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Formic Acid Reduction. III.Y) Barbituric Acid Derivatives. New
5-Methylation Reaction of Barbituric Acid Derivatives
with Formate and Course of the Reaction

Mimnoru Seriva and CHizuxko YANAIHARA
Shizuoka College of Pharmacy®

(Received June 19, 1967)

It has been found that after heating with a reagent, given by 5HCO,H-2N (C,Hy),,
several barbituric acid derivatives were methylated at the 5-position. The reaction was
revealed to proceed through an intermediate, 5,5’-methylidynebis (barbituric acid), which
had been previously known as the usual reaction product obtained by heating with formic
acid. The reaction course was found to involve an interesting aspect that the reagent
carries out a saturation of the carbon—carbon double bond at the 5-position followed by
a reductive fission of the bond. :

The salt-like compounds of formic acid, represented by general formula 5HCO,H-2NR,,
are liquid of constant high boiling point, and have been previously studied in this laboratory
as reducing agents effective for certain reduction reactions.’»® Using 5HCO,H-2N(C,Hj)s,
bp 95° (156 mmHg), which is hereafter called as TEAF (abbreviated from triethylammonium
formate), it has now been found that 5-methylation of barbituric acid, its N-methyl derivatives
and 2-thio-substituted analog can be effected with this reagent. In the literature®® the
reactions with formic acid alone have been reported to give 5,5"-methylidynebis(barbituric
acid)s. The 5-methylation was, however, revealed to proceed through this 5,5’-methylidyne
compound as an intermediate. The finding of such original reaction appeared to merit an
investigation on the pathway of the reaction. Studies on this aspect have introduced in-
teresting intermediate reaction which leads to the saturation of carbon-carbon double bond
at the 5-position followed by reductive fission of the single bond.

I. 5-Methylation of Barbituric Acids by Heating with Triethylammonium Formate (TEAF)

There have been a number of papers on the reactions of barbituric acids with formic acid**)
or its derivatives such as ammonium formate,®® formamide®-®) and ethyl orthoformate.”
In these reactions, 5-hydroxymethylene-, 5-aminomethylene- or 5-ethoxymethylenebarbituric
acids are obtainable in some cases and in other cases 5,5-methylidynebis(barbituric acid)s
are formed presumably by further condensation of the primary product with the starting
barbituric acid.

In contrast to the above facts, it has been found in this laboratory that a variety of
barbituric acid derivatives, when heated with TEAF, were converted into the corresponding
b-methyl compounds in good yields. As substrate, barbituric acid (I), 1-methylbarbituric
acid (II), 1,3-dimethylbarbituric acid (IIT), and 2-thiobarbituric acid (IV) were used. These
compounds were heated along with TEAF (12 molar equiv. as HCO,H). At about 100°, the
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mixture colored either yellow or orange according to the substrate, and during continuous
heating at 135—145° for 3—4 hours the color then disappeared gradually, while evolution
of carbon dioxide was observed. By treatment of the reaction solution, from I, II, IIT and
1V, triethylammonium 5-methylbarbiturate (Vs), 1,5-dimethylbarbituric acid (VI), 1,3,5-tri-
methyldialuric acid (VII) and triethylammonium 5-methyl-2-thiobarbiturate (VIIIs) were ob-
tained respectively in 72—809, yields as shown in Chart 1.
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The reaction appeared to proceed specifically with TEAF or other trialkylammonium
formates, but not with formic acid. On heating V with formic acid no reaction other than
the previously reported formation®® of 5,5'-methylidynebis(barbituric acid) occurred even
under rather severe conditions.

In Chart 1 the formation of VII from III, different from the others, is considered to be
due to the extreme instability of the expected product, 1,3,5-trimethylbarbituric acid, on
oxidation in atmosphere. A similar observation has been reported® that the dialuric acid
was isolated in the case of the catalytic hydrogenation of 1,3-dimethyl-5-anilinomethylenebar-
bituric acid over palladised calcium carbonate. Furthermore 1,3,5-trimethylbarbituric acid
was confirmed spectrophotometrically as the real direct product in the reaction. Imme-
diately after the reaction, an ultraviolet spectrum measurement of the reaction solution pro-
vided the appearance of an intense absorption at 272 myu, which was different from that of
VII (A% 231 mu), and this observation would be indicative of the presence of the expected
1,3,5-trimethylbarbituric acid from analogy with the absorptions of 5-alkyl-substituted anal-
ogs, such as 5-benzyl-1,3-dimethylbarbituric acid® (A3%7: 268 my) and 5-phenethyl-1,3-
dimethylbarbituric acid® (AMe®: 270 muy).

