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Ionization Constants and Hydrolytic Degradations off.:"(f}yei‘ineluric and Hydromelonic
Acids

By C. E. REpEmMann aND H. J. Lucas

Recently the question of the structure of cy-
ameluric and hydromelonic acids has been re-
opened by Pauling and Sturdivant ! It is rather
surprising that cyameluric acid and related com-
pounds, for example melon, melam, melem, and
hydromelonic acid, should have received so little
attention at the hands of organic chemists. With
the exception of a limited amount of work by
E. C. Franklin? and students, the problems in this
field have been neglected for many years.
most of these compounds are insoluble both in
organic solvents and in water, show neither
melting nor boiling points, are inert chemically
with the exception that they undergo hydrolytic
cleavage, and do not yield derivatives which are
readily identified, it is probable that the reasons
for this neglect bear some relation to their physi-
cal and chemical properties.

Tripotassium melonate, the potassium salt of
hydromelonic acid, first described by Gmelin?® as
an undesirable by-product when too high a tem-
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pure acid have not been entirely successful due to
the great tendency of the acid to polymerize in
concentrated aqueous solution.

Cyameluric acid is probably the most impor-
tant of the compounds discussed in this paper
since its nucleus appears to be common to most
members of the series. Potassium cyamelurate
is formed by the alkaline hydrolysis of melon,
or of potassium melonate.> When the potassium
salt is acidified with a strong acid, sparingly
soluble cyameluric acid separates. Henneberg
named the acid and assigned to it the formula
H;Cs0;3N7 on the basis of analyses of the salts and
of the acid. It seems probable that Liebig® was
the first to prepare this acid, but he was unable
to obtain constant analyses for his product, prob-
ably because he recrystallized the acid from a
hot hydrochloric acid solution, a procedure now
known to cause rapid hydrolysis.

Structures of Hydromelonic Acid.—Only four
structures have been proposed

perature was used in the CyN=—NH

preparation of potassium (CaN(NH)N N(Sﬁ:ﬁzgg

thiocyanate by the fusion of Risiani Pranklin (NCN)H
sulfur, potassium ferrocya- 1 o (‘:
nideand potassium carbonate, N C—NH N \n
was obtained also by Liebig, \C\=NH lCl . lC
who dissolved melon in fused NCN=C N—C(=NH)—N N \n" \Ilq

potassium thiocyanate.*?
Potassium melonate is formed
also by heating antimony or
bismuth trichloride with po-
tassium thiocyanate. As the result of numerous
careful analyses of potassium and silver melonate,
Liebig® proposed the empirical formula C;H;sNis”
for hydromelonic® acid. Attempts to prepare the

(1) Pauling and Sturdivant, Proc. Natl Acad. Sci., 28, 615 (1937).

(2) (a) Franklin, Tuis JournaL. 44, 507 (1922); (b) Burdick,
ibid., 47, 1485 (1925).

(3) Gmelin. Ann., 16, 252 (1835). This salt is also called potas-
sium hydromelonate in the older literature.

(4) (a) Liebig, Ann., 50, 337 (1844): (b) 61, 262 (1847).

(5) Henneherg. ibid., 78, 228 (1855).

(6) liebig. Ann., 95, 257 (1855).

(7) Actually CisHiNiws on the basis of the atomic weights of that
time.
' (8) The name was assigned by Gmelin on the basis that the poly-
:/mer was converted to melon by loss of water when heated, hence

the acid was thought to be a hydrate of melon. Klason, J. prakt.

Chem., [2] 88, 289 (1886), called this compound cyamelon, under

which name some of the literature appears.

C=NH
N

Franklin

i |
. mveny’ S N Nwenm
Pauling and Sturdivant
v
Structure I was proposed by Klason®in 1886, and 11
by Franklin® in 1922. The latter appears to be
nothing more than an interpretation of the former.
His second structure,® 111, proposed in 1935, is es-
sentially the structure of hexamethylenetetramine
in which three of the six pairs of hydrogen atoms
are replaced by the cyanimino group, (=NCN),
and the other three by the imino group, (=NH).
Structure IV, proposed by Pauling and Sturdi-
vant! in 1937, is based upon their belief that
hydromelonic acid, CsN7(NCNH);, bears to cya-
meluric acid, CeNz(OH)s, the same relation that

(9) E. C. Franklin, ““The Nitrogen .System of Compouhds,;"

The Reinhold _P_ublishing Corp., New York, 1935, p. 107.
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cyanuric tricyanamide, CsN3(NCNH)s, bears to
cyanuric acid, C;N3(OH);. The planar cyamel-
uric nucleus is shown to have, according to quan-
tum mechanical calculations, a high degree of
stability. . The stabilization due to resonance is
approximately 150 kcal. per mole.

Structures of Cyameluric Acid.—Only three
structures have been proposed for cyameluric acid

(CN)sO(NH)(OH), oH
Klason,'V' ([:
N C= NN\
/ \C—NH \ ) L
o=& \N—C(=NH)—N N N\ N\

S I | |

-
\N———/ T om0/ NN Non
Pauling and Sturdivant, VII

Franklin, VI

Structure: V, proposed by Klason,® was thought
by him to represent the anhydride of an acid hav-
ing the formula (HO),(CN);NH(CN);(OH),
(VIII). In structure VI, proposed by Franklin,
the central group of atoms has the hexamethylene
arrangement as in the hydromelonic acid struc-
ture proposed by him, III, and in structure VII,
proposed by Pauling and Sturdivant, this group
has the planar cyameluric arrangement, as in their
structure for hydromelonic acid, IV.

Hydrolytic Degradations

If hydromelonic acid is correctly represented by
Structure I or I1, then on hydrolysis to cyameluric
acid of structure V (the anhydride of VIII),
one mole of I or II should yield approximately
one mole of cyanuric acid, one mole of cyameluric
acid, three moles of ammonia and no carbon
dioxide on the assumption that the CyNj groups
represent cyanuric acid nuclei and that the cya-
nuric and cyameluric acids undergo no further
hydrolysis. Cyameluric acid of structure V on
further hydrolysis should be capable of yielding
two moles of cyanuric acid, since in the acid VIII,
of which V is the anhydride, there are two CsNj
nuclei.

On the other hand, if hydromelonic acid is
either IIT or IV, on hydrolysis to cyameluric
acid of structure VI or VII, respectively, one
mole should yield not more than one mole of
cyameluric acid and at the same time, six equiva-
lents each of ammonia and carbon dioxide. Fur-
ther hydrolysis of cyameluric acid should yield
not more than one mole of cyanuric acid and, at
the same time, four equivalents of ammonia and
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six equivalents of carbon dioxide if converted to
cyanuric acid. Actually Liebig® isolated from
the alkaline hydrolysis of cyameluric acid amme-
line, ammelide, and cyanuric acid by progressively
increasing the duration of hydrolysis.
Hydromelonic Acid.—When potassium melon-
ate was hydrolyzed in 6 N nitric acid, 0.72 mole
of cyanuric acid per mole of potassium melonate
in the form of the insoluble cupric ammon-
ium salt was obtained. Some hydrolysis of
cyanuric acid took place at the same time.
When hydrolyzed under alkaline conditions,
the ratio of equivalents of carbon dioxide to
those of ammonia varied from 1.25 to 1.11
(Table I). Even when hydrolysis was only
a fraction of that possible, the CO,/2NH;
ratio was greater than unity. If hydro:
melonic acid had structure I or II, this ratio
presumably would be below unity at the beginning
of the hydrolysis, because carbon dioxide could
come only from the breakdown of a C;Nj; nucleus
which is quite stable to further hydrolysis. Since

TaBLE I
ALRALINE HYDROLYSIS OF POTASSIUM MELONATE
Extent of
Sample, XOH, Time, NH; CO: Ratio hydrolysis,®
z. N hrs. equiv. equiv. CO/2NH; %
0.6531 5.45 1 0.00151 0.00188 1.25 15.7
1.6319 6.0 2 .01796'" 02091 1.17  74.7
2.0526 3.5 2 01464 .01628 1.11 59.3
2.5338 3.7 .. 4 -.im10328 .0376 1.14 107

¢ Expressed"as percentage of theoretical amount of
ammonia, on the basis of structure III or IV, if the hy-
drolysis stopped at cyameluric acid.

potassium cyamelurate, under these conditions,
was found to yield carbon dioxide and ammonia
in the ratio of2724 (equivalents), the deviation
from unity in the case of potassium melonate
can be ascribed to the partial hydrolysis of the
cyamelurate formed. The deviation from the
ratio /4 in the case of the latter compound prob-
ably is due to the formation of ammeline and
ammelide, giving theoretical ratios of 3 and 2, re-
spectively. Thus, the data from both acid and
alkaline hydrolysis of hydromelonic acid favor
structures III and IV over I and II. The hy-
drolysis is probably best represented by  the
equation ’ '
KiCoNys + 6KOH + 6H,0 —> . .

K;CeOsN7 4+ 6NH; + 3K.CO;
Henneberg® attempted to write an equation ex-
pressing this hydrolysis involving ammelide as
one of the products and omitting carbonate.
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Cyameluric Acid.—Hydrolysis at 100° in
concentrated nitric acid, conditions under which
cyanuric acid is attacked but slowly, yielded
0.935 mole of cyanuric acid per mole of cyame-
luric acid. These results show that cyameluric
acid may be represented by either structure VI or
structure VII, for only one mole of cyanuric
acid would result, but not by structure V, for two
moles of cyanuric acid should résiult if the acid
has the last structure. '

Ionization Constants of the Acids

On the basis of the Franklin structures IIT and
VI, the two respective acids, hydromelonic and
cyameluric, should resemble each other closely
as regards their acid strengths, because the atomic
groupings responsible for acidity are identical
in the two cases, and the groups respon51ble for
the difference in structure, <. e., C——NCN and

C=0, respec‘mvely, are somewhat remote from
the acid groups. Since the inductive effect of
each of these two groups, before it can have an
influence upon the acidic imino group, must pass
through a tertiary nitrogen atom and a double
bond, each of which alone has a pronounced
damping effect upon induction, the acid strengths
of IIT and VI would be expected to be similar.
On the other hand, on the basis of the Pauling and
Sturdivant structures, hydromelonic acid IV
would be expected to be a much stronger acid
than cyameluric acid VII. The hydromelonate
ion, CyNys=, should have a much higher stability
with respect to hydromelonic acid, HsCyNys, than
cyamelurate ion, C¢O;N7=, has with respect to
cyameluric acid, Hs;CsO3N;. This is due to the
fact that in the former case there are additional
structures among which resonance can take place,
for in the group of atoms IX, (CNCN)-, the
negative charge may be on either of the two ni-
trogen atoms as shown by X (CMN_CEN) and
X1 (C—N:C:§:). Since there are three such
groups in the hydromelonate ion, the multiplicity
of forms is markedly enhanced in comparison to
the forms of the free acid, in which this additional
type of resonmance is not so important. Thus,
from structural considerations, one would expect
hydromelonic acid to be much stronger than cya-
meluric acid on the basis of the Pauling and
Sturdivant structures, and to be little if any
stronger on the basis of the Franklin structures.

