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Chromatographic Fractionation of Cane Blackstrap Molasses and of Its Fermentation
Residue'

By W. W. BINKLEY? AND M. L. WoLFROM

In continuation of our studies on the com-
position of cane blackstrap or final molasses,
we have chromatographically fractionated a
Cuban sample on clay, employing a flowing type
of chromatogrdm. To this end a preliminary
rough separation was made by first adsorbing
the material on a layer of clay and then developing
this successively with 95% ethanol, 809 ethanol,
509, ethanol, and water to yield in the effluents
the fractions designated S, B, C and D, respec-
tively. The total return of molasses solids was
nearly quantitative. Fraction S was processed
to remove the main sucrose fraction by direct
crystallization® and the fat, odor and pigent
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Fig. 1.—Chromatography on clay of Fraction A from
Cuban blackstrap miolasses: development with 95 etha-
nol/5 water, X to Y; with 90 ethanol/10 water, Y to Z.
Each cut number represents a poiut oil curve as deter-
mined by weighing the solvent-free residue; total material
recovery, ca. 909%,.

(1) Reported in part in Abstracts Papers Am. Chem. Soc., 112, 13Q
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(2) Sugar Research Foundation Research Associate ol The
Obio State University Research Foundation (Project 190).

(3) W, W. Binkley and M. I,. Wolfrom, Trxts JournaL, 69, 664
(1947).

fraction by petroleum ether extraction,* as pre-
viously described, to leave the residual Fraction
A. The use of clay as a chromatographic adsor-
bent for carbohydrate inaterials follows its
establishment for this purpose by Lew, Wolfrom
and Goepp.® Fractions A and B were then
subjected to an exhaustive chromatographic
fractionation on -clay-Celite, employing a rela-
tively large column, 100 X 7.4 cm. (diam.),
containing 2 kg. of adsorbent.’ Since clay is very
selective but has a low capacity, a ratio of 1
part of substance to 400 parts of adsorbent was
employed. The column was operated under a
vacuum of 100 mm. and the rate of flow was very
slow, continuous operation over a period of
months being required. This undesirable feature
could probably be alleviated by employing a high
pressure column. Development was effected
successively with 95 and 909, ethanol. Figure 1
is a diagram of the results obtained with this
flowing type of chromatography. p-Glucose and
sucrose were crystallized directly at the points
shown. This represents the first direct isolation
of crystalline p-glucose from cane blackstrap
molasses.

The fractions or cuts that did not crystallize
and the residual material from the cuts containing
the p-glucose and sucrose, were then acetylated
with zinc chloride and acetic anhydride under
relatively mild conditions. This method of
acetylation was adopted since it was known to
yield crystalline derivatives of bp-fructose.”—*
Previously a more vigorous acetylation procedure,
hot acetic anhydride and sodium acetate, had
been applied to cane blackstrap molasses fer-
mentation residue! and bp-glucose, D-mann itol
and meso-inositol'! were separated as their
acetates by chromatographic procedures em-
ploying Magnesol-Celite as adsorbent.!? The
presently employed acetylation procedure is more
conducive to quantitative treatment. Acetyla-
tion by this method, followed by chromatography,

(4) W. W. Binkley and M. L. Wolfrom, ¢bid., 70, 200 (1948).

(5) B. W. Lew, M. L. Wolfrom aud R, M. Goepp, Jr., thid., 67,
1863 (1945); 68, 1440 (1946).

(8) For a photograph of this column see W. W. Binkley and M. L..
Wolfrom, No. 10, Scientific Report Series, Sugar Research Founda-
tion, Iuc., New York, Fig. 2 (1948).

(7) D. I1. Brauns, Verslag. K. Akad . v Wetensch., Amsterdam, 577
(1908).

{8 M. I,. Wolfrom aml A, Thosupson, 'T'ms Journan, 56, 880
(14%34).

{9y W. W. Binkley and M. 1.. Wolfrom, ibid., 68, 1720 (1948).

110) W. W. Binkley, M. Grace Blair and M, T,. Wolfrom, ibid.,
67, 1789 (1945).

