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ABSTRACT

The solubility profiles for metharbital, butabar-—
bital, thiopental and thiamylal were determined in ethanol-
water solvent systems at ZSOC, in an attempt to define an
approximate correlation between therapeutic activity and
various solubility relationships. The relative lipophilic-
ity of a drug molecule is an important factor in the physical
and chemical processes involved when the therapeutic agent
is introduced into a biological systemn. Binéry solvent
mixtﬁres aid in delineating the relative polarity, in terms
of dielectric constants, of these drugs. Spectrophotometric
and, where applicable, gravimetric analyses, were utilized
to determine the concentration of drug, in mg./ml., in the
41 solvent systems ranging in composition from pure ethanol
to pure water. The dielectric requirement (DR) of the bar-
biturates investigated, and thcse reported for barbital and
vinbarbital, illustrated an approximate inverse relationship
with the number of carbon atoms in the molecule. A similar
correlation was found with the solubilities in pure water,

and the ratios of the solubilities in ethanol and at the DR

ii



to the solubility in water. The therapeutic indices of
duration of action and the period of time involved between
administration of the drug and the time when the activity is
first manifested, increased as the relative polarity of
these barbiturates declined. The duration of these pharma-
cological parameters were also found to increase with a
corresponding reduction in the hydrophilic nature of this

series of compounds.
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I. INTRODUCTION

The pharmacoliogical action exerted by a drug'molecule
in contact with a biolcgical system is the net result of the
interactions and extent of interactions with the éomplex
biological environment. The degree as well asrthe rate of
interaction is governed by many parameters, many of which de-
pend on the physical and chemical properties associated with
the drug molecule.

To be physiologically active, a drug must be absorbed
and distributed throughout the biological fluids. More
specifically, it is noted that these actions occur on a
molecular level and under these conditions it would be as-
sumed that solution properties and characteristics are oper-
ative. Many biologically active substances are weak elec-
trolytes and properties such as the pH of the medium, pKa
of the drug, concentration gradients, surface tension and
the aqueous and lipid solubilities of the various species
contribute to the overall extent of activity.

The biologically active species, in order to initi-

ate a response, would be presumed to have interacted with



cellular constituents and this process 1s involved with dif-
fusion and permeability as well as those factors previously
discussed.

Ordinarily, a uniquely implied or definitive relation-
ship is not found between families or classes of drugs reli-
ative to the degree of action and a given physical property.
Thus,-this study is an initial investigation into the pos-

sible approximate correlation between solubility character-

1o

istics of several barbiturates and therapeutic activity.

It would bes judicious if a howmologous series of com-
pounds, such as the barbituric acid derivatives, were
studied with respect to the magnitudes of sélubility in
binary mixtures of ethanol and water of varying polarities.

These binary systems would serve as a physical model
insofar as a smooth gradation of polarity is achieved and
would aid in delineating and interpreting the lipophilicity
of the drug moieties. The polarity of these binary mix-
tures has been measured and may be interpreted on a physical
chemical basis by the dielectric constant. It may be pos-
sible that the relative magnitude, position and nature.of

the solubility curves would be an index to the degree of

activity.



IT. PAST WORK

Modification of basic chemical moieties showing thera-
peutic activity by molecular alteration such as the pre-
paration of derivatives is a well established procedure.

Thig process of improving the activity of established
drugs can be found with many classes of useful compounds
such as the sympathomimetic amines (1), morphine analogs
{(2), and stervoidal modifications (3). The existence of
many useful and therapeutically efficient barbituric acid
derivatives certainly attests to the success of this ap-
proach.

The barbiturates have been studied extensively rela-
tive to their physical properties (4, 5, 6, 7) and pharma-
cological actions. Tatum (8) discusses the structural
activity relationship necessary to elicit a therapeutic re-
sponse for these substances. He also devised a therapeutic
scheme which classifies the numerous derivatives into four
groups according to their duration of action: 1long, inter-
mediate, short and ultrashort. The fact that the duration

of action of a few members may fall on the boarder line be-



tWeeﬁ classes or that a compound may be included in two dif-
ferent classes by different investicators has also been con-
sidered.

Various studies, which may be found in the literature,
present data on the induction time, duration, minimal lethal
dose (MLD), 50% lethal dose (LDSO), 50% anesthetic dose
(ADSO) and various other pharmacological parameters such as
the effect of various routes of administration (9, 10, 11,
12, 13, 1l4). It is generally accepted that intravenous ad-
ministration provides a rapid distribution of the drug to
the sites of action as well as to other body depots. Con-
versely, intramuscular injection allows the'drug to be slow-
ly distributed due to the poor diffusion of blood through the
muscle tissue. Oral administration provides some difficulties
in quantitating therapeutic activity dve to the numerous
variables involved such as absorption and degradation rates,
as well as the total amount absorbed.

A number of investigations have also been published
relating physicochemical properties to the therapeutic action
of narcotic agents. John Falk (15) points out that as early
as 1899, Hans Meyer had postulated the efficiency of hypnotic
agents to be "dependent upon their mechanical.affinity for

lipid substances on the one hand and for the remaining body



constituents, i.e., principally water, on the other hand."
Thus, a correiétion between partiﬁion coefficients and
narcotic activity had been recognizad. Among the works
which support this theory are the works of Sabalitschka and
Tiety {16). They observed the partition coefficients for a
series of p-hydroxybenzoic acid esters to parallel the bac-
tericidal activity; The activity was found to increase with
an increase in lipid/water partition coefficient.

Although being one of the earliest reports recognizing
the importance of physical parawmeters in drug action,

Meyer's hypothecis suffered several shortcomings. This theory
fails to explain how the depressant actually exerts its action
nor why other substances which can also penetrate nerve cells
do not exert a similar action. In addition it fails to ac-
count for certain hydrophilic substances which possess de-
pressant properties, nor does it explain the varied depres-
sant action of equally lipophilic compounds.

Later Ferguson (17) published his investigation deal-
ing more extensively with the physical and chemical pro-
perties involved in narcosis. According to this theory,
known as the Ferguson Principle, toxic action may be divided
into two distinct classes: physical and chemical or as they

have come to be known, structurally non-specific and struc-



turally specific. It has been observed that many diverse
chemical compounds show narcotic action. This is indicative
that mainly physical rather than chemical properties are inj
volved.

Narcotic action is attained rapidly and remains at the
same level as long as a reservoir or critical concentration
of the druy is maintained, but rapidly disappears when the -
supply of drug is withdrawn. This suggests that an egui-
librium exists between the external phase and the biocphase,
i.e., the phase at the site of action.

Rather than using concentrations, Ferguson chose chem-
ical potentials as a parameter. IHence, if a true equi-
librium exists between the phases involved, the chemical
potential of the narcotic substance must be equal in both
phases.

Ferguson further showed that the partition coeffi-
cients, vapor pressure of narcotics in solution, surface
tension and various other solubility relationships of nar-
cotics are all derivable in principle from the thérmodynamic
activity. Each of these relationships are'dependent upon
a distribution between dissimilar phases and consequently

involve a coefficient of distribution. The log of this con-

stant, according to Ferguson, is derived in part from the



difference in the partial molal free energies of the sub-

stance in its standard state in the dual phase systems.

Linus Pauling (18) has advanced a unique theory con-
cerning the production of anesthesia by many diversified
types of compounds. His concept is based on the formation
of minute hydrated crystals which occlude anesthetic agents
and proteins in the encephalic fluid of the brain. These
crystals interfere with the normal electrical impulses by
increasing the impedance of the neural network and restrict
the electrical activity of the brain to that characteristic
of anesthesia and unconsciousness. Hence, this theory not
only encompasses lipophilic agents, such as Meyer's and
Ferguson's, but also aids in explaining the narcotizing ef-
fect of wmany hydrophilic compounds as well as inert sub-
stances such as the rare gases.

Further considerations in the area of physical mech-

anisms involved in narcosis may be found in the excellent
reviews by Mullins (19) and Daniels (20).

Evidence of the value of utilizing physical parameters
in a discussion of drug action is found in the voluminous

information published in the discipline of biopharmaceutics.
Many excellent review articles concerned with this subject

are readily available (21, 22, 23, 24).



When evaluating drug action from a biopharmaceutical
stand point, oﬁe must consider a host of various processes.
Drug dissolution, diffusion, absorpticn, transwort, serum
and tissue biﬁaing, distribution, adsorption onto and pene-
tration into the cell, metabolism and excreticn are all
facets which govern the overall effect a drug prcduces on a
hiclogical system.

Factors such as the surface tension of the medium (25)
and the rclative polarity of the drug (26, 27) as well as
the pH of the medium and the pKa of the drug (28), in the
case of weak electrolytes, influence these processes. Many
studies have been undertaken concerning these parameters
(29, 30, 31, 32).

Studies of certain biopharmaceutical parameters util-~
izing barbituric acid derivatives have also been reportea.
Levy, et al. (33), have studied the absorption of secobar-
bital in goldfish. Inclusion of the surfactant polysorbate
80 into the aqueous environment of the fish enhanced the rate
of absorption of the drug significantly. The effect of
other surfactants on the rectal absorption in rabbits of
several barbiturates has beén studied by Fincher, et al. (34).

In some bases the absorption was found to be enhanced while

in others binding of the drug in the base was suspected.
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Of interest is the work of Bischoff and Dedrick (41)
on the pharmaco-kinetics of thiopental. These authors have
developed a complex model which describes the distribution
of thiopental in four types of body tissue. Such factors as
lipid solubility, flow limitations, protein binding and
metabolism were taken into account in the construction of
the model. The calculated concentration of drug in certain
tissues at a specified time after administration was found
to be in close agreement with existing experimental data.

The importance of solubility studies has been implic-
itly noted in the previous discussion especially with regard
to relative magnitudes in various solvent systems. The ex-
tent of interaction of a drug with a given semipolar environ-
ment, i.e., body fluid, cellular membranes or cellular
fluids would be an index to pharmacological activity. Modi-
fication of a basic structure, such as barbituric acid,
with various substituents studied in this fashion may aid in
delineating a relative scale of activity.

The solubility of non-polar organic moieties in non-
polar liquids has been quantified by Hildebrand and Scott
(42). An analytic expression for the calculation of ideal
solubility has been derived from various thermodynamic con-

stants.
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An index to the polarity of solvents was élso con-
sidered by'Hiidebrand and Scotchard {42) in the concept of
cohesive energy density or solubility parameters. 2 high
value of the solubility parameters (§) meant high polarity,
i.e., & of.water = 24.3 whereas a low value indicated very
low polarity, i.e., § of hexane = 7.3.