Moreover, as Pauling and Sturdivant have
pointed out, hydromelonic acid (IV) would bear
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the same relationship to cyameluric acid, VII,
that tricyanomelamine bears to cyanuric acid.
Tricyanomelamine is such a strong acid that the
constant cannot be“determined by conducti-
metric methods, thus approaching the strong
mineral acids in strength, whereas cyanuric acid
is a weak acid.

The- apparent ionization constants of hydro-
melonic, cyameluric and cyanuric acids were de-
termined by titration of the potassium salts with
standard hydrochloric acid, using a glass electrode
to measure the pH. The solubility of the acids
is too low to permit of their use for making titra-
tion curves and, in addition, hydromelonic acid
polymerizes irreversibly. The cyanuric acid
curve was made for the purpose of comparison.
From the titration curves, apparent ionization
constants were estimated for the acids by taking
the pH at the “half-neutralization’ points. These
approximate values for the apparent ionization
constants were then adjusted until the calculated
titration curves fitted the observed curves very
accurately. In this way a value of 1.66 X 107
was found for'the first ionization constant of
cyanuric acid, a value which is in fairly good
agreement with that of 1.8 X 1077 found by
Hantzsch!! but in poor agreement with that of
3.8 X 1077, found by Bader.!?

The curves for the titrations are shown in Fig.
1 and the values for the ionization constants of
hydromelonic and cyameluric acids are listed in
Table II. Those for the second ionization con-
stant oi hydromelonic and the first ionization
constant of cyameluric acid are approximations
only, because of the separation of a solid phase in
the titration shortly before the respective: ‘“‘half-
neutralization” points were reached. Omn this
account the assumed - values of these two con-
stants, which have been adjusted so as to fit the
remainder of the respective curves, are subject
to some error.

TaBLE II

ToN1ZATION CONSTANTS

Hydromelonic acid Cyameluric acid Cyanuric acid

K Large Ca. 1.0 X 1073 +:51.66 X 1077
K, Ca. 3.16 X 1073 6.30 X 10775 o0
K 1.26 X 108 1.12 X 10"

Hydromelonic acid is a much. stronger acid than
cyameluric, as the curves and table:show. These
results favor structures IV and VII of Paulmg and

(10) Madelung and Kern, Ann., 427, 26 (1922).
(11) Hantzsch, Ber., 39, 139 (1906).
(12) Bader, Z. physik. Chem., 6, 289 (1890).
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Sturdivant for these acids. That the cyameluric
nucleus is strongly electronegative is shown by the
comparison of ionization constants in Table III.

TaBLE ITI
CoMPARISON OF IoNI1ZATION CONSTANTS
Kya Ka

Hydromelonic

acid Large Cyameluric acid 1 X 10738
Benzoylcyan- “

amide!? 1.86 X 10~2 Benzoic acid 6 X 1075
Acetylcyan-

amide!? 1.54 X 10~* Acetic acid 1.6 X 105

In the first column, the common radical is the
substituted cyanamino group, H(NCN)® and in
the second, the OH group.

In a subsequent communication the results of
attempts to prepare derivatives of cyameluric
acid will be presented. The authors gratefully
acknowledge the inspiration of Professor, Linus
Pauling, who suggested the 1nvest1gat1on of cya-
meluric and hydromelonic acids.

Experimental

Melon.—The following procedure based upon that
of Henneberg® was most satisfactory. Chlorine gas was

passed into a vigorously stirred solution of 1 kg. (12.3

moles) of pure!* sodium thiocyanate in 2.5 liters of water.
The temperature was maintained below 70-80° by external
cooling. When the mixture became so thick that stirring
was no longer effective, it was cooled to room temperature,
the sludge of “pseudothiocyanogen’!® was filtered off and
the filtrate was treated again with additional chlorine.
This process was repeated until no further pseudothio-
cyanogen was formed. The combined precipitate of
pseudothiocyanogen was well washed with boiling water
to remove all soluble salts, then dried at 120°, giving 512
g. of product. G

The 512 g. of pseudothiocyanogen, divided ‘into two
batches, was converted into melon by heating in/25-cm.
porcelain evaporating dishes with a large brish: flame
from a Meker type burner until all volatile products were
expelled. The light yellow residue of crude melon weighed
240 g. :

Other methods of preparing melon were less satisfactory
on a laboratory scale. The slow heating-of ‘ammonium
thiocyanate is reported to give good yields!® but requires
special equipment and much time.

Potassium Melonate.—The following modification of
Lleblg’ ** method was most satisfactory. Eighty grams

(13) Madelung and Kern!® believe that the group present in tri-
cyanomelamine is —NH—C=N, and not —N=C=NH. How-
ever, resonance between these two structures would be expected,
and Dr. E. W. Hughes has verified this for the group in the mole-
cule of dicyandiamide (private communication).

(14) A crude grade of sodium thiocyanate prepared by dissolving
sulfur in fused sodium cyanide gave only slightly smaller yields.

(15) The name “‘pseudothiocyanogen” is here applied to the crude
mixture composed of isoperthiocyanic acid, kanarin, and various
polymers of isoperthiocyanic acid obtained by this procedure in-
stead of to the part insoluble in alkali.

(16) Gludd, Keller and Klempt, Z. angew. Chem., 39, 1071 (1926).
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0 1.0 2.0 3.0
Equivalents of acid added/mole of salt.
Fig. 1.—0, Cyanuric acid; -O-, cyameluric acid; O:,
hydromelonic acid; ———, solid separating out.

of pure potassium thiocyanate was slowly melted in a
10-cm. porcelain casserole and held at a moderate tempera-
ture until all moisture was expelled and a quiet melt was
obtained. The temperature was then increased to a dull
red heat and 40 g. of melon was added in portions of 5
to 10 g., each portion being allowed to dissolve before
another was added. The carbon disulfide which is evolved
was allowed to burn. When all the melon had dissolved
the mixture was heated more strongly until only very
little more carbon disulfide was produced. At this point
a few drops of the melt were removed on the end of a
Pyrex rod and its solubility!” in hot water tested. Heating
was continued until a 0.1 to 0.2 g. portion of the salt was
completely soluble in 5 ml. of hot water. The entire
operation required approximately one-half hour. After
cooling, the salt was ground into coarse particles, dis-
solved in hot water, decolorized with carbon, filtered and
allowed to cool. The fine felted needles, when air dried,
weighed 38.8 g. Repeated crystallization gave a snow-
white product. -

Liebig’s method using potassium thiocyanate and anti-
mony trichloride gave a product which was hard to free
from antimony salts.

Sodium Melonate.—Burdick?®® prepared this salt by
heating sodium thiocyanate with antimony trichloride. By
dissolving 26 g. of melon in 50 g. of fused sodium thio-
cyanate, 11 g. of pure white fine needle crystals of sodium
melonate was obtained. The sodium salt is very similar
in appearance to and less soluble than the potassium salt.

Potassium Cyamelurate.—Two methods, both sug-
gested by Henneberg,® were used.

(17) The test for solubility is very essential, for if heating has been
for too short a time or at too low a temperature an insoluble prod-
uct is formed.
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A.—A solution of 20 g. (0.04 mole) of hydrated potas-
sium melonate in 80 ml. of 4 N potassium hydroxide
solution was boiled under reflux for two hours. A crop
of slightly colored crystals-of potassium cyamelurate was
filtered off after cooling, and a second crop after concen-
trating the filtrate to ‘one-third its initial volume. The
two crops of crystals were washed with alcohol and air-
dried; weight 11 g. or 70%,. Crystallization from a hot
moderately dilute solution with generous use of decoloriz-
ing carbon yielded pure white stout needles.

B.—A suspension of 30 g. of crude melon was boiled
with 300 ml. of 3 N potassium hydroxide for forty-five
minutes and the undissolved solid was filtered out. The
crystals which separateéd from the filtrate were filtered
oﬂ;, washed with alcohol and air-dried. Boiling the
original undissolved solid with the last filtrate and pro-
ceeding as above gave an additional amount. The total
weight of potassium cyamelurate was 23 g.

Sodium Cyamelurate.—This salt, which was mentioned
casually by Henneberg, is easily prepared in the same
manner as the potassium salt by substituting 4 N sodium
hydroxide for the potassium hydroxide in method (A)
above. The yield is 50 to 609, of the theoretical assuming
structure (IV) for hydromelonic acid and (VII) for cya-
meluric acid.

Anal. Caled. for Na0;CeN7-5'/pH,0: Na, 17.8;
H.0, 25. 6. Found: Na, 17.7, 17.8; L H:0; 25.3, 25.4.

Cyameluric Acid.—Acidification of 2 moderately dilute
aqueous:- solution of the sodium or potassium .salt with
6 N hydrochloric acid added very slowly from a buret with
effective stirring, followed by chilling in an ice-bath, gave
a white crystalline powder. This was filtered off, washed
well with cold water and air-dried.

- Anal:- Caled. for CH:O3;N78H,O: C, 26.17; H, 3.27.
Found: C, 25.88; H, 3.24.

" Precipitation from a hot solution yields an impure
product due to the rapid hydrolysis of cyameluric acid
to'ammelide and ammeline in acid solution. Crystalliza-
tion from boiling water causes considerable decomposition
due to the low pH of the solution of this comparatively
strong acid.

