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4-(1-Methyltetrahydropyridyl)-diphenylcarbinol (XI).—
To an ethereal solution of 0.4 mole of pheny! lithium, pre-
pured from 6.28 g. of bromobenzene and 0.56 g. of lithium,
was added 3.17 g. of the mixture of methyl 1-methyltetra-
hiydroisonicotinate and methyl 1-methylisonipecotate (IX)
from the low pressure hydrogenation of methyl isonicotinate
methiodide. The mixture was heated under reflux for 3
hr. and, after cooling, poured into ice and water. The
water and ether insoluble solid was removed by filtration
giving 1.58 g. of XI, m.p. 179.0-179.8, after recrystalliza-
tion froin ethanol.

Anal. Caled. for C;)H4NO: C, 81.68; H, 7.58. Found:
C, 80.93; H, 7.53.

The layers in the filtrate were separated and the water
layer extracted with 50 ml. of ether. The dried extracts
were distilled leaving 1.72 g. of X, m.p. 130-132°, as residue.

Catalytic Reduction of 4-(1-Methyltetrahydropyridyl)-di-
phenylcarbinol (XI).—A solution of 2.0 g. of XI in 100 ml.
of absolute methanol was shaken for one hour at room tem-
perature withh 0.2 g. of platinum oxide catalyst under 60
atm. pressure of hydrogen. Removal of the catalyst and
solvent gave 1.95 g. (96.5%) of 1-methyl-4-piperidyldi-
phenylearbinol (X), m.p. 125-130°, After recrystalliza-
tion from methanol, the solid melted at 127.5-130.0° and
showed no depression of melting point on mixing with an
authentic sample of X.

1-Methyl-4-piperidylidenediphenylmethane (XII).—A
solution of 4.0 g. of 1-methyl-4-piperidyldiphenylcarbinol
(X) in 30 ml. of 1:1 sulfuric acid—water was heated on a
steam-bath for 1.5 hr., poured into water and neutralized.
The basic solution was extracted with ether, and the com-
bined, dried ether extracts were fractionally distilled. The
fraction, b.p. 205-208° at 12 mm., lit.? b.p. 145-150° at 1
mm., unlike the previously reported cases, crystallized on
standing or seeding to give 3.09 g. (82.6%) of 1-methyl-4-
piperidylidenediphenylmethane (XII), m.p. 55.0~-56.3°.

The hydrobromide of XII, after recrystallization from
ethanol, melted at 264-266°, XII hvdrobromide is only
sparingly soluble in water.

Anal. Caled. for CiHeBrN:
23.4.

The Reaction of 1-Methyl-4-piperidylidenediphenyl-
methane (XII) with Bromine Water. (a) At 100°.—To a
suspension of 4.0 g. of XII hydrobromide in 50 ml. of water,
heated on a steam-bath, was added in 5-ml. portions 62
ml. of saturated (0°) bromine water. Heating was con-
tinued for 0.5 hr. or until all the solid was in solutioun and
the reaction mixture was allowed to staud for 2 hr. The
precipitated solid redissolved on heating and the solution
was uentralized with potassiumi hydroxide. The amines

Br, 23.2. Found: Br,
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precipitated immediately and, after coagulation, were iso-
lated by filtration to give 3.34 g. (air dried) of the mixture.
Trituration of the amine mixture with petroleum ether
(b.p. 30-60°) gave, as the soluble component, 1.53 g. of 1-
methyl-4-phenyl-4-piperidyl phenyl ketone (VII), m.p.
77.0-78.5°. The insoluble residue consisted of 1.44 g. of
4-hydroxy-1-methyl-4-piperidyldiphenylcarbinol (V), m.p.
158.0-160.8°. These products account for 899, of the
starting material,

(b) At 40-50°.—A suspension of 4.0 g. of 1-methyl-4-
piperidylidenediphenylmethane (XII) in 250 ml. of water
was treated with 7 ml. of 489, hydrobromic acid at 40-50°
and 100 ml. of bromine water was added in portions. A
large amount of undissolved solid remained even after the
addition of 250 ml. of water. The mixture was cooled and
the solid was removed by filtration and triturated with ace-
tone, The acetone insoluble portion, 0.85 g., was found
to be unreacted XII hydrobromide, m.p. 263-265°. Con-
centration of the acetone solution gave 1,51 g. of a hydro-
bromide, m.p. 150° dec., which gave evidence of being 4-
bromo-1-methyl-4-piperidyldiphenylcarbinol hydrobromide
(XIID).

