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INTRODUCTION

Barbituric acids (I) and (II) are compounds containing
the 2,4,6-trioxohexahydropyrimidine or 2-thio-4,6-dioxo-
hexahydropyrimidine ring; in the latter case they are
designated as 2-thiobarbituric or simply as thiobarbituric
acids:

NP -
NefE 0y, Ry GO
R 32€0 (S l3cs

R 7 oA 3,

CO—N R co—~L
Y Y

Although one representative of this class of substances —
hydurilic acid (5,5'-bisbarbituric) — had been prepared by
Schlieper?! as long ago as 1845, very little was known about
the barbituric acids until the beginning of the 20th century,
when Fischer and coworkers worked out a convenient method
for their synthesis? and observed their well-known thera-
peutic properties3.

In the course of the last 25 years our knowledge of the
barbituric acids has extended remarkably. In addition to
their soporific and analgesic properties, barbituric acids
possess antiinflammatory 4, antisclerotic®, and bacterio-
static®~® properties; they lower the blood pressure®-!!,
they find use in the treatment of sugar diabetes!? and as anti-
dotes against adder poison!®. Barbituric, and especially
thiobarbituric acids, are used in photography!4-3t, as anti-
oxidants 3234, and as catalysts for the polymerisation of
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halogenated vinyl monomers®® and of styrene *¢, Azo-dyes
containing the 2,4,6-trioxohexahydropyrimidine nucleus
possess a good covering power, and are suitable for the
dyeing of wool, silk, and cellulose3"™%°.

Barbituric acids are finding more and more applicatichs
in anpalytical chemistry: for the preparation of buffer solu-
tions in the range pH 6 -9, where only a few substances are
suitable %, as very sensitive indicators in acidimetric titra-
tion 4, as reagents for the determination of small quantities
of Ag, Hg, Cu, Pd, Pt, Ir, In, Au%?, and also of chloride and
cyanide ions %, Barbituric acid (I) (where R=R'=X=Y =
= H) condenses with formaldehyde, giving useful resins .
The insecticide % and herbicide ¢ action of barbituric acids
may also be mentioned.

Apparently, barbituric acids play a not insignificant part
in biological processes. Desoxyribonucleic acids, which
are supposed?’ to carry the hereditary factors in chromo-
somes, contain thymine groups, which gives barbituric acid
on biological oxidation:%°, The pyrimidine ring enters
into the molecule of vitamin B, (riboflavine); among the
metabolic products of Lactobacillus casei, barbituric acid
is found after introduction of this vitamin into the nutri-
tional medium5®, A series of microorganisms assimilate
barbituric acid, using the energy of its decomposition to
CO,, NH;, and malonic acid for their life processes 48,5733,

Up to the present, nearly 2000 barbituric acids have
been synthesised. Some of these are produced on a com-
mercial scale. In the USA the yearly production of barbi-
turic acids amounts to 300-400 tons5%; in the USSR the
production is rapidly growing and the output of barbituric
acids in 1955 exceeded that of 1950 by 204% 54,

In a review article we cannot deal with all the details of
the chemistry of barbituric acids; in what follows the most
important aspects of their synthesis and chemical proper-
ties are considered, with a brief mention of all secondary
questions and a list of the relevant literature. As a basis,
orly “typical” barbituric and thiobarbituric acids are taken,
in which the substituents in position 5 are linked with the
hexahydropyrimidine nucleus by a carbon-—carbon bond,
while X and Y may be any groups. Such a limitation may
be artificial to a certain extent, but at the same time, it is
necessary to separate the barbituric acids from derivatives
of alloxan (III), and violuric (IV) and pseudouric acids (V):

/CO—NH,

CO--NH CO—NH

co CO  HON=C CO  NH,CONH—HC \co.
\CO—NH"~ “cO—NH Nco—NH”
(1) (V) V)

1. ADVANCES IN THE SYNTHESIS OF BARBITURIC AND
THIOBARBITURIC ACIDS

From the practical point of view it is important to dis-
tinguish between methods applicable in acid (or neutral)
and in alkaline media. The first include syntheses of bar-
bituric acids from malonic acids and their acid chlorides
and also from alloxan and other heterocyclic compounds
related to barbituric acids; the second includes the syn-
thesis of barbituric acids from malonic and cyanoacetic
esters, from amides of malonic acids, from lactonic
esters, and also from derivatives of urea, cyclised for the
most part in the presence of alkaline condensing agents.

A. REACTIONS IN AN ACID OR NEUTRAL MEDIUM

1. Preparation of Barbituric and Thiobarbituric Acids
from Malonic Acid Chlorides

438

One of the oldest methods of preparation of barbituric
acids is the reaction of the acid chlorides of substituted
malonic acids (malonyl chlorides) with urea* or thiourea % ~":

R
' COCl HNG - R\ ,CO—N

R ANV + ! >CQ(S) _QHE_. \C/ >CO S)
R \cocl BN R 1% \CO—N\R,,,

This reaction does not require condensing agents and occurs
inneatral solution under relatively gentle conditions (~ 100°,
5-6 h); therefore synthesis of barbituric acids unstable
under the conditions of alkaline condensation is possible.
Thus, 5,5-diphenylbarbituric acid, which could not be.syn-
thesised from 5,5-diphenylmalonic ester ™, has been pre-
pared from the acid chloride of diphenylmalonic acid 5.
The reaction with malonyl chlorides is particularly con-
venient for the preparation of 1,3 -disubstituted barbituric
acids®,, N,N'-diphenylthiourea in general does not re-
act with malonic esters, while its condensation with the
acid chlorides of malonic acids takes place spontaneously®?.

The condensation of the acid chlorides of malonic acids
with urea usually occurs with equimolar proportions of the
components without a solvent 36,57,82-84,68 or in ether 77,
chloroform®®, toluene ®8, xylene®?, dioxane®, or pyridine ™.

In the reaction of thiourea with malonyl chloride many
resinous reaction products are formed together with the
thiobarbituric acid®%,.

The principal side reactions in the barbituric acid syn-
thesis are acylation of the barbituric acid already formed
and the thermaldissociation of the N-substitutedurea®’. The
following series of N-substituted ureas is arranged in order
of increase of thermal instability ™,8°:

CO(NHy),<<CO(NHCHCgHs)2 <« CO(NHCgHy3); << CO(NHC;Hs)o=
=CO[NHCH(CHy).] < CO[NHC(CHj)s]2.

According to the observations of Boon and coworkers ™,
a -ethyl-a -phenylmalonyl chloride reacts anomalously with
N-isopropylthiourea, forming (after working up the product
with CH;OH) N -(a -methoxycarbonyl-a -phenylbutyryl)-N' -
~isopropylthiourea:

COocCl
Csz\ _~coct NSCH(CH")Q | CH,OH
PEGIE —— | C,Hs-—C—CONHCSNHCH(CHy), .
CsHs COcCl NH,

CgHs
COOCH;
—_— CgHs—(': CONHCSNHCH(CH3), .
CgH;

2. Preparation of Barbituric and Thiobarbituric Acids
from Malonic Acids

The condensation of malonic acids with urea in the pre-
sence of a dehydrating agent,

® NHR"
N\ /CO0H

”

—H,0 R CO—N/
R/ \COO; O \C/ \CO ,

NHRH/

was the first preparative method for the synthesis of barbi-
turicacids ®. Since then, this reaction has been repeatedly

* Instead of urea 1-cyanoguatidine, NH = C(NH,;)NHCN, can be
used %,
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used for the synthesis of N-substituted barbituric acids 57,87,
68,73,76,82 -94. Phosphorus oxychloride 57,76,81 ,84,85,88,90,92,93,
acetic anhydride 88,82,83,86,80,81,94 ' and acetyl chloride 7887
have been used as condensing agents. The advantage of the
latter two agents is that under the action of the water re-
moved during the condensation, they decompose into acetic
acid, easily removable from the reaction medium; how-
ever, the possibility of acetylating the already-formed bar-
bituric acids is a serious drawback. None of the condensing
media mentioned possesses an obvious advantage”. With
phosphorus oxychloride, the reaction is carried out in
chloroform; the acetic anhydride and acetyl chloride them-
selves serve as solvents, or the reaction is carried out in
glacial acetic acid; the temperature varies between 50° and
100°.

The sphere of application and effectiveness of the
methods of preparing barbituric acids from malonic acids
and from malonyl chlorides are approximately the same.
However, the significantly smaller thermal stability of the
malonic acids®, in comparison with their esters or acid
chlorides, gives rise to a variety of side reactions, which
much reduces the value of the method, making it impossible
to synthesise a number of barbituric acids in this way (e.g.
5-halogeno or 5-alkenyl derivatives). The important side
reaction is the acylation of the barbituric acid already
formed by a second molecule of malonic acid57,%7:85,92, A
part of the malonic acid is also expended on the acylation
of the second component of the reaction — urea or its de-
rivatives5”:

COOH R COOH
-] —~CO,
oy CONC o .
i-Hy C /
\CO—N< o CO—N( o
CH,COOH R CH,C CH\CO__N >c
R’
R
co—/
7 Nco
— > CH,COHC /
NCO—N\g

On increasing the scale, the quantity of acylated side
products increases disproportionately quicklys’, which
lowers the yields of barbituric acids in large batches; in
order to suppress this side reaction, it is necessary to
avoid excess of urea® and prolonged heating of the reaction
mixture®®, The formation of malonuric acids® and their
amides® as by-products has also been noted.

Attempts to avoid the difficulties due to the instability of
the malonic acids by replacing the latter by cyanoacetic
acid®, and also by the use of 1-cyanoguanidine®® were un-
successful.

