tetra-O-methyl-D-glucose and 2,3-di-O-methyl-D-xylose.
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TABLE 11
PROPERTIES OF C-D-GLUCOSYL-D-XYLOSES

Enzyme source

Tetrahymena Barley

pyriformis
{c]p, water +97° —7°
Rg value, solveat 4 0.68 0.68
Colour with aniline oxalate pink pink
Mg value, borate 0.28 0.28
Mg value, molybdate 0.30 0.30
Reaction with triphenyltetrazolium chloride -+ +
Colour with periodate—p-rosaniline reagent blue blue
Products on reduction, followed by acid hydrolysis glucose, xylitol  glucose, xylitol
Hydrolysis by almond ﬂ-glucosidase — -+
Periodate reduction, mol. 3.9 3.8

DISCUSSION

The present investigation has shown that extracts of Tetrahymena pyriformis
can transfer o-D-glucosyl residues from phenyl a-D-glucopyranoside to a variety of
acceptors including aldohexoses, D-pentoses and certain alcohols, but not to b-fructose,
6-deoxy-L-hexoses, or to b-glucuronic acid. Since trans-«-p-glucosylation to p-glucose
results in the formation of maltose and isomaltose, it was of interest to examine the
transfer to the stereochemically related pD-xylose. From a digest containing D-xylose
(5 2), 2 new disaccharide (ca. 230 mg), [¢], -+97° (water), was isolated, which has been
characterised as 4-O-a-D-glucopyranosyl-D-xylopyranose. Only a trace of a second
glucosylxylose was produced. The (1-—4)-linked disaccharide had been prepared by
Hassid and co-workers'?, using a bacterial enzyme preparation, f-pD-glucose 1-phos-
phate, and D-xylose; this sample had [a]; +95° (water). In view of the relatively good
yield (the above result ignores substantial losses due to overlapping in various fractions
from the charcoal-Celite column and from preparative, paper chromatograms),
other pentoses were examined as possible acceptors, with a view to preparing hitherto
unknown disaccharides.

From b-ribose (5 g), a disaccharide (ca. 200 mg), characterised as 4-0-«-D-
glucopyranosyl-D-ribose, was isolated. Although the conformation of pentoses when
bound to the surface of an enzyme-protein is not known, it may be significant that,
in solution, D-xylose and D-ribose (as with D-glucose) have an equatorial OH group
at C-4, and that this clearly represents a favourable acceptor site.

Enzymic transfer of a-p-glucosyl residues to p-lyxose and D-arabinose yields a
mixture of disaccharides. From D-lyxose (2.5 g), a (1 —4)-linked disaccharide (147 mg),
a (1—2)-linked disaccharide (60 mg), and 3-O-a-D-glucopyranosyl-D-lyxose (29 mg)
were obtained. These appear to be new compounds 8. p-Lyxose exists in solution as
a mixture of the Cr and 71C conformations, in which the OH at C-4 is in an equatorial
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or an axial position. This appears to influence the transferase specificity of the enzyme
system, and although transfer to C-4 predominates, there is appreciable transfer to
C-2 and C-3.

From p-arabinose (5 g), a mixtuie of disaccharides (190 mg) was isolated,
including a (1 —5)-linked p-arabinofuranose, and (1—2)-, (1—3)-, and (1—4)-linked
D-arabinopyranoses. With this pentose, in which the OH at C-4 is in the axial
position, transfer to C-4 does not predominate.

The enzyme system therefore shows a fairly high degree of specificity towards
a-D-glucosyl acceptors, and favours those sugars which, in solution, have an equator-
ial CH group at C-4. In general, the system provides a method for the preparation of
a limited number of p-glucosylpentose disaccharides, some of which have not been
prepared previously by chemical or enzymic means. It is probable that trans-a-bD-
glucosylation reactions with normal metabolites (e.g. degradation products of glyco-
gen) are not physiologically important to Tetrahymena pyriformis, and that the present
results represent an atypical reaction of an enzyme whose normal function is purely
hydrolytic. The question as to whether the maltase and pheny! ¢-D-glucosidase activi-
ties are due to the same enzyme cannot be unequivocally answered. The relative
activity of the extract towards the two substrates is very different (maltase = 100,
phenyl o«-D-glucosidase = 3.2; ¢f. methyl a-D-glucopyranoside = 0.5); there is a
small difference in optimum pH (4.7 and 5.0, respectively), and the phenyl a-D-giuco-
sidase activity is slightly more thermostable than the maltase!®. The difference in these
preliminary results is not great enough to distinguish between one enzyme or two
different enzymes, and this aspect must await the results of fractionation studies on
the protozoal extract.

The experiments with the barley S-glucosidase preparation have led to a prepa-
ration of 4- O-f-p-glucopyranosyl-D-xylose, in contrast to the (1 —3)-linked disaccha-
ride which has been produced by the action of enzyme preparations from Aspergillus
niger?® or Cladophora rupestris*® on a mixture of cellobiose and D-xylose.

ACKNOWLEDGMENTS

We are indebted to the D.S.I.R. for a maintenance allowance (to J.R.S.),
to Dr. G. O. Aspinall for the gas-chromatographic analyses, to Dr. D. H. Hutson for

helpful discussions, and to Dr. P. J. Stoffyn for a sample of 2,3-di- O-methyl-p-lyxose.
SUMMARY

By transfer of an «-D-glucosyl residue from phenyl a-p-glucopyranoside to a
pentose, using an enzyme preparation from Tetrahymena pyriformis, 4- O-a-D-gluco-
pyranosyl-D-xylose and -D-ribose, and mixtures of three O-a-D-glucosyl-D-lyxoses and
four «-p-glucosyl-D-arabinoses have been prepared. An enzyme preparation from
barley transfers a S-D-glucosyl residue from salicin to D-xylose, giving a mixtuie of
(1—3)- and (1 —4)-linked O-f-D-glucosyl-D-xyloses.
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Notes

The reaction of unsaturated carbohydrates with carbon monoxide and
hydrogen.

Part VI. Structure and stereochemistry of the major anhydroheptitols
from tetra-0O-acetyl-1-deoxy-D-arabino (and b-/yxo)-hex-1-enopyranose*

Parts II-V of this series! ~* described the action of carbon monoxide and hydro-
gen on glycals, and demonstrated the preferential addition of the hydroxymethyl
group to C-1 of the glycal. This communication gives the results of an investigation
on the reaction of carbon monoxide and hydrogen on the acetylated 2-hydroxy-
glycals, herein designated as hex-1-enopyranoses.

2,3,4,6-Tetra- O-acetyl-1-deoxy-D-arabino-hex-1-enopyranose (2-acetoxy-3,4,6-tri-
O-acetyl-D-glucal®) was treated in a high-pressure apparatus with carbon monoxide
and hydrogen in the presence of dicobalt octacarbonyl, under conditions similar to

*Presented in part at the 150th National Meeting of the American Chemical Society, Atlantic City,
N.J., September 17-21, 1965.
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The reaction of unsaturated carbohydrates with carbon monoxide and
hydrogen.

Part VI. Structure and stereochemistry of the major anhydroheptitols
from tetra-0O-acetyl-1-deoxy-D-arabino (and b-/yxo)-hex-1-enopyranose*

Parts II-V of this series! ~* described the action of carbon monoxide and hydro-
gen on glycals, and demonstrated the preferential addition of the hydroxymethyl
group to C-1 of the glycal. This communication gives the results of an investigation
on the reaction of carbon monoxide and hydrogen on the acetylated 2-hydroxy-
glycals, herein designated as hex-1-enopyranoses.

2,3,4,6-Tetra- O-acetyl-1-deoxy-D-arabino-hex-1-enopyranose (2-acetoxy-3,4,6-tri-
O-acetyl-D-glucal®) was treated in a high-pressure apparatus with carbon monoxide
and hydrogen in the presence of dicobalt octacarbonyl, under conditions similar to

*Presented in part at the 150th National Meeting of the American Chemical Society, Atlantic City,
N.J., September 17-21, 1965.
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those described previously’. The reaction product was separated from the catalyst
by chromatography on a Florisil column, and deacetylated with methanolic sodium
methoxide; the major product (1) was obtained in about 70% yield by recrystalli-
zation of the resulting solid from methanol. Two minor products, 2 and 3, were obtained
by preparative paper chromatography.

CH,0AC CH,OH
[} CH,0
oA 1. CoO+ H 20H + 2+3
C -
AcO 7 2. CHg0 HO
QAc OH

1

The fact that the major product (1) is devoid of optical activity suggests that it
has a plane of symmetry. Acetylation of compound 1 afforded an optically inactive
pentaacetate having a molecular weight of 404. Therefore, compound 1 must be
2,6-anhydro-D-glycero-D-gulo-heptitol. Using a different sequence of reactions,
Fletcher and Coxon® have recently prepared a compound to which they assigned
structure 1. The physical constants (m.p., [«]p, and Rg) of their compound and of
ours are in agreement.

Because of the fact that the oxo reaction, when applied to glycals, affords
epimeric anhydroalditols, it was expected that compound 2 might be an epimer
of 1, differing in configuration only at C-2. Comparison of the molecular weights of
the pentaacetates of 1 and 2 and examination of their mass spectra suggested striking
similarities between the two compounds. However, as the anhydroalditol 2 consumed
only one molar equivalent of periodate, the presence of two vicinal glycols was ruled
out, and 2 was therefore not an epimer of 1. The great difficulty encountered in puri-
fying 2, as well as the low yield, led us to abandon further structural work.

Recently, Wilkinson and co-workers’ have found that the olefins undergo
hydroformylation with carbon monoxide and hydrogen at much lower temperatures
when a rhodium compound is used, instead of a cobalt carbonyl, as the catalyst.
Application of their procedure to tetra-O-acetyl-1-deoxy-D-arabino-hex-1-enopyra-
nose showed, surprisingly, that the unsaturated carbohydrate was deacetylated but
did not absorb gases, thus indicating no hydroformylation.

When the oxo reaction (with dicobalt octacarbonyl as catalyst) was applied to
2,3,4,6-tetra- O-acetyl-1-deoxy-D-Iyxo-hex-1-enopyranose® (2-acetoxy-3,4,6-tri-O-ace-
tyl-p-galactal), the mixture of products was more complex than that obtained from the
C-4 epimer. Deacetylation of the oxo product gave a complex mixture of alditol
derivatives which was only partially separated by paper chromatography. Direct
chromatographic comparison of onecomponent with an authentic sample® indica-
ted that it was probably 2,6-anhydro-D-glycero-L-manno-heptitol (4).
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CH,0Ac CHZOH
AcO o 1 CO +H HO CH,OH
1. O+ Fo
Ac / 2 CH30‘ OH
OAc OH
4

The conversion of 2,3,4,6-tetra-0-acetyl-i-deoxy-p-grabino(and D-Iyxo)-hex-i-
enopyranose into 2,6-anhydro-pD-glycero-D-gulo-heptitol and 2,6-anhydro-p-glycero
L-manno-heptitol, respectively, provides chemical proof that the oxo reaction proceeds
via a cis addition of hydroxymethyl and hydrogen to the carbon—carbon double bond.
This finding is in agreement with previous results!** in which the stereochemistry of
the oxo reaction was adduced on the basis of an analysis of the p.m.r. spectra of
partially deuterated, epimeric anhydro-heptitols and -hexitols.

EXPERIMENTAL

General considerations

Conditions for chromatographic separations and for measurement of p.m.r.
spectra have been described previously! All molecular weights were determined by
mass spectrometry with an Atlas CHg4 spectrometer.

Treatment of tetra-O-acetyl-1-deoxy-D-arabino-hex-I-enopyranose with carbon mon-
oxide and hydrogen to yield 2,6-anhydro-p-glycero-D-gulo-heptitol (1)
A. With dicobalt octacarbonyl as catalyst

- To a mixture of 2,3,4,6-tetra-0O-acetyl-1-deoxy-D-arabino-hex-1-enopyranose
(11.2 g) with purified benzene (40 ml) contained in a 300-ml shaker bomb, was added
pre-formed dicobalt octacarbonyl (1.5 g). After the bomb had been flushed with
carbon monoxide, carbon monoxide (750 Ib. in™ %) and hydrogen (2120 1b. in™?) were
added, and the reactants were heated, with rocking, for 1.2 h at 115-120°.

The product was freed from catalyst as described previously!, and then deacety-
lated with methanolic sodium methoxide. Recrystallization of 0.92 g of the deacetylated
product from ethanol gave chromatographically pure platelets of 1, yield 0.43 g.
Evaporation of the filtrate yielded a syrupy mixture (A), which consisted mainly of 1
and 2. This syrup is further described under compound 2.

Characterization of compound 1.
Compound 1 (2,6-anhydio-D-glycero-D-gulo-heptitol) had m.p. 203-205°,
[2]20 0° (¢ 2, water), and it consumed 1.6 molar equivalents of periodate in 20 h, as
measured by the spectrophotometric method of Dixon and Lipkin'®. The reported
values® for 2,6-anhydro-p-glycero-p-gulo-heptitol are: m.p. 204-205°, [¢]2° 0° (water).
Anal. Calc. for C;H,,0q: C, 43.29; H, 7.27. Found: C, 43.15; H, 7.20.
Compound 1 was oxidized with periodate, and the resulting “dialdehyde” was
reduced with sodium borohydride according to a previously described procedure! to
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yield a syrup; p.m.r. singlet at § = 5.2 from H on OH, and singlet at § = 6.3 (with
visible shoulders).

Preparation of 1,3.4.5,7-penta-Q-acetyl-2,6-anhydro-p-glycero-D-gulo-heptitol

Compound 1, acetylated according to the procedure described by Fletcher and
Coxon®, gave a product, m.p. 91-92°, [«]3! 0° (¢ 1.5, chloroform).

Anal. Calc. for C;;H,,0,; (404.36): C, 50.49; H, 5.98. Found: C, 50.35;
H, 6.1; mol. wt. 404.