Anal. Caled. for CyHyuBryNO: 1Br, 18.1; 2Br, 36.2.
Found: Br (Volhard), 18.5; Br (Stepanow), 33.4.12

The acid filtrate from the removal of XIII and XII hydro-
bromide was neutralized with potassium hydroxide and the
solid which separated was triturated with petroleum ether
(b.p. 30-60°). From the petroleum ether 0.75 g. of 1-
methyl-4-phenyl-4-piperidyl phenyl ketone (VII), m.p.
75-77°, was obtained. The petroleum ether-insoluble
portion yielded only traces of 4-hydroxy-1-methyl-4-piperi-
dyldiphenylcarbinol (V).
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(12) The total halogen analysis of XIII was consistently low as
compared with the theoretical value; however, it is sufficiently high
to indicate the presence of two bromine residues. The low value for
the total halogen analysis undoubtedly results from the relative ease

of elimination of the bromine on the 4.position. One recrystallization
of XIII from acetone lowered the bromine content to 31.3%,.
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Radioisotopic Dilution Analysis for D-Glucose and Gentiobiose in Hydrol
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The p-glucose and gentiobiose contents of a representative sample of hydrol have been determined by radioisotopic dilu-

tion analysis.
isolation methods.
liitherto reported.

Hydrol is the residual sirup obtained after the
commercial crystallization of p-glucose from acid
hydrolysates of corn starch. Since mineral acids
catalyze not only the hydrolysis of oligo- and poly-
saccharides but also the condensation of monosac-
charides,? hydrol is a product both of the acid hy-
drolvsis of starch and of the acid reversion of D-

(1) Corn Industries Research Foundation Fellow,

(2) A. Wohl, Ber., 23, 2084 (1890): E. Fischer, ¢bid., 23, 3687
(1890); H. Frahm, Anxn., 656, 187 (1944); E, Pacsu and P, T. Mora,
Tuts JourNar, 72, 1045 (1950); W. R. Fetzer, E. K. Crosby, C. E.
Engel and L. C. Kirst, Ind. Eng. Chem., 48, 1075 (1953).

The p-glucose content by this method agrees well with the corresponding value obtained elsewhere by direct
In contrast, the gentiobiose content as determined by the present method is cousiderably greater than

glucose. Oligosaccharides arising solely from the
hydrolysis of starch are necessarily limited in struc-
ture to moieties of the original starch structure
whereas no such limitations can be applied to the
structures of those oligosaccharides resulting from
acid reversion of b-glucose. Consequently, al-
though p-glucose appears to be the only monosac-
charide constituent of hydrol, the oligosaccharide
fraction is complex and as yet has not been re-
solved completely into its component sugars.

The first disaccharide to be identified as a con-
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stituent of this “corn sugar molasses” was gentio-
biose,® and compelling evidetice that it arises solely
as a reversion product from p-glucose has been re-
cently reported.* 6-O-a-p-Glucopyranosyl-p-glu-
cose (brachiose, isomaltose) also has been identified
i1 hydrol and can be considered partly as a product
of starch hydrolysis and partly as a product of b-
glucose reversion.*®  Other disaccharides that have
been recognized positively as constituents of the
hydrol mixture are a,a-trehalose® and maltose,”®
The former can be only a product of reversion
while the latter may arise botli by the hydrolytic
and reversion routes.

Previous analvses of hydrol for specific sugars
or classes of sugars have depended upon direct 1so-
lation of the sugars® or their derivatives®*7 or upou
copper reducing methods.® In the present work,
we have applied radioisotopic dilution analysis to
determite the amounts of pD-glucose and gentiobiose,
respectively, in a typical sample of hydrol. The ad-
vantage of this method in the analysis of complex
sugar mixtures® stems froms the fact that it does
not rely on the efficiency of isolating the coipo-
nent being determined. Our analytical results for
D-glucose agree well with the values obtained by
direct isolation of this single monosaccharide con-
stituent of the mixture.” In contrast, our value
(99%) for the gentiobiose content is comsiderably
greater than values (5-5.79) reported hitherto for
this disaccharide.®® It is believed that the pres-
ently reported concentration of gentiobiose inn our
sample of hydrol is accurate within the sinall liits
of error attending tlie determinations of spccific
radioactivity.