9) Preparation of these compounds will be reported in the succeeding paper of this series (Part IV).
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Among 5-methyl-substituted products of the reaction described above, 5-methylbarbituric
acid (V) and 5-methyl-2-thiobarbituric acid (VIII) were obtained in the form of triethylam-
monium salt, probably owing to their stronger acidities. Both of the triethylammonium
salts, Vs and VIIIs, has not been known. The former was shown to be labile on oxidation,
but the latter was not so sensitive.  The compound Vs was crystallized from ethanol-chloro-
form to needles of mp 202—204° (decomp.), which was identical with one prepared from an
authentic 5-methylbarbituric acid. However, when heated with ethanol or water for longer
period, the crystals were converted into plates of mp 198—200° (decomp.), which we gave
the empirical formula C,gH,,0,N;, and which was ascribed as a new complex—compound
(XI) composed of 5-methylbarbituric acid (V), 5-methyldialuric acid (XII) and triethylamine
in proportion of one mole each. Data for the assignment are described below.
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To an aqueous solution of XI an excess of hydrochloric acid was added to neutralize
the triethylamine component of XI, the precipitate immediately formed were proved to be
identical with V (yield 78.59,). The mother liquor was lyophilized and then extracted with
chloroform. The chloroform—soluble component and the insoluble component were proved to
be identical with triethylamine hydrochloride (yield 779%,) and XII (yield 869,) respectively.
From these facts the units composing the complex seemed to be V, XII and triethylamine.
The complex itself did not undergo further conversion on refluxing with ethanol or water
for longer period, this showing it to be a stable complex and not a mixture. The content
of V in the complex was determined spectrophotometrically. Aqueous solution of either V
or its triethylammonium salt, Vs was shown to have an absorption maximum at 269 mu
with values of log ¢, 4.25 and 4.35, respectively, while XII gave absorption in far ultraviolet
region, no absorbance being observed at 269 mu. In an ultraviolet spectrum of an aqueous
solution of the complex (XI) an absorption maxima at 269 mu was observed bearing an
evidence for the existence of Vs, and its molar absorption for C;H,;0,N; showed log e=4.28.
This showed its content to be one mole in the complex, C;¢H,,0,N;.

IL. 5,5’-Methylidynebis(barbituric acid)s as Intermediates in the 5-Methylation of Barbituric
Acids

As mentioned in the foregoing section, the 5-methylation of barbituric acids (I, IT, III,
and IV) gave a colored solution or a colored precipitate at the earlier stage of the reaction.
After interruption of the reaction at this stage, treatment of the reaction mixture gave the
corresponding 5,6"-methylidynebis(barbituric acid) as triethylammonium salt (XTIIs, XIVs,
XVs, and XVIs), in 80—879, yield, as shown in Chart 2.
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Therefore, the 5,5'-methylidyne compounds, which are known products in the usual
reaction with formic acid or its derivatives, are considered to be intermediate in the 5—methyl-
ation reaction. Triethylammonium salts of 5,5’-methylidyne compounds obtained (XIlIs,
X1IVs, XVs and XVIs) have not been reported previously. Free 5,5"-methylidyne compounds
were liberated from these salts with acid. Of them 5,5'-methylidynebis(1-methylbarbituric
acid) has not been known. Since the reaction proceeds rapidly to produce 5,5'-methylidyne
compound in good yield, this method can also be applied advantageously for the preparation
of the said compounds. '

The above triethylammonium salts of 5,5"-methylidyne compounds were resubjected to
the TEAT reaction under the conditions that prevail during the course of the 5-methylation
reaction. In brief, the procedure was that the salts, XIIIs, XIVs, XVs and XVIs, were
heated along with TEAF (24 molar equiv. as HCO,H) at 185—145° for 3—4 hours. As was
expected, in every run of those the initial color of the reaction mixture disappeared and treat-
ment of the reaction solution gave the corresponding 5-methylbarbituric acid, Vs, VI, VII
or VIIIs, in 756—85%, yield, which is based on 2 molar equivalent of the formation. These
formation and yields are almost in accord with those of the foresaid 5-methylation reactions
of the barbituric acids with TEAF.

