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ml. portions). The chloroform was washed with water
(5 ml.), dried over anhydrous sodium sulfate, and brought
to dryness in vacuo. The residue was dissolved in ether
(20 ml.) and the solution was filtered from a small amount of
colored insoluble solid. Conceutration of the ether led to
crystallization of cevagenine C-orthoacetate diacetate (200
mg.); m.p., rotation and infrared spectrum in chloroform
identical with those of an authentic sample.

Alkaline Isomerization of Cevagenine D-Orthoacetate to
Cevine Orthoacetate.—Cevagenine D-orthoacetate (300
mg.) was treated with 209, alcoholic potassium hydroxide
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(4 ml.) and the solution was heated under reflux for 30
minutes. Water (4 ml.) was added, and the alcohol was
removed #n vacuo. The aqueous suspension was extracted
with chloroform (eight 5-ml. portions). The chloroform was
washed, dried over sodium sulfate and evaporated to dryness
in vacuo. Crystallization of the residue from methanol
gave cevine orthoacetate (80 mg.), m.p. 180-190°. The
rotation and infrared spectrum in chloroform were identical
with those of an authentic sample.
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Zygadenus Alkaloids.

V. Active Principles of Zygadenus venenosus.

Zygacine!

By S. Morris KuprcHAN, Davip LAviE? AND R1cHARD D. ZoNi1s
RECEIVED AUuGusT 19, 1954

A new ester alkaloid, zygacine, has been isolated from Zygadenus venenosus.

of the alkamine zygadenine.

Zygacine, Cz3H ;O N, is a monoacetate ester

Methanolysis of zygacine yields zygadenine and acetic acid. Acetylation of zygacine and of
zygadenine with acetic anhydride at steam-bath temperature affords zygadenine triacetate.

Treatment of zygacine,

zvgadenine or zygadenine triacetate with acetic anhydride and pyridine at steam-bath temperature yields zygadenine tetra-

acetate.

Recent investigations of the alkaloidal constitu-
ents of Zygadenus venenosus have revealed the
occurrence of the esters veratroylzygadenine,?
vanilloylzygadenine,® neogermitrine,* germidine,*
neogermidine,? and protoveratridine,® and the
alkamines zygadenine® and germine.?

As noted earlier, ** chromatography of the hydro-
philic alkaloids from Zygadenus venenosus yielded
neogermidine in the fractions eluted from the
column with chloroform. However, more than
half of the alkaloidal material was not eluted from
the column with chloroform alone, and it was
necessary to use chloroform—methanol mixtures to
elute the remaining material. The infrared
spectra of the successive fractions eluted with

gradually increasing percentages of methanol
indicated that their compositions were quite
similar. Furthermore, these infrared spectra more

closely resembled the spectra of the zygadenine
esters previously encountered than those of the
germine esters. Several attempts were made to
separate a crystalline product from the amorphous
ester fractions by countercurrent distribution and
re-chromatography, but these attempts were un-
successful.

The behavior of the amorphous ester fractions
in countercurrent distribution and chromatography
suggested substantial homogeneity of the material
and this led us to attempt to prepare crystalline
salts from the amorphous alkaloid bases. At-
tempts to prepare a crystalline hydrochloride or
hydrobromide were unsuccessful, but upon treat-
ment of the material in acetone with hydriodic acid,
a crystalline product (I, CgpHyOsN-HI, m.p.
270-271° dec.) was obtained. Further investiga-
tion of this product soon revealed that it is an

(1) This work was supported (in part) by grants from the National
Institutes of Health (RG-2553) and Research Corporation.

(2) On leave of absence from the Weizmann Institute of Science,
Rehovot, Israel.

(8) S. M. Kupchan and C. V. Deliwala, THiS JOURNAL, T4, 2382
(1952); 75, 1025 (1953).

(4) S. M. Kupchan and C. V. Deliwala, #bid., (a) 74, 3202 (1952);
(b) Paper 1V, 76, 5545 (1954).

