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tenths of a ml. of 2 M potassium hydroxide and 2 mg. of io-
dine were added to the hydrolysate. The glucose in the
solution was completely oxidized to gluconic acid in a 6-hr.
reaction period. Next, the reaction mixture was acidified
with hydrochloric acid and a Ruff degradation of the glu-
conate was effected according to the procedure of Hockett
and Hudson.?® Five mg. of barium acetate, 3 mg. of ferric

(20) R. S. Hockett and C. S. Hudson, THIS JoUrNAL, 56, 1632
(1934).
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sulfate and 0.5 ml. of hydrogen peroxide were employed in
the degradation. The carbon dioxide produced in the reac-
tion was recovered as barium carbonate. Total counts
per minute in the oven dried sample of barium carbonate
were 686. The reaction mixture from the degradation was
chromatographed with arabinose and glucose standards.
The finished strip showed that a reducing compound with the
same R; value as arabinose had been produced. Radioac-
tivity was not detected in this compound.
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Maltopentaose and Crystalline Octadeca-O-acetylmaltopentaitol’

By Roy L. WHISTLER AND JoHN H. DUFFY
RECEIVED AUcUsT 30, 1954

A pentasaccharide isolated from corn sirup by chromatography on charcoal and cellulose columns is characterized as

maltopentaose by periodate and hypoiodite oxidations and by hydrolysis with f-amylase.
Jfollowed by acetylation yields a crystalline octadeca-O-acetyl derivative.

Hydrogenation to maltopentaitol
Rgiusose values at 25° are given for members of

the malto-homologous series up to seven p-glucose units using as eluting agent butanol-ethanol-water (3:2:1 v./v.).

Aside from their chemical significance the malto-
oligosaccharides are of particular interest to enzy-
mologists. Members of this series are produced by
hydrolytic enzymes acting on starches and glyco-
gens and are used as primers and substrates for
enzymatic syntheses. This importance of the series
in general metabolic investigations provides impe-
tus to the isolation and characterization of the indi-
vidual members. The richest and most available
source of maltodligosaccharides is commercial corn
sirup. From this source individual members can
be isolated by chromatographic separations on
successive carbon? and cellulose® columns. It is
unfortunate that the maltodligosaccharides are
poor crystallizers. Presumably the presence of the
repeating «-p-1 — 4 linkages connecting the D-
glucopyranose units coupled with the activity of
the potentially reducing group cause the molecules
to assume shapes which do not readily fit into crys-
talline lattices. As a consequence the oligosac-
charides are obtained in amorphous form. The ace-
tylated glycitols crystallize from ethanol and hence
constitute excellent reference points.

Several members of the maltodligosaccharides
have been isolated, from corn sirups*® and from an
acid hydrolyzate of potato amylose.® The struc-
tures of maltose,” maltotriose®? and maltotetraose®
have been determined and evidence for the strue-
tures of still higher homologous has been given.
Here is described the isolation and characteriza-
tion of maltopentaose.

Maltopentaose is present to an extent* of about
8% in a standard commercial corn sirup of 42 dex-

(1) Journal Paper No. 803 of the Purdue University Agricultural
Experiment Station.
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(3) L. Hough, J. K. N. Jones and W. H. Wadman, J. Chem. Soc.,
2511 (1949).
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(6) W.J. Whelan, J. M. Bailey and P. J. P. Roberts, J. Chem. Soc.,
1293 (1953).

(7) W. N. Haworth and S. Peat, ¢bid., 3094 (1926).

(8) M, L. Wolfrom, L. W, Georges, A. Thompson and I. L. Miller,
‘THIis JOURNAL, T1, 2873 (1949).
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trose equivalent. A concentrate of maltopentaose
mixed with small amounts of its homologous neigh-
bors can be obtained by chromatography from a car-
bon column. Final purification is effected by subse-
quent separation on a cellulose column. The spe-
cific optical rotation of the pure amorphous powder,
[@]®D+179.4° agrees with the calculated value!®!
[a]p +178°. A fivefold increase in reducing power
upon acid hydrolysis demonstrates that five mono-
saccharide units are present in the oligosaccharide.
On periodate oxidation a mole of pentasaccharide
consumes 7.8 moles of periodate and produces 3.0
moles of formic acid and 1.4 moles of formaldehyde.