Thus, it becomes clearly evident that the 5,5"-methylidyne compound is an actual inter-
mediate in the 5-methylation reaction of barbituric acids. Pathway of the formation of
5,5’-methylidyne compound from barbituric acid could be safely explained in that the primary
condensation product, 7.e. 5-formylbarbituric acid ,undergoes coupling with another molecule
of the barbituric acid. '
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The formation of the 5-formyl compound is considered to occur by analogy with the
formations of the 5-formyl and 5-ethoxymethylene compounds by the action of orthoformate”
and of the 5-aminomethylene compound by the action of formamide.”® And this coupling
stage has been actually demonstrated®? with some 5-formyl barbituric acids.

~ Although the pathway to the formation of 5,5"-methylidyne compound is rather simple,
the succeeding course of the 5-methylation reaction, which involves reductive cleavage of
methylidyne bridge to two 5-methyl-substituted pieces, seems quite new and of interest.
Description of this course of reaction is dealt with in the succeeding section.

III. Reaction Pathway of the Forimation of 5-Methylbérbituric Acids from 5,5'-Methylidynebis-
(barbituric acid)s ‘

Investigation was undertaken in order to elucidate the pathway of the formation of 5-
methylbarbituric acids from b,5"-methylidynebis(barbituric acid)s. :

First, as a compound analogous to 5,5’-methylidynebis(barbituric acid), b-benzylidene-
barbituric acid (XVII) was adopted and an attempt was made to carry out the TEAF reaction
with this compound. Interest was aroused by the finding that, when XVII was heated
along with a large excess of TEAF, a rapid exothermic reaction proceeded at 60—70° with
a violent release of carbon dioxide and treatment of the reaction mixture gave 5-benzylbar-
bituric acid as its triethylammonium salt (XVIIIs) in 919, yield. L
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This type of the reaction was found to proceed readily with a variety of other 5-arylme-
thylenebarbituric acid analogs. Although the extensive work will be published in the suc-
ceeding paper of this series, saturation of carbon-carbon double bond at the b—position by
interaction of TEAF may be adopted in general. _

It was therefore considered that the formation of 5-methylbarbituric acid from 5,5'-
methylidynebis(barbituric acid) would be initiated by saturation of its methylidyne bridge
forming 5,5"-methylenebis(barbituric acid) (XIX), although the detection of this intermediate
in the reaction was hardly feasible. After preparing XIX by another route, we intended to
subject it to heating with TEAF with the expectation that this possible reaction would be
the stage succeeding to the formation of the 5,5"-methylene compound. Compound XIX
was prepared by catalytic hydrogenation of an aqueous solution of XIIIs over palladium-
on-charcoal catalyst, on referring to the paper® reported by Gysling. An attempt to carry
out heating XIX along with TEAF fulfilled the above expectation, the reaction proceeded
to give 5-methyl compound Vs in 839, yield estimated from 2 molar equivalent formation.

Based on the above findings it was considered that XIX would be an intermediate in
the conversion from 5,5-methylidyne compound to 5-methylbarbituric acid. However,
pathway for the conversion from 5,5'-methylene compound to 2 molar equivalent of 5-methyl-
barbituric acid was still a problem to be solved.

It was noticeable that during the course of the above demonstrated reaction with XIX
appearance of yellow color was observed. After interruption of the reaction at this stage
a measurement of ultraviolet absorption spectrum of the diluted reaction solution gave the
absorbance at 269 my which was identical with the absorption maximum of the 5,5’-methyli-
dyne compound (XIIIs). This observation implied that XIII is an intermediate existing
in the course of the reaction. Thus, we propose the following pathway, involving reductive
fission at the methylene bond, in consideration that the intermediate, 5,5'—methylidyne com-
pound (XIII), must be derived from barbituric acid (I).

2 9 0
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7 0] o) N / 0 N
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Chart 3

Two molar equivalent formation of Vs from XIX may be caused by restoration of XIX
from I, which is thought to be formed as a product by the likely reductive fission. Although
this fission stage seemed peculiar, since such a type of reaction has not been known till now,
‘the above proposal was corroborated by the following experiment.