Crystalline acetonides of zvgacine and zygadenine have been prepared.

acetonide hydriodide derivative of the ester
alkaloid. The free acetonide derivative (II, Cg-
HyOsN, m.p. 253-255° dec., [a]®®p 4-2° (¢ 1.41,
chf.)) was liberated by treatment of the salt with
dilute ammonium hydroxide. Treatment of the
acetonide derivative with dilute hydrochloric acid
gave the free ester alkaloid (III, [@]?®p —22°
(c 1.53 chf.).

The new ester alkaloid III afforded analytical
values for carbon, hydrogen and nitrogen which
agree with the formula CpH4sOsN. Acetyl de-
termination revealed the presence of one acetyl
group in the molecule. Methanolysis of III
yielded zygadenine and acetic acid, which was
characterized as its p-phenylphenacyl ester. Hence
III is a monoacetate ester of zygadenine, for which
we propose the name zygacine.

Acetylation of zygacine with acetic anhydride at
steam-bath temperature gave zygadenine tri-
acetate.! The preparation of triacetates from
zygadenine and pseudozygadenine also were found
to proceed best in the absence of pyridine. Treat-
ment of zygadenine, zygacine or zygadenine tri-
acetate with acetic anhydride and pyridine at
steam-bath temperature afforded zygadenine tetra-
acet)ate (m.p. 207-209° dec., [@]**D —24° (¢ 1.70
chf.).

CHART I
DERIVATIVES OF ZYGACINE AND ZYGADENINE
. MeOH, H,0
Zygacine > Zygadenine
I Ac,0, A Ac0, A l
| L— > Zygadenine triacetate <€————!
i r
(CH,):CO, I (CH;)CO,
HI AcsO, HI
l pyr.,A
Zygacine Zygadenine
acetonide acetonide
hydriodide Zygadenine tetraacetate hydriodide

Like zygacine, zygadenine failed to form a
crystalline derivative when treated in acetone with
hydrochloric or hydrobromic acid. Upon treat-
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ment with hydroiodic acid in acetone, however,
zygadenine acetonide hydriodide (m.p. 292-293°
dec.) was obtained. Treatment with dilute am-
monium hydroxide liberated zygadenine acetonide
(m.p. 220-230° after softening from 210°, [«]?*D
—17° (¢ 1.29, chi.)).

Zygacine was examined by Prof. O. Krayer and
Dr. J. Howard at the Harvard Medical School for
its action upon blood pressure, heart rate and
respiration of the anesthetized cat and for its
effect upon the amphibian skeletal muscle. The
pharmacological action of zygacine differs in cer-
tain respects from that of veratroylzygadenine, in
that it is less potent in causing depression of
respiration and decrease in heart rate, and does
not appear to decrease the blood pressure. Sever-
ing the vagus nerves reduces the respiratory de-
pression and prevents the heart rate decrease.
The action upon the isolated amphibian muscle
consists in a delayed relaxation after a twitch,
similar to the veratrine response. While zygacine
is equal to veratroylzygadenine in potency, its
veratrinic effect is much shorter lasting.

Experimental

Isolation of Zygacine. A. Separation of a Zygacine-rich
Fraction by Chromatography.—A solution of hydrophilic
amorphous bases from Zygadenus venenosus (6 g.) in chloro-
form (60 ml.) was chromatographed in Merck sulfuric acid-
washed alumina as described earlier for the isolation of
neogermidine.t®* As before, neogermidine was recovered
from the chloroform eluate (500 ml.). The alkaloidal frac-
tions eluted with chloroform-29, methanol (400 ml.)
chloroform-5% methanol (200 ml.), chloroform-79, meth-
anol (200 ml.) and chloroform-109, methanol (200 ml.) all
showed similar absorption in the infrared, and these frac-
tions were combined and evaporated to dryness in wvacuo
(yield 3.1 g.).

B. Zygacine Acetonide Hydriodide (I) and Zygacine
Acetonide (II).—The amorphous fraction above (3.1 g.) was
dissolved in acetone (20 ml.) and treated with a solution of
constant-boiling hydriodic acid (1.0 ml., Merck reagent)
in acetone (5 ml.}. Upon rubbing, a copious crystalline
precipitate separated (1.73 g.). Recrystallization from
acetone gave zygacine acetonide hydriodide (I) in the form
of colorless plates (1.54 g.), m.p. 270-271° dec.