Enzymic hydrolysis illustrates the nature of the
glycosidic linkages present. J3-Amylase is known?!?
to hydrolyze specifically a-pD-(1 -> 4)-glucosidic
linkages if three or more such linkages occur stic-
cessively. Hydrolysis of the pentasaccharide with
crystalline sweet potato S-amylase!® gives maltose
and maltotriose in isolated yields of 34.3 and 52.9%,
respectively. Similar results are obtained by
Whelan, Bailey and Roberts.® The known struc-
ture of the isolated maltose and maltotriose aids in
establishing that the pentasaccharide is composed
of five p-glucopyranose units linked by four a-bp-1
— 4 bonds in a linear chain.

Low pressure hydrogenation converts maltopen-
taose to maltopentaitol which can be isolated as a
crystalline octadecaacetate. The optical rotation
of the maltopentaitol (4158.5°) agrees with the
value (4160°) calculated by means of the Freud-
enberg, Friedrich and Baumann equation.’® Like-
wise the rotation of the maltopentaitol acetate
agrees with the calculated value. Thus the optical
rotation data also support the view that maltopen-
taose is a linear molecule of D-glucopyranose units
connected by a-pD-1 — 4 links.

The Rgucose values of chromatographically pure

(10) X. Freudenberg, K. Friedrich and I. Baumann, Ann., 494, 41
(1932).

(11) R. W. Kerr, ““The Chemistry and Industry of Starch,” 2nd
Edition, The Academic Press, Inc., New York, N. Y., 1950, p. 174.

(12) W. N. Haworth and E. G. V. Percival, J. Chem. Soc., 1342
(1931),

(13) A. K. Balls, R R. Thompson and M. K. Walden, J. Biol. Chem,,
163, 571 (19486).
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maltooligosaccharides from p-glucose to maltohep-
taose are given in Table I.

TABLE I

Ratucose VALUES IN BUTANOL-ETHANOL-WATER (3:2:1
V./V.) OF THE MALTOOLIGOSACCHARIDES FROM CORN SIRUP

Substance Rglucose values, 25° log RG
p-Glucose 100.0 2.00
Maltose 54.0 1.73
Maltotriose 29.0 1.46
Maltotetraose 14.0 1.15
Maltopentaose 6.5 0.81
Maltohexaose 3.8 0.58
Maltoheptaose 2. 0.36

Maltotetraose isolated in the course of this work
has a specific optical rotation, [«]®Dp +176.4°,
somewhat higher than previously reported.

Experimental

Isolation of Maltopentaose.—Removal from corn sirup!t
of the lower molecular weight oligosaccharides was accom-
plished by successive elution from a carbon column? with
water, 3.5, 7.5 and 159, aqueous ethanol. The 159,
aqueous ethanol eluate contained maltotetraose®® which
on cellulose column purification gave chromatographically
pure maltotetraose, {a]%D +176.4° (¢ 1.0, water). A crude
concentrate of pentasaccharide was obtained by elution with
209, aqueous ethanol and evaporation of the eluate at 50°
in vacuo. A composite of a number of these fractions was
further refined by cellulose®® column chromatography?
using successively 85%, and 809, aqueous ethanol as eluting
agents. The pentasaccharide fraction was removed by
elution with 809, ethanol. Final purification was attained
by chromatography on a second cellulose column?® with
butanol-ethanol-water (3:2:1 v./v.) as the eluent. Frac-
tions were collected on an automatic fraction collector.!®
Maltopentaose was obtained on evaporation of a portion of
eluate. The sugar was stirred with activated charcoal in
289, aqueous ethanol, filtered and evaporated in vacuo to a
white amorphous powder [a]%D -+179.4° (¢ 1.0, water).
To detect the presence of the carbohydrate in eluate por-
tions, 1.0-ml. aliquots were each mixed with 1.0 ml. of 1%,
orcinol in sulfuric acid. The sulfuric acid concentration
varied with the irrigating solvent used. Fractions in aque-
ous ethanol required 1159, sulfuric acid (three parts 1009
acid and two parts fuming sulfuric acid containing 309, SO;)
while 979, sulfuric acid was sufficient for fractions in bu-
tanol-ethanol-water eluents. A red to brown color is ob-
tained with as little as 2 pg. of sugar. The purity of the
oligosaccharide was determined by paper chromatographyv.

