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Ionization Constants and Hydrolytic Degradations of'Cyfilneluric and Hydromelonic 
Acids 

BY C. E. REDEMANN AND H. J. LUCAS 

Recently the question of the structure of cy
ameluric and hydromelonic acids has been re
opened by Pauling and Sturdivant I 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 2 and students, the problems in this 
field have been neglected for many years. Since· 
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 Gmelin3 as 
an undesirable by-product when too high a tem
perature was used in the 
preparation of potassium 
thiocyanate by the fusion of 

(C3N 3) 3(NH)aN 
Klason 

I 

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. 6 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 3C60 3N7 on the basis of analyses of the salts and 
of the acid. It seems probable that Liebig6 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 

Franklin 
II sulfur, potassium ferrocya

nideand potassium carbonate, 
was obtained also by Liebig, 
who dissolved melon in fused 

N~----C=NH 

/"'\NH ~ 
NCN=C N-C(=NH)-N 

potassium thiocyanate. 4•5 

Potassium melonate is formed 
also by heating antimony or 
bismuth trichloride with po-

""/(NH / 
"'-N~----C=NH 

Franklin Pauling and Sturdivant 
IV 

tassium thiocyanate. As the result of numerous 
careful analyses of potassium and silver melonate, 
Liebig6 proposed the empirical formula C9H3N137 

for hydromelonic8 acid. Attempts to prepare the 
(1) Pauling and Sturdivant, Proc. Natl Acad. Sci., 23, fil5 (1937). 
(2) (a) Franklin, Tms JOURNAL 44, 507 (1922): (b) Burdick, 

ibid., 47, 148:, (1U25). 
(3) Gmelin . Ann .. 16, 2,52 (1835). This salt is also called potas

sium hydromelonate in the older literature. 
(4) (a) Liebig, Ann., 60,337 (1844): (b) 61,262 (1847). 
(.'',) Henneberg. ibid .. 73, 228 (18S5). 
(!i) Liebig. Ann., 95, 257 (185S). 
(7) Actually C1sf-LND 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. Prakl. 
Chem., [2] 33, 289 (1886), called this compound cyamelon, under 
which name some of the literature appears. 

III 

Structure I was proposed by Klason8 in 1886, and II 
by Franklin2

a in 1922. The latter appears to be 
nothing more than an interpretation of the former. 
His second structure, 8 III, 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 1 in Hl37, is based upon their belief that 
hydromelonic acid, CsN1(NCNH)3, bears to cya
meluric acid, CsN1(0H)a, the same relation tha.t 

(\J) E. C. Franklin, ' ' The Nitr"ogen System of Compounds,'' 
The Reinhold PubUshing Corp., New York, 1935, p. 107. 
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cyanuric tricyanamide, CaN3(NCNHh, bears to 
cyanuric acid, C3N3(OH)a. 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 
approxinw,tely _ 150 kcal. per mole. 

Structures of Cyameluric Acid.-Only three 
stru~tures have been proposed for cyameluric acid 

(CN),O(NH)(OH)z 
Klason:' V 

N~---- C=O 

/ "'c"' NH ""' 
O=C N-C( NH)-N 

"'/(NH / 
""N'------ C=O 

six equivalents of carbon dioxide if converted to 
cyanuric acid. Actually Liebig6 isolated . from 
the alkaline hydrolysis of cyameluric acid a_mme
line, ammelide, and cyanuric acid by progre_ssively 
increasing the duration of hydrolysis. 

• Franklin, VI 

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 ammo.µ
ium salt was obtained. Some hydrolysis of 
cyanuric acid took place at the same time. 
vVhen 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 CO2/2NH3 Pauling and Sturdivant, VII 
ratio was greater than unity. If hydro~ rr,. 

Structure: V, proposed by Klason, 8 was thought 
by him to represent the anhydride of an acid hav
ing the formula (HO)2(CN)3NH(CN) 3(OH)2 

(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 II, 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 C;iNa groups 
represent cyanuric acid nuclei and that the cya
nuric and cyam~luric 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 Vis the anhydride, there are two CaN3 

nuclei. 
•. On the other hand, if hydromelonic acid is 

either III 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 a,mmonia 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 

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 C0N3 nucleus 
which is quite stable to further hydrolysis. Since 

TABLE I 
ALKALINE HYDROLYSIS OF POTASSIUM MELONATE 

Sample, 
g . 

0.6531 
1. 6319 
2.0526 
2.5338 

KOH, 
N 

5.45 
6.0 
3.5 .• 
3.7· .· 

Extent of 
Time, NH3 CO:: Ratio hydrolysis,a 
hrs. equiv. equiv. C0,/2NH, % 
1 0.00151 o·.001ss 1.25 15.7 
2 .01796 ' ·' 062091 1.17 74.7 
2 <01464 . 01628 1. 11 59. 3 
4 : .. ,rrt0328 . 0376 1.14 107 

" Expressed· a.Ii pt!rcenta'ge of theoretical amount of 
ammonia, on tl;ie ·basis of structure III or IV, if the hy
drolysis stopped :it cyameluric acid. 

potassium cyamelurate,. under these conditions, 
was found to yieid carbon dioxide and ammonia 
in the ratio ofJ2'?24 (equivalents), the de1iation 
from unity in the'' case of potassium melonate 
can be ascribed to the partial hydrolysis of the 
cyarn~lurate formed. • The deviation from the 
ratio 6/ 4 in the cas~ 6f tJ:i.e latter compound prob
ably is due to the ... formation of ammeline and 
ammelide, giving th~oret1~al x:a'.tios of 3 and 2, re
spectively. Thus, the d.'ata trom 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 
K,CoN13 + 6KOH + 6H20 ~ , . 

• KsC~,o),h + 6NHa + 3K2CO, 

He~_neberg 5 attempted to write an equation ex-. 
pressing this hydrolysis involving ammelide as 
one of the products aµd 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 stt-ucture V, for two 
moles of cyanuric acid should result if the acid 
has the last structure. 

Ionization Constants of the Acids 
On the basis of the Franklin structures III and 

VI, the two respective acids, hydromelonic and 
cyameluric, should r_esemble each other closely 
as regards their acid strengths, because the atomic 
groupings responsible for acidity are identical 
in the two cases, and the groups responsible for 
the difference in structure, i. e., C'. NCN."il.nd 
C=O, respectively, are somewhat ; emote.fi6m 
the acid groups. Since the inductive effeci of 
each of these two groups, before it can have ~n 
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 III 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, C9N13'=, should have a much higher stability 
with respect to hydromelonic acid, H 3C9N 13, than 
cyamelurate ion, C6O3N7"", has with respect to 
cyameluric acid, H3C6O3N1. 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 a~~ms as_:'hown by X ( c- ~ - C= N) a~d 

XI ( 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 resonance 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 

the same relationship to cyameluric acid, VII, 
that tricyanomelamine bears to cyanuric acid. 
Tricyanomelamine is su~h-a strong acid that the 
constant cannot be'' determined by conducti
metric methods, 10 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 
polym~~_zi;s • 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 10 --7 

was found for the first ionization constant of 
cyanuric acid, a value which is in fairly good 
agreement with that of 1.8 X 10-7 found by 
Hantzsch11 but in poor agreement with that of 
3.8 X 10-1, found by Bader. 12 

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 iot1ization con
stant of 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
neutralizaticin" points were reached. Oh 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 

IONIZATION CONSTANTS 

Hy<lromelonic acid Cyameluric acid Cyanuric acid 

K1 Large Ca. 1. 0 X 10- 3 c,;l.Ji6 X 10-1 

K2 Ca. 3.16 X 10-3 6.30 ><: rn --_--.;7-,, .'° ,_'.' 

K, 1. 26 X 10-• 1. 12 X lOr.~( -
Hydromelonic acid is a much stronger;acid than 

cyameluric, as the curves and table-show. These 
results favor structures IV and VII of Pauling and 

(10) Madelungand Kern, Ann ., 427, 26 (1922). 
(11) Hantzsch, Ber., 39, 13\J (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 III 
COMPARISON OF IONIZATION CONSTANTS .i•:· 

KA KA 

Hydromelonic _ i ,-_, :' 

acid 
Benzoylcyan

amide12 

Acetylcyan
amide 12 

Large Cyameluric acid 

1. 86 X 10-2 Benzoic acid 

1. 54 X 10-• Acetic acid 

1 X 10- 3 

6 X 10-s 

1.6 X 10-5 

In the first column, the common radical is the 
substituted cyanamino group, H(NCN) 13 and i11 
the second, the OH group. 

In a subsequent communication the results -◊"f 

attempts to prepare derivatives of cy'amel,uric 
acid will be presented. The authors grat~f@y 
acknowledge the, inspiration of Professor; Linus 
Pauling, who suggested the investigation:;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 pure14 sodium thiocyanate in 2.5 liters of water. 
The temperature was maintained below 70-80°·by external 
cooling. \Vhen the mixture became so thick that stirring 
was no longer effective, it was cooled to room temperature, 
the sludge of "pseudothiocyanogen"15 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. 

The 512 g. of pseudothiocyanogen, divided •-into two 
batches, was converted into melon by heating -irl r.215-cm. 
porcelain evaporating dishes with a large brush- flame 
from a Meker type burner until all volatile products were 
expelled. The light yellow residue of crude melon ~eighed 
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 yields16 but requires 
special equipment and much time. 

Potassium Melonate.-The following modification of 
Liebig's4

" method was most satisfactory. Eighty grams 

(13) Madelung and KernlO believe that the group present in tri
cyano_melaruine is -NH-C:==N, and not -N=C=NH. How
ever, r~sonance between these two structures would be expected, 
and Dr. E. Vl. 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
st~!l.4 :Of to the part insoluble in alkali. 

(16) Gludd, Keller and Klempt, Z. angew. Chem., 39, 1071 (1926). 

8 

4 -

2 

0 1.0 2.0 3.0 
Equivalents of acid added/mole of salt. 

Fig. 1.-0, Cyanuric acid; -0-, cyameluric acid; C?, 
hydromelonic acid; ---, solid separating out. 

of pure potassiurn thiocyanate was slowly melted in a 
10-cm. porcelain casserole and held at a moderate tempera
ture until all moisture was expelled and a qniet melt was 
obtained. The temperature was then increased to a dull 
red heat and 40 g. of melon was added in portions of .'i 
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 17 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 wa.ter. 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.-Burdick2b 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,5 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 :51ightly colored crystals -of potassium cyamelurate was 
filtered off after coolin~-; and a second crcip 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 undissoived solid was filtered out. The 
crystals which separated from the filtrate were filtered 
ofl;, washed with alcohol and air-dried. Boiling the 
orlginal undissolved .solid with the last filtrate and pro
ce¢ding as above gave an additional amount. The total 
weight of_potassium cyamelurate was 23 g. 

Sodium Cyamelurate.-This salt, which was mentioned 
ca~ually 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. Th\! yield is 50 to 60% of the theoretical assuming 
structure (IV) for hydromelonic acid and (VII) for cya
meluric acid. 

Anal. Calcd. for Na,O3C,Nr51,(2H2O: Na, 17.8; 
H 2O, 25,6. Found: Na, 17.7, 17.8; .; H,O; 25.3, 2q.4. 