‘The acid does not reduce alkaline permanganate either
in the cold or upon prolonged boiling; it gives no enol
reaction with ferric chloride. Most of it's'metallic salts
are very sparingly soluble. ot

Acid Hydrolysis of Hydromelonic:Acid.~~A solution of
2.281 g. of potassium melonate in amb'dxcess of 6 N nitric
acid was gently boiled for one and one-half hours. The
solution was ‘fiade alkaline with a‘slight excess of 15 N
ammonium hydroxide, then sufficient cupric gmmonium
sulfate solution was added to color the solution a dark
blue. - The ' ainethyst-red  precipitate- which gradually
separatediwas: filtered -off, dried and weighed; weight
0.454 g /€72.6%,. of tHeorctical, assuming one mole of
cyanuric. acid per mole of hydromelonic acid).

+The Alkaline' Hydrolysis of Potassium: Melonate.—A
series ‘of : quatititative determinations of the amount of
ammonia and carbon diexide producéd’in the hydrolysis
of potassium melonate ‘to*potassiumcyameliurate’ was
made as follows. The ammonia was carried over .info
standard hydrochlonc acid by a current of purified air.
The excess acid was then titrated with a standard sodium
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hydroxide solution:using the mixed indicator, p-nitro-
phenol-—metliyl: red. The amount; of carbonate formed
was; dete}mned by the method of kaler as follows. The
alkaline solution in the boiler was dlluted to 250 ml.,
then an aliquot portion was'taken. An excess of barium
chloride solution was added to,thealiquot, then the sodium
hydroxide was carefully titrated with a standard hydro-
chloric acid solution using phenolphthalein as indicator.
The data thus obtained are given in Table I.

As a check on the method, potassium melonate was
replaced by urea. In this case the ratio of equiv. CO,/
equiv. NH; was 1.03. The difference between 1.03 and
1.00 represents about the accuracy to be expected from
this method of analysis.

When potassium cyamelurate replaced ° potasslum:’f
melonate, 2.24 was the ratio of equiv.:CO,/equiv. NHs.
This would indicate that the cause of a ratio greater than
unity in the case of the hydrolysis of potassium melonate
is a further hydrolysis of the potassium cyamelurate.

Acid Hydrolysis of Cyameluric Acid.—Two grams of
cyameluric acid, purified through the copper ammonitm .
salt, was digested with 10 ml. of concd. nitric acid on a-
steam-bath for four hours. The solution was diluted to
20 ml., cooled to 0°, saturated with the oxides of nitrogen
obtained from the action of concd. nitric acid on metallic
copper in order to destroy ammonium ions and make sure
that all —NH, groups were converted into —OH groups,
‘and evaporated to dryness on a water-bath. The residue
was washed onto a weighed Gooch crucible, using 18 ml.
of water, dried and weighed; . weight 0.975 g. This
represents 93.59, of that theoretically obtainable assuming
one mole of cyanuric acid per mole of cyameluric acid.
The residue gave the characteristic insoluble amethyst-
colored copper ammonium salt of cyanuric acid.®

Electrometric Titrations of Hydromelonic and Cya-
meluric Acids.—Potassium melonate, 0.3707 g. (7.45 X
10~* mole) crystallized four times from water, was dis-
solved in 50 ml. of water. Potassium ¢yamelurate, 0.2576
g. (6.62 X 10~* mole) thrice crystallized from water, was
dissolved in 50 ml. of water. In each solution was placed
a glass electrode, a standard.ealomel electrode, and a me-
chanical stirrer. The former was titrated with 0.2899
N, the latter with 0.2493 N hydrochloric acid. The
e. m. f. measurements were made with a student type
potentiometer and a high sensitivity galvanometer in the
former case, and with a Beckman pH meter in the latter
case. Conversion to pH values in the former case was
made. by comparison with standard buffer solutions. The
restlts-are shown as the curves in Fig. 1.

- Summary

Improved methods have been:described for the
preparation. of melon, potassium, and sodium
melonate, potassium and sodium cyamelurate,
and cyameluric acid. Titration of potassium
melonate and cyamelurate, using the glass elec: G

trode, . shows that hydromelonic acid’is ;much

stronger: than-eyameluric acid. e
" The _titration data and results. of hydrolysis

(18) S. P. Mulliken, ‘‘Identificatiof 6f Piire Organic Compouuds,”
Vol. 11, John Wiley and Sons, Irc.; Ne#-Vork, 1916, p. 84.



Dec., 1939 ToN1zATION CONSTANTS OF CYAMELURIC AND HYDROMELONIC ACIDS 3425

indicate that the molecules of these two acids and Sturdivant.
contain the planar cyameluric nucleus of Pauling pasapena, CALIFORNIA RECEIVED Aucust 10, 1939



SOME DERIVATIVES OF CYAMILURIC ACID

AND PROBABLE STRUCTURES OF MELAM, MELEM AND MELON

Since it has been shown recently that the structure pro-
posed by Pauling and Sturdivant for the cysmeluric scid nu-
cleusl, I, accounts more satisfactorily for the acidic streng-
th and for the products of hydrolysisg then any other proposed
structure, =and becasuse of the onrediction mede by fhese 8uthorsl
that there should be a group of cyameluric compounds aneslogous
to the cyanuric compounds, attemnts have been mesde to prepare
some of these eanalogues.,

Cyameluric compounds analogous to cyanuric derivaetives
which have been prepsred sre a cunric ammbnium salt, & mer-
curic sslt, the tri-chloride, a tribenzyl nitrogen ester, two
monomethyl esters which were not separated, and a diamide,

The mixture of monomethyl esters was shovmn to be largely the
nitrogen ester with a smaller amount of the oxygen ester.

The most characteristic of the several cuovric ammonium

® is that of the compositionfulHy(Csl=0z).NHz*, It

cyanurates
is of sufficiently constent commosition over a moderate range
of temperature and concentrations thet Mulliken5 recommends it

for the identificstion of cyanuric acid, Cyemeluric acid forms

1 Pauling 2nd Sturdivent, Froc. Natl, fced, Scis, 23, 615 (19%7)

2 Redemann and Luces, J. Am, Chem. Soc., 61, 3420 (1939)

3 Benrath and Meckenstock, Zeit., anorgan, allgem, Chem., 151, 35

4 Clsus and Putensen, J. prakt. Chem, [Z], 38, 216 (1888)

5 Mulliken, Identificetion of Pure Orgsnic Comvounds, Vol.IT,

P. 84, John Wiley and Sons, New York, 1916.

(1926)



a similar blue-lavender selt, Culli, (C6N70z)'NH5° The analogy
between the two s2lts 1s vnronounced, for they differ only in
respect to the central nucleus, Cgl,0, and 06N705.' The insolu=
ble cupnric ammonium cysmelurate is useful in purifying cvemeluric
acid, for the acid is regenerated readily from the salt by sus-

pending it in water and adding hydrochloric =cid.

The parsllelism in the case of the mercuric salts is not
so setisfactory. Hantzsoh6 revorted two different mercuric
cyanurates vwith the formula lgz(C,N;0z)5. One of these, pre-
cipitated from the reasgents in ice-cold solutions, he called
the oxygen salt since it geave an immediate precinitate of
yellow mercuric oxide on the addition of sodium hvdroxide:
the other, precinitated from boiling solutions of the re-
agents, he celled the nitrogen s2lt since it did not precini-
tate mercuric oxide unon the addition of sodium hydroxide,
The specimens of mercuric cyrmelurate, Hgg(C6N705)2, obtained
under these two conditions showed no difference in behsvior
with sodium hydroxide, both glving an immediste nrecinitate
of yvellow mercuric oxide with sodium'hydroxide. From the
Hantzsch point of view one would be inclined to say that
cyvameluric acid forms only the oxvgen salt. So although in
this case the analogy with cysnuric acid is not comnlete,
nevertheless the behavior of the mercuric salt Ffavors the
Pauling and Sturdivant structure, I, rather than the Franklin

structure, 1I, for in the latter case only a nitrogen salt is

& Hentzsch, (2) Ber., 35, 2717 (1902); (Db) ibid., 329, 139 (1906);

(¢) Zeit. anorgan. allgem, Chem., 209, 219 (19%2)
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possible, However, this argument is ovpen to criticism, for if
the W-Hg bond has sufficient ionic charscter the salt would be
expected to resct with sodium hydroxide.

Cyenuryl trichloride, CBNSClZ’ and cysmeluryl trichloride,
CellnClz, are entirely analogous. ‘The former, although usually
obtained by polymerizing cyanogen chloride, mey be prepared by
heating the enhydrous scid with phosphorus nentaohloridev; the
latter, although not quite analyticelly nure, is orensred from
either the snhydrous acid or the anhydrous potassium gsalt by
heating with the geme reagent at 156° for several hours.
Hydrolysis of the two chlorides is similar, except that cysm-
eluryl chloride hydrolyzes more replidly, as might be exvected
from its being a stronger aoidg. 'he most striking similaf-
ities are the reactions of both acid chlorides with acetic
acid and with alcohols. TVhen heated with acetic ncid each
vields the resnective acid and avet¥l-éhloride, On alcoholysis
each yields the resnective acid and an alkyl chloride.

Lgters of cyameluric acid are more difficult to p»renare

than those of cvanuric acid, “There are two series of esters

7 Beilstein, Ann., 116, 357 (1860)

o Pty

O
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for the latter: +the oxygen esters obtained from sodium alkoxides
and cyanuryl chloride, or from the alkelil cyanurates and =2lkyl
halides at low temperatures; and the nitrogen esters obtained
from the alkali cyanurates and'alkyl halides at eleyated tenmp-
eratures, or in the case of the methyl ester from diazomethene
and cyanuric aoid8. Potsssium cyamelurate does not react read-
ily with alkyl halides at room tempersture., After standing
with methyl iodide for nineteen months only a smasll amount of
iodide ion was formed and no ester could be isoleted, Like-
wise, cyemeluryl trichloride with sodium methoxide ( or benz-
oxide) failed to give the ester. Frotassium cyamelurste =and
allyl bromide geve an 2llyl derivative at 100° which was not
obtéined pure,

The tribenzyl ester was obtained from benzyl chloride
and potassium cyamelurste at 156°., This ester is a nitrogen
ester since it gave benzyl amine and no benzyl alcohol upon
hydrolysis. The formation of the nitrogen ester at elevated
temperatures is also observed for cysnuric acidg. From cyam-
eluric acid and diaszomethane was obtained a mixture of mono-
methyl esters with the nitrogen ester predominant, and a2lso
a trimethyl ester which was entirely a nitrogen ester.

