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distilled water and the combined percolates were evaporated
to dryness under reduced pressure. The pale yellow crys-
talline residue consisted of essentially pure pL-carnitine
(yield 1.05 g., 789%). This material can be recrystallized
by dissolving it in 30, volumes of 60:40 acetone~ethanol,
filtering from any insoluble material, and adding anhydrous
acetone at 0° in successive 60-volume portions (total of
240 volumes). Each fraction is collected after 12-24 hours
in the cold room. By this procedure the 1.05-g. sample
above gave 0.81 g. of crystalline pr-carnitine (m.p. 194-
196°) in 4 fractions (last two collected together). Pure
DL-carnitine is a hygroscopic crystalline solid melting at
195-197° dec. (Found: C, 51.78; H, 9.36; N, 8.92.)
The chloroaurate melts at 154-156° (Found: C, 16.9; H,
3.15; N, 2.77) and the reineckate melts at 146-147°,
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The rhamnoglucosides rutin, hesperidin and nar-
ingin are among the most readily available flavonoid
compounds at present. The glucosides correspond-
ing to the above three flavonoids are quercetin-3-
glucoside (isoquercitrin), hesperetin-7-glucoside and
naringenin-7-glucoside (prunin). These latter three
compounds are desired for biological testing, and
have not been readily available in the amounts
needed. To our knowledge, partial hydrolysis of
the rhamnoglucoside to remove the rhamnose and
leave the glucose still attached to the flavonoid
portion had not been successfully achieved. The
present paper reports a method for accomplishing
the hydrolyses in significant amount of rutin, hes-
peridin and naringin to the corresponding flavonoid
glucosides. The method appears likely to be a
general one for this type of compound.

Formic acid in cyclohexanol has been used for
the hydrolysis. The hydrolysate containing a mix-
ture of flavonoids has been separated chromato-
graphically and the identity of each resulting pure
flavonoid glucoside has been established.

Experimental

Hydrolysis of Rutin.—Rutin (S. B. Penick and Co., New
York) was first purified by treatment with Magnesol! from
methanol solution, and then by several recrystallizations
from methanol. Although the highly purified rutin was
used in these experiments, this additional purification is not
necessary for routine preparation of isoquercitrin. Ten
grams of the pure rutin was dissolved-in 225 ml. of boiling
cyclohexanol. Seventy-five ml. of formic acid (85-90%)
was next added through the reflux condenser, the addition
being performed as rapidly as possible without flooding.
The mixture was then refluxed, with stirring, for approxi-
mately 10 hours at a temperature of 102-107°. Small
samples were withdrawn at regular intervals and chroma-
tographed on paper, usually using 159, acetic acid-water as
the solvent system. One could thus follow the progress
of the hydrolysis and estimate the relative amounts of iso-
quercitrin, quercetin and unhydrolyzed rutin present (R
values in the 15%, acetic acid are 0.45, 0.09 and 0.62, re-
spectively). When the highly purified rutin is used, and the
reaction is followed closely with paper chromatograms, iso-
quercitrin is detectable before the quercetin.

After about 10 hr. of hydrolysis, distillation of solvent
was carried out iz vacuo until practically no liquid came over.
The volume of the mixture was made up to 600 ml. with an-

(1) C. H. Ice and S. H, Wender, Anal. Chem., 24, 1616 (1952),
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hydrous acetone and filtered through a 2.5 X 3 cm. column
of Magnesol. The filtrate was then put on a 7 X 26 cm.
column of Magnesol packed as an acetone slurry. When all
of the flavonoids had been adsorbed, the top half of the
column was colored. Several hundred ml. of anhydrous
ethyl acetate was then passed through the column to dis-
place the acetone and cyclohexanol. The column was next
developed as a liquid chromatogram with wet ethyl acetate.
A definite break occurred between the bulk of the quercetin
and the glycosides, but sufficient quercetin still remained
on the column to make detection of the glycoside zones al-
most impossible. The eluant was, therefore, collected in
200-ml. fractions. Small portions of each fraction were
spotted on paper strips for chromatographic study. At the
first appearance of isoquercitrin, the eluted fraction was
saved and combined with all following fractions which
The combined solution
of all the eluted fractions containing isoquercitrin was con-
centrated to 750 ml. by distillation and then rechromato-
graphed on a fresh 3.5 X 20 em. column of Magnesol packed
as an anhydrous ethyl acetate slurry, and the column de-
veloped with an ethyl acetate~water solution. Four zones
were detected on this column in both visible and ultraviolet
light as elution proceeded. When the major portion of zone
one, containing the quercetin, reached the bottom of the
column, a faint zone, containing an unknown glycoside, was
noted between this fastest moving pigment (quercetin) and
the isoquercitrin which occupied the center portion of the
column. Some unhydrolyzed rutin remained at the top of
this column, but most of the rutin had been left on the pre-
ceding column. The major part of the center zone, contain-
ing the isoquercitrin, was eluted and the solvent removed
in vacuo. Yellow solid isoquercitrin—yield approximately
760 mg.—was obtained.