Experimental

Hydrol.—The sample of hydrol was kindly furuished by
Mr. George T. Peckham, ]Jr., Rescarch Director. Clinton
Foods, Inc., Clinton, lowa. The manufacturers analysis
of this material showed moisture, 25.289,; ash, 8.85%;
protein (N X 6.23), 0.199%. The carbohydrate content,
caleulated as the remainder, was thus $5.689.

1-Clip-Glucose.—The labeled sugar (ca. 0.05 wc./ing.)
was prepared from p-arabinose ei¢ the nitromethane syu-
thesis withh Cli-nitromethane.®

Ct-Gentiobiose.—The labeled disaccharide was syuthe-
sized by the Koenigs-Knorr method with the modificationus
of Reyuolds and Evans.!' TUniformly labeled p-glucose™
(950 mg., ca. 0.085 we./ing.) was converted to tetra-O-
acetyl-p-ghicopyranosyl bromide (1.13 g.) and the latter was
condensed  with non-radioactive 1,2,3,4-tetra-O-acetyl-g-
p-glucopyranose!® (0.965 g.) to give B-gentiobiose octance-
tote (0.821 g., m.p. 195°, [a]¥D —5.1°%, ¢ 2 in chiloroforin).

(3) H. Berlin, Tuis JoUur~arL, 48, 1107, 2627 (1926).

(4) A, Thompson, M. L. Wolfrom and E. J. Quinn, 7bid., 75, 3003
(1953).

(3) Edna M. Montgomery and F. B. Weakley, J. Assoc. Ofic. Agr.
Chemisis, 36, 1096 (1953).

(6) Cellobiose recently has been isolated in the form of its crystalline
octancetate from oar sample of hiydrol. Experiments are currently in
progress to determine whether this sugar is formed by rcversion during
the acid hydrolysis of starch or whether it is an artifact in this case,
arising from cellulosic impurities in the original starch,

(7) C. D. Hurd and S. M. Cantor, Tui1s JoUrNaL, 60, 2677 (1038).

(3) G. T. Peckhamn, Jr., and C. .. Bnugel, J. Assoc. Ofir. Agr.
Chemistz, 36, 457 (1953).

{9) J. C. Sowden and R. Schaffer, Tr1s JourNaL, T4, 400 (1052)¢

(10) J. C. Sowden, J. Biol. Chem., 180, 55 (1949).

(11) D. D. Reynolds and W. I.. Evans, Turs JOURNAL, 60, 2559
(1038).

(12) We are indebted to Professor W. Z. Hassid, University of Cali.
foruia, for generously supplying this material.

(13) Prcpared according to H. A, Lardy and I. O. L. Fischer, J.
Biol. Chem., 164, 513 (1940).
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The octaacetate (200 mg.) was deacetylated according to the
directions of Thompsou and Wolfrom!* to yicld anhydrous 8
gent)iobiosc (52 mg., m.p. 193-194°, ca. 50.000 cts./inin./
mg.).

Standard Radioactive Sugar Solutions.—Tlie radioactive
sugars were dissolved separately inn water to give solutions
coutaining 2-2.5 mg./ml. These solutions were standard-
ized, using 0.053-ml. aliquots. agaiust known p-glicose and
gentiobiose, respectively, in the manuer described pre-
viously.? The results of the standardizations arce shown
it Tables I pud I1.

TanLe

STANDARDIZATION OF StoCK  1-C-n-GLucose SoLuriox

Specific Total
p.Glucose, radivactivity, radioactivily,
Sample meg. cts./min./mg. els./min.

1 19.97 375.9 7507
2 33.58 220.8 741t
3 55.35 133.7 7398
3 G1.34 120.7 7404
5] 77.20 95.3 7357
Chicek 48.26 154.2 7442

Average  T420 £ 35

TaBLE Il
STANDARDIZATION OF SToCK CU-GENTIOBIOSE SOLUTION
Specific Tulal
Gentiobiose, radioactivity, rodioactivily,
Sample mg. cts./min./my. cts./uin.