Cyanuryl chloride and cyamelurYl chloride both react with
ammonia, the former to produce a monoghlordiamide and a tri-

amide, melamine, and the latter to produce o dismide end

0

pparently some trismide, although not vpure.

»

The resemblance of the derivatives of cyameluric acid to

the corresponding derivatives of cyanuric acid, esvecially the

8 Palazzo and Scelsi, Gagzz., chim itel., 38, 664 (1908)

9 Hantzsch and Bauer, Ber., 38, 1009 (1905)



trichloride, indicate that cyameluric scid contains hydroxyl
grouns., <Therefore, cyameluric acid is better formulsted as a
planar Ugllp nucleus with three hydroxyl grouns attached, struc-
ture I,

On the basis that cyameluric acid is represented by I,
satisfactory structures can be assigned to melsm, melem end
melon, Melamn, with empirieal formula UGHQNll established by
Liebiglo, is probably tetrasaminodicysnurimide, as shown in
structure. IIT, which is essentially the one pronosed by Klasonld
and amplified by Franklinlg. This structure is sunnorted by
Rathke's:® observetion that when melsm is heated to 150° with
30 percent agueous smmonia the main product is melamine accomp-
anied by considerable emmeline, Ammonolysis of melam, if
structure LII is correct, should ¥ield melemine while hydrolysis
should yield both melamine and ammeline, Structure III satis-
factorily accounts both for the fact thet melam, like melsmine,

is a feeble bage, and -for Liebig'slo

observation thet cyanuric
acid and ammonium nitrate are formed when melam 1s boiled with
concentrated nitric ascid.,.

lielem, for which Liebiglo

o & T 3
reported the formula Cglgllyqg,
mey be cyameluryl triamide, 1V. NMelam and melem resemble e=ch
other so closely in physical and chemical properties thet it

was doubted for many years that hiebig had isolated two

10 Liebig, Ann., 10, 10 (1834) .

JRSE————

11 Klason, J. prakt. Chem., (2], 23, 287 (1886)

12 Franklin, J. Am, Chem,Soc., 44, 507 (1922)

13 Rethke, Ber., 2%, 1675 (1890)
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different comnounds; however, Klagon confirmed their exist-

e

ence, GLompounds with gtructures as similear as 1 and IV would

e

be exvected to resemble each other closely. Structure IV

of ammelide unon hydrolysis, and for the fact that melem is
more resistant to hydrolysis then melam., Structures III and
IV eccount sstisfectorily for the observation thet melem is s
reaker base than melsm, for the former is derived from much
the stronger acid,
Melon, with empirical formula CgHzNg established by

_— 14 . - 15

Lavrent and Gerhardt and less conclusively by Volckel™ ,

was assigned structure V by Franklinlg. But since melon gives

16

good vields of cyemeluric acid uvon alkaline hydrolysis a
satisfactory structure for melon must involve the nlanar
nucleus characteristic of cysmeluric acid, 1., Such a structure
results from cysmeluric trismide, CgNp(NHo)z, IV, by the loss
of smmonia from two or more molecules, One vosgibility is

that shown by structure VI, where three molecules of ammonia
have been split out from three molecules of cyameluric tri-
amide, ‘This compound, the molecule of which has three cyam-
eluric nuclei, has the formula C,gHoNoy, three times CgllzNg,
the accented formula for melon., Here the side chains are

-NHE grouvs, the =iH group forming part of a new ring. Larger
molecules of the compact tyne, where the maximum number of

ring closures had taken place would have 2 higher carbon,

lower hydrogen and lower nitrogen content. 1In such a molecule

14 Leurent and Gerhardt, Ann. chim.,(8], 19, 85 (1847)
15 7Volckel, Pogg., inn., 58, 151 (1834)

16 Volhard, J. prakt.Chim.,([2], 9, %0 (1874)




hydrogen is found only e2long the nerinhery. The symmetrical
trianguler molecule with six cyameluric nuclei is Czgllyol5o or
more simply C6H2N834. As condensetions extend indefinitely the
enmpirical formula approaches asymptotically the limit 05N4,
Franklin's cerbonic nitride., Another type of condensation
product, in which the cyameluric nuclei, excent for the tvo
terminal ones, are joined to two other nuclei, would avproach
CgilzNg if extended indefinitely. This is essentially a zig-
zag molecule,

On the basis of cyameluric nuclei joined by nitrogen
atoms it is possible to account for the lack of constancy of

comnosition of melon observed by Liebig, Franklin , 2nd others,

b
‘'ne hyvdrogen content of Franklin's prevarations vearied from
1.1 to 2.0%, while for the eccented formula, CgHuN,, the
hydrogen contenttis 1.5%. By taking extreme nrecautions to
dry mercuric thiocyanate at 150° in the wacuum of a mercury
vepor pump before decomposing it to melon, Franklin was able
to obtain a product with a hydrogen content of only 0,6%.

This corresmonds to a compact condensation oroduct, trienguler
in form, with twenty-one nuclei, and molecular Tormula,
U196H21Nl75 or more simply CegHNgyy, with a hydrogen content

of 0.5%., Franklin's material was probably comnosed of hoth
larger and smaller units giving an average velue corresvonding
to the above figures. 1t is »nrobably incorrect to essign any
one structure to melon, for it is more than likely a mixture

of different sizes an

Qa

shanes of molecules giving rise to its
amornhous character.,

It is seen that there is a formel resemblance between



melon e#nd graphite, in that the molecules are infinitely large
and planar, whe formel resemblance becomes even more nronounc-
ed 1f in the molecule of melon the void betvween the three cysm-
eluric nuclei is filled by writing in three stoms of cerbon end
one of nitrogen. Taking the density of grevhite e=s 2,25 and
nezlecting the hydrogen we can nredict a density for melon of
less then 1.7, /An observed value is 1,40 at 25°, which value
may differ considerably with different nrenarstions. in-
hydrous cysmeluric acid, which is not predicted to have large
vold svaces in its structure corresnonding to those in melon,
is found to have a density of 1.75 et 25°, The high stability
of melon, like that of granhite, mey be exnlained in terms of

the enormous number of resonating forms contributing to the

structure of the compound.,
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Lxperimental

Cupric Ammonium Cyvamelurate.- To a solution of 2 g, of

cyameluric acid trihydrate in 200 ml. of hot 0.5 N ammonium
hydroxide there wss added an excess of cupric emmonium sulfate
solution. After cooling, the resulting lavender precinitate
was filtered off, washed and air dried. The color chenged to
a very blue shade of lavender upon drying, probably due to the
loss of either ammonia to form a less ammineted compound, or
to the loss of water of crystallization.

Anal, Caled, for CulNH,y(CgNnhOgx),NHz Cu 20,08

Found: Cu (iodometrically) 19.84, 20,13
This selt is much less soluble than the one obtsined from

cyanuric acid under the same conditions.,

Mercuric Cyamelurate.- Two samples of mercuric cysmelurate

were prepared under conditions which Hantzsch found to yield
two different types of salts in the case of cyenuric acid,
(A) To a solution of 2 g. of pure vpotassium cyemelurate in
50 ml, of boiling water was added 2 slight excess of 2 boil-
ing solution of mercuric chloride, The white flocculent vre-
cinitete of the rmercury salt which senersted immedistely was
well washed with water and dried.

Anel. Cale, for (CgNnOz)oHgz  Hg 57.99

Found: Hg 58,31; 58.3%

The high values for mercury orobably are due to adsorption
of mercury by the semi-gelatinous precinitate,

(B) The seme nrocedure was followed except that mercuric
chloride was renlaced by mercuric acetate, and the solutions

were ice-cold., Both szlts looked slike and geve immediate



precinitates of yellow mercuric oxide when trested with s cold
1 N sodium hydroxide, Upon standing over night nearly colorless

crystals of trisodium cyamelurete senerated in each cese,

Cyameluryl Trichloride.- (A) From trivotsssium cysmeluraste,

Thirty grams of the salt, dried at 150° for forty eight hours
and 60 g, of phosphorus pentachloride were ground to a2 fine
mixture in a2 morter. This was sesled in o learge bomb-tube =nd
heated in a boiling water besth:for seven hours. The tube wss
ovpened to relieve the pressure, then after resealing heated
for an additional nine hours at 139° (m-xylene vanor bath).
After phosphorus oxychloride had been removed by letting stand
in a desiccator over flake sodium hydroxide in a thin layer,
the residue was crushed into a2 coarse powder and slowly sprin-
kled into and well stirred with an ice-weter mixture to re-
move mnotassium chloride and eny remeining phosnhorus compounds.,.
The light yellow solid was filtered off and dried in s vacuum
desiccator over concentrated sulfuric ecid. The yield of
light yellow crystalline vowder which under the microscovpe was
seen to consist of thin pele yellow pletelets, was 23 g. (93%) o

Cyameluryl trichloride is highly insoluble in all orgasnic
solvents tésted, which included such solvents as chloroform,
anisole, nitrohenzene, acetonitrile, o-dichlorobenzene and
glacial acetic acid (with which it rescted giving acetyl
chloride and cysmeluric acid). The compound wes shown to be
escsentially free from inorganic selts by ignition upon olet-
inum foil, where no ash remeined. No melting was observed,
but the compound gradually disanpeered by a combination of

oxidetion sand nerhaps sublimetion, Attempts to secure purificsation



by sublimetion =t atmosvheric pressure snd under high vecuum

18

were unsuccessful, Analyses were finelly run on the dry mster-

ial without further purificetion.

fnal, Caled, for CgNpClg N 35,443 Cl 38,49

Found:¥ (Kjeldehl) 35,76, 35,32; Cl (Carius) 38,22
7 B7.4, B37.4
Results of snalysis indicate that the comnound veas slightly

imnure cyemeluric trichloride. ''hen comnletely decomposed
by digesting with nitric acid, the solution gave but a feint
test for phosphorus with emmonium molyhdate.