Although ideal solubilities do not depend on solubil-
ity parameters, non-ideal pertubations depend strongly on
solvent polarity. Thus, the non-~ideal solubility found for
drug moieties depends on the nature of the eﬁvironment in
the biological fluid.

Paruta, et al. (44), has recognized that an empirical
relationship exists hetween the solubility parameters and
the dielectric constant of many solvents. Utilization of
binary sclvents of various percentage strengths enables one
to construct a system of solvents with dielectric constants
ranging between the values of the pure solvents. By de-
termining the solubility of a compound in mixtures, as well
as in each of the pure solvents, a solubility profile is
produced possessing a smooth function of solubility with in-
cremental valuves ofvdielectric constants. Typical soiutes
exhibit one or more solubility peaks corresponding tc the

dielectric requirement (DR) (45) of the drug molecule.
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This approach, utilizing binary solvent systems, not
only allows tﬁé use of dielectric values as a polarity in-
dicator, but it also provides an expanded scale.

It has ﬁeen reported that other factors in addition to
dielectric éonstants affect solubility. Goerman and Hall
(46}, in an attempt to correlate dielectric constants with
solubility,parameters, constructed a linear plot of the
Hildebrand expression predicting the solubility of'a solute
in a solvent of specified solubility pavrameter. This was
repeated substituting dielectric constants for solubility
rarameters and pocr correlation resulted. When the solvents
were restricted to those exhibiting similar bonding character-—
istics, such as a homologous chemical series, the correla-
tion was greatly improved. Further restrictions on the types
of chemical interaction involved were imposed by utilization
of several blends of two solvents. fhe.resulting plot
illustrated a linear relationship.

Willis Moore (47, 48) has proposed the use of solvent
blends to construct solvent systems of predetermined dielec-—
tric constant values. The basic premise of this author's
work is that the solvent systems employed are ideal in be-
havior and the dielectric constant of the solvent blend is

directly related to the concentration of the individual com-
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ponents. However, most solvent systems of pharmaceutical
interest exhibit the properties of non-ideal or regular
solutions and this linear relationship would not be copera-
tive. Examinaéion of the dielectric constants of various
sclvent blends determined by Akerlof (49) and Critchfield

et al. ﬂSO}, illustrate the linear correlation to exist only
for certain solvent blends, e.g., acetone-water.

Moore also advocates the use of V/V or W/V percentage
units in constructing binary solvent mixtures. Sorby et al.
(51), however, has found better results in a comparison of
experimental and theoretical dielectric constants if a W/W
percent is used. Since a system based on weights, rather
than volume, connotates number of molecules, this approach
seems more applicable.

The dielectric concept has been utilized to constrﬁct
solubility profiles for several pharmaceuticals in binary
solvent systems (52, 53, 54, 55).

Reber and Pathamanon (56) and Paruta (57) have studied
vinbarbital and barbital respectively in hydroalcoholic
mixtures and their data wili be discussed below.

Reports concerned witﬁ the identificétién of barbituric
acid derivatives are abundant in the literature (58, 59, 60,

61). Many quantitative procedures for these compounds in the
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pure state and in various physiological media have also been
reported (62, 63, 64). The invéstigation nost pertinent
to this study is that by Stuckey (65). His work with
pbarbital and phencbarbital points out that the ultraviolet
absorption spectra of these compourids in acidic media is
due to the relatively weak carbonyl chromophores. In a
basic envirvonment, however, encl tautomerism occurs pro---
ducing an olefinic linkage with a correspondingly higher

extinction coefficient.



IIT. EXPERIMENTAL

Materials.-~~The materials used in this study were as follows:

s . o1 o . . Loy 2
barbituric acid , m.p. 252-55 C; metharbital (Gemonil) , m.p.
- ._O . . 3 o) - .
“151-55 ¢; buteparbital’, m.p. 166-68; &and thiamylal

) 4 o .
(Svrital) , m.p. 133-35 C. Thiopental was prepared from
. Qs . . 5 .

thiopental sodium (Pentothal Sodium) . The sodium salt was
dissclved in a quantity of distilled water and the free
acid precipitated by the addition of 1.0 M hydrochloric acid
solution. The slurry was filtered and washed with three

poxtions of distilled water. The melting point range of the

dried precipitate was 156-58°¢. Melting points of pooled

1 . . . . .
Aldrich Chemical Company, Milwaukee, Wisconsin, lot
072281

2 . . . .
Abbott Laboratories, North Chicago, Illinois, lot
685-7608

3 . . . .
McNeil Laboratories, Fort Washington, Pennsylvania,
lot 5086

Parke, Davis and Company, Detroit, Michigan, lot
405838

5Abbott Laboratories, North Chicago, Illinois, lot
780-7657 '

6 . .
Mallinckrodt Chemical Works, New York, New York

15
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and dried samples from the gravimetric procedure were also
made and found not to vary more than ¥ 2°C outside the range
of the original material and nonelhad a range in excess of
4°c. This was dene to ascertain if any aberrant behavior
such .as nydrate formation or crystalline modification oc-—
curred in these binary solvent mixtures.

Hydrosiccholic solvents were prepared volumetrically
by the use of burettes, previously determined densities for
absolute ethyl alq:oholl and distjilled water at ambient room
temperature. These mixtures ranged from 0.C Lo 100.0%

W/W distilled water in 2.5% increments and represent a po-
larity range in terms of dielectric constant values of 24.3
to 78.5.

A pH 10.7 buffer was prepared with seventy-one grams
of anhydrous sodium dibasic phosphate2 (reagent grade) dis-
solved in 1000 milliliters of distilled water and adjusted

3

to pH 10.7 with 1.0 M sodium hydroxide~ solution.

Equipment.--A rotating apparatus was constructed which held

forty-eight screw capped glass vials of twenty-one milliliter

lU.S. Industrial Chemicals Company, New York, New York

2Fisher Scientific Company, Fair Lawn, New Jersey

3Mallinckrodt Chemical Works, New York, New York
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volume and revolved at thirty-two revolutions pef ninute.
The vials were‘rotated in such a way that the solute was
cavsed to, traverse the full length of the vial twice per re-
volution, thus causing su?ficient agitation of the contents.
No caking was ob;erved in any of the samples. This appa-
ratus was immersed in a ten gallon water bath maintained at

.

25.0 £ 0.3°C by a Tecan Tempunitl.
I Cary Model 16 Spectrophotometerz, Mettler type H6T 3
analytical balance, a Leeds Northup Model 7401 pH meter4,
and a Sorvall Model GLC—l5 centrifuge were utilized in the
agsay procedure. Computational treatment of the data was
aided through utilization of an IBM System/360 Model 50

digital computer6.

Dissolution Procedures.--Hydroalcoholic solvents in ten to

twenty milliliter volumes were placed in the vials along with
an excess of drug. These were rotated in the water bath for

twenty-four hours, a period found to ke adegquate for equi-

lTechne (Cambridge) Limited, Cambridge, England

2Cary Instruments, Belmont, Massachusetts

3 ettler Instrument Corporation, Hightstown, New Jersey

4Leeds and Northup Company, Philadelphia, Pennsylvania

5Sorvall, Newton, Connecticut

International Busincss Machines, Armonk, New York
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libration. Sample aliquots were removed through pipets
tipped with giéss wool while the vials remained in the water
bath to insure continued temperature eguilibrium. Due to
the very fine nature of the suspended material, it was nec-
essary to centrifuge the thiopental and thiamylal solutions
before the samples were withdrawn from the supernatant and

a negligible change in temperature was found to occur dur-—
ing this oparation.

Where the magnitude of solubility permitted, a spectro-
photometric and a gravimetric assay was made. Where the
golubility was expected to be of low order from the nature
of the asymptotic portion of the solubilitiy curve, dual
spectrophotometric determinations were utilized. Each
solubility curve represents the average values from at least
three runs of the forty-one solvent systems covering the

total variation in solvsnt composition.

Assay Procedure.--Ultraviolet spectra of each of the com-

pounds used were determined with an agqueous dilution of the
drug. All solutions in this and subsequent spectrophoto-
metric analyses were buffered to a pH of 10.7. An appro-
priate peak in the spectra was chosen as the wavelength to
use in the assay. These wavelengths are tabulated in Table I.

Absorbancies of a minimum of scven dilutions for each drug



TABLE T.-~A SUMMARY OF THE ULTRAVICLET ABSORPTION
MAXIMNA IN MILLIMICRONS (mp), DETERMINED

SPECTROPHOTOMETRICALLY COMPARED

WITH LITERATURE VALUES

Observed Iiterature
Derivative Maxima Maxima Reference
mp myl
Metharbital 245 244 (66)
Butabarbital 240 240 (5)
Thiopental 255 255 (66)
Thiamylal 256 - -
Barbituric Acid 257 - -
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were determined and a plot of absorbance versus concentration
constructed. A linear relationship was found to exist in-
dicating the Beer-Lambert relationship operative in all cases,
within the concentration ranges studied. Concentrations
of all subsequent dilutions subjected to spectrophotometric
analysis were maintained within the appropriate concentration
limits. The absorptivities were calculated as the slopes
of these lines by the method of least squares.

Gravimetric assays were accomplished by pipetting a
specified volume of supernatant into a preweighed glass vial

and drying to a constant weight.



IV. DISCUSSION

In the present study a series of barbituric acid de-
rivatives were studied relative to their solubility behavioxr
in ethancl-water mixtures. - The derivatives studied repre-
sent a range of therapeutic action from ultrashort durstion
and onset of activity to those possessing a long duration
and a long period of latency before the pharmacological ac-
tivity‘is manifested. Table II illustrates the basic chemical
moiety of the barbiturates and also lists the derivatives
utilized in this study along with their substituent chemical

R R, and R, positions of

groups corresponding to the R 5t Ry 4

K
the parent molecule.