1 26.0 215.4 5601
2 34,6 158.9 5408
3 49.3 112.5 55406
4 68.6 82.0 5625
5 80.8 69.1 5583
Clicelk 8.6 95.7 5608

Average  HH70 =+ 37

Radioisotopic Dilution Analysis for p-Glucose in Hydrol.
—A sample of 372.4 g. of hydrol was diluted to 1 1. with
distilled water. To aliquots of 10 mil. cacli of this solution
were added aliquots of 0.50 ml. eacli of the stock radioactive
p-glucose solution. The solutions were delonized by pas-
sage through Amberlite I.R.-100% and Duolite A-41% ion
exchange resins, the effluents were couceuntrated at reduced
pressure and the resulting sirups were dried by repecated
concentrations at reduced pressure with absolute cthanol.
The dried sirups were dissolved in 20-ml. portious of 959
ethanol and secded with minute traces of p-glucose.  After
crystallization was completed at 30°, the supernatant lignid
was decanted and the sugar washed with cold 959 ethauol.
TFor radioassay, the D-glucose was reerystallized to coustant
specific radioactivity from 959 ethanol with intermediate
drying at 110° in high vacuum over pliosphorus pentoxide.
The samples of sugar thus purified showed ut.p. 1455 1.16°
and [«]%D 52.1°, equil. in water.

As a final cheek, the analysis was repeated after the addi-
tion of a known amount of p-glucose to an aliquot of the liy-
drol solution. The results of thie analyses for p-gliicose are
shiown in Table IT1.

Radioisotopic Dilution Analysis for Gentiobiose in Hy
drol.—To aliquots of 25 ml. each of a solution containing
332.5 g. of hydrol in 11. were added aliquots of 2.00 1nl. cach
of the stock radioactive gentiobiose solution.  The solutious
then were chromatograplied o1t columns (300 X 80 mm.) of
Darco G-60"7-Celite-335™® (1:1 by weight).!® with water,
5% ethanol and 159, ethanol as successive elution solvents.?
Gentiobiose was isolated from the 159, cthanol cfflucnts-

(14) A, Thompson and M. L. Wolfrom, Turs Jourxar, 75, 3005
(1953).

(15) A product of Rohm and Haas Co., Philadelphia, Penna.

{16) A product of Chemical Process Co., Redwood City, Calif.

(17) A product of Atlas Powder Co., New York N. Y.

(18) A product of Johns—Manville Co., New York, N. ¥,

(19) R. L. Whistler and D. I*. Durso, Tis Jourwar, 72, 677
(1950).
(20) M. L. Wolfrom, A, Thompson, A. N. O'Neill and T. T, Gal-

kowski, {bid., T4, 1062 (1952).
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TaBLE III
D-GLUCOSE AND GENTIOBIOSE CONTENT OF HyDROL

Specific radioactivity Total weight Sugar in
of sugar, cts./min./mg. of sugar, g. hydrol,® %
D-Glucose
46.9 1.582 64.7
46.6 1.592 65.1
46.4 1.599 65.4
46.7 1.588 64.9
41.6 1.784 64.8°
Gentiobiose
451 0.495 9.07
460 .485 8.88
316° .705 9.25°

@ Based upon manufacturers assay of 65.689, ash-free,
protein-free dry solids. ° Artificial hydrol sample made by
adding 200 mg. of sugar to aliquot of hydrol solution.
¢ After subtracting 200 mg. of known, added sugar. Sample
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calculation: Weight of hydrol, 3.724 g.; p-glucose, g. =

0.50 7420 .
0.05 X 69 X 0.001 = 1.582; p-glucose in hydrol, % =

1.582 X 100

3.724 X 0.6568 64.7.
after acetylation, as the S-octaacetate,?® m.p. after recrys-
tallization from 959, ethanol, 194-195°; wields, 0.35-0.40
g. Deacetylation! gave crystalline B-gentiobiose. For
radioassay, the sugar was recrystallized! to constant spe-
cific radioactivity with intermediate drying at 110° in high
vacuum over phosphorus pentoxide. A check analysis was
performed on an aliquot of the hydrol to which known gen-
tiobiose had been added. The results of the aualyses for
gentiobiose are shown in Table III.
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A Convenient Method of Preparing 2-Deoxy-D-ribose!

By Jonx C. SOWDEN
RECEIVED MaRcH 1, 1954

The biochemically important sugar 2-deoxy-p-erythro-pentose (‘‘2-deoxy-p-ribose,” ‘‘thyminose”) has been prepared in

satisfactory yield from p-glucose in two simple steps.