For final purification, the isoquercitrin was recrystallized
at least four times from boiling alcohol-water. The super-
natant liquid was removed by decantation after centrifuga-
tion. A trace of an oily material could not be removed if
regular filtration were used. The recrystallized isoquercitrin
was dried at 110° for 1 hr. and gave a m,p. of 228°, uncor,
On paper chromatograms, it showed no trace of quercetin
or any other impurity, and its Ry values corresponded to
those of authentic isoquercitrin isolated from plant sources.?
The 3’,4’,5,7-tetramethoxy-3-hydroxyflavone was obtained
according to the method of Shimokoriyama,® m.p. 195°.
Hydrolysis of the prepared isoquercitrin yielded one sugar,
glucose, which was identified by paper chromatography,
and quercetin, which was identified by its R; values, its
m.p. 314-315°, and its pentaacetate, m.p. 194-195°.¢

Hydrolysis of Hesperidin.—Five grams of hesperidin was
dissolved in 250 ml. of boiling cyclohexanol (minimum sol-
vent requirement) and 125 ml. of formic acid (85-90%,) was
added as rapidly as possible through the reflux condenser.
The hydrolysis mixture was refluxed approximately 20 hr.
and then distilled until the temperature reached 135°,
Samples were withdrawn at 3-4-hr. intervals, and chromato-
graphed on paper, using 159, acetic acid-water as the sol-
vent system. Ry values in this system were 0.80 for hes-
peridin, 0.70 for hesperetin-7-glucoside, and 0.43 for hes-
peretin. From the paper chromatograms, no apparent im-
provement of vield resulted after about 15 hr., but the
amount of aglycone increased, and the amount of hesperidin
decreased.

The entire hydrolysis mixture was filtered through a 2.5
X 5 em. column of Magnesol to remove decomposition
material. On washing this column with dry acetone, the
very dark material which had been adsorbed was removed.
Only the initial filtrate was saved. A rough separation was
effected on a 7.5 X 25 cm. column of Magnesol. The cyclo-
hexanol solution was put on an acetone-Magnesol column;
washed with dry ethyl acetate to displace the cyclohexanol;
and finally developed as a liquid chromatogram with wet
ethyl acetate. The entire column was white in ultraviolet
light, but a slight break was detectable between the aglycone
and the hesperetin-7-glucoside after considerable elution.
The hesperidin moved very slowly and remained near the
top of the column. The 7-glucoside fraction was concen-

(2) B. L. Williams, C. H. Ice and S. H. Wender, Tu1s JourNaL, 74,
4566 (1952).

(3) M. Shimokoriyama, Acia Phytochim. (Japan), 18, 63 (1949).

(4) St. v. Kostanecki, V. Lampe and J. Tambor, Ber., 37, 1405
(1904).
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trated by distillation to 300 ml., and rechromatographed
on a 3.7 X 25 cm. column of Magnesol packed from dry
ethyl acetate. All three compounds, hesperidin, hesperetin
and the hesperetin-7-glucoside were present on this column,
but a relatively clean separation was possible. The central
portion of the middle zone was collected as a separate frac-
tion and taken to dryness under reduced pressure. The
resulting solid—yield about 0.35 g.—was purified by four
recrystallizations from alcohol. This sample had a m.p. of
206-207° uncor., and an optical rotation [«]¥D —51.8° in
pyridine, which agree well with those reported for hespere-
tin-7-glucoside by Zemplén, et ail.5 On hydrolysis, the sugar
wga.s identified as glucose, with no trace of rhamnose detect-
able,

