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SUMMARY 

A series of malonuric acid esters were synthesized and evaluated as potential pro-drugs 
of barbituric acids. The esters were found to undergo a rapid and quantitative cyclization 
in neutral and alkaline aqueous solution to the corresponding barbituric acids by an intra- 
molecular nucleophilic attack of the terminal ureido nitrogen anion on the ester carbonyl 
moiety. At pH 7.4 and 37’C the half-time of conversion is from 8 to 63 min for various 
methyl malonurates, suggessting that malonuric acid esters are possible candidates as 
pro-drugs of their respective barbituric acids. Besides the kinetics of the cyclization, 
the L-octanol-water partition coefficients and aqueous solubilities of the esters were 
determined. It is proposed that by appropriate selection of the alcohol moiety of 
malonuric acid esters it may be feasible to obtain pro-drugs of barbiturates with varying 
physicochemical properties, such as lipophilicity and rate of cyclization, and hence to 
control and modify the delivery and overall activity characteristics of the parent drugs. 

INTRODUCTION 

Bioreversible derivatization of drug substances to produce compounds (pro-drugs) with 
altered and, with respect to delivery from the site of administration to the site of action 
within the body, enhanced physicochemical properties is a means by which substantial 
improvements in the averall efficacy of drugs often can be achieved (for recent reviews 
see Sinkula and Yalkowsky, 1975; Stella, 1975). Chemical transformation of active drug 
substances into per se inactive derivatives which convert to the parent compounds within 

* Part 2 of this series: Bundgaard, H. and Larsen, C., Open-ring ester derivatives as novel pro-drug 
candidates of trimethadione. Arch. Pharm. Chem., Sci. Ed., 7 (1979) 41-50. 
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the blody systems is a relatively simple task for drug substances possessing, for example, 
hydroxyl or carboxylic acid groups which are readily esterifiable in a bioreversible 
manner. For a large number of drugs, however, no apparently readily derivatizable func- 
tional groups or entities are present in the molecules. 

A study was initiated to identify potentially useful transport forms of such not easily 
derivatizable drug molecules. To this category belong barbituric acids (I), for which no 
transient pro-drug forms have been described hitherto. We have found that esters of one 
of the hywolysis products of barbituric acids, malonuric acids (II, % = H) may be 
promising pro-drug candidates, since they are capable of undergoing a fast and quantita. 
tive cyclization to the respective barbituric acids at physiological conditions of pH and 
temperature. In a preliminary communication (Bundgaard et al., 1978) we have described 
the kinetics of cyclization of methyl 2,2-diethylmalonurate to barbital. In this paper the 
synthesis of a series of malonuric acid esters (III-XIV) (Table 1) is reported along with 
the kinetics of their cyclization to the corresponding barbituric acids (Table 2) and deter- 
minations of the lipophilicity and aqueous solubility (Table 3) of the pro-drug candidates 
and the parent drugs. 

0 R3 0 
R2, I II 

,C- C--OR6 

o=c 
\ 
NH-$-NHRl 

Rl 0 

MATERIALSANDMETHODS 

(A) Apparatus 
Ultraviolet spectra were recorded using a Perkin-Elmer Model 124 spectrophotoineter 

and kinetic measurements were made on a Zeiss PMQ II spectrophotometer equipped 
with a thermostatically controlled cell compartment and a Servogor potentiometric 
recorder. One-cm quartz cells were used. PMR spectra were run on a JEOL C-60.HL 
instrument using tetramethylsilane as an internal standard and infrared spectra on a 
Unicam SP 200 spectropho;ometer. Readings of pH were carried out on a Radiometer 
Type PHM 26 meter at the temperature of study. Melting points were taken on a capillary 
melting-point apparatus and are uncorrected. Thin-layer chromatography was done on 
precoated 0.25 mm silica gel 60 F ~~4 glass plates (E. Merck, C.F.R.). Microanalysis was 
carried out by P. Hansen, Microanalytical Department of Chemical Laboratory II, Univer- 
sity of Copenhagen. 