Cyameluric Acid.-Acidification of a moderately diiute 
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.c Calcd. for C,H3O3Nr3H2O: 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 
du-e- to the low pH of the solution of this comparatively 
sti!0ng 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 its 'metallic salts 
are very sparingly soluble. 

Acid Hydrolysis of Hydromelonic' ,Acid.~A solution of 
2.231- g. of• pot:tssium melonate in ·a,;:1i~xcess -of 6 N nitric 
acid was gently boiled for one and one-hal.f hours. The 
solution was •made alkaline with ai'slight, excess of 15 N 
ammonium hydr'oxide, then sufficient cupric 'i iin'lmoniutri 
sulfate solution was added to color the soli:1tion a dark 
blue. The : amethyst-red precipitate ·. which gradually 
separatect·•.'.;J.,.a;s .· filtered off, dried and weighed; weight 
0.454 -'g/ .i{,7-2.i:1%- of theoretical, assuming one mole of 
cyan uric. add· '!)~r' tnole of hydromelonic acid). 

The Alkaline<Hydrolysis of Potasshifif, Melonate.-A 
series •of: quatitititive determinations of the amoi:uit tif 
a.tninonia and · carbon dioxide -prodticed"in the hydr6lysis 
of potassium melonate '.to::.potassium •·cyamelurate·: wa:s 
made as foll9ws. The ammonia was carried . over .·info 
. . - ' . : ,;) ' ,_: , ;/' ·) ~ ; , ., . . • ' 

standard hydrochloric acid by a current of purified airc 
The excess acid was then titrated with a standard sodium 

hydroxide . solution : using the · mixed indicator, p-nitro
pl):enol::-:-inetJ:iyl• red . . The amount;. of .earbonate formed 
was,d:J!~neq by tl:1°.Ill,e!ho;d of Wi#~r:_as follows. The 
alkaline solution in the boiler was diluted to 250 ml., 
then an aliquot portion was, taken. An excess of barium 
chloride solution was added to,:tJ:re·aliquot, th.en 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 L 

As a check on the method, potassium melonate was 
replaced by urea. In this case the ratio of equiv. CO2/ 
equiv. NH3 was 1.03. The difference between 1.03 and 
·LOO represents about the accuracy to be expected· from 
this method of analysis. . . . . 

When potassium cyamelurate' • re'piaced ' potassiun~·:'., 
me!onate, 2.24 was the ratio of ·equiv: 'CO,/equiv. NH8. 

This would indicate that the cau~e of a ratio greater than 
unity in the case o.f the hydrolysis of potassium melonate 
is a further hydrolysis of th.e potassium cyamelurate. 

Acid Hydrolysis of Cy!).µieluric Acid:-Two grams of 
cyameluric acid, purified through the copper ammonium 
salt, was digested with 10 ml. of coned. nitric acid on a •-
steam~bath for four ·hours. The solution . was diluted to 
20 ml., cooled to 0°, saturated with the oxides of nitrngen 
obtained from the action of coned. nitric acid on metallic 
copper in order to destroy ammonium ions and make sure 
that all -NH2 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 93.5% of that theoretically obtainable assuming 
one mole of cyan uric acid ·. per mole. of cyameluric acid. 
The residue gave the characteristic .insoluble amethyst
colored copper ammonium salt of cyai:mric,acid. 18 

Electrometric Titrations of Hydrol'Ilelonic and Cya
meluric Acids.-Potassium melonate,:· 0.3707 g. (7.45 X 
10-4 mole) crystallized four times frQl?J. water, was .dis
solved in 50 ml. of water. Potassium _oyamelurate, 0.2576 
g. (6.62 X 10- 4 mole) thrice crystallized from water, was 
dissolved in 50 ml. of water. In each solution was placed 
a glass electrode, a standard\calomel electrode, and a me
chanical stirrer. The former was titrated with 0.2899 
N, the latter with 0.2493 N hydrochloric acid. The 
e. 111. f. measurements were made with a student type 
potentiometer and a high sensitivity galvanometer in tli,e , 
former case, and with a Beckman pH meter in the latter 
case. Conversion to pH values in the former case was 
mad!:l ,bY comparison with standard buffer solu:tions. The 
i,:gs;(t];~s,are shown as the curves in ;Fig. 1. 

, .,summary 
Improved meth0ds have beew,described for . the 

preparation of melon, pota~s,ium and sodium 
melonate, potassium and sodium cyamelurate, 
and cyamelu,r~c acid. Titration of potassiu11_1 
melonate and cyam:elurate, using the glass elec0 

ti-ode, .. ~hows that hydron\.elbnic a.cici" is .niuch · ••• 
, ' , , ' .. ' • ,_ • Lk., , • ' > < ' • ~ • _ ,. • 

stronger : than :eyameluric acid. 
,, ;'t~'.)Ivl1t8ri da'ta: and i:~.s.iilts 6£ hyclrolysij . 

(18) S. P. Mulliken, "Identificatioft\cWPtire Organic Compounds,11 

Vol. II, John Wiley and Sons, lric,,' N<!vJ)Vork, 1916, p. 84. • 



Dec., 19;39 IONIZATION CONSTANTS OF CYAMELURIC AND HYDROMELONIC Acms 3425 

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



sm1m DERTVATTI/ES OF CYIJ\rnLURIC AC ID 

AND PROBABLE STRUCTUl-rnS OF i\l[ELPJ./I , l\11ELB.v'.i .AND }/[ELON 

Since it has been s hmvn recently that the structure pro

posed by Pauling nnd Sturdivant for the cyameluric acid nu

cleus
1

, I, :accounts more satisfactorily for the acidic streng

th and for the products of hydrolysis2 than any other proposed. 

structure, :=md because of the prediction mr-i.de by these authors1 

that there should be a group of cyameluric compounds ana logous 

to the cyanuric compounds, attemnts he_ve been mede to :nrep8re 

some of these e.nalogues. 

Cyameluric compounds analogous to cyanuric a.erivatives 

vrhich have been prep8rea. fl re a cupric emmoniu __ rn salt, e mer

curic s alt, the tri-chloride, a tribenzyl nitrog en ester, two 

monomethyl esters v.,rhich vrere not separated, t=md a diar'1.id.e. 

'I1he mixture of monomethyl esters v,ras shm1m to be largely the 

nitroBen ester with a smaller amount of the oxygen ester. 

The most characteristic of the several cunric ammoniu.rn 

cyanurates3 is that of the compositio~uNI-I4(C3N303) .NH34 • It 
\ 

is of sufficiently const ent comnosition over a moa.erate r ange 

of temperature and concentrations the.t Mulliken5 recomme:nctis it 

for the identification of cyanuric acid. Cyameluric acid forms 

1 :Pauling and Sturdivent, Proc. Nat l . P e ad. f3 ci1, 23, 615 {19?l'i' ) 

2 Redemann a nd Luca s, J. Am. Chem. Soc., 61, 3420 (1939) 

7 

3 Benra th nna. Me cksn s tock, Zei t. anorgan. c1l l gem. Chem., ).51, 35 ( 19 26) 

4 Claus and Putensen, J. DT'akt. Chem.,(?,], 38, 216 (1888) 

5 Mulliken, Ia.ent:1.t'ic~tion of Pure Orgt=1nic Compouna.s, VoJ..II, 

p. 84, J·ohn VHley and Sons, New York, 1916. 



a s i mi lar blue-lavender se lt, Cul\J1-I
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• The e.nelogy 

between t he t ~ o s a lts i s Dronounced , for they differ only in 

resnect to t he centra l nucleus, c3N3o3 ancl C6N7o3 • The insc:i:.tu;:.

ble cupT ic annn.onium cyarn.elura te i s' useful in puri fy ing cymneluric 

a cid, fo r t he e.ci d is re0 enerat ec1 read ily fro::n t h e salt by S"l.J.s 

pendine; it i n ,:-,ater rind o.dd i ng hydrochloric Pcid. 

~he nar8llelism in the CAse of t h e mercuric salts i s not 

so satisfactory . H0ntz s ch6 ren orted two d ifferent mercuric 

cys nur2tes t rith the forrn.ula 1-ig3 {c 2,N3o3 ) 2 • One of thes e , p re

cip ita ted from the reagents in ice-cold so lutions, he ce lled 

the oxygen salt since it gave a n immedia te preciuitete of 

yelloH :mercuric oxide on t he addition of soa.iu..rn hydrox ide; 

t he other, pr eci:r,i i t atea_ from boiling solutions of the re

agents, he c a lled the nitrogen s e lt since it d id not nrecin i

t a te mercuric oxiae upon the e.ddi tion of sod ium hyd rox ide. 

'l'he specin.ens of mercuric cyr-me l1...1.rRt e , Hg3(C 6N70 3 ) 2 , obta ined 

under t hese tvrn c ond itions showed no difference in ·beh0vior 

Yr i th sod i wn hydroxide, both gi vi:ng an immediate 11rec i ni t Bt e 

o f yellou mercuric ox ia_e v,ith s od.iurn. hydroxide. li'rom the 

HP. nt zsch 1Joint of viev: one ·would be i nclined to say that 

cyemelurlc acid forrns only the oxygen salt. S o a lthough in 

this c Ase the r:ina logy i'! i th cysnuric s c i d is not com:olete, 

nevertheless the behsvior of t he mercurlc sal t f avors the 

Pauling Rnd Sturdivant structure, I, r at her t han the Frcmklin 

str ucture, II, for in the l at t er case only a nitrog en salt is 

6 Hr=mt7,sch, (8) Ber., 3 5, 2 717 (1902); (b) ibid., ~9 , 139 (1906); 

(c) Ze it. anorgan. allgem . Chem., 209, 219 (1932 ) 

8 



Pauling and. S turdivant 

I 
Franklin II 

possible. However, this a r E;ument is ouen to criticism, for if 

the N-Hg bond hA s sufficient ionic cha r a cter t he salt woula_ be 

expected to rec ct vrith sodium hydrox ide. 

Cyanuryl trichloride, c3N3c13 , and cyameluryl trichlorid.e, 

'l'he former, n l though usually 

obtc1ined 11y p oly:.flJ.erizing cya nogen chloride , may be prepB rea.. by 

heating the e nhy-a_rous e.cid vri th phosphorus penta chloride 7 ; t he 

l at ter, 81 though not quite nnalytice lly nure, is u re-02 recl from 

either the anhydrous a cid or the a nhydrous pot1:rnshrrn se,l t by 

heeting vd th the s 2me reagent a t 156° for several hours. 

Hydrolysis of the two chlorides is similar, e x cep t that cya.m

eluryl chloride hydrolyzes more r ap idly , as mi ght be expectea_ 

. . 2 . from. its being a stronger a cia_ . 'l'he most striking s i milar-

ities are the reactions of both a cid chlorides with ac etic 

ac id and with elcohols. 'r./hen heated with 2. cetic e cid e 8c h 

y i elds the resnective acid and anett1~~hloride. On a lcoholysis 

each yields the re snective a cid_ a nd an a lkyl chloride. 