It can be seen from this table that the side chains
occupying the Rl and R2 positions show a general progressive
increase in the number of carbon atoms as the series is de-
cended. Hydrogen atoms occupy the R3 position in every case
with the exception of metharbital which has a methyl group
bonded to the nitrogen atom. A sulfur atom is present at the
R4 position of the thiamylal and thiopental molecule and in

the remainder of this series and oxygen atom occupies this

position.
21



TABLE II.--A SUMMARY OF THE SUBSTITUENTS FOUND
IN THI NOTED POSITIONS FOR THE BARBITURIC
ACID DERIVATIVES USED IN THIS STUDY

R O
13
N /’ R
R 2
\4“ R
N———/ 1
} A\
H O
Derivative Rl R2 R3
Barbituric Acid H H H
Barbital ~CH2CH3 -—CHZCH3 H
Metharbital —CH2CH3 —CH2CH3 —CH3
;) or3 ital -CH_CH —~CHCH. CH H
Butabarbi d. C 2C 3 l 2C 3
CH3
inbarbit - -C=CHCH_CH H
Vinbarbital CH2CH3 l C CH2C 3
CH
3
i ta -CH_CH -CHCH_CH_CH H
Thiopental CI2 3 |(22 5 CH
Cﬂ3
. _ S — CHCH . O ©
Thiamylal CHZCH ;Hz iHCH2L42LH3‘ H
CH
3

22
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It is assumed that any change in the physical properties
amonyg these défivatives, such as the solubility in hydro-
alcoholic mixtures, is caused by the interaction of the var-
ious subStitueht groups with the mclecular structure of the
parent moiety.

The data obtained during this study proved to be volu-
Cnanous.  To facilitate its handling, a digital computer was
erployved in the majority of the calculations involved. A
program was written utilizing the statistical method of least
sguares in calculating the Beer-lLambert relationship of
spectrophotometric absorbance varsus concentration (Appendix
A). A second program was constructed which yielded the sol-
ubilities of the variocus derivatives in each of the solvents
employed. Given the absorptivity of a particular compound,
the absorbance obtained from a dilution of the solvent
saturated with the drug and the appropriate dilution factors,
the solubility in mg./ml. was calculated (Appendix B).

Lastly, a program was utilized which calculated the average
solubility and its standard deviation for a particular bar-
biturate in a specified solvent mixture given the solubilities
obtained from the individuai spectrophotométric and gravimetric
assays (Appendix C).

In the foregoing discussion of the data obtained in
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this study, thg solubilities are presented in both tabulated
and graphical form. For the purpose of illustration and
clarity, the solubility axis of the plots has been expand-
ed as much as possible. Therefore, when comparing the ,
various curves, it is essential that the differences in the
scales be noted. The various derivatives are discussed in
he ofder of thezir pharmacological action, beginning with
barbital, a lonyg acting drug with a long onset of activity,
and ending with thiamylal which possesses a relatively brief
duration of action and a sheort period of onset.

The solubkility of barbital in ethanol-water systems
has been determined by Paruta (57) and is iﬁcluded in this
discussion for comparative purpcées. The solubility of this
compound, &as a function of W/W percent water and dielectric
congtant, is presented in Table III. Values for the di-

electric constants of the ethanol-water mixtures, in this

and all subsequent tables, are those determined by Paruta (57)

at 25°c. The values compare favorably with those obtained
by 2Akerlof (49).

A graphical illustration of this data is shown in
Figure 1, in which the solubility is plotted in mg./ml. as
a function of percent water by weight at 25°c. A smooth

curve is obtained with a peak solubility at 15.0% W/W water




TABLE ITIX.~-A SUMMARY OF THE SOLUBILIT}; OF BARBITAL IN
ETHANCL~WATHR MIXTURES IN M&./ML. AT 25 C, AS A FUNCTION
OF W/W PERCENT WATER AND DIELECTRIC CONSTANT (57)

W/W PERCENT DIELECTRIC SOLUBILITY

WATER CONSTANT (€ ) IN MG, /ML,
0.0 24,3 92.3
2.5 25.5 98.6
5.0 26.5 103.1
7.5 27.6 110.0

10.0 29.0 113.3

12.5 29.7 118.3

15.0 30.9 1206.7

17.5 31.5 117.2

20.0 32.7 112.5

22.5 33.8 107.7

25.0 34.7 100.1

27.5 36.4 ©4.3

30.0 37.5 90.2

32.5 38.6 85.1

35.0 39.8 80.8

37.5 41.3 75.6

40.0 42.8 70.0

42.5 44.2 66.3

45.0 45.7 60.2

47.5 47.4 56.5

50.0 49.0 51.6

52.5 50.5 47.7

55.0 52.0 43.1

57.5 53.6 39.2

60.0 55.4 34.1

62.5 57.0 : 30.6

65.0 58.4 28.3

67.5 60.0 24.1

70.0 61.7 20.9

72.5 63.3 17.1

75.0 64.5 15.6

77.5 66.1 14.2

80.0 67.5 13.3

82.5 68.9 12.5

85.0 70.2 11.1

87.5 71.7 10.1

90.0 73.2 9.0

92.5 74.5 8.0

95.0 75.7 7.5

97.5 77.1 7.4

100.0 78.5 7.3
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Solubility, mg./ml.
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Figure l.--The solubility of Barbital at 25 C
in myg./ml. as a function of composition (w/w)
for ethanol-water mixtures (57).
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representing a dielectric requirement (DR} of about 30.6.

It will also be seen that the solubility at the DR is quite
high relative to the other barbituric acid derivatives. The
solubility at this point on the curve is 120.7 mg./ml. A
solubility of 7.3 mg./ml. was obtained in pure water which
is also relatively large.

Further, it is interesting to note that a fair degree
of linearity relative’to the solubility and solvent com-
position exists over a range of 27.5 to 65.0% water by weight.
One might assume that this is the partical operative pharma-
ceutical range of dielectric constants. The slope of this
linear portion of the curve is calculated to be -1.8 mg./per-
cent water by weight.

This behavior is notable in counterdistinction to the
co-solvency effect noted over the general area of the sol-
ubility isotherm, wherein a portion of the solubility profile
is a predictable value once the appropriate slope is cal-
culated.

A tabulation of the data representing the solubility
of metharbital in ethanol-water solvents is presented in
Table IV and the solubility profile illustrated in Figure 2,
in the manner previously described. It is noted from this

figure that the addition of a methyl group to the R, position

3




TABLE IV.--A SUMMARY OF THE SOLUBILITY OF METHARBITAL IN
ETHANOL-WATER MIXTURES IN MG./ML. AT 250C, AS A FUNCTION
OF W/W PERCENT WATER AND DIEILRCTRIC CONSTANT

W/W PERCENT DIELECTRIC SOLUBILITY STD. DEVIATION
WATER CONSTANT (¢€) IN MG./ML. IMN MG./ML.
0.0 24.3 41.9 0.50
2.5 25.5 43.7 \ 0.73
5.0 26.5 46.1 0.58
7.5 27.6 47.9 0.¢6
10.0 29.0 50.0 0.60
12.5 29.7 ' 50.7 0.64
15.0 30.6 51.2 0.68
17.5 31.5 50.9 0.71
26.0 3z.7 50.3 ' 0.77
22.5 33.8 49.3 : 0.33
25.0 34.7 48.0 0.57
27.5 36.4 46.0 0.96
30.¢ 37.5 44.7 1.55
32.5 38.6 43.4 : : 1.87
35.0 39.8 39.0 0.50
37.5 41.3 36.6 0.46
40.0 42.8 36.2 2.63
42.5 44,2 33.4 2.16
45.0 45.7 28.9 0.63

47.5 47.4 26.2 0.38
50.0 49.0 23.5 0.73
52.5 50.5 21.2 0.54
£5.0 52.0 18.7 0.47
57.5 53.6 16.2 0.43
50.0 55.4 14.0 0.29
62.5 57.0 12.1 0.31
65.0 58.4 10.2 0.40
67.5 60.0 8.61 0.219
70.0 61.7 7.39 0.151
72.5 63.3 6.28 0.191
75.0 64.5 5.29 0.216
77.5 66.1 4.50 0.220
80.0 67.5 3.95 0.165
82.5 68.9 3.51 0.173
85.0 70.2 3.20 0.167
87.5" 71.7 2.87 0.161
90.0 73.2 2.68 0.115
92.5 74.5 2.48 0.105
95.0 75.7 2.32 0.139
97.5 77.1 2.17 0.127
100.0 78.5 2.00 0.084
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of the molecule dramatically reduces the maximum golubility
as compared to-barbital with a hydirogen at this position.

A DR is observed at 30.6 and a solubility at this point of
51.2 mg./ml. 1t is also seen that a shouldering effect,
unique to this derivative, is observed in the range of 41.3
to 44.2 in terms of dielectric constants. Excluding this
plateau, an area of approximate linearity exists in the range
of sclvent composition of 30.0 to 62.5% water by weight, re-
presenting a rate of change in sclubility of ~1.0 ng./percent
W/W water. The pharmacological activity of this derivative
is also unusual in that it not only produces sedation, but
possesses anticonvulsant properties.

A brief consideration of the chemical structure of the
metharbital molecule will also yield some unusual character-~
istics relative to the non-methylated analogs. It has been
reported (65) that the barbituric acid derivatives undergo
enol-keto tautomerism. Molecules devoid of alkyl substituents
on the nitrogen atoms can provide a maximum of two (N-H)
hydrogen atoms which would be available for contribution to
mono~- and dienolized structures with the three neighboring
carbonyl groups. Figure 3a illustrates the three possifle
dienolized structures as well as the keto form. It is noted

from this illustration that the carbonyl group at carbon 2
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has twice thevnumber of chances of becoming enoclized as those
at carbons 4 or 6, due to its vicinal position to both nitro-
gen atoms. Meﬁharbital, on the other hand, has only one
(I-H) hydrogen available. With the methyl group on the nitro-
gen at pogition 3, only two possible monoenolized species can
form as shown in Figure 3b. Other effects being egual, the
chances of the carbonyl group at position 2 or © being con-
verted to the enol form are equal.

Tautomerism is not a static situation where tautomeric
species of molecules exist in only keto or in enol forms,
but rather a dynamic equilibrium where active hydrogen atoms
are rapidly interchanging between the various species.

It may be possible that the limitations imposed on
the tautomerism of the metharbital molecule by the N-methyl
group. could cause the shouldering effect on the solubility
profile. A second possibility for this unusual behavior for
a barbiturate derivative which may be proposed is that the
polarity of the various tautomeric forms is different. The
assay procedure, not being specific for any particular species
of this molecule, would detgct the cumulative solubility of
all the various species present.

Neither of these proposals are to be interpreted as

factual evidence of the particular events occurring, but
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are included here only as interesting possibilities which
may aid in elucidating the underlying cause of the unusual
solubility profile for metharbital.

The solubility data for butabarbital is found in
Table V and Figure 4 represents the isothermal data graph-
ically as solubility in mg./ml. as a function of solvent
composition. This molecule is identical to barbital with
the exception of the ethyl group on the R2 position which
is replaced with a sec-butyl group. The additicn of these
two carbon atoms decreased the solubility over the entire
range of the solvent composition. A maximum solubility of
90.6 mg./ml. is noted to occur at 12.5% W/W water represent-
ing a DR of 29.7. Again a relatively linear section of the
curve is observed, this in the range of 27.5 to 55.0% water
by weight. The slope calculated for this portion of the
plot is -1.9 mg./percent W/W water. It is also seen that
the solubility in pure water is 0.86 mg./ml., less than one
half of metharbital and almost one tenth that of barbital.