Fletcher and Coxon® reported m.p. 89° and [«]3? 4-0.2° for 1,3,4,5,7-penta-O-
acetyl-2,6-anhydro-p-glycero-p-gulo-heptitol.

Attempted characterization of compound 2

The syrup A (0.50 g) was fractionated by preparative paper chromatography to
yield compound 1 (about 0.25 g), compound 2 (0.128 g), and compound 3 (0.034 g).

Compound 2 was crystallized from methanol-isopropyl ether; m.p. 85-90°,
[«]Z° +23° (c 0.5, water); p.m.r. unresolved muitiplet of peaks at § = 5.8-6.6.

Periodate oxidation of 2, followed by sodium borohydride reduction of the
“dialdehyde™, according to a previously described procedure!, gave an oil; n.m.r.,
two singlets (with shoulders) at § = 6.4 and 6.7 in the ratio of about 9:1.

Compound 2 consumed 0.91 molar equivalent of periodate in 20 h, as measured
by the spectrophotometric method of Dixon and Lipkin!®. No further consumption
of periodate was noted after an additional 24 h.

Acetylation of substance 2 with acetic anhydride and sodium acetate afforded a
syrupy product which could not be crystallized.

Purification of the pentaacetate of 2 (0.105 g) was performed by preparative,
thin-layer chromatography on silica gel, with isopropyl ether containing a trace of
methanol as the developing solvent. The main zone was located by means of the acetate
spray of Bishop and Tate''. An infrared lamp was used for heating strips of the plate.
The main zone (0.048 g) could not be crystallized; [a]3? +7.1° (c, 2.4, chloroform).
The molecular weight of the pentaacetate (by mass-spectral analysis) was 404. The
molecular weight of a penta-O-acetylanhydroheptitol is 404.36. The p.m.r. spectrum
of the pentaacetate of 2 in deuteriochloroform resembled that of the pentaacetate of
compound 1.

B. With RhPy,Cl, as catalyst

2,3,4,6-Tetra-O-acetyl-1-deoxy-D-arabino-hex-1-enopyranose (7 g) in 40 ml
of (3:1 v/v) ethanol-benzene was treated with a mixture of carbon monoxide (1000 Ib.
in~2?) and hydrogen (1800 1b. in~2) for 3 h at 130° in the presence of RhPy,Cl,
(0.5 g) as catalyst”’. There was no significant absorption of gases. Processing of the
reaction mixture showed that complete transesterification of the carbohydrate acetate
had taken place, yielding about 7.5 g of ethyl acetate (theoretical yield, 7.5 g).
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Reaction of 2,3,4,0-tetra-O-acetyl-1-deoxy-pD-lyxo-hex-I1-enopyranose with carbon
monoxide and hydrogen to yield 2,6-anhydro-p-glycero-L-manno-heptitol

2,3,4,6-Tetra- O-acetyl-1-deoxy-D-Iyxo-hex-1-enopyranose® was treated with
carbon monoxide and hydrogen in the presence of dicobalt octacarbonyl as described
in the first part of the experimental section. Deacetylation of the oxo product gave
a mixture of three alditol derivatives, one of which (present in about 209 yield) was
shown, by direct chromatographic comparison with an authentic sample®, to be
2,6-anhydro-D-glycero-L-manno-heptitol.
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Preparation of glycosyl phosphates: §-D-glucopyranosyl phosphate

The formation of glycosyl phosphates by reaction of a fully acetylated sugar
with anhydrous phosphoric acid at moderate temperatures is a convenient procedure
for the preparation of these esters, and a number of such phosphates of biochemical
interest have been prepared in this way. For example, the potassium salts of «-D-
glucopyranosyl phosphate and «-D-galactopyranosyl phosphate were prepared from
the corresponding pentaacetates of f-D-glucopyranose and pf-D-galactopyranose,
respectively, in yieldst-2 approaching 609,. Subsequently, it was shown? that salts
of 2-acetamido-2-deoxy-a-D-glucopyranosyl phosphate and 2-acetamido-2-deoxy-«-D-
galactopyranosyl phosphate could be prepared from the f-p-tetraacetates of the
appropriate 2-acetamido sugars.

In a later paper, O’Brien? reported on a fusion reaction using 2-acetamido-2-
deoxy-a-D-glucopyranose tetraacetate. This compound, having substituents on C-1
and C-2 in the 1,2-cis orientation, reacted much more slowly than its anomer having
the 1,2-frans (diequatorial) conformation, and reasonable yields of product (33%;)
were obtained only by raising the reaction temperature to 83° (as compared to 50°,
originally used) and increasing the proportion of phosphoric acid. Recently, the
pentaacetates of «-D-glucopyranose and «-D-galactopyranose have been shown to
react readily only under the more strenuous conditions reported by O’Brien4, and
the product isolated was, in each instance; the x-D anomer2:3. Several workers have
reported the preparation cf salts of a-D-mannopyranosyl phosphate by using this
general phosphorylating procedureS.

In the above experiments, the «-D (axial) anomer was generally the one isolated,
although it is probable that, in most instances, both anomers are formed in the
reaction. The isolation of only one anomer may be the result of loss of the other
anomer (a) during the crystallization process, or (b) through the preferential hydrolysis
of the (more labile) g-b (equatorial) anomer during the fractionation procedure4.
The actual isolation of bcth anomers using an ion-exchange fractionation procedure
was reported by O’Brien? for the anomeric 2-acetamido-2-deoxy-D-glucopyranosyl
phosphates.

The replacement of an acetoxy group on C-1 of an acetylated sugar bearing
acetoxy groups on C-1 and C-2 in a trans configuration is greatly facilitated by
neighboring-group participation of the acetoxy group on C-2. As a conseguence,
B-b-glucopyranose pentaacetate, for example, reacts much more rapidly than the
corresponding «-D anomer in various replacement reactions’, as has been amply
shown in the preparation of glycosyl halides, as well as of glycosyl phosphates, as
outlined above. In the preparation of a tetra-O-acetyl-«-D-glucopyranosyl halide
from f-p-glucopyranose pentaacetate, it is to be expected that the tetra-O-acetyl-
f-D-glucopyranosyl halide will be the first product of the reaction. Under the con-
ditions of the reaction, this compound would then be anomerized to the thermo-
dynamically more stable «-D anomer. The actual preparation of the f-D anomer
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requires, in general, shorter reaction times, and conditions for such preparations have
been publisheds.

In an analogous way, it would be expected that, in the preparation of a D-
glucosyl phosphate from f-b-glucopyranose pentaacetate using the fusion procedure,
the first product would be a derivative of f-D-glucopyranosyl phosphate, and that this
material would then be anomerized to the more stable «-D anomer. In most of the
previously published preparations of glycosyl phosphates by this method, the reaction
has been allowed to proceed for up to two hours. Generally, only that anomer having
a stable conformation (with an axial phosphate group) has been isolated, except in
the case of the 2-acetamido-2-deoxy-D-glucose derivatived.

We have now found that, as anticipated, a derivative of 8-D-glucopyranosyl
phosphate is an early and major product in the reaction of penta-O-acetyl-8-D-
glucopyranose with anhydrous phosphoric acid at 50°. After removal of the protecting
acetyl groups, and purification of the barium salt, an examination of the optical
rotation showed that the yield of the more levorotatory anomer decreases as the
duration of the fusion reaction is increased. Some results indicating this transfor-
mation are indicated in the Table.

TABLE I
EFFECT OF REACTION TIME ON FORMATION OF THE ANOMERS OF D-GLUCOPYRANOSYL PHOSPHATE

D-Glucopyranosyl phosphate Time (min)
5 10 20
Barium salt, yield % 52 56 55
[edp® +17 +28 +43
% of § anomer?, calc. 88 71 48
Dipotassium -, yield % 1 8 31
[«lp +73 +63 +67
Di(cyclohexylammonium) §-, yield % 45 36 19
[oelp +8.8 +6.2 +58

eCalc. on basis of anhydrous salt.
®0On the basis of reported molecular rotations?, the rotations of the anhydrous barium salts would
be +74° and -+-9.6° for the @ and f anomer, respectively.

The barium salts were converted into the potassium salts, and the readily
crystallizing dipotassium salt of «-D-glucopyranosyl phosphate dihydrate was obtained.
Although no effort was made to purify this compound, the yield varied directly with
the elapsed time for the fusion reaction. The salt of f-D-glucopyranosyl phosphate
which remained in solution was then isolated by conversion into the di(cyclohexyi-
ammonium) salt, followed by crystallization. The air-dried salt was found to be
anhydrous and to have a specific rotation of 4-5.9°.

Putman and Hassid® reported that their air-dried product, one molecule of
which crystallized with one molecule of ethanol and one of water, had a specific
rotation of +7.3° (correspondiag to -+8.3° for solvent-free material).
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EXPERIMENTAL

Di(cyclohexylammonium) B-pD-glucopyranosyl phosphate

Ten g of anhydrous phosphoric acid (which had been dried overnight in vacuo
over magnesium perchlorate) was melted at 50°, and to the melt was added 5.00 g
(12.8 mmoles) of powdered penta-O-acetyl-f-D-glucopyranose. The mixture was
stirred magnetically in vacuo at 50°; after 5 min, the mixture was rapidly cooled,
and 205 ml of ice-cold 2 N lithium hydroxide was added. The contents of the flask
were thoroughly mixed to disperse the sirup, and then allowed to stand overnight.
The precipitated lithium phosphate was removed by filtration through Celite, and
washed with cold, lithium hydroxide solution (ca. 0.01 N). The resulting solution
contained 6.7 mmoles (529;) of acid-labile phosphatel®,

The pH of the solution was lowered to ca. 8.5 with Dowex soW-H* and, after
the resin had been removed by filtration, barium acetate (3.0 g) was added and the
solution concentrated to about 50 ml. The barium salt was precipitated by the addition
of four volumes of ethanol; after several hours at 5° the solids were collected by
centrifugation, washed successively with acetone and ether, and dried in vacuo
over calcium chloride. The solid was dissolved in water (40 ml), faint traces of
insoluble matter were removed by centrifugation, and the barium salt was
reprecipitated by the addition of ethanol (120 ml). After a second such reprecipi-
tation, there was obtained 3.92 g of barium salt containing 6.7 mmoles of
phosphate and showing [az]12)4 + 17° (c 2.6, water; calculated on the basis of the
anhydrous barium salt). The salts were dissolved in water at ca. 5°, and the solution
was passed through a precooled column of Dowex 50W-H* (I X 25 cm) into water
containing 1.2 g of potassium hydroxide. The column was washed with 50 ml of
cold water, and the pH of the resulting combined effluent was adjusted to 9 with
Dowex 50W-H*. The resin was removed by filtration, and the solution was concen-
trated to about 40 ml. The potassium salt crystallized at 5° on addition of 1.5 volumes
of ethanol over a period of two days; it weighed 61.8 mg (1.3%) and showed [«]5 +
73-3° (¢ 0.5, water). Pure «-D-glucopyranosyl dipotassium phosphate dibydrate
shows!! [o]5 + 78°.

The mother liquors remaining from crystallization of the potassium salt were
concentrated under diminished pressure, and the residue was dissolved in 50 ml of
cold water. This solution was passed through a precooled column of Dowex soW-H*
(1 X 25 cm) and the column was washed with 100 ml of water, the effluent being
collected in water containing 2 ml of cyclohexylamine. The combined percolate was
concentrated in vacuo to ca. 2 ml, and 100 ml of absolute ethyl alcohol was added.

After two days at 5°, the crystalline salt was collected by filtration, washed
with absolute ethanol, and air dried; yield 2.65 g (5.8 mmoles, 45%) [o]5> -+ 8.8°
(c 2, water). A further 0.23 g (0.5 mmole, 49(), showing [05]1234 -+ 28.6° was obtained
from the mother liquors. Recrystallization of the first crop gave 2.48 g (42%) of
di(cyclohexylammonium) pg-D-glucopyranosyl phosphate, showing [alp + 5.9°.
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Putman and Hassid® reported that their air-dried product showed +7.3° and that
one molecule contained 1 molecule each of ethanol and water.

Anal. Calc. for Ci1sH3gN20g P (458.5): C, 47.15; H, 8.57; N, 6.11; P, 6.76.
Found*: C, 47.10; H, 8.81; N, 5.99; P, 6.87.
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Facile route to sugar thionocarbonates

In our studies with bis(O-thiocarbonyl) disulfide derivatives of carbohydrates,
we reported! that bis(1,2-O-isopropylidene-3-O-thiocarbonyl-a-p-glucofuranose)
disulfide rearranges to give one molar equivalent of 1,2-0O-isopropylidene-e-D-gluco-
furancse 5,6-thionocarbonate simply on standing at room temperature in pyridine
for a few hours. It was thought that this type of reaction might provide a facile route
for synthesis of cyclic thionocarbonates, which have utility as intermediates for the
preparation of olefins®. To explore this reaction, suitably protected carbohydrate
derivatives possessing structurally different vicinal diol groups were prepared:
1,2:5,6-di-O-isopropylidene-p-mannitol (1); 3,4-O-isopropylidene-D-mannitol (2);
1,2-O-isopropylidene-a-D-glucofuranose (3); methyl 4,6-O-benzylidene-a-D-manno-
pyranoside (4); and methyl 5-O-benzyl-D-ribofuranoside (5).

Each of these derivatives was converted readily into the bis(O-thiocarbonyl)
disulfide derivative by oxidation of the corresponding xanthate with iodine. When the
products were treated with pyridine, rearrangement occurred rapidly, as evidenced by
the crystallization of elemental sulfur from the pyridine solutions. The rearrangement
was monitored by observing the disappearance of the characteristic absorption
maxima near 240 and 280 myu for the bis(O-thiocarbonyl) disulfide group and the
appearance of the maximum near 235 my for the thionocarbonate group. In each case,
the reaction was complete after 0.5 h at room temperature.