(11) ‘The common, naturally occurring meso formm of m. p. 2257,

(12) W. H. McNeely, W. W, Binkley and M. L. Wollroni, Tws
Journaw, 67, 527 (1945).
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yielded with pure sucrose a nearly quantitative
return of sucrose octaacetate. With p-glucose
there was obtained a nearly quantitative return
of approximately equal amounts of the chromato-
graphically separable pyranoid anomers. Dp-Fruc-
tose yielded under these conditions p-fructopyra-
nose tetraacetate, readily separable on Magnesol-
Celite, and a mixture of B-b-fructopyranose
pentaacetate and kefo-p-fructose pentaacetate.
Unfortunately, these two derivatives were found
in the same zone and only that form crystallized
which was present in excess. The total return
as acetate derivative was then about 509, of
theory for bD-fructose. These results reflect
again the highly tautomeric nature of this ketose.!?
Application of these techniques to the residual
cuts of Fraction A led to the isolation, as acetates,
of further quantities of sucrose and p-glucose,
and of p-mannitol and p-fructose. This repre-
sents the first isolation of p-fructose, as a crys-
talline derivative, from cane blackstrap molasses.

Fraction B was investigated in the same manner
(Fig. 2) and led to the isolation of further quanti-
ties of sucrose and meso-inositol (both acetylated
and unacetylated forins). This is the first record
of the direct isolation of crystalline meso-inositol
from this source.

The nature of the other maxima present in
Figs. 1 and 2 was not resolved by the isolation of
crystalline products. They mnevertheless repre-
sent mixtures of closely related substances or
distinct components thus chromatographically

TaBLE [

ConstITUuENTS OF CUBAN BLACKSTRAP MOLASSES® AS
DETERMINED BY ANALYTICAL AND CHROMATOGRAPHIC

PROCEDURES
Chromato-
Constituent Analytical, %%  graphic, %
Sucrose 34.8° 35.9° 30.5°
Apparent p-glucose by copper
reduction 17.67 18.9°
D-Glucose 6.0"
D-Fructose 1.4°
Total 7.4
Solids 86.5
Ash 9.27

¢ From Cunagud Central of the American Sugar Re-
fining Co., New York, N. Y.; 1947 production. ©® Basis
whole molasses; d. 1.337 (g./ml. at 25°). ¢Modified
Clerget; polarimetric assay before and after mversion.
4 Copper reduction before and after mversion. ¢ Total
of 3 lots as sucrose and 4 lots as sucrose octaacetate; all
caled. as sucrose. f Lane-Eynon method after successive
treatment with basic lead acetate and potassium oxalate,
as standardized against pure Dp-glucose. ¢ Lane-Eynon
method after treatment with potassium oxalate alone, as
standardized against pure p-glucose. # Total of 1 lot as
p-glucose, 4 lots as a-D-glucopyranose pentaacetate and
4 lots as B-p-glucopyranose pentaacetate; all caled. as p-
glucose. ¢ Total of 4 lots as B-pD-fructopyranose tetra-
acetate, 1 lot as 8-D-fructopyranose pentaacetate and 2 lots
as keto-nD-fructose pentaacetate; all caled. as p-fructose.
7 Sulfate ash.

(13) See P. Brigl and R. Schinle, Ber., 66, 325 (1933);
(1934).

67, 127
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Fig. 2.—Chromatography on clay of Fraction B from
Cuban blackstrap molasses: development with 95 etha-
nol/10 water, W to X; with 90 ethanol/10 water, X to Y;
with 70 ethanol/30 water, Y to Z. Each cut number
represents a point on curve as determined by weighing
the solvent-free residue; total material recovery, ca. 90%,.

segregated, Their nature is under further in-
vestigation. It is of interest to note the con-
cordance between the analytical data obtained
by customary methods on this molasses (Table
I) and the collected chromatographic vyields.
Thus the chromatographic yield of sucrose was
30.59 of the whole molasses as compared with
the values of 35 and 369, found by two analytical
procedures. The amount of p-glucose chromato-
graphically determined (69,) is far above that
found for p-fructose (1.4%). Even allowing for
the unquantitative nature of the latter assay,
which is not liable to be in error more than 5097,
and correcting to 3% p-fructose, this quantity
is still only one-half of the p-glucose present.
It is believed that this is essentially correct and
represents the greater reactivity of this ketone.
The total corrected figure of 99, is again only
about one-half of that required by the copper
reducing value, expressed as p-glucose. Thus,
while the presence of -both p-glucose ani b-
fructose is deinonstrated, there are other reducing
substances present in cane molasses. This is
further shown by the data of Table II. Accord-
ing to the chromatographic scheme of Lew,
Wolfrom and Goepp, fraction C should contain
no simple sugars, yet it showed a significant
reducing value. The summation of reducing
values of these fractions, 17.49, agreed well
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with that found, 18.99, (same method, Table
I1), on the whole molasses. All of these values
were enhanced by acid hydrolysis, indicating the
presence of condensation or hydrolyzable poly-
mers. Erb and Zerban'* have arrived at soine-
what similar conclusions in their investigations
of the reducing value of cane molasses fermenta-
tion residue before and after hydrolysis.