Reber and Pathamanon (56) have determined the sol-
ubility of vinbarbital in ethanol-water mixtures. A tab-
ulation of their data is found in Table VI and plotted in
Figure 5, as described previously. This particular derivative
has a fifth carbon atom and an olefinic bond added to the

substituent at the R2 position of the butabarbital molecule.




TABLE V.--A SUMMARY OF THE SOLUBILITY OF BUTABARBITAL IN
ETHANOL-WATER MIXTURES IN MG./ML. AT 25°C. AS A FUNCTION
OF W/W- PERCENT WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECTRIC SOLUBILITY STD. DEVIATION
WATER CONSTANT (€) IN MG./ML. IN MG./MLi.
0.0 24.3 84.0 0.76
2.5 25.5 85.9 0.39
5.0 26.5 87.9 0.60
7.5 27.6 89.3 1.11
10.0 29.0 90.1 1.54
i2.5 29.7 90.6 1.37
15.0 30.6 89.6 1.19
17.5 31.5 88.5 .. 0.47
20.0 32.7 85.9 0.87
22.5 33.8 82.6 1.17
25.0 34.7 79.2 0.82
27.5 36.4 73.4 0.78
30.0 37.5 68.6 - 0.65
32.5 38.6 63.6 0.65
35.0 39.8 58.6 C.90
37.5 41.3 53.7 0.49
40.0 42.8 48.2 0.70
42.5 44 .2 43.0 ‘ 0.75
45.0 45.7 38.4 0.56
47.5 47.4 33.4 0.41
50.0 49.0 29.4 0.24
52.5 50.5 24.8 1.10
55.0 52.0 21.1 0.26
57.5 53.6 17.7 0.20
60.0 55.4 14.5 0.15
62.5 57.0 11.9 0.15
65.0 58.4 9.59 0.170
67.5 60.0 7.50 0.099
70.0 61.7 6.43 0.147
72.5 63.3 4.78 0.136
75.0 64.5 3.74 0.093
77.5 66.1 2.91 0.095
80.0 67.5 2.40 0.027
82.5 68.9 2.00 0.084
85.0 70.2 1.70 0.094
87.5 71.7 1.50 0.094
90.0 73.2 ' 1.35 0.084
92.5 74.5 1.20 0.088
95.0 75.7 1.08 0.050
97.5 77.1 0.97 0.065
100.0 78.5 0.86 0.057

34



Solu5ility, mg./ml.
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Fiqure 4.--The solubility of Butabarbital at
257C in mg./ml. in the binary solvent systems
studied.




TRBTE VI.--) SUMMARY OF THE SOLUBILITY -
OF VINBARBITAL IN ETHANQI-WATER
MIXTURES IN MG./ML. AT 25°C,
AS A FUNCTION OF W/W
PERCENT WATER (56)

W/W PERCENT SOTURILITY
WATER IN MG./ML.
0.16 62.3
7.56 63.3
20.95 55.8
28.77 46.6
38.62 32.8
48 .85 20.20
58.26 11.38
67.62 5.03
79.87 1.76
90.20 . .96
100.00 .71
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The DR of this molecule is observed to be about 27.6 with a
solubility in this solvent composition of 63.3 mg./ml. A
solubility of 0.70 mg./ml. at the most polar region of the
curve, i.e., pure water, is slightly less than that of buta-
barbital. A portion of this isotherm is also seen to be
approximately linear. Between the ranges of 20.0 to 60.0%
water by weight, the rate of change of solubility with sol-
vent composition is -1.2 mg./percent W/W water.

The general shape of this curve is very similar to
those of butabarbital and metharbital. 1In each of these sol-
ubility profiles the maxima has been flattened and made some-
what broader than that of barbital.

The following two compounds to be discussed differ
from the previously mentioned derivatives in that the oxygen
at the R4 position has been replaced with a sulfur atom.

The effect of this substitution may decrease the polarity
of the molecule from its oxy analog. On the electroneg-
ativity scale, the value for the oxygen atom is one unit
higher than those for the sulfur and carbon atoms which ére
approximately equal. Thus, the chemical bond between the

oxygen at the R, position and the adjacent carbon atom may

4

be more polar in character than the similar situation with

the sulfur atom.
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Aside fpom the above mentioned substitution, the chemn—
ical structure of thiopental varies from barbital by a
l-methylbutenyl grouvp replacing an ethyl substituent on the
R, position.
2

Table VIT and Figure 6 tabulate and graphically illus-
trate the solubility data fox. thiopental, in the manner
praviouszly dacceribed.  FProm this plot it is noted that the-
DR is well defined at about 27.6. This peak is relatively
sharp in contxast to those previously ckscrved. The sol-
Ubility is reduced sharply as the polarity of the solvent
~

systems increase and asymptotically approachas the solvent

compogition axis. The solubility at the DR is Observed toO
be ©7.1 mg./ml. and in pure water it is reducad to 0.08
mg./mnl., approximately a hundred fold decrease from the sol-
ubility of barbital at this particular solvent composition.
Further, a relatively linear section of the plot is observed
between the limits of 10.0 to 30.0% W/W water. The slope
of this secltion represents a change in soclubility with re-
spect to solvent composition of -3.1 mg./percent by weight
of water.

The ultrashort acting barbiturate thiamylal is similar

in chemical structure to thiopental with the exception of

an allyl substituent replacing an ethyl group in the Rl



TABLE VII.--A SUMMARY OF THE SOLUBILITY OF THIOPENTAIL IN
ETHANOL-WATER MIXTURES IN MG./ML. AT 25°C, AS A FUNCTION
QF W/W.PERCENT WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECTRIC SOLURILITY STD. DEVIATION
WATER CONSTANT (€) IN MG./ML. IN MG./ML.
L4
0.0 24.3 56.3 2.54
2.5 25.5 62.3 8.32
5.0 26.5 74.2 £.69
7.5 27.6 97.1 4,31
10.0 29.0 94,9 2.75
12.5 29.7 86.6 1.68
15.0 30.6 79.9 2.00
17.5 31.5 71.6 1.57
20.0 32.7 63.7 1.72
22.5 33.8 55.4 0.31
25.0 34.7 50.4 0.91
27.5 36.4 41.1 0.87
30.0 37.5 36.3 0.58
32.5 38.6 31.0 0.70
35.0 39.8 28.0 0.26
37.5 41.3 23.5 0.49
40.0 42.8 18.8 0.39
a42.5 44.2 16.3 0.44
45,0 45,7 14.0 0.35
47.5 47.4 11.2 0.22
50.0 49.0 9.13 0.228
52.5 50.5 7.31 0.171
55.0 52.0 5.40 0.488
57.5 53.6 4.52 0.705
60.0 55.4 3.15 0.116
62.5 57.0 2.41 0.087
65.0 58.4 1.96 0.500
67.5 60.0 1.13 0.028
70.0 61.7 0.91 0.022
72.5 63.3 0.68& 0.025
75.0 64.5 0.47 0.023
77.5 66.1 0.30 0.082
80.0 67.5 0.28 0.013
82.5 68.9 0.23 , 3 0.013
85.0 70.2 ’ 0.1% 0.014
87.5 71.7 0.15 0.007
90.0 73.2 0.15 0.010
92.5 74.5 0.12 0.005
95.0 75.7 0.11 0.020
97.5 77.1 0.09 0.005
100.0 78.5 0.08 0.006
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pcsition. The data for this derivative is found in Table
ViII. A plot 6f this data, in the usual fashion, is repre-
sented in Figure 7. This curve is unigue in that no maxima
_is»observed, But the solubility profile is rising sharply

towards pure ethanol having a dieclectric constant of about

24.3. This would indicate that a DR of less than 24.3 would

m

exist foce thise compound. . The magnitude of solubility in.
pure ethancl is observed to be 160.8 mg./ml. and is high

elative to the other derivatives. The remainder of the

-

curve is similar to that of thiopental in that a sharp de-
cline in solukility occurs between the solvents comprised

of pure ethanol and 30% by weight of water. The rate of
change in solubility, with respect to the solvent composition,
is calculated as ~4.1 mg./percent W/W water. The asymptotic
nature of the curve, relative to the axis denoting the cénw
centration of water in the solvents, is noted, and a low
solubility of 0.05 mg./ml. is found in distilled water.

The remaining solubility profile to be discussed is
that of barbituric acid, the parent chemical moiety of the
derivatives studied. This particular compound is devoid of
any therapeutic activity. éhemically, the moiecule has

R, and R_ position and an

hydrogen atoms occupying the Rl' 5 3

oxygen atom at position R The solubility data for this

a




TABLE VIII.--A SUMMARY OF THE SOLUBILITY OF THIAMYLAL IN
ETHANOL-WATER MIXTURES IN MG./ML. AT 250C, AS A FUNCTION
OF W/W' PERCENT WATER AND DIELECTRIC CONSTANT