Removal of the elemental sulfur and evaporation of the pyridine afforded the
corresponding thionocarbonate in admixture with an equimolar amount of the starting
sugar diol. These results are consistent with our earlier finding' that a bis(O-thio-
carbonyl) disulfide derivative rearranged and fragmented to give equimolar amounts
of the cyclic thionocarbonate, elemental sulfur, carbon disulfide, and the starting
diol. Separation of the thionocarbonates from the diols was readily accomplished with
the products from 1,3,4, and 5 by extraction with water. Since the thionocarbonate from
2 was water-soluble, it was separated by column chromatography. The free diols were
readily recovered, and could be recycled without further purification.

By these two procedures, substances 1 through S gave, respectively, 1,2:5,6-di-O-
isopropylidene-D-mannitol 3,4-thionocarbonate (6); 3,4- O-isopropylidene-D-mannitol
1,2-thionocarbonate (7); 1,2-O-isopropylidene-a-D-glucofuranose 5,6-thionocarbonate
(8); methyl 4,6-O-benzylidene-a-pD-mannopyranoside 2,3-thionocarbonate (9); and
methyl 5-0O-benzyl-D-ribofuranoside 2,3-thionocarbonate (10). The thionocarbonates
were identified by elemental analyses, spectroscopic data, and for 8, comparison with

an authentic sample.
EXPERIMENTAL

Melting points were taken in a Thomas-Kofler* melting-point apparatus.
Ultraviolet spectra were recorded with a Perkin—Elmer 202 spectrophotometer.
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1,2:5,6-Di-O-isopropylidene-p-mannitol 3.4¢-thionocarbonate (8)

1,2:5,6-Di-O-isopropylidene-D-mannitol® (1, 2.00 g) was dissolved in p-dioxane
(10 ml), and sodium hydroxide (2.0 ml of 5N) and carbon disulfide (2 ml) were added.
After having been stirred for 20 min, the solution was neutralized with acetic acid (5N),
and the xanthate formed was oxidatively coupled by addition of iodine solution {0.3M).
Partial evaporation of the reaction mixture produced a syrup. The syrup was washed
with water, and then dissolved in 2 ml of pyridine, and the solution was kept at room
temperature. After 0.5 h, most of the elemental sulfur formed was removed by filtra-
tion, and the filtrate was evaporated to a crystalline mass. Extraction of the mass
with water removed 1, leaving the thionocarbonate 6 (0.99 g, 85% based on the
rearrangement). Recrystallization from ethanol-water gave m.p. 165-166°, [«)33
—15° (¢ 2, CHCly), 122" 235 myu (¢ 16,700). Haines®® reported m.p. 166-168°,
[2]3¢ —15° for this thionocarbonate.

3,4-O-Isopropylidene-D-mannitol I,2-thionocarbonate 7)

3,4-O-Isopropylidene-D-mannitol* (2, 2.22 g) was dissolved in 2.3 ml of sodium
hydroxide (5N). p-Dioxane (10 ml) and carbon disulfide (3 ml) were added, and the
mixture was stirred for 20 min, neutralized, and treated with iodine as for 1. The
solution was evaporated to about 5 ml, and extracted with chloroform. The extract
was evaporated to a syrup, which was dissolved in pyridine. After 0.5 h, most of the
elemental sulfur was removed by fiitration and the pyridine was evaporated off.
The syrup was placed on a 2 X 15 cm column of Adsorbosil (Applied Science Labora-
tories, Inc., State College, Pennsylvania) with 1:1 v/v benzene-cthyl acetate as the
cluent. The thionocarbonate 7 was eluted first, to give 1.16 g (88%). Recrystalliza-
tion from ether-hexane gave m.p. 95-96°, 1582501 334 my (e 14,900).

*Mention of firm names or trade products does not imply that they are endorsed or recommended
by the U.S. Department of Agriculture over other firms or similar products not named.
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Anal. Calc. for C,gH,404S: C, 45.5; H, 6.1; S, 12.1. Found: C, 45.7; H, 6.1;
S, 12.2.

1,2-O-Isopropylidene-o-D-glucofuranose 5,6-thionocarbonate (8)

By a procedure similar to that used for 1, compound 3 (2.0 g) gave the 5,6-thiono-
carbonate (8, 1.1 g, 929). Recrystallization from p-dioxane—water yielded a product
identical with an authentic sample.

Methyl 4,6-O-benzylidene-a-D-mannopyranoside 2,3-thionocarbonate (9)

Methyl 4,6-O-benzylidene-x-D-mannopyranoside® (4, 2.00 g) was treated by a
procedure similar to that used for 1. The thionocarbonate 9, recrystallized from carbon
disulfide, gave 1.07 g(93%), m.p. I151-152°, A51""" 235 my (¢ 15,700).

Anal. Calc. for C;;H,c04S: C, 55.6; H, 4.9; S, 9.9. Found: C, 55.3; H, 5.0;
S, 10.0.

Methyl 5-O-benzyl-D-ribofuranoside 2,3-thionocarbonate (10)

Treatment of methyl 5-O-benzyl-pD-ribofuranoside® (5, 1.0 g) by the foregoing
general procedure gave the 2,3-thionocarbonate 10 (0.5 g, 86%) as a syrupy, anomeric
mixture, 2683001 336 my (e 15,000).

Anal. Cale. for C,,;H,,0S: C, 56.8; H, 5.4; S, 10.8. Found: C, 57.4;H, 5.5;
S, 10.8.

Northern Utilization Research and B. S. SHASHA
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Nucleosides. XXXIV. 1-(2,3.5-Tri-O-trityl-g-D-ribosyl)uracil
(2',3".5'-tri-O-trityluridine)

To the best of our knowledge, the introduction of such bulky groups as triphenyl-
methyloxy (trityloxy) groups on adjacent carbon atoms has not been reported. It
appears noteworthy, therefore, that we have now isolated crystalline 1-(2,3,5-tri-O-
trityl-g-p-ribosyl)uracil (2’,3°,5'-tri-O-trityluridine) monoethanolate (1), albeit in
small yield (1.5%), from the reaction of 3.c equivalents of trityl chloride with
uridine in pyridine at elevated temperatures. Compound 1, which bears the 2- and
3-O-trityl groups in a cis-vicinal relationship, was formed in a reaction which also
produced the known 2,5-(2)1-2-2 and 3,5-di-O-trityluridine (3)2-4 in approximately 45
and 25Y%, yields, respectively.

A tri-O-trityluridine structure for 1 was established both from analytical data
(C, H, and N) and from integration of the proton magnetic resonance (n.m.r.) curve
(CDClg). N.m.r. data suggested the presence of about 45 aromatic (trityl) protons, in
agreement with the theoretical number. That the three trityl groups are attached to the
sugar moiety, and not to the pyrimidine residue, is based on several lines of evidence.
A signal at 7 1.20 probably represents a proton on N-3 of the uracil moiety3, which
would rule out the presence of a trityl group at O-2, O-4, or N-3. Indeed, a decrease in
optical density at 260 mu produced by the addition of alkali to an 809, ethanolic
solution of 1 is consistent with the presence of a dissociable proton in the aglycon.
A similar type of shift, attributed to dissociation of the N-3 proton, has been described
for uridineS. Furthermore, methylation of 1 with excess methyl iodide and silver oxide
in N,N-dimethylformamide for three days gave a new product having an ultraviolet
absorption spectrum almost identical with that of 1 in neutral solution. Unlike com-
pound 1, however, the u.v. spectrum of the methylated derivative is unaltered in
alkaline solution, thus proving the presence of a replaceable proton on N-3 of 1.

Proof that compound 1 had maintained the ribo configuration was shown by the
detritylation of 1 to uridine, as the sole product, in anhydrous ethereal hydrogen
chloride at 0° within 60 min.

The n.m.r. spectrum of 1 reflects an extremely crowded situation in this molecule,
probably involving gauche interactions between the 2- and 3-trityl groups, interaction
between the 5-trityl group and the pyrimidine residue, and a marked distortion of
normal bond angles in the furanoid ring. In the light of the recent generalization of
Fromageot and co-workers? that the chemical shift of H-5 in ribofuranosyl-uracils
(and -cytosines) occurs at higher field for 2- than for 3-substituted derivatives (an
observation corroborated by us, using deuterated methyl sulfoxide, H-5 in 2 7 0.3I
upfield from H-5 in 3), it is interesting to note that, in the solvent employed by us in
this study, namely CDCls, the chemical shift for H-5in 2 at 7 4.78 is almost identical
with that for H-5 in 3, = 4.73. In 1, however, H-5 is shifted much further upfield,
to T 5.12, reflecting a strong shielding effect by the trityl groups. This effect is also
observed in the upfield position of what is most probably the H-1 signal, T 5.37,
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which is far removed from the H-T1 signal in 2, < 3.28, and in 3, = 3.95. Unfortunately,
positive identification of signals for H-2, H-3, and H~4 ir. 1 was not possible. H-5
appeared as a widely spaced quadruplet, however, with a splitting of 11-I2 c.p.s.,
which is centered at = 7.51. This multiplet probably reflects a severe restriction of free
rotation about the C-4-C-5 bond, probably due to interaction between the 5-trityl
group and the pyrimidine residue.

e} (o} [o]
v J
HN i HN h HN i
OJ\N OJ\N OJ\N
TrOCH, 0 TrOCH; o TrOCHp
TeO OTr HO OTr TrO0 OH
1 2 3
EXPERIMENTAL

Melting points were determined on a Thomas-Hoover apparatus (capillary
method) and are corrected. Elementary analyses were made by Spang Micro-
analytical Laboratory, Ann Arbor, Michigan. Ultraviolet absorption spectra were
recorded on a Cary Model 15 spectrophotometer. N.m.r. spectra were measured
with a Varian A-60 apparatus operating at 60 Mc/sec. An internal indicator, tetra-
methylsilane (= 10.00), was employed.

Tritylation of uridine

To a solution of uridine (12.0 g, 0.05 mole) in 125 ml of pyridine at 94° (internal
temp.) was added trityl chloride (42.0 g, 0.15 mole) with stirring. The solution was
maintained at 120° for 60 min, then at 100° for 8 h. Excess trityl chloride was converted
into the alcohol by the addition of ice (4—5g). The solution was poured, with stirring,
jnto 21 of ice-water, and the gummy solid collected and washed on the filter with water.

1-(2,5-Di-O-trityl-g-D-ribofuranosyluracil (2',5'-di-O-trityluridine) (2)

The above gum was dissolved in chloroform, and the solution dried with
sodium sulfate. After removal of the solvent in vacuo, the residue was dissolved in
benzene, and 2 in crude form (11.72 g) was obtained on addition of ether to the warm
solution, followed by cooling, as previously described!. Recrystallization of 2 from
benzene—cther gave colorless needles, double m.p., 221-223° and 244-247°. Crystalli-
zation of 2 from ethanol gave needles, double m.p. 158-162° and 248-250°, [«]D
-+94° (c 0.5, acetone); [oc]z;;‘;.l -+69° (¢ 0.5, chloroform). Jeanarol 560 mu (£ 9200); AStpanol
240 mu (¢ 8370). Reported melting points are! 224—225° and® 223-224°. Reported
optical rotations are +91° (acetone)! and -}-91.4° (acetone)3.
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1-(2,3,5-Tri-O-trityl-p-p-ribosyl)uracil (2°,3",5'-tri-O-trityluridine) (1)

The mother liquor from the crystallization of 2 was evaporated to dryness
and dissolved in chloroform (70 ml). Preliminary fractionation was performed on a
column (12 X 10 cm) of 450 g of neutral aluminum oxide (Bio-Rad, AG 7, 100-200
mesh). Elution was made successively with chloroform (1000 mi, Fraction 4),
2:1 chloroform-ethanol (1000 ml, Fraction B), and 1:1 chloroform—ethanol (2000 mi,
Fraction C). Monotritylated nucleoside and colored material remained adsorbed to
the alumina.

The chloroform effluent (4) contained both triphenylmethanol and 1. After
removal of solvent, the residue was triturated with boiling heptane (550 ml), and the
supernatant was decanted. Crystallization of the residue from ethanol gave crude 1
(1.0 g, 2.3%) as colorless needles, m.p. 238-244°, Purification of 1 was best achieved
by chromatography on neutral alumina, as described below.

A sample (0.25 g) of the above material in chloroform was placed on an alumina
column (1.7 % 24.0 cm). The column was first eluted with chloroform (5o ml), and the
effluent discarded; it was then eluted with 4:1 chloroform—ethanol. From the 29—65 ml
fraction, colorless needles (0.16 g), m.p. 284-287°, were obtained. Total yield,
0.64 g (1.5%;). Chromatographic separation of material from a second experiment
gave needles, m.p. 285—288°, [1%5—29° (¢ 0.4, chloroform); Aoz 260 myu (£9160);
Amnanol 540 myu (= 8980). Num.r. (CDCls): doublet, = 5.11 (J 8 c.p.s.); multiplet,
T 5.37; doublet, = 5.91 (J 1 c.p.s.); doublet, z 6.50 (J 5 c.p.s.); multiplet, v 6.79;
quadruplet, = 7.51 (J 11-12 ¢.p.s.).

Anal. Calc. for CegHs4N206* C2HsO: C, 80.29; H, 5.95; N, 2.75. Found: C, 79.96;
79.82; H, 5.80, 5.81; N, 2.69, 2.83.

I-(3,5-Di-O-trityl-p-D-ribofuranosyluracil (3',5’-di-O-trityluridine) (3)

Fraction B was evaporated to dryness, to give a pale yellow solid (16.7 g).
Addition of ether to a solution of this material in benzene gave an additional 2.25 g
of crude 2. Based on integraied n.m.r. (deuterated methyl sulfoxide) values of H-5
for compounds 2 and 3 (separated by about 20 c.p.s), the yellow residue obtained after
removal of solvent from the mother liquor (14.18 g) was calculated to contain 2
(5.43 g, 37.5%) and 3 (9.05 g, 62.5%). A practical separation of 2 and 3 from this
material was possible by column chromatography using alumina, as described below
for the residue obtained from fraction C.

