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ABSTRACT

The enolisation tendencies of 1-(o-substituted phenyl)barbituric and
-2-thiobarbituric acid derivatives have been studied by observing the
behaviour of the compounds in different solvents by 'H and '*C NMR.
It has been found that the enolisation tendencies of the thiobarbituric
acid derivatives observed in polar solvents are greater than those of the
barbituric acid derivatives. The ratio of keto—enol tautomers of thiobar-
bituric acid derivatives in DMSO and in DMF has been calculated.
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INTRODUCTION

Barbituric and thiobarbituric acid derivatives are an important class
of compounds with various pharmacological activities in medicine and
biological chemistry.!""*! Their biological activity is mainly related to
tautomerism, acid—base equilibria and to the nature of their substituents.
The study of tautomerism in pyrimidine derivatives has been reported
by many workers.!*~® Experimental and theoretical studies of tautomerism
in various barbituric acid derivatives have also been reported.!'*"*
2-Thiobarbituric acid differs from barbituric acid only in having a C=S
substituted for a C=0 group, but it shows some appreciable differences in
the enolisation tendency.!”

In the solid state, barbituric acid prefers the 2,4,6-triketo structure, while
the 1,3-disubstituted derivative of thiobarbituric acid attains geometrical
parameters suggesting strong intermolecular hydrogen bondings supported by
5,6-en01isation.[2] In most solvents, barbituric acid is present essentially in its
keto form,””! but thiobarbituric acid may be present both in keto and enol forms
in comparable amounts, and the enol percentage increases with increasing the
dielectric constant of the solvent.”!! In addition, the formation of an S—H isomer
is considered to be more probable than the corresponding O—H isomer of the
barbituric acid.”

The N-(o-substituted phenyl) barbituric and thiobarbituric acid deriva-
tives studied in this work (Table 1) are axially chiral due to nonplanar

Table 1. The structures of the N-o-aryl substituted barbitu-
ric and -2-thiobarbituric acid derivatives.
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ground states of the molecules, the Cy—N,2 bond being the chiral axis and
all of them exist as a pair of thermally interconvertible enantiomers M and P!’
(Table 1). When the resolution of the barbituric and 2-thiobarbituric acid
derivatives were attempted on TAC and Chiralcel OD-H columns in ethanol
or ethanol—hexane mixtures, many overlapping peaks have been seen which
let us think about the possibility of tautomerization of these derivatives in
ethanol. *C"% and 'H NMR" " chemical shifts are known to offer a good
means to distinguish between tautomeric forms of certain compounds. The
purpose of the present paper is to investigate the tautomeric tendency of
some axially chiral barbituric and 2-thiobarbituric acid derivatives in
various solvents, using basically 13C and '"H NMR.

RESULTS AND DISCUSSION

In the '"H NMR spectra of 1-4 (Table 1) taken in deuterated chloroform,
an AB splitting at around 3.8—-3.9 ppm for the diastereotopic 5-CH, methylene
protons, a multiplet for aromatic protons (7.0—7.9 ppm), a singlet at 8.1 ppm
for NH proton of barbituric and at 9.3 ppm for NH proton of thiobarbituric
acid derivatives were observed [Fig. 1(a)].

Barbituric acid is known to react with carbonyl and sulfonyl com-
pounds.'""27'" To investigate whether its derivatives studied here will
also react with alcohols, compound 1 was refluxed in ethanol and com-
pound 3 in methanol for 72hr. The 'H NMR spectra of the crystals
obtained after the evaporation of the solvent were identical with those of
the compounds showing that there is no reaction of the barbituric and
2-thiobarbituric acid derivatives with alcohols. '"H NMR spectra of 1-4
taken in deuterated methanol showed the disappearance of the peaks that
had been assigned to 5-CH, methylene protons and to the N—H proton
[Fig. 1(b)]. This was interpreted in terms of an exchange process
between H’s on C-5 of barbituric and thiobarbituric acid derivatives and
D’s of deuterated methanol. The exchange of the 5-CH, could take place
over one of the enol forms of the compound (Fig. 2). Temperature was
lowered to slow down the exchange process so that the proton(s) at C-5
might be observed. However, there was not any sign of the C-5 proton
signals even at —80°C. On the other hand, the *C NMR spectrum of com-
pound 3 in deuterated methanol (Fig. 3) has, in fact, shown a signal at
80ppm, which is characteristic for the Cs “vinyl” carbon of the enol
form. The vinylic carbon signal also showed a C-D coupling which
further supports the substitution of deuterium for hydrogen in the exchange
process over the enol form (Fig. 3). The 'C signals of 3 at 180.7, 164.5,
and 39.7ppm were assigned to the keto form (A in Fig. 2, Table 2), the
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signals at 176.5, 161.6, and 81.6ppm to hydroxy-keto-thione form (B in