(B} 2Zynthesis 
The mslonuric acids (II, R4 = H) of barbital, phenobarbital, allobarbital, aethallobarbi- 

tal and hexobarbital were prepared by alkaline hydrolysis of the respective barbituric 
acids according to a previously described procedure (Aspelund and Skogliind, 1937) 
and were recrystallized from aqueous ethanol. 
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The methyl esters of the malonuric acids were prepared by esterification with diazo- 
methane as follows. To a stirred suspension of 10 mmol of the malonuric acid in 50 ml 
of anhydrous ether were added 40 ml of an ethereal solution of diazomethane (prepared 
from 4.28 g (20 mmol) of N-methyl-N-nitroso-p_toluenesulfonamide). Immediate 
effervescence occurred, and stirring was continued for 15 min after complete addition. 
After destructicm of excess diazomethane with formic acid the solution was evaporated 
to dryness undt r reduced pressure. The residue was recrystallized from ether-petroleum 
ether and after filtering the crystals were dried over phosphorous pentoxide in vacua. 
Yields were 3ion 75 to 90%. 

The other malonuric acid esters investigated in this study were synthesized by alkyla- 
tion of the triethylammonium salts of the acids in N,N-dimethylformamide with the 
appropriate alkyl halogenides (ethyl iodide, isopropyl iodide, benzyl bromide, chloro- 
methyl methyl ether and methyl bromoacetate). To a solution of 5 mmol of the 
malonuric acid in 10 ml of N,N-dimethylformamide were added 5 mrnol of triethylamine 
and 10 mmol of the alkyl or substituted alkyl halogenide. The solution was stirred at 
room temperature overnight, poured into 100 ml of water and then extracted with two 
75.ml portions of ether. The combined ether extracts were washed with 50 ml of 2% 
sodium bicarbonate solution followed by 50 ml of water. After drying with anhydrous 
sodium sulphate the ether extract was evaporated under reduced pressure to give a white 
solid or, in some cases, an oily residue which crystallized during standing at 4°C for 1 or 
2 days. After recrystallization from ether-petroleum ether or chloroform-petroleum 
ether the crystalline esters were dried over phosphorous pentoxide in vacua. Yields 
ranged from 60 to 90%. 

The melting points of the esters are listed in Table 1. Elemental analyses for C, H, and 
N and the PMR (CD&) and IR (KBr) spectra were in agreement with the indicated 
structures t. 

(C) Kinetic meaarremctl ts 
AU kinetic measurements were carried out in the thermostated cell compartment of 

the spectrophotometer at 24 and 37 + O.l’C using aqueous buffer solutions with a con- 
stant ionic strength of 0.5. The buffers used were phosphate (pH 6.5-7.4), borate (pH 
8.4-9.5) and carbonate (pH l&O- 10.5) and, except in those experiments in which 
buffer effects were specifically investigated, the total concentration of the buffers was 
0.1 M. The reactions were performed in 2.5 ml aliquot portions of buffer solution and 
were initiated by adding 25 ~1 of malonuric acid ester dissolved in acetonitrile to give a 
final concentration of about 10e4 M (pH > 8.3) or 3-10 X lOa M (pH < 8). The reac- 
tion progress was followed spectrophotometrically by monitoring the formation of the 
corresponding barbituric acid at its X,,, (244 nm for hexobarbital, 238 nm for the other 
compounds). First-order rate constants were determined from plots of log (A, - A,) 
versus time, where A, and At are the absorbance readings at infinity and at time t, respec- 
tively. Rate constants for some slower reactions were determined by the method of Gug- 
genheim (1926). 

1 These data are available upon request from the authors. 
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(0) Measurement of partition coefficients 
The apparent partition coefficients (P) of the various malonuric acid esters and their 

parent barbituric acids were determined in a r..-octanol-water system. The aqueous phase 
was 0.11 M sodium acetate buffer solution of pH 3.5. Exactly weighed quantities of the 
compounds were dissolved in a mixture of 20 ml of the aqueous phase previously 
saturated with L-octanol and 10 ml of L.octanol previously saturated with the aqueous 
phase. The initial concentrations of the compounds in the aqueous phase were 1-3 X 
10-j M except for the ester VI where a concentration of about 10e2 M was used. 
The mixtures ‘were shaken in stoppered flasks at 23°C for l-2 h to achieve complete 
equilibration. After separation of the two phases the aqueous layer was centrifuged at 
3000 rpm for 10 min. The solute concentrations in this phase were finally determined 
by appropriate dilution of an aliquot with 0.2 M borate buffer pH 10.2 and reading of 
absorbance of the dilution at 238 or 244 nm. For the malonurate esters the solutions 
-were allowed to stand at room temperature (5-30 min depending on the ester) before 
reading of absorbance in order to get complete conversion to the corresponding barbituric 
acid. The concentration of the compounds was calculated from the measured absorbances 
by reference to standard curves obtained with the same borate buffer as solution medium. 
The partition coefficients were calculated from Eqn. 1: 

p covw Ci-C, VW 
=-= - - ( 1 CWVO c, Vo 

(1) 

where C and V represent the concentration. and volume of the aqueous (subcript w) and 
oganic (subscript o) phases, respectively, and Ci is the initial concentration in the 
aqueous phase. For each compound, determinations were carried out in triplicate, the 
log P values thereby obtained being reproducible to within +2%. 