Esters of cyameluric a cid a re more difficult to prenare 

tha n tho se of c yanuric acid. 'i'here a re tv,ro series of esters 

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

9 
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for the latter: the oxyg en esters obt::dnea. from sodium alkoxides 

ana. cyanuryl chloride, or frm1. the alkali cyanurates and e,lkyl 

halides at loyr temperatures; and the nitrogen esters obta ined 

from the alkali cysnurates and alkyl halides st elevated temp

eratures, or in the case of the methyl ester from diazorn.ethane 

a • ·as an . cyanuric ac1 • Potassium cysmelurete does not react read-

ily vri th Blkyl halides at room temnerature. After standing 

·with methyl iodia.e for nineteen months only a smBll amount of 

iodide ion was formed and no ester coula. be isola ten. Like-

1Hise, cyc1meluryl trichloride with sodiu.m methoxide ( or benz

oxide) failed to give the ester. Potassium cyamelurate and 

allyl bromide gave an allyl derivative at 100° which was not 

obtained pure. 

The tri benzyl ester was obtained :from bem7,yl chloride 

ana. :oot1:issium cysmelurate 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 

t t • 1 b " "' • • a_9 emnera ures is a so o servea. :cor cyanuric ac1 • From cyam-

eluric acid and dia7.omethane was obtained a mixture of mono

methyl esters vti th the nitrogen ester predominant, and also 

a trimethyl ester which vms entirely a nitrogen ester. 

CyEmuryl chloride and cyameluryl chloride both renct vd th 

ammonia, the former to produce a monocrhlordia..rriide ana. a tri

arnid.e, melamine, end the latter to produce a diamide Pnd 

apparently some triamide, although not pure. 

'I1he resemblc1nce of the derivatives of cyameluric acid to 

the corresponding derivatives of cyanuric acid, e s necially the 

8 Palazzo and Scelsi, Gazz. chim ital., 38, 664 (1908) 

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



trichlor ide, indicate tha t cyameluric ecid conta ins hydroxyl 

g rou:ns. 'Therefore, cyameluric acid is better formul a ted as a 

planor C 6N7 nucleus ,a1ri th three hydroxyl grouns a tta ched, struc

ture I. 

On the basis that cyameluric acid is represented by I, 

s a tisfactory structures c an be assigned to melam, melem and 

melon. lvielmo., vdth empiric:::il formula C6H9N11 established by 

Liebig10, is probably tetraaminodicyanurimide, as shmvn in 

structure:III, ·which is essentj_ally the one pronosed by Klason11 

and amplified by Franklin
12

• This structure is SUT'J~oorted by 

Rathke' s13 observation that v.rhen melarn is hea ted to 150° vrith 

30 percent aqueous ammonia the m8in product is melamine accomp

anied by considerable a.m.rneline. Am.monolysis of melam, if 

structure III is correct, should yiela_ melamine while hydrolysis 

should yield both melamine and ammeline. Structure JII satis

factorily accounts both for the fact that mela_m, like melamine, 

is a feeble base, and ·for Liebig's10 observAtion that cyanuric 

a cid and mnmonium nitrA.te are formed when melam is boiled with 

concentrated nitric acid. 

Ivielem, for ·which LiebiglO reported the formula C5H6N1o, 

may be cyameluryl tria:mide, IV. N[elam. and melem resemble e och 

other so closely in physical and chemical nroperties th8t it 

wa s doubted for n1A.ny years tha t b..iebig had isola ted two 

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

11 Kl2.son, J. nrakt. Chem., (.2], ..:22, 287 (1886) 

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

13 Rethke, Ber., 23, 1675 (1890) 
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different conrnounds; hrnvever, Kleson11 confirmed their exist

ence. Compouncls v,ri th structures as s imilBr c1.s III and IV vrould 

be expected to resemble each other closely. 0tructure IT 

satisfactorily accounts for the formation of large ouantities 

of armnelide upon hydrolysis, c-1.nd for the fact tha.t rnelem is 

more resistBnt to hydrolysis then melam. Structures III and 

IV account s a tisfactorily for the observation tha.t melem is e. 

'1Ne8ker base than melam, for the former is derived from much 

the stronger acid. 

Melon, vri th empirical formula C6H;:sNg estPblishea. by 

L t ~ ·, l a.t14 d 1 1 • 1 b --- 1 1 115 auren ann Li-er 1ar an ess cone usi ve y y v o c_rn , 

was assigned structure V by Franklin12 . But since melon gives 

good yields of cyameluric acid u:pon alkaline hydrolysis16 a 

satisfactory structure for melon must involve the -planar 

nucleus characteristic of cycimeluric acid, I. Such a structure 

results fro:r:1 cyar1eluric trieJn.ide, C6N7{1'JH2)3, rv, by the loss 

of ammonia from two or more molecules. One possibility is 

that shmvn by _ structure VI, where three molecules of ammonia 

hBve been snlit out from three molecules of cyameluric tri

amide. 'l'his compound, the molecule of ·which has three cyam

eluric nuclei, has the formula c18H9N27 , three times C5H3Ng, 

the accented formula for melon. here the side chains are 

- NH.., groups, the =NH group forming part of a new ring. Lerger 
('. , 

molecules of the compact type, where the meximum number of 

ring closures had taken nlace would have a higher carbon, 

lower hydrogen and lov.rer nitrogen content. In such a molecule 

14 Laurent end Gerhardt, Ann. chim.,(.31, 19, 85 (1847) 

15 Volckel, Pogg. Ann., 58, 151 (1834) 

16 Volhard, J. nrakt .Chim., [.2] , .2., 30 ( 1874) 



hydrogen i s found only 2long the neri:_nhery. The spn_.r:1etrica l 

trifmgula r molecule vrith six cyameluric nuclei is c: 36n12.N5? or 

more simply C6H2 N8 7'. As condensations extend indefinitely the 

empirical formula approe.ches asymptotice.lly the limit c3N4 , 

Fra nklin's CP. rbonic nitride. Another tyne of condens8tion 

product, in -i,·rh ich t he cyameluric nuclei, excent for the t ,·10 

terminal ones, are ,joined to t,.,ro other nuclei, would a nnroach 

C5H~Ng if extended indefinitely. This is essentially a zig-

za.g molecule. 

On the basis of cyameluric nuclei joined by nitrogen 

atoms it is nossible to account for the l ack of constancy of 

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

'i'he hydrogen content of l!'ranklin' s preparations VP.Tied from 

1.1 to 2 .01/a, ·while for the accented formulF1, c6H3N9 , the 

hydrog en content is 1.5%. By t aking extreme nrecautions to 

dry mercuric thiocyana te 13 t 150° in t he vacuum of R mercury 

v c1por punp before decomposing it to melon, J:l' r anklin was able 

to obt,dn a product ~:,ri th a hydrogen content of only O. 6%. 

Th is corresnonds to a compact condensa.tion product, trisngular 

in form, 1.-vi th tvrenty-one nuclei, B.nd molecular formul a , 

o12_6H21N175 or more simply C5Hl\Tgy3 , with a hydrogen content 

of 0.57b. Frnnklin' s mnterial l'JF.I.S probably conmosed of both 

l Ar ger and smaller units g iving an average ve lue corresnonding 

to the Above fi gures. It is nrobably incorrect to assign any 

one structure to n elon, for it is more tha n likely a mi xture 

of different sizes 2nd shanes of molecules g iving rise to its 

amornhous chara cter. 

It is seen that there is a formal resemblance betvreen 

1 4 
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melon Pna. g r 2phite, in t lw t t h e molecule s A.re infinite l ;! l Ar g e 

a nd plan a r. ;11h e forme l resen bl8nce becomes even more nronounc 

eo if in the molecule of melon the voia. betneen the three cyam

eluric nuclei is f iller1 by vrri ting in three Ptoms of c Prbon Pnd 

one of nitrog en . Taking the density of p; r a:oh.ite PS ? . ?,5 a nd 

neg lecting t he hydroc;en v.re c a n :nrea.ict a. a.ensi ty for melon of 

less tha n 1. 7. An observed V A lue is 1. 40 at 25° , 1:,hich V 8 lue 

m8y differ c6nsiderably with different nrenAr~tions. An-

hydrous cyAmeluric a cid, wnich is not predictea to heve lnrg e 

void spaces in its structure corresnonding to those in melon, 

is found to have a dens ity of 1.75 a t ?5°. The h i Rh stRbility 

of melon, like t hAt of g rflnhite, may be exnlainea. in terms of 

the enormous munber o f r esona ting forms contributing to t he 

structure of the comnound. 
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~xperimenta l 

Cunric Anunonium Cyamelurate.- To a solution of 2 g . of 

cyameluric a cid t rihydra te in 200 ml. of hot 0.5 N ammonium 

hydroxide there we.s added e.n excess of cupric em..rnonium sulfate 

solution. After cooling , the resulting lavena_er precipitate 

was filtered off, washed and a ir dried. 'I1 he color chenged to 

a very blue s hade of l avender upon drying , probably a_ue to the 

loss of either ammonia to form a less arnmina ted compound, or 

to the loss of water of crystallization. 

Amtl. Ca.led .• for CU:t-TII4(C 6N70:3) .NH3 Cu 20.08 

}1
7 ound: Cu ( iodometrica lly) 19. 84, 20 .13 

This salt is much less soluble than the one obte ined from 

cyanuric a cid under the same conditions. 

lvlercuric CyAmelura te .- Tv,ro st=1mples of mercuric cyamelurate 

were prepared under conditions ·which .t-iant z sch founa_ to yield 

t,,.ro a_ifferent types of s alts in the case of cyanuric acid. 

{A) To a s olution of 2 g . of pure potassium cya_melurate in 

50 ml. of boiling water wa s 2dded a slight excess of a boil

ing solution of mercuric chloride. rrhe white flocculent nre

c i p i t ate of the rte rcury s alt which se nP r a ted irnmed-iately was 

well washed with water and dried. 

Anal. Cale. for (C 6N70 3 ) 2Hg 3 

li'ound: Hg 58. 31; 58.33 

Hg 57.99 

The high v a lues for mercury probably a re due to a d s orption 

of mercury by the s emi-gela tinous precipitate. 

( B) The s ame nrocedure was follm~red except t hat mercuric 

c hloride vms ren l a ced by mercuric acetate, and the solutions 

vrere ice-cold. Both s alts look ed P. like a na_ ga ve i mmed il=ite 



precinitates of y e llm·,r mercur ic ox ia.e Y-rhen tre a t ed ,,vith a cold 

1 N s od iu.m hydrox ide. Upon sta nding over night nea rly colorless 

crys t e ls of tris odium cyamelure te sep8r ated in e a ch c nse. 

17 

Cyarneluryl Trichloride.- (A) From triT)otassium cygmelurat-e. 

'I1 hirty g r ams of the s e l t, dried a t 150° for forty eight hours 

a nd 60 g . of phosphorus p ents.chloride l,vere ground to a fine 

mi xt ure in a morta r. 'I'his was sea led in a l a r g e bomb-tube s nd 

hea ted in a boiling water b eth>for seven hours. The tube wa s 

op ened to relieve the pressure, then a fter resea ling he a ted 

for an additiona l nine hours a t 139° (m-xylene v apor b8th). 

After phosphorus oxychloride h ad been r emoved by letting sta nd. 

in a desiccator over flake sodium hydrox ide in a t h in l ayer, 

the residue wa s crushed into a coa r s e powder a nd slovrl y sprin

kled into and i:vell stirred with an ice-vrater mixture to re-

move pot a ssiurn chloria e a nd any remaining pho s nhorus comn ound.s. 