W/W PERCENT  DIELECTRIC SOLUBILITY STD. DEVIATION
WATER CONSTANT (€) IN MG./ML. IN MG./ML.
0.0 24.3 160.8 1.19
2.5 25.5 149.9 1.66
5.0 26.5 135.4 3.33
7.5 27.6 124.6 2.01
10.0 29.0 112.7 1.88
12.5 29.7 102.0 2.09
15.0 30.6 93.2 0.73
17.5 31.5 82.3 1.80
2¢.0 32.7 71.8 1.34
22.5 33.8 61.9 . 0.82
25.0 34.7 54.9 G.84
27.5 36.4 43.3 0.81
30.0 37.5 37.7 1.10
32.5 38.6 32.3 0.81
35.0 39.8 28.7 0.59%
37.5 41.3 23.1 0.51
40.0 42.8 18.1 1.27
42.5 44,2 5.4 0.70
45.0 45.7 13.0 0.4z
47.5 47 .4 10.3 0.28
50.0 49.0 8.21 0.236
52.5 50.5 6.46 0.232
55.0 52.0 4.74 0.132
57.5 - 53.6 3.41 0.152
60.0 - 55.4 2.52 0.094
62.5 57.0 1.96 0.128
65.0 58.4 1.41 0.092
67.5 60.0 .94 0.101
70.0 61.7 .73 0.085
72.5 63.3 .51 0.036
75.0 64.5 .35 0.023
77.5 66.1 .23 0.018
80.0 67.5 .19 0.011
82.5 68.9 .15 0.009
85.0 70.2 .12 0.005
87.5 71.7 .10 0.004
90.0 73.2 .09 0.006
92.5 74.5 .07 0.005
95.0 75.7 .06 0.012
97.5 77.1 .06 0.004
100.0 78.5 .05 0.006
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TABLE IX.--A SUMMARY O THE SOLUBLILITY OF BARBITURIC ACID
IN ETHANOI~WATER MIXTURES IN MG./ML. AT 250C, AS A FUNCTION
OF* W/W PERCENT WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECTRIC SOLUBILITY STD. DEVIATION
WATER CONSTANT (€) IN MG./MI. IN MG. /M.
0.0 24,2 2.34 0g.0¢2
2.5 25.5 2,71 . 0.079
5.0 26.5 £ 3,25 0.105
7.5 27.6 3.85 0.095
. 10.0 29.0 4.67 0.117
12.5 29.7 5.28 0.112
15.0 ' 30.6 6.04 0.136
C17.5 31.5 o 6.85 N A N &=
20.0 32.7 7.69 0.190
22.5 33.8 8.62 0.144
25.0 34.7 7.59 0.110
27.5 36.4 7.73 0.097
30.0 37.5 7.87 ' 0.204
32.5 38.6 8.12 0.178
35.0 33.8 8.31 0.200
37.5 41.3 8.56 0.185
40.0 42.8 8.73 ' 0.988
42.5 44.2 8.2 0.130
45.0 45.7 9.14 0.038
47.5 47.4 9.25 0.120
50.0 49.0 9.29 0.184
52.5 50.5 9.47 0.046
55.0 52.0 9.52 0.085
57.5 53.6 . 9.68 0.063
60.0 55.4 2.71 0.053
62.5 57.0 9.70 0.083
65.0 58.4 9.61 0.151
67.5 ' 60.0 9.67 0.070
70.0 61.7 9.66 0.056
72.5 63.3 9.55 0.093
75.0 64.5 9.57 0.037
77.5 66.1 9.57 0.092
80.0 67.5 9.58 0.097
82.5 68.9 9.64 0.183
85.0 70.2 9.65 0.094
87.5 71.7 9.89 : 0.080
90.0 73.2 ' 10.0 0.04
92.5 74.5 10.2 0.09
95.0 75.7 10.4 0.04
97.5 77.1 10.6 0.16
100.0 78.5 10.9 0.17
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Figure 8.--The solubility of parbituric Acid at
257C in mg./ml. as a function of composition
for ethanol-water mixtures.
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straight line‘best representing these approximately linear
sections are summarized in Table X along with the ranges in
solvent composition in which this relationship is valid. It
is seen from this tabulatiqn that the range Df_linegrity is
very limited in the case of thiopental. It is also noted
that the rates of change in solubility relative to the sol-
vent composition are rather constent with the exception of
thiopentsl and thiamylal. In these latter cases, the rates
are abecut twice those of the remaining derivatives.

The limits of solvent composition, within which these
rates are operative, lie well within the range of pharma-
ceutical intervest. It micht be assumed then, there would be

n this infor-

i~

some pharmaceutical formulations advantages
mation.

In a study such as this, where the effect on the DR
is being assessed by varying the substituent groups on the
parent molecule, it would prove valuable to plot the dif-
ference in solubility between a standard barbiturate and each
of the remaining derivatives. On a chewical basis, a logical
choice of a standard would rest upon the barbituric acid
molecule due to the fact it is the basic chemical structure
for the derivatives., However, due to the relatively low

solubility of this compound and the fact that it possesses

no therapeutic activity another choicc was sought.










TABLE XIYI.-—-A SUMMARY OF THE DIFFERENCES IN THE _SOLUBILITY
OF METHARBITAT, AND BARBITAL IN MG./MIL. AT 25 C, AS A
FUNCTION OF PERCENT ¥/ WATER AND DIELECIRIC CONSTANT

W/W PERCENT DI¥LECTRIC DIFFERENCE

WATER CONSTANT (€) IN MG./ML.
0.0 24.3 ~50.4
2.5 - 25.5 ~54.,9
5.0 26.5 -56.9
7.5 27.6 ' —-62.1
10.0C 29.0 ~63.3
12.5 29.7 -67.6
15.0 30.6 ~-£9.5
17.5 31.5 -566.3
20,0 32.7 ~-62.2
22.5 33.8 ~58.4
25.0 34.7 T ~52.1
27.5 36.4 -48.3
30.90 37.5% -45.5
32.5 38.6 -41.7
35.0 39.8 -41.8
37.5 41.3 ~39.0
40.0 42.8 -33.8
42.5 44,2 ~32.9
45.0 45,7 ~31.3
47.5 47.4 ~30.3
50.0 49.0 -28.1
52.5 50.5 -26.5
55.0 52.0 -24.4
57.5 53.6 -23.0
60.0 55.4 -20.1
62.5 57.0 -18.5
65.0 58.4 -18.1
67.5 60.0 -15.5
70.0 61.7 ~13.5
72.5 63.3 -10.8
75.0 64.5 -10.3
77.5 66.1 -9.7
80.0 67.5 ~-9.4
82.5 68.9 -9.0
85.0 70.2 -7.9
87.5 71.7 -7.2
90.0 73.2 -6.3
92.5 74.5 ~5.5
95.0 75.7 -5.2
97.5 77.1 -5.2
100.0 5 -5.3
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might be expected due to the decrease in polarjty‘as the
series 1is deséénded, produced by the increasing number of
carbon atoms in the chemical structure.

It will be noted from thisg figure that the largest
decrease in solubility occurred at 15.0% water by weight,
this corresponding to the DR of boeth metharbital and barbital.
The addition of the N-nethyl group suvbstantially decreased
the sharpness of the solubility peak. A shoulder at 37.5
to 40,0% W/W water corresponds to the plateau observed on
the solubility profile for metharbital.

The delta values for butabarbital and barbital may be
found in vable XII and a graphical representation, expressed
in the manner previously described, in Figure 10. In this
case the figures represent the change in solubility pro-
duced by a sec-butyl group replacing an ethyl substituent
on the barbital molecule. Again the maximum change in sol-
ubility is found in the region of the DR. As was the case
with metharbital, the solubility maxima became rounded with
the addition of the sec-~butyl group. The inflection in the
curve, in the range of szolvent composition of 30.0 to 60.0%
by weight of water, demonstrates that the solubility of
metharbital is decreasing at a higher rate than barbital as

the water content is increased over the range.




TABLE XII.~-~A SUMMARY OF THE DITFERENCES IN THE (S)OLU'.BILITY
OF BUTABARBITAL AND BARBITAL IN MG./ML. AT 25 C, AS A
FUNCTION OF PERCENT W/W WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECYRIC DIFFERENCE
WATER CONSTANT (€ ) IN MG./ML.
0.0 24.3 -8.3
2.5 25.5 -12.6
5.0 26.5 -15.1%
7.5 27.6 -20.7
10.0 29.0 ~23.2
12.5 29.7 ~-27.7
15.0 30.6 -31.1
17.5 31.5 -28.7
20.0 32.7 ~26,6
22.5 33.8 -25.1
25.0 34.7 - =20.9
27.5 36.4 -20.9
30.0 37.5 -21.6
32.5 38.6 -21.5
35.0 39.8 -22.2
37.5 41.3 -21.9
40.0 42,8 -21.8
42.5 44,2 ~23.3
45.0 45.7 -21.8
47.5 47.4 -23.1
50.0 49.0 -22.2
52.5 50.5 ~22.9
55.0 52.0 -22.
57.5 53.6 ~-21.5
60.0 55.4 -19.6
62.5 57.0 -18.7
€5.0 58.4 ~18.7
67.5 60.0 -16.6
70.0 61.7 -14.5
72.5 63.3 -12.3
75.0 64.5 ~11.8
77.5 66.1 -11.3
80.0 67.5 ~10.9
82.5 68.9 -10.5
85.0 70.2 ~9.4
87.5 71.7 ~-8.6
90.0 73.2 -7.6
92.5 74.5 ~-6.8
95,0 75.7 ~6.4
97.5 77.1 ~6.4
100.0 78.5 -6.4
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Figure 10.--A plot of the difference in the mag-
nitude of solubility for Butabarbital and Bar-
bital in mg./ml. as a function of composition
(w/w) for ethanol-water mixtures.
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For the purpose of comparing the solubility profiles
for vinbarbital and barbital, special treatment of the data
presented by Reber and Pathamanon (56) was necessary. Their
profile consisted of eleven pieces of data, only one of which
corresponded to an exact solvent composition used in this
study. It was necessary, therefore, to analyze their data
and deterime the apparent solubility of vinbarbital in each
of the 41 solvent systems employed for the remaining com-
pounds. Rather than érbitrarily picking points off a plot
of their data, the data itself was subjected to a polynomial
regression. A previously compiled and published digital
computer program (67) was employed in double precision
(Appendix E). This program is based on a mathematical method
presented by Ostle (68). The coefficients of an eight de-
gree polynomial, representing the best fit of a curve to
the data of Reber and Pathamanon, were computed. From this
equation, the apparent solubilities of vinbarbital in hydro-
alcoholic solvents of identical composition to those used
in this study were calculated. It is suggested by Ostle
that this particular method is not valid for data which is
presented in uneven increments of the independent variable.
However, it is felt that the published solubility data for

vinbarbital closely approximates even increments of solvent
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composition and, therefore, a close approximation of the {rue
equation describing the data should be rendered by this method.
A comparison of the original data in Table VI may be madc

1

with the values computed Ly this method which are found in

Table XIIT.

A table and a graphical illustration, expressed &s
described above, of the values representing the diffference
in so0lubility between vinbarbital and barbital are found in
Table MNIV and Figuve 11, respectively. . This data illustrates
the effect on the solubility profile produced Ey substitut-
ing a l-methylbotenyl group for an ethyl substituent on tho
R2 position of the bharbital molecule with a corresponding
increase of three carbon atoms and the introduction of an
olefinic bond. As was the case with butabarbital and
metharbital, the largest decrease in solubility is observed
in the less polar region of solvent composition, tending Lo
reduce the sharpness of the solubility peak. The DR for
vinbarbital was found at 27.6 and the maximum difference in
solubility from barbital at a dielectric constant of 30.6.
An approximately linear region is observed on this curve in
a range of solvent compositicn of 30.0 to 70.0% by weiéht of

water.