Removal of solvent from fraction C gave a pale-yellow solid (2.5 g). A solution
of this material in chloroform (15 ml) was placed on a column (5 X 32 cm) of neutral
alumina (530 g). Elution with chloroform (3300 ml) was followed by elution with
3:1 chloroform—ethanol. The 360c—3800 ml fraction from this solvent contained a
yellow, fluorescent material which was discarded. Elution with 1:1 chloroform-
ethanol, gave a small amount of 2 in the 300-500 ml fraction. Compound 3 was
slowly eluted from the column and was collected in the 1000-4000 ml fraction. The
residue was triturated with water, collected and dried to give a colorless amorphous
solid (3, 1.3 g). Crystallization was achieved by dissolving 3 in warm methyl sulfoxide,
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adding water (up to 10%), and allowing the solution to cool slowly. Long, colorless
needles m.p. 113-116°, separated This material gave a qualitative test for sulfur;
[l —1° (c 0.4, chloroform), [«]% -+28° (¢ 0.3, acetone). The presence of one molecule
of methyl sulfoxide per molecule of the crystalline product was indicated by n.m.r.
(CDClg), which gave a single peak at =7.41 integrating for 6.6 protons. Pl 260 mp
(e 9900); A5thanol 240 mu (& 8260). Compound 3 had previously been obtained4 i in an
amorphous form, but was recently isolated as a crystalline monoethanolate?.

Anal. Calc. for C37H4oN206- C2HgOS: C, 72.93; H, 5.75; N,' 3.47. Found: C, 72.68,

72.69; H, 5.81, 5.82; N, 3.49.
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Nitrogen-containing carbohydrate derivatives
Part XII*. Reaction of epimino sugars with nitrous acid

From previous work on the nitrous acid deamination of simple alkyl aziridines?,
and of steroid epimines?, to the corresponding alkenes, it would be expected that
epimino sugars would give unsaturated sugars. Deaminations of methyl 4,6-O-
benzylidene-2,3-dideoxy-2,3-epimino-«-D-alloside (1) and the corresponding manno-
side (3) have both given good yields of methyl 4,6-O-benzylidene-2,3-didcoxy-
a-D-erythro-hex-2-enopyranoside (2).

0O—CHy O—CHp o—CH, o—
/ / / ° end ©
. PhyCH Ph-cH H -
Ph c< ——— Py —-—rn ‘{
o OMe 0 == OMe o) OMe o v OMe
|
NO

1 2 3 .

In the case of the epimino alloside (1), it was possible to isolate the intermediate
yellow N-nitrosoepimine (4), having an ultraviolet spectrum which corrcsponded wel
with that recorded! for N-nitroso-trans-2,3-dimethylaziridine. The spectrum also
showed a band due to contaminating unsaturated glycoside (2). The N-nitroso-
epimino mannoside was too unstable for isolation.

This facile reaction provides a ready method of characterising epimino sugars
and may, in some cases, provide a method of preparing unsaturated sugars inaccessible
by other routes.

EXPERIMENTAL

Deaminations

(@) Methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-epimino-o-D-alloside (1). The
epimino alloside (1)3 (263 mg; o.00I mole) was dissolved in aqueous acetic acid
(50%; 1o ml). Sodium nitrite (103 mg; 0.0015 mole), dissolved in water (4 ml), was
added. A yellow paste formed; this was diluted with water (20 m!), and the mixture
was processed in two ways.

(i) The mixture was rapidly filtered, and the yellow precipitate was washed
with a small volume of water and dissolved in methanol (100 ml), with shaking at
room temperature. The methanol solution was filtered and cooled to —20°, and the
yellow methyl 4,6-0-benzylidene-2,3-dideoxy-2,3- N-nitrosoepimino-«-p-alloside (4)
(28%) (Found: C, 57.8; H, 5.5; N, 9.2. C1aH16N205 calc. C, 57.9; H, 5.5; N, 9.6%) was
collected in a pre-cooled filter and dried in a pre-cooled desiccator (P2Os). The product,
which could be kept for a few days at —20°, had »max I510cm—1 (N=0), ImeoH
217, 257, and 451 mu (emax not recorded, because of the compound’s instability);

*Part X1. G. J. F. CHITTENDEN AND R. D. GUTHRIE, J. Chem. Soc., 1966 (c) 1508.
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Clark and Helmkamp! reported Amsx = 254 and 457 mu for N-nitroso-frans-2,3-
dimethylaziridine. Methyl 4,6-O-benzylidene-2,3-dideoxy-«-D-erythro-hex-2-enopyra-
noside has Amax - 217 mg.

The N-nitrosoepimine was thermally unstable and became colourless after
storage for about 4 h at room temperature. In an attempted m.p. determination, the
compound turned colourless at 60—-70°; continued heating gave m.p. 115-I 16° (the
unsaturated glycoside 2 has m.p. 119-120°).

(i) The mixture was made alkaline by addition of 2N sodium hydroxide, and
then extracted with chloroform. The extracts were dried (NazSOj4) and evaporated.
The crystalline residuc (249 mg) was recrystallised from ethanol to give methyl
4,6 0—benzyhdene-2,3—dldeoxy-a:-D-erythro-hex—z-enopyrano51de (2) (81%), m.p. 118
119°, [¢]5+129° (¢ 0.2, chloroform) (Lit.4, m.p. 119-120°, [ +129°).

(b) Methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-epimino-a-D-mannoside. This com-
pound* was treated as in (@) above. Procedure (i) gave a very unstable, yellow product,
presumed to be the N-nitrosoepimine. Procedure (ii) gave the unsaturated glycoside
(2), in 789, yield, m.p. 119-120°.
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*This epimine, usually made from the diaxial methyl 2-azido-4,6-O-benzylidene-2-deoxy-o-D-
altroside 3-methanesulphonate3, has also been synthesised from the corresponding diequatorial
3-azido-D-glucoside 2-methanesulphonate by using the same conditions. The epimine was isolated,
in 71% yield, as its N-acetyl derivative. (This experiment was carried out by D. Murphy.)
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Crystalliine trimethylsilyl ethers of cyclitols: hexakis(trimethylsilyl)
ethers of myo-inositol and scyl/o-inositol and pentakis(trimethylsilyl)
ethaer of myo-inosose-2

Trimethylsilylation is a useful meansofconverting carbohydratesintocompounds
sufficiently volatile for gas chromatography. A comprehensive account presented by
Sweeley, Bentley, Makita, and Wells® in 1963 clearly demonstrated the research
potential of trimethylsilyl ethers of sugars. This procedure is now widely accepted
among those concerned with separation and identification of carbohydrates. As one
reviews the growing literature, it becomes apparent that an easily prepared, stable
reference compound is needed.

Fully trimethylsilylated derivatives of myo-inositol, scyllo-inositol, and myo-
inosose-2, as well as all other isomers of inositol, have been prepared and their
retention times have been reported:?; but to this author’s knowledge, no report has
yet appeared in which the physical properties of these compounds are detailed. Most
fully silylated sugars are liquids at room temperature’. In the course of a program
devoted to the study of carbohydrates related to plant cell-wall biosynthesis, a number
of the fully trimethylsilylated derivatives were prepared in bulk. Of those investigated,
myo-inositol, scyllo-inositol, myg-inosose-2, and galactitol formed crystalline com-
pounds. All were easy to prepare, readily purified by sublimation, and completely
stable under normal conditions of storage. In short, these crystalline trimethyisilyl
derivatives have precisely the qualities desired for a reference substance.

EXPERIMENTAL

myo-Inositol (Nutritional Biochemical Corp., Cleveland, Ohio) was recrystal-
lized from water. myo-Inosose-2 was prepared from myo-inositol by the action* of
Acetobacter suboxydans ATCC-621. Inosose was purified by preparation of the
phenylhydrazone which was recrystallized and treated with benzaldehyde to form free
inosose. scyllo-Inositol was prepared from myo-inosose-2 by reduction with sodium
borohydride®. The insoluble scyllo-inositol diborate was converted directly into scyllo-
inositol hexaacetate and recrystallized from hot acetic anhydride. Hydrolysis of the
hexaacetate® gave crystalline scyllo-inositol, which was recrystallized from water and
alcohol.

Galactitol was prepared from D-galactose by reduction with sodium boro-
hydride”.

To prepare fuily trimethylsilylated ethers, the carbohydrate (0.01 mole) was
dissolved in dry, redistilled pyridine (75 ml). To this solution, at 0°, was added hexa-
methyldisilazane (0.1 mole, 16.1 g) (Aldrich Chem. Co., Milwaukee, Wis.) and
chlorotrimethylsilane (0.05 mole, 5.4 g) (Applied Science Labs, Inc., State College, Pa.)
The mixture was stirred for one 1 h, during which the contents of the flask reached
room temperature. Stirring was continued for 3 h at 40°. Solvent and excess reagents
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were removed at reduced pressure in a rotary evaporator. The residue was slurried
in heptane (20-30 ml) to extract the product and then the residue was filtered off. After
washing the residues with more heptane, washings and fitrate were combined, and the
heptane was removed in a rotary evaporator. As the solvent was removed, the product
crystallized ; the yields were nearly quantitative. Sublimation at 0.1 mm and 100° gave
sharp-melting crystals which remained unchanged after repeated sublimation.

M.p.’s are corrected and infrared spectra were recorded on potassium bromide discs.

1,2,3,4,5,6-Hexakis-O-(trimethylsilyl )-myo-inositol

A white crystalline solid, m.p. 118-119°. Infrared spectrum: a strong absorption
characteristic of trimethylsilyl ethers at 1245 cm™'. Five strong absorptions in the
950-1200 cm ™! region, at 995, 1045, 1075, 1115, and 1180 cmm ™.

Anal. Calc. for C, ,H¢,04Sig: C, 47.00; H, 9.86. Found: C, 47.26; H, 9.92.

1,2,3.4,5,6-Hexakis-O- (trimethylsilyl)-scyllo-inositol
A white crystalline solid, m.p. 179—180°. Infrared spectrum: strong charac-
teristic absorption at 1245 cm™! and two strong absorptions at 1030 and 1145 cm™!.

Anal. Calc. for C,,Hgo06Sig: C, 47.00; H, 9.86. Found: C, 46.90; H, 9.90.

1,3.4,5,06-Pentakis-O-(trimethylsilyl )-myo-inosose-2

A white crystalline solid, m.p. 98° Infrared spectrum: carbonyl stretching
absorption at 1750 cm™!, strong characteristic absorption at 1240 cm™!, and three
strong absorptions at 1005, 1045, and 1130 cm™ 1.

Anal. Calc. for C,,H;5q04Sis: C, 46,78; H, 9.35. Found: C, 46.91; H, 9.77.

Hexakis-O-( trimethylsilyl)galactitol
A white crystalline solid, m.p. 78°. The elemental analysis and the infrared
spectrum were not determined.

Gas-liquid chromatography

Each of the compounds just described gave a single symmetrical peak having
a retention time identical to that of the trimethylsilyl derivatives of myo-inositol,
scyllo-inositol, myo-inosose-2, or galactitol prepared in the usual way'. The retention
times of trimethylsilyl derivatives of a number of carbohydrates relative to the
retention time of each of the three cyclitol derivatives are listed in Table I. These
values were determined after injection, into the gas chromatograph, of a mixture of
the carbohydrate derivative (0.1-0.4 ug) and each of the three cyclitol derivatives
(0.2 ug) in heptane (total volume of 0.4-0.6 ul). The instrument was a dual column
chromatograph (Packard Inst. Co., Downers Grove, Ill., Model 7821) with flame
ionization detection. Columns were glass coils, 4 mm by 1.8 m, packed with 3%
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silicone polymer, JXR, on Gas Chrom Q, 100-120 mesh (Applied Science Labs,
Inc., State College, Pa.). They were flushed with nitrogen at 12 1b. in.”2, 60 ml/min.
The inlet temperature was 240°, the detector temperature 260°, and the outlet tempera-
ture 265°. The samples were introduced into the column at 140° and the elution was

TABLE 1
RETENTION TIMES OF SELECTED FULLY TRIMETHYLSILYLATED CARBOHYDRATES

Retention time relative to:

Compounds
myo-inosose-2 scyllo-inositol myo-inositol

B-L-Arabinopyranose® 0.34 0.26 0.24
2-0-Methyl-p-xylose 0.36 0.28 0.26
«-D-Xylopyranose2 0.55 0.44 0.41
Xylitol® 0.60 0.48 0.46
1-Arabinitol? 0.63 0.51 0.48
Methyl e-D-mannopyranoside® 0.72 0.58 0.54
L-Rhamnitol@ 0.73 0.58 0.55
Quebrachitol 0.77 0.62 0.58
Pinitol 0.86 0.69 0.64
1-Galactono-1,4-lactone® 0.91 0.72 0.66
Methyl a-D-glucopyranoside® 0.91 0.73 0.67
L-Gulono-1,4-lactone® 0.96 0.76 0.70
a-D-Glucopyranose® 0.96 0.77 0.71
myo-Inosose-2¥ 1.00 6.81 0.75
D-Mannitol® 1.07 0.85 0.79
Ononitol 1.08 0.87 0.80
p-Glucitol? 1.09 0.86 0.79
Galactitol? 1.09 0.87 0.80
L-Inositol I.II 0.88 0.82
p-Bornesitol 1.15 0.93 0.86
B-p-Glucopyranose® 1.17 0.94 0.87
scyllo-Inositol® 1.24 1.00 0.93
myo-Inositol® 1.36 1.08 1-00

aThe fully trimethylsilylated derivative is a liquid at room temperature.
UThe fully trimethylsilylated derivative is a crystalline solid at room temperature.

programmed linearly, after a 2-min delay, to 210° at 3°/min. The sensitivity of the
electrometers was 1X 10~ ° amperes. Under these conditions, the trimethylsilylated
myo-inositol peak appeared about 19 min after injection.