The light yellovr s olid. was filtered off e n d dried in A v a cum11 

desicc a tor over concentrated sulfuric a cid. The y ield of 

light yellovr crys t a lline nov,rder v.,rhich under t he microscope wa s 

s een to consi s t o f t h in pale yellov' p l e telets, ,·ms 2:3 g . ( 93% ) • 

Cyai--neluryl t r i chloride i s h i ghl y ins oluble i n a ll org2:nic 

s olvent s te s ted, which included such s olvents as c hlor oform, 

ani s ole, ni trobem;,; ene, acetoni trile, o-dichlorobe n z e ne and 

g l a cia l acetic acid (with which it rea cted g iving a cetyl 

c hloride and cyameluric a cid). The com~oound wes sho~'rn to be 

e s s e nti a lly free from inorganic s 2lts hy i gnit ion u pon n l at

i num f oil, vrhere no ash remained. No melting was observed. , 

but the comnound g r e dua lly d.i sanpe a r ed b y a comb ina tion of 

o~J .dc1 tion c1 nd i;erhR.T-J S sublim2 tion. Attemots to s ecure pur ific t-i tion 
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by sublimation At atmosnheric uressure end under high vecw~ 

·were unsuccessful. Analyses were finelly run on the n.ry mater

ial ~ithout further purific Ptioni 

Anal. Ualcd. for C5N7Cl3 N 35.44; 01 ~8 .49 

liou nn: N (KJeldehl) 35.76, 35.32; Cl (Carius) 38.23, 

'::)7.4, 37.4 
Result s of analysis ind ice te that the cor:r001J.nd ,·,ns slightly 

imnure cysmeluric trichloride. '.'Then completely decomposed 

by digesting vri th nitric acid, the solution gave but a fa.int 

test for phosphorus ,.1ri th mmnonium molybdste. 

(B) l~rorn. cy'am.eluric ncid. Tvro g rerns of the acia. vrhich 

had been driea_ for several days A.t 150° A.nd sj_x gr2ms of 

phosnhorus pentachloride were ground and intimately mixed. 

'I'he nixture vra.s sealed in H he2vy ,:•relled bomb-tube Pnd hePtea_ 

to 218° (nenhthalene VApor bath) for thirty-six hours. The 

tube ;•m.s onenea_ neriodic1-:1lly to relieve the T)ressure. 1l1he 

contents of the tube were vrorkea. up, as in (A). Yield ;_ve.s 

2.3 g. (92%) of :nrod.uct closely resembling thFJt nrenered from 

tripotassium cyemelurate. 

I\!-Tribenzyl Cyarnelurate.- A mixture of 5 g. of anhya.rous 

trisodium cymaelurate Ema. l '7 ml. of freshly distilled benzyl 

chloride in 0 sealed bomb-tube vras heatea. for twenty-three 

hours in a boiling water bath. As little reaction appeared to 

ta.ke nlece P..t this temperatu:re, heating vrc1s continued for an 

additione.l twelve hours in 8. ve:oor bath flt 156° (boiling 

bromobenzene) • The contents vrere transferred to a Soxhlet 

extractor end extractea. for four hours v.1i th boiling benzene. 

Following reJ110VF.l of volatile compounds by distillAtion una.er 

18 mm. nressure, the residue was crystslli7ed from boiling 



benzene~ Qeight v~ s 4.2 g . ( ~6~ ). After t wo additions l re

cryst8lliza tions from ethyl alcohol very small ·white needles 

melting at 283-284° (corr.) were obtained. 

Anal. Calcd. for c27H21N7 03 

0 65.96;. H 4.31 

Mal. wt. 491; N 19.96; 

Found: Mal. ,,.rt. (Rast Camnhor) 497; l'.:f (Kjeld ahl) 

19.54 , 19.57; C 65.46; H 4.46 

Saponification of 0.2 g. of tribenzyl cyamelurate by re

fluxing for one hour vrith 10 ml .. of a queous 6 N not 2ssium 

hydroxide, followed by c'l.istilletion of the rea ction 1:1ixture 

gave a faintly cloudy distillate with an odor suggestive of 

arwci onia. ~xtraction of this with ethyl ether follovling a cid

ificstion with hydrochloric acid gave no trace of benzyl 

alcohol. Hovrnver, extraction of the aqueous solution - _ ' 

·with ether after the addition of an excess of sodium hydrox

ide g ave a fev.r drons of a viscous residue vrhich reected 

readily with benzoyl chloride. ~he resulting solid after 

crystallization from e1.oueous ethyl alcohol melted a t 105.5-

106. 0° , anc'l melted FJt the s ane tempera ture ·vrhen mix ed with 

an authentic samnle of N-benzylbenzamide, m.n. 105°. This 

shm\rs that benzyl amine but no benzyl alcohol is for:rned v.rhen 

tribenzyl cyamelurate is sauonified and. that the tribmzyl 

COTTJ T)ound is 8 nitrog en, not an oxygen ester. 

Action of Cyamelurvl 'l'richloride on Ben7,yl Alcohol.- A 

mixtur P of 1.0 g . of cyE1.meluryl trichloride and 1.5 g . of ary 

benzyl e.lcohol reacted snontaneously. 'l1he mixture becHme very 

hot a nd the yello~ color of the cyameluryl trichloride chRnged 
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to a pure white. The mixture was then boiled for one minute, 

cooled. and 2. rn.l. of benzene added. ·1·he solid i:_ftm_s removed by 

filtration Pnd the filtrate was frPctionally distilled. The 

frRction boiling betv,een 170-190° ( uncorr.) , had an unmistab2ble 

odor of benzyl chloria_e. 'l'his vras confirmed by converting it 

into the p-bromobenzenesulfon-p'-anisid.ide, m.D. 169.5-170.0° 

(uncorr.), after recrystallizing from ethanol. The melting 

point 1vF1. s 170.0-170.5° vrhen mixed with a knovm semple, m.p. 

170-171°17. 

The v.rhite residue was shov,m to be cyc1meluric acid by 

its solubility in sodium bicarbonate solution from v.rhich the 

trisodimn salt wes nrecipitated in cheracteristic colorless 

needles u-oon adding an excess of strong sodium hydroxid.e 

solution. 

h eth;yl C;ya:melure.te from Cysmeluric Acid and Diazomethane. -

An excess of an ethereal solution of diezor.1ethane vras added to 

1. 7 g . of very finely pov,rdered cya.meluric ec id. 'l'he evolution 

of ges, ~igorous at first, soon becF>m.e rather slovr. A strong 

yellmv color from excess diazomethEme i:Nas still nresent after 

standing for three days in the refrigerator, although the 

evolution of ges had become auite slow. The solid wes filtered 

off and dried. over concentr2.tea. sulfuric acid. rrhe dry i)ale 

yellovr solid thus obtained VIeighec1 1.8 g. No melting v•ms 

observed in a cariillary tube; no sol vent v,re s found from ·which 

the msterial could be nurified 1vi thout some a.Acomnosi tion. 

17 Gillesnie, J. Am. Chem. Soc., 56, 2740 {1934), gives 167.5° 

vrhich is too lO'l:1.1 • 

?O 
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Found: C 35. 4, 35 .1; B. :'i. 22, 3. 05 

CH3 (methoxyl) O.58, O.62; CH3 (methylimide) 6.95, 6.48 

Arnlysis indicates slightly more than one methyl group per nucleus 

and some methylstion of the hydroxyl grouns. 

The partic1lly methylated nroduct from the above exneriment 

afte r fine pulveriz~tion was treated again with an excess of 

diazomethene a t room temn ero.ture for four days. S ince all 

apparent reaction had ceased, the solid v:as filtered off, 

dried over concentrated. sulfuric acid, and analysed. 

Anal. Calca .• for C6N7o3 (CH3 ) 3 .lfH20 C 36.72; H 4.12; 

H20 9.18; CH3 15.3 

Found: C 06.22; ii 4.14; H2o 9.13; CH3 (methoxyl) 

O.O6O, O.O62. 
\!hen heat ea. on platinum_ foil the 2nhydrous comnound mel tea but 

in A cApilla ry tube no melting was observed. un to 290°, but 

instead extensive charring. 

Attemots to Prena.re Cya.meluric Tria.mide. - ( 1) On adding 

25 ml. of 15 N amrnonium hydroxide ta 1.19 g . of cyameluryl 

chloride, a very vigorous reaction took nlace i:mrnedi a tely. 

'l'he light yellmv color of the cyameluryl chloria e disappeared 

and a vrhi te flocculent nreci pi tate took its place. After 

standing for 1 hour this vras filtered off, ·washed ,•rell with cola. 

~.,rater and dried in the oven at 75°. ·weight 0.88 g. As no 

solvent ,:-rc1s found from v.rhich this materia:ijcould he recrystalliz

ed, the semnle ·was snalyzec1 ·without further purificBtion. 

Anal. Calcd. for C6N7(NR2)3 N 64.2; for C 5N 7 ( 1'TH2) 20 l 

N 5:.'\ :1; Cl 14.93; for c6N7 ( NH2) 2oH N 57.6 

Found: N (Kjelc1c1hl) 54.28; 54.17; Cl (Carius) 3.32, 3.50 



~ he ana l ytical da t a indic a te a n i mpure mi xture l a r gely comnosed 

of one or both di am.ides , cyameluryl 111.onochlorodiamide, a nd 

cyern.elury l di mnide. 

( 2 ) Tv;o gr 8ms of c yameluryl chloride wa s sus:pended in 

100 ml. of a nhydrous ethyl ether into ,;rhich ·wa s pas s ed gaseous 

emr1oni e. until the solution ·was sature tecl. It vm s then a llov-.red 

to stand for t wo hours a nd a e;ain satura ted vd th Bmmonie gas 

a nd allowed to stand over night. rl'wenty-five ml. of wa ter vtfl s 

then a d6 ed a nd the mixture v_ras vigorously s heken. 'l'he nre

ciuitate wa s sena rated by filtra tion, washed with concentra ted 

arrir1onium hydroxide, and a ir dried. It "\'•ra s then crushe d. a na. 

digested with 100 ml. of vra rm. 1 N ern.monimn hy dro x ide for t h irty 

r,iinutes, filtered, end dried a. t 100° for one hour. 

Anal. Found;~, 59.88, 60.0l 

S ince this ana lytic a l result ag reed most nea rly with a possible 

monohydra te of t h e trianide or t he e.m.rnonium s a lt of the a cid 

diamide the compound v.ra s dried for t vrenty-six hours et 150°. 

A loss in w eight of 4. 5210 took nla ce, with hut little chP.ng e 

in t he Bna lysis, but the material still apueered to b e i mnure. 

Anal. Found: N 60.20, 61 9 96 

( 3) T,·,o gr ens of cyamelury l chloria.e ·we_s sea led in a 

bomb-tube vd th anhydrous liouid mm:nonia and left for t vrenty 

hours a t room temp erature. 'l'he tub e ,,ms onened Fmd t he 

s.rrrn1oni P allovrea. to evanore te. 'l' he r e sidue i:,''8 s extract ea. ~·,it h 

cold v,a_ter to remove t he am.'Ylonium chloride. 'l'he flocculent 

solid wa s collected u n on a filter a nd d ried a t 100° for four 

hours. 