Analb Caled. for C3Hy OsN-HI: C, 54.62; H, 7.16.
Found: C, 54.44; H, 7.24.

To liberate zygacine acetonide (II), the hydriodide salt
(450 mg.) was treated with water (4 ml.) and ammonium
hydroxide (2 ml.) and the suspension was extracted with
chloroform (five 20-ml. portions). The chloroform extract
was washed with water (5 ml.)}, dried over anhydrous sodium
sulfate, and evaporated to dryness in racuo (residue 390
mg.). Crystallization of the residue from ether—petroleum
ether gave needles (320 mg.), m.p. 250-253° dec. Recrystal-
lization from acetone—water gave colorless elongated needles
(224 mg.), m.p. 253-255° dec., [«]?*D +2° (¢ 1.41, chf.).

Anal. Caled. for CyHyuO/N(COCH;): C, 66.75; H,
8.58; acetyl, 7.48. Found: C, 66.79; H, 8.61; acetyl,
7.90.

C. Zygacine (III).—Zygacine acetonide hydriodide (927
mg.) was treated wiih water (8 ml) and ammonium hy-
droxide (3 ml.) and the suspension was extracted with
chloroform (six 25-ml. portions). The residue obtained
by evaporation of the chloroform in vacuo was treated with
dilute hydrochloric acid (15 ml., 1:3) and rubbed into solu-
tion in the course of ten minutes. The solution was brought
to pH 9 with 1:1 ammonium hydroxide and extracted with
chloroform (seven 25-ml. portions). The chloroform solu-
tion was washed with water (5 ml.), dried over anhydrous
sodium sulfate, and brought to dryness in vacuo. The resi-

(5) Microanalyses were done by Dr. S. M. Nagy and associates at
the Massachusetts Institute of Technology. All samples were dried
in vacuo at 110.°
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due was dissolved in anhydrous ether and filtered from
turbidity, and the filtrate was evaporated to dryness in
vacuo. The colorless amorphous residue (650 mg.) resisted
crystallization, [a]23D —22° (¢ 1.53 chf.).

Anal. Caled. for CyHO,N(COCH;): C, 65.02; H,
8.47; N, 2.62; acetyl, 8.04. Found: C, 64.85; H, 8.66;
N, 2.83; acetyl, 8.31.

Methanolysis of Zygacine.—A solution of zygacine (165
mg.) in methanol (5 ml.) and water (2 ml.) was allowed to
stand at room temperature for 15 hours. The solution was
then distilled in vacuo at 25° into a receiver immersed in a
Dry Ice-bath. When all the liquid had distilled over, water
(2ml.) was added to the distillation residue and distilled into
the cooled receiver. The dry distillation residue after crys-
tallization from benzene afforded zygadenine (55 mg., m.p.
218-220° dec.). The mixed melting point with an authentic
sample of zygadenine was not depressed, and the infrared
spectra of the two samples in chloroform were identical.

To the distillate, 0.1 ¥ sodium hydroxide solution (5 ml.)
was added and the solution was heated under reflux for two
hours with the exclusion of carbon dioxide. The solution
was lyophilized and the residue was dissolved in water (2
ml.), acidified to pH 6 with a few drops of hydrochloric acid
and after addition of alcohol (3 ml.) and p-phenylphenacyl
bromide (65 mg.), the mixture was heated under reflux for
two hours. The reaction mixture was worked up and chro-
matographed on sulfuric acid-washed alumina by the pro-
cedure of Fried, White and Wintersteiner.® After a forerun
containing unchanged reagent, p-phenylphenacyl acetate
(3.0 mg.), m.p. 108-110°, was obtained. The melting
point was unchanged after admixture of an authentic
sample of p-phenylphenacyl acetate.