Reducing Power.—Reducing power was determined by
the iodine method® previously described. When maltopen-
taose was hyvdrolyzed by refluxing with 1 IV sulfuric acid the
reducing power increased by a factor of 4.85. Maltose
under identical conditions increased in reducing power by a
factor of 1.86.

Periodate Oxidation.—In a volumetric flask a 200-mg.
sample of pentasaccharide in 10.00 ml. of 0.3 M sodium
metaperiodate was diluted to 25.00 ml. with water. The
solution was held at room temperature in the dark. Ali-
quots were removed at intervals to follow the progress of
oxidation by estimation of periodate consumption and for-

TABLE I1

PERIODATE OXIDATION OF MALTOPENTAOSE
Mole equiv.
cd. F

Determination Cal ound
Periodate consumed 8 7.8
Formic acid produced 3 3.0
Formaldehyde produced 1 1.4

(14) Corn Sirup, Unmizxed, 42 D. E., Corn Products Refining Com-
pany, Argo, Illinois,

(15) Whatman Cellulose Powder, Standard Grade, W. R. Balston,
Ltd., England.

(18) J. L. Hickson and R. 1. Whistler, Anal. Chem . 26, 1425
(1953).
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mic acid and formaldehydc production. An apparent cnd
point was reached in ten hours (Table II).

(a) Formic Acid Produced.—A mixture of 1.00 ml. each
of the oxidation mixture and of ethylene glycol was mixed
and allowed to stand for 30 minutes in the dark to destroy
excess periodate. Formic acid produced was titrated with
0.02 N sodium hydroxide to a phenolphthalein end-poiut
(persistent pink color for ten seconds!”:18),

(b) Unreacted Periodate.—The procedure was previously
described.® Difference between the total oxidant intro-
duced and the unreacted periodate was a measure of perio-
date consumed.

(c) Formaldehyde Produced.'*—Periodatc oxidation in
acid media may vield low results because of a failure of the
formate ester to saponify.?® Therefore samples were oxi-
dized in bicarbonate buffered solution.!?

B-Amylolysis of Maltopentaose.—The enzymic hydrolysis
of 0.67 g. of maltopentaose was conducted as previously
described.® After deionization with Amberlite resins,?
IR 120 followed by IR 4B, the hydrolysate was evaporated
in vacuo, and chromatographed on a cellulose column (2.5 X
50 cm.) with a butanol-ethanol-water (3:2:1) developer.
The orcinol-sulfuric test indicated three fractions. Yields of
these are shown in Table III. The maltose fraction was
acetylated with 0.10 g. of freshly fused sodium acetate and
4.0 ml. of acetic anhydride at 120° until solution was com-
plete (about 30 min.), the mixture poured into 50 ml. of
ice and water, stirred vigorously for 30 minutes and ex-
tracted with chloroform. The chloroform extract was
washed free of acetic acid and evaporated to dryness. Thce
octa-O-acetyl-g-maltose was obtained from absolute ethanol
as a white crystalline product, m.p. 158-159° (uncor.). An
authentic sample?? has a m.p. of 159-160°. The maltotri-
ose, [a]¥D +152.8° (¢ 1.2, water); reported value +160°3°
was acetvlated as described above. The specific optical ro-
tation of the acetone was [a]??D -+85.6° (¢ 0.4, chloroform}).
This compares with the reported valued® of +86°.