Anal. Found: N 60. ~4, 50.0l 

None of these p reDara tions ha s a n itrog e n content as hiRh 

a s t hat for the tri amide (64. 2%), but t he purifica tion i s 

2 ? 



hrunpered because no satisfactory so1vent hss been found from 

vrhich the compound c Rn be crystallized. 

,, Summary 
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1. Cyarneluric 8 cid ha.s been shown to form e g roup of 

compounds entirely c na logous to those of cyanuric acid. 'I'he 

anAlogy is comDlete for t he cunric am:.r11oniu1n se.l ts, the tric hlor

ides, ancl the nitrogen esters form.ea by the reB.ction of benzyl 

chloride with the resnective alkali s e lts Pt elevated temper

ature. The analogy is less exact for the di e.mides, the mer

curic salts, the oxygen esters and the behavior vrith a.ia?:o

methane. 

2. 1rhe existance of n trichloride 8.nd an oxygen ester 

indicate that hya.ro:x:yl grouns are nresent in the molecule of 

cyaneluric acia .• 

3. t he analogy with cya.nuric comnounds Pnd the -nresence 

of hydroxyl g rouns substantiate the nlanar ring s t ructure of 

cyemeluric e.cid Dronosed by :tJauling 8.nd Sturdi v c1 nt. 

4. lvle lam is nrobably dicyenurylimide and melem, cya111 __ 

eluryl triarn ide. 

5. It is nronosed that melon is a condensation nroduct 

of cyameluryl triamide, and thc1.t the resulting very larg e 

molecules a.re nlenar cyameluryl rings joined t hrough nitrogen 

atoms. 



TEE DILITUR.!\'ri~S ( 5-1HTHOBAHBITDRA.Tl1'.S) OF E3Oi'jE 

PHYSIOLOGICALLY DJPOHTl'J<rr:r BAm~s. 

Both the qualitative and the auantitative isolation of 

b r-:i sic comnounds from nAtural sources are, in general, most 

satisfactorily 2- ccomplished when the base in ouestion can 
- • 

be obtained as the s~aringly soluble s alt of a suitable 

•al ac1 . As a group, organic nitro compounds have found. the 

greetest applic ation of the acidic reagents employed in the 

past. '.rhe functional group usea. in salt formation in re

agents of this class is the contiguous nitro-phenolic (or 

1 • ) * eno.ic array. Exanrnles of corn:pouna s containing this 

grouping which have been used for isolating bases are: 

• • • d t l • • a.2 { t • • t • 1 ) ·picric aci ., s yp mic 2.c1 sym- rini ,roresorcino , 
. 2 :picrolonic 2c1d ( l-}J-nitrophenyl-3-methyl-4-ni tro·oyrazol one-5) 

nitrPnilic acid3 (2,5-dihyd.roxy-3,6-dinitro-p-henzoquinone), 

~ ·t a·k t, a. ·-a. 4 2 d a.· ·t 't' 1 15 ~ 4 6 ~ • .J -nl ro -.L .e o .ny rin ene , .., , :.. - 1n1 ronann no - , "' , . , - ,.,,ri-

ni tro-m-cresol (methyJ.picric acid), 3-chloro-2,4,6-trinitro

phenol (chloropicric acid), 2,3,4,6-tetranitro:ohenol, end 

nitroph1oroglucinol. 

During the past year it v:ras found that dilituric acid 

(5-nitrobarhituric ~cid) is superior to the hitherto em

nloyed nitro-enolic compounds as a reagent for isoJ. c1 ting 

many rn.=iturally occurring hases. It VIr-1s the nurnose of this 

investigation to study the properties of the diliturates of 

a l s r ge number of uhysioiliogically i mportant bc1ses. 

v-This is an essential but not necessarily suff icient 
characteristic of these reagents. 



Dil:L turic Acid 6 is both conveniently 1:0 nd economic Glly 

prepared by the direct nitration of barbituric a cid g iving 

v.rithout difficulty an an8lytically Tmre nroduct. Vlhen crys

tallized from water dilituric acid contains t wo molecules of 

water of crystallizstion ·which it slov.rly looses At room tem

nerature and more rapidly at elevc1ted. temneratures. The 

solubility of the pure acid a t 25° in several common solvents 

W8 s found_ to be as follows: in methenol O. 0992 moles ner li-

ter; in 96 nercent ethanol, o.0A5~; in water, 0.0631; in ab-

solute ethrnol, 0.0353; in acetone, 0.0246; in ethyl ether, 

0.00092; and in benzene, 0.004. Solutions of dilituric acid 

in hydroxylic sol vents have a strong yellovr color, vrhereas 

those in non-hydroxylic solvents are colorless. 

In equeous solution dilituric acid behaves as if it were 
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a strong monobasic acid ( conmare Fig. 1), and from the electro

metric titration of a 0.00904 N solution it appears that dil-

i turic ecia. is completely dissociated within the limit of 

error of the method. 1'his is in agreement vri th the finding 

7 of Trubsbach tha t dilituric acid is too strong an acid to 

g ive a constant by the conductimetric method. However, dil

ituric acid is not P S strong en f!Cid s.s hyc1rochloric e cid, for 

when the r a tio of diliturate ion to dilituric acid becomes 

larg e there is considerable a_epression of the pH over that 

Cc,lcula tec1 for complete ionizetion. In general, it HJYDeArs 

that cU1ituric a&id, ii¼iqueous solution, is intermea.iate in 

strength between picric and hydrochloric acid. 

The alkali and alkaline eRrth diliturates are probably 

the most interesting of the inorganic salts of this acid. v;rhich 

1 b d6i,8 1ave een prepare • _t:;xamination of Table I shows that 



there is a ten-fold difference in the solubilities of the 

:notrrnsium e.na oodium s alts in ·water a t 25°. This difference 

• ff" • tl t th t ffl dh 1 6i - a· •8 - g is su .. 1c1en y grea a .rre o m , .t!·re .1s.n1 , and Dermer 

have proposed these salts for differentiating sod.ium and pot8s

sium in binary mixtures, or for distinguishing them when a.lone. 

The al kaline earth diliturates sh.ow increas ing solubility in 

water at 25° in the order magnesium, barium, strontium ana. 

calcium. 

While a ouc1ntitative separ 8tion of magnesiu.:ri end bflrium 

is not possible, it me.y be shovm by the solubility product 

princi:ole that a solution containing 10 rn...g. of magnesium ion 

,.•rould hAve to contain sbout 50 mg. of barium ion before simul

tRneous precipitation ~ould take place. The use of dilituric 

acia_ for the detection of megnesium in the presence of calcium., 

a common occurrence in many routine a nalyses, is much more 

favorable; a solution containing 10 mg. of mflgnesium ion theo

retically reauires 230 mg. of calcium ion before simeltsneous 

precinitation t akes place. Since the crystal habit of mag

nesium barbi tura.te is very characteristic, this acid has been 

:round to be an excellent reagent for ma gnesium. \ I e have been 

able to d emonstrate the presence of megnesium in the hydrolys

ate of the crude :r,hospholipide obtR.ined from bovine spinal 

cord by the use of dilituric acid. 

It is felt that an investigat ion of the diliturAtes of 

the rare earth elements might result in e. useful method for 

separating some of the members of this group of substsnces. 

'I1he Droperties of salts formed by the interaction of 

dilituric acid with seventy-one organic bases have been tab

ulated in Table II. Bec8use of the limited number of salts 
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of t he simnle aliphatic e.mines s tudied, it is not uossible to 

give any positive statement regarding the effect of structure 

upon their solubility in water. However, it i s v.rorthy of note 

tha t ethylenediamine diliturete is the least soluble of 811 the 

organic or inorganic diliturates that have been prepRred. The 

primery alinhatic amine diliturates show surprisingly srn.All 

solubilities in ·water et 25°, and. v-riJhin limits the solubility 
' . 

increas es with increase in cha in length. In the one case 

studied., the transition. from a primary to e secondary 1::11nine 

dili turete ,,vas accompan:i.ed ~by a. a.ecrease in solubility. On 

the other hand , the salts of the ter~iary A.mines are much more 

soluble than the s8lts of the corresyiona.ing second r-i ry amines. 

?7 

vVe were, in fact, unable to isolate the dili turates of trim.ethyl

e.nd triethylamine because of their great solubility in water 

end in aqueous ethyl alcohol. A series of qualitative exper

iments were carried out 1·ri th the rn.ore accessible ar(i)TIAtic 

amines. 'l'hese all gave beautifully crystAlline salts of lim-

ited solubility in water. It appears that dilituric acid should 

prove useful in isolating various primary snd secondFry aliphatic 

amine s , high molecular weight tertiar y a lj_phet ic a."11.ines , a.ro-

t • • d -'-h d" • ma ic amJ_nes, an L, e 1am1re s. 

The heterocyclic bases quinoline, i midazole, and pyridine 

form.ea. s pe ringly soluble dili turates which could be recrystal

lized from v1rc1ter without decomposition. From the properties of 

the s e salts it is predicted thE1 t the diliturates of the nuclear 

substituted quinolines, i midazoles, a nd pyridines will be crys

t alline salts of limited solubility in water.- In contrast to 



morpholine it ,.·,ms found that ethyl morpholine dili turate we s 

extreme ly soluble in ·w13 ter. This is in c1greement vdth the pre

vious finding that the diliturates of the tertiary alinhatic 
. . 

F\ITI.j_nes are far more soluble in water thRn r-i re those of the 

corresponding secondary amines. 

The isolation of ethanola.mine from the hydrolysates of 

phos:pholipia.s by the methods hitherto available hc1 s been a 

very lAborious task, and still more serious, the methods vrere 

not c c1nable of being develo:red to yield ouantitative dAta9 • 

The observr-ition thPt ethanolamine diliturate posses but lim

ited solubility j_n water h8 s provided both .a method for its 

aualitative isolAtion and a method which appeers to be c apable 

of yielding quantitative data by the so-cAlled solubility 
1 * product method' • An investigation of the diliturates of 

etha'nolamine, isonropanole.mine (l-emino-2-hydroxynropF.lne), 

and a nTu71.ber of other alkanolamines has shovrn th8t vrithout ex

ceution the diliturates were easily obtained in a crystalline 

stAte, a decided contrast to the nicrates of these bases. 
a, 

Dilituric Pcid vms also found to be"a.ecidedly superior reagent 

for the isolAtion and determination of glucosamine. 

~he alkaloid salts of dilituric acid are well defined 

crystalline compounds of relatively low solubility in cold 

water. If R detailed micro-crystallographic study of the 

a lkaloid dili turstes v.rere made it might provide a useful add-

i tion8.l method for the toxicological investige. tion of alke.loicls. 

* Unnublished observation t sken frmn a stua.y on the nature of 

the vm ter soluble bRses J)resent in mammalian phosuholinia es. 



An extensive study of the diliturates of the amino acids 

has been made. ~he nrouerties of thirty-four salts are listed 

in ;l'able II. 'l'he most insoluble ardno Bcid diliturate invest

igated v.ras that of 1-diiodotyrosine. Since the basic amino 

acids arginine, histidine, and lysine can be removed from a 

protein hydrolysate by other PJ.ee.ns, Pnd since there is a five

fold difference in the solubility of 1-diiodotyrosine and 1-

tyrosine diliturates, it seems ~robable that the isolation of 

1-diiodotyrosine in the presence of I-tyrosine and all the 

remBining c'1mino ecids should 1Jresent no great difficulty. 