Acetylation of Zygacine to Zygadenine Triacetate.—
Zygacine (185 mg.) was treated with acetic anhydride (2
ml.) and the solution was heated on the steam-bath for two
hours. The solution was evaporated to dryness in wvacuo
and the residual solid was treated with water (3 ml.) and
ammonium hydroxide (3 ml.) and extracted with chloro-
form (four 15-ml. portions). The chloroform extract was
washed with water (5 ml.), dried over anhydrous sodium
sulfate, and evaporated to dryness in wvacuo. When the
residue was treated with ether (15 ml.), all but a slight
amount of red amorphous solid dissolved. Filtration of the
suspension and concentration of the ethereal solution (to
about 4 ml.} led to the separation of zygadenine triacetate
(100 mg., mn.p. 265-267° dec.). Recrystallization from
acetone—petroleum ether gave colorless needles (55 mg.,
m.p.271-273° dec., [a] %D —28° (¢ 1.63,chf.)).” Themixed
melting point with an authentic sample of zvgadenine tri-
acetate was unchanged, and the infrared spectra of the two
samples in chloroform were identical. The infrared spec-
trum of zygadenine triacetate in chloroform shows a band
at 9.00 N which is absent from the spectrum of zygadenine
tetraacetate.

Acetylation of Zygacine to Zygadenine Tetraacetate.—
Zygacine (300 mg.) was treated with acetic anhydride (6
ml.) and pyridine (4 ml.) and the solution was heated on
the steam-bath for two hours. Evaporation of the solution
in vacuo at room temp-rature left an amorphous solid.
The solid was dissolved in water (3 ml.), made alkaline with
ammonium hydroxide (4 ml.) and extracted with chloroform
(four 30-ml. portions). The chloroform extract was washed
with water (5 ml.), dried over anhydrous sodium sulfate
and evaporated iz vacuo. The residue crystallized from
ether (241 mg.). Two recrystallizations from acetone—
petroleum ether gave colorless prisms (130 mg.), m.p. 207-
209° dec., [a] 2D —24° (¢ 1.70 chf.).

Anal. Caled. for CyHzO;N(COCH;): C, 63.52; H,
7.77; acetyl, 26.02. Found: C, 63.78; H, 7.82; acetvl,
25.17.

Acetylation of zygadeninie and of zygadenine triacetate
under the same conditions also afforded zygadenine tetra-
acetate (mixed m.p., rotation and infrared spectral coimn-
parisons). The infrared spectrum of zyvgadenine tetra-

{6) J. Fried, H. L. White and O. Wintersteiner, THIS JoURNAL, T2,
4621 (1950).

(7) Zygadenine triacetate has been reported previously to show a
rotation of —55°.8 However, a redetermination of the [alp of a
sample of triacetate prepared from zygadenine has shown that the
original determination was erroneous, and that the correct rotation is
[a]®p —28° (¢ 2.00, chf.),
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acetate in chloroform shows a band at 11.15 ¢ which is
absent from the spectrum of zygadenine triacetate.

Zygadenine Acetonide.—Zygadenine (285 mg.) was dis-
solved in boiling methanol (2 ml.) and constant boiling
hydriodic acid (5 drops, Merck reagent) was added to pH 4.
Acetone (2 ml.) was added and, upon rubbing, zygadenine
acetonide hydriodide separated in the form of colorless
needles (299 mg., m.p. 292-295° dec.).

Anal. Caled. for C;HzO;N-HI:
Found: C, 54.16; H, 7.32.

C, 54.46; H, 7.31.
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Zygadenine acetonide was liberated from the salt (250 mg.)
by the procedure described above for zygacine acetonide.
Crystallization of the crude product from acetone—petroleum
ether gave zygadenine acetonide containing one mole of
acetone of crystallization (130 mg.), m.p. 220-230° after
softening from 210°, [«]2*p —17° (¢ 1.29, chf.).

Anal. Caled. for CiHg&O,N(CH3;COCH;): C, 66.98;
H, 9.03. Found: C, 66.79, 67.02; H, 8.69, 8.83.
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The Relationship between Spectral Shifts and Structural Changes in Uric Acids and
Related Compounds

By FELIX BERGMANN AND SHABTAY DIKSTEIN!
RECEIVED JUNE 28, 1954

The absorption maxima of various uric acids have been determined in the non-ionized state and as function of pH, and the

apparent dissociation constants have been derived. The sequence of ionization is established as 9,3,1.
and ionization produce corresponding spectral shifts, but of different magnitude.
are accompanied by a bathochromic shift, and at N by a hypsochromic effect.
cils, but is missing in the xanthine series and in hypoxanthine.