3. Preparation of Barbituric Acids from Other
Nitrogenous Heterocyclic Compounds

The initial heterocyclic compounds for the syntheéis of
barbituric acids are most often alloxan, alloxantin (VI),
and derivatives of aminouracil (VII):

OH
.CO—NH
Ho—c( Sco dn
\CO—NH" AN
rR—C C—OH.
_d <c0~Nx—[>C0 \?=N /
CO—NH dng
% (Vil)

Alloxan condenses with compounds containing an active
methylene group in the presence of 20% oleum, acetic
anhydride, or concentrated hydrochloric acid, to form
5-alkylidenebarbituric acids or 5-substituted-5-hydroxy-
barbituric acids which are later transformed into 5-mono-
-substituted barbituric acids®2,6 -9,

In the reaction of alloxan with benzene in the presence of
sulphuric acid 5,5-diphenylbarbituric acid is formed with a
five-membered oxide as a by-product 2,°8,%,

A series of syntheses of barbituric acids from their
5,5-dihalogeno-, 5-hydroxy-, 5-nitroso-, and other deriva-
tives has beendescribed, starting usually with alloxan 77,100-108

Alloxantin was already used at the time of Bayer % for
the preparation of N-substituted barbituric acids, which are
formed by heating alloxantin with concentrated sulphuric
acid. A very economical synthesis of 1,3 -dimethylbarbi-
turic acid from tetramethylalloxantin (prepared from caf-
feine) has been described ®:

CH, CH,3
co—x{ CHs 111 co O—N PCl
-2 Hel — !
2 CH—N—C( 50 ——cod ¢ O co —
c—N NaoCl N\N—c0O” co_nS Bl
CH=N" * CHg l l |
' CHg H OH  CH,
caffeine tetramethylalloxantin
CH, CH;
CO-N “paje co-N{
— 201, o =5 B co
0—N( \CO—N/
\ N
"CHj CHy

(76%)

In the preparation of 1,3 -dimethylbarbituric acid from
malonic ester and dimethylurea the yield does not exceed

37%.

It is easy to prepare barbituric acids from aminouracil
(VII) 105-107:

i Hcl R HC/CO~NH\
/II) — R— O
NCO—NH”

Uricacid canbe converted into 5,5 -bisbarbituric acid !,18:

CO—NH
cr Nco
! NCcO—NH"
‘NH_C/CO—NH\\ HNO, |
4 co—
4 . /
CO~NH C—NH/
CO—NH
cHd - Neo
NCO—NH”

_ Other examples of the preparation of barbituric and
thiobarbituric acids®7»'® from related heterocyclic com-
pounds have been described.

B. REACTIONS IN AN ALKALINE MEDIUM

4. Preparation of Barbituric and Thiobarbituric
Acids from Malonic Esters

At the present time the most commonly used method of
preparation of barbituric and thiobarbituric acids is the
condensation of malonic esters with urea, thiourea,
guanidine, or their derivatives, in an alcoholic medium in

439
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the presence of alcoholates of alkali- or alkaline-earth
metals:

R’ COOR
\ 7 ; HN\éZ (RO),M

R\ CO—NX
Ned Nz,
'/ NCOOR | HNZY

v \co—ny/

where Z = 0.5 or NH*;

The majority of known barbituric and thiobarbituric

acids have been synthesised by this method !!,30,37,55,62,68,73,
74,78,105,108,110~268 _

n=1or2.

The merits of the method described are its universality,
the relative accessibility of the original malonic esters, the
high yields (70-98%) of barbituric acids, and their purity,
which is particularly important in pharmacological investi-
gations 290,

At the same time, the method has definite limitations.
The malonic esters containing, for example, 1-alkenyl10,14%,
cyclopropyl #4728 g-hydroxyalkyl2*?, or heterocyclic '2!,46,
162,267 radicals, and also substituted malonic esters with a
keto group in the 8-position268727°, are not stable in an
alkaline medium. However, for this group of esters the
suggestion of Jacobson?2™ that the monosodio derivative of
urea, NH,C[ONa] = NH, be used as second component may
prove fruitful, because the monosodio derivative reacts
with malonic esters in the absence of a condensing agent at
room temperature giving barbituric acids in a yield of

~80%.

Arylalkyl-, diaryl-, and t-alkylbarbituric acids cannot
be conveniently prepared from the corresponding malonic
esters on account of the difficulty of obtaining these, and
the low yields of the barbituric acids®2,151,228,272,213 Tt wags
not possible to synthesise 5,5-diphenyl- 74, 5-p-nitro-
phenyl- 2™, 1-methyl-5-isopropyl-5-g-diethoxyphosphoryl-
oxyethyl-1!, 5-propyl-5-a-ethoxyvinyl-1°, and 5-ethyl-
-5-a -butoxyvinylbarbituric !° acids in this way. Bis-
alkylmalonic esters, (C,H;0CO),CRCR(COOC,H,),, and
also certain alkylidenemalonic esters, do not react with
urea in the presence of sodium ethylate?’. It is also im-
possible to prepare 1,3-dialyl- and 1,3 -diarylbarbituric
acids by the condensation of malonic esters with substituted
ureas 275,276_

Unexpectedly, ethanetetracarboxylates and urea do not
form bisbarbituric acid, but ethanetetracarboxydiimide 252:

C;H;0CO—CH—COOC,H;
NH,CONH,-+ +NH,CONH,
C,H;0CO—CH~—COOC,H;

2NaOC,H,

O—CH—CO
CO—-C C\

—~ NH NH--2NaCNO--4C,H;0H .

\CO—CH~CO/

The reaction between cyclopropanetetracarboxylates and
urea proceeds analogously ?7:

C,H:0C0——C—COOC,H C.H;0C0 —/c- COw

5 2!
/ NH,CONH. e

CH, _— CH,

\ CHOCO\I /

C;Hs;0CO —2C—COOC,Hs C—CO

* When Z = NH, the product of the reaction is transformed to
barbituric acid by hydrolysis with hydrochloric acid.

440

It should be noted that the cyclobutanetetracarboxylates
under the same conditions give the “normal” product of
the reaction, cyclobutanebisspirobarbituric acid2™:

__ /C00CaH; NH,\C cHc _/CO—NH,_
' l COOC,H; NH,” ’ ]\CO—NH/
00C,H; NH, —
S .,/000C; N co NH\CO

\COOC2H5 NH/

Ethanetetracarboxylates react normally with guanidine
hydrochloride forming diiminochydurilic acid, which on
boiling with hydrochloric acid is transformed to hydurilic
acidioe;

NHy.,

0
GHOCO . /COOCH; _
NH,”

NH,
HN=c{ >
C:H;0CO \COOC,Hs

C;H,ONa
"\NH, -

NH—CO CO~—
— HN=c( ScH—cH

NH HC!
—co” NcO—NH"

C=NH ——

NH—CO,_ _CO—NH,
— o Ser—crd
NH~-CO Nco— M—l/

The mechanism of the condensation of malonic esters
with urea in the presence of sodium ethylate has not been
investigated in detail. It is quite probable that, as sug-
gested by Skinner and coworkers?™, the reaction proceeds
via the formation of the sodio derivative of urea.

Considering, according to the theory of Nesmeyanov and
coworkers 27%;,3%_ the possibility that the process proceeds
with the transfer of the reaction centre, one can regard the
condensation mechanism as a threefold “diene” synthesis
with the participation of o, 7-conjugated bonds:

f." P) /H.,'
) ONa  NH {ocH
’Hﬁo\ I C;HsON2 GaH0 | kI e
/C S CTNH, = C—NH—C Na —e
CO l
OC,H; COOC,Hy
C el
2H;0, ONa c,H,o\) /9) C,H;ONa
R C/C_/T\C — R C/C“NH Neo —e RyC ACOTHI
LN a7 2 2 CO
) /C,.ANH | :C\,NH ~Co—NHT
CoH0 il)\.?--Na’ Cszo‘"!.((l) CH;0Na

"Na

The great facilitation of the reactionon replacing the urea
by guanidine, thiourea??®, or monosodiourea 2™ favours
such a scheme, as does also the need for an excess of
alcoholate to obtain maximum yields of the barbituric
acids 2%,

The structure of both components exerts an enormous
influence on the course of the reaction and the yield of barbi-
turicacids. Asarule!!"18 monosubstituted malonic esters
condense more easily with urea thar do the disubstituted
derivatives; with increase of branching of the substituent,
particularly at the @ -carbon atom, the reactivity of the
malonic esters is reduced**®:16¢, This explains the difficulty
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encountered by Levina and coworkers128,170,172,180,277,282 jn

the synthesis of “spiro”-barbituric acids of types (VII),
(IX), and (X):

N/ N/

C N o —NH _CH —NH
/=N, CO—NH /%N CO . _CO—N
N Seo =i ¢ Sco ch, | ¢ co
[ 1>Cco—~H” [ [“CO—NH (CHy), | SCO—NH

—C H, —CH CH, n
“eh N CH, \ CH,
‘ ! cH

v 1X)

! ¢ x)
n=1lor2

A phenyl group at the a-carbon atom of the malonic
ester 98,288 powerfully inhibits the condensation; this is
evidently connected with a reduction of the electron density
on the O atom in the system (cf. the above scheme of con-
densation):

OCyHs

I
1

COOC,Hs

Electron-donating ortho - or para-substituents in the
benzene ring considerably weaken its inhibiting action”.
The inhibiting influence of the naphthyl radical is weaker in
comparison with the phenyl2®*. Electron-acceptor substi-
tuents (such as the NO, group, for example) in the a-posi-
tion to the ethoxycarbonyl group of the malonic ester makes
the condensation more difficult }47,348,152,201  Djfficulty has
also been encountered in the preparation of 5-trimethyl-
silylmethyl- ' and 5-alkylsulphonylmethylbarbituric
acids?” from the corresponding malonic esters:

(CH,)SiCH,CH(COQG,H,),; RSO,CH,CH(COOC,Hj),.

Inplace of the ethyl esters of malonic acids, the butyl67,200
or methyl esters can enter into the reaction®. Sodio-
malonic ester has also been used!%.

As second component of the condensation, urea, guan-
idine 112,155,167,187,191,238,244,261 ,263,284’ and 1 —Cyanoguan‘
idine 55,202,285 gre employed. The use of the last two re-
agents leads to the formation of products requiring addi-
tional working up for transformation to barbituric acids:

C;H,ON. CO—NH
L Rl NC=NH

R;C (COOC,Hs)o-+ NH,C (= NH) NHy— = R CO—NH/
HCI
N |
CH,0Na CO—N <
RoC (COOC;H;),+NH,C (=NH) NHCN X onm SC=NH

The leéngth of the carbon-carbon chain of the substituents
of the N-alkylureas does not influence the course of the re-
action!?’, N-Phenylurea condenses with malonic esters
more easily than N-alkylurea?®!; gymmetrical N,N'~-di-
arylureas do not form barbituric acids with disubstituted
malonic esters2:%, while with monoalkylmalonic esters the
reaction goes easily and the yields of barbituric acids ex-
ceed 60% %.