The non-fermented fraction from u single yeast
jermentation of a similar sample of Cuban final
molasses was then subjected to the same chro-
matographic fractionation in the hope that the
greater concentration of non-sugars might facili-
tate their investigation. The corresponding crude
chromatographic fraction weight distribution
is shown in Table II; the total muaterial return
was 909, probably reflecting the presence of
material not removed from the column. The
reducing values of these fractions are recorded
in the same table. Fraction C" has un unusually
high value which cannot represent simiple sugars.

Only Fraction A’ of the non-fermented residue
was further investigated chromatographically
and this with the results shown iu Fig. 3. Glye-
erol and some residual p-glucose, p-fructose and
sucrose were isolated directly or as acetates.
The presence of p-mannitol was established and
in addition erythritol and p-arabitol were isolated
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tig. 3.---Chromatography on clay of Fraction A’ from
the yeast non-fermented residue of Cuban blackstrap mo-
lasses: development with 95 ethanol/5 water, X to Y;
with 90 ethanol/10 water, Y to Z. Each cut number
represents u point on curve as deteriuined by weighing the
solvent-free residue; total inaterinl recovery, ca. W09,

(14) C. Brband VW, Zevbuo, fad. fony

39, 1597 1017

Vi,

W. W, BivgrLey anp M. L. WoLrrny
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TaBLg 11
CoppErR REDUCTION VALUES ON CHROMATOGRAPHICALLY
FracrioNnatep CuBaN CANE BLACKSTRAP MOLASSES
{BEFORE AND AFTER ACID HYDROLYSIS) AND ON SIMILAR
Fracrions rruM CaNe MoLAsSSES FERMENTATION RESI-
DUE

—~—=Apparent p-gliucoselr

Wt, of fraction, Refore hydrolysis

as % molasses %%, basis After
solids or % whole molasses hydrolysi«”
Tric- Jermentation T or fermenta- %,
Lion'” residue of fraction  tion residue  of fraction
A 3494 0.7 15.8 5.0
B Y1 12.2 1 362
C 11 17 () 6.4
|B) 9. 0.0 0.0 2.4
Totul 17.4¢
A 287 124 3.6
K’ LIRS 15+ 2.0
¢ 28K BN 4.6
D’ A 270 2.4
Total 261

* See experiniental portion for nature of these fractions
from cane blackstrap utolasses (A, B, C, D) and from the
inolasses fermentation residuc (A', B, C’, D). ? Al
values by Lane-Eynon method after treatment with po-
tassium oxalate aud a small anount of filter-aid (Celite);
as standardized against pure p-ghicose. ” Boiled two
minutes with 0.25 N hydrocliloric acid with molasses frac-
tiont concentration 0.8 g./100 l. solu. ¢ Compares
with the analytical value 18.9 (same mcthod) recorded
it Table [.

as their crystalline acetates; it is probable that
these two latter substances originated in the
veast. Oue as yet unidentified compound, des-
ignated Product N, was isolated as a crystalliile
acetate in low yield. This substance contaited
nitrogen and again it is possible that it arose froiu
the yeast.

Further investigations on the nature of the nor.
crystalline fractions are underway in this Labora-
tory.