The striking similarity between the curves represent-




TABLE XIII.--SUMMARY OF THL SOLUBILILY OF VINBARBITAL 1IN ETH-
ANOL-WATER MIXTURES IN MG,/ML, AT ZSOC, CCHpULEd FROM A POLY-~
NOMIAL, VERSUS W/W PERCENT WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIEILECTRIC SOLUBTLITY

WATER CONSTANT (¢) IN MG./ML.
0.0 24.3 62.3
2.5 25.5 62.7
5.0 26.5 ‘ 63.1
7.5 27.6 63.3

10.0 - 29.C 63.0

12.5 29.7 62.2

15.0 30.6 61.0

17.5 31.5 59.2

20.0 32.7 56,9

22.5 33.8 , 54.2

25.0 34.7 51.3

27.5 36.4 43.1

30.0 37.5 44.8

32.5 3¢.6 . : 41.3

35.0 3¢6.8 37.9

37.5 41.3 34.4

40.0 42.8 31.1

42.5 44.2 27.8

45,0 45,7 24.7

47.5 47.4 21.8

50.0 49.0 19.0

52.5 50.5 16.4

55.0 52.0 14.0

57.5 53.6 11.8

60.0 55.4 9.84

62.5 57.0 8.09

65.0 58.4 6.56

67.5 60.0 5.25

70.0 61.7 4,16

72.5 63.3 3.27

75.0 64.5 2.57

77.5 66.1 2.05

80.0 67.5 1.67

82.5 68.9 1.41

85.0 70.2 1.23

87.5 71.7 1.10

90.0 73.2 0.99

92.5 74.5 0.88

95.0 75.7 0.77

97.5 77.1 .68

100.0 78.5 0.70




TABLE XIV.--A SUMMARY OF THE DIFFERENCES IN THE SOLUBILITY
OF VINBARBITAL AND BARBITAL IN MG./ML. AT 25 C, AS A
FUNCTION OF PERCENT W/W WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECIRIC DIFFERENCE

WATER CONSTANT(¢) IN MG./ML.
0.0 : 24.3 ~30.0
2.5 25.5 - -35.9
5.0 . 26.5 -40.0
7.5 , 27.6 -46.7
10.0 29.0 ~50. 3
12.5 29.7 L -56.0
15.0 30.6 ~59.8
17.5 ¢ 31.5 -58.0
20.0 32.7 ~55.6
22.5 33.8 -53.5
25.0 34.7 ~-48.8
27.5 36.4 ~46.2
30.0 37.5 -45.4
32.5 38.6 -43.8
35.0 39.8 -42.9
37.5 41.3 -41.2
40.0 42.8 -38.9
42.5 44.2 -38.4
45.0 45.7 -35.5
47.5 47.4 -34.7
50.0 49.0 -32.6
52.5 50.5 -31.3
55.0 52.0 -29.1
57.5 53.6 -27.4
60.0 55.4 -24.2
62.5 57.0 -22.5
65.0 58.4 -21.7
67.5 60.0 -18.8
70.0 61.7 -16.7
72.5 63.3 -13.8
75.0 64.5 -13.0
77.5 66.1 -12.2
80.0 67.5 -11.6
82.5 68.9 -11.1
85.0 70.2 ~9.9
87.5 71.7 -9.0
90.0 73.2 -8.0
92.5 74.5 ~7.1
95.0 75.7 ~6.7
97.5 77.1 -6.7
100.0 78.5 -6.6

(24
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Figure 11l.--~The difference in the magnitude of
solubility for Vinbarbital and Barbital express-
ed in mg./ml. plotted as a function of percent
water by weight.
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solubility maxima of the derivative being compared with bar-
bital. This iilustrates the rather sharp decline in the sol-
ubility of thiopental in the range of 20.0 to 40.0% by
weight of watef relative to that of barbital. A well de~
fined but small change is noted at Z.S% W/W water or a die-
lectric constant value of 27.6, corresponding to the DR for
thiopental.

The data representing the difference in the solubilities
of thiamylal and barbital are presented in Tabhle XVI and
plotted in Figure 13, in a manner previously described. As
well as having a sulfur atom replacing the oxygen atom on
the R4 position and a l-methylbutyl in place of an ethyl
group on the R2 position as in thiopental, thiamylal also
has an allyl group which replaces the ethyl substituent on
the Rl pOSition of barbital.

It is seen in this figure that the combination of these
substitutions increaées the solubility of thiamylal over that
of barbital in the range of solvent composition from pure
ethanol to 10.0% W/W water or a range of dielectric constant
values of 24.3 to 29.0. Thiopental, with the same chemical
structure as thiamylal exceéting the al]yl‘sugstitution, did
not demonstrate this characteristic. It may be surmised

then, that the increase in solubility in this range is at-

tributed to the addition of the allyl group.



TABLE XVI.--—-A SUMMARY OF THE DIFIP'ERENCES IN THg SOLUBILITY
OF THIAMYLAT, AND BARBITAT IN MG./ML. ATl 25 ¢, AS A
FUNCTTION OF PERCENT W/W WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECTRIC DIFYERENCE

WATER CONSTANT (¢ ) IN MG./ML.
0.0 24.3 68.6
2.5 25.5 51.3
5.0 26.5 32.3
7.5 27.6 14.6
10.0 29.0 -0.6
12.5 29.7 -16.3
15.0 30.6 -27.5
17.5 31.5 ~-34.9
20.0 32.7 ~40.7
22.5 33.8 -45.8
25.0 34.7 ~45.2
27.5 36.4 -51.0
30.0 37.5 ~52.5
32.5 38.6 -52.8
35.0 39.8 -52.1
37.5 43.3 ~52.5
40.0 42.8 ~51.9
42.5 44.2 ~50.8
45.0 45.7 -47.1
47.5 47.4 ~46.2
50.0 49.0 ~43.4
52.5 ' 50.5 ~41.2
55.0 52.0 ~-38.4
57.5 53.6 ~35.8
60.0 55.4 ~31.6
62.5 57.0 -28.6
65.0 58.4 -26.9
67.5 60.0 ~23.2
70.0 61.7 -20.2
72.5 63.3 ~16.6
75.0 64.5 ~15.2
77.5 66.1 -14.0
80.0 67.5 -13.1
82.5 68.9 ~12.3
85.0 70.2 -11.0
87.5 71.7 -10.0
90.0 73.2 -8.9
92.5 74.5 ~7.9
95.0 75.7 ~7.4
97.5 77.1 ~7.3
100.0 78.5 ~7.2

N
n
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A general similarity exists between the curves repre-
senting the differences in the solubilities of barbital and
those of thiopental and thiamylal. In both cases the maxi-
mum difference in solubility is observed at a concentration
of 30.0 to 40,0%‘water by weight. It can be supposed that
this effect is due in part to the addition of the sulfur atom
on the R4 position, since the oxy—~ derivatives did not show
this effect. it is also noticed, by considering the change
in scale of the axis connotating the difference in sol-
ubilities and excepting the initial portion of the curves,
Figures 12 and 13 are approximately identical in magnitude
as well as shape.

In the previcus discussion tho concentrations of the
saturated solutions consisting of several barbiturates in
ethanol-water systeins have been considzared. The magnitudes
of the differences ir: the soluhilities between each of the
derivatives and the standard, barbitel, has also been dis-
cgssed. Tt would be pertinent. then to consider the changes
in solubility produced by altoring the substituent groups
on the barbital molecule in a relative mannexr, rather than
in absolute values. As in the case of the delta values,
barbital is used as the standard of comparison.

A computer program was written which computed these
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ratios (Appendix F). Given the solubility data correspond-
ing.to barbitai and onre other derivative in each of the 41
solvents employed, this program computed the ratio of the
solubility of the derivative to the solubility of the stand-
dard for each of the separate solvents,

The ratios computed in this manner for metharbital are
tabulated with the solvent composition. and dielectyric con-
stant in Table XVII. A plot of this data, as a function of
W/W percent water, may be found in Figure 14. It can be seen
in this illustration that the magnitude of solubility of
metharbital is substantially lower than that of barbital
over the entire range of solvent composition. The poak ob-
served between 30;0 and 40.0% water by weight coxrrespouds
to the shoulder on the solubility profile. An inflection on
this curve may be observed at 15% W/W water which corresponds
to the maximum solubility of both metharbital and barbital.

The ratios calculated between barbital and butabar-~
bital are arranged in Table XVIII and graphically illustrat-
ed in Figure 15, in a manner previously described. The
characteristics of this curve are quite different from that
of the previous figure for metharbital. It can be seen
from this figure that the solubility of butabarbital ap-
proaches that of barbhital in the less polar region of the curve,

i.e. low water concentrations, but is only about 10% that of



TABLE XV1I.--A SUMMARY OF THE RAT(I)OS OF THE SOLUBILITY OF
METHARBITAL TO BARBITAL AT 25 C, AS A FUNCTION OF
PERCENT W/W WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECIRIC .
WATER CONSIANT (C ) RATIO
0.0 ° 24.3 0.454
2.5 25.5 0.443
5.0 26.5 0.447
7.5 27.6 0.435
10.0 29.0 0.442
12.5 29.7 0.428
15.0 30.6 0.424
i7.5 31.5 0.435
20.0 32.7 0.447
22.5 33.8 0.458
25.0 34.7 0.480
27.5 36.4 0.488
30.0 37.5 0.495
32.5 38.6 0.510
35.0 39.8 0.482
37.5 41.3 0.483
40.0 42.8 0.517
42.5 44,2 0.503
45.0 45,7 0.481
47.5 47.4 0.463
50.0 49.0 0.455
52.5 50.5 0.444
55.0 52.0 0.434
57.5 53.6 0.413
60.0 55.4 0.411
62.5 57.0 0.395
65.0 58.4 0.360
67.5 60.0 0.357
70.0 61.7 0.354
72.5 63.3 0.367
75.0 64.5 0.339
77.5 66.1 0.317
80.0 67.5 0.297
82.5 68.9 . 0.281
85.0 70,2 10.289
87.5 71.7 0.284
90.0 73.2 0.30
42.5 74.5 0.31
95.0 75.7 0.31
97.5 77.1 0.29
100.0 78.5 0.27
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TABLE XVIII.,--A SUMMARY OF THE RATCI)OS Or THIE SOLUBILITY
OF BUTABARBITAL TO BARBITAL AT 25 C, AS A FUNCTION OF
PERCENT W/W WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECTRIC

WATER CONSTANT (¢ ) RATIO
0.0 24.3 0.910
2.5 25.5 0.872
5.0 26.5 0.853
7.5 27.6 0.81

10.0 29.0 0.7%5

12.5 29.7 0.766

15.0 30.6 0.742

17.5 31.5 0.755

20,0 32.7 0. 764

22.5 33.8 0.767

25. G 34.7 0.792

27.5 36.4 0.778

30.0 37.5 0.761

32.5 38.06 0.748

35.0 39.8 0.726

37.5 41.3 0.710

40.0 42.8 0.688

42.5 44,2 - 0.648

45.0 45.7 0.637

47.5 47.4 0.592

50.0 49.0 0.570

52.5 50.5 0.519

55.0 52.0 0.490

57.5 53.6 0.452

60.0 55.4 0.426

62.5 57.0 0.388

65.0 58.4 0.339

67.5 60.0 0.311

70.0 61.7 0.308

72.5 63.3 0.280

75.0 64.5 0.240

77.5 66.1 0.205

80.0 67.5 0.181

82.5 68.9 0.160

85.0 70.2 0.154

87.5 71.7 0.148

90.0 . 73.2 0.15

92.5 74.5 0.15

95.0 75.7 0.14

97.5 77.1 0.13

100.0 78.5 0.12
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barbital in pure water. The direction of change of this
ratio 1s reversed from the overall trend in the solvents
containing 15.0 to 25.0% W/W water indicating the solubility
profile of barbital decreasing at a more rapid rate than
butabarbital in this region.

