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ladium on charcoal. The reaction is completed
in 1/2 h if alcohol is used as a solvent, and the
pressure is 50 atm. The yield is quantitative.
B. p. 120°—130°/11 mm Hg.

D. Preparation of ethyl neopentylcyanoace-
tate. Ethyl trimethylethylidenecyanoacetate
is hydrogenated as described above to ethyl
neopentyleyanoacetate. The yield is quantita-
tive and the boiling point 110°—114°/8 mm Hg.

5. Alkylations of ethyl neopentylcyanoacetate.
A. Preparation of ethyl ethylneopentylcyano-
acetate. 91.5 g of ethyl neopentylcyanoacetate,
138 g of powdered anhydrous potassium carbo-
nate, 276 ml of dry acetone and 94 g of ethyl
iodide are refluxed with good stirring for 3 h.
The resulting mixture is cooled, poured into
ice-water, separated, extracted with benzene,
dried and distilled under reduced pressure. In
this way 100 g, 95 %, of ethyl ethylneopentyl-
cyanoacetate is obtained. B.p. 116°—118°/7
mm Hg. This ester is recovered unchanged
after refluxing with 120 ml of alecohol, and 50
ml of conc. sulphuric acid for 16 h.

B. Preparation of ethyl allylneopentylcyano-
acetate. 41 g of ethyl neopentylcyanoacetate
62 g of powdered anhydrous potassium carbo-
nate, 126 g of dry acetone and 33 g of allyl-
bromide are refluxed for 6 h. The mixture is
then treated as above yielding 49.5 g, 99 %,
of ethyl allylneopentylcyanoacetate boiling at
127°—128°/8 mm Hg.

The author is indebted to this colleagues and
assistants at Pharmacia for good help with this
project.
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5-neoPentyl-5-Allylbarbituric
Acid and Related Compounds

III. On the Preparation of neoPentyl-
substituted Barbituric Acids
ARNE BRANDSTROM

Research Laboratory, Pharmacia Ltd.,
Uppsala, Sweden

Since J. von Mering in 1903 discovered the
hypnotic activity of a compound he
erroneously considered to be 5,5-diethyl-
barbituric acid !, 5,5-disubstituted barbi-
turic acids have been extensively studied.
In Chemical Abstract Decimal Index 1917
—1926 the heading “barbituric acid”
covers about 5 pages, in Decimal Index
1937 —1945 8 puges and in Subject Index
1956 2 pages. This shows thet the interest
in substituted barbituric acids is ever
increasing.

In spite of the enormous interest devoted
to 5,6-disubstituted barbituric acids it
appears that no barbituric acid containing
a neopentylsubstituent in the 5 position
has been described. This is still more
remarkable as many very useful hypnotics
are barbituric acids with a side chain in
the 5 position containing five carbon atoms
usually in a branched-chain arrangement.

The introduction of a neopentyl group
in a molecule gives often a reactivity
very different from that obtained with
other aliphatic groups of the same size.
This is clearly demonstrated by the well-
known extremely low reactivity of neo-
pentyl halides compared with that of other
alkyl halides and the tendency of neopentyl
compounds to undergo rearrangements
instead of simple substitution reactions.
Therefore, it is of interest to see if the
properties of neopentylsubstituted barbi-
turic acids differs from those substituted
with other alkyl groups. Consequently, &
number of neopentylsubstituted barbituric
acids have been prepared by the methods
indicated in paper No. 1 in this series %

The chemical properties of the neopentyl-
substituted barbituric acids resemble those
of other alkyl barbituric acids in all res-
pects. In some cases a slight steric effect
of the neopentyl group could be observed
resulting in a comparatively low yield in
certain syntheses, but this effect is by no
means a&s marked as that produced by a
tert-butyl group 3.
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(CH,),C—CH, COOC,H, NH, (CH,)CCH, CO—NH
\ CH,ONa \ /S \
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VRN / 7N\ /
H COOC,H, NH, H CO—NH
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7N\ /
H CO—NH CH,=CH-CH, CO—NH
On the other hand the pharmacological compound  5-neopentyl-5-allylbarbituric

properties are very interesting, especially
those of 5-neopentyl-5-allylbarbituric acid.
This compound has the same depressive
effect on the central nervous system as
other barbiturates. In contrast to most
barbiturates having only alkyl or alkenyl
substituents in both 5 positions it has a
distinct anticonvulsive effect. Therefore,
in this respect it resembles 5-phenyl-5-
ethylbarbituric acid. In contrast to this

acid has a moderate duration of effect just
as most barbiturates substituted with
branched chained alkyl groups.