The best condensing agent is sodium ethylate 2,130,281,
2667288 hut CH,ONa 62,78,82,139,141,162,167 is0-CyH,0ONa 114,
CquONa 138,145,22'7, C5H110Na 289’ (CHso)zMg 111,122,124,130,
153,177,190,286  caustic alkalis, NaNH,, Na-cyanamide 2°°,
and CaCl, 2?6:2°° have also been used. Most commonly,
the condensation in the presence of sodium ethylate is

carried out inabsolute ethyl alcohol. Reactions intoluene '
or without solvent 163:1%% have also been described. Con-
stancy of temperature during the reaction ensures con-
stancy of yields 28,

The condensation of malonic esters with urea is often
complicated by side reactions. Among the products formed
in this way the following have been separated: esters of
carbonic acid!1%,1%¢, esters and amides of monocarboxylic

acids, esters of carbamic acid*, and esters of malonamic
acids 74:765113,115,162,194,291

The very reactive 5-monoalkylbarbituric acids are oxi-
dised by atmospheric oxygen to 5-hydroxy-5-alkylbarbi-
turic acids 2°372%,

Malonic esters react more easily with thiourea than with
urea #9278 and form 2-thiobarbituric acids. However, the
yields are, as a rule, lower than those of the corresponding
O -analogues, which is explained by the greater complexity
of the reaction.

In view of the relatively great tendency to thiol forma-
tion 2%, thiourea may react in the thiol form with the CH,
group of the malonic ester 2%:

(Cat l;OCO);CHn+HSC<NHCGH5 2 cHoconch—c{
’ NNy, NNCoH;
Apart from this, thiourea is less stable to heat than
urea, and one of the products of its thermal decomposition
may in its turn condense with the malonic ester 27¢:

NHCqH;

~SCNCsH;
NCeH;
s—c/ ° _‘/
| \NHCeH; \\ CH,(COOCsH;),
H CoHsNH, ~——— 5 CHy(CONHC,Hs),.

With a large excess of thiourea, the malonic ester may
condense with two of its molecules?®!; for example:

R,C(COOC,H,), + 2NH,CSNHCH,CH = CH, —
— R,C(CONHCSNHCH,CH = CH,), + 2C,H,0OH.

Comparison of a series of results from the literature
shows that in the preparation of thiobarbituric acids by
this method the behaviour of the reaction system is often
the reverse of that observed for barbituric acids. While
branched malonic esters give better yields of barbituric
acids when sodium butylate is used, than with sodium
ethylate, the reverse is generally true in the condensation
with thiourea®®. In the synthesis of barbituric acids of
structure (XI),

R—S—CHR"  CO—NH
N AN ,
el Co (XD
R CO—NH

an excess of sodium ethylate usually favours the condensa-
tion!18, but thiobarbituric acids of the same type can be
prepared only with an equivalent quantity of sodium
ethylate 117,118, The condensation of malonic esters with
urea in the presence of (CH,0),Mg gives barbituric acid

in a 96% yield; the analogous synthesis with thiourea leads
to the formation of only an insignificant yield of thiobarbi-
turic acid®®®. In the synthesis of barbituric acids an ex-
cess of alcohol is immaterial, but the yield of thiobarbi-
turic acid is sharply lowered thereby 7. The best con-
densing agent for the synthesis of thiobarbituric acid is
apparently lithium ethylate 2°7,

* Esters of carbamic acid may be formed during the alcoholysis
of urea %2,

441
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5. Preparation of Barbituric and Thiobarbituric Acids
from Lactonic Esters

The particular method of the synthesis of barbituric
acids from lactonic esters,

®
R COOCH; R CO—
el HNR' NaOGH, > < >co(=9)
/ co + €O (=9) % (CHy,” O :
| HNR" R
(CH,),—0 OH

is directly related to the possibility of preparing barbituric
acids from malonic esters, as lactonic esters are easily
prepared from the latter, but differs in its gentler reaction
conditions. The advantages of this method are clearly
shown in the case where the reactants are unstable to heat,
particularly in the presence of alkali, e.g. the preparation
of 5-(B-hydroxyethyl)- and, in particular, of 5-(2-hydroxy-
prop-2-enyl)barbituric acid 29%,

The application of the method has been limited, because,
up to the present, only y-lactonic esters have been used!'?,
148,148,165,278,209-303 A]go, according to the investigations
of van Zyl and van Tamelen 3%, monosubstituted barbituric
acids cannot be prepared by the condensation of the corres-
ponding lactonic esters with urea.

The following intermediates have been isolated 278,3%:

ONa OC,Hs

N R CONHCSNH,
R /C—NH \C
N N
PN N
CH, C—NH cH, CO
A D
CH,—O  ONa CH,—O

(XII)

on the basis of which Skinner and coworkers?’® have sug-
gested the following scheme for this reaction:

ONa
7
R COOC,H; R +*C—0—C=NH NaOC.H,
ANV4 ONa NS -
C | - —c,Hon  C NH,
N +NH,C=N
H, o ! cH, CO
(‘;H.z—O CH,—O
ONa OC,Hs ONa/OC2H5
R \C/ R\ /C——NH
\C/ \NHCaNH /C\
7 N _— .
CH, \CO ONa ch2 IC<O—L:NH
(%Hi—(l) CH,—O ONa
R CO—NH
_9NaOC,H, \
Xy ———— C co
+C,H,0H N

7
cx{, CO—NHK
\ .
CH,OH

(X

* The reference (299) is incorrect (Ed. of Translation).
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The product of the reaction can have the §-hydroxy-
ethyl (XIII) or the hemiacetal (XIV) structure,

CH,—0, _OH
C_—NH\,
CHg—c< co
/ \CO—NH”
R
(XIV)

the consequence of which is that there is a certain dualism
in the chemical behaviour of barbituric acids of this
kind148, As alcohols they form chloroalkylbarbituric acids
with fuming hydrochloric acid; at the same time, alkaline
hydrolysis does not give a trace of unsaturated acids.

6. Preparation of Barbituric and Thiobarbituric Acids
from Cyanoacetic Esters

By the interaction of cyanoacetic esters with urea (or
guanidine) in the presence of an alkaline condensing agent,
an iminobarbituric (or diiminobarbituric) acid is first
formed, and subsequently hydrolysed to barbituric acid by
mineral acids:

R_ ,COOCH; HNR' R ,CO—N(
N Ot AT eSO L mo
‘ c x s
R// \CN /CXM_.R,/ AN C—N<c HCl
HNR’” " R
R"NH
R_ ,CC—N
Ned
R’ Scond™
R,

where X = O or = NH.

In the USSR this method is used for the commercial
synthesis of hexenal (sodium salt of 5-cyclohexenyl-3,5-
-dimethylbarbituric acid) 304,

Having much in common with the syntheses of barbituric
acids from malonic esters (for example identical conditions
of reaction, the same condensing agents), this method pos-
sesses the defect of involving two stages, although the loss
of product at the stage of the hydrolysis of the imino-acid
is usually not great*.

The yields of barbituric acids synthesised by this
method 132,137,169,178,263,304-321 ' are Jower in the majority of
cases, than by synthesis from malonic esters?i37,311,

However, inhibition due to steric hindrance is not so
strong in the case of cyanoacetic esters as in condensations
with malonic esters, and this explains the advantages of
this method for the preparation of barbituric acids with
a -branched substituents 3%, spirobarbituric!??, and 5-sub-
stituted 5-phenylbarbituric acids 37,

Alkylidene- or arylidenecyanoacetic esters do not form
the corresponding iminobarbituric acids®!5; the reaction
stops at the stage of the alkylidenecyanoacetyl urea:

HNH
COOC,H. —C,H,0H CONHCONH,

Ret=c{ * o RCH=c{ ’
N HNH N\eN

It was not possible to prepare 5-(4-thiazolyl)barbituric
acid by this method in consequence of resinification of the
reaction mixture 315,

* The hydrolysis of 2-thioiminobarbituric acids is accompanied
by the formation of the corresponding barbituric acids 17,318,
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As the synthesis of barbituric acids from cyanoacetic
esters is a two-stage reaction, the use of guanidine instead
of urea 242,263,305,310,312,318,315,318 jg completely justified in
all cases, since the number of stages is not increased, and
the duration of the reaction is diminished %322, Instead of
urea 1-cyanoguanidine 32 can also be used.

In the reaction mixture the cyanoacetic esters also
undergo some alcoholysis involving splitting off the ethoxy-
carbonyl group and the formation of the nitrile, the yield
of which may amount to 60% 305,311;

NaOCgHg
R,C(CN)COOC,H, + C,H,OH —— R,CHCN+ CO(OC,H,),.

The replacement of sodium ethylate by isopropylate, and

of urea by guanidine, diminishes the extent of alcoholysis 3%,

In Lund's opinion3!® the formation of iminobarbituric
acids from cyanoacetic esters proceeds in two ways:

R\ /CN

c
R/ NCONHCONH, A
v \R C——NH
O (NHy);— Ve o
/ R'/ \co NH/

>c\
COOC.H,
C—/-I\HCONH /

R
R \cooc JH;
xvl)

As the cyclisation of compound (XVI) occurs very easily,
it is not possible to detect it in the reaction mixture; the
cyclisation of compound (XV) occurs with difficulty. Thus,
the results of the condensation depend on the rates of for-
mation of (XV) and (XVI), in view of which the ratio of the
iminobarbituric acid and cyanoacetyl urea (XV) remains
almost constant on carrying out the reaction under various
conditions. Cyanoacetyl urea has been repeatedly found
among the products of the reaction 318,321,

Conrad and Zart3° geparated diethylcyanoacetamide
from the reaction mixture in the preparation of 5,5-diethyl-
barbituric acid from diethylcyanoacetic ester and urea:

CgHs,\ COOC,H;+NH,CONH; —— CgHs\ /CONH

< C
GHs” \CN

S * 4 INH,COOC,H; .
C.Hs” NCN

not isolated

Lund 3!® noticed an interesting complication in a reaction
involving cyanoacetic esters with a double bond in the
B-position to the CN group: a-(cyclohex-1-enyl)cyanoacetic
ester (XVII) does not form iminobarbituric acid, decom-
posing only to @ -(cyclohex-1-enyl)cyanoacetylurea, while
the a -ethyl derivative (XVIII) condenses with urea to
5-ethyl-5-(cyclohex-1-enyl)-4-iminobarbituric acid.