DISCUSSION

Three trimethylsilylated cyclitols described in this paper show considerable pro-
mise as internal references for the determination of the retention times of other
silylated carbohydrates. All three are stable crystalline compounds, easily purified by
sublimation. When normal precautions are observed to prevent solvent losses, heptane
solutions of these ethers can be stored for indefinite periods.
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Generally it is advantageous to use a reference consisting of more than one
standard compound, since derivatives having retention times close to one or other of
the references employed are often encountered. In the values reported in Table I, only
cyclitols were used as reference substances. Galactitol would also have served as well.
It is interesting that the fully trimethylsilylated derivatives of mannitol and sorbitol are
liquids. -
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A syntheasis of D-glucose-5-f and D-glucose-5-¢f 6-phosphate

During studies of the mechanism of enzymic transformations in the sugar series,
D-glucose-5-¢ 6-phosphate was required. At that time, syntheses of D-glucose-5-f and
D-glucose-5-d had not been reported, and synthesis by the following route was under-
taken.

Calcium D-xylo-5-hexulosonate (5-oxo-gluconate), which is readily prepared
by oxidation of D-glucose! with Acetobacter suboxydans, was reduced by sodium
borotritiide, after conversion into the sodium salt. The resulting mixture of p-gluconic-
5-t and L-idonic-5-¢ acids was subjected to mild lactonization, which permitted the
selective formation of p-glucono-1,5-lactone-5-f. Sodium borohydride reduction,
followed by deionization, gave chromatographically pure p-glucose-5-f which was
characterized as methyl «-D-glucopyranoside. After more vigorous lactonization in
preliminary experiments, some I,6-anhydro-r-idose was detected after the second
reduction. D-Glucose-5- 6-phosphate was prepared using hexokinase?2.

A partial degradation of the D-glucose molecule was carried out to ensure that
under the conditions of the initial reduction, no isomerization of the 5-oxc group
occurred which might lead to introduction of labelling at C-4 or C-6. The hydrogen
atoms at C-6 were isolated as the formaldehyde-dimedone (5,5-dimethylcyclohexane-
1,3-dione) complex after periodate oxidation of D-glucose.

Carbon atoms 4, 5, and 6 were isolated as glycerol (3) by periodate oxidation of
methyl «-p-glucopyranoside (1), followed by reduction of the dialdehyde (2) formed,
and acid hydrolysis. The glycerol thus produced had only 76%, of the activity per umole
of the methyl glycoside, probably because of acid-catalysed exchange of tritium with
the solvent in the intermediate dialdehyde (2), in which the tritium is located « to the

CH,OH
CHzOg Ha o HOH
T o T — T OH
OH CHO
HO OMe OMe
n CH,OH
1 2 3

aldehyde group. Periodate oxidation of the glycerol showed that no activity was
located at C-4 or C-6 of the D-glucose molecule. Periodate oxidation of p-glucose-
5-t 6-phosphate gave glycolaldehyde 2-phosphate; this was converted into ethanediol
i-phosphate dicyclohexylamine salt which retained 929, of the activity. Thus, the
tritium was localized at C-5 of the D-glucose and p-glucose 6-phosphate.

While this work was in progress, the preparation of 1,2-O-isopropylidene-x-D-
glucofuranose-5-d was reported from I,2-O-isopropylidene-«-D-glucofuranurono-
6,3-lactone? and also by a similar procedure to that outlined above?. In the latter case,
the product was contaminated with L-idose and D-glucitol derivatives.

Carbohydrate Res., 3 (1966) 134~137



NOTES 135

EXPERIMENTAL

Radioactivity was measured on an I.D.L. Liquid Measuring Head 2022.
Generally, dioxane-based iiquid scintillator NE 220 [Nuclear Enterprises (G.B.) Ltd.],
containing 0.05 m! of water in 4 ml, was used; this gave 20%, efficiency. Since D-glucose
6-phosphate and ethanediol 1-phosphate dicyclohexylamine salt are not sufficiently
soluble in dioxane, a solution of 2,5-bis(s-fert-butylbenzoxazolyl-2)thiophen(B.B.
O.T., Ciba Ltd.) (4 g/l) in 50% (v/v) toluene-methanol, containing 0.05 ml of water in
5 ml, was used; this gave only 3.2%, efficiency.

D-Glucose-5-t

Calcium b-xyle-5-hexulosonate (269 mg, 1 mmole) was suspended in water
(s ml) and stirred with Amberlite IR-120 (H+ form) until it was all converted into
the free acid (about 1 h). The resin was filtered off, and the acid was neutralized to
Methyl Red with sodium hydroxide. Sodium borotritiide (10 mg, 0.25 mmole, 5 mc)
in water (2 ml) was added over 10 min at room temperature, with stirring, and the
mixture was left for a further 10 min. Amberlite IR-120 (H + form) was added to stop
the reaction and remove sodium ions. The solution was evaporated to dryness at
30-35° in vacuo, and dioxan (6 X 5 ml) was distilled from the residue at 30-35° in vacuo.
The mixture of acids and lactones was redissolved in ice-cold water (10 ml), and
sodium borohydride (i5 mg, 0.37 mmole) in water (2 ml) was added over 45 min with
stirring at o° and pH 3-4. After a further 15 min, Amberlite IR-120 (H* form) was
added, followed by Amberlite IRA-400 (CO%~ form). The solution was stirred for
36 min to decompose any remaining lactone and to deionize the solution. The resin
was filtered off and washed well, and the filtrate was evaporated to dryness in vacuo
at 35-40° to give chromatographically pure pD-glucose-5¢ which was further purified
by chromatography on Whatman No. 3 MM paper, using ethyl acetate—pyridine—water
(120:50:40) as solvent. Yield: 30 mg, 17%, 1.8 mc/mmole.

Methyl «-D-glucopyranoside-5-t

Carrier D-glucose (360 mg) was added to D-glucose-5-z (6 mg) and refluxed
with 39, methanolic hydrogen chloride for 3 h. The solution was deionized with
Amberlite IRA-400 (CO3~ form) in methanol and evaporated to a syrup which was
recrystallized from ethanol and ethyl acetate to give methyl «-D-glucopyranoside-5-¢
(205 mg), m.p- 161°, 30 uc/mmole.

D-Glucose-5-t 6-phosphate

D-Glucose-5-f (30 mg, 120uc) was dissolved in 0.05M 2-amino-2-hydroxymethyl-
propane-I,3-diol-hydrochloric acid buffer (pH 8.2). Adenosine 5-triphosphate disod-
ium dihydrogen salt (74 mg) was added, followed by hexokinase (100 units in 0.2 mi).
The solution was incubated for 2 h at 35°, with shaking, and boiled to denature protein,
and, after centrifugation, the supernatant solution was chromatographed on Whatman
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No. 3 MM paper, using butanol-acetic acid—water (4:1:5). The area corresponding
to D-glucose-5-f 6-phosphate was eluted. Yield: 30 mg, 80 uc, 66%.

DegradationS of D-glucose-5-t

To a 1-ml sample of D-glucose-5-7, containing 8.5 10% c/min, was added
carrier D-glucose (18 mg); final activity 8.5 103 ¢/min/umole. Periodic acid (0.2 ml,
50%, W{w) was added to the solution which was left overnight at room temperature
and then poured into a solution (20 ml) containing dimedone (100 mg), NagHPQ4
(93 mg), and NaH2PO4.2H20 (70 mg). After 1 h, the formaldehyde-dimedone com-
plex (22 mg) was recrystallized from methanol three times; m.p. 182-3°, 6.1 ¢/min/
pmole. Activity (¢f. p-glucose), 0.07%.

Degradation of methyl a-D-glucopyranoside-5-t

Methyl «-D-glucopyranoside-5-¢ (70 mg, 5.5X 103 ¢/min/umole) was dissolved
in water (2 ml), and periodic acid (240 mg) in water (2 ml) was added. After 2.5 h
at 35°, the solution was deionized. To the resulting solution (20 ml) was added sodium
borohydride (30 mg), and, after 1.5 h at room temperature, 5 ml of 2N hydrochloric
acid. The solution was maintained at 60° for 30 min, the acid was neutralized to
Methyl Red with N sodium hydroxide, and sodium borohydride (20 mg) was added.
After 1 h, the solution was evaporated to dryness in vacuo, and methanol was added.
The sodiuin chloride was filtered off and well washed with methanol, and the methanol
was again removed. The remaining solution was deionized, and chromatographed on
Whatman No. 3 MM paper by using butanol-ethanol-water (4:1:5); the glycerol
(RF 0.47) was eluted. The glycerol content was estimated by titration of the formic
acid released during periodate oxidation, compared with a weighed standard; it had
4.2 X 10% c/minfgmole. The glycerol was oxidized with periodic acid, and the formal-
dehyde—dimedone complex was isolated as described for the degradation of D-glucose-
5-1. After three recrystallizations from methanol, the formaldehyde-dimedone complex
had m.p. 181-2°, 2.4 ¢c/min/umole. Activity (¢f. glycerol), 0.05%.

Degradation of D-glucose-5-t 6-phosphate

To a 1-ml sample of D-glucose-5-¢ 6-phosphate disodium salt, containing
4.96 X 10® c/min, was added p-glucose 6-phosphate disodium salt (60 mg); final
activity, 2.48 X 104 ¢/min/mmole. Sodium periodate (160 mg) in water (1 ml) was added
and, after 20 min, the solution was titrated (Methyl Red) with N sodium hydroxide
(0.6 ml). The sodium iodate was precipitated with alcohol (5 ml) and removed by
centrifugation. Sodium borohydride (20 mg) was added, and after 1 h at room temper-
ature, Amberlite IR-120 (H+ form) was added, and the deionized solution was
evaporated to dryness in vacuo at 35-40°. Methanol was added and evaporated five
times, and the yellow residue was dissolved in water (1 ml). Cyclohexylamine (0.1 ml)
was added, and, after 1 h, the water was removed in vacuo at 35-40°. The syrup was
dissolved in hot alcohol, and ether was added to produce turbidity. After two recrys-
tallizations, the needles of ethanediol 1-phosphate dicyclohexylamine salt had m.p.
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150—155° (lit.%, 160-165°); activity, 2.28 X 10% c/min/mmole. Activity (¢f. D-glucose
6-phosphate), 929%,.
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Preliminary communications

A new route to 3-deoxy-3-fluoro-p-glucose

‘Whereas the replacement of primary hydroxyl groups of hexose and pentose
derivatives by fluorine atoms is readily accomplishedl, the replacement of secondary
hydroxyl groups has only recently been reported. Derivatives of 2-deoxy-2-fluoro-
D-ribose?, 3-deoxy-3-fluoro-D-xylose3, 2-deoxy-2-fluoro-p-allose and -p-altrosed, and
3-deoxy-3-fluoro-D-glucose* are now known. Preparation of the last compound
involved treatment of a 2,3-anhydro-D-allose derivative with hydrogen fluoride-boron
trifluoride at —70° which afforded the deoxyfluoro-D-gluco-derivative as the minor
reaction-product.

We have found that conversion of 1,2:5,6-di-O-isopropylidene-«-D-allofuranose®
into the 3-toluene-p-sulphonate, m.p. 120-121°, [oc]%°+87° (¢ 1.0, chloroform)
(Found: C, 54.75; H, 6.3; S, 8.0. C19H26SOs3 calc.: C, 55.1; H, 6.3; S, 7.7%), followed
by treatment® with tetra-n-bu ylammonium fluoride in boiling acetonitrile, gave
3-deoxy-3-fluoro-1,2:5,6-di- O-isopropylidene-«-D-glucofuranose (1, 40%;), b.p. 80-85°
(bath)/o.1 mm, [y —22° (c 1.0, chloroform) (Found: C ,55.5;H , 7.3; F, 7.6.
C12H19FO5 cale.: C, 55.0; H, 7.3; F, 7.3%). Similar treatment of 1,2:5,6-di-O-
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isopropylidene-3-O-toluene-p-sulphonyl-a-D-glucofuranose afforded 3-deoxy-1,2:5,6-
di-O-isopropylidene-a-p-erythro-hex-3-enofuranose’.

The n.m.r. spectrum (1°F, CDCl3s) of compound (1) coniained 8 signals (centre
of gravity, @} 207.8 p.p.m. with respect to CClaF) having the following coupling
constants Ju,r 49.8, Ju,r 29.8, and Jg,r 10.8 c.p.s. The *H-spectrum showed,
inter alia, a doublet at » 4.06 (J 3.8 c.p.s.) for the anomeric proton. The signal for
H-3 was a doublet of multiplets with the low-field portion at = 4.60.

Mild, acid hydrolysis of compound (1) gave a non-crystalline product having a
mobility and detection characteristics on paper chromatograms identical with those
of 3-deoxy-3-fluoro-p-glucose prepared by Johansson and Lindbergd,

The chemistry of 3-deoxy-3-fluoro-i,2:5,6-di-O-isopropylidene-«-D-glucofur-
anose is being further investigated since, by graded, acid hydrolysis, it could provide
access to hexose and pentose derivatives containing more than one fluorine atom.

The authors thank Professor M. Stacey, F.R.S., for his interest, Professor
B. Lindberg for a sample of 3-deoxy-3-fluoro-p-glucose, Dr. E. F. Mooney for
measurement of the 18F resonance spectrum, and the Sugar Research Foundation for

financial support.
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«~-0Oxo carbenes of the carbohydrate series

In studying the formation and reactions of carbene derivatives in the carbo-
hydrate field, we have examined the decomposition of 1-deoxy-1-diazoketose acetates.
In the presence of copper oxide or copper powder, these compounds give rise to «-0xo
carbenes.