TasLE 111
CHROMATOGRAPHY OF ExzYME HYDROLYZED MALTOPENTA-
OSE
Yield Substance by paper

Fraction Gram % chromatography

A 0.130 34.3 Maltose

B .202 53.4 Maltotriosc

Cc .292 Maltopentaosc
Maltopentaitol ~ Octadecaacetate.—A  maltopentaose

sample of 1.75 g. was catalytically reduced by the procedure
described previously.5 When the solution gave a negative
Fehling reducing power test, the catalyst was filtered off and
the filtrate evaporated at 50° under vacuum, producing a
white amorphous powder, vield 1.78 g. Approximately
1.0 g. of this material was chromatographed on a cellulose
column (5.5 X 50 cm.) using the butanol-ethanol-water
eluting agent (3:2:1). On testing separate portions of the
eluate with the orcinol-sulfuric acid test three different frac-
tions were found to contain carbohydrate. Paper chro-
matograms of these components spraved with aniline hy-
drogen phthalate?® showed no color, but colored areas were
produced when sprayed with ammoniacal silver nitrate. The
major fraction obtained in 889, yield had a [«]®D -+1538.5°
(¢ 0.6, water). This value agrees with that calculated
(+160) for maltopentaitol using the Freudenberg, Fried-
rich and Baumann equation.!® One-half gram of the major
fraction was acetylated as described above with 0.3 g. of
freshly fused sodium acetate and 5 ml. of acetic anhydride.
Upon evaporation the washed chloroform extract gave a
light yellow colored sirup; vield 1.014 g. It was purified
by dissolving in 30 ml. of benzene and chromatographing
the solution on a 70 X 230 mm. column of Magnesol* and

(17) T. G. Halsall, E. H. Hirst and J. K. N. Jones, J. Chem. Soc.,
1427 (1947).

(18) A. Jeanes and C. A. Wilham, Turs JoUrNAL, T2, 2655 (1950).

(19) R. E. Reeves, sbid., 68, 1476 (1941).

(20) P. Kamer and K. Pfaehler, Helo. Chim. Acte, 17, 766 (1934).

(21} Products of Rohm and Haas, Inc., Philadelphia, Pa.

(22) C. S. Hudson and J. M. Jackson, THis Journar, 87, 1276
(1915).

(23) 8. M. Partridge, Nature, 167, 433 (1049).

(24) Westvaco Company, Chicago, 1llinais.
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Celite® (5:1 by weight) using as developer four liters of a
solution of ¢-butyl alcohol in benzene (1:75 v./v.). On
extrusion the column was streaked with alkaline potassium
permanganate.” The principal zone was eluted with acetone
and evaporated to yield 0.538 g. of crude sirup. Decolori-
zation with activated charcoal in absolute ethanol and evap-
oration produced crystalline octadeca-O-acetylmaltopen-
taitol. It was recrystallized from absolute ethanol; m.p.
197-197.5°, [a]®p +132.7° (¢ 0.9, chloroform). An X-ray
diffraction pattern confirmed the crystalline nature of the
acetate.

Anal. Caled. for CgHpoOu: C, 49.99; H, 5.67. Found:
C, 49.63; H, 5.77.

Rgiucose Values of Pure Corn Sirup Components.~—Ap-
proximately equal amounts of the pure corn sirup oligosac-
charides of degree of polymerization one through seven were
placed on Whatman No. 4 grade paper at a distance of two

(25) No. 535, Johns-Manville, New York, N. Y.
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centimeters from each other. The chromatograms eluted
at 25° for 44 or 144 hours with butanol-ethanol-water
(3:2:1) and developed with aniline hydrogen phthalate.?
The paper eluted the shorter time was used to calculate the
Rgiucose values of maltose, maltotriose and maltotetraose.
The Rpglucose value of the higher oligosaccharides on the
paper eluted longer were calculated from the Rgiucose Value
of maltotriose. The Rgrueose value of maltotetraose in both
cases was used as a secondary reference point. The values
are recorded in Table I.
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Furo-chromones and -Coumarins.

IX. Reactions of Khellol Glucoside, Visnagin

and Bergapten

By ALEXANDER SCHONBERG, NASRY BADRAN AND NICOLAS A. STARKOWSKY
REecCEIVED JUNE 28, 1954

A method is described for the hydrolysis of khellol glucoside and the subsequent transformation of khellol to visnagin.
The oxidation of khellol with chromic acid yields 6-formyl-7-hydroxy-2-hydroxymethyl-5-methoxychromone (11a) and that

of bergapten 6-formyl-7-hydroxy-5-methoxycoumarin (apoxanthoxyletin) (IV).