Both alkylation
Alkylation or dissociation at N® or N3
An analogous behavior is observed with ura-
The relationship between these spectral changes and the

possible resonance forms at various stages of ionization is discussed.

In connection with a study on the metabolism of
substituted uric acids a knowledge of the dissocia-
tion constants of their ionizable groups was needed.
A search in the literature revealed that the required
pK values are partly unknown and partly still
controversial due to the very limited solubility of
these acids.?~* Since the spectrophotometric de-
termination of pK has proved its applicability to re-
lated compounds, such as uracils® and xanthines,®
a study of the pH dependence of the absorption
bands of uric acids was undertaken.

Experimental

Materials.—Commercial uric acid was purified by re-
crystallization from hot water. 1-Methyluric acid was syn-
thesized according to Fischer.! The preparation of 3-
methyl-, 1,3-dimethyl- and 1,3-diethyluric acids according
to Traube® was modified in the following way. Reduction
of the 5-nitroso-6-aminouracil was carried out with hot con-
centrated ammonium sulfide and the yield of diaminouracils
was thus considerably improved.® 3,7-Diethyl-,11 3,7,9-
trimethyl-12 and 1,3,7-trimethyluric!? acids were synthesized
in accordance with the data in the literature.
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Method.—Measurements of absorption spectra were
carried out with a Beckman ultraviolet spectrophotometer,
Model DU, on aqueous solutions, containing 10 ug./ml.
A range of pH 1-3 was achieved by addition of perchloric
acid, pH 3-7 by 0.15 M acetate buffer, pH 7-9 by 0.05 M
borax, adjustment being made with perchloric acid. pH
9-12 by 0.15 M borate buffer; pH 13 by 0.1 N NaOH;
pH 14 by 1 N NaOH. Beyond pH 12 the solutions are un-
stable and have to be prepared immediately before use.
Instability was especially noted with caffeine, 3-methyl-
and 3,7-dimethyluric acid. The absorption maxima at the
higher pH values were therefore checked three times with
freshly prepared solutions.

The long wave length maximum was first determined ap-
proximately by reading at intervals of 50 A. Then the op-
tical density of a wave length near the expected position of
Amax Was measured. Going up 5-10 A. on the wave length
scale, the galvanometer was adjusted to zero for the solvent,
without changing the transmission, using only sensitivity
control and slit width, while the selector switch was on
‘‘check.”” Now the solution was measured with the selector
switch on ““1.”’ The direction of deviation of the galvan-
ometer needle then determines the change of extinction
(movement to the left denoting a decrease.). If extinction
is increasing, the new wave length is used to adjust the gal-
vanometer again to zero by turning the transmission knob.
The next measurement at a 10 A. longer wave length is
carried out as before. Since the maximum can be ap-
proached from both sides, this very sensitive procedure per-
mits localization of the maximum within a short time with
an accuracy of =5 A.

Amax was finally plotted as function of pH and the pK
values were obtained according to Robinson and Pekrul.!4

Results

The curves in Fig. 1 represent Amax as function of
pH. In all derivatives of uric acid with a free NH-
group at position 9, the main bathochromic shift oc-
curs in the pH range 4-8 and thus permits the eval-
uation of pK; (see Table Ib).’®* When position 3 is
unsubstituted, a further bathochromic shift ap-
pears at pH 9-12 and is thus related to pX;. On the
other hand, a hypsochromic shift is observed above
pH 12 for 3-methyl- and 3,7-dimethyluric acid and

(14) E. J. Robinson and L. F. Pekrul, Tuis JournNaL, 67, 1188
(1943).

(13) Unfortunately, since no 9-substituted uric acid with a free 7-

position was available, our experimental data do not yield information
as to the magnitude of pKr.