An attempt to carry out the TEAF reaction of XIX in the presence of benzaldehyde
was made with the expectation to obtain 5-benzylbarbituric acid (XVIII), by trapping the
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intermediate, barbituric acid (I), with benzaldehyde. While, as mentioned at the beginning
of this section, the formation of XVIII occurred by the TEAF reaction of 5-benzylidenebar-
bituric acid (XVII), it was also ascertained beforehand that the nearly quantitative formation
of the same was readily brought about also by heating a mixture of I and benzaldehyde with
TEAF. The attempt was successful to result in the formation of XVIIIs and Vs in reasonable
yields.

0
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This trapping reaction could be said to bear a direct evidence for the intermediate stage
of the reductive fission and thus to strengthen the proposed pathway (Chart 3) for the conver-
sion from XIX to V.

It could therefore be concluded that the whole pathway for the formation of 5-methyl-
barbituric acid (V), from barbituric acid (I), by the reaction with TEAF is as shown in the
following scheme. And the analogous reactions of the other barbituric acid derivatives could
be considered to take pathways similar to it.
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Experimental

5-Methylbarbituric Acids from Barbituric Acids. General Procedure To 62.2 g (0.72 mole as HCO,H)
of TEAF 0.06 mole each of barbituric acids, ¢.e. barbituric acid (I), 1-methylbarbituric acid (II), 1,3-dimethyl-
‘barbituric acid (III), and 2-thiobarbituric acid (IV), was added. The mixture was heated with constant
stirring and a constant stream of air free from CO, was passed in order to check transfer of emitting CO,
by Ba(OH), solution. At about 90—110° the primary mixture first turned to a homogeneous liquid and
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colored either yellow or orange according to the substrate, in some cases giving a colored precipitate. The
temperature was raised and maintained at 135—145°, while emission of CO, was observed and the color
disappeared gradually. After complete disappearance of the color and subsidence of the CO, emission, the
clear reaction solution was concentrated under reduced pressure to remove triethylamine and excess .of
TEAF. To the resulting residue acetone or CHCly-ether was added for crystallization. After allowing
to stand overnight, the crystals were filtrated and washed and were shown to be nearly pure by UV spectro-
photometric determination. The followings are identification of the products obtained by the above pro-
cedures.

Triethylammonium 5-Methylbarbiturate (Vs): Obtained from I. Yield, 80%. A quick way of
recrystallization from EtOH gave needles, mp 202—204° (decomp.). UV A%0 mu: 269. Awnal. Calcd. for
Cy1H, 03N, [CiHO,N, - N(C,Hy),]: C, 54.30; H, 8.70; N, 17.27. Found: C, 53.85; H, 8.56; N, 17.27. The
IR spectrum was identical with that of the specimen prepared from 5-methylbarbituric acidl® and triethyl-
amine.

1,5-Dimethylbarbituric Acid (VI): Obtained from II. Yield, 80%. Needles (from EtOH), mp
169—170°, lit.,'y mp 169—170°. UV A¥%% mpy: 262. Anal. Caled. for CgH O,N,: C, 46.16; H, 5.16; N, 17.94.
Found: C, 46.06; H, 5.23; N, 17.61. 1

1,3,5-Trimethyldialuric Acid (VII): Obtained from III. Yield, 72%. Needles (from benzene), mp
107°, 1it.,» mp 107°. UV 2%% my: 231. IR »¥3 cm—1: 3480 (OH). Anal. Caled. for C,H,,O,N,: C, 45.16;
H, 5.41; N, 15.05. Found: C, 45.21; H, 5.43; N, 15.24. '

Triethylammonium 5-Methyl-2-thiobarbiturate (VIIIs): Obtained from IV. Yield, 789%,. Prisms.
(from EtOH), mp 196—197° (decomp.). UV A¥e%M my: 244, 275.5. Anal. Caled. for C1Hy;0,NS [C,HO,-
N,S-N(C,Hy)s]: C, 50.94; H, 8.16; N, 16.20; S, 12.36. Found: C, 50.85; H, 7.99; N, 16.18; S, 12.37. TFree
5-methyl-2-thiobarbituric acid was obtained by addition of HCI to the aqueous solution. Needles (from.
H,0), mp 249—252°, 1it.,'» mp ca. 244° (decomp.). UV 250 myu: 274. Anal. Calcd. for C:H,O,N,S: C,
37.96; H, 3.82; N, 17.71; S, 20.27. Found: C, 37.75; H, 3.90; N, 17.53; S, 20.05.