The decomposition of penta-O-acetyl-1-deoxy-1-diazo-keto-D-gluco-heptulose
(1) in boiling benzene, in the presence of copper oxide, results in the formation of
1,2-bis(penta- O-acetyl-p-gluconyl)ethylene (3), m.p. 115-117°, [a]5® +26° (¢ 5, chloro-
form) (Found: C, 50.53; H, 5.40. C5,H,,0,, calc.: C, 50.74; H, 5.47%). Presumably,
the a-oxo carbene (2) is formed initially and subsequently dimerises®-2,

CHN2 -~ CH - CH20Ac
é=o c|:=o (CHOAC)s
H(IZOAc HCOAc é:o
AcOlCH CuO AcOCH CIZH
HéOAc - HCOAc - (I!,‘H
HCOAc HCOAc cl:_—_o
(IIHQOAC CH20Ac (CHOAGQ)
i J CH20Ac
1 2 3

In a similar reaction, a carbohydrate residue was linked to the f-position of
indole3. In toluene at 95-100°, with copper powder as catalyst, penta-O-acetyl-1-
soxy-1-diazo-keto-D-galacto-heptulose and indole reacted to give penta-O-acetyl-1-
deoxy-1-(indol-3-yl)-keto-D-galacto-heptulose (4a) (27-30%) as a yellow powder,
Amax 222 (£ 26,800) and 280 mu (e 7500) Found: C,58.20; H, 5.49; N, 2.50. C;5H;oNO,
calc.: 57.80; H, 5.58; N, 2.69). Oxidation of compound (4a) with oxygen in an alkaline
medium afforded indole-3-carboxylic acid.

In a similar manner, penta-0-acetyl-1-deoxy-1-(N-methylindol-3-yl)-kero-D-
galacto-heptulose (4b) was obtained as a yellow, amorphous powder, A, 222
(¢ 26,500) and 282 myu (e 62c0) Found: C, 58.20; H, 5.88; N, 2.80. C;cH;,NO,,
calc.: C, 58.53; H 5.81; N, 2.62%).

Likewise, a carbohydrate residue could be introduced into the «-position of
thiophene. Thus, decomposition of penta-O-acetyl-1-deoxy-1-diazo-keto-D-galacto-
heptulose in boiling thiophene, in the presence of copper powder, gave penta-O-
acetyl-1-deoxy-1-(2-thienyl)-keto-D-galacto-heptulose (5) as a yellow powder, m.p.
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bl —CHy—C—(CHOAC),—CH20AC
X c=0 ' 57 i
N : l o

i .
4a R=H . R V(CHQAC)4 5
4b R=CHay ' .
. CCHgOAC " - .. L e B .
: ‘ ) AcOHZCf(CHOAc)4—ﬁ—CH?C!-_!—CH=CH—C—CH3

6
130-132°, A;na 248 (2 31:60)""and' 275 my (e 4600) (Found: C, 51.54; H, 5.67; S, 6.39.
C,;,H,60, ;S cale.: C, 51.86; H, 5.35; S, 6.58%).

" According to the literature®*, furan and its derivatives g1ve open-chain products
with diazoketones. Hence, the syrupy product from the reaction of penta-O-acetyl-1-
deoxy-1-diazo-keto-D-galacto-heptulose with 2-methylfuran is assigned the structure
1-(penta-O-acetyl-D-galactonyl)-hexa-1,3-dien-5-one (6), An.. 223 (¢ 5000) and
286 myu (g 9300), V., 1756 (strong), 1660 (medium), 1621 (weak), 1380 (strong) and

1430cm™?! (medjum) Found: C, 54.30 H, 5.93. C,,H,30,, calc.: C, 54.54; H, 5.78%).
A full report of this work will be published elsewhere.
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ACTION DE L’a-GALACTOSIDASE DU CAFE SUR QUELQUES GALACTO-
MANNANES

J E Courrtols ET P L Dizer
Laboratoire de Chinue Biologique, Faculté de Pharmacie, Paris (France)
(Regu le 21 février 1966, sous forme revisée le 31 ma1 1966)

INTRODUCTION

Les galactomannanes des graines de Légumineuses présentent une assez grande
homogénéité de structure - unités a-D-galactopyranosyl branchées en 6 sur une chaine
de mannane constituée d’unités f-D-mannopyranosyl reliées en (1—4). Les principales
différences résident dans le rapport moléculaire mannose/galactose ou M/G. Dans les
galactomannanes purifiées les valeurs de M/G s’étendent du voisinage de 1,0-1,2
(Trifolum, Medicago) A 3,5-4,0 (Ceratoma, Gleditschia)* ~3.

Dans les galactomannanes a rapport M/G > 2 la répartition des molécules
de galactose le long de la chaine n’est peut-&re pas aussi régulidre qu'ill avait été
envisagé primitivement® ™5

L’e-galactosidase (3 2 1 22) du Café libére du galactose & partir des galacto-
mannanes®~® L’hydrolyse aisée au début, se ralentit ensuite et jusqu’ici n’a jamais
permis de détacher la totalité du galactose.

Ces essais avatent €té réalisés avec des préparations enzymatiques partiellement
purifiées Petfek et To Dong® ont réussi a purifier les a-galactosidases du Café. Nous
avons utilisé ces enzymes pour étudier systématiquement I’hydrolyse de galacto-
mannanes a valeurs distinctes du rapport M/G Parmu les galactomannanes utilisées
seule celle de Gleditschia ferox a fourni un précipité relativement abondant; nous
avons étudié cette fraction insolubilisée par I’enzyme

MATERIEL ET TECHNIQUES

Galactomannanes

Elles ont été obtenues par extraction aqueuse des graines, précipitation par 3 vol.
d’éthanol a 959, reprise par ’eau, dialyse et nouvelle précipitation par I’éthanol
Ces opérations sont répétées trois fois successivement. Les préparations obtenues
sont pratiquement dépourvues de protéines d’aprés la réaction au biuret

La plupart de ces galactomannanes ont ét€ décntes dans notre publication

antérieure®

Trifohum repens Extraction aqueuse a la température du laboratoire (20°), M/G
1,07 (1)
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Genista scoparia. Extrait a 20°, M/G 1,50 (2a).
Le résidu de P’extraction a 20° est traité par I’eau a 50°, M/G 1,66 (2b)

Gleditschiaferox Les graines a maturité sont extraites a 20°, M/G 3,9 (3a), puis ensuite
a =0°, M/G 3,86 (3b). Les graines vertes sont extraites avant maturité selon Courtois
et Le Dizet?. L’extraction est faite par I’hydroxyde de sodium dilué, suivie de précipi-
tation par le réactif cupro-alcalin Le précipité est repnis par une solution d’acide
chlorhydrique et la solution est dialysée et précipitée par 1’éthanol; M/G 3,82 (3¢)

Gleditschia triacanthos Extrait a 20°, M/G 3,82 (4a), Extrait a 50°, M/G 3,76 (4b)
Ceratonia siligua Extrait 4 20°, M/G 3,88 (5)

Enzymes

(1) Préparation partiellement purifiée des graines de Cafe'® (2) Fractions
purifiées obtenues par élution 2 partir d’une colonne d’alumine®®. Par suite du faible
rendement, nous employons le mélange des fractions éluées a pH 5,1, puis a pH 6,0
dialysées et lyophilisées Ce mélange renferme une faible proportion de f-galactosidase,
il est dépourvu d’activité sur les f-p-mannanes et f-bD-mannosides étudiés

Techriques

Les oses réducteurs sont déterminés par la méthode au réactif cupro-alcalin de
Nelson et Somogyi*! Les monosaccharides et oligosaccharides sont caractérisés
par chromatographie descendante avec le mélange de solvant 1-butanol-pyridine—eau
(9 5 4, v/[v) Pour I’établissement du rapport M/G, les bandes correspondant au galac-
tose et au mannose sont découpées, extraites par I’eau a 20°, puis 40° Les extraits
sont concentrés et dos€s par la méthode Nelson-Somogy:

RESULTATS
pH Optimum
Le Café contient deux a-galactosidases, dont les pH optimums vis-a-vis du
phényl a-D-galactoside sont respectivement de 5,3 et 6,1'%. Chacune des deux fractions
d’x-galactosidase libére du galactose A partir de la galactomannane de Luzerne®
Avec les galactomannanes de Gleditschia ferox 3a et de Ceratorua 5, le mélange
des deux a-galactosidases et lestampons acide citrique~-phosphate disodiquefournissent
des courbes avec un seul optimum tres aplati au voisinage de pH 5,0 Les courbes ont
le méme aspect avec des doses differentes de préparation enzymatique

Hydrolyse en fonction du temps

La quantité de substrat est choisie en fonction du rapport M/G, de fagon a
opposer I’enzyme a une quantité constante de galactose combiné La solution de
galactomannane (1 ml) contenant le galactose combiné (1,89 mg) est additionnée de
tampon acide acétique-hydroxyde de sodium (0,25 ml) de pH 4,8, de solution
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d’a-galactosidases purifiées (1 ou 2 ml) et de I’eau pour obtemir un volume total de
5 ml. Aprés hydrolyse a2 37° nous obtenons les résultats groupés dans le tableau I.
A titre comparatif, nous y avons fait figurer en bas les résultats obtenus avec deux
ohigosaccharides - raffinose et stachyose.

Auvec tous les substrats la chromatographie n’a permis de déceler que la hibération
de galactose

Les pourcentages de galactose ibéré ne permettent pas de différencier les galacto-
mannanes & rapport M/G voistn de 1,0 (Trifolium et Genista) de celles oi1 il s’éleve
vers 4,0 (Gleditschia) Hue’ n’avait pas observé de différences significatives entre les
vitesses initiales de libération du galactose des galactomannanes de Medicago sativa
(M/G 1), de Trigonelia foenum graecum (MJG 1) et de Coesalpinia spinosa (M]G 3)

Dans une méme graine o les deux fractions de galactomannanes ont des M/G
et pouvoirs rotatoires trés voisins, 1a fraction extraite i 20° est hydrolysée plus rapide-
ment que celle extraite ensuite 2 50°.

TABLEAU 1

ACTION DE L’&-GALACTOSIDASE DU CAFE OPPOSEE, A PH 4,8, A DES QUANTITES EQUIMOLECULAIRES DE
GALACTOSE COMBINES

Galactomannanes 1 ml de préparation 2 ml de préparation enzymatique
enzymanqgue
Durée d’hydrolyse
6h 24 h 48 h 6h 24 h 48 h
Trifolium repens 1 11,7 16,4 23,3 18,0 24,4 45,5
Gemsta scoparia 2a 12,7 17,5 23,3 16,4 24,8 44,5
2b 6,9 11,1 18,0 10,0 17,5 35,0
Gleditschia ferox 3a 13,2 200 29,1 18,0 31,7 45,0
3b 8,0 10,0 18,0 9,5 21,7 35.4
3c 18,5 25,0 35,0 24,8 37,6 56,5
Gleditschia triacan- 4a 14,3 20,0 29,1 17,5 31,7 45,0
thos 4b 95 18,0 18,5 13,7 27,5 37,6
Raffinose 64,0 87,0 100,0 78,5 100,0 100,0
Stachyose 12,0 22,6 35,0 21,5 37,0 68,0

sLes chuffres du tableau correspondent au pourcentage du galactose ibéré Les conditions expéri-
mentales et les produits sont décrits dans le texte

11 est a signaler que dans le genre Gleditschia les fractions extraites a 20° de
G. ferox et G triacanthos (3a et 4a) sont hydrolysées a la méme vitesse par 1’a-galacto-
sidase.

Nous avons observé par ailleurs que selon I'ongine de la galactomannane
1l n’existe pas de relation directe entre la diminution de viscosité au cours de ’hydrolyse
et la hibération du galactose C’est amnsi qu’aprés 48 h, avec des pourcentages de
galactose libéré voisins, les diminutions de viscosité relative sont de 109 pour Trifo-
lium et de 45% pour Gl ferox 3a.

L’hydrolyse a-galactosidasique ne provoque pas la chute brutale de viscosité
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observée avec la dépolymérase de Leucaena glauca agissant sur la galactomannane de
cette gramne'? Dans des recherches en cours, nous avons noté la méme chute brutale
en faisant réagir I’hémicellulase Novo de Bacillus subtilis sur diverses galactomannanes.