Hydrolysis of Naringin.—Five grams of naringin, 100
ml. of cyclohexanol and 50 ml. of formic acid were refluxed
20 hr. and then the solvent distilled off until the temperature
reached 135°. The first detectable trace of naringenin-7-
glucoside was found after 3 hr., and continued to increase
relatively for about 15-20 hr. Ry values in 15%, acetic acid
were 0.80 for naringin; 0.75 for naringenin-7-glucoside;
and 0.47 for naringenin. After hydrolysis, the volume of
the remaining solution was doubled with acetone and fil-
tered through a 1.5 X 3 cm. column of Magnesol. Filtra-
tion removed dark, flocculent material. The solution was
then chromatographed on a 7 X 25 cm. column of Magnesol
packed as an acetone slurry. When all of the reaction mix-
ture had been adsorbed, a column volume of dry ethyl ace-
tate was passed through to displace the cyclohexanol and
then wet ethyl acetate was used to elute the liquid chromato-
gram. The column was too overloaded to permit detection
of zones, but some fractionation was possible. The eluate
was collected in fractions and microliter portions were
spotted on paper. The first fractions contained mainly
naringenin and were discarded. Elution was continued, and
fractions containing naringenin-7-glucoside now appeared,
and were collected, combined, concentrated to 200 ml. in
vacuo, and rechromatographed on a 4.5 X 20 cm. column
of Magnesol, packed this time with an ethyl acetate slurry.
Some separation of the zones was detected under ultraviolet
light, but a clear-cut separation was not achieved. The
naringenin-7-glucoside fraction from this column was con-
centrated and again rechromatographed on a fresh 2.5 X
15 em. column of Magnesol. A: good separation between
the leading naringenin and the central naringenin-7-gluco-
side was obtained in this case. A dark, narrow zone ap-
peared at both the top and bottom of the central naringenin-
7-glucoside zone. The dark zones were collected separately,
and the center of the middle zone was taken as the narin-
genin-7-glucoside. After evaporation at reduced pressure,
the resulting solid—yield about 0.40 g.—was recrystallized
several times from methanol-water. The m.p. of the narin-
genin-7-glucoside was 225-226°, uncor., and no lowering
occurred on admixture with a sample of authentic prunin.
Mixed paper chromatograms of the prepared naringenin-7-
glucoside with prunin showed no separation. R; values
for both were 0.84 in 609, acetic acid-water and 0.92 in the
butyl alcohol-acetic acid-water system (4-1-5). The narin-
genin-7-glucoside and the prunin from the cherry tree® are
thus identical. After hydrolysis, paper chromatography
showed the presence of glucose, but no rhamnose, in the
neutralized filtrate.

In preparing a sample of naringenin from naringin, using
sulfuric acid, according to the method of Will,” paper chro-
matograms at the end of 2 hr. revealed the presence of some
naringenin-7-glucoside. Thus, for mnaringin hydrolysis,
there may be a possibility for using sulfuric instead of formic
acid.
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The preparation of vy-aminopropylsulfuric acid
was undertaken in an effort to convert it into tri-
methylenimine. The sulfuric ester was first syn-
thesized by Gabriel and Lauer! in unreported yields
by treating ~y-bromopropylamine with silver sul-
fate. Yields of 909 crude y-aminopropylsulfuric
acid were obtained in this Laboratory by the
treatment of y-aminopropanol with sulfuric acid.

The vy-aminopropylsulfuric acid was subjected
to a flash distillation with excess base to give a
small yield of impure trimethylenimine.

Experimental

y-Aminopropylsulfuric Acid.—In a one-liter flask equipped
with a stirring motor, thermometer and dropping funnel
were placed 50 g. of water and 105 ml. of concentrated sul-
furic acid. To this was added dropwise and with cooling
a solution containing 150 g. (2 moles) of redistilled «-
aminopropanol and 75 g. of water. The dropping funnel
was replaced by a condenser set for downward distillation
and the mixture was distilled under slightly reduced pressure
until the temperature of the reaction reached 190°. Ap-
proximately 140 ml. of water was collected. The mixture
was allowed to cool and crystallization was induced by
scratching the walls of the flask with a glass rod. The solid
cake was then softened with 300 ml. of 95% ethanol, re-
moved from the flask, ground with an additional 400 ml. of
ethanol, filtered and dried. The crude y-aminopropylsul-
furic acid (278 g.) was then recrystallized from water. The
once recrystallized product melted at 219-220°. ..Gabriel!
reported a melting point of 221°. Further recrystallization
gave a product which melted at 227-228°.

Anal.? Caled. for CHyC(NS: N, 9.02;
Found: N, 8.84; S, 20.54.

Trimethylenimine.—The y-aminopropylsulfuric acid (155
g.) was decomposed in an analogous fashion employed by
Reeves? for the decomposition of B-aminoethylsulfuric acid.
A fraction (1 g.) distilling at 66-69° was obtained. This
corresponds to a 1.7% yield of trimethylenimine. The
picrate of this fraction melted at 166° and the chloroplatin-
ate at 201°. Gabriel* reported melting points for the pi-
crate and chloroplatinate of trimethylenimine at 165° and
200-203°, respectively, The refractive index, however,
of the 66-69° fraction was 725 1.3450 which did not corre-
spond to the value observed by Ruzicka® for trimethylen-
imine, viz., #%D 1.4287. The product was considered
moist and redried over anhydrous sodium sulfate and redis-
tilled. The refractive index did not change. Further at-
tempts of drying over solid potassium hydroxide and redis-
tillation still gave the same value for the refractive index.
A low-boiling fraction 47-64° and a high-boiling fraction
110-191° were also obtained but were not characterized.

S, 20.66.
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