Experimental
Crude Fractionation on Clay of Cane Blackstrap Mo-
lasses.—~The Cuban olasses cinployed is analytically

characterized in Table I. Au aimount of 100 g. of this
molasses was diluted with 50 1nl. of distilled water. A
smooth paste was prepared by the addition of 50 g. of a
mixture of clay®/Celite’® (5:17). This paste was sus-
pended in 2000 ml. of absolute cthanol with good agita-
tionn. The resulting suspension was poured onto a 11-12
X 7-9 (diam.) columm'® of clay/Celite (5:1), prewet with
| liter of 95%% cthanol (the azeotrope), in a 2-liter pharnia-
cettical percolator arranged to permit the collection of the
cffluent without interfering with the columu operation.
The chromatogrant was developed successively with 5 liters
cach of 95 ethanol/d water,’ 80 ethanol/20 water, 50
cthanol/80 water, and water. The residue from thee 95
cthanol/3 water coluinn effluent (Fraction 8) was treated
toremove 709, (24.4 g.) of the available sucrose by crystal-
lization® followed by removal of the hydrocarbon-soluble

(15) Florex XXX, a fuller’s earth clay produced by the Floridin
Co., Warren, Pa.

(18) No. 535, manufactured hv the Johns—Manville Co .
York, N. Y.

<17 Al adsorbent rutivs ure by weigbt,

18) Colvmu dimensions refer to the absorbent,

J1497 ML solvent ratios are by voltbnre {before snixing

New
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fraction,* ca. 0.4 g., to leave a palatable, dark amber
sirup; yield 34.5 g. (Fraction A). A brown, tacky resi-
due with a bitter taste and the odor of raw cane juice was
obtained from the 80 ethanol/20 water efluent after sol-
vent removal; yield 7.9 g. (Fraction B). The 50 ethanol/
50 water and water fractions were dark brown, amorphous
solids with a bitter taste; yields, respectively, 9.8 g.
(Fraction C) and 8.0 g. (Fraction D); total return 85.0,
analytically determined solids 88.5. Fractions C and D
are presently under further investigation.

Chromatography on Clay of Fraction A.—An amount of
,4.9 g. of Fraction A, dissolved in 95 g. of absolute meth-
anol, was added at the top of a 100 X 7.4 cm. (diam.)
column® of 2 kg. of clay/Celite (5:1), prewet with 3 liters
of 959, ethanol. The chromatogram was developed with
30 kg. of 959, ethanol and 25 kg. of 90 ethanol/10 water
(excluding losses due to evaporation). A plot of this flow-
inng chromatogram is shown in Fig. 1. The column was
operated continuously at 100 mm. for ninety-seven days
to obtain this result.

Isolation of p-Glucose from Cuts 8-14% of Fraction A.—
Crystals of p-glucose were obtained from a ‘methanolic
solution of the individual residual sirups from cuts 8-14
and from that of their combined mother liquors; total
yield 421 mg., m. p. 145-150°, [«]%D +52.8° (¢ 3,
equil., water); accepted for p-glucose: m. p. 146°, [«]2D
+52.7° (¢ 4, equil., water). An additional 457 mg. of less
pure crystals was obtained on the addition of ethanol to
the mother liquor. An amount of 100 mg. of these was
acetylated with acetic anhydride and sodium acetate to
give 8-p-glucopyranose pentaacetate; yield 160 mg. (from
959 ethanol), m. p. 130-131° (mixed m. p. unchanged).

Isolation of Additional Sucrose from Cuts 15-26 of Frac-
tion A.—Crystalline sucrose formed from the methanol-
ethanol solution of the residual sirups from each of the cuts
15-26 and from their combined mother liquors; totdl yield
715 ing., m, p. 180-185° (dec.), [a«]®Dp +66.7° (¢ 4.9,
water), octaacetate: m. p. 84-85° (from 95%, ethauol},
mixed melting point unchanged.

Acetate Chromatography of Residual Material from
Fraction A after Separation of p-Glucose and Sycrose by
Crystallization; Identification of n-Fructose.—The mother
liquors from the above-described crystallizatious of bp-
glucose and sucrose from Fraction A and the éuts which
did not crystallize were combined (inclusively) as follows:
8-14 (Fig. 1), 15-26, 27-38, 39-53, 54-89 and each lot wus
acetylated and chromatographed as described below.

An amount of 1 g. (or less) of the residues from the
grouped cuts was allowed to react with 10 ml. of acetic
anhydride and 0.3 g. of freshly fused zinc chloride, employ-
ing good agitation, at the temperature of a salt-ice mixture
for sixteen to twenty hours. If the reactants were not
dissolved comnpletely, they were heated until complete
solution was obtained as follows: one to three hours at 25°
and, if necessary, one to two hours at 50°. The cooled
reaction mixture was poured into a mixture of 25 g. each
of ice and water, employing good agitation which was con-
tinued for thirty minutes. The resulting solution was ad-
justed to pH 6 with sodium bicarbonate and was extracted
with chloroform. The extracts were dried over anhydrous
sodium sulfate and the residual material was obtained on
solvent removal.