Le poids moléculaire du substrat parait influer nettement sur la vitesse galacto-
sidasique. Dans le bas du Tableau I nous pouvons observer que le raffinose est
hydrolysé beaucoup plus rapidement que le stachyose, dont le galactose n’est pas
totalement détaché avec 2 ml d’enzyme en 48 h

A pH 4,6 et 37°,1a valeur de la constante de Michaelis déterminée par la méthode
graphique de Lineweaver et Burk est Km = 5 10~3 M pour le raffinose. Par la méme
méthode, nous avons obtenu a pH 4,6 et 37° un Km de 2,5 10™2 M pour e stachyose
11 ne s’agit que d’un Km approximatif puisque le stachyose renferme deux haisons
a-galactosidiques hydrolysées successivement L’a-galactosidase du Café hydrolyse
en effet le stachyose en deux étapes!3. stachyose—raffinose—ssaccharose L’affinité
Ky = I/Km est donc de 400 vis-a-vis du stachyose, elle est en réalité supérieure pour
la rupture de la liaison «-galactosidique terminale puisque le Ky du raffinose hydrolysé
dans la seconde étape est de 200 Avec une préparation brute de Café et A pH 4,0,
nous avions obtenu anténieurement '* Ky, 150 pour le méhibiose et des K, 325 1den-
tiques pour le raffinose et le plantéose L’affimté K,; augmente donc avec le poids
moléculaire de ’oligosaccharide, alors que la vitesse maximum ¥V diminue

11 serait actuellement prématuré de tenter de généraliser aux galactomannanes
ces quelques observations Cect d’autant plus que la cinétique d’action des a-galacto-
sidases de graines se révéle deja comme fort complexe avec un substrat de faible
poids moleculaire comme le phényl a-D-galactoside!® Le galactose libéré inhibe
P’ee-galactosidase, ce qui nous a conduit a faire réagir I’enzyme en plusieurs étapes

Hpydrolyses par additions successwes d’enzyme

Trifolium repens. La galactomannane (0 125 g) est mise en contact & 37° avec le
mélange des deux a-galactosidases purifiées (50 mg), le tampon acide acétique-
hydroxide de sodium de pH 4,8 (1 ml), du tolué¢ne (0,5 ml) et de I’eau (50 ml) Aprés
6 jours, 1l n’est pas apparu de précipité et 389, du galactose sont libérés, le mélange
est alors traité par 3 vol d’éthanol a 969/ qui précipite une galactomannane, dont le
rapport M/G s’est élevé a 1,54 Ce polysaccharnide est remis en contact avec de ’e-ga-
lactosidase (50 mg), puis tous les quatre jours nous ajoutons a nouveau de ’enzyme
(s0 mg) Apres cing affusions d’enzyme 1l n’y a pas eu de précipitation de mannane
L’addition de trois vol d’éthanol 1mnsolubilise une galactomannane de M/G 1,72

Ces résultats sont a rapprocher de ceux obtenus avec la galactomannane de
Medicago® possédant elle aussi un rapport M/G voisin de 1,0

Gleditschia ferox Nous opérons de fagon identique avec la galactomannane
3a (o0 375 g), mais 1l apparait aprés 2 jours un précipité qui est collecté par centnfu-
gation, lavé avec de’éthanol qui extrait réguliérement du galactose fixé par le précipité.
Ce précipité est remis en suspension dans le tampon de pH 4,8 et additionné d’enzyme
(somg) Apres 48 h nous déterminons le galactose libéré et le rapport M/G du précipité
Ce dernier est remis en contact avec de I’a-galactosidase comme précédemment
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La fraction demeurée en solution est insolubilisée par 3 vol. d’éthanol a 95%;.
Le précipité€ est repris par I’eau, et la solution est dialysée Aprés une nouvelle précipi-
tation éthanolique, le précipité est remis en contact avec I’enzyme

Nos résultats sont réumis dans le Tableau II L’examen chromatographique des
fractions demeurées en solution, aprés traitement par D’éthanol, n’a pas permis
de déceler d’autre saccharide que le galactose.

L’a-galactosidase a donc libéré du galactose, aussi bien 4 partir des galactoman-
nanes solubles, que des fractions qui se sont insolubilisées

Le rapport moléculaire M/G augmente régulierement avec le nombre de traite-
ments successifs par I’enzyme. Il n’a cependant pas été possible de détacher la totalité
du galactose des fractions insolubles et de dépasser un rapport M/G de 30

Les résultats du Tableau II tendraient a indiquer que la galactomannane est un
mélange de fractions 3 degrés de polymérisation distincts Nous avons en effet
séparé une fraction soluble & M/G 7,8 conduisant ensutte 4 deux fractions insolubles
de M/G 8,0.

TABLEAU II
HYDROLYSE DE LA GALACTOMANNANE DE Gleditschia PAR AFFUSIONS SUCCESSIVES D’a-GALACTOSIDASE®

Galactomannane, M/G 3,9

60%;
Ppt msol , M/G 13,8 La solution est précipitée par I’éthanol, le ppt
est repris par l’eau, dialysé et précipité a nouveau,
25% M/G 7,8
Ppt imnsol , M/G 17,0
40% Ppt 1nsol , M/G 8 La solution est précipitée par 1’éthanol.
Le ppt est repris par I'eau
Ppt 1insol , M/G 28 Ppt insol , M/G 30

Ppt 1nsol , La solution ne donne

M/G 8 pas de ppt de galacto-
mannane par addition
d’éthanol

a] es pourcentages indiquent Ia proportion de galactose libérée par action de ’enzyme Les fieches
verticales indiquent 1’action de ’enzyme

Nous avons en outre constaté qu’au cours de I’hydrolyse acide des diverses
fractions la totalité du galactose est ibérée par chauffage de 4 h 4 100° dans H,SO, 5N
St nous séparons la fraction msoluble, son hydrolyse acide ultérieure ne Iibére plus
que le seul mannose

Ceratoma sihiqua Nous opérons comme pour Trifolunn repens. Aprés § jours
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a 37°, 1l apparait un précipité peu abondant (M/G 4,57); il est remis en contact avec de
I’enzyme et aprés 5 jours ’'msoluble a un M/G qui s’est élevé légérement & §,27

Les galactomannanes de Gleditschia et Ceratonia ont des rapports M/G mmtiaux de
3,9 Elles pataissent avorr une répartition différente des umtés galactose sur I’ensemble
des molécules Au cours de divers essais, I’a-galactosidase du Café n’a jamais msolu-
bilis€, a partir de la galactomannane de Ceratonia, une fraction ou le rapport M/G
soit notablement accru

Etude de Ia fraction insolubilisée a partir de la galactomannane du Gleditschia ferox

réparation La galactomannane 3a (20 g) est dissoute dans I’eau distillée (1 1), et
T’on ajoute la préparation d’z-galactosidase éluée 4 pH 6,0 (200 ml) Le mélange est
mtroduit dans un boyau de cellophane baignant dans une cuve contenant un tampon
acide citrique-phosphate disodique 0.01 M de pH 6,0 Nous maintenons 4 37° en renou-
velant chaque jour le liquide exténeur au boyau. Dés le premier jour du galactose
diffuse & I’extérieur du boyau Notre protocole opératoire a pour but d’éhmner la
majeure partic du galactose mhibiteur de I’enzyme. A partir du deuxidme jour il
apparait un précipité, dont la proportion s’amplifie réguliérement

Au bout de 20 jours, nous collectons le précipité, le suspendons dans de I’eau,
dialysons et récoltons par centrifugation 1'insoluble Nous obtenons une poudre
blanc grisatre (1 5 g), soluble dans NaOH 2 N; cette solution a un [#]2° —40°, proche
de ceux des f-D-mannanes de Palmiers, Phytelephas macrocarpa'® (—46°) et Phoemx
canariensis'"*'8 (—50°) Le corps est totalement hydrolysé en 4 h a 100° dans H,SO,
5N, M/G 24

Meérhylation Elle est réalisée dans une premiére étape par le sulfate de méthyle
et la soude, puis dans une seconde étape par I'1odure de méthyle et oxyde d’argent
ou par I’oxyde de baryum dans la N,V-diméthylformamide'?

Les deux oxydes ont permis d’obtenir les mémes résultats L’examen spectro-
scopique a l'mfra-rouge n’indique pas la présence d*hydroxyles non combinés Le
produit méthylé est 1évogyre, [o]2° —25° (c 1 0, chloroforme) Aspinall ef al.*® avaient
obtenu —20° et —22° pour les f-D-mannanes de Phytelephas méthylées

Le produit méthylé (100 mg) est dissous dans le méthanol contenant HCl1 4 la
concentration 0,66 N (5 ml) Aprés chauffage sous réfrigérant & reflux pendant 8 h,
la solution est concentrée sous presston réduite et le résidu additionné de HCI N est
chauffé 10 h au bain-marie bouillant Aprés désiomsation par 1’Amberhite IR-4-B,
I’hydrolysat est concentré sous pression téduite et examiné par chromatographie sur
papier Une hydrolyse du produit méthylé pendant 8 h 4 100° dans H,SO, 2 N a fourn1
les mémes résultats

Les dénivés méthylés sont identifi€s par chromatographie sur papier, selon le
protocole de Petek et To Dong?®:?! avec le solvant octane-alcool isopropyhque—
ammoniaque 4 10%; (50 25°2) Les bandes correspondant aux divers dérivés méthylés
sont découpées et extraites pa: le chloroforme, avec un épuisement de 16 h i Ia tempé-
rature du laboratoire, puis deux autres & 30° Nous évaporons 2 sec et reprenons par
I’eau
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Les oses méthylés sont déterminés par I’hypoiodite o I N en présence de CO;Na,
4 15%, pour 4h 4 0°*2 et par colonimétrie avec le phosphate d’amline?® Nos résultats
sont rassemblés dans le Tableau Il

TABLEAU III

DETERMINATION DES DERIVES O-METHYLES DANS L’HYDROLYSAT DE LA GALACTOMANNANE DE Gleditschia
ferox, METHYLEE APRES DEGRADATION PAR L’&X-GALACTOSIDASE®

Dérives Q-méthyles Méthode de dosage

Todométrie  Colorimétrie

2,3-Dh-0-méthyl-p-mannose 6,0 8,0
2,3,6-Tri-O-méthyl-pD-mannose 87,0 8s,0
2,3,4,6-Tétra- O-méthyl-p-galactose 3,0 3,5
2,3,4,6-Tétra- O-méthyl-nD-mannose 4,0 3,75 .

2L es résultats sont exprimés en molécules pour cent

Pour une molécule de 2,3,4,6-tétra-O-méthylgalactose, 11 y a donc environ
1,2 molécule de 2,3,4,6-tétra-O-méthylmannose, 2,15 molécules de 2,3-di-O-méthyl-
mannose et 26,4 molécules de 2,3,6-tri-O-méthylmannose

Pour les dérivés du mannose ceci, correspond aux résultats obtenus avec la
p-D-mannane a haisons (1—4) du Phoemix canariensis'™*® La faible proportion de
galactose est retrouvée sous forme de tétra-O-méthylgalactose, indiquant qu’il est
présent sous forme d’unités branchées sur la chaine d’une (1—4)-§-bD-mannane.

La galactomannane de Gleditschia ferox soumise 3 la méthylation nous avait
permus antérieurement? de déceler de faibles quantités de 2,3,4-tri-Q-méthylgalactose
Cerezo?* a de méme signalé la présence de traces de ce trni-O-méthylgalactose dans la
galactomannane de Gleditsia amorphoides soumise aux opérations successives de
méthylation puis d’hydrolyse L’applicatior de la méthode de méthylation, puis
d’hydrolyse a la galactomannane 3a de GI. ferox nous a permus de déceler régulierement
environ I 4 1,5% de molécules de 2,3,4-tr1i-O-méthylgalactose Ce dérivé ne parait pas
&tre un artefact résultant d’une déméthylation partielle du 2,3,4,6-tétra-O-méthyl-
galactose Le raffinose soumts aux mémes opérations de méthylation, puis d’hydrolyse,
n’a jamais permis de déceler un tri-O-méthylgalactose La galactomannane de Trifo-
lium repens a permis de déceler également environ 1,29 des molécules d’oses méthylés
sous forme de ce 2,3,4-tri- O-méthylgalactose

1l apparait donc vraisemblable que sur les chaines de (1-»4)-f-D-mannanes
se relient en 6 quelques rares courtes chaines de galactose associés en (1-+6), ce qui
donnerait ce type de structure 1 possible.

Le galactose substitué qui conduit a ce dérivé triméthylé ne parait pas étre
intercalé dans les chaines de mannanes entre deux umtés mannose S’il en était ainsi,
nous aurions retrouvé ce dérivé triméthylé en plus forte proportion dans la galacto-
mannane a rapport M/G élevé, insolubilisée par I’a-galactosidase En effet, I’enzyme
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du Café hydrolyse les haisons a-galactosidiques terminales et ne semble pas rompre les
haisons x-galactosidiques d’unités de galactose substituées par un autre monosaccha-

ridelo 14'

-B-p-Manp-(1->4)-f8-p-Manp-(1—+4)-f§-pD-Manp-(1—+4)-8-D-Manp-(1—4)--pD-Manp-(1->4)-§-D-Manp-
6 6

) 0

I ) ¢
Galp Galp

6

t

I
Galp

1

Le Tableau IIT indique que dans le précipité de galactomannane dégradée par
I’enzyme une molécule de tétra-O-méthylmannose correspond a4 24 molécules des
di- et tri-O-méthylmannoses

Le galactomannane 3a de G/ ferox a permis d’obtenir une molécule de tétra-O-
méthylmannose pour 13 molécules des autres méthyl-O-mannoses Ce rapport est de
1 pour 50 avec la galactomannane de Trifolium repens

il en résulte que la formation d’une galactomannane 1nsoluble par action de
I"enzyme du Caf€ ne parait pas s’accompagner d’une rupture des chaines de mannanes,
la formation de ces fragments aurait accru la proportion de tétra-O-méthylmannose
11 convient de noter que le rendement en galactomannane imsoluble est faible, 7 5%
1l est donc possible que ce soient les chaines de mannanes les plus longues qui s insolu-
bilisent aprés détachement de 1a plus grande partie des galactoses substituants

L’existence de branchements dans les chaines de mannanes ne doit pas étre
exclue Le Tableau III montre que la proportion moléculaire du 2,3-di~-O-méthyl-
mannose ect environ double de celle du 2,3,4,6-t€tra-O-méthylgalactose Ceci tendrait
a mdiquer que, dans les chaines de mannanes, 2 & 3% des unités mannosyles sont
substituées autrement que par une unité de galactose

Nous rapprocherouns ce fait d’une observation antérieure Au cours de recherches
non publi€es réalisées en collaboration avec A Wickstrom, nous avons étudié la
méthylation de la galactomannane de Medicago, dont une partie du galactose avait
été éliminé par 1’a-galactosidase du Café Ce polysacchande de M/G 5 avait fourm
pour une molécule de 2,3,4,6-tétra-O-méthylmannose, 3,4 molécules de 2,3,4,6-
tétra-O-méthylgalactose, 7,7 molécules de 2,3-di-O-méthylmannose et 12,6 molécules
de 2,3,6-tri-O-méthylmannose

Les deux galactomannanes & M/G accru par action de I’a-galactosidase renfer-
ment donc une proportion moléculaire plus élevée de di-O-méthylmannose que de
tétra- O-méthylgalactose