'\Jhile dilituric acid might be useful for the isolation of one 

of the basic amino acids in the absence of the others, it 

seer.is doubtful that a raixture of 011 three could be senarated 

either by fractional precipitation or by fractional crystal

lization of their diliturates. 

A comparative study of the solubilities of five 1-, dl

pairs of amino acids failed to give consistent results. In 

three cases, i.e., 1 -, l • J d] . t· . - , d.-~-~-ysine; __ , , ___ -r ::rnnr ic acid, end 

1-, dl-leucine the diliturate of the dl- acid vms the less 

soluble, 1·:hereas in the other tvro ceses, i.e., 1-, dl-alanine, 

rmd 1-, dl-glutamic acid the on-oosite '\'r8.s true. 'J'he dilitur

ates of the monoamino r1onocr>rboxylic acids shovT interesting 

sollibLi_i+.v behavior in that -ss the length of the side chain 

the rili turnte increr ses in n refn7J""r manner; exactly the 

opnosi te is observed for the solubility of the amino 205,7 s 

t',p,··1C'.olves. In addition it is found that a branchinp of the 

side chain, results in a decreese in solubility of the ctilitur

Pte. In p;eneral the diliturat.2s of the amino ocids 1:,re vTell 
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a efinecl crystalline conrnounds v,hich e.re suitable for isole ting 

ai--nino 2cids from ncueous solution. _:_,.; x1:1min2tion of THble II 

leaves little doubt thnt there are m2ny amino ecid mixtures 

th2t con he separated ''ri th the aid of cUli turic acid, but 8t 

nresent it can not be nredictst'! vrhether one could successfully 

r eso lve such 8 connlPx T0ixture 2.8 r -,,ro te in hyc1rolysnte. 

I ,, " • 7 • t J... f I- h t . . . J... • .Lne c L i_ i· .ura ves o \., ,_e nro .,eJ.nogenic anines t .. yrarrune, 

hista::.":linc, arnl. T)henylethylamine are only slic:htly soluble in 

1:r ter 2 t 25°; hence dilituric :=icid shoulo. he UPJeful for isolnting 

these substances from aqueous s olution under certAin definite 

conditions. 

As the te:rrnerature coefficient for the solubility of 

dili turic ecid and the cliliturrtes is h ir r, e these co:rrpound s 

may be readily crystallizea from hot solution. Further, since 

it is not anticinated that all these salts will heve identicsl 

temnerrture coefficients it is ~ossible thst mixtures unresolv-

eble at 25° may be satisfactorily senr:rr,ted st some other 

te:m:perature. 

Because dilituric acid is only moderstely soluble in wnter 

P.t 25° there is e. need for a more soluble form of this reagent. 

li'ortun~:tely the trimethylami:ne rncl ethylmornholine diliturs tes 

nre very soluble in water so thet these salts may be use~ in 

lieu of the acid vrhen the dili turate to be isols ted is :more 

soluble than the dilituric acid, v~en it is necessary to have 

en excess of a.ili turate ion 1)resent in solution, or "'hen vrork

ing with ther:molabile substances. 

One of the aclvnnteges of isoleting bases in the form of 

their salts is th2t the bsse can be easily regenerated. It 

hr-i 2 been founcl th8t the reg eneration of br:ses from their 
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d ili tur8te s c a n be o chi eve cl in the mr j ori ty of c e ses by s irrr:i ly 

r enl e cing the b 1-1 se i n nuestion by ethy1enec1i r-i mine, rrngnesiurn., 

or arn.:rn.onie as the selts of t hese t hree substflnces s re e xceedinr; 

ly insoluble in 1-'r8_ter a n c1 in f e et, s re in the order nrn.ed the 

most insoluble of a ll t he niliturr,tes inve,stig8 terJ. 'J.'hus in 

e tvnical Ce s e, t he cl_ecrn-ri.nosi tion of g lycine d ili ture.te -i_1:i th 

rnnnonir f,D.ve an 89;G yield of crystF1 lline g lycine. 

The e lenenta ry an2 l y sis of d ili turic r c id Pna the ail-

j_turntes deserves some co:mr1_ent since the ordinrry :1,r er;~l uni

versAl f:i.llin:::: for t he determinstion of ca rbon Bncl hyclrogen10 

must be modified before satisfactory results can be obtained. 

It ~~as necessa ry to ren l a ce the orig ine l Preg ~l conne r ox ide-

lend c hromete conbustion zone filling by conner oyide, a nd to 

renlnce 2cll of the silver nlue; s in front of the co:rnbustion 

7one by o.shestos . ln addition the s2t111le vre s ::1 i xed ,.•rith novr-

dered. cunric oxide nrior to i gnition. 1iy observing these 

* conditions s~tisfe ctory a nalys e s were obteined. 

In c onclusion it ma y be sta ted that dilituric a cid nossess

es neny of the characteristics of the ideal Acid ic urecinitant 

for ( a ) it i s rec1dily av A.i lable 8t lm-,_r cost; (b) it beha.ves as 

a strong monobas ic a cid in aqueous solution thereby diminishing 

t h e nossibility of forming mixed salts; (c) it is moderately 

soluble in ,,rster and the lovrer a.lcohols; (a.) several very 

soluble salts are known Fhich -:::iennits a n excess of diliturHte 

---------------------------------------------------------------* The low carbon v a l ues obt a ined with the Preg ,1 filling Are 
und oubtedly r.l.ue to the f a ct tha t the combustion of dil i turic 
a cid is accm:rnsn ier1 by the :forme tion of hydrogen cyan ide or 
cy2no~en 2nd thrt the s e s ubst ances react with silver and lead 
chror1r-> te to g ive the corre snonding cyP.nides ,,rhich a re not com
p letely c1ecomnosea. 8. t t h e usua l o-oerating ter1nerAture of 600°. 
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ion to be ~aint nined in concentr8te~ solutions; (e) all the 

diliturates nrenared were well defined crystAlline substAnces: 

(f) the salts were characterized by a ~ ide vari a tion in solu

bility thus 8110~',ring mixtures to be fre ctionated; ( g ) the e cic1 

and its salts nossess a hi5h temnerature coef ficient of solu

bility 1.·rhich nen11i ts reedy YJurification by recrystallisAtion: 

Bnd (h) in the m0jority of cases t he bAse can he obta ined 

easily from the RPlt by a sinnle double a.ecomnosi tion. 
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Prepa ration of Dilituric Acid.-The acid may be nreuared 
t. ·- . , 

a ccording to the directions given in Organic Syntheses6h, or in 

better yield and vrith less t-3:'ouble by the method of Fredhol.m6i. 

Since the l atter reference is not in the Institute Library, 

directions for the prenaration of dilituric acid by a modifica

tion Df this method are given in detail here. 

ln a 400 ml. be;:iJ-;:er are placed 25 g. of technicel bar

bi turic Pcid and 50 ml. of cone. nitric acid (d. 1.42). If 

the reaction a.oes not ste.rt s~oontaneously the mixture is heated 

on the steam bath until a vigorous reaction takes -olace. After 

the preliminary vigorous reaction an additional 20 ml. of cone. 

nitric acid is addea. , and the mixture is heHted for fifteen 

minutes on the ste8.Jll bath. '1.'hirty milli1i ters of ·wet er are 

c1.ddea to the hot 1n.ixture after vrhich it is cooled in 8n ice-

~ eter bath. ~he solid acid is separated by filtration and 

dried at 70° to constant weight. The yi ela is quantitative. 

After a single crystallization from water the acid vrhen 

dried to constant weight g ives a correct analysis. 

Hound c, 27.5; h, 2.0. 

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

of thrice crystallized anhydrous a_ilituric 8Cid in 150 ml. of 

distillec1 ,vR ter i '_r2 s titrated. i,•;ith 0.1042- N socl.ium hydroxide at 

" 1° • B 1 .,., 11tr t ( 1 1 .,_ a ) -"' - a t • r~ usJ_ng a J. ec ... crne n pn .L'.-J. 8 er g e.ss e_ ec vro _e 1.0.r _e erming 

the pH of the solution. rrhe adjustment of the pH Meter w2.s 

checked vri th stand:=i,ra. buffer solutions at the tine of use. 

~he results so obtAined Pre recorded in Table III and are 

shorm graphically in Fig . I. 
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'l'cble I 

Inor ~anic Salts of Dilituric Acid 

Dilitur :1 te fr, 01 .1:!t . 

I'fa c;ne s i u.m 4 76 . 5f 

Bariwa 517 • 5C 

Strontium 442 .7 
a 

CoprJer 461. 7d 

Pot r-:is siu.m 211.1 

Calcium 402 . 2b 

Silver '7 ..., e ,>5c .. O 

s oa.iu.rn 195 . 0 

a Hem.ihyc1r FJ te 

b Mono hydr at e 

C Di hydrate 

Ana l ys is Solubi l ityg Anpear ance 
Ce lcd . Found g • / l • hio 1 es / l . 

l •.g ; 5 . 04 5.05 0 . 4 7 0 .00099 T'h in rect-
angula r pl ates 

Ba ; 26 . 55 26 . 43 0 . 66 0 .00127 Sandy pov,rder 

0r; 1 9 .77 19.72 0 .74 0. 00171 Pl s telets 

Cu; 1 :--; . 78 13 . 80 0.82 0 . 00176 Pale green 
needles 

K; 18.5?. 18 .40 O.82 O.OO388 Hhombic nri1'lms 

Ca; 9.94 9 .84 2 . ::59 O.OO57O Needles 

.Ag ; 00 . 60 :30 .60 4. . 4 0 0.01250 Feethery 
pl ntelets 

Na ; 11.78 11.65 7. 40 0 . 0079 Needles or 
Pr i sms 

a_'l'rihyd r p,_t,e 

e 

g In vmter a t 25° 

Tetra.hydrate 

f Hexshyd. r a te 



'11A3LE II 

Organic Sal ts of Dili tur•ic Ac id 

Di l itur Bte Mol.Wt. Analysis So 1 u bi 1 it yh Anpear .s nce 
Ca l cd. Found g . / 1. Moles / 1. 

Base C H C H 

Simple Arr. :tnes 

~t hylene di bmineg 406 . 2 2 9 . 6 3 . b 2 9 . 8 3.6 0 . 24 0.0006 Cr ysta l l i ne 
Powde r 

Ammonia 190.1 25 .3 3 . 2 2b . 3 3 .3 1. 38 0.0075 Fine flakes 

Ethyl amine 218.1 33.0 4.6 33 .1 4 . 2 2 . 84 0.01;30 Need les 

Dlme.tl1yl amine 218.l 33.0 4 . 6 3;5 . 0 4 .6 3.70 0.0145 Crystalline 

3 26. 2b 
powder 

Phenylisopropyl amine 4 '7. 8 b . b 47. '7 5.6 4. 8 4 0.0147 Yell ow needles 

n - Butylarnin e 246.1 39 .0 5 .7 39 .1 5 .9 4 .05 0.0165 Sca les 

n-Amyl s mine 260. 2 41.6 6. 2 41. 8 5 .8 6.19 0 .0238 Sca les 

Aniline 266.1 45 .l 3.8 4 5.2 4.1 6.93 0.0260 Re ctangular 
plates 

Methylamine 204.1 29.4 3.9 29.2 3.9 7.49 0.0367 Crysta lline 
powder 

Tri-n-butylamine 358 .3 53.6 8.4 53 .3 8 .5 18.11 0.0506 Rectangul a r 
prisms 

Simple Heterocyclic Bases 

Quinoline 302.1 51.7 3.3 51.8 3 .6 6.89 0.0228 Yellow needles 

Imida zole 242. 1 34.8 2 .9 34.9 3.0 8.70 0.0359 Long r e ctangul ar jl 

prisms CJ1 
, 



TABLE II cont. 