The ratios of the solubilities of vinbarbital to those
of barbital in each of the 41 solvent systems are found in
Table XIX. Solubility values used for vinbarbital are those
determined by the polynomial and utilized previously in
calculating the difference in the magnitudes of solubilities
of these compounds. This data is plotted in Figure 16, in
a manner similar to that used for metharbital.

The similarity between the shape of this plot and the
previous one should be noted although the magnitude of the
ratios are somewhat reduced in the case at hand. Again the
solubility of this compound approaches that of barbital in
the solvents containing a high concentration of ethanol, but
is substantially less in the higher polarity range. A
plateau is found at 15.0 to 25.0% water by weight or a die-
lectric constant range of 30.6 to 34.7. This corresponds
to a slightly larger peak found in this same solvent range
for the ratios of the solubilities of butabarbital to those
of barbital. The behavior exhibited in this limited range

indicates the rate of decrease in the solubility of barbital



TABLE XIX.-~-A SUMMARY OF THE RATI CO)S O T SOLUBILITY OF
VINBARBITAL TO BARBITAL.AT 25 ¢, AS A FUNCTICN O
PERCENT W/¥ WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECIRIC .
WATER CONSTANT (¢ ) RATIO
0.0 24.3 0.675
2.5 25.5 0.636
5.0 26.5 0.612
7.5 27.6 0.575
10.0 29.0 0.556
12.5 29.7 0.526
15.0 30.6 0.505
17.5 31.5 0.505
20.0 32.7 0.506
22.5 33.8 0.504
25.0 34.7 0.512
27.5 36.4 0.510
30.0 37.5 0.496
32.5 38.6 0.486
35.0 39.8 0.469
37.5 41.3 0.556
40.0 42.8 0.444
42.5 442 0.420
45.0 45.7 0.411
47.5 47.4 0.385
50.0 49.0 0.368
52.5 50.5 0.344
55.0 52.0 0.325
57.5 53.6 0.301
60.0 55.4 0.289
62.5 57.0 0.264
65.0 58.4 0.232
67.5 60.0 0.218
70.0 61.7 0.199
72.5 63.3 0.191
75.0 64.5 . 0.165
77.5 66.1 0.144
80.0 67.5 0.126
82.5 68.9 0.113
85.0 70.2 0.111
87.5 71.7 0.109
90.0 73.2 0.11
92.5 74.5 0.11
95.0 75.7 0.10
97.5 77.1 0.09
100.0 78.5 0.10
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Figure 16.--~A plot of the solubility of Vin-
barbital relative to the solubility of Bar-
bital for each of the binary systems studied.
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in solvents of incréasing polarity to be greater than that
of vinbarbital.

Data re¢presenting thre solubility ratios of thiopental
to barbital are listed in Table XX. A graghical illustration
may be found in Figure 17, prescnted in a manner consistent
with the previous illustrations.

It is =ecn that this plot is very similar to the sol-
ubility profile for thiopental with a maximum ratio at a
dielectric constant value of 27.6. The sharpness of this
peak is an indicatic.. of the wide contrast between the shape
of the maxima on the individual solubility isotherms of
thiopental and barbital. The asymptotic character of the
solubility profile is also reproduced on this plot.

Ratios calculated from the solubilities of thiamylal
and barbital are found in Table XXI and plotted as described
previously in Figure 18. As in the previous case, the curve
also simulates the solubility profile of the barbiturate
being compared with barbital. A smooth curve is noted ex-
hibiting no maximun or shouldering effects. In solvent con-
centrations up to 10% by weight of water, the solubility of
thiamylal is greater than that of barbital. This charactoer-
istic is unigque for thiamylal. The extremely low solubility

of this compound in solvents of high water content, relative



TABLE XX.--A SUMMARY OF THE RATIgS OF THE SOLUBILITY
OF THIOPENTAL TO BARBITAL AT 25 C, AS A FUNCTION OF
PERCENT W/W WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECTRIC RATTO
WATER CONSTANT (€)
0.0 24.3 0.610
2.5 25.5 0.632
5.0 26.5 0.720
7.5 27.6 0.882
10.0 29.0 0.838
12.5 29.7 0. 732
15.0 30.6 0.662
17.5 31.5 : 0.611
20.0 32.7 0.566
22.5 33.8 0.514
25.0 34.7 0.504
27.5 36.4 0.436
30.0 37.5 0.402
32.5 38.6 0.365
35.0 39.8 0.347
37.5 41.3 0.311
40.0 42.8 - 0.269
42.5 44.2 0.246
45.0 45.7 0.233
47.5 47.4 0.198
50.0 49.0 0.177
52.5 50.5 0.153
55.0 52.0 0.125
57.5 53.6 0.115
60.0 55.4 0.092
62.5 57.0 0.079
65.0 58.4 0. 069
67.5 60.0 0.047
70.0 61.7 0.044
72.5 63.3 0.040
75.0 64.5 0.030
77.5 66.1 0.021
80.0 67.5 0.021
82.5 68.9 0.018
85.0 70. 2 0.017
87.5 71.7 0.015
90.0 73.2 0.016
92.5 74.5 0.015
95.0 75.7 0.015
97.5 77.1 0.013
100.0 78.5 0.012
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Figure 17.--The solubility of Thiopental rela-
tive to the solubility of Barbital plotted as
a function of solvent composition.



TABLE XXI.--A SUMMARY OF THE RAT%OS OF THE SOLUBILITY OF
THIAMYLAL TO BARBITAL AT 25 C, AS A FUNCIION OF
PERCENT W/W WATER AND DIELECTRIC CONSTANT

W/W PERCENT DIELECTRIC
WATER CONSTANT (C) RATTO
0.0 ° 24.3 1.74
2.5 25.5 1.52
5.0 26.5 1.31
7.5 27.6 1.13
10.0 29.0 0.994
12.5 29.7 0.862
15.0 30.6 0.772
17.5 31.5 0.702
20.0 32.7 0.638
22.5 33.8 0.575
25.0 34.7 0.548
27.5 36. 4 0.459
30.0 37.5 0.418
32.5 38.6 0.379
35.0 39.8 0.355
37.5 47,3 0.305
40.0 42.8 0.258
42.5 44.2 0.233
45.0 45.7 0.217
47.5 47.4 0.182
50.0 49.0 0.159
52.5 50.5 0.135
55.0 52.0 0.110
57.5 53.6 0.087
60.0 55. 4 0.074
62.5 57.0 0.064
65.0 58. 4 0.050
67.5 60.0 0.039
70.0 61.7 0.035
72.5 63. 3 0.030
75.0 64.5 0.022
77.5 66.1 0.016
80.0 67.5 0.014
82.5 68.9 0.012
85.0 70. 2 0.010
87.5 71.7 0.010
90. 0 73.2 0.010
92.5 74.5 0.009
95.0 75.7 0.008
97.5 77.1 0.007
100. 0 78.5 0.006
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tive to the solubility of Barbital versus per-
cent water by weight.
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to that of barbital, may be seen from the asymptotic portion
of the curve.

The various solubility relationships which have been
discussed for this series of compounds generally show a dis-
placement of the DR to regions of lower polarity, as the

total numher of carbon atoms in the molecule is increased.

It may ke sunaiged that a corresponding reduction in the polax

chavacter of these compounds accompanies this systematic change

in molecular structure.

Upon introduction of drugs into a biological system,
the therapeutic action can be elicited only to a degree cor-
responding to the concentration of drug reaching the site
of action. Consequently, the ability of the compound to be
transported through the biological fluids and membranes of
varying polarity may become the limiting step upon which
the eliciﬁation of therapeutic action is dependent. Within
a chemical series, such as the barbituric acid derivatives
being studied, an approximate correlation should exist be-
tween the extent of therapeutic activity and the relative
affinity of these molecules for seni-polar solvents.

A summary of some of the more pertinent solubility
data is presented in Table XXII, along with an index to the
duration of activity and the period of latency exhibited by

these compounds. For each derivative, the DR, solubility in
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TABLE XXII.--A SUMMARY OF THE DIELECTRIC REQUIREMENT

(DR) ,

THE SOLUBILITIES

IN ABSOLUTE ETHANOL, WATER, AND AT THE DIELECTRIC REQUIREMENT IN
MG./ML., AS A FUNCTION OF THE DURATION AND ONSET OF ACTION

Duration of Action Onset of Sol. in Sol. at Sol. in
Derivative Action DR Ethanol DR Water
Ref. (69) Ref. (70) Ref. (69) mg./ml. mg./ml. mg. /ml.
Barbital long long 30-60 min.”| 30.6 92.3 120.7 7.3
a
Metharbital long long 30-60 min. 30.6 41.9 51.2 2.00
Butabarbital intermediate |intermediate | 20-30 min.E1 29.7 84.0 90.6 0.86
to short
Vinbarbital intermediate |intermediate | 20-30 min.zi 27.6 62.3 63.3 0.70
to short
b
Thiopental ultrashort ultrashort 30 sec. 27.6 56.3 97.1 0.08
b
Thiamylal ultrashort ultrashort 20-60 sec. {<24.3 160.8 >160.8 0.05

a . .
Oral administration

Intravenous administration
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pure water and pure ethanol and the solubility in the sol-
vent corresponding in composition to that at which the DR is
observed, are listed.