These acetate mixtures were then chromatographed by
the following general procedure. Au amount of 1.0 g. or
less of the acetylated product was dissolved in benzeue
(4-59; solution). This solution was added at the top of a
1756 X 45 min. (diam.) column of a mixture (100 g.) of
Magnesol?'/Celite (5:1). The chromatogram wuas de-
veloped with 800 ml. of 100 benzene??/1 ethanol.?® The
column was extruded and streaked with a freshly prepared

(20) Inclusive, .

(21) A syntheti¢, hydrated magnesiumm acid silicate manufactured
by the Westvaco Chlorine Products Corp., South Charleston, West
Virginia, Only material passing an 80-mesh screen was employed.
wJ(22) All benzene employed was free of thiophene.

L(23) Absolute ethanol was employed in the chromatography of
acetates.
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solution of 19, potassium permanganate in 2.5 N sodiuni
hydroxide. The zones were located, isolated (the indica-
tor streak was removed with a scalpel) and eluted with
acetone. @-p-Fructopyranose tetraacetate, when pres-
ent, was found in a zone about one-third from the column
top and sucrose octaacetate in a zone at about the middle.

The loosely held substances (lower third of the column)
were rechromatographed on 175 X 385 mm. (diam.) column
of a mixture (60 g.) of Magnesol/Celite (5:1). These
chromatograms were developed with 650 ml. of 250 ben-
zene/1 ethanol. The adsorbed substances were recovered
in the same manner. From this rechromatography were
obtained the anomeric forms of p-glucopyranose penta-
acetate in discrete zones. Another zome contained b-
fructose pentaacetate in either the g-p-pyranose or keto
forms, only one of which would crystallize.

A typical series of chromatograms is described as follows.
An amount of 800 mg. of acetate from combined cuts 27-38
yielded 67 mg. of crystals from a zone 52-66 mm. from the
top of the 175 mm. column; this material was identified
as B-p-fructopyranose tetraacetate (m. p. 131-132°, un-
changed on admixture with an authentic specimen). A
zone 95-107 mm. from the top yielded 107 mg. of crystals
identified as sucrose octaacetate (m. p. 85.0-85.5°, un-
changed on admixture with an authentic specimen). The
combined lower zones (340 mg.) were rechromatographed
to yield the following zone material: keto-D-fructose penta-
acetate at 56-77 mm. from the top, yield 69 g., m. p. 62-
63° unchanged on admixture with an authentic specimen;
«-D-glucopyranose pentaacetate at 125-134 mm., yield 7
ing.; B-p-glucopyranose pentaacetate at 142-148 mm.,
yield 10 mg.

Results of the chromatography of cuts 8-53 are sum-
wmarized in Table I.

Control Experiments with Pure Sugars.—Control experi-
ments with the pure sugars showed that on acetylation and
chromatography as described above, sucrose yielded its
octaacetate as isolable crystals in good purity in yields
above 909%,; anhydrous p-glucose produced its anomeric
pyranose pentaacetates in about equal amount in yields
above 909%,. bp-Fructose gave two main zones, one in the
upper third containing the g-p-pyranose tetraacetate and
the other in the lower third containing kefo-n-fructose
pentaacetate and p-p-fructopyranose pentaacetate from
which that component crystallized which was in excess,
the combined yield of crystalline product being ca. 509.

p-Mannitol.—An amount of 656 mg. of acetate from
combined cuts 54-89 was chromatographed as described
above and D-mannitol hexaacetate was found in a zone
137-149 mm. from the column top in the second chroma-
togram; yield 25 mg., in. p. 122.5-123.0° (after recrystal-
lization from 959, ethanol) unchanged on admixture
with an authentic specimen.