Fig. 2, Table 2), and the ones at

1654, 164.2, and 81.3ppm could be the

signals of the thiol—enol—keto form (C in Fig. 2, Table 2).
In the '*C spectrum of compound 4 in deuterated methanol, signals with

chemical shifts close to signals of

compound 3 have been observed, but they
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Figure 2. Some of the possible tautomers of barbituric and 2-thiobarbituric acid
derivatives in CD3;0D.

were too weak to make assignments for. It may be concluded that tautomeri-
zation occurs to a slight extent in compound 4.

Compounds 1 and 2 in methanol-d showed no '*C peaks at 80—90 ppm,
indicating the absence of the hydroxy-keto form (B in Fig. 2) of compounds 1
and 2 in methanol-dg on the NMR time scale.

To observe the behaviour of 5,5-dimethyl-2-thiobarbituric acid derivatives
in methanol, 'H spectrum of 5,5-dimethyl-1-(o-fluorophenyl)-2-thiobarbituric
acid was taken in deuterated methanol. Only the expected disappearance of
the peak due to the exchangeable N—H was observed in the spectrum.

In the '"H NMR spectrum of compound 3, taken in another polar but
aprotic solvent, DMSO-d¢ [Fig. 1(c)], we observed the change of the AB
signal at 3.8 ppm to a broad singlet accompanied with the formation of a
broad singlet at 4.97 ppm. This indicates the tautomerization of compound 3
in DMSO-ds. The new appearing broad singlet at 4.97 ppm should belong
to the vinylic hydrogen at C-5. The ratio of keto:enol tautomers of 3 in
DMSO-dg has been found as 26% :74% from the integral values of the
5-CH, AB and 5-CH vinylic protons (Fig. 1). For compound 4 the ratio of
5-CH vinylic proton to —NH proton was figured as 25-75% as well. For
this compound, the signal of 5-CH, AB protons was masked by the broad
H,O signal of the solvent. The '*C NMR spectrum of compound 3 taken in
DMSO-dg showed a signal at 82.50 ppm, which has been assigned to the
vinylic C-5 signal (Fig. 4). There are signals for carbons of enol tautomers
at 161.47 ppm, 162.27 ppm (C-4 and C-6), and 176.51 ppm (C-2) indicating
the presence of tautomer B shown in Fig. 2. Based on the '>*C-NMR results,



Oguz and Dogan

612

weld

“Suridnod -0 ays Surmoys qOQD Ul € PIoE dLMIqIEqOIy-g-([A[03-0)-T jo wnnoads YN I, [Blied € 2nSig

a nz (1153 09 ow oot

les i seemesleatsnsvualadsnaninalns

1102 Alenuer 0g Z0:€0 @IV Papeo |uwog



613

Solvent Dependence of Tautomeric Equilibria

(panunuod)

2C T8 LETY — 0S°T8 A€ 18 9718 ,L°6€ 8'6€ S
pPINOSqO 8791 ¥'791 eLTTIT oLV 191 SSTIT LqTYIT 59191 €91 ‘TT91 PRI %
pPIN2SqO O°LLT elSOLI SL'08T ,S9LT “qt"S91 S8LI C

(wdd @) 1oqunu O
AN D¢,
®1°¢ — S)L6'Y - — «HO-§
Pe6¢ - (peo1q)08'¢ - (dV) 68°¢ *L8'€E HD-S
- - LTl - 8¢'6 HN-
(wdd @) 1eudis 4
JN H,
£—(F)
p-ANd sp-ourpukd P-OSINA aotdn Rielee)
“SJUDAOS JUDIDHIP UI SOAIJRALIDP PIOB dLIMIGIE]OIY) JO SINSAY AN D¢, PUE H, °C 219VL

1102 Alenuer 0g Z0:€0 @IV Papeo |uwog



Oguz and Dogan

614

'S "SI 998 "paLoIsI(],

“JUSA[OS aY) JO [eudis OTH prolq ay) Aq paysew sI [eusig,
“ead JusAfos Ay Aq pamdsqQ,

"7 814 ur v Jowome

T 81 ur O Iewone],,

" "S14 ul g Jowoine) OIAUIA

— — 208 qeam 00], €0y S
— Y91 ‘6°€91 «S'691 ,6'891 8'€91 :L'191 €91 €191 910y
— 9'8L1 2COLI SOLIL 6'LLT 4
— (wdd @) roquunu D
— AN O,
— (®)61°S - - «HO-S
- - SISBIN - (@v) 16°€ ‘88°¢ HD-S
— — LTI — €6 HN-
(wdd @) reudis H
YN H,
y—(F)
p-ANd Sp-ourpuAd °P-OSINd aotan S0ad