5,6,7-Trimethoxy-2-methylchromone

(VIId) can be obtained from visnagin through the intermediate 6-formyl-7-hydroxy-5-methoxy-2-methylchromone (IIc).

An improvement of the original method of Geiss-
man! is described for the conversion of khellol glu-
coside (Id), a natural product extracted from the
seeds of Ammi visnage L., to another constituent of
this plant, visnagin (Ic). The first step: acid hy-
drolysis of the glucoside, of a few minutes duration,
yielded khellol (Ia) of high purity. Under more
drastic conditions, khellol glucoside was not only
hydrolyzed, but also demethylated to 5-norkhellol.2
Khellol reacted with thionyl chloride to give (Ib)
which was converted into visnagin by reduction
with zinc and acetic acid. These reactions are
analogous to the synthesis of allomaltol from kojic
acid?,

OCH; O OCH; O
Va | 7
H ‘ 43 ‘ OHC—
\0/7 5 02/_R HO—\ /o —R
I 11
la, R = CH:OH IIa, R = CH,OH
Ib, R = CH,CI ITb, R = CH,ClI
Ic, R = CH, IIc, R = CH;
I1d, R = CH,OC¢H1,05

The oxidation of visnagin (Ic) with chromic acid
to 6-formyl-7-hydroxy-5-methoxy-2-methylchrom-
one* (IIc) has already been reported. Khellol (Ia)
reacted with chromic acid in the same manner, with
the destruction of the furan ring and the produc-

(1) T. A, Geissman, TaIS JoUrNaL, 78, 3355 (1951).

(2) A, Schénberg and G. Azlz, ¢bid., T6, 3265 (1953). Cf. also
British Patent 687,755 and U. S. Patent 2,666,766 (The Memphis
Chemlcal Company).

(3) T. Yabuta, J, Chem. Soc., 575 (1924);
JourNaL, 78, 5912 (1951).

(4) A. Schoénberg, N. Badran and N. A, Starkowsky, ibid., 75, 4992
(1953).
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tion of a formylchromone (IIa). The alcoholic
group of khellol is probably protected from oxida-
tion by the formation of an ester of chromic acid.
The chloro derivative of khellol (Ib), when sub-
jected to the same reaction, yielded 2-chloromethyl-
6-formyl-7-hydroxy-5-methoxychromone (IIb).
The structure of these derivatives of salicylaldehyde
was proved by the fact that, when IIb was treated
with alcoholic silver nitrate, the chlorine atom was
replaced by a hydroxyl group; the product was
identical with the IIa® produced by the oxidation
of khellol with chromic acid. Furthermore, IIb
on treatment with zinc and acetic acid yielded IIc
which has already been obtained by the oxidation of
visnagin with chromic acid.*

OCH; ?CH.
S N Cro; OHC— /\W
—_—
el VAT NN HO—\ o’ o
111 v

Like visnagin (Ic)* and khellol (Ia), bergapten
(III) was oxidized with chromic acid with the de-
struction of the furan ring; it yielded the aldehydo-
coumarin, 6-formyl-7-hydroxy-5-methoxycouma-
rin (IV), which was shown to be identical with apo-
xanthoxyletin, the ozonolysis product of the natural
coumarin xanthoxyletin,®

(5) 1la Is probably identical with the ozonolysls product of khellol
obtalned by M. K, Hassan, M.Sc, Thesis, Faculty of Sclence, Egyptian
Unlversity, Cairo, 1932; m,p. 213°, m.p. of Ila 217°, He tentatively
identlfied his product as CyHsOs, but his analytical data are closer to
the values calculated for CisHioOs (IIa). Anal. Caled. for CoHsOs:
C, 55.10; H, 4.08. Caled. for CisHpoOs: C, 57.60; H, 4.00. Found:
C, 56.76; H, 4.01.

(8) J. C. Bell, A, Robertson and T. S. Subramaniam, J. Chem. Soc.,
627 (1936).