The Complex Compound (XI) from Triethylammonium 5-Methylbarbiturate (Vs) After heating an
alcoholic or aqueous solution of Vs for a relatively long period, crystals which were deposited in the cool
were collected and recrystallized from EtOH-CHCI,, to plates, mp 198—200° (decomp.). This complex
compound, XI, 0.7 g was obtained from 1.0 g of Vs. Anal. Calcd. for C,6Hy,O,N; [C;H,O,N, - C;H,O,N,-N
(CoHy)sl: C, 47.87; H, 6.78; N, 17.45. Found: C, 47.72; H, 6.95; N, 17.48.

When a solution of 2.4 g of XI dissolved in 6 ml of H,0 was acidified with conc. HCI, a precipitate
was obtained, which was identified as 5-methylbarbituric acid by noting the exact correspondence of the
infrared spectrum with the spectrum of an authentic sample and no depression was observed in the melting
point on admixture with the same sample. Yield, 0.67 g (78.5%). Fine needles (from: H,0), mp 199—202°,
lit.,’» mp 203°. The foregoing mother liquor was lyophilized and the resulting residue was extracted with
CHCl;. Evaporation of the CHCl; solution gave triethylammonium chloride, which weighed 0.70g (87%)
after recrystallization from EtOH. : The infrared spectrum was identical with an authentic sample. Re-
crystallization of the unextracted residue from EtOH gave 5-methyldialuric acid, weighing 0.8 g (86%),
mp 225—228°, 1it.,1» mp 228—230°, undepressed on admixture with an authentic sample prepared.!® The:
infrared spectrum was also identical with that of the authentic sample. Anal. Caled. for C;H;O,N,: C, 37.98;;
H, 3.83; N, 17.72. TFound: C, 38.16; H, 3.98; N, 18.16. o

The complex compound itself did not undergo further conversion on refluxing its ethanolic or aqueous.
solution for further long period. ' -

The ultraviolet spectrum of the material in an aqueous solution showed an absorption maxima at 269
mypu (log £ 4.28). This absorbance is consistent with that of triethylammonium 5-methylbarbiturate [269 mu:
(log ¢ 4.25)], bearing an evidence of the existence of it and the molar absorptivity well corresponded to that.
of the content of one molar equivalent in the complex. Another unit, 5-methyldialuric acid or its salt showed
absorption in far ultraviolet region.

5,5’-Methylidynebis' (barbituric acid)s from Barbituric Acids. General Procedure A mixture of 62.2 g
(0.72 mole as HCO,H) of TEAF and 0.06 mole each of barbituric acids, I, II, III and IV, was heated
with stirring. At the temperature above 90° the primary mixture first turned to a homogeneous liquid and
took on color. By maintaining at about 110°, IT and III gave yellow or orange-yellow solutions, and I and
IV gave yellow and red-orange precipitate respectively. The mixtures were submitted to concentration.
under reduced pressure for the runs with II and III, and to filtration on cool for the runs with I and IV,
to give the reaction products. The resulting crystalline residue and the precipitates were washed with
CHCl; or acetone, and dried. These materials were identified as triethylammonium salts of 5,5’-methyl-
idynebis(barbituric acid)s and shown to be nearly pure by UV spectrophotometric determination. The
followings are identifications of the products.

10) B. Doumas and H.G. Biggs, J. Biol. Chem., 237, 2306 (1962). |
11)" H. Tsukamoto, H. Yoshimura; and S. Toki, Chem. Pharm. Bull. (Tokyo),-4, 364 (1956).
12) J. Whealer, Am. Chem. J., 32, 352 (1904).
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5,5’-Methylidynebis(barbituric acid) (XIII): Obtained from. I -as triethylammonium salt (XIITs).
Yield, 87%. Orange-yellow prisms (from H,0), mp 265—267° (decomp.). UV A% mpu: 234, 411. Anal.
Caled. for. CiH, ON; [CoHgOGN, - N(CyHy),1: C, 49.04; H, 5.76; N, 19.07.. Found: C, 48.62; H, 5.91; N,
18.68. Free XIII liberated by addition of aqueous HCI to the aqueous solution, yellow fine crystals, mp
316—318° (decomp.), 1it.,” mp>300°. Anal. Calcd. for C,HO,N,: C, 40.61; H, 2.27; N, 21.05. Found:
C, 40.84; H, 2.27; N, 21.39. Both infrared spectra of the free acid .and the salt were identical with those
of the free acid and its salt which were prepared by the known method.?