‘panunuo) ¢ ajqrg

1102 Alenuer 0g Z0:€0 @IV Papeo |uwog



03: 02 30 January 2011

Downl oaded At:

Solvent Dependence of Tautomeric Equilibria 615

947
41.00

40.702
40.587

130

176.508
162.274
161.436
138800
135.056
82.496

~2.148

[
Mu N —

T T T T T T T (BASARREESS| T T T T T T T T T T T
200 180 160 140 120 100 a0 60 a0 20 0 ppm

Figure 4. '>C NMR spectrum of 1-(o-tolyl)-2-thiobarbituric acid 3 in DMSO-dg.

the predominating tautomers in DMSO-dg has been assigned as B and C out of
the other possible tautomers.

In order to gain further evidence for the tautomer structures, HMQC
spectrum of compound 3 was also taken. The broad H,O signal of the
solvent DMSO-dg masks the 5-CH, methylene protons in longer time interval,
therefore the HMQC NMR spectrum of compound 3 was taken in dimethyl-
formamide-d;, DMF-d; (Fig. 5). In the '"H NMR spectrum of compound, 3
in DMF-d;, a distorted AB spectrum for 5-CH, methylene protons was seen
at 3.9 ppm and a singlet for 5-CH vinylic proton was observed at 5.1 ppm in
the ratio of 50% :50%. In the '*C NMR spectrum of this compound, the
peak for 5-CH, was observed at 41.3 ppm and that for 5-CH was seen at
82.2 ppm. From the HMQC spectrum (Fig. 5), correlation between peaks at
82.2ppm and at 5.1 ppm could be seen, which further proves the keto—enol
tautomerization with possible structures B and C shown in Fig. 2. Increase
of the temperature in 'H NMR probe increases the rate of the keto—enol
tautomerization, and the peaks for methylene and vinylic protons almost
disappeared at 60°C. The methylene and vinylic proton peaks reappeared
upon cooling to ordinary probe temperature (30°C). This also supports our
explanation for the disappearance of the 5-CH, methylene peaks in deuterated
methanol due to fast exchange of D for H.
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Figure 5. The HMQC spectrum of compound 3 in DMF-d;. The correlation between
peaks at 4.5 and 82 ppm could be seen very clearly.

The 'H NMR spectrum of compound 1 in DMSO-d did not show the
presence of any peak around 5 ppm, which means that in NMR time scale
no tautomerization has been seen for compound 1. In the '*C NMR spectrum
of this compound in DMSO-dg, no signal appeared at around 80—-90 ppm,
which would have indicated the enol formation. So compound 1 stays
predominantly in keto form (Fig. 2, structure A) in DMSO-d.

It has been seen that the enolisation rate of the thiobarbituric acid
derivatives in DMSO-dg is greater compared to that in DMF-d; when the
ratio of vinylic protons to aromatic protons taken into consideration.

To observe the behaviour of barbituric and thiobarbituric acid derivatives
in another polar solvent, their spectra were taken in deuterated pyridine, which
is as well basic. In the '"H NMR spectrum of 1—4, the disappearance of peaks
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of 5-CH,; methylene protons and —NH proton were observed, which could be
considered as an exchange process between H of —NH and H’s on C-5 of
barbituric and thiobarbituric acid derivatives and D’s of D,O after depro-
tonation of the compound by the deuterated pyridine. In the '*C NMR
spectra of compounds 1-4, the peaks of 5-CH, methylene carbon at 40 ppm
disappeared and no additional peaks were observed, again probably due to
the fast exchange, since no reaction was observed, when the barbiturate 1
was refluxed with pyridine for 24 hr.

The 'H NMR spectrum of compound 3 in the mixture of deuterated
aprotic and protic solvents, CDCl; and methanol-dg (1: 1) did not show any
sign of the peaks of 5-CH, methylene and 5-CH vinyl protons.

The 'H and '>C NMR spectral data for thiobarbituric acid derivatives
in different solvents are summarized in Table 2.

EXPERIMENTAL
Apparatus
'"H and '>C NMR spectra were recorded on a Varian 400 MHz or Bruker
400 MHz NMR spectrometers.
Synthesis
1-(o-Substituted phenyl) barbituric and 1-(o-substituted phenyl)-2-thio-
barbituric acid derivatives were synthesized by the reaction of diethylmalo-

nate with the appropriate arylurea or arylthiourea in sodium ethoxide
solution. The crude products were purified by recrystallization from ethanol.*’
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