The reason for such a difference in the behaviour of
substances (XVII) and (XVIII) consists, according to the
author, in the presence of tautomers in the first of them:

TN ,c/COOCQH“

- COOC,H;
TN el *
CH =< Cen

SN T
(XVID
Under the conditions of the reaction the equilibrium is
almost wholly driven to the side of the alkylidene deriva-
tive incapable of cyclisation with urea (cf. p.442). Such
an isomerisation is impossible for (XVIII) and the reaction
proceeds normally.

7. Preparation of Barbituric Acids from Amides of
Malonic Acids

The possibility of preparing barbituric acids from
amides of malonic acids bridges the gap to syntheses

carried out in an acid medium, since this reaction can
occur not only in alkaline, but also in neutral and even in
an acid medium, according to the stability of the second
component.

The condensation of malonic diamides with ortho-
carbonates takes place in the presence of sodium ethylate
without heating 323, for example:

CHy,_ CONH,

c CszO\C/OczHaNZOCZHs CH, CO.
CH,” NCONH,

~\\ / \
| e 0C,H,
CH07 NOCH, i Seown O

C‘H N /co NH.,
B Cecoonw”

Diphenyl carbonate forms diethylbarbituric acid with
diethylmalonic diamide only on heating for 18 h at 200°—
280° 324, 5-Phenyl- and 5,5-diphenylbarbituric acids were
prepared by heating the corresponding malonic diamides with
oxalyl chloride in benzene without a condensing agent 82,162,
A series of barbituric acids have been synthesised by the
condensation of malonic diamides with phosgene (in toluene,
150°) 62,187

Tanaka and Sugawa32% found that the esters of carbamic
acid condense with esters of malonamic acids in the pre-
sence of isopropylate, cyclohexylate or sodium amide to
the corresponding barbituric acids:

NH. \\CO R\ /CO NH \CO

R’\C _COOC.H; .
CH,07 R’ NCO—NH/

R \CONH,

Malonamic esters condense in the presence of sodium
ethylate with urea, forming barbituric acids3!°.

Esters® and ureides’ of malonuric acids have also
been used for the preparation of barbituric acids, without
much success.

8. Preparation of Barbituric and Thiobarbituric Acids
by Cyclisation of N-Substituted Ureas

The cyclisation of derivatives of urea to barbituric and
thiobarbituric acids has no value for synthesis, but it in-
directly indicates the possibility of N-derivatives of urea
capable of cyclisation to barbituric acids being inter-
mediates in the above reactions. For example:

CO—NH

NHp
‘_C/CONHZ \3 l\uOH) H. C< >C
NCco—Ny” ~NH, CO—NH
COOH NHCHCHSCHCH,—NH  HOCO .\ - o

H.:C< Nco col NCH, ——
CO—NH~ “NH—co” T -0

 CH,CH,SCH,CHy—N —CO
L co—n(
HC Q /CO cO CH, 89;
CO—NH N\NH—CO”

C"H”\C/CO_NH\CS C.H,ONa CqHﬂ\C/CO~:\'H\

302;

RN ST T
cHy €O NH] e CO—NH/
|
CH,— O CH,O0H
FH, CH,
CO—N{ ok I ¢
L co—x

., 327

CzH,ON;n CH,
@l “Neo NH” 0

il

NH,

U \CN /
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Nakamura 28 gynthesised 1-methyl-5-cyclohexylidene-
barbituric acid in 90% yield by heating cyclohexylidene
cyanoacetylmethylurea with 10% caustic soda and subsequent
acid hydrolysis of the reaction product:

CH
s /CH3
Ao Mg maon A ON T
| [ NCN HNS I l \c NH/CO HCT
NS N4 au

/N CO—N <CH“
l | CO—NH/

This fact clearly contradlcts Lund's view that alkylidene-
cyanoacetic esters are not capable of forming barbituric
acids with urea3®, By an analogous method Nakamura
prepared some 5-A!-cyclohexenylbarbituric acids 328,

II. REACTIVITY OF BARBITURIC AND THIO-
BARBITURIC ACIDS

The hexahydropyrimidine nucleus of barbituric acid,
which contains three carbonyl groups and four mobile
hydrogen atoms, possesses a high degree of reactivity.

The variety of possible chemical transformations of bar-
bituric acids is further increased because trioxohexahydro-
pyrimidines are capable of a multiplicity of enolic forms.
To date, derivatives of the following forms of barbituric
acid have been described:
LA

X
HN " 'NH N
OH HO

\l)OLN HN  NH
HA A AN A AL,

The possibility of the formation of the conjugated-bond
systems,

OH

[ I ~ ')
CH=C"-0" and 0=C-N-H

determines the power of trioxohexahydropyrimidines to re-
act at different active centres; for example, alkylation
occurs under some conditions at the nitrogen, and under
other conditions at carbon atom 5.

As it possesses two mobile atoms of hydrogen in posi-
tion 5, barbituric acid may enter into almost all the reac-
tions characteristic of malonic esters. In addition to this,
the carbonyl group is capable of being reduced, of con-
densing with compounds containing mobile hydrogen atoms,
and of exchanging its oxygen for halogen atoms.

Thiobarbituric acids are even more reactive, as the
sulphur in position 2 may become quadrivalent and the C=8
bond is relatively easily reduced.

1. Tautomerism

In the light of all that has been said above, the question
of the possibility, the nature and the direction of tautomeric
transformations in the series of barbituric acids is highly
significant. Unfortunately, in spite of the large number of
investigations in this field19,57,75,79,85,251,208,294,829,337  the
problem has not received a final solution.

The spectra show that barbituric acids enolise in solu-
tions. Heyroth and Loofbourow 3%, comparing the ultra-
violet spectra of different pyrimidines, discovered that as
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the number of double bonds increases the absorption maxima
shift to the long-wave part of the spectrum. Noticing the
proximity of Amax for barbituric acids and thymine,

. o OH
AN i |
N\ \
i‘] T N N —— N W
o
NS NN\
OH | AN HO OH
CH, 0 o]
thymine barbituric
acid

the authors suggested that the trienol tautomer of barbi-
turic acids exist, but only in a strongly alkaline medium 338,
The existence of the trienol form, however, became doubt-
ful when it was established®*®°, in 1952, that barbituric acid
has a spectrum similar to that of 1-methylbarbituric acid,
inwhichthe trienol form is impossible. Evenearlier 251,3%,
the analogy inthe spectra of barbituric, 5~methylbarbituric,
and 1,5-dimethylbarbituric acids was noted. In addition,
in view of its aromatic structure, the trienol form should
give a considerably lower extinction coefficient than is
actually observed %°,

Erlenmeyer and coworkers®®* showed that in heavy
water all four hydrogen atoms of barbituric acid are re-
placed by deuterium. From this it follows that the enoli-
sation can proceed at least in one pair of neighbouring atoms,
for example, in the following positions: 1, 2; 1, 6; and
5,6; or2,3; 3,4; and 4, 5.

The majority of investigators 37,251,329,3%,340 congider that
mono- and disubstituted barbituric acids in aqueous solu-
tions undergo only single enolisation; for example, for
1,3 -disubstituted barbituric acid the forms (a), (b), and (c)
are possible:

(0]
'.\)L?\R
OH

]

o}
R'.\‘)k,\‘
OM\O

(a)

/ \\

Z

Form (a) should be stable in acid, and forms (b) and (c) in
alkaline solutions (pH = 7—11)57,32%  With a rise of alkalin-
ity of the medium, the degree of enolisation increases, as
shown by the increase of u.v. absorption 37,251,333,

Sheinker and Pomerantsev 3! have demonstrated that
barbituric acid is trioxohexahydropyrimidine in the crystal-
line state; in its infra-red spectrum there are intense
bands corresponding to the CO groups and no absorption
band is observed, which could be related to C=C or C=N
linkages.

Interesting data on the barbituric acid tautomerism in
solution may be gained from the investigation of their acid
properties. In view of the high ionisation constant of bar-
bituric acid in comparison with those of 5,5-dialkylbarbi-
turic acids, Wood and Anderson®* concluded that unsub-
stituted barbituric acid exists in solution in the enol form.
However, alkylation of the sodium salts of barbituric acids
yields C- or N- derivatives, not those of the enol form.

According to the observations of Biggs 3%, 5,5-diethyl-
-1,3-dimethylbarbituric acid cannot enolise, neither does it
exhibit acid properties. 1Its alcoholic solutions do not pos-
sess a band in the region of 241 myu, where less substituted
barbituric acids possess more or less intense absorption
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bands. 5-Cyclohexenyl-1,5-dimethylbarbituric acid, in
which enolisation is possible only inthe 2,3 - or 3,4-positions,
shows weak acidity. If neither nitrogen atom carries sub-
stituents, the enolisation being thereby appreciably faci-
litated, the acidity is strongly increased. Barbituric,
1-methylbarbituric, and 1,3-dimethylbarbituric acids have
close pK values, apparently because the enolisation in the
2,3- and 3,4-positions in the first two is weak.

The chemical transformations of barbituric acids are
complicated, as it is necessary to assume the existence of
all the forms described above in equilibrium with one
another. Apparently, such difficulties can be overcome
by considering charge displacement.

N ~ N e
H-N-C=0% or H-CH-C=0%"),

in the ring of the barbituric acids under the influence of
various factors (medium, irradiation, chemical reagents).
The trioxohexahydropyrimidine system is strongly polari-
sable, and such electrondisplacements maybe accomplished
in it with relative ease.

Thus, derivatives of numerous “tautomers” can be
formed in the reaction, as a consequence of the distribution

of electron density in the pyrimidine ring* characteristic
of each case 75,92,105,133,293,332,335,342 344

The spectra of the barbituric acids apparently reflect
differences of the degree of polarisability of the trioxo-
hexahydropyrimidine system dependent on the nature and
distribution of substituents in the nucleus.

In the series of 5-monosubstituted barbituric acids
stereoisomerism is possible as a consequence of the
hindrance to the rotation of the ring by heteroatoms**:

i “h oo
_N ,CO—
|C<,CO I\H\/\ o | P
I CO=NH-
CH,

and [0} CcO.
| NCO—NH-
H

Nishikawa 2°¢ succeeded in separating a- and f-forms of
the sodium salts of these acids, differing in solubility and
pH of their solutions**:

e ONa

B-form a-form

On heating, the o -form is transformed into the g-form.

Stereoisomerism may also arise due to asymmetric centres

in the side chains of barbituric acids®3:345. In the case of
tetraalkylbarbituric acids, the separation of such stereo-
isomers into their enantiomorphs is extraordinarily dif-
ficult, because they are neutral substances and do not give
salts with optically active bases or acids®3.