Pyz•idine ? 5 ;.-' .l 42.8 3 . 2 4 2 .6 3.2 13.65 0.0542 Stout prisme tic 
ne e dles 

d(+)Glucobenzimida zole 43.6 4.3 43.8 4.6 28 . 6 9 0.0652 Colorles s needles 
441.3 

Mor oholine ~~60 .1 36.9 4 • r/ 3.6. 6 4.9 20.80 0.0800 Pla telets 

Alka nol amines 
- ~ ---

dl-Ephedrine 338.2 49.7 b .3 49.4 5.3 2.94 0.0087 Pa le yellow 

319 .2a 
pl a telets 

b-Hydroxyphenyl- 4 5 .3 4.7 45.4 4.8 4.01 0.01 26 Flat spea rs 
ethyls.mine 

1-Ephedrine 338. 2 49.7 5 .3 49.8 5.5 10.3 0.0303 Pa le ye llow 
pl a telets 

d-Pseudoephedrine 36s .2c 46.l 5 .8 45.9 5 .8 11.7 0.0320 Pa l e ye llow 

1-Ephinephrine 374. 2 b 41.8 4.8 4 2 .1 
l ea ves 

4.6 13.'7 0.0365 Buff fl akes 

Ethanolamine 234.1 30.8 4.3 31.0 4. 2 l ~ .ti 0.0534 Rect an gul a r 

38 7. 2d 
pl a tes 

d-Glucos o.mine 31.0 5 . 2 ~'>1.0 5.0 32.9 0.0849 Fine white 
needles 

Tr:tethanolamlne 322.2 37.3 5.6 37.4 5.7 42.4 0.132 Colorless 
prisms 

l-Amino-2-hydroxy- 248.l 33.9 4.9 34.1 4.8 33. 2 0.134 Fine flakes 
propane 

Alkaloids 

Q,uinineg 697.3° 48. 2 4.4 48. 2 4.4 1.28 0.0016 Rectangular 

812.4f 
pla tes 

Brucineg 45.8 5.0 4 5 .5 5. 2 3.04 0.0037 Rectangul a r 

Strychnineg 
plates 

734.48 47.5 4.6 47.6 5 .0 2 .84 0.003 9 White needles 
-'..N 
CJ) 



TABLE II cont. 

C:tnch on ine g 6b8 . 3b 49 . 2 4 . 6 49 .4 4 .7 6 .1 9 0 . 00 90 Mi crosc opic 

658. 3 b 
n e e d le s 

Cinchoni d i n e g 49. 2 4. 6 4 9 .l 4 .7 6 .71 0.0102 Cr ystal l ine 

Ni c otineg 008 . 2 42. b 4 .0 L} 2 . 2 
powder 

4 . 3 6 . 23 0 .01 23 Fel ted needles 

Cnf f e i n 38 b . 2b 37 .5 3 .9 ?;7 . 8 4 .0 26 . 2 0.068 Pa le yellow plat e s 

Arni_n o Ac i ds 

1-Dti od otyrosin e 606 .0 ~j 5 . 7 2 . 0 2b .4 2 .1 1. 32 0.002 ;:; Cre a m colore d 

d l -Ly s i ne g 
p owder 

492 . 2 34.l 4 .1 3 4 . ?. 4 .1 ~-s .1 :? 0 .0064 P 8 le yellow 
s c F,les 

O' 
l-Bistidtne 0 5ol. 2 33 . 6 ~~ . 4 ~':1 3 . 4 3 . 2 3 .97 0 .00'79 Fine ne edles 

1-Lysineg 49 2 . 2 34.1 4 .1 34 .l 4.3 4.40 0.0090 Sa nd y cr ysta ls 

1-Tyrosine 37 2 . 2b 41.9 4.3 4 2 .1 4.4 3.73 0.0100 Needle s 

1-Ar g inine 347. 2 34.6 4.9 34 . b 4. 8 3 . b4 0.0102 Fine n e edles 

1-Cystlne 586.3 28.7 3.1 28.4 3.1 8. 56 0.0146 Stout needles 

dl-Phenyl a lanine 356. 2b 43.8 4. 5 43.5 4.6 5.70 0.0160 Wh i te needles 

dl..ol-Aminoi so- 276.lb 3 2 .6 4.8 3 2 .6 4.8 5 .41 0.0196 Fla t needles 
butyric acid 

1-Tryptoph ane 337.2 47.7 4.0 47.4 4. 2 7.54 0.0200 Fine needl es 

dl-~-Aminophenyl 
a cetic a cid 324.l 44.4 3.7 44.3 3 .4 8.94 0.0276 Rhomb ic prisms 

'Jl 
~ 



TABLE 1 I cont. 

SBrcosi ne 262 .1 31.2 3.8 31.4 4.0 8 .83 0. 0;337 Long wh:i.te needl es 

Bet a ine 290 .1 37. '2 4 . 8 36 .9 'L8 9.93 0 .03 '±2 Fine needles 

dl-oC-Amino-n-
294. 2b but yri c a cid 32.6 4.8 3 2 .6 4.9 11.6 0.0395 Pl a tes 

1-Alrin:i.ne 281.lb 30.0 4.3 3 o.o 4. 3 13 .3 0.0430 F'eJ.ted needles 

Glycine 248.1 29. 0 3.3 28.8 3.5 1:2 .1 0.048'1 Pa le yellow 
plF.i tes 

dl-Al anine 281.lb 30.0 4.3 30.1 4.3 14. 0 O.Ob04 Fine needles 

dl-Aspartic a cid 306.1 31.3 3.3 31.b 5.6 18.6 0.0607 Cryst a lline 
powder 

1-Glutamic a cid 320.1 33.7 3 . 8 33.6 4.0 21.0 0.0666 Cr ystalli ne powder 

dl-/ -Amino-n-
butyrlc acid 276.1 34.7 4.4 34.5 4.5 21.1 0.0765 Scales 

dl-Glutamic acid 320.1 33.7 3 .8 3?: . 7 3 . 8 28 .8 0.0898 Cottony crysta ls 

1-Cyste ine ~"303. 2a 27.3 3.6 27.6 3.5 28.0 0.0924 Radi a ting needles 

1-Aspartic acid 306.1 31.4 3 .3 31.5 3.7 28.6 0.0936 Radiating needles 

dl-Leucine 304.2 39.4 5 .3 38 .9 5.1 28 .6 0.0942 White crystals 
I 

1-Proline 288.1 37.5 4.2 37.3 4.3 28.9 0.100 Pale yellow scales 

1-Aspar agi ne 305.1 31. 5 3.6 31.4 4.0 31.4 0.103 Whlte crystals 

1-Leucine 322.2b 37.3 b.6 37. 2 5 .7 33.9 0.105 Matted needles 
c;:J 
OJ 



dl-Valine 290.1 37 . :.5 

dl-I soleucine 304. 2 o9.4 

d l-Norleucine 304. 2 ()9 . 4 

dl - Norva l ine 290.1 37. 3 

dl - Iv1ethioni ne ;331. 2 25 .7 

dl-Ser:tne 27 5 .l 30. ~ 

1-Hydroxyprol i ne 304 .1 3 b .6 

Proteinoge nic Amines 

Guanidine 232.1 25.9 

Tyramine 310. 2 46.5 

Histamine 284 .1 38.1 

Phe nylethylami ne 303. 2a 4r/ .6 

Cre a t inine 286.1 31.6 

Urea 233.1 25.7 

a Hemihydrate 
b Monohydrate 

c Sesquihydrate 
d Dihydrate 

TABLE I I cont. 

4.8 37. 5 4 .8 31.0 

b .3 39 .3 5 .4 3i.7 

5 'Z .v 39 .7 5 .4 35 .0 

4.8 37 .4 4.9 32 .0 

2 .0 25 .4 2 .1 37.2 

3 .6 89 .9 3 .6 · 31. 2 

4 .0 35 .9 4.2 42.8 

3.5 26.0 3.1 1.59 

4.5 46.7 4.6 2 .76 

4.2 38.3 4.4 4.87 

5.0 47.9 4.8 5.77 

4.0 31.8 4.0 6.70 

3.0 25 .5 3.1 8.46 

e Trihydra te 
f Tetrahydrate 

0.1067 Vit'hi te cr ysta ls 

0.107 Stout needles 

0.109 Minute p l 8. tes 

0.110 Rose t tes of needle s 

0.112 Yel low plate s 

0 .112 Thin Pl&tes 

0.141 Yellow SC8.les 

0.0069 Needeles 

0.0087 He xagona l plates 

0.0171 Long Needles 

0.0190 Needles 

0.0230 Crystalline powder 

0.0363 White powder 

g Diacid s a lt 
h In water a t 25 

::,-:i 

'° 



Prepara tion of the Diliturates.- A solution of 5 milli

noles of d ilituric a cid and 5 ~ illimoles of t he base* (2.5 

millimoles for 8 diacid bese), or one of its soluble salts, 
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vm s nrenared in the minimu.rn 2,mount of hailing ,.,.rRter; t he solution 

v•p.s filtered a nd allov~d to cool to room temnera ture. The re

·sul ting salts, ,,rhich in 13:enersl vrere a istinctly crystalline, 

were separa ted by filtra tion a nd dried in a v e clDJro desiccator 

over concentrntea. suli'uric 0cid. 'l'hses salts vrere crysta lliz

ed one or more tL1es before deterinining their comnosition And 

solubility. In common ·1.v i th rnrmy org anic salts t he dili tur0tes 

of mP..ny of the b a ses investigated do not he.ve satisf8ctory 

Deternirn:1tion of the 0olubilities.- It was necess8ry to 

CArry out thA solubility me Psurements on a sma ll scale in order 

to n :i-0 event the cost of the investir;ntion fro:rn becoming excessive, 

since some of the ba s e s cost in excess of four dollars ner c r am . 

Preliminary tests m2de on g lycine diliturate indicated t hat 

reasonable accurracy could be obtained by use of a 10.00 ml. 

portion of the sP,turc1ted solution. li'urthermore, when eouilib

rium ,:m s anrlroa ched from both the sunersaturated and t he un

sBtm:2ted side the results ,11ere in ac;reement vrithin the limit 

of error of the v~ i ghing onera tions. 

'l'he solubility vessel, shown in 1!' i g . 2, ,:.12 s s o a_esig ned 

as to mini!l1.. i:;>;e errors resulting from l a ck of t hermA 1 anc_ solute

solution e ouilibri1JJn. At no tine C:1-o e s t he solution: con e in 

conta ct with anythinc but ~yrex glPss in t h is tyne of tu.he. 