5,5’-Methylidynebis (1-methylbarbituric acid) (XIV): Obtained from II as triethylammonium salt
(XIVs). Yield, 83%. Orange-yellow prisms (from EtOH), mp 196—198° (decomp.). UV A% mu: 236,
414. Anal. Caled. for C;;Hy;0,N, [C,,H, 06N, N (C,H,),]: C, 51.64; H, 6.37; N, 17.71. TFound: C, 51.69;
H, 6.49; N, 17.66. The free acid, yellow needles, mp 266—268° (decomp.). 4#nal. Calcd. for C 1 H,(OgN,:
C, 44.90; H, 3.43; N, 19.04. Found: C, 44.90; H, 3.47; N, 19.28. For identity of this unknown substance
iree acid was prepared by an another way according to the method® using HCO,H as reagent, in which a
mixture of IT and HCO,H was refluxed to give crystals, mp 266—267° (decomp.). - The infrared spectra of
this material and its triethylammonium salt were identical with those of the materials obtained above.

5,5’-Methylidynebis (1,3-dimethylbarbituric acid) (XV): Obtained from IIT as triethylammonium salt
(XVs). Yield, 80%. Orange-yellow prisms (from CHCl,—ether), mp 183—184° (decomp.). UV AH:2 my:
237, 418. Aunal. Calcd. for C;H,,0N, [C;;H,,0,N,-N (C,H,),]: C, 53.89; H, 6.90; N, 16.54. Found: C,
53.84; H, 6.90; N, 16.69. The infrared spectrum was identical with that of the specimen obtained from
the free acid, which was prepared by the known method,® by treating it with aqueous triethylamine.

5,5’-Methylidynebis (2-thiobarbituric acid) (XVI): Obtained from IV as triethylammonium. salt
(XVIs). Yield, 869%. Red-orange plates (from H,0), mp 258-—260° (decomp.). UV A%0 myu: 241, 264,
301, 454. Awnal. Caled. for C,;H,,0O,N;S, [C,H,O,N,S,-N (C,H;),}: C, 45.09; H, 5.30; N, 17.53; S, 16.05.
Found: C, 45.06; H, 5.08; N, 17.33; S, 15.83. The infrared spectrum was identical with that of the specimen
obtained from the free acid, which was prepared by the known method,'® by treating it with aqueous triethyl-
amine. ,
5-Methylbarbituric Acids from 5,5’-Methylidynebis(barbituric acid)s. General Procedure A mixture
of 20.7 g (0.24 mole as HCO,H) of TEAF and 0.01 mole each of triethylammonium salts of 5,5’-methylidynebis
(barbituric acid)s, XIIIs, XIVs, XVs and XVTs, was heated at 135—145°, while considerable emission of CO,
was observed by checking transfer of stream of air free from CO, and the color of the substrate disappeared
gradually. After complete disappearance of the color, by the same treatment of the resulting clear solution
as that for the TEAF reaction of barbituric acids described in the beginning of Experimental gave the 5-
methylbarbituric acid in the following yields: Vs from XIIIs in 859%,, VI from XIVs in 849, VII from XVs
in 73%, and VIIIs from XVIs in 859%,. The identities of these products were made by comparison of the
melting points and the infrared spectra with those obtained in the above, where exact correspondences
were observed.

5,5’-Methylenebis(barbituric acid) (XIX)——A solution of 11 g of XIIIs dissolved in 350 ml of H,O
was catalytically hydrogenated over 1.1 g of palladium-on-charcoal containing 0.11 g of Pd, under ordinary
pressure. Hydrogen uptake was stopped and the color of the solution disappeared when 2 molar equiv. of
hydrogen was absorbed. After removal of the catalyst, the solution was acidified with HCl whereupon
white precipitate was obtained. Yield, 76 g (94%,). Recrystallization from H,0 gave needles, mp 279—
282° (decomp.), lit.,» mp>300°. Anal. Calcd. for C;H OGN, : C, 40.30; H, 3.01; N, 20.89. Found: C, 40.48;
H, 3.17; N, 20.74.