Chromatography of Fraction B.—An amount of 4.8 g.
of Fraction B was chromatographed on clay in the ap-
paratus and by the procedure described above for Fraction
A. The cuts obtained are shown in Fig. 2. The column
was operated continuously at 100 mm. for 194 days to
obtain this result. The first maximum in this curve
represents sirupy material presently under further in-
vestigation. Sucrose was crystallized from the cuts 6-25
as described previously and identified in the same manner;
yield 426 mg. An aqueous solution of the combined
residues from cuts 76-80 yielded crystals identified as
meso-inositol; yield 15 mg., m. p. 224-225° (cor.) (re-
crystallized from 959% ethanol) unchanged on admixture
with an authentic specimen of meso-inositol, Molisch test
(=), Scherer?* inositol test ().

The residual sirups were then acetylated and chromato-
graphed as described above for Fraction A. A further
amount of sucrose was isolated as the octaacetate from
cuts 6-25 (Table I). In the first chromatogram of the
acetylated material from combined cuts 76-80, meso-
inositol hexaacetate was crystallized in a zone 144-158 mm.
from the columu top; yield 656 mg., m. p. 216° (cor.)
(mixed unchanged); Molisch test { —); Scherer?*test (4+).

(24) J. Scherer, Ann., 81, 375 (1852).
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Chromatography of the Non-fermented Fraction from
the Yeast Fermentation of Cane Blackstrap Molasses.—
The non-fermented residue -from Cuban molasses em-
ployed in this work was that previously reported.’® An
amount of 100 g. of this material was fractionated crudely
on clay as described above for whole molasses and the
fractions were isolated in the same manner; Fraction A’
(corresponding to Fraction S), 28.7 g., was a viscous,
amber sirup; Fraction B, 10.9 g., was a reddish-brown,
amorphous solid; Fraction C’, 28.8 g., and Fraction D’,
21.4 g. (total return, 89.89;), were air-dried on glass
plates to form glossy, nearly black, brittle films. Only
Fraction A’ was further chroinatographed on clay as
described above for Fractiont A of whole inolusses. Oper-
ating time was twenty-four days. Cuts 10-12 yielded
crystals identified as sucrose; yield 12 mg., m. p. 180-
182° (after recrystallization from 957 ethaunol), mixed
unichanged, Molisch (+4), Benedict (—) but (4) after
acid hydrolysis. Cuts 35-49 showed crystals which were
combined and identified as D-mannitol; yield 75 mg.
(from methanol), m. p. 166.5° (after recrystallization
fron 909, methanol), mixed unchanged, [«]??p +30°
(¢ 1.2, satd. borax).

Anal. Caled. for C¢éHy406: C, 39.56; H, 7.74.
C, 39.60; H, 7.89.

The cuts that did not crystallize and the residual
material from cuts 36 to 43 were combined between the
cut numbers shown in Fig. 3, as 1-4, 5-9, cte. The
combined lots were acetylated as described above for the
corresponding fraction of whole molasses and the acetate
mixtures were chromatographed and rechromatographed
(except cuts 1-4 and 4-11) as described above. Glyccrol
triacetate was found in the bottoin zone of cuts 1-4 aud
4-11 and was separated by distillation at 50-80° at .03
mni,; yield 850 mg. from 1.000 g. of chromatographed
inaterial, b. p. 259-261°, (cor.), d®; 1.161, n®™p 1.433.
8-pD-Glucose pentaacetate was identified in the residue
from the above distillation; yield 7 mg. (from 959,
ethanol), m. p. 125-128°, m. p. 130-131° on recrystal-
lization from 959, ethanol, mixed unchanged.

Combined cuts 13-18 yielded on acetylation aud re-
chromatography a zone near the middle of the colummn
containing sucrose octuacetate; yield 73 mg. fromt 580
mg. of combined cuts 13-18, m. p. 87° (from 959 ethanol).
mixed unchauged, [a]2?D +59° (¢ 1, chloroform). In a
zoue from the acetylated material of cuts 13-18 below
this was obtained a crystalline product identified us
erythritol tetraacetate; yield 7 mng. (froin ethanol), m. p.
83-84°, mixed unchanged (accepted value 85°), Molisch
{ ), Benedict (—).