D-Glucose first was isomerized according to the directions of Nef by

hot, concentrated alkali to give, among other products, a mixture of 3-deoxy-p-ribo-hexonic and 3-deoxy-p-arabo-hexonic

acids (the ‘‘D-dextro-meta-saccharinic acids”).

The 3-deoxyhexonic acids then were degraded by the method of Ruff with

hydrogen peroxide in the presence of ferric acetate to give the deoxypentose.

In spite of intensive efforts,® no simple and
economical source has been found for 2-deoxy-p-
ribose since the discovery of this sugar as a constit-
uent of the nucleic acids.® The preparation of
the deoxypentose, either from natural sources or
through synthesis, has remained sufficiently difficult
to hamper seriously any thorough study of its
chemical or biochemical behavior. A preparation
from p-glucose which makes 2-deoxy-p-ribose read-
ily accessible now has been accomplished.

During their extensive studies of the saccharinic
acids that are formed by the action of alkali on
reducing sugars, Kiliani and co-workers isolated a
crystalline 3-deoxyhexonic lactone through treat-
ment of lactose? or galactose® with lime-water. The
corresponding acid, when subjected to a Ruff® deg-
radation, produced a crystalline 2-deoxypentose’
(“metasaccharopentose’). Kiliani did not assign
configuration to the deoxypentose, but it became
apparent that the sugar was 2-deoxy-p-fhreo-pent-
ose when Levene and Mori® synthesized it from b-
xylose by the glycal method. The respective con-
stants recorded for the two preparations were:
“metasaccharopentose,”” m.p. 95°, [a]p 0° in wa-

(1) A preliminary report of this work appeared in Abstracts Papers,
Am. Chem. Soc., 124, 15D (1953).

(2) W. G. Overend and M, Stacey, Ady, Carbohydrate Chem., 8, 45
(1053).

(3) P. A, Levene and E, S, London, J. Biol. Chem., 81, 711 (1929);
883, 793 (1929).

(4) H. Kiliani, Ber., 16, 2625 (1883).

(5) H. Kiliani and H. Sanda, ibid., 26, 1649 (1893).

(6) O. Ruff, sbid., 31, 1573 (1838); 34, 1362 (1901),

(7) H. Kiliani and H. Naegeli, ibid., 85, 3528 (1902);
and P. Loefiler, 7bid., 38, 2667 (1905).

(8) P. A. Levene and T. Mori, J. Biol. Chem., 83, 803 (1929).

H. Kiliani

ter; m.p. of benzylphenylhydrazone, 117-118° and
“2-xylodesose,®”” m.p. 92-96°, [a]p —2° in water;
m.p. of benzylphenylhydrazone, 116-118°. It is
interesting that Levene and Mori apparently over-
looked the preparation of Kiliani and Naegeli since
they state, with reference to their own product,
“xylodesose has now been prepared for the first
time.”

Beginning with p-glucose, Nef isolated an epi-
meric pair of crystalline 3-deoxyhexonic lactones
from the action of aqueous sodium hydroxide on the
sugar.® He assigned to the acids the p-ribo and
p-arabo configurations on the assumption that they
were formed intramolecularly from p-glucose with
preservation of the p-erythro configuration on car-
bons 4 and 5. In addition, Nef made the observa-
tion that p-glucose, when treated with hot, concen-
trated alkali, produces these two acids in a com-
bined yield of about 209,. Thus, if the configura-
tions assigned by Nef for these acids were correct,
it was apparent that they should be, through appli-
cation of the Ruff degradation, a fruitful source of
2-deoxy-D-ribose. Such, indeed, is the case.

It has been found that, by combining Nef’s con-
ditions for the alkaline isomerization of p-glucose
with a subsequent Ruff degradation of the crude 3-
deoxyhexonic acids,!® 2-deoxy-D-ribose can be ob-
tained readily. Approximately 5 g. of the deoxy-
pentose is produced in this way from 100 g. of p-
glucose.

(9) J. U. Nef, Ann., 876, 1 (1910),

(10) Shortly after the initial report of the present work,! the de-
gradation of ‘‘calcium dextro.mefg-saccharinate’’ by the Ruff method
to give 2.deoxy-p.ribose was reported by G. N. Richards, Chem. and
Ind., 39, 1035 (1953),