(E) Solubility determinations 
The solubility of the malonuric acid esters and the corresponding barbituric acids in a 

0.1 M aqueous acetate buffer pH 3.5 was determined by placing lo-100 mg of the com- 
pounds in 10 ml of the buffer. The mixtures were iotated for 24 h (where equilibrium 
was reached) at constant temperature (23’C) and filtered. An aliquot of the filtrate was 
diluted with an appropriate amount of 0.02 M borate buffer pH 10.2, and the absorbance 
of the dilution read at 238 or 244 nm after a waiting period as described above. The 
concentration of the compounds in the saturated solutions was calculated from the 
measured absorbances and by reference to standard curves. 

RESULTSANDDISCUSSION 

Cyclization of malonuric acid esters to their respective barbituric acids 

In neutral and basic aqueous solutions all the 12 esters prepared from 5 different 
malonuric acids (Table 1) were found to undergo cyclization to their respective barbituric 
acid derivatives. Taking the methyl ester of 2.ethyl-2-phenylmalonuric acid (IX) as an 
example this was demonstrated in the following ways. (a) Upon standing of aqueous solu- 
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tions (@-I 7-l 1) of IX (l-5 X low4 M) an absorption band with maximum at 238 nm 
develcyed, more rapidly the higher the pH. The final ultraviolet spectrum superimposed 
that of phenobarbital and showed.the same changes in peak intensity with varying pH as 
the barbituric acid (due to its ionization and the different absorptivities of the ionized 
and unionized forms). (b) A 50 mg quantity of IX was added to 100 ml of 0.1 M borate 
buffer (pH 9.2) and the mixture kept at 37°C for 1 h under continuous shaking. The solu- 
tion was then acidified with 2 M hydrochloric acid to pH 5 and extracted with two 25-ml 
portions of ether. The combined ether extracts were dried over anhydrous sodium 
sulphate and evaporated to dryness. The melting point (172-174’C) of the residue was 
found to be identical to that of phenobarbital, and also the IR spectrum obtained (in 
KBr) of the residue was the same as that of phenobarbital. 

Kinetics and mechanism of the cyclizations 

The kinetics of the ring closure of the esters III-XIV to their respective barbituric 
acids was studied in the pH range 6.5-10.5 and at temperatures of 24 and 37’C. At 
constant pH and temperature the reactions displayed good first-order kinetics over more 
than 3 half-lives, and in all kinetic runs the barbituric acids were formed in quantitative 
amounts, as determined from the final absorptions at 238 nm (or at 244 nm for the esters 
XII-XIV). In the pH range investigated, the observed pseudo-first-order rate constants 

O- 

-i 

; 
- 2 -1 

A? 

0” -I 

-2 

-3 1 
I I I I 

6 7 8 _$_ -i----- II 
PH 

Fig. 1. pH-rate proties for the cyclization of various malonuric acid esters to their respective bar- 
bituric acids in aqueous solutions (P = 0.5) at 37’C. Key: l , X; 0, III; m, IX; o, XII; A, XIII; A, V. 
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(k,,r,$ were found to be directly proportional to the hydroxide ion activity as demon- 
strated for some of the esters in Fig. 1 in which log k ob has been plotted against pH. The 
plots are linear with slopes of 1 .O, suggesting that the reactions are first-order dependent 
on hydroxide ions and that Eqn. 2 is valid: 

k ohs = kraott (2) 

where aOH refers to the hydroxide ion activity. This was calculated from the measured 
pH according to the following equations (Harned and Hamer, 1933): 

aOH = 1 O(PH - ‘4.03) (24’~) 

aOH = l(@H - r a.621 (370~) 

(3) 

(4) 

The values of the second-order rate constants, kr, for the apparently specific base- 
catalyzed dyc?zation of the various esters are given in Table 2 together with half-times for 
the reactions at pH 7.4 at 37 and 24OC. 

The rate of cyclization was for all esters found to be independent of buffer concentra- 
tion from 0.02 to 0.2 M at constant ionic strength, and thus no general acid-base cataly- 
sis appears to be involved. 