* This distribution may be anticipated from a knowledge of the
electron structure of the reactants and the influence of the
medium. In particular, in the system
~ C:Ol
HECH-CN=H

the electron displacement in the direction of the continuous
arrows is preferred to that of the dotted arrows.

** These statements follow the abstract quoted 284,
not now be considered valid (Ed. of Translation).

they would

another.
transformed by concentrated H,SO, into the lactone

2. General Stability of the 2,4,6-Trioxohexahydro-
pyrimidine Nucleus

The 2,4,6-trioxohexahydropyrimidine nucleus is, in
general, fairly stable to the action of various chemical re-
agents. It is not affected by such reducing agents as
SnCL,/HC1 101,346-248 and zinc-dust in CH;COOH 3%° or
water *°, or on hydrogenation in the presence of PtO, 39,24,
The aromatic nuclei of phenylbarbituric acids can be
nitrated37,274,351-353 gnd gulphonated 352 under the usual
conditions without disruption of the pyrimidine ring. The
pyrimidine nucleus of barbituric acids containing an amino
group in the substituent chain is not ruptured during diazo-
tisation and coupling ®7,274,278,%47,353 Cold concentrated H,SO,,
asarule, does not split the nucleus of barbiturates 208,354,355,
however, in the case of 5,5-dialkylbarbituric acids con-
taining a secondary alkyl, the latter is split off by the
action of H,SO, 335,3%:

CHe\ CO—NH._ h.so, CO—NH.
CaHyCH” ¢ “\co—NH>L0 ’ C‘H"_HC\/\CO;NH)CO'
CH;,

Monoalkylbarbituric acids, even those containing a
secondary alkyl, are not changed by the action of H,SO, 3%.
Under analogous conditions, thiobarbituric acids iso-
merise into S-alkylated reaction products 357:

CQHO\C/ CO—NH\ . IIC;\:&’ C.HQ\C/CO—

N
A\
NC—S—CH(CH,),.

(CHyCH S CO—NH” 17 CO—NH/

Allyl groups in position 5 diminish the stability of the
trioxohexahydropyrimidine nucleus, evidently on account
of the possible formation of the unstable carbonium
ion (XIX), later cyclising to (XX) 355:

) ) CH,—CH~* o-
CHy~CH—CHy _ CO-NH, i+ | |
c CO —r “H, “C—N
CHy - CH—CHy  NCO—NH/ R ’”\\co~—-
CHy NMC—NH-
| )
CHye CH* 0-
(X1X)
CHy—CH—¢
[ |
Gy Ct—NH
o \C/ \co
Pay y
cH, ¢ —Nn/
| |
CHy=CHee—0
(XX)

The ion (XX) becomes later stabilised in one way or
Actually, 5,5-diallylbarbituric acid is easily

CHy—CH—0

I
CH, CO

C
ch, co
! |

CHy—CH——0

Apparently the same substance was obtained by Leuchs and
Lemcke **® by the action of fuming HBr on diallylbarbituric
acid.

Spirobarbituric acids can also be split by the action of
HBr %%, The nucleus of 5,5-dialkylbarbituric acids is not
split on boiling with concentrated HBr, and only sometimes
isa secondaryalkyl removed, asbythe action of H,SO, 152,35,
On heating barbituric acid with concentrated HCI to 200°,
the pyrimidine ring is broken down, malonic acid, urea,
ammonia, acetic acid, and CO, being formed %,

445
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Aluminium chloride, like sulphuric acid, removes alkyl
groups from barbituric acids; but it does not form S-alkyl
derivatives from thiobarbituric acids 335,

Fialkov and Rapaport 3° remark that the nuclei of
5,5 diallylbarbituric and 5-s-pentyl-5-3-bromoallylbarbi-
turic acids are not decomposed by a solution of IC1 in HCIl,
even at 70°-80°,

Chromic acid (at ~20°) %9, K,Cr,0, in H,SO, %9%!  and
30% H,0, do not disrupt the nucleus of barbituric acid in
the cold.

Usually, barbituric acids are stable to water — they
are decomposed by it only on many hours' boiling at 5—
10 atm %2; however, N-arylbarbituric acids, according to
Ridi's observations ®, are broken down as follows on boil-
ing in water:

/:(CO—E— N/A'
H,c'\ CO + Hy0 —— ArNHCONHCOCH; + CO»
CO~Nt

Spirobarbituric acids, on prolonged heating with water,
decompose with separation of ammonia3?® and formation
of the corresponding malonic acids!“%, Tetrasubstituted
barbituric acids are still less stable 33,

In contrast to the barbituric acids, their sodium and
potassium salts (and consequently the barbituric acids
themselves in the presence of alkali) are extremely un-
stable, particularly in aqueous or alcoholic solution. As
the instability of the sodium salts of barbituric acids in
aqueous solutions has great significance in medical prac-

tice, considerable attention has been devoted to the hydro-
lysis of these salts 84,98,202,229,234,238,254,281 ,283,284,323,362,364 -373

The literature gives information on the formation of the
following products of barbituric acid hydrolysis: (XXI)?2%,
220,238,283,362,872, (XX11) 202,229,354,362,365,  (XXTIT) 84,202,234,283,

284,823,367,373; (m)98,284,365,867-369; (Xxv)ssz,sea; (XXVI) 369,

ox:
CO—xli e C=N COONg
r.c{ Sco 20U el >c0 1O, gl — R,CHCONHCONII,
co—NI C=N CONHGON, N
b / (XXI) \
COONa
Nod R,C(COONa),
CONH,

(XXHBD
(XXVD) \ /

R,CHCOONy —+———— R,CHCONH,
(XX1V) (XXV)

The scheme indicates the possibility of the formation of
at least six substances according to the conditions of hydro-
lysis. Compounds of type (XXI) are products of the hydro-
lysis of the sodium salts of barbituric acids at ordinary
temperatures; sometimes, however, (XXI) may not be
formed, because the relatively most stable 5,5-dialkylbar-
bituric acids are not decomposed by cold alkali. In the
case of the most unstable barbituric acids (those with un-
saturated and N-aryl groups, and spirobarbituric acids)
hydrolysis in the cold leads to (XXII), (XXIII), and even to
(XXV); in the majority of cases, for the formation of these
hydrolysis products, boiling the barbituric acids (or their
sodium salts) with 10—-20% NaOH is required. The com-
pounds (XXVI) and (XXIV) are formed only on boiling the
reaction mixture. The sodium salt of a substituted acetic
acid (XXIV), urea, ammonia, carbon dioxide, NaHCO;, and
Na,CO, are the final products of the hydrolysis of barbi-
turic acids. In separate experiments, the decomposition
of (XXI) to (XXII), (XXIII), and (XXIV), of (XXI) to (XXIV),
and of (XXVI) to (XXIV) has been demonstrated.
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Addition of alcohol or glycerol to solutions of sodium
barbiturates decreases the rate of their hydrolysis 254,

The sodium salt of a substituted malonamic acid (XXVI)
is formed in the hydrolysis of 1-(N -barbiturylidene)-4,5-di-
methyl-2-D-ribitylaminoaniline* by boiling with 27%
Na,CO,: 3™

CathOu
o NHC5H;O4 N /Néo
0 1)
_ HO T C—COONa
BN AN e Mo =\ A\
NCONHS

The action of KOH on N, N -disubstituted thiobarbituric
acids splits the pyrimidine ring364:

R
CO—N¢ CONHR
Hyc( NeSKOH e RNHy--HCOOR +K;CO34-K.S.
\CO—N<R 2 \CONHR+ 2~ -+K3CO34-Ko

The 2,4,6-trioxohexahydropyrimidine ring is also des-
troyed by caustic alkalis without a solvent. Molle and
Kleinst 3¢, by slow fusion of 5,5-diethylbarbituric acid
with NaOH, obtained the sodium salt of diethylacetic acid
and ammonia. Later Jorissen3?® discovered cyanoacetic
acid among the products of this reaction.

3. Reactions of Barbituric Acids Involving the Mobile
Hydrogen Atoms

(a) Acid properties. Barbituric and thiobarbituric
acids, by the action of hydroxides or salts, can exchange
one or two atoms of hydrogen for a metal, forming salts of
the types (XXVII) and (XXVIII), apparently according to
whether the metal—oxygen®:2™ bond is strongly or weakly
ionised:

o oM
|
C=N C—NH.
Hye Sco uc? Nco
Nconw” \co—Ng”
(XXVID) (XXVII)

With the silver ion, a salt is formed (XXVIII) that gives
on subsequent alkylation, C,-derivatives °2:%42; alkali metals
form salts of the type (XXVII), capable of being alkylated
not only at the N atom, but also at the C; atom. If two sub-
stituents are present in position 5, only the form (XXVII)
is possible.

Salts of alkali metals 370,375-377  A] 378,379 (g 380 PBg 373,
Ag 373,381,382’ Hg 383-386’ Cu 873,837-389’ CO 379,390,391, Ni,
Mn, Fe, Mg3®, and Pb 3 have been described. The salts
of Co, Ni, and Cu have a complex composition and have
been little investigated. Barbituric acids form stable
salts with organic bases 2. The imide hydrogen of bar-
bituric acids reacts with organomagnesium compounds 3°3,

In these reactions, the trioxohexahydropyrimidines be-
have as typical acids. However, with strong mineral
acids barbituric acids also behave as bases; in particular,
they are readily titrated with perchloric acid %4,

* D-Ribityl = D-ribose residue ~ CH,CHOHCHOHCHOHCH,OH
(- C5Hy30y).
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(b) C-and -alkylation (arylation). Alkyl
(aryl) derivatives of barbituric acids may arise by sub-
stitution on carbon 5 or on the nitrogen; the hydrogen on
the nitrogen is replaced with more difficulty than on car-
bon 5, and accordingly, when a choice is possible, it is
the latter, and not the imide hydrogen, that is replaced in
the first instance 337,395-3%8;

CO—NH R\ ,CO—NH
, \ S/ NaOH__ BN/ Nco

R+ /oo’ 0 2/ conn/
or R
R CO N/

R. ,CO—NH
v \, ,x NaOH o/
R’ N\CO—NH/ COHRY Zhx g/ Nco— NH/

These reactions are widely utilised for the synthesis of
5-substituted and N-substituted barbituric acids (particu-
larly for those that cannot stand vigorous conditions of
synthesis), because the process occurs under gentle con-
ditions, and gives good yields of the desired reaction pro-
duct. Thus, this reaction is convenient for the introduc-
tion of unsaturated radicals into the nucleus of barbituric
acid (cf. Table).