Twe references have been included to attest to the
duration of action. It is seen that there is considerable

.

overlap in the duration of sedative effect of these materials.
The pariod of time between administration and the time at
which the therapeutic effect is first noticed is also quite
variable anong the compounds.

As the duration of action is decreased in this series,
a corresponding reduction is noticed in the DR indicating a
greater affinity for the less polar solvents. As is ex-
pected, a clear distinction among the three pairs of deri-
vatives exhibiting similar durations of action is not found
on the scale of DR's. A general trend is seen to exist
though, and it can be stated that although vinbarbital is
classified as having an intermediate duration of action, it
is closer to ultrashort acting thiopental than it is to long
acting metharbital.

The relative hydrophilic nature of these derivatlives
is domonstrated by their aqueous solubilities. These values
are seen to have a range of approximately two orders of

magnitude. Barbital, being the most hydrophilic, has a sol-

ubility c¢f 7.3 mg./ml. in water. The solubilities of the
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remaining barbiturates in this solvent decrease along with
the duration of action to thiamylal with the lowest solubility
" which is 0.05 mg./ml.

The solubility of these compounds in pure ethanol and
in the solvent corresponding in composition to that at which
the DR is observed do not show a definite trend in the magni-
tudes of solubility. Due to the variations in chemical
structure, the ability of these dexrivatives to be solvated
by the various ethanol~water mixtures may be limited in somne
cases. It is possible that steric hinderance produced by
the substituent groups on the parent moiety may contribute
to this effect.

In any discussion of the biopharmaceutical parameters
involved in drug action, the partitioning of the drug between
the various biological fluids and membranes must be consider-
ed. These phases range from relatively high polaxrity found
in the blood and gastric contents to a low value for adipose
tissue. It would be instructive then to calculate for each
of the derivatives, the ratios of the solubilities in pure
ethanol and at the DR, to that found in pure water. A sum-
mary of these ratios is found in Table XXIII.

It is seen that the ratios of the solubility in absolute
ethanol to that in pure water are inversely related to tLhe

duration of action of this series. A similar relationship
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TABLE XXIIT.--A SUMMARY OF THE THERAPEUTIC ACTION, AND THE

RATIOS OF THE SOLUBILITY IN ETHANOL AND AT THE

DIELECTRIC

REQUIREMENT (DR) TO THE SOLUBILITY IN WATER
Derivative Duration Onset Sol. in ethanol Sol. at DR

Ref. (69) Ref. (69) Sol. in water Sol. in water
Barbital long 30-60 min.® 12 16
Metharbital long 30-60 min.” 21 25
Butabarbital intermediate 20-30 min.a 34 100
Vinbarbital intermediate 20-30 min.a 40 20
Thiopental ultrashort 30 sec. 670 1200

b

Thiamylal ultrashort 20-60 sec. 2300 >2300

a . .
Oral administration

Intravenous administration
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is found with the ratios of the solubility et the DR to that
in pure water. The only exception is in the latter case where
the ratio for vinbarbital is less than that of butabarbitali
However, the difference between these two values represents

a devialion of only about 10% and the general trend can still
be observed. 1In the latter case a distinction may be seen

in the ratios for the three pairs of compounds possesgsing
similar durations of actions. The values for the ultrashort
conpounds are 10 to 20 times those of the intermediate group
which in turn are increased over the long acting derivatives,
by a factor of about 5.

This correlation is rather good in view of the nature
of the solvents. Such a relationship might be expected with
pure water and ethanol which anchor the ends of the spectrum
of solvent composition. Between these endpoints, however,
non-ideal solvents are involved and this cosolvency phenom-
enon produces solubilities which deviate from that which may
be expected of ideal solutions.

It may be conjectured that the magnitude of these
ratios are an indication of the extent to whigh these com-
pounds becéme concentratedin the less polar biological
fluids. Thus, the derivatives possessing a higher ratio,

i.e. thiopental and thiamylal, become concentrated to a high-
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er degrce in the body lipids than do barbital or metharbital
and might be expected to be ultrashoxrt acting.

In considering this solubility data in total, an ap-
proximate correlation has been observed between the lipophilic
nature of the various barbiturate analogs and their therapeutic:
action. One must view this study with proper perspective in
relation tc the numerous other physical and chemical pro-
perties as well as the various biopharmaceutical parameters
which all contribute to the variation in the final thera-
peutic activity possessed by the members of this series. It
is the net result of the complex interaction of these and
other factors which determine the type and dégree of the

pharmacological activity which is involved.



V. SUMMARY

1. A dielectric requirement (DR), was determined
for each of the barbiturates studied. In the case of thiamylal
a solubility peak was not observed, but due to the rapid de-
crease in the initial portion of the curve, the DR was as-
sumed to exist Dbelow 24.2, i.e. the dielectric constant of

ethanol.

2. As the chemical series was descended, the DR's
shifted to lower magnitudes corresponding to a general in-
crease in the number of carbon atoms in the molecule. This
trend was interpreted as an indication to greater lipophilic-

ity of the molecules due to the increase in carbon atoms.

3. An approximate correlation existed among the
duration and onset of pharmacological activity and the DR.
Those derivatives possessing higher DR's show a longer dura-

tion and onset of activity.

4. The magnitudes of the solubility of these
barbiturates in pure water also demonstrated a decrease with

a corresponding general increase in carbon atoms, covering

88
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two orders of magnitude. The solubility in ethanol and at

the DR did not illustrate this relationship.

5. Ratios of thc¢ solubility of these compounds in
pure ethanol and at the DR, to that found in water, showad
this same invcerse relationship. Differentiation in the
therapeutic activity was reflected in the magnitude of the

ratios of the solubility at the DR to that in pure water.

6. Each of the individual sclubility profiles ex-
hibited a limited region in which the solubility was ap-
proximately a linear function of solvent composition. The
-ates of change of solubility in these jyortions of the curves

were computed.

7. A brief consideration of the tautomeric struc-
tures of thése derivatives was discussed. It was noted
that limitations in the number of tautomeric species pos-~
sible for the N-methyl derivative occurred relative to those

conceivable for the non-methylated compounds.
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VII. APPENDIX

Program for the Method of Icast Squares Written in
FORTRAN IV Computer Language

DIMENSION X(20),Y(20),XD(20),YD(20)
DIMENSTON XDS(20),YDS(20),XyY(20)
REZT(5,7)N
FORMAT(I2)

DO 4 I=1,N
READ(5,3)X{1),Y(I)
FORMAT (2F10. 0)
CONTINUE

XSM=0

YSM=0

DO 5 I=1,N
XSM=XSNM-+X (1)
YSM=YSH+Y (1)

CONTINUE

> a=XSM/N

YA=YSNM/N

XYS=0

XDSS=0C

YDSS=0

DO 6 I=1,N
XD(I)=X(I)-XA
YD(I)Y=Y(I)-YA
XDS(I)=XD(I)*%2
YDS(I)=YD(I)**2

XY (I)=XD(I)*YD(I)
XYS=XYS+XY (1)
XDSS=XDSS+XDS (I)
YDSS=YDSS+YDS (I)
CONTINUE
SLOPE=XYS/¥DSS
R=XYS/SQRT (XDSS*YDSS)
WRITE(6,12)R, SLOPE
rorMAT(//,T30,'R= ',10X,F10.5,//,T730, 'SI.OPE = ',6X,F10.5)
B=YA- (SLOPE*XA)
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Program Calculating Average and Standard Deviation,
Written in TORTRAN IV Computer Language

DIMENSION Y (12)

WRITE (6,9)

FORMAT (12X, 'SAMPLE', 21X, 'STANDARD',/, 14X, "NO. ',
110X, '"MEAN', 7X, 'DEVIATION', /)
READ(5,10)M

FORMAT (12)

DO 3 L=1,M

READ(5,5)N, (Y(I),I=1,N)
'FORMAT (12, 12F6.0)

YSUM=0.

DO 6 I=1,N

YSUMYSUMAY (T)

CONTINUE

YAVE=YSUM/J

YDSQSM=0

DO 7 I=1,N

YDEVSQ=(Y (I)~YAVE)*%2
YDSQSM=YDSQSM+YDEVSQ
CONTINUE

S=SQRT (YDSQSM/ (N-1)
WRITE(6,8)1L,YAVY, S

FORMAT (13X,13,F16.5,F14.5)
CONTINUE

STOP

END

Input Output

= Number of sets of data Sample number

= Number of observations Average

"~ in each sect Standard deviation
= Observations

Program Subtracting Corresponding Observations in Two
Setg of Data, Written in FORTRAN IV Computer Language

DIMENSION X(100),A(100),B(100),C(100)
READ (5, 1) N

FORMAT (I3)

READ(5,2) (X(1),A(I),I=1,N)

FORMAT (2F6. 0)

READ (S5, 3) (B(1),I=1,N)

FORMAT (1'7,F6.0)
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DO 4 1=1,N
C(1)=A(T)-B(I)

CONTINUE
WRITE(6,5) (X(1),C(I),i=1,N)
STOP
END
Input Output
= Number of observations Solvent composition
per set Difference

= Solvent composition
First sct of data
= Second set of data

n

Program Calculating a Polynominal Equation Describing
a Sctof nata

Polynomials of successively increasing degrees
are calculated for a given set of x and y values.
The residual sum of sguareg for each higher degree
polynomial is compared with the value for the pre-
vious aguation. When the residral sum of squares
shows no reduction, the program terminates.

The output consists of the intercept and the
coefficients for each of the polynonials computed.
An analysis of variance is also calculated and dis-
played for each polynomial. A table is printed of
the residuals calculated from the input data and
that estimated by the second highest degree poly-
nomial calculated. The input and estimated data
are then simultaneocusly reproduced in a form similar
to a graph.

A further description and a display of this
program are found in Reference (67). The program
was modified slightly to perform all calculations
in double precision and to accommodate in the table
of residuals the perccnt difference between the
observed and estimated values.

Program Calculating the Ratios between Corresponding
Observations in Two Sets of Data, Written in FORTRAN
IV Computer Language
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100

DIMENSION X(100),A(100),B(100),C(100)

READ(5,1)N
FORMAT(I3)

READ(5,2) (X(I),A(I),I=1,N)

FORMAT (2F6.0)
READ(5,3) (B(1),I=1,N)
FORMAT (T7,F6.0)

DO 4 I=1,N
C(I)=A(I)/B(I)
CONTINUE

WRITE(6,5) (X(I),C(T1),I=1,N)

STOP
END

Input

= Number of observations
per set

= Solvent composition

= First sel of data

= Second set of data

‘ Output

Solvent composition
Ratio
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