TABLE 2 

SECOND-ORDER RATE CONSTANTS FOR THE APPARENT SPECIFIC BASE-CATALYZED 
CYCLIZATION OF ESTERS III-XIV TO THEIR RESPECTIVE BARBITURIC ACIDS IN AQUE- 
OUS SOLUTION @ = 0.5) AT 37 AND 24’C AND HALF-TIMES FOR THE CYCLIZATION AT pH 
7.40 (H = 0.5) 

Ester 37OC 

kr x 1O-4 
(M” nun-’ 1 

t1/2 a 

(min) 

24°C 

k, x 1O-4 
(M” min-r ) 

t1/2 a 
(min) 

III 5.5 21 2.5 120 

IV 2.3 SO 1.0 300 

V 0.29 395 0.12 2480 

VI 4.4 26 1.8 1650 

VII 8.S 14 3.8 80 

VIII 10.2 11 5.1 60 

IX 3.7 32 1.4 210 

X 14.6 8 6.6 45 

XI 9.5 12 3.8 80 

XII 1.9 63 1.0 300 

XIII 0.68 170 0.31 960 

XIV 2.4 48 1.0 300 

a At pH 7.40. The figures were calculated from Eqn. 2 and the experimentally determined values of 
kr. Some values obtained experimentally in 0.1 M phosphate buffer solutions agreed within +lO% 
with the calculated ones. 
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The results obtained can be rationalized in terms of a kinetic scheme in which the ring 
closure proceeds through an intramolecular nucleophilic attack of the ureido nitrogen 
anion tipon the ester carbonyl moiety (Scheme 1). The first-order dependence on 

R*, P 51 
,C - C -ORL 

o=c; 
NH-$-NHR, 

0 

KCI 
- 

+ R40H 

0 

Rl 

Scheme 1 

hydroxide ion activity is consistent with the active nucleophile in the attack being the 
ureido nitrogen anion. Since the plots of log k ohs against pH over the pH range studied 
are linear and do not tend to plateau at low pH, reactions involving participation by the 
neutral ureido group are not involved under these pH conditions. The lack of general 
acid-base catalysis also indicates that the cyclizations proceed via pre-equilibrium ioniza- 
tion of the ureido group as depicted in Scheme 1. The pK, value of the urcido group in 
the malonurates might be expected to be greater than 14 (Hegarty and Bruice, 1970), 
which agrees with the observed linearity between k & and aOH up to pH 10.5. According 
to the suggested mechanism, Eqn. 2 ;. :i suld be written as (for aH >> K,): 

k Ka 
obs 

=k; .- 
a, 

where K, refers to the ionization constants of the ureido groups, ali is the hydrogen ion 
activity, and k’, represents a firs)t-order rate constant for the intramolecular attack of the 
ionized ureido group on the ester carbonyl moiety. As K, was not determinable, k’, can- 
not be calculated. 

Several precedents exist of intramolecular nucleophilic displacement reactions by 
ureido groups at the carbonyl moiety of esters and amides. Thus, various esters of o-urei- 
dobenzoic acid have been described to undergo an apparently specific base-catalyzed 
cyclization to quinazolines (Hegart:J and Bruice, 1970) and G-(N-phenylureido)penicillanic 
acids to the corresponding 3-phenylhydantoin-thiazolidines (Bundgaard, 1973). Similarly, 
formation of hydantoins from alkyl esters of the corresponding hydantoic acids has been 
observed in neutral and alkaline aqueous solutions (Stella and Higuchi, 1973). 

Malonuric acids have previously been reported to be capable of undergoing a reversible 
cyclization to the correspondit?g barbituric acids in aqueous solutions. Thus, Aspelcnd 
(1969) has described the cyclization of malonuric acids derived from 1,3,5,5-tetrasub. 
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stituted barbituric acids and the formation of barbital (Garrett et al., 1971), butalbital 
(Maulding et al., 1972) and thiobarbital (Bojarski, 1974) from the respective malonuric 
acids in alkaline solutions has been reported. With the exception of the tetrasubstituted 
derivatives these reactions are very slow and do not proceed in a quantitative fashion. As 
expected the cyclization of malonuric acid esters as demonstrated herein is much more 
efficient, which can be ascribed to the better leavability of alkoxide ions compared to 
O2 _ and possibly also to the electrostatic barrier to attack by an ureido anion upon a 
carboxylate anion apparently involved in the reaction of the malonuric acids. 