(B) From cysmeluric acid., Tvo grems of the acid which
had been dried for several deys at 150° and six grsﬁs of
phosnhorus pentachloride were ground and intimetely mixed.
he mixture wes sealed in a heevy walled bomb-tube and heated
to 218° (nsphthalene venor bath) for thirty-six hours. The

tube vas onened veriodically to relieve the »nressure., 'The

contents of the tube were worked up,as in (A), Yield was

-

2.2 g. (92%) of product closely resembling thet nrevered from

tripotassium cyemelurate,

N=Tribenzyl Cyamelurste.- A mixture of 5 g. of anhydrous

trisodium cyemelurate and 17 ml, of freshly distilled benzyl
chloride in a sealed bomb-tube wes heated for twenty-three
hours in a boiling water bath., As little reaction svneared to
take nlace at this temperature, heating was continued for an
additionel twelve hours in a vavor bath at 156° (boiling
bromobenzene). The contents were trensferred to a Soxhlet
extractor snd extrscted for four hours with boiling benzene,

Following removel of volatile compounds by distilleation under

18 mm, nressure, the residue was crystallized from boilling



benzene, ‘eight ves 4.2 g, ("6%). After two additional re-
crystallizations from ethyl alcohol very smell white néedles
melting at 28%-284° (corr.) were obtained.

Anal, Caled, for ConHoilNy Og lol, wt, 491; N 19,96

¢ 65.96; H 4,31
Found: Mol. wt. (Rast Camnhor) 497: N (Kjeldshl)
19,54, 19.,57; C 65.46; H 4,46

Sanonification of 0.2 g. of tribenzyl cyamelurate by re-
fluxing for one hour with 10 ml., of squeous 6 N voteasium
hydroxide, followed by distilletion of the resction mixture
geve a faintly olbudy distillate with an odor suggestive of
ammonie,., lLxtraction of this with ethyl ether followihg scid-
ificsetion with hydrochloric acid gewe no trsce of benzyl
alcohol, However, extrasction of the acueous solution -
with ether after the addition of an excess of sodium hydrox-
ide gave a few drong of s viscous residue which reacted
readily with benzoyl chloride. 'lhe resulting solid after
crystallization from acueous ethyl alcohol melted at 105,5-
106.0°, and melted ot the seme temperature when mixed with
an authentic samnle of N-benzylbenzemide, m.». 105°, This
shows that benzyvl emine but no benzyl alcohol is formed when
tribenzyl cysmelurste is savonified and that the tribe zyl

conmmound 1s & nitrogen, not an oxygen ester.

Acetion of Cyamelurvl '‘richloride on Benzyl Alcohol.- A

mixture of 1.0 g. of cyameluryl trichloride and 1.5 g. of dry
benzvl alcohol reacted spontaneously. The mixture beceme very

hot =2nd the yellow color of the cyameluryl trichloride changed

49



to 2 pure white. "The mixture was then boiled for one minute,
cooled and 2 ml, of benzene added. “Lhe solid was removed by
filtration #nd the filtrate was frectionally distilled., The
fraction boiling between 170-190° (uncorr.).hed an unmistabeble
odor of benzyl chloridé, ‘'his was confirmed by converting it
into the v-bromobenzenesulfon-p'-anisidide, m.n, 169,5-170.0°
(uncorr.), after recrystallizing from ethanol. The melting
point was 170.0-170.5° when mixed with a known ssmvle, m.p.
170-171°17,

The white residue wags shown to be cysmeluric acid by
its solubility in sodium bicarbonate solution from which the
trisodium selt wes nrecinitated in cheracteristic colorless

needles unon adding an excess of strong sodium hydroxide

solution.

liethvl Cyvamelurate from Cvemeluric Acid and Diszomethane.-

An excess of an ethereazl solution of diazomethane was added to
1.7 g. of very finely powdered cysmeluric acid., ''he evolution
of gas, wigorous at first, soon beceme rather slow., A strong
yellow color from excess diazomethane was still present after
standing for three days in the refrigerator, although the
evolution of ges had become cuite slow, The solid wes filtered
off and dried over concentreted sulfuric scid., The dry nale
vellow solid thus obtained weighed 1.8 g. Wo melting was
observed in a canillary tube; no solvent was found from which.

the meterial could be nmurified without some decommosition.

17 Gillespie, J. Am, Chem,., Soc., 56, 2740 (19%4), gives 167,5°

vhich is too low,
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Anal, Calecd, for O6H2N705(CH!) G 35,7; U 2,12; CHg 6.38
found: C 35,4, 35,13 H 3,22, 3.05
CHz (methoxyl) 0.58, 0.62; CHz (methylimide) 6.95, 6.48
Are 1lysis indicetes slightly more than one methyl group per nucleus
and some methyletion of the hydroxyl grouns.

The partially methylated nroduct from the above experiment
after fine vpulverization was treated agsin with an excess of
diazomethane at room temnerature for four days. Since all
apparent reaction hed ceased, the solid was filtered off,
dried over concentrated sulfuric ecid, and analvsed,

Anal. Caled. for CgN,Ox(CHy)z.13H,0 C 36.72; H 4,12;

Ho0 9.18; CHz 15.3
Found: © %6.22; H 4,14; Hy0 9,13; CHg (methoxyl)

0.060, 0.062,
iW/hen heated on pnlatinum foil the enhydrous commound melted butb

in 2 cenillary tube no melting was observed up to 290°, but

’

instead extensive charring.

Attemots to Prevare Cysmeluric Triamide.- (1) On adding

25 ml, of 15 N ammonium hydroxide t0 1.19 g. of cyameluryl
chloride, a very vigorous reaction took nlace immediately.
The light yellow color of the cyemeluryl chloride dissppeared
end s white flocculent vrecipitate took its place. After
standing for 1 hour this was filtered off, washed well with cold
water and dried in the oven at 75°., Weight 0.88 g. As no
solvent Wés found from which this materia%@ould he recrystelliz-
ed, the semple was snalyzed without further purificstion.

Anal, Calcd., for G6N7(NH2)3 N 84,2; for Cgliy(NHs)oC1

N 5%,1; C1 14,93; for CgNy(NHp)o0H N 57,6

Found: N (Kjeldshl) 54.28; 54,17; C1 (Carius) %.32, 3,50

s



‘Lhe analytical date indicate an impure mixture largely commosed
of one or both diamides, cyameluryl monochlorodiesmide, and
cyeneluryl dismide.
(2) Two grams of cyameluryl chloride was susvended in
100 ml. of eanhydrous ethyl ether into which wes passed gaseous
emronia until the solution was saturated. It was then sllowed
to stand for two hours and again ssturated with ammonis gas
and allowed to stand over night. Twenty-five ml. of weter was
then added and the mixture was vigorously shaken, The nre-
cinitate was separated by filtration, washed with concentrated
ammonium hydroxide, and air dried, 1t was then crushed and
digested with 100 ml. of warm 1 N emmonium hydroxide for thirty
ninutes, filtered, end dried at 100° for one hour,

Anal, Found; N, 59,88, 60,01
Hince this analyticsl result egreed most nesrly with a possible
monohydrate of the triemide or the ammonium sslt of the acid
diamide the compound was dried for twenty-six hours 2t 150°,
A loss in weight of 4.52% took nlace, with but little change
in the enalysis, but the material still apoeared to be imnure.

Anal, Yound: N 60,20, 61,96

(3) Tvo grems of cyemeluryl chloride was sealed in s
bomb-tube with anhydrous liocuid ammonie and left for twenty
hours at room temperature. ''he tube wss onened and the
sammonis allowed to evanorate., 'Lhe regidue wags extracted with
cold vwater to remove the ammonium chloride. 'the flocculent
s0lid was collected unon s filter end dried at 100° for four
hours.

Anal, Found: N 60,74, 60,01

None of these »revnarations has & nitrogen content as high

as that for the triamide (64,2%), but the purification is

22
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hampered because no satisfactory solvent hes been found from

which the compound can be crystallized.

s Summary

1. Cyemeluric acid has been shown to form a2 grour of
compounds entirely 2 nalogous to those of cysnuric acid. The
analogy is comnlete for the cunric ammonium selts, the trichlor-
ides, and the nitrogen esters formed by the reaction of benzyl
chloride with the resrective alkali selts ot elevated temper-~
ature. The analogy is less exact for the dismides, the mer-
curic salts, the oxygen esters and the behavior with diazo-
methane,

2. The existance of & trichloride and an oxygen ester
indicate that hydroxyl grbuns are.nresent in the molecule of
cyameluric acid.

%+ ‘I'he analogy with cyanuric compounds end the nresence
of hyvdroxyl grouvs substantiate the nlaner ring structure of
cvameluric ecid proposed bv Fauling end Sturdivent.

4, lielam is nrobably dicyenurylimide and melem, cyam-
eluryl triamide.

5. 1t 1is nrovosed that melon is 2 condensation vnroduct
of cyameluryl trismide, and that the resulting very lsrge

molecules are nlenar cyemeluryl rings joined through nitrogen

atoms.,.
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THE DILITURATES (5-NITROBARBITURATES) OF SOME

PHYSIOLOGICALLY IMPORTANT BASES.

Both the qualitative and the cquantitetive isolation of
basic compounds from netural sources are, in general, most
satisfactorily sccompnlished when the base in ocuestion can
be obtained as the é@aringly soluble salt of & suitable
acidl. Ls 8 group, organic nitro compounds have found the
greatest appnlication of the acidic reagents employed in the
past. The functional group used in salt formation in re-
agents of this class is the contiguous nitro-phenolic (or
enolic) array*. Bxamples of compounds conteining this
grouping which have been used for isolating bases are:
picric acid, styphnic acid2 (sym-trinitroresorcinol),
picrolonie aoidz (l-p-nitrophenyl-3-methyl-4-nitroovrazolone-5)
nitrenilic acid” (2,5-dihydroxy-%,6-dinitro-p-henzoquinone),
s-nitrodiketohydrindene®, 2,4-dinitronavhthol-1°, 2,4,6-fri-
nitro-m-cresol (methylpicric acid), B3-chloro-2,4,6-trinitro-
phenol (chloropicric acid), 2,%,4,6-tetranitrovhenol, and
nitronhloroglucinol,

During the past year it wes found that dilituric acid
(5~nitrobarbiturib ~cid) is superior to the hitherto em-
ployed nitro-enolic compounds as a reagent for isolating
many naturally occurring bases., It was the nurnose of this
investigation to study the properties of the diliturates of

a large nunber of phvsiologically important bases,

X This is an essential bubt not necessarily sufficient
characteristic of these reagents.