11 est & remarquer que la plupart des auteurs ayant sounus les galactomannanes
intactes a la méthylation ont en général retrouvé une proportion moléculaire légeére-

ment supérieure du tétra-O-méthylgalactose par rapport au di-O-méthylmannose?3-2°,
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Nous avons observé le méme fait avec les galactomannanes de Trifolium repens et le
produit 3a de G ferox

Oxydation par I’acide periodigue L’oxydation (Fig 1) s’effectue comme pour
un polysaccharide constitué d’hexoses pyraniques liés en (1—4)'7 18:27

a4l

Molecules
W
)

0N
T

-
—
e ———

T

12 6 15 Jours 320

Fig 1 Oxydation periodique de la fraction mnsoluble de galactomannane obtenue par action de
Va-galactosidase La réaction est accomplie a la glacigre et dans I’obscurité, le milieu de réaction
contient une suspension de 0,162 g de galactomannane dégradée dans 1o ml, la concentration d’acide
periodique dans le milieu est IN (ou o 5M) Les résultats sont exprimés en molécules par molécules
d’anhydrohexose, 1a courbe 0-0- indique ’acide periodique réduit, la courbe x-x- 1’acide monovalent
hibéré et la courbe o—e— le formaldéhyde libéré

La superoxydation €volue sensiblement comme avec la f-D-mannane (1—4)
de Phoenix canariensis'” Cette superoxydation est plus accentuée qu’avec la galacto-
mannane 3a de G! ferox?, la substitution en 6 des unmités de mannose limitant la
superoxydation Tout comme pour la cellulose ou la mannane de Phoenix'?-18,
le polyaldéhyde formé par action de ’acide periodique est soluble, on assiste donc
a une dissolution du précipité initial lorsque 1’oxydation progresse

DISCUSSION

Les galactomannanes de Légumineuses étudiées ont un type général de structure
commun Il semble cependant exister des différences individuelles selon la répartition
des umtés de galactose, la longueur et 'imbrication des chaines de mannanes C’est,
ains1 que pour deux galactomannanes & rapport M/G identiques, celle de Gleditschia
donne un abondant précipité & M/G nettement accru lorsque 1’z-galactosidase a
détaché une partie des molécules de galactose Par contre, celle de Ceratonia ne conduit
pas & un précipité abondant et 2 un M/G accru

L’on doit aussi envisager la présence dans le Gleditschia de quelques courtes
chaines renfermant plus d’une unité de galactose.

Enfin, la proportion de di-O-méthylmannose est en faveur de 1’existence de
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ramifications dans la partiec mannane La structure compléte des gaiactomannanes
laisse donc planer encore quelques 1ncertitudes

RESUME

L’a-galactosidase des gramnes de Café hydrolyse mmtialement & des vitesses
voisines les liaisons «-galactosidiques de diverses galactomannanes Les galacto-
mannanes de Tréfle et Caroubier ne donnent pas de composé insoluble du type mannane
au cours de I’hydrolyse «-galactosidasique Avec Gleditschia ferox nous avons obtenu
une fraction insoluble dans I’eau contenant 24 molécules de mannose pour chaque
molécule de galactose Ce composé est constitué de chaines d’unités f-pD-manno-
pyranosyl liées en (1—4), 1l semble probable que ces chaines sont faiblement ramifiées
Quelques unités de galactose sont reliées en (1—6) a ces chaines

SUMMARY

Coffee-bean a-galactosidase (3 2 1 22) sphts, at similar initial rates, o-D-
galactosyl units from various galactomannans isolated from Trifolium repens, Genista
scoparia, Gleditschia ferox, Gleditschia triacanthos, and Ceratoma silhiqua Except for
white-clover, genista, and carob-tree galactomannans, «-galactosidase treatment re-
sulted in insoluble mannan-like polysaccharides A water-insoluble fraction contamn-
g 24 residues of mannose for each residue of galactose was obtained from the galacto-
mannan of Gleditschia ferox It contains chains having a §-pD-(1—4)-mannopyranosyl
repeating unit. These chains have probably a few side-branches. The few remaining
p-galactose residues are linked (1—6) as side-branches to the p-mannose chains
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INTRODUCTION

In the previous part of this Series!, we showed that the potentiometric 10dine-
binding curves, obtained at 20°, for amylomaizes of differing amylose-content were
abnormal This means that the unambiguous estimation of iodine affinity 1s not
possible for such starches We also suggested that the presence of low molecular-
weight, amylose-like material was responsible for this behaviour Experiments which
confirm this proposal are described here

The effect of low temperatures on the 10dine-binding capacity of starch has now
been studied It has been found that, under these conditions, amylomaize gives the
more usual shape of 1odine-binding curve, from which an estimate of 10dine affimty
can. be made This change in iodine-binding power with the lowering of temperature
has been shown to be a characternistic of low molecular-weight amylose, the apparent
1odine affinity of a high molecular-weight amylose is not affected to any appreciable
extent by the lowering of temperature

EXPERIMENTAL

The preparation and sources of the amylomaizes have been described earlier®.
Starch samples were labelled HAs57, HA62, HA67, HA70, and HA75, where the
aumber represents the reputed content of amylose Samples of degraded amylose
(I-III) were the polysaccharides prepared previously!

The starches were dispersed 1nto dunethyl sulphoxide and used directly (o 1 ml,
¢, approx 60 mg/ml) mn the titration cell, as described 1n the previous part of this
Seres!

Estimations of the “1odine-binding capacity”, or “1odine affimty”, of a starch
were obtained by extrapolation of the linear portion of the adsorption curve to zero
concentration of free 10dine®

*For Part VII, see Ref 1.
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RESULTS AND DISCUSSION

When amylomaize starch HA70 was potentiometrically titrated with 1odine at
various temperatures, the results shown in Figure 1 were obtained. It can be seen that,
when titrations were carried out below the usual temperature!*® of 20° the starch
commenced to complex with 10dine at much lower levels of free-iodine concentration
Furthermore, the low-temperature adsorption curves were markedly more normal
1n shape than the unusual, inflexionless curves obtained at 20° or higher Indeed,
although it has not proved possible! to obtain 1odine-affinity values for amylomaize
starch from titration curves at 20°, extrapolations of the adsorption curves at low
temperatures could be made wrthout difficulty

A temperature of 2° was therefore chosen as being the most convenient, routine
condition for the titration of an amylomaize starch

Tutrations of amylomaize starches at 2°

The normal shaped, titration curves obtamed for the other samples of amylo-
maize starch at 2° are shown 1n Figure 2

From Figures 1 and 2, it can be seen that the todine-binding capacity for the
amylomaize starches HA57, HA62, HA67, HA70, and HA75 was 149, 156, 16 6,17 3,
and 17 5%, respectively As the 10dine affinity of amylomaize amylose at this tempera-
ture is 209 (see below), the apparent contents of amylose are 75,78, 83, 86, and 889,

n
[s]
1
|

-
%]

3

nd rodine (mg per 100mg starch)

Bou

Bound lodine (mg per 100 mg starch)

1 [1
o 10 20 o] 5 10
Free iodine (x106 M) Free ijodine (X10° M)

Fig 1 Potentiometnc 1odine-titration curves for amylomaize starch HA70 at various temperatures

Fig 2 Potentiometric 1odine-titration curves for various amylomaize starches at 2° (1) HAs7,
(2) HA62; (3) HA67, (4) HA7S,
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for the various starches. It is significant that these amylose contents are considerably
higher (some 15~-18 %) than the alleged amylose-contents of these starches.
The implications of this finding will be discussed elsewhere.

Titrations of maize starch and its components at 2°

The behaviour of regular maize starch and its component amylose and amylo-
pectin on potentiometric titration with iodine at 2° was then examined. As shown in
Figure 3, although there was an increase 1n the apparent extent of adsorption of iodine
at low temperatures, the iodine affinity of the starch did not alter. A comparable
effect was found for the amylopectin, this effect accounted for the change in adsorption
observed for the whole starch. The iodine-affimty characteristics of the amylose
component were little altered by the change in titration temperature.

Potato starch and 1ts component amylose and amylopectin behaved similarly
when titrated at low temperature, the hmifing 1odine-binding levels were attained
at considerably lower concentrations of free iodine, but these levels were almost
dentical to those obtained 1n the titration at 20°.

S

Bound 10dine {mg per 100mg starch)

5
Free 1odne (x10%M)

Fig 3 Potentiometric 1odmne-titration curves for regular maize starch and its components at 20°
(—o-) and 2° (~e-) (I) maize starch, (2) maize amylose, (3) maize amylopectin

Titrations of the amylomaize components at 2°

Figure 4 shows that the titration curves for the amyiomaize amylose were also
essentially independent of temperature, but this was not so for the 36~unit amylo-
pectin®. At 20°, this matenal gave an abnormal, inflexionless curve, but, at 2°, a curve
of regular shape was obtained, the corresponding 1odine-binding capacity indicates
the presence of some 509, of amylose. In contrast, the purified, normal amylopectin,
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obtained by ultracentnfugation from the 36-unit material®, behaved as did the amylo-
pectin from regular maize In the previous part of this Series’, we showed that the
abnormal titration curves for amylomaize starch could be simulated by the addition
of degraded amylose to muxtures of normal amylose and amylopectin These degraded
amyloses were therefore titrated at 2°, as shown in Fig 5 The same dramatic change
in character was observed as found for the amylomaize starches; at low temperatures,
the curves tended to show a point of inflexion

5

Bound rodine{mg per 100mg starch)
Bound iodine (mg per 100mg starch)

o

1 [
5 . 1O o S 10
Free todine (x10M) Free wodine(x10%Mm)

Fig 4 Potentiometric todine-titration curves for the amylomaize components at 20° (-o~) and 2°
(~e-) (1) amylo-amylose, (2) 36-umt amylopectin, (3) amylopectin obtained by ultracentrifugation

Fig 5 Potentiometric 1odne-titration curves for degraded amyloses! at 20° (-o-) and 2° (-e-)
(1) degraded amylose I, (2) degraded amylose 11, (3) degraded amylose III

CONCLUSIONS

Since the 10dine affimity of normal amylose and amylopectin 1s unchanged with
decrease in temperature, whilst that for degraded amylose 1s radically altered, 1t
appears very probable that the abnormal behaviour of amylomaize starch on titration
1s due to the presence of short-chain, amylose-like matenal (¢f Refs 1 and 4) In any
case, the 10dine-binding capacity of a maize starch of high amylose-content can only
be satisfactorily determined by carrying out the potentiometric 10dine-titration at 2°.
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SUMMARY

The 10dine-binding characteristics of amylomaize starch are affected dramati-
cally by a lowering of temperature At 2°, a normal-shaped, potentiometric, iodine-
titration curve is obtamned, from which, 1n contrast to results at 20°, estimation of the
10dmme affimity can be readily made These conditions provide a unique method of
charactenzation of this type of starch

Amylomaize starches having a vanety of reported amylose-contents have been
examined by this techmique The 1odine-affimty values indicated that the starches
contain some 15-189%, more linear-material than expected

The 10dine affimity at 2° of normal amylose and amylopectin is not appreciably
different from that at 20°, but very large changes occur i the 10dine-binding charac-
teristics of samples of 36-unit amylopectin and degraded amylose at this low tem-
perature It is suggested that these changes account for the abnormal behaviour of
the whole amylomaize starch
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ETUDES SUR LA STRUCTURE DE LA LACTOTRANSFERRINE HUMAINE
I PREPARATION DE GLYCOPEPTIDES ET MISE EN EVIDENCE D’UNE LIAISON GLYCOSIDIQUE
ENTRE LES GLUCIDES ET LA THREONINE

R Gort, Y GoussaULT ET J FoONT
Laboratoire de Biochinue, Faculté de Médecine, Paris VI¢ (France)
(Regu le 19 novembre 1965, sous forme revisée le 17 jullet 1966)

INTRODUCTION

La lactotransferrine est une des principales protéines du lactosérum humain®.
Son existence fut pressentie par Schafer? et son isolement fut 1’objet de plusieurs
travaux>~7 Son association avec le fer, sa spécificité lactique et son taux élevé dans le
lactosérum lui conférent un intérét particulier, intérét accru par le role qu’elle doit
jouer en nutrition nfantile Des études antérieures® 7 8 ont montré que la lactotrans-
ferrine est une glycoproti€ine contenant hexoses, hexosamine, 6-desoxyhexose et
acide sialique Le but de ce travail est de déterminer le nombre et la nature des chaines
polysaccharidiques et leur haison avec la partie protéique de la lactotransferrine.
Cet article décnit la préparation et la purification d’une fraction glycopeptidique, la
détermination des séquences peptidiques au voisinage de la haison glucides—protéine
et I"1dentification de 1’acide aminé engagé dans la l1aison

MATERIEL ET METHODES

Lactotransferrine

La lactotransferrine utilisee dans cette étude est préparée selon une méthode
précédemment décrite’ La caséine est éhminée par dialyse du colostrum humain
contre un tampon acétate de pH 4,5, puss le lactosérum est fractionné par relargage
par le sulfate d’ammonium . la fraction qui précipite entre les concentrations 2M
et 2,7M en sulfate d’ammonium a pH 4 est constituée essenticllement par la lacto-
transferrine, accompagnée d’a-lactalbumine et de sérumalbumine que I’on élimine
par une filtration sur colonne de Sephadex G 200

L’homogénéité des préparations ainst obtenues est vérifiée par immunoélectro-
phorése® contre un immunsérum anti-colostrum total, par ultracentrifugation et par
électrophorése en vemne hquide (Fig 1) La constante de sédimentation, 4,85 S, est
légérement supérieure a celle donnée dans la hittérature, 4,5 S (4,7) Au contraire, la
mobilité électrophoretique & pH 8 6, —2 8 X107 %cm? volts™! sec™!, est inféneure
i celle donnée par Montreuil et al 4, —3 5X 1072, mais voisine de celle donnée par
Johansson