TEAF Reaction of 5,5’~-Methylenebis(barbituric acid) (XIX)——A mixture of 62.4 g (0.72 mole as HCO,H)
of TEAF and 8.0 g (0.03 mole) of XIX was heated with constant stirring, the colorless solution took on
yellow color at about 100° and considerable emission of CO, set in. At this time measurement of ultraviolet
spectrum of a part of the reaction solution in H,O gave the absorbance at 269 mu, which was identical with
the absorption maximum of XTIIs, temperature was raised at 130-—140° and maintained until the emission
of CO, was nearly stopped, while the yellow color disappeared gradually. Then, excess of TEAF was removed
by distillation under reduced pressure and the residue was crystallized by washing with acetone, then the
crystals were collected. Yield, 12.1 g (83%). Recrystallization from EtOH gave needles, mp 202—204°
(decomp.). The infrared spectrum and the melting point were identical with those of Vs obtained in the -
foregoing.

5-Benzylbarbituric Acid (XVIII) a) A mixture of 25.9 g (0.3 mole as HCO,H) of TEAF and 5.4 g
{0.025 mole) of 5-benzylidenebarbituric acid (XVII) was heated with constant stirring. A rapid reaction
took place at about 100° with considerable emission of CO,. The temperature was maintained for 30 min
until the color of XVII disappeared. The major part of the triethylammonium salt, XVIIIs was deposited
in the cool and collected by filtration. Further amount of the same compound was obtained by concentra-
tion of the filtrate. Yield, 7.3 g (91%). This material, showing the nearly same melting point as that of
the pure crystals, was recrystallized from H,O to needles, mp 222—224°. UV AR:2 mu: 267. Anal. Calcd.

13) H. Zenno, Yakugaku Zasshi, 73, 1063 (1953).
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for CHH%O N,: C, 63.92: H, 7.98; N, 13.16. Found: C, 64.02; H, 7.93; N, 13.02. By addition of aqueous
"HCl to" the aqueous solutlon XVIII was precipitated. Recrystalhzatlon from EtOH gave needles, mp
210—212°% 1it.,'» mp 206°. Anal. Caled. for C,;H,;4O;N;: C, 60.54; H, 4.62; N, 12.84. Found: C, 60.55;
H, 4.64; N, 12. 90 This material was identified by comparison of the infrared spectrum and by mixed melting
point test with the’ specimen, which was obtained by catalytic hydrogenation procedure of a solution of
XVII dissolved in aqueous triethylamine over palladium-on-charcoal catalyst. ‘

b) By heating a mixture of 25.9 g of TEAF, 3.2 g (0.025 mole) of I and 3 g (0.028 mole) of benzaldehyde,
the reaction took place similarly. The reaction mixture was treated by the same procedure as in a). Yield
of XVIIIs, 7.1 g (89%). The material, mp 222—223°, was 1dent1ﬁed by comparison of the infrared spectrum
with the specimen obtained in a).

TEAF Reaction of 5,5’-Methylenebis(barbituric acid) (XIX) in the Presence of Benzaldehyde— A mix-
ture of 41.5 g (0.48 mole as HCO,H) of TEAF, 5.4 g (0.02 mole) of XIX and 3.2 g (0.03 mole) of benzaldehyde
was heated with constant stirring at about 100—110°, while with emission of CO,, the mixture turned to
homogeneous' yellow solution and then the color gradually disappeared. The reaction was completed by
raising the temperature at about 120°. Crystals deposited in the cool were collected by filtration and re-
moval of a part of TEAF gave the same crystals. Yield, 5.3 g (82%). This material, which showed mp
220—224° (decomp.) after recrystallization from H,O, was identified as triethylammonium 5-benzylbarbit-
urate by noting the exact correspondence of the mfrared spectrum with the spectrum of XVIIIs. The
foregoing filtrate was thoroughly concentrated and the resulting residue was crystallized by addition of
acetone. The crystals were collected by filtration, washed with acetone and recrystallized from EtOH. Yield,
3.7g(76%). This material, mp 201—203° (decomp.) was identified as triethylammonium 5-methylbarbi-
turate by noting the exact correspondence of the infrared spectrum with the spectrum of Vs.
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