Dilituric aoid6 is both conveniently #nd economically
prepared by the direct nitration of barbituric acid giving
without difficulty en analytically »ure product. When crys-
tallized from water dilituric acid contsins two molecules of
water of crystallization which it slowly looses at room tem-
perapure and more rapidly at eleveated temveratures. The
solubility of the nure acid at 25° in several common solvents
was found to be as follows: in methsnol 0,0992 moles ner 1li-
ter; in 96 percent ethsnol, 0,0853; in water, 0,0631; in ab-
solute ethenol, 0.035%; in acetone, 0.0246; in ethyl ether,
0.00092; end in henzene, 0.004, Solutions of dilituric acid
in hydroxylic solvents heve a strong yellow color, whereas
those in non-hydroxylic solvents sre colorless.

In 2cueous solution dilituric acid behaves ag if it were
a strong monobasic acid (compare Fig, l), and from the electro-
metric titration of a 0.009204 N solution it appears thet dil-

ituric acid 1g completely dissocieted within the limit of

03 .

error of the method, This i1s in agreement with the finding

r7

of Trubsbach' thet dilituric acid is too strong an acid to

give 2 constant by the conductimetric method. However, dil-
ituric acid is not =s strong =2n acid ss hydrochloric =cid, for
when the ratio of diliturate ion to dilituric scid becomes
large there is considersble depression of the pH over that
celculated for complete ionizetion, In general, it apvears
that dilituric agéid, iﬂ@queous solution, is intermédlste in
strength between picric and hydrochloric acid,

The alkali and slkaline earth diliturstes are oprobably
the most interesting of the inorgsnic salts of this acid which
61,8.

have been prepared mxenination of Table I shows that



there is a ten-fold difference in the solubilities of the
potassium and sodium salts in water at 25°, This difference
ig sufficiently grest that FredholmGi, Frediania, and Dermer9
have provosed these salts for differentiating sodium and notas-
sium in binary mixtures, or for distinguishing them when alone.
The elkaline earth diliturates show incressing solubility in
water at 25° in the order magnesium, barium, strontium end
calcium,

While a ocuantitative sepnaration of megnesium and barium
is not possible, it mey be shown by the solubility nroduct
princinle that & solution containing 10 mg. of magnesium ion
would have to contain about 50 mg., of barium ion before simul-
taneous precinitation would teke place., The use of dilituric
acid for the detection of meagnesium in the presence of calciun,
a common occurrence in many routine analyses, is much more
favorable; 2 solution containing 10 mg. of megnesiuvum ion theo-
retically recguires 230 mg. of calcium ion before simeltaneous
precinitation tekes place., Since the crystael hebit of mag-
nesium barbiturate is very characteristic, this ecid has been
found to be an excellent reagent for magnesium. '/e have been
able to demonstrate the presence of magnesium in the hydrolys-
ate of the crude phospholipide obtsined from bhovine spinal
cord by the use of dilituric acid.

It is felt that an investigation of the diliturates of
the rare earth elements might result in e useful method for
separating some of the members of this groun of substances,

The »nroverties of salts formed by the interaction of

dilituric =scid with seventy-one organic bases have been teb-

ulated in Table II, Beccuse of the limited number of salts



of the simple aliphatic zmines studied, it is not vossible to
give any positive statement regarding the effect of structure
unon their solubility in water. However, it is vorthy of note
that ethylenediamine diliturate is the least soluble of 2ll the
organic or inorgenic diliturates that have been prepared., The
primery aliphetic amine diliturates show surprisingly smell
solubilities In water et 25°, and wijhin limits the solubility
increases with increase in chain 1ength. In the one case
studied, the transition from a vprimary to e secondary amine
diliturate was accomnaniéd by o decrease in solubility. On
the other hend, the salts of the tersiary amines are much more
soluble than the salts of the corresnmonding secondary amines,

We were, in fact, unable to isolate the diliturates of trimethyl-
and triethylamine because of their grest solubility in water

and in squeous ethyl alcohol. A series of cualitative exper-
iments were carried out with the more accessible arematic

amines., “1hese all gave beautifully crystelline ga2lts of lim-
ited solubility in water. It appears thet dilituric ascid should
prove useful in isolating various primary 2nd secondsry sliphatic
amines, high molecular weight tertiary eliphatic amines, aro-
metic emines, and the diamires.

The heterocyclic beses quinoline, imidazole, snd pyridine
formed sparingly soluble diliturstes which could be recrystel-
lized from water without decomnosition. I'rom the properties of
these salts it is predicted that the diliturates of the nuclear

substituted cuinolines, imidazoles, and pyridines will be crys-

talline salts of limited solubility in water.. In contrast to
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morvholine it was found that ethyl morvholine dilitureste weas
extremely soluble in weater., This is in sgreement with the nre-
vious finding that the diliturates of the tertiary sliphetic
amines are far more soluble in water than sre those of the
correspoénding secondary amines,

| The isolation of ethanolamine from the hydrolysates of
phosvholinids by the methods hitherto available hass been »
very laborious task, and still more serious, the methods were
not ceveble of heing develoned to yield cuantitative drta?,
The obgservation thet ethanolamine diliturate posses but lim-
ited solubility in water hes provided both » method for its
oualitative isoletion and a2 method which appesrs to he cepable
of yiedding ocuantitative deta by the so-cslled solubility
nroduct methodl’ *. An investigetion of the diliturstes of
ethénolamine, isopropanolamine (l-smino-2-hydroxynronene),

and a number of other alkenolemines has shown thet without ex-
cention the diliturstes were easily obtained in & crystalline
state, a decided contrast to the picrates of these bases,
Dilituric acid was also found to be:decidedly superior reagent
for the isolation and determination of glucosamine,

The alkaloid selts of dilituric scid are well defined
crystalline comnmounds of relatively low solubility in cold
viater, If a detsiled micro-crystallogranhic study of the
alkaloid dilituretes were made it might provide a useful 2dd-

itional method for the toxicologicael investigation of alkesloids,

*  Unmnublished observation tasken from a study on the neture of

the weter soluble bases nresent in memmalien phosvholipides.,



An extensive study of the diliturates of the amino scids
has been made, 'the pnroverties of thirty-four salts sre listed
in Table LI, The most insoluble amino acid diliturate invest-
igated was that of l-diiodotyrosine. Since the basic amino
acids arginine, histidine, and lysine cen be removed from a
protein hydrolysate by other meens, and since there is a five-
fold difference in the solubility of l-diiodotyrosine and 1-
tyrosine diliturates, 1t seems vprobable that the isolation of
l-diiodotyrosine in the vresence of l-tyrosine and all the
remeining amino ecids should »nregent no great difficulty.
‘thile dilituric scid might be useful for the isolation of one
of the basic amino acids in the absence of the others, it
seeng doubtful that a mixture of all three could be separated
either by fractional precipitation or by fractionel crystal-
lization of their diliturates.

A comparstive study of the solubilities of five 1-, dl-
pairs of amino acids failed to give consistent results. In
three cages, i.e.,, 1-, dl-lysine; l-, dl-ssvartic acid, end
1-, dl-leucine the diliturate of the dl- acid wss the less
soluble, whereas in the other two csses, i.e., l-, dl-alanine,
and 1l-, dl-glutsmic scid the opnosite was true. The»dilitur-
ates of the monoamino monocarhoxylic acids show interesting
golubili+» pehavior in that ss the length of the side chain
increases from 7zero to three crorhon ~tome vhe aolubility of
the diliturate increecses in 2 regular manner: exactly the

-

opnosite is observed for the solubility of the amino =cids
P !

trhemaolves., 1An =2ddition it is found that a branching of the

0]

aide chain results in a decresse in solubility of the dilitur-

ste, In zeneral the diliturates of the amino acids are vell



>fined cryvstalline comnounds vhich are suitable for isoleting

amino ecids from acueous solution. uLxeminetion of Table II
leaves little doubt that there are meny amino scid mixtures
thet can be separsted with the aid of dilituric acid, but at
present 1t can not be vredicted whether one could successfully
recsolve such 2 comnlex mixture as » mrotein hvdrolvsate,

'he ¢iliturates of the nroteinogenic amines tyramine,
and vhenvlethylamine are only clightly soluble in
wether st 85°; hence dilituric acid should be useful for isolating
these substances from acueous solution under certsin definite
conditions,

Ag the temperature coefficient for the solubility of
dilituric acid and the dilituretes is large these compounds
may be readily crystellized from hot solution, Further, since
it is not anticinated that all these salts will heve identical

temnersture coefficients it Js mossible thest mixtures unresolv-

eable at 25° mev be svti%fﬂctorllv sensrated at some other
tempneratire.

Because dilituric écid is only moderately soluble in water
at 25° there is a need for a more soluble form of this reagent.

Fortunately the trimethvlamine and ethylmornholine dilituretes

ol
[0)]

cere very soluble in weter so that these gel mav be used in
lieuv of the acid vhen the diliturate to bhe isolsted is more
soluble than the dilituric acid, when it is necessary to have
an excess of diliturate ion »nresent in solution, or when work-
ing with thermolabile substances.,

One of the advantages of igoleting bases in the form of
their salts is thet the base can be easily regenersted, It

1 .

has heen found that the regeneration of bagses from their
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l1iliturates can be achieved in the mejority of ceses by simnly
renlacing the base in cquestion by ethylenediamine, magnesium,

or ammonia as the selts of these three substences sre exceeding-
ly insoluble in water and in fact, sre in the order nemed the
mogt insoluble of 8ll the diliturates investigeted, hus in

a tvoical cace, the decommosition of glyveine diliturate vwith

ammonie gave an 89% vield of crystalline glveine,

@]

The elementary snslvsis of dilituric scid and the 4il-

iturnrtes deserves some corment since the ordinery “rezgl uni-
versel filling for the determination of carbon and hydrogenlo
must be modified before satisfactory results cen be obtained,
1t vas necessarv to revlace the originel Pregel conner oxide-
lead chromete conbustion zone filling by copner oxide, and to
replace 211 of the silver nlugs in front of the combustion