The 5-neopentyl-5-allylbarbituric acid
has in contrast to, e.g., 5-phenyl-5-ethyl-
barbituric acid and 5-tscamyl-5-ethylbar-
bituric acid a normalizing effect on rats
subjected to a psychical stress.

All these pharmacological results suggest
that 5-neopentyl-5-allylbarbituric acid has

Table 1. Syntheses of barbituric acids

R,
R—CH, CO—N
\C/ cxX
7\ /
R, CY—NH

Equiv. wt.
R R, R, X Y Yield M. p. Found Cale.

(CH,),C H H o o 76 _— — —

H H O NH ki — — _—

H H NH O 81 —_— —_ —_

H H NH NH ki —_ —_ —_—
H CH, O O 66 144° 214 212.2
H C,Hy (o) (0] 70 136° 226 226.3
H (CH,),CH 0O O 57 102° 243 240.2
CH, H (0] (6] 69 225.5—226.5° 211 212.2
C,H, H (o) (o) 62 194.5—195.6° 227 226.3
C,H, CH,CH,CH, o O 28 137—139° 269 268.4
CH,=CHCH, H o O 56 156—157° 238 238.3
CH,=CHCH, H o* O 75 156—157° 238 238.3
| CH,=CHCH, CH, O O 53 135—136° 2562 252.3
C,H,C(CH,)y; C,H; H o* O 63 178.5—179.5° 241 240.2
CH,=CH—CH, H O o 36 139.5—140.5° 251 252.3
CH,=CH—CH, H o* O 49 139.5—141.5° 251 252.3
CHy=CH—CH, H S 0o 50 143—144.5° 266 268.3

* Guanidine is used instead of urea and the resulting iminobarbituric acid is hydrolyzed
by refluxing for 8 h with 1 litre of 20 9% hydrochloric acid.
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R
(CH,),C—CH, CO—N
. N AN
Table 2. Preparation of C CcO
/7 N\ v
CH,=CX—CH, CO-——-NH
Equiv. wt.

X R Yield M. p. Found Cale. .
Br CH,— 71 177 —180° 325 331.2
Br C,Hy— 68 144.8—145.0° 346 345.2
Br (CH,),CH— 55 177—178° 358 359.3
Br CH,CH,CH,— 64 152—153.5° 358 359.3
Br C,H,(CH,4)CH— 51 1656—166° 368 373.3
Cl CH,— 61 178—181° 289.5 286.8

properties that makes it useful as a sedative
drug. Clinical investigations have confir-
med this assumption ¢.

For the syntheses of neopentylsubstitu-
ted barbituric acids all the standard meth-
ods have been tried 8. Most of them can
be used with success, but the best method
seems to be the condensation of the corre-
sponding malonic ester with urea or guani-
dine. For the preparation of 6-neopentyl-5-
allylbarbituric acid the following reactions
seem to be best (cf. p. 620).

The condensation of diethyl neopentyl-
allylmalonate with urea seems to give a
somewhat low yield of the barbituric acid
probably due to steric effects. The disubsti-
tuted cyanoacetic esters containing one
neopentyl group do not give the correspond-
ing iminobarbituric acid probably due to
the very low reactivity of the cyano
group.

Expertmental. Condensations to barbituric
acids. 55 g of sodium are dissolved in 1 100 ml
of anhydrous methanol in a 3-litre three-necked
flask provided with a stirrer, a reflux condenser
and a stopper, and 75.5 g of dried urea and 1
mole of the malonic ester are added. The
mixture is refluxed for 6 h whereupon the
methanol is distilled off as completely as
possible by means of an oil-bath, the tempera-
ture of which should not exceed 100°. At the
end of the distillation the pressure is reduced.
The contents of the flask are dissolved in water
and the solution extracted with benzene to re-
move water insoluble products, whereupon the
water-layer is acidified with cone. hydrochloric
acid while cooling and stirring. The barbituric
acid is filtered off, washed with water and
dried in a drying oven at 80° to constant
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weight. The products can usually be recrystal-
lized from dilute methanol. The yields and
melting points are given in Table 1.