TABLE. Comparison of various methods of
synthesis of barbituric acids (ac-

cording to Goldhahn and Barth %),

Yield of acid, %

5,5-Substituents
in the synthesised
barbituric acid

by the introduction
from of unsaturated
malonic |radical into the
esters | S=monosubstituted
barbituric acids

Allyl, allyl 37 84
Crotyl, crotyl 75 97.5
Ethyl, crotyl 50 97
Ethyl, ally 50 65
Allyl crotyl 49 68

By this method, it is possible to synthesise barbituric
acids that are impossible to prepare from malonic esters,
in view of the instability of the latter. In particular,
5-acetanilidobarbituric acids were thus prepared®°, From
the corresponding malonic ester, 1,3,5-trimethyl-5-3-
-diethylaminoethylbarbituric acid could not be prepared;
but it is easily synthesised by the interaction of 1,3,5-tri-
methylbarbituric acid with CICH,CH,N(C,H,),. %°

A second advantage of this method is the high purity of
the product obtained. This is particularly important in
the synthesis of low-melting N -substituted barbituric acids,
which in the presence of impurities separate in the form of
non-crystallising syrups 4%,

In some cases, however, the reaction is complicated.
In the alkylation of 5-isopropylbarbituric acid by o, a-di-
methylallyl bromide in the cold, the yield of 5-isopropyl-
-5-(3-methylbut-2-enyl)barbituric acid is 27% (on heating
even less), whereas this acid is prepared from malonic
esters in a yield of 67% 13,

The preparation of C-alkylbarbituric acids by the inter-
action of monoalkylbarbituric acids with a-C,H,CH,Br 2%
was not successful. Even such an active agent as allyl
bromide does not form a 5-allyl-derivative with 1-ethoxy-
carbonylmethyl-5-acetylbarbituric acid*?. It was not pos-
sible to prepare 5-phenyl-5-cyclohexylbarbituric acid by
the interaction of cyclohexyl bromide with 5-phenylbarbi-
turic acid® or 5-methyl-5-cyclooctylbarbituric acid from
5-cyclooctylbarbituric acid and methyl iodide 4,

In view of the ability of barbituric acids to enolise, a
competing formation of O- and N-derivatives might have
been expected on straight alkylation of the sodium salts of
5,5-dialkylbarbituric acids. However, until very recently,
no indisputable examples of O -alkylation were known; the
claim of Marotta and Rosanova 33 to have prepared O -de-
rivatives by the methylation of 5,5-diethylbarbituric acid
by diazomethane was proved erroneous®. However, in
1953 Snyder and Link!%® succeeded in preparing O-deri-
vatives (XXIX) by the interaction of tetraacetyl-D-glucosyl-
bromide with 5,5-diethylbarbituric acid in the presence of
an excess of Ag,0 and of quinoline:

CH,0COCH, CH,0COCH,

y H o -
b H o ALCELN A0 H © ( S
ococH; 1 A TS 0 S OCOCH, H AN /0
i JO—N]
CH,CO0 CH,CO0 R

H OCOCH, ] OCOCH,

EXNIXY

A synthesis of (XXIX) directly from the silver salt of
5,5-diethylbarbituric acid did not succeed.

Most frequently, alkylation* has been used for the pre-
paration oi 5-substituted barbituric acids.

Alky187,159,284,290,400-402 anq glkenyl 857,62,161,184,193,200,257,

200,368,403-409 jodides and bromides, halogenoarylmethanes¢°;
8,203 halogenopyridines 37,410,411 = -halogenoketones 369,3%%,
412-4014 N_chloro-N-acylanilines 415, and various o -halo-
genomethyl derivatives of heterocyclic compounds 24,139,
159,418 hLave been used as C-alkylating agents. Alkylation by
alkyl halides is difficult!%3,%92, Instead of alkyl halides,
alkyl p-toluene sulphonates*’ can be utilised. Formami-~
dines®® also react at the C atom:

CO—NH.
CoHNHCH - N

{—C,H,NH,)
—_— e CO
Nco—Ng”

/CO—NH\
C,!lsNHCHzNCtu,—}—HgC\CO NH /CO

By interaction with the alkali-metal salts of 5-mono-
barbituric acids, epoxides give small yields of 5,5-disub-
stituted barbituric acids®%®, containing an alcohol group in
the substituent:

¢ N~CH—CH,

i J Lo/
| 0 CHCH/ \ KOH
'l +CsHs o NH/CO

\——CHCH1C/ "o,
0—NH"

Thiobarbituric acids polymerise under these conditions 8,
C-alkylated barbituric 2cids may arise in the presence or
absence of strong alkali; in the latter case alkylating
agents containing mobile halogen atoms are used, for
example, allyl halides®,57,2%0,4%  bromophenylhydantoin ¢,
a-C,H,CH,Br 2%, C,H,COCH, Br 42, p-C,H;OC,H,NCI.
COCHS ‘“5, CICH,COCH;, *°, and CICI-I.‘,COI\THCGH5 399,

* Barbituric acid is easily acylated in the 5-position by acid
anhydrides and chlorides ®3%, Urea forms with barbituric acid a
5-NHyCO-derivative %,
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The reaction is carried out in an aqueous-alcoholic
medium by heating in the presence of an equimolar quantity
of sodium acetate. The addition of potassium or sodium
iodide considerably accelerates the reaction and raises the
yield of C-alkylated barbituric acid 3%°:45, Phenylbromo-
hydantoin, possessing an extremely active bromine atom,
reacts with barbituric acids even in the cold and in acetic
acid, forming 5-alkyl-5-phenylhydantoinylbarbituric acids,
for example:

H-—CO CiHs_CO—NH NH—CO CHs
o <N ¢ osed 00— co<NH N
H—C— H /" \CO-NH —C— .
NH (“| Br 1 I NCO_NH
CaHs CaHy

In most cases, C-alkylation is carried out in aqueous
alcohol in the presence of N—3N NaOH, since in this case
it is easily reproducible and gives high yields of C-alkylated
barbituric aCidS 57,193,202,233,250 5254 ,369,398,405,413,416,417,420,421 R
Even here the addition of iodides facilitates the yield of the
desired product 23%:257 (for example, in the synthesis of
5-acetonylbarbituric acids, the yield is raised from 10 to
5% 43). Apparently, the influence of the Nal added in the
alkylation of barbituric acids (or bromides) involves the
conversion of the chlorides by sodium iodide into alkyl
iodides which react much more easily with the barbituric
acids?®. The addition of Cu powder ¢ or CuSQ, 57,3°9,405,408
also acts favourably. The reaction proceeds also in the
absence of alcohol, but usually more slowly?5%; the yields
of substituted barbituric acids reach 90% 2%2. 5-Triphenyl-
methylbarbituric acid was prepared by fusing (C4H;);CCl
with barbituric acid in vacuo?®. The preparation of tri-
and tetraalkylated acids by direct alkylation of barbituric
acid has, up to the present, not been successful 337, but
tetra-p-nitrobenzylbarbituric acid was prepared® by the
reaction of barbituric acid with an excess of p-~nitrobenzyl~
chloride. -

Among the side reactions we should mention N -alkylation
in those cases where it is possible3:3%6-38 ' and dehydro-
halogenation when polyhalogeno compounds % (for example,
1,2,3-tribromopropane) or compounds with a mobile halogen
atom (triphenylchloromethane)? are used on alkylating
agents.

2-Thiobarbituric acids, in particular 5-alkyl-substituted
compounds, are capable of alkylation on the sulphur
atom 408,422-424

A comparison of the influence of alkylation conditions on
the yield of barbituric acids is given by Gabel' 2°° and
Halpern and coworkers 425,

N-Alkylation of 5,5-disubstituted barbituric acids pro-
ceeds under the same conditions and with the same cata-
lysts as dOeS c_alkylation9,5‘1,62,193,284,285,319,354,370,!25‘449-
Among N-alkylating agents, p-nitrobenzyl bromide and
phenacyl bromide are relatively important, because these
N-derivatives of barbituric acids crystallise well, have
definite melting points, and serve for the identification of
barbituric acids 435,442,444,445,449,450 A mjcrochemical modi-
fication of the reaction has been described by Reimers 443,

It is interesting that solutions of veronal inactivate mustard
gas, forming a non-poisonous compound with it 447:

_CO—NH
2 (CH G €O = CICH,CH,SCH,CH,Cl —
“CO—NH/
o SO N GHCHSCHCH—N —CO_
~ (CsHs).C C
(GHACS comm” oc” € (CaHah
“\NH—CO’
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Dichloromethylamine forms with 5,5-dialkylbarbituric acids
the very unstable methylaminobisbarbituric acid 4¢:

CH,
|
N—N—-CO
CO—NH, o - \\CR
R >CO - CHNCly — R >coco SR
CO—NH CO—NH NNH—cO 7

Cases of intramolecular N-alkylation have been des-
cribed 43!,

It is possible to alkylate 2-iminobarbituric acids (pri-
mary products of the interaction of malonic ester with
guanidine) or 4-iminobarbituric acids (prepared from
cyanoacetic ester and urea). The products can easily be
converted into barbituric acids 262,285,319,

Some reagents usually react with the 1,3 hydrogen atoms.
These include compounds of the type RHgX 38,452 phenyl-
mercury hydroxide*®®, dimethyl sulphate in alkaline solu~
tion101,127,345,454-457 " djethyl sulphate 3¢5+4%, diazomethane,
and diazoethane 62,6%,350,456,458  Bjltz and Wittek°! intro-
duced a single methyl group into position 5 of 1,3-dimethyl-
barbituric acid with the help of a large excess of diazo-
methane, but they did not succeed in substituting the second
H atom in position 5 by a CHy group in the same way. The
hydrogen atoms on both nitrogen atoms seemed to be quite
equivalent in chemical reactions %%s°2,

Not all derivatives of barbituric acid are equally easily
methylated; thus, hydurilic acid is not methylated by di-
methyl sulphate!®. N-Allyl derivatives of thiobarbituric
acid cannot be synthesised by the reaction of allylbromide
with the sodium salt of thiobarbituric acid in aqueous or
alcoholic solution; ring rupture occurs with the formation
of 2-propenethiol 370,

(c) Substitution by addition. Barbituric acid
and its 5-monoalkyl derivatives enter into a series of re-
actions involving addition4*%:4°, Compounds with con-
jugated double bonds combine with barbituric acid without
any catalyst 45°:

CO—NH,
CO—NH"

. e N
CO — NO,CH,CHHC( CO.
P Neo—np

CHR

NOCH=CHCGH,R + H

The velocity of the reaction depends on the concentra-
tion of barbituric acid. Reduction of the electron density
on the carbon atom which is attacked by the anion of the
barbituric acid increases the speed of the reaction. In-
crease of the dielectric constant of the reaction medium
has the same effect*!. The final products of the reaction
are unstable and rapidly decompose on storage 45°:

o
NH—CO_ M (
>c3cn—@~n —o0==o0c{
NH—CO
CgH K

NH—CO

oct SC==CHCGHR + CHZNO,

NH—CO

Attempts to use in this reaction C;H;C = CCH,OH 4¢2,
CH, = CHPO(OR), !, cinnamic and acrylic acids, methyl
acrylate and benzalmalonic ester were unsuccessful.