It?fluence of substihrents on cyclization rate 

As appears from Table 2, the various esters differ in their rates of cyclization to the 
corresponding barbituric acids. The relatively small influence on the reactivity of C-2 
substituents in the malonurates studied can be seen by comparing the rate data for the 
m&y1 esters III, IX, X and Xi. Compared with ethyl groups in the C-2 position a phenyl 
substituent leads to a lower reactivity whereas ally1 substituents increase the cyclization 
rate. This may possibly be ascribed to the difference in steric effects of these groups. The 
least reactive of the methyl esters studied is compound XII in which the terminal ureido 
group is N-methylated. 

The influence of variation in the alkyl portion of the esters on the rate of ring closure 
appears to be similar to that found in other nucleophilic reactions as, for example, 
alkaline hydrolysis, and thus be controlled by polar and steric effects. By comparing the 
rate data for the 2,2diethylmalonuric acid esters III-VIII it is seen that the order of 
reactivity relative to that of methylester is 1.85 (-CH2COOCH3), 1.55 (-CH20CH3), 
1 (-CHa), 0.80 (-CH&Hs), 0.42 (-C2H5) and 0.053 (i-CsH,). For the alkaline 
hydrolysis of 3,Sdinitrobenzoate esters with some of the same alcohols the relative rates 
are 1 (-CH3), 0.74 (-CH&Hs), 0.35 (-C2Hs) and 0.071 (i-&H,) (Robinson, 1967). 
Thus, the effect of variation in the alcohol portion of the malonurate esters on the rate of 
intramolecular cyclization is seen to parallel closely the effect on alkaline ester hydroly- 
sis. On the basis of the vast amount of data on scbstituent effects in alkaline hydrolysis 
of esters (e.g. Robinson, 1967; Washkuhn et al., 1971) it may therefore be possible to 
predict with some confidence the cyclization rate of a given malonuric acid ester. 

lnjluence of serum on cyclization 

For the evaluation of the malonuric acid esters as being potential pro-drugs of 
barbiturlc acids it is important to ascertain whether serum enzymes would be able to 
hydrolyze the ester linkage at such a rate that the ring closure reaction would be seriously 
ousted. This possibility was investigated for the methyl ester derivatives III and XI. 
The compounds (10 mg) were incubated in a phosphate buffer pH 7.4 containing 75% 
human serum at 37’C. After 3 h in which the reactions had gone to completion, the 
solutions wore acidified t,o pH 3 and extracted with chloroform. The dried extracts were 
evaporated to dryness in vacua and after dissolution in methanol the residue was sub- 
jected to TLC analysis as previously described (Bundgaard et al., 1978). The analysis 
revealed the formation, respectively, of barbital and ethallobarbital, and no indication of 



350 

the formation of the corresponding malonuric acids was obtained. These acids, which 
would have been the products of an enzymatic hydrolysis of the esters, were in separate 
experiments shown to be unable to cyclize to barbituric acid under the experimental con- 
ditions or in a’queous acidic solutions. It appears, therefore, that under physiological 
conditions of pH and temperature the spontaneous cyclization of these malonuric acid 
esters proceeds much more rapidly than a possible enzymatic hydrolysis of the ester 
group. For certain other esters, however, enzym:;tic hydrolysis may be of significance and 
compete with the intramolecular cyclization. 

The Iipophilicity and solubility of barbituric acids and their pro-drugs 

Apparent partition coefficients for the various esters and the corresponding barbituric 
acids were measured using the widely used L-octanol-warcr system. In order to prevent 
cyclization of the esters during the measurements an acetate buffer of pH 3.5 was used 
as the aqueous phase instead of water or a buffer of pH 7.4. Since the esters are neutral 
the same results should be expected with an aqueous phase of pH 7.4. The values found 
for log P and the molar solubilities in aqueous acetate buffer of pH 3.5 are listed in Tables 
3 and 4. The log P values for barbital‘and phenobarbital are identical to those determined 
by Hansch and Anderson (1967) in a L-octanol-water system, and for the other 
barbituiic acids the experimentally determined log P values agree with calculated values 
(Hansch and Anderson, 1967; Hansch et al., 1968b; Leo et al., 1971). 