Allylations of 5-neopentylbarbituric acid. The
method given above for the preparation of 5-
neopentylbarbituric acid is followed until the
methanol has been distilled off. 500 ml of
water is now added and the pH of the result-
ing solution adjusted to about 8 by careful
addition of cone. hydrochlorie acid (about 128
ml). At this point a slight precipitation may
be present which is filtered off. 120 g of allyl
bromide is added and the mixture is stirred at
40° in a 2-litre flask fitted with a stirrer, a
reflux condensor, and a thermometer. After
about 2 h the mixture becomes acidic (pH
about 3). The barbituric acid is now filtered
off, washed with water and dried. The result-
ing 5-neopentyl-5-allylbarbituric acid is practi-
cally pure, m. p. 1564—157°, but may be puri-
fied by recrystallisation from dilute methanol.
The yield is 63 %, m. p. 156°.

In the method given above the allyl bromide
can be replaced by an equivalent amount of
allyl chloride together with a solution contain-
ing 2 g of cupric sulphate. The yield is the
same as above but the product must be dis-
solved in a dilute sodium hydroxide solution
and precipitated with hydrochloric acid in
order to obtain a pure product. By rigorous
exclusion of all traces of water in the conden-
sation step yields of up to 85 % may be obtain-
ed by this method in large scale runs.

Preparation of &-f-bromoallyl-5-neopentyl-
barbituric acids. 1 Mole of 1-ethyl-5-neopentyl-
barbituric acid is dissolved in a solution of 40 g
of sodium hydroxide in 1 200 ml of water. 10 g
of crystallized cupric sulphate dissolved in a
small quantity of water is added, and then 390
ml of 2,3-dibromopropene. The mixture is
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stirred at 40° in a 3-litre three-necked flask
for 20 h.

The resulting mixture is distilled under
reduced pressure (about 60 mm Hg) to remove
the excess of 2,3-dibromopropene. About 240
ml are thus recovered. The residue in the flask
is filtered and washed with a small quantity of
petroleum ether.

The product is dissolved in an ice-cold solu-
tion of 65 g of sodium hydroxide in 2 500 ml of
water. An insoluble residue of about 10 g is
filtered off. The solution is treated with dis-
colouration carbon and then 10 g of ethylene-
diaminetetraacetic acid are added to remove
cupric ions. The filtered solution is carefully
added to 150 ml of concentrated hydrochloric
acid. The product is filtered off, washed with
water and recrystallized from methanol. The
yield is 235 g (68 %) of a pure white product
with a melting point of 144.8°—145.0°.

In exactly the same way the compounds in
Table 2 are prepared.

The author is indebted to his colleagues and
assistants at Pharmacia for good help with this
project.
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On the Relation between the
Reaction Velocity and Dielectric
Constant of the Medium

EERO TOMMILA
Institute of Chemistry, University of Helsinki,
Finland
ccording to Laidler and Eyring?, the
Aeffect of the dielectric constant of the

solvent on the rate of a bimolecular reac-
tion between two dipole molecules A and B,

A 4+ B - M * o Products,
can be expressed by the equation

1

D—
Ink=Ink — gp :

2D +1

(

SHORT COMMUNICATIONS

10

02 03 04 05

Fig. 1. Plot of log k for the reaction (CyHj)sN

+C,H,I -» (C;H,)NI against (D—1)/(2D + 1)

at 25°, A = acetone, B = benzene, D = di-
oxan, T = tetrahydrofuran.

where k and k, are the rate constants in a
medium of dielectric constant D and in a
medium of dielectric constant unity, res-
pectively. The u’s and 7’s are the dipole
moments and radii of the reactants and
transition state, respectively. If the non-
electrostatic term X®/kT is small enough to
be neglected, and if y:/'r: is independent
of the medium, the plot of log k against
(D — 1)/(2 D + 1) should be a straight line
for the same reaction carried out in diffe-
rent media. Linear plots were obtained
for the reactions between pyridine and
benzyl bromide and between triethylamine
and benzyl bromide in benzene-ethanol
mixtures, but not in benzene-nitrobenzene
mixtures!. In cases where solvation
phenomens play an important role, exami-
nation over larger areas of solvent mixtures
has in general shown departure from linea-
rity.

%’n Fig. 1 the eqn. (1) has been tested
upon the results of some recent investiga-
tions concerning quaternary ammonium
salt formation, v3z. the reaction between
triethylamine and ethyl iodide in acetone-
benzene, acetone-dioxan, and acetone-
tetrahydrofuran mixtures. The rate con-
stants for 25° were calculated by the Arrhe-
nius equation from the data of Tommila
and Kauranen !, The dielectric constants
of acetone-benzene mixtures were taken

3 2 3
pa b _ 2O

s T~ a) + kT (1)
A rs r,
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