(d) Condensation reactions. A considerable
number of communications 60+66,76,82,88,199 ,241,344,348,364,421,
463-48% have been published about investigations of the con-
densation of barbituric and thiobarbituric acids and their
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1,3 -disubstituted derivatives, with aldehydes and ketones:

R —NH 1o CO—NH_
\CO+H2C/ NGO (=5) =5 RC= c/ A NH/\CQ(_s).

R’ K comni”

The ketones react with appreciably greater difficulty
than the aldehydes; this is the basis of a method of sepa-
rating them by boiling their mixtures with an aqueous solu-
tion of barbituric acid 223,464,

The reaction is carried out by boiling an equimolar mix-
ture of the reagents in alcohol 82,344,421,481,482  yatep 199,344,
349,469,483 | pyridine 875,482,486 glycerol ¥, or glacial acetic
acid 47,488, Sparingly soluble, sometimes coloured, com-
pounds are thereby produced: in consequence, this re-
action has been frequently suggested for the identification
and quantitative estimation of aldehydes 76,384,463,400-492 gpq
barbituric acids 3.

Aliphatic aldehydes form compounds without sharp melt-
ing points and often of a resinous nature, but the reaction
goes smoothly with aromatic and heterocyclic aldehydes,
and the condensation product separates quantitatively %4,
Substitution on the nitrogen does not influence the rate of
the reaction®:, In a number of cases the reaction is
accelerated by the addition of bases: trimethylamine %,
hydrazine hydrate %4, piperidine %°.

A second molecule of barbituricacid may act as carbonyl
component 373;

_NH—CO NH—CO. ,
SeHyroc RSN/t P
“NH—CO \CH,—~CO”
NH—CO. NH--CO
_ 0c o ONH
“\NH—CO" “CH,—CO

Some limitations and complications in the reaction of
aldehydes and ketones with barbituric acids are known,
particularly in the case of ketones. Thus, in an alkaline
medium barbituric acid does not condense with isatin; in
an acid medium bisbarbituric acids are formed 472:

_CO—NH
5o
~ M comnn
/“ — G0 JCO-NH, o ho \‘, C(
! | -2CH, SCO —= | I CO—NH
. “\ ) N CO~NH" P co “Hed “co
N \NH/ NS \N v NCO—NH *

Ananalogous reaction is given by salicylic aldehyde 34%,464,
Orthovanillin forms with 1,3 -dimethylbarbituric acid
o-vanillylidenebisdimethylbarbituric anhydride 464:

CHy CHs CcH, CH,

\(.,O

|
—2H,C
oc /CH \ co—-o0c{
< N=CO

NCO—N~"

‘(HO!HQC/

I 1
CH, | CH, CH,

HO—H 1 CHO N
|

H,co” N

By the condensation of o -aminobenzaldehyde 3¢°, and
also of 2-amino-4-nitrobenzaldehyde 34 with barbituric
acid, a diazoacridine ring is formed:

c ~H:0

p——

/\\~1/ ,CO—NH,_
Lo Nconu’”

v Cco N AN /\/CO\NH
| eV
@ NN N\

/ N
\\NH/

When 4,6-diaminoisophthalic aldehyde is used, the reaction
follows the normal path 482:

/NH—CO\_
~CH, VOH(,—f S —C HO CO — NH. —oH, o
\NH—cO" | ” c oo
SCO— NH”
/\/\ Tl
NH NH,
NH—CO ., . CO—NH.
4 Se=cH— "N —cH=c Co
———  “NH—CO NCO—NH”
PAVAS
NH,  NH,

It is impossible to prepare methylenebarbituric acid
(XXX) %+ from formaldehyde and barbituric acid; how-
ever, its ammonium salt was synthesised by the reaction
of barbituric acid and urotropine 474; on neutralisation of
this salt by hydrochloric acid, methylenebisbarbituric
acid (XXXI) was obtained instead of (XXX).

_CO—NH._ NH—CO., . (‘O—NH\\(O
CHy=C O COo S CH—CH,—Ct NC
NCO—NH" \NH co/ \CO—NH"
(XXX) (XXXI)

Formaldehyde condenses with 5-substituted barbituric
acids forming methylol derivatives 4%3:

R. CO—NH
CH0- el Nco
H \CO—_NH"

R, CO=NH:,
HOCHy e Nco— NH/

The condensation of barbituric acids with aldehydes may
be important for the preparation of 5-monosubstituted
barbituric acids, which are easily formed in quantitative
yield by the catalytic hydrogenation or reduction by zinc
and acetic acid of arylidene- or alkylidenebarbituric acids:

O—NH\\

CO—NH "
ReH=c{ N

.C
—_— 7
CO—NH/C Pt/C, Ni, Zn/CH,COOH > RHLCHC

“co—npS

In this, in spite of the additional stage in the reaction,
the yields of 5-substituted barbituric acids are usually
higher than in their syntheses from malonic esters?®®°,
With some types of barbituric acids, e.g. (XXXII), this re-
action is the only means of preparation, since the corres-
ponding malonic and cyanoacetic acids and esters cannot
stand the conditions of the condensation:

_CO—NH
CH;—C=——C—CH,—CH Nco
! ) AN
/N\ /co CO—NH
R N
)
AT
(XXXII)

The synthesis of 5-monoalkylbarbituric acids from ali-
phatic carbonyl compounds may be achieved, even in a
one-stage hydrogenation of a mixture of aldehydes and bar-
bituric acids in the presence of palladium in an alcoholic
solution#**:%5,  The aldehydes react more rapidly than the
ketones, and among the ketones the low-molecular more
rapidly than the high-molecular. Cyclic ketones are more
active in this reaction than aliphatic ketones with the same
number of carbon atoms; unsaturated carbonyl compounds
react more rapidly than the saturated analogues.

Formamide and its N-derivatives 364,470,474,487 condense
with barbituric acids in the same way as aldehydes. It is
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interesting that at the same time formamide reacts with
—CH,CO- groups in the usual way, dimerising them into
oxonols:

=NHq,-H,0
— c1NH, + H] C—ClOH)— 225 COCm=CH—C~=COH—
CO(!'(”CI COOH)— —coc l

For barbituric and thiobarbituric acids the basic reac-
tion is the formation of aminomethylene compounds
(XXXIM), evidently as a result of the high mobility of the
hydrogen in the methylene groups *'5:

NH—CO /NH~CO\
Ve AN e (1N
ocC C-H + QJCHNH, ——> OC C (.HT\HZ
Ssu—co” = ? O “NH—co”

(XXXIID

Oxonols of type (XXXIV) (see below) are formed in in-
significant quantities in this way. In the preparation of
(XXXIH) instead of formamide, ammonium formate ** can
be used and even formic acid itself2%”; the reaction of
barbituric acid with N -formylaniline proceeds in this
way“6?. However, if in place of formamide, dimethyl-
formamide is used, the normal product of the reaction,
methylidynebisbarbituric acid 4® (XXXIV), is almost ex-
clusively formed:

. CO—NH
—NH —H,0 NH—-CO AN
{CH)a NCHO L 2H, c( b . ocd Sc~cH—CH co.
CO—NH” NH(CIL),  “NH—CO N co—nH”
(XXXIV)

Oxonols of type (XXXIV) can react with compounds pos-
sessing an active CHg group to form merocyanines, for
example 4%

AN N NH7CO NN
XXXIV) :CH , H \CH—CH:l l [+
(XXXIV) - CHz— +/\/ (ll\ \T\H co l\lI/\/
¢ Hy I C.Hs
 CO—NH
N
+H,cHed \co.
" Nco—NH

The merocyanines of barbituric and thiobarbituric acids
may also be prepared by another method 4°7-5%; they find

application as sensitisers for photographic emulsions 4°6-5%,

The reactions of barbituric acids with C;H,COCH =
CHONa %% proceed analogously, for example:

NH—CO s NH—CO
c/o "\ CH,-£ NaOCH = CHCOCH; ——— €O N CH—CH=CHCOGsHs,
“NH—cO” \NH—CO

(e) Halogenation. The trioxohexahydropyrimidine
nucleus is easily halogenated. By passing chlorine into an
aqueous suspension of barbituric acid®-° or its 5-alkyl
derivatives!% at 30°-40°, or into an alcoholic solution of
barbituricacid at 0° 1%, 5,5-dichlorobarbituric and 5-alkyl-
-5-chlorobarbituric acids, respectively, are formed in good
yield.

Sulphuryl chloride (SO,Cl,) in chloroform acts similarly
to chlorine!%, The chlorination of barbituric acids with
potassium perchlorate in hydrochloric acid has been des-
cribed ®%,1%°, Bythe action of calcium hypochlorite in acetic

450

acid on 5,5-diethylbarbituric acid, 1,3-dichloro-5,5-di-
ethylbarbituric acid is formed®%7; this is a good chlorinat-
ing agent for unsaturated compounds.

The bromination of barbituric acids proceeds just as
easily, leading to 5-bromo- #55% and 5,5-dibromobarbi-
turic acids #,°0-92,509,510 tribromoacetureides % being
formed as side products.

Hydurilic acid, on bromination in the presence of
methanol, decomposes into the compounds 19,34

O—
co CBr c<- >c
N\NH-C0” l CONH

By the action of iodine chloride on 5-alkylbarbituric
acids, Fresenius5!! prepared 5-iodo-5-alkylbarbituric
acids; 5-hydroxy- and 5-chlorobarbituric acids were also
formed.