Anal. Caled. for CuH;50s: C, 49.65; H, 6.23; miol.
wt., 200.3. Found: C, 49.35; H, 6.40; mol. wt. (Rast),
292,

A zone near the middle of the column fromn the first
chromatogram of the acetylated material of cuts 19-28
vielded crystals of a nitrogenous substaiice, as yet un-
identified and designated Product N; yield 54 mig. (from
959, ethanol), ni. p. 70-72° with resolidification and
reielting at 103-104°, [a]%D +183° (¢ 0.9, chloroform).
colorless elonigated prisms, Molisch (—), Benedict (—)
before and after acid hydrolysis. The substance was not
soluble in water but was soluble in benzene, ether, ethanol,
chiloroform and warm 0.2 N sodium hydroxide (without
coloration).

A4nal. Found: C, 49.45; H, 5.83; N, 7.76; mol. wt.
{Rast), 700, 680; P, absent; S, absent.

The material inn the lower zones of the above chiromato-
gram was rechromnatographed as before and from a zoue
near the middle of the column was obtained a further quan-
tity of erythritol tetraacetate (from a zone below this was
obtained a small amount of glycerol triacetate); vyield 9
ing. (from 95% ethanol), m. p. 79-80°, m. p. 82-83°
on admixture with pure material of m. p. 84-85°.

Anal. Caled. for CpHis0s: C, 49.65; 11, 6.25; mol.
wt., 200.3. TVound: C,49.94; H,6.25; mol. wt. (Rast),
346,

Crystals o goodrucopyranose tetraacctate appeaed

Found:
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in a zone located one-third from the column top of the first
chromatogram of the acetylated material from the com-
bined cuts 29-34; yield 12 mg. (from ether), m. p. 132°
(after recrystallization from ether), mixed unchanged,
Molisch (+), Benedict (+), Seliwanoff (+).

The material in the lower zone of the above chromato-
gram was rechromatographed as specified above and crys-
tals of p-arabitol pentaacetate appeared in a zone near the
middle of the column (from a zone below this was obtained
a further small amount of glycerol triacetate); yield 9 mg.
(from 959, ethanol), m. p. 69-70°. Pure material was
obtained on further crystallization from the same solvent;
m. p. 73--74°, mixed unchanged (accepted value 74-75°),
Molisch (—), Benedict ().

Amnal. Caled. for C]f,HnOlo: C, 4972, H, 6.12; 1nol.
wt., 362.3. Found: C, 49.81; H, 6.20; mol. wt.
(Rast), 403,

The combined material from cuts 35-49, after the crys-
tallization of D-mannitol, was acetylated and a crystalliue
product was obtained directly; yield 107 mg. (from 95%
ethanol), m. p. 117-121°, An amount of 50 mg. of these
crystals was rechromatographed on 50 g. of 5 Magnesol/!
Celite using 350 ml. of 500 benzene/1 ethanol as developer.
The material in the principal zone was crystalline and was
identified as p-mannitol hexaacetate; yield 37 mg. (front
95% ethanol), m. p. 120-121° (after two recrystalliza-
tions from 959, ethanol), mixed unchanged.

The residual acetylated material (661 mg.), after rc-
uioval of the crystalline product described above, wuas
chromatographed by the previously designated procedure.
A further quantity of p-mannitol hexaacetate appeared iu
the bottomn zone of the first chromatogram; yield 40 mg.
(from 95% ethanol), in. p. 119-120°, mixed unchanged.
Three other distinct zones on this chromatogram yielded
sirupy products which were not identified.
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Summary

1. Cubun blackstrap molasses was chromato-
graphiically fractionated on clay to yield four crude
fractions which were characterized by copper
reduction value (before and after hydrolysis).
Two of these fractions were rechromatographed on
clay to yield the flowing chromatograms shown in
Figs. 1 and 2. The nature of these fractions was
further investigated by acetate chromatography on
Magresol. Sucrose, p-glucose and meso-inositol
were so isolated in crystalline form (and in the
{orm of crystalline acetates) and p-fructose an:i
p-ruaniitol were isolated as crystalline acetates.

2. 'The chromatographic assays demonstratc
that p-glucose is present in molasses in excess
over D-fructose and that other substances thau
these hexoses are present in the reducing fraction.

3. Sinular procedures applied to a molasses
fermentation residue (Fig. 3) led to the isolation
uf erystalline sucrose and p-inanuitol (and of their
crystalline acetates) and of p-glucose, p-fructose,
p-erythritol, bp-arabitol, and an unidentified
substarice, as crystalline acetate derivatives.

4. The reducing values were determined for
chromnatographically separated fractions of the
molasses fernientation residue.
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