The results obtained show that the malonuric acid esters studied are all more lipophilic 
than the parent barbituric acids. For the methyl esters the increase in log P amounts to 
about 0.3 except for phenobarbital where the difference between log P (methyl ester) 
and log P (phenobarbital) is only 0.17. Compared with the methyl esters the log P values 

TABLE 3 

PARTITION COEFFICIENTS AND AQUEOUS SOLUBILITIES OF MALONURIC ACID ESTERS 

Ester log P = s x 103 b 

00 

III 0.95 
IV 1.45 
V 1.99 
‘v’ 1 2.74 
VII 1.00 
VIII 0.99 
IX 1.5b 
X 1.37 
Xl 1.19 
XII 1.75 
XIII 2.25 
XIV 1.80 

11 
8.4 
1.7 
0.22 
6.8 
9.7 
1.8 
6.8 

12 
2.1 
1.0 
3.8 

a Between L-octanol and 0.1 M acetate buffer solution pH 3.5 at 23°C. 
b The molar solubiity in 0.1 M acetate buffer solution pH 3.5 at 23°C. 
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TABLE 4 

PARTITION COEFFICIENTS AND AQUEOUS SOLUBILITIES OF BARBITURIC ACIDS 

Barbituric acid log P = s x lo3 b 
(MI 

Barbital (I, Rt = H; Ra = Rs = ethyl) 0.66 37 
Phcnobarbita: (1. Rr = H; Ra = ethyl; R3 = phenyl) 1.41 4.6 
Ethallobarbital(1, Rt = H; Ra = ethyl; Ra = allyl) 0.83 26 
Allobarbital (I, Rr = Ii; R2 = R3 = ally11 1.08 8.5 
Hessbarbital (I, Rt = Ra = methyl; R3 = cyclohexenyl) 1.45 2.2 

a Between L-octanol and 0.1 M acetate buffer solution pH 3.5 at 23°C. 
b The molar solubility in 0.1 hl acetate buffer solution pH 3.5 at 23°C. 

for the other esters arc in excellent agreement with values calculated on basis of 1~ sub- 
stituent values (Leo et al., 1971). For example, on going from the methyl esters III and 
XII to the corresponding ethyl esters IV and XIII log P increases with 0.50, which is equal 
to A for a methylene group. Similarly, the difference in log P between VI and III (1.79) is 
identical to A for the phenyl group (1.77). 

An increase in lipophilicity is generally accompanied by a decrease in water solubility. 
In Fig. 2 the logarithm of the molar aqueous solubilities (S) of the various compounds 

1 2 ? 
Log P 

Fig. 2. Plots of :he logarithm of the molar aqueous solubility (S) versus log P for the malonuric acid 
esters (0) and barbituric acids (0) investigated in this study. 
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has been plotted against log P. The regression equations between log S and log P for the 
esters and the barbituric acids are given by Eqns. 6 and 7: 

log S = -(0.89 + 0.10) log P -(l.OS -t- 0.17) (esters III-XIV) (6) 

log S = -(1.44 f 0.17) log P -(0.45 f 0.19) (barbituric acids) (7) 

The coefficients of log P are in the same range as that (1.34) obtained by Hansch et al. 
(1968a) for a large number of different liquids. In the above equations a term for melting 
point (cf. Yalkowsky. 1977) was not included, because witbin the two sets of compounds 
+ melting points do not differ appreciably. On basis of E%n. 6 and from values of log P 

nated on the basis of the additive substituent principle, it may be possible to predict 
approximate aqueous solubilities of barbituric acid pro-drugs. 

The hypnotic acitivity of a large number of Ssubstituted barbituric acids has been 
reported to depend amlost entirely on their lipophilic charal*ter as defined by their 
L-octanol-water partition coefficients, the activity increasing with log P up to a value of 
about 2 (Hansch et al., 1968b). Also, the ability of barbiturates to inhibit various bio- 
chemical reactions has been shown to depend strongly on the lipophilicity (Hansch and 
Anderson, 1967) and, further, in situ gastric absorption rates of barbiturates were demon- 
strated to depend significantly on the lipophilic properties as expressed by partition 
coefficients (Kakemi et al., 1967; Pla-Delfina et al., 1975). Consequently, the delivery 
and activity characteristic? ,.,C barbiturates can to a great extent he controlled by variation 
in the lipophilicity. In practice, this can be done and has been done by changing the 
Ssubstituents giving new analogues. This study shows, however, that the same may be 
achieved by making use of the pro-drug concept and thus permitting control of the 
physicochemical properties, and hence the delivery, pharmacokinetic and activity 
characteristics, of a given barbituric acid derivative. 
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