-----------------------------------------------------------
* ~.\Te 1:'.rish t~o t ht1nl~ Dr. G. Alles for su~nplying n n1J.mber of 

t he a lkanol And nroteinogenic amines. 



'l'able III 

TitrAtion DRta for Dilituric Acid 

Vol . in ml . of Bsse/Acid 
o.1O4? N NeOH Ratio 

added. 

o.oo o.oo 

1.00 .077 

1.99 .155 

3 .00 .233 ' 

5.00 . 388 

7.00 .544 

8 .00 .622 

10.01 .778 

11.00 .855 

l? .. 00 . 933 

10.OO 1.01 

14.00 1.09 

15.00 1.17 

16.00 1.24 

18 .00 1.40 

20.00 1.55 

22.00 1.71 

24.00 1.86 

26 .00 2.02 

pH of 
Solution 

2.03 

2.07 

2 .10 

2.18 

2 . 29 

2 .44 

2.53 

2.79 

3 . 40 

7. 86 

9.27 

9.58 

9.75 

10.04 

10.27 

10.46 

10.67 

11.15 



10 
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pH 
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3 
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TitrPti on Curve f or Dilituric ( 5- Ni t rnbPr hituric) Acid 

Moles of Be se ner k ole of Acid 

Fi g . 1 
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\Jhen in the thermostat the nortion cont8ining the solution 

una_ergoing eouilibr2tion is 10 to 12. cm. belov,r the surface of 

the water in the thermostat, thus lesseninr; errors from thernal 

disturbances et the i:'11.nediate surface of the thermostat bflth. 

i1'he tu_be and its contents y,rere neriodically rocked through an 

angle of 120° e_bout :.:in axis normr.l to the nlane contnining 

the three a.rms of the vessel and nassing through a noint 5 cm. 

to thP right of the stonner. ~his motion brought shout effect

bre egitFition of the solute in the solution. 

In view of the nreviously mentioned considerations, and 

since in this investigation a high degree of accurracy wc:1.s not 

necess2ry, only a single determination was made for esch com

nound renortea.. Saturated solutions vrere alv1eys anproachea from 

the sunersaturated side by placing sarroles saturated at 40-50° 

ana_ eontaining 2n excess of the solid_ nhase in a thermostat 

mAint2ined at 25.0• 0.7i 0
• Forty-eitht or more hours ·nere 

allovrna_ for the attainment of enu:tli briurn_ in every case. A 

10. 00 ml. alicuot 1vas ,vi thdrevm by sucking the solution thru 

P suitable filter, Fig. 3, attached to a □ Rlibrated 10 ml. 

ninette. Crystal clear solutions were secured in all cases. 

'l'he Pliouot wc1.s evaporptea. to dryness At 80° ;::inc1 the resid_ue 

1_-rf' s y,eighed. 'l'he comnosi tion of the solid nha se YT8 s a.et ermined 

by drying the sel ts at 80° 2nd 2J1.nl:T?.ing for cc1rbon and hydrogen. 

'l'he solubili tes of the vsrious clili turates, in water at 25°, 

are given in Tables i and II, and those of dilituric acid, 

in a nu_n.ber of different solvents at 2.5°, in the text. 

The Analvsis of Diliturc1.tes.- The deter:rrrination of carbon 

Pna_ hydrogen vrns conducted on 2 . semi-micro sacle v·d.th the 
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Solubility 'l"ube P inette Filter 

Actuc1 l 8 i7e 2 /3 Actua.l S i7e 
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f ollm'' ing combustion tube f illing . 1 , 12-13 rnm. ( o . D.) combustion 

t ube cons tricted to 0 ce :l illPry P t, one e na 1.'.'8 s c he.rg ed, in the 

o r o. e r non ed, ,-, i t h 1.5 c:t1. of silve r 1·,onl, 0.5 cm. of asbestos, 

~.o cm. of l eoc'!. ·, eroxide, 0. 5 en .. of i1 sbestos, ~ .. o c:rn . o:r silver 

v,ool, 1. 0 cr1 . of esbestos, '.7. . 0 cr1 . of 10/:J ·nl [l t n i 7e c1 PSb P. stos 

(c hok in~ ~lug ), ?O .O cm. o f co~:)e r ox id e wire Pn t 4 . 0 cm. of 

lOp n l Ptni ? ed rsh estos. Durinp a n Rn~lys i s the f irst 9 .0 cm. 

o f the tuo e , mer.sured fro~ t he cons tricted e n.a, rr:->s rl8 intn ined 

nlixe d vrith ? - '.7. tines its ,·re i ght of conner oxic'l.e 1)rior to 

i p 1ition. 

Hecovery o f Glycine from it s Uiliture te.- To 8 . 4 g . of 

g lycine cl ili turnt e in 100 ml. o f hot ·,:,eter P ere :=i d cl ed 7> ml. 

of 15 1-1 Pr,Fr10nium hydroxide. .L nre cinitf'lte of 2mY11oniurn cl.i li

t u r a te fo rmed i r,m:i.edin tely. 'l'he sol ution 1PA.S c ooled t o roon 

ten ner a t u r e , t he nr e cin itAte r en ovea a nd t he filt r e t e ev~ norPt ed 

t o 2 0 ml. Unon adding 100 ml. of ethn nol to the conc entrrte 

g lycine beg0 n to nreci~ita te. After cooling to 5° t h e nure 

i_•rh i te T>roc1 uct , ·rc1.s recovered ana dried in V8.CUO. '11he ·weight 

n~, s ? .30 n: . or 8 9~:} o f the t heoretica l mnount. 
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i:3U1VTIVIARY 

I m~0 rovea. methods have been described for the 1;renaration of 

melon, notassium eno. sodium melonste, not2ssium ana. sodium cyam

eJ.urete, and cyameluric e.cid. Cyameluric a cid. has been shovm to 

form a g roup of comnounds entirely anelogous to those of cyanurj.c 

a cid. 

The existance of e trichloride end r n oY.ygen ester indicate 

thPt hydroxyl e;rouns a re nresent in the molecule of cyameluric 

acid. 

'lihe ana logy 1.1!i th cyanuric con1n ouna. s end the nresence of 

hyd.roxyl g rouns substnntiRte t he nlen8r rine; structure of cyam

eluric acid nronosea. by ~au.ling a nd Sturdivant. 

iv:i.elar1 j_s nrobably dicyanurylimide e nd melem, cysmeluryl 

triamicle. 

It is nronosed thBt melon is a condensation nroduct of 

cyan eluryl trias ide, end thPt the resulting very lerg e molecules 

are n l enar c yame luryl ring s joined through nitrogen a toms. 

PPrt II. A number of sRlts of dilituric P.Cid (5-n itrobarbituric 

a cid) ha~e been nrenarea. and a study of their nronerties has 

shm·m thet d ili turic Acid i s a satisfs ctory reagent f or the 

isolation nnd a.eter.r:j_nrition of many orga nic 2nd inorga nic bases. 



PROPOSI TIONS . 

1. 1<.una.e, Scott r:1 ncl Johnson (J . . A.m. Chem. 0 oc., 52, 1 284 

( 1 9 '7.0 )) 1 • k • R • h t • a .. - ' 1,r1,- ( T-r 1 c • 1 . . , 1 . ewise eic .s ein 2n .. l.'., scno_'-,,. e ;_e_v. h i m. ~eta , 15, 

1124 ( 1932 )) observed tha t ~V hen the nitrile resulting from. t h e 

trE2tment of alnha -furfury l c hloride vri t h sod ium cyanide is 

hydroly7,ed the exnectea. 2-furyl ec etic a cid_ ~.,rs.s not obta ined, 

but ins t ead 5-rn.ethylfuroic a cid. vrp s t he ma in nroduct. rl'he 

a nomaly is best exnlainea. as a t yn e of a llyl ic reRrrengement. 

A similar rearra ng ement i s nrea_ic ted vrhenever t he c hlorine in 

a l nha furfury l c hloride i s renlnced by Fl g roup R vrhen t he re

p lacement urocess is essentia lly ionic. 

2 . ~he stable sulfur dithiocyanate, S (SCN) 2 , of Bond 

a nd \'leaver ( J. Am . Chem. Soc., 60, 2614 ( 1938 ) is p rea_icted to 

bee derivative of thiocvanuric a cid. fhe monome ric S (SCN) 2 

has ::irobably nolymeri7,ed to nolymers contFiining the c y1:rnuric 

nucleus. 

~ . ~he substance ex tra ct ed from the coty ledons of young 

Hanhanus (var . I,.renc h Bree.kf2st) n l ants causing Dosi tive cur

v n ture in the Avene test is a true hor111one. 

4 . The structure 

the knovm chen ical 2nd 

---°'-----CJ{~ so 2 for methylene sulfate exp l a ins 
~o/ -· 

nhys ical nronerties of the compound more 
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satisfactorily t han cloes the structure 

proposed by Baker (J. Chem . Soc., 

r e cently 

86 ( 1932 ) ) • 



5. The most effective method for teaching Organic Analyses 

vrould be to make it a year course with the uortion dealing with 

ouanti tative determina tions nrecea.ing the portion dealing with 

qualitative determinations. 

6. ·fi1e substance from the Re:phanus cotyledon which gives 

a nositive curveture in the Avena test is nrob a bly en ester of 

one of the auxins. 

7. 1l 1he c ya nuric bi sulfide of Klason 

(J. nrakt. Chem., (2), 33, 120 (1886)) Tn.ay 

heve e cage-like structure of the type 

8. In OTrnosition to t he statement of lJassiter there 

is considerable evidence which may be interpreted as evidence 

for the existence of a 1J eak hydrog en bond of the tyne S-H--X. 

9. ~he 2- and 4-monohydroxynyridines c annot be sdaouetely 

reDre s ented by any single structure. 

10. the relat ive 8mounts of isomers, ortho-na ra com

pared to mete, formed in a substituted henzene, Ho , vrhen 

a second grouu H' is introduced should shov a depencence unon 

the nroton :::1 cti vi ty of the reection rnixture v,.rhen rt is COOH, 

CEO, CN , Lil½ , UH , and sir.iilAr g rouris. 'l'he directi0n of shift 

in t he r a tio ortho-u2ra /met a is nredict0.ble for e pch group. 

11. The me chnnisr.i for the a(ld ition of silver iodobenzoate, 

I)tg ( CO@C6 H5 )2, to the ethylenic double bona. forming a g lycol 

dibenzoate involves (1) addition of I+ Pnd_ Ag(COOC5H5)2- to 
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t he double bond, ( 2 ) e limirni. tion o f silver b enzo a te, and ( 3 ) 

r e-p l a cement of i odine by benz oc1.t e i:·ri th t h e formation of si l ver 

ion.ide. 

12. A moa_ific e.tion an d extens ion o f t he mechanism for 
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the forma tion of the butenes from 2 , :-S -dHmmobuta ne pron osed by 

Wins tein, 1.:i ressma n a nd ·Young (j. Am . Chem. Soc., 61, 1645 (1939)) 

e xnlains more f a cts than are exula ined by t h e una bridg ed theory. 

The modific a tion involves the contribution from G. nu a si-ionic 

re s onance form. of the a_j_ b romi de molecule. 

Re snectftilly submitted 

-0.~~~ 
August 4, 1939. 