~one by ashestos. 4in sddition the semnle was mixed with now-

1te

dered cuvnric oxide nrior to ignition. By observing these

*
s

conditions setisfectory snalyses were obteained,

In conclugion it mey be gteted thet dilituric acid nossess-
es many of the characteristics of the ideal ecidic v»recinitent
for (a) it is resdily available 2%t low cost; (b) it behaves as
a strong monobasic acid in aqueous solution thereby diminishing
the nossibility of forming mixed salts; (e¢) it is moderately
soluble in weter and the lower salcoholsy (d) several very

goluble galts asre known which nermits an excess of diliturate

The low carbon values obtained with the Pregel filling are
undoubtedly due to the fact that the combustion of dilituric
acid is accommpanied bv the formetion of hyvdrogen cyanide or
cvanogen end that these subhstances resct with silver and lead
chrom~te to give the corresnonding cyenides which are not com-
nletely decomnosed at the usuel overating temmerature of 600°,
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jon to be meintained in concentrated solutions; (e) 2ll the
diliturates vrenared were well defined crystalline substances;
(f) the sslts were characterized by a vide varistion in solu-
bility thus alloving mixtures to be frectionated; (g) the scid
and its salts nossess a high temmerature coefficient of solu-
bility which nermites reasdy nurification by recrystalligation:
and (h) in the majority of cases the base cen be obtained

easily from the selt by a simnle double decomposition.
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LXPERIITINTATL

Preparation of Dilituric Acid.-The a2cid may be prevared

according to the directions given in Organic Syntheses6h, or in
better yield and vwith less trouble by the method of FredholmGi.
Since the latter reference is not in the Institute Library,
directions for the preparetion of dilituric scid by a modifica-
tion'of this method are given in detail here.

in a 400 ml, beaker are pnlaced 25 g. of technicel bar-
bituric scid and 50 ml., of conc. nitric acid (d. 1.42). If
the reaction does not staert spontaneously the mixture is heated
on the steam bath until a vigorous reaction takes nlace., After
the preliminery vigorous reaction an additional 20 ml. of conc.
nitric acid is added, and the mixture is heated for fifteen

minutes on the steam bath, “hirty milliliters of weter are

added to the hot mixture after which it is cooled in an jce-

Pl

vater bath. YLhe solid acid is separsted by filtration and
dried at 70° to constant weight. The yield is quantitative.

After a single crystellization from water the acid when
dried to constant weight gives a correct snalysis.

An

¢

1, Caled, for C4HzOzNzs C, 27.8; H, 1.8,

Found ©, 87.8% H, 2.0

Titration Curve for Dilituric Acid.-A solution of 0.2317 g.

of thrice crystesllized anhydrous dilituric acid in 150 ml., of
distilled water was titrated with 0,1042 N sodium hydroxide at

Beckmen pH Meter (glass electrode) for determing

8]

21° using
the pH of the solution. The adjustment of the pH Meter was
checked vwith standard buffer solutions at the time of use.

"he results so obtained sre recorded in Table IIT and are

shovm graphically in Iig. I.



Teble I

Inorganic Salts of Dilituric Acid

Diliturate wol.Vt. Analysis Solubility® Anpearance
Ueled., TFound g./1l, ILoles/l.

Magnesiunm 476.5f gy 5,04 5,05 0,47 0,00099 ‘“Thin rect-
' angular plates

Barium 517.,5° Ba; 26,55 26,43 0,66 0,00127 Sandy powder
Strontium 442.7 Sr; 19.77 19.72 0,74 0.,00171 Plstelets
Copper 261,7¢ Cu; 1%.78 1%.80 0.82 0.00176 Pale green
needles
Potessium 211.1 K; 18,52 18,40 0,82 0,00388 Rhombic vrisms
Calcium 402.2b Ca; 9.94 09.84 2,39 0.,00570 Needles
Silver 552,0° Agy 30,60 30,60 4,40 0,01250 IFesthery
platelets
Sodium 195.0 hNejy 11,78 11.865 7,40 00,0379 Needles or
Prisms
& Hemihydrate drrihydrﬁte & In water at 25°
b llonohydrate e Tetrahydrate

@ Dihydrate £ Hexshydrate




TABLE 1T

Organic Salts of Dilituric Acid

Diliturste Mol.Wt., analysis ~ Solubility?  svpearence
Celcd. Found g./1. loles/1.
c B ¢ H

69]
N
(9]
®

Simple Amines

Hthylene dismine® 406.2 Z29.6 5.0 9.8 5.6 O.24 0.0006 Crystalline
Powder
Ammonia 120.1 25.8 8.2 2b.S5 6.5 1.38 0.0075 Fine flskes
Ethylamine 218.1 33.0 4.6 33.1 4.Z2 .84 0,0130 Needles
Dimethylamine 218.1 53.0 4.6 5.0 4.6 3.70 0.0145 Crystalline
b ' powder
Phenylisopropylemine 326.2 47,8 b.,b 47.7 5.6 4,84 00,0147 Yellow needles
n=Butylamine 246,1 39.0 bB.7 39.1 5.9 4,05 0.,0165 Scales
n-Amylamine 260.2 41.6 6.2 41.8 5.8 6.19 0.0238 Scales
Aniline 266,1 45,1 3.8 45.2 4.1 6.9%5 0.0260 Rectangular
plates
Methylamine 204.,1 29.4 3.9 28.8 5.9 7.49 00,0367 Crystalline
powder
Tri-n=butylamine 358,53 5.6 8.4 03.3 8.5 18.11 0.0506 Rectangular
prisms
Simple Heterocyclic Bases
Quinoline 502.1 01l.7 8.9 0l.8 Y.6 6.89 0.0228 Yellow needles
Imidazole 242,1 34.8 2.9 34.9 5.0 8.70 0.0359 Long rectangular &

prisms

.



TABLE IT cont.

Pyridine 20241 42,8 5.2 42,6 5.2 153.656 0.05642 Stout prismstic
needles
d(+)Glucobenzimidazole 43,6 4,3 43,8 4,6 28.69 0.06582 Colorless needles
441,35
Morpholine 260.,1 56.9 4.7 6.6 4.9 20.80 0.0800 Platelets
Alksnolamines
dl-Ephedrine 338 .« 49,7 bL.3 49.4 5.3 2.94 0.0087 Pale yellow
g platelets
b-Hydroxyphenyl=- 319.2 45,3 4,7 45.4 4.8 4,01 0.0126 Flat spears
ethylamine
l-Ephedrine 338.2 49,7 0.3 49.8 5.5 10.3 0.0303 Pale yellow
platelets
d-Pseudoephedrine 365.,2¢ 46,1 5.8 5.9 D8 11.% 0.0320 Psle yellow
, leaves
l-kEphinevhrine 374,2P 41.8 4.8 42,1 4.6 13.7 0.0365 Buff flakes
Kthanolamine 234.1 0.8 4.3 51.0 4.2 12.5 0.0534 Rectangulsar
plates
d-Glucosemine sa7.¢4 31,0 5.2 $1.0 5.0 82.9 0.0849 Fine white
needles
Triethanolamine 322.2 37:0 H.6 37.4 b7 42.4 0.132 Colorless
prisms
propane
Alkalolds
Quinine® 697.3% 48.2 4.4 48.2 4.4 1.28 0.0016 Rectangular
plates
Brucine® gie.af 45,8 5.0 45,5 5.2 3.04 0.0037 Rectangular
plates
Strychnineg 734.4% 4.5 4.6 47.6 5.0 2.84 0.0059 White needles

9%y



T&BLE IT cont.

Cinchonineg
Cinchonidineé
iicotine®

Caffein

Amino Acids

1-Difodotyrosine
dl1-Lysine®
1-Histidine®
1-Lysine®
1-Tyrosine
l-Arginine
1-Cystine
dl-Phenylslanine
- dl-X-Aminoiso-
butyric acid
1-Tryptophane

dl-x=Aminophenyl
acetic acld

49,2

42.b

S8

47 .7

44,4

4.7
47
4.3

4'0

6.19

0.002=
0.0064
C.00%9
0.0090
0.0100
0.010%2
0.0146
00,0160
0.0196

0.0200

0.0276

Microscopic
needles

Crystalline
powder

Felted needles

Pale yellow plates

Cream colored
vowder

Psle vellow
scales

Fine needles

Sandy crystsals

Needles

Fine needles

Stout needles

White needles

Flat needles

Fine needles

Rhombice prisms

L



TABLE IT cont.

Sercosine
Retaine

dl-L-amino-n-
butyric scid

1-Alanine

Glyeine

dl-Alanine

dl-Aspartic acid

1-Glutamic acid

dl-g-Amino=-n-
butyric acid

dl-Glutamic acid
1-Cystéine
l1-Aspartic zcid
dl-Leucine
l=-Proline
l-Asparagine

1-Leucine

276.1
320.1
503, 2%
306.1
304.2
288.1
305.1

z22,2P

30.0

31.3

58.1

34,7
33.7
27.5
51.4
39.4
37.5
31l.5
7.3

24,5
So ¥
276
31l.5
5849
373

5l.4

(e
Ko
AV

8.85

2l.1
28.8

28.0

0.0338%7

U.034¢

0.0395
0.0430

0.0487

0.0504

0.060%

0,.,0666

0.0765
0.0898
0.0924
0.0936
0.0942
0.100

0.103

0.105

Long white needles

Fine needles

Plstes
Felted needles

Pale yelilow
plates

Fine needles

Crystalline
powder

Crystalline powder

Scales

Cottony crystals
Rediating needles
Radlating needles
White crystals
Pale yellow scales
White crystals

Metted needles



TABLE TI cont.

dl-vValine 290.1 7.5 4.8 7.5 4.8 31.0 0.106%7 White crystals

dl-Isoleucine 304, « 9.4 0.3 39,5 0.4 3c.7 0.107 Stout needles

dl-Norleucine 304 .2 89.4 5.5 89,7 5.4 35.0 0.109 liinute plztes

dl-Norvaline 290.1 S7.5 4.8 37.4 4.9 32.0 0.110 Rosettes of needles

dl-lkiethionine 331.2 25.7 2.0 26.4 B,1 &%:8 OvllE Yellow plstes

dl-Serine £78.1 0.4 D.6 29,9 &.6" 31l.2 0.112 Thin Plates

l1-Hydroxyproline 304.1 50.6 4,0 35.9 4.2 42.8 0.141 Yellow scuales
Proteinogenic Amines