(f) Oxidation. Various products are obtained by the
oxidation of barbituric acids. Chromic acid oxidises bar-
bituric acid to alloxan, and a mixture of NaClO, + V,0; +
+ H,80, %1% acts in the same wdy. Alloxan is also formed
on the oxidation of alkylidene- or arylidenebarbituric
acids*®. Nitric acid reacts vigorously with monoalkyl-
barbituric acids, forming numerous products, including
alloxan®°,

5-Mono-substituted barbituric acids are easily oxidised
to the corresponding dialuric (5-hydroxybarbituric) acids,
even by atmospheric oxygen?*4,%#%,53,  K,Cr,0, in water or
glacial acetic acid 123,54 and H,0, and Na,0, 128,513,515 act
similarly.

5,5-Dialkylbarbituric acids are much more stable to
oxidation than monoalkylbarbituric acids 2%,

(g) Other reactions involving the mobile
hydrogen atoms. Barbituric and thiobarbituric acids
and also their monoalkyl derivatives are very easily
attacked by HNOQ,, yielding violuric acid 87,%0~92,516-518,
From barbituric acid, purpuric acid is formed as a by-
-product:

NH—CO.

NH— om0 ,NH—CO CO—NH

260 \CH2+HNO.:'—‘ 0 Nen=& Neo.

\NH—CO NNH—cZ o NH/
NoH

By reacting thiobarbituric acid with ethyl nitrite in alco-
hol, the analogous thiopurpuric acid is obtained as the
chief product of the reaction5!®,

Diazotisation of a -(5-barbituryl)phenylacetamide by
sodium nitrite at -5° leads, unexpectedly, to the breakdown
of the ring 234:

CO——NH

OOH
C\,Hs([:H C\H ® CO+2HONO ———» CHyCH— CH<
CONHCONIINO.
CONH, CO—NH toon

The nucleus of 5,5-disubstituted barbituric acids is

" usually not affected on diazotisation; thus, from

5-(m -aminophenyl)-5-ethylbarbituric acid a diazonium salt
was obtained, which gave the azo-dye (XXXV)3! with
B-naphthol:
NH—CO CaHs Y
RO
\NH—CO N N N— —.

|
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By reaction with nitrogen-containing compounds, barbi-
turic acids form a series of technically valuable sub-
stances. Thus, p-(CH,),NSO,C,H,NHSO,C,H,NH,-p, after
diazotisation, reacts with barbituric acid forming an orange
azo-dye 52°,

Tischler and coworkers 5%, starting from barbituric

acid, accomplished a direct synthesis of riboflavine (vita-
min B,):

R
|
N N
N\ CH,CO0H CHa—'//\/ e’ \CO
CcO

—_ | | i
]
Nco- CH—{_ " #C NH

SN N0

Cilg— /\ —NHR ol

cHy—{ Hg\ ‘\JC‘,H,,‘ 65.8%

where R = D-ribityl (cf. p. 446),

Alloxazines, related to riboflavine, are also formed in
the reaction of substituted o-phenylenediamines with
5,5-dichlorobarbituric acids 522, for example

N NH

lacial . .
g '/\‘/ Nens N eo

CH,COOH

CO—NH
\ v N
boxlmg ‘

Tar Ncowm ,(]_H NH
H, o’

By boiling with phenylhydrazine in water, in acetic acid,
or without a solvent, barbituric acid gives uramil 323,524;

NH—CO
ocd “SCHNHL.
“\NH--C0”

N -substituted barbituric acids, under these circum-
stances, react with rupture of the ring524:
_codx /C“m

H, L co + 2CeH NHNH, —— CHy

(o—f-\

_ CONHNHCH,

+ CHsHNCONHCGHs
CONHNHCgH,

SCoHs

Isocyanic acid reacts with barbituric acid to give malo-
biuric acid5%5*%

. NH—CO
NH—CO HEN=CO_ & NS

oc CHg+- OC
NHoCO” “NH—co” Nu

CONH,

The interaction of barbituric acid with mercury fulminate,
Hg(CNO),, in a KCN solution leads also to the formation of
malobiuric acid 4™,

4. Reactions of Barbituric and Thicbarbituric Acids
Involving the Carbonyl (Thiocarbonyl) Groups

The reactivity of the carbonyl group of barbituric acids
depends to a considerable extent on the nature of the sub-
stituents in the 5-position.

On electrolytic reduction of barbituric acid, the reaction
stops at the stage of formation of hydrouracil or tri-
methyleneurea 5%; hexahydropyrimidine is not obtained in
this way.

* At this point the original contains an error, which has been
amended in accordance with Curtius' paper’® (Ed. of Translation).

The 5-monoalkylbarbituric acids are reduced similarly,
but with much more difficulty. The introduction of two
alkyls in position 5 changes the behaviour of the acid: as
a consequence of the small tendency to enolisation in the
5,5-dialkyl barbituric acid, only the urea-type carbonyl
group is reduced, and not the malonic ester residue 78,526,527,

5-Isopropyluracil is obtained from 5-isopropylbarbi-
turic acid by the action of a sodium—lead alloy (30% Na)
in a mixture of hydrochloric and acetic acids:

CO—NH.
(CH,3),CH—CH CcO
Nco—NH

o .CO--NH
~ccooRTer™ (GHCH ¢ co .
CH-NH”
Lithium tetrahydroaluminate reduced 5,5-disubstituted
barbituric acids only to the corresponding trimethylene-
urea 528,

It should be mentioned that, in comparison with CO
groups in a carbon chain, the 4,6-carbonyl groups in bar-
bituric acid possess a somewhat lowered activity as a
consequence of the mutual influence of the CO and NH
groups. They are not reduced by the action of Raney
nickel or sodium amalgam in HC1 "®; 4-chloroquinaldine,
which usually reacts with — CH,— CO— groups, does not
enter into reaction with barbituric acids 5%,

On boiling with POCl,, monoalkylbarbituric acids react
in the trioxopyrimidine form 244,2°3/ forming 2,4,6-tri-
chloropyrimidines; in the presence of CgH,N(CH,),,
4,6-dichloro-2-(N- methylanilino)pyrimidine 532,53 jg formed
as a side product.

By the action of PCl; on 5,5-diethylbarbituric acid, a
tetrachloro derivative (XXXVI) is obtained in small yield
with a considerable quantity of diethylcyanoacetyl
chloride 293,343;

cCl=
Mo o CEN
CH/ \uzl N
(XXXVI)

Heating barbituric acids with phosphorus trisulphide in
tetralin at 225° leads to the formation of trithiobarbituric
acids of the type (XXXVII) 532,533,  Wwhen phosphorus penta-
sulphide is used, 2-thiobarbituric and 2,4-dithiobarbituric
acids can be isolated from the reaction mixture, in addi-
tion to trithiobarbituric acids; the replacement of oxygen
by sulphur evidently occurs in stages 532:

CO—NH CO—NH CO—NH..
R 60— RC NS —— Rl .
NCO—NH/ conn’© NCSNit

CS— NH

//

— R Nes.
\cs—NH
(XXXVID

By the subsequent action of ammonia and hydrochloric
acid, it is easy to prepare monothiobarbituric acids from
di- and trithio-derivatives 532:

NH
i
CS—NH NH, _C—NH, 10 CO--NH
y Des L Rl 50 —s Ry e pum—
NCS—NH NES— NH/ (HCly \cS—NH
NH, CO—NH. H,0 CO—NH._
—= R NS —— RC( cs.
C—NH” ~ (Hcn “CO— NH/
\NH

The CS group of 2-thiobarbituric acids is considerably
more reactive than the carbonyl group of the barbituric
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acids. While sodium amalgam in water hardly acts on
veronal, and on prolonged contact, splits it into diethyl-
malonic acid and urea, 5,5-diethyl-2-thiobarbituric acid
is easily reduced in the cold by sodium amalgam to
2-desoxyveronal™; the reduction proceeds similarly in the
presence of Raney nickel78,534-5%6,

On boiling with Raney nickel in methanol, thiobarbituric
acids give 2—methoxyhexahydropyrimidine -4,6-diones 337

R,c<

/R
/CO—N\CS CH,OH

\
RC ‘ CHOCHx
N co—N<R Ni

2-Phenylimino- and 2-phenylhydrazinobarbituric acids
are formed by the action of aniline or phenylhydrazine on
thiobarbituric acids°.

Thiobarbituric acids are easily transformed to barbi-
turic acids by oxidising agents.  This reaction can be
accomplished with the help of H,O, or KMnO, in an alkaline
medium 4%, SeQ, in acetic acid ¢, IC1 % in hydrochloric
acid, sulphuric acid 252,54, nitric acid!®, and by other
means 418,541,

. DETECTION, IDENTIFICATION, AND DETERMINA -
TION OF BARBITURIC ACIDS*

Various colour reactions have been suggested for the
detection of barbituric acids. Cobalt salts 34254 give
coloured precipitates or coloured solutions, which may be
utilised for the colorimetric determination of barbituric
acids.

Barbituric acids form coloured solutions with benzo-
quinone 547, resorcinol5¢,%¥®, H,SeQ, 37°,5%, aminoanti-
pyrine in the presence of K;Fe(CN), %%, vanillin®®,

m -nitrobenzaldehyde 5°2, Fehling's solution®8, formalde-
hyde, salicylaldehyde3”°, and aniline .

Many barbituric acids can be identified by microscopic
examination of the crystals®¢. However, in view of the
wide occurrence of polymorphism among the barbituric
acids 57,156,408,435,443,556 =550 _ jt jg better to use the micro-
scopic method on their compounds with benzylthiourea %°,
xanthydrol 57,543,561 =585 pyridine 5%, urotropine %7, pyrazo-
lones 568,569 ethylenediamine in the presence of CuSO, 57,
or with salts of mercury 384,561,565 gjlyer 38  yttrium 572,
iron%7%, or copper 57,

It is also possible to identify barbituric acids by the
different rates of precipitation of dialkylacetylurea
(R,CHCONHCONH,) on heating them to 150° with 0.1 N
NaOH in sealed capillaries ™.

Mixtures of barbituric acids can be separated by
chromatography 545,565,575,576 and electrophoresiss™.

For the quantitative estimation of barbituric acids,
acidimetric 5™, argentometric 7,5, bromometric 57,578,
mercurimetric®!, spectrophotometric7,582-58  potentio-
metric5® and polarographic 587,58 methods have been
worked out.

# Methods of determination of barbituric acids are considered
in detail in the review of Stainier et al.
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