Guanidine 202l 25,9 8.5 26.0 5.1 1.59 0.00€9 Needeles

Tyramine 310.2 46.5 4.5 46,7 4.6 2.76 0.008%7 Hexagonal plates

Histamine 284.1 38.1 4.2 38.3 4.4 4,87 0.0171 Long Needles

Phenylethylamine 303.2% 47.6 5.0 47.9 4.8 5.77 0.0180 Needles

Creatinine 286.1 31.6 4.0 31.8 4.0 6.70 0.0230 Crystalline powder

Urea 233.1 25.7 3.0 26.5 3.1 8.46 0.0363 White powder

- Hemihydrate
b Monohydrate

C Sesquihydrate

Dihydrate

g Trihydrate
Tetrahydrate

g€ Diacid salt

In water at 25



Prepsration of the Diliturates.- A solution of 5 milli-

noles of dilituric acid and 5 millimoles of the base® (2.5
millimoles for a discid bese), or one of its soluble salts,

vas nrenared in the minimum amount of boiling wster; the solution
vaa filtered and allowed to cool to room temnerature., The re-
sulting salts, which in general were distinctly crystalline,

were separated by filtration and dried in 2 vacuim desicecator

over concentrated sulfuric acid., ''hses salts were crystalliz-

e

ed one or more times before determining their comvnosition and

=

golubility. In cormon with meny organic salts the diliturastes
of meny of the bases investigated do not have sstisfactory
melting points,

Determination of the bolubilities.- It was necessary to

carry out the solubility messurements on a small scale in order
to nrevent the cost of the investigntion from hecoming excessive,
since gome of the bases cost in excess of four dollars »ner gram,
Preliminervy tests made on glycine diliturate indicated that
reagonable accurracy could be obteained by use of a 10,00 ml,
portion of the saturated solution, Iurthermore, when ecuilib-
rium was approached from both the suversaturated and the un-
gsaturseted side the results were in agreement within the limit
of error of the velghing ovrerations.

he solubility vessel, shown in tig, 2, wes so designed
ga to minimize errors resulting from lack of thermal anéd solute-
solution ecuilibrium, At no time does the solution come in

contect with anvthing but ryreX gless in this tyve of tube.
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* We wiah to thank Dr. G. Alles for supplving o number of
the alkanol anéd nroteinogenic amines.,



Table III

Titrastion Data for Dilituric Acid

Vol., in ml, of Bage/icid pH of
0.1042 1 NaOE Ratio Solution
added,
0.00 0,00 2.03
1.00 077 207
1.99 + 155 2,10
3,00 e 233 2.18
5.00 588 229
7.00 544 244
8,00 622 2.953
10.01 Wi 2479
11,00 .855 3.01
12,00 « 9353 240
1%2.00 1.01 7 .86
14.00 1,09 9.2%7
15.00 ' 1.17 9.58
16,00 1.24 9.75
18.00 1.40 10,04
20,00 1.55 10,27
22,00 1,71 10,46
24,00 1.86 10,67

26,00 2,02 11.15
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When in the thermostat the nortion containing the solution
undergoing ecuilibretion is 10 to 12 cm. below the surface of
the water in tﬁe thermostat, thus lessening errors from thermal
disturbances et the immediate surface of the thermostat bath.

Lhe tube and its contents were neriodicallv rocked through an

angle of 120° about 2n axis normel to the nlane containin

&

the three arms of the vessel and nessing through a moint 5 cm.
to the right of the stopner. *“his motion brought sbout effect-
ive agitation of the solute in the solution.

In view of the previously mentioned considerations, and
since in this investigation 2 high degree of accurracy was not
necesssry, only a single determination was made for esch com-
nound renorted, vaturated solutions were alweys anproached from
the supersaturated side by vplacing samnles saturated at 40-50°
and eontaining en excess of the g0lid nhase in 2 thermostat
maintained at 25.0*¢ 0,%°, TFortv-eitht or more hours were
allowed for the attainment of ecuilibrium in every case, A
10,00 ml, alicuot was withdrevn by sucking the =solution thru
a sulteble filter, iig., 3, attached to a calibrated 10 ml.
pinette. Crystal clear solutions were gecured in sll cases.
The a2licuot was eveporsted to drvness at 80° and the residue

vios welghed. 'Lhe commosition of the solid phese wes determined

lto

by drying the salts at 80° =nd 2nalvzing for carbon and hydrogen.,

1

‘'he solubilites of the various diliturates, in water at 25°,
are given in Tables I and II, and those of dilituric acid,
in e number of different solvents at 25°, in the text.

The Analvsis of Diliturates.- The détermination of carbon

end hydrogen was conducted on a2 semi-micro sacle with the
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ing. » 12-1% mm, (0.D.) combustion

tube constricted to o cenillery =t one end was charged, in the
order named, with 1.5 em. of silver wool, 0.5 cm, of asbestos,
7.0 cm. of lead wmeroxide, 0.5 cr, of osbestos, 2.0 cm, of silver
wool, 1.0 cm, of esbestos, 3.0 cm. of 10 nlatnired =2sbestos
(choking »lug), 20.0 cm. of conner oxide wire #néd 4,0 cm., of
10 nletnired 9sﬁestos. buring an esnslveis the first 9.0 cnm,

of the tube, measured from the constricted end, vrs maintained

.0 ¢cm, =t 600°, The gemnle wse

G

at 200° =nd the remsining 2

a2

nixed with 2-% tines its weight of conmer oxide nrior to
1ENL IO

Recovery of Glycine from its Viliturste.- To 8.4 g, of

glycine diliturete in 100 ml. of hot vater were added 3 ml,

of 15 i emmonium hydroxide. i nrecinitate of srmonium dili-
turate Tormed immedirtelv. ‘'he solution was cooled to Toon
temnerature, the nrecinitate rerioved and the filtrate evenorsted
to 20 ml, Unon adding 100 ml, of ethanol to the concentrste
glveine began to precinitate. After cooling to 5° the vpure
vhite nroduct wes recovered ond dried in vacuo. ‘Lhe weight

ag 2,30 2, or 89w of the theoretical amount.
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SUMMARY

Part 1. Imnroved methods have been described for the preverstion of
melion, potassium end sodium melonate, Dotessium and sodium cyem-
elurste, and cyameluric ecid. CUyameluric acid has bheen shown to

form a grouvp of commounds entirely snalogous to those of cyanuric

[

acid,
the existancé of & trichloride #nd 2n oxygen ester indicate
thet hydroxyl grouns are nresent in the molecule of cyameluric

d.

e

ac

'he analogy with cysnuric commounds =2nd the nresence of
hvdroxvl grouns substantiste the nlenar ring structure of cyanm-
eluric acid »nronosed by reouling end Sturdivent,

lelam isg probably dicyenurylimide and melem, cysmeluryl
triamide,

It is nronoged thet melon is a condensation nroduct of

cyameluryl triamide, a2nd that the resulting very lsrge molecules

N

«

are nlenar cvameluryvl rings joined through nitrogen atoms,

Pert II. A pumber of salts of dilituric scid (5-nitrobarbituric
scid) he¥e been nrenared asnd e studvy of their v»ronerties has
shovm thet dilituric =2cid is a satisfectory reagent for the

igolation and determination of many orgenic snd inorgenic bases,



PROPOSITIONS.

1. Runde, Scott and Johnson (J. 4m. Chem, Soc., 52, 1284
(1930)) likewise Reichstein end 4schoke (Helv., Chim, feta, 15,
1124 (1932)) observed that When the nitrile resulting from the
trestment of alvnha-furfuryl chloride with sodium cysnide is
hydrolyzed the exnected 2-furyl escetic acid was not obtained,
but instead S5-methylfuroic acid wes the main nroduct. Lhe
anomaly is best exvleined 25 a tyne of allylic rearrangement.
A similaer rearrangement is predicted whenever the chlorine in

alnha furfuryl chloride is renleced by a group R when the re-

placement nrocess i1s essentially ionic.

2. ''he steble sulfur dithiocyanate, S(SCN) of Bond

2’
and Weaver (J. Am. Chem, Soc., 60, 2614 (19738) is »predicted to

be o derivative of thiocwvanuric acid, '‘'he monomeric S(SCN)Q

125 nrobably polvmerized to nolymers contesining the cyesnuric

nucleus.,

%, ‘'I'he substance extracted from the cotyledons of young
Raphanus (ver. I'rench Breskfsst) nlants causing vnositive cur-

veture in the Avena test is 2 true hormone.

‘h st t v"ﬂ/-ﬁO\bO i 1 1fat lai
4, The structure (I > or methylene su ate explalns
K / 2 . R

the knovn chemical snd nhyvsicel »nronerties of the compound more

49

satisfactorily than does the structure _-0-S09-0 recently
GH? H
. 2 2
proposed by Beker (J. Chem, Soc., \\O-%Og-

86 (19%2)).
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9. The most effective method for teaching Organic Analyses

vwould be to make it a year course with the vmortion dealing with

cuantitetive determinations preceding the nortion dealing with
cuelitative determinations.

6. ‘The substance from the Raphanus cotyledon which gives

a pnositive curveture in the Avena test is nrobebly 2n ester of
one of the suxins.

S
. s— i
7. ‘I'he cyanuric bisulfide of Klason ;
N
(. prakt., Chem,, (2), 33, 120 (1886)) mey !
heve 2 cage-like structure of the tyvne
8.

S

In oppnosition to the statement of Lassiter there

for the existance of

~
<

s considereble evidence which may be intervnreted as evidence
vreak hvdrogen bond of the tyne S5-H--X,

9.

the 2- and 4-monohydroxyonyridines cennot be adacuestely
revresented by any single structure.

10 .

I'he relative emounts of isomers, ortho-para com=-

pared to meta, formed in a substituted benzene, R<:::>
a second groun R'

when
ig introduced chould show a

. depencence unon
the oroton sctivity of the reaction mixture when R is COOH,

CHO, ON, illy, UH, and s

imilar grouns., ‘The directinn of shift
in the ratio ortho-para/meta

is pre

edictable for each groun,
1.4

The mechanism for the addition of silver lodobenzoate,
TAg(CO00CeH5)s, to the ethylenic double bond forming e glycol

dibenzoste involves (1) addition of I end Ag(CO0CgHs5)s™ to
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the double bond, (2) elimination of silver henzoate, and (3)
renlacement of iodine by benzoate with the formation of silver

lodide,

12, A modificetion and extension of the mechanism for
the formation of the butenes from 2,%-dibomobutane vprovnosed by
Winstein, Pressmen and Young (J. Am, Chem, Soc., 61, 1645 (1939))
explaing more facts than are exnlained by the unabridged theory.
1he modification involves the contribution from & cuassi-ionic

resonance form of the dihromide molecule,

Resnectfully submitted

'C;j£§;%h%ZiA_C:EZ¢<2’¢nz4awz,—

August 4, 1939,





