Barbituric Acids*

By ROBERT BRUCE MOFFETT,} JAMES E. STAFFORD,{ and CHARLOTTE ANNE
HART

N CONNECTION WITH other work in these labora-
tories (1-5) a large number of malonic esters

were available, most of which had not been pre-

viously described. In order to characterize them
further, it was thought desirable to prepare solid
derivatives. We have, therefore, made a series

TABLE 1.—BARBITURIC ACIDS

ﬁ
R\C /C NH\ 5
R/ \C—NH/
I
Analysis,

VYield M. p., Empirical ——% Nitrogen——

R R’ b/ °C. Formula Caled. Found

n-Amyl A?2-Cyclopentenyl 21. 120-1224 Ci14H20N203 10.60 10.31
iso-Amyl A2-Cyclopentenyl 4.5 128-133¢  C Hy3N,O4 10.60 10.71
2-Methylbutyl A2-Cyclopentenyl 29.2 125-131¢  C;,HN.03 10.60 10.56
2-Ethylbutyl A2-Cyclopentenyl 9.2 146-149 C1sH2N,O; 10.07 9.83b
2-Chloroallyl A2-Cyclopentenyl 9.5 183-186 C12H,5CIN,O; 10.39 10.43
Benzyl A2-Cyclopentenyl 46.8 219-221 CieHsN,0; 9.86 9.93
2-Cyclohexylethyl A?2-Cyclopentenyl 55.8 175-180 C17H24NO; 9.21 9.33
2-Phenoxyethyl A2-Cyclopentenyl 62.3 246-248 CpHsN2O4 8.92 8.96
A3-Cyclohexenyl A2-Cyclopentenyl 24 .6 183-184 CsH13sN,0;3 10.22 10.46
Cyclohexylmethyl A2-Cyclopentenyl 33.7 212-214 CisH2N,05 9.65 9.52
Furfuryl A2-Cyclopentenyl 32. 171-173.5 CiH1 N0, 9.65 9.76
Cyclopentyl A?2-Cyclopentenyl 44 . 162-165.5" CyuH;sN:0 10.69 10.15
2-Thienylmethy] A2-Cyclopentenyl 41.4 208.5-209.5 CiHiN:O:S 9.65 9.37
2-Diethylaminoethyl A2-Cyclopentenyl 44. 175-177%  C;sHpN;O4 14.33 14.24
n-Propyl Cyclopentyl 68.4 177-178 Ci2H13N,0; 11.76 11.60
n-Butyl Cyclopentyl 36. 172-174 C13H20N20; 11.11 11.18
iso-Butyl Cyclopentyl 30. 168-172 C13H2oN-O; 11.11 10.86
n-Amyl Cyclopentyl 27. d C1H:N20; 10.52 10.44
iso-Amyl Cyclopentyl 15. 145-147 C1aH2N:0; 10.52 10.23
2-Methylbutyl Cyclopentyl 12. 131-135 Ci1H2N,O; 10.52 10.35
2-Ethylbutyl Cyclopentyl 5. 171-1734 C1sH2:N-0; 9.99 9.74
2-Cyclohexylethyl Cyclopentyl 48.3 164-166.5 Ci7H32N,O; 9.15 9.31
Benzyl Cyclopentyl 54. 245-247 C14H13N0; 10.68 10.81
Furfuryl Cyclopentyl 43.2 190-191.5 C,HeN,O, 9.61 9.63
2-Thienylmethyl Cyclopentyl 43.7 219-220 C1H1sN:0;S 9.58 9.56
2-Dijethylaminoethyl  Cyclopentyl 53.7 159-160%  CysHasN;30; 14.23 14.14
n-Propyl A?2-Cyclohexenyl 37. 146-148 C1sHisNO; 11.19 11.45
n-Butyl A?-Cyclohexenyl 39.5 160-163 CiH2N.O; 10.59 10.71
2-Methylbutyl A?-Cyclohexenyl 14. 160-162¢  C;HNzOs 10.07 9.93
2-Ethylbutyl A?-Cyclohexenyl 19.6 178-179 Cy6H24N20; 9.58 9.37
A?-Cyclohexenyl A?-Cyclohexenyl 25. 202-213 C16H20N:0; 9.71 9.69
Cyclohexylmethy! A?2-Cyclohexenyl 35. 229-231 CiyH24N03 9.21 9.25
2-Cyclohexylethyl A2-Cyclohexenyl 51.8 189-193 C1sH2sN:0; 8.80 8.81
Benzyl A?2-Cyclohexenyl 44.1 234-239 C1H1sN2Os 9.39 9.45
Furfuryl A?-Cyclohexenyl 52.5 219-221 CisHeN2O, 9.21 9.34
Cyclohexyl 2-Cyclohexylethyl 34.4 210-212 C1sHsN2O; 8.74 8.72
Cyclohexyl Benzyl 36.7 267-269 CH2oN2O; 9.33 9.09
1-Hydrindenyl Allyl 63. 168-170 CieH1sN20; 9.86 9.90
1-Hydrindenyl Benzyl 31. 196-199 C2oH13N20;5 8.38 8.34
Tetrahydrofurfuryl Benzyl 81.6¢ 239-241 C1eH1sN20;4 9.27 9.45
Tetrahydrofurfuryl Cyclohexylmethyl 63. 192-194 CieH2 N0, 9.09 9.08

“ The yields are reported for recrystalhzed products.
b Chlorine analysis—Caled.:
¢ This yield is based on unrecrystalhzed material, m. p 2‘*]7 239°.

Cl, 13.20. Found: CI,

Crystallized from 959%, ethanol,

In most cases, no attempt was made to work up the filtrates,
18.
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of barbituric acids from most of those malonic
esters by allowing themn to react with urea in the
presence of sodium ethoxide or sodium methoxide.

Table I records the physical properties of these
barbituric acids. They were all prepared by
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essentially the same general method which is
given in the Experimental part.

EXPERIMENTAL

General Method for the Preparation of Barbituric
Acids.—A mixture of 0.1 mole of the malonic ester,
0.22 mole of sodium ethoxide (or sodium methoxide),
0.13 mole of urea, and 65 ml. of absolute ethanol was
refluxed for about six hours. The solvent was then
removed by distillation and the residue was heated
in an oil bath at 110-120° for two hours. After
cooling, the mixture was thoroughly shaken with
water, extracted twice with ether, and acidified with
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acetic acid. The barbituric acids usually separated
as oils which crystallized on standing and scratching.
The solid was collected on a filter, dried, and
recrystallized, usually from methanol, adding a
little water if necessary to secure good separation.
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The Development of Organic Iodine Compounds as
X-Ray Contrast Media*

By V. H. WALLINGFORD

AFEW YEARS AGO Rigler (1) of the University

of Minnesota stated that “approximately 80
per cent of patients in hospitals and 70 per cent of
those seen in outpatient clinics will be submitted
to some form of roentgen study at some period in
the course of their illness.” That statement
serves to point out the important position X-ray
diagnosis has attained in modern medical prac-
tice. X-ray contrast media, including the or-
ganic iodine compounds discussed in the present
paper, have played an essential role in this de-
velopment.

Immediately following the discovery of X-rays
in 1895 scientists attempted to use this new tool
to explore the interior of the living human body,
and to view structures otherwise visible only
during surgery or autopsy. While the bones
were clearly visualized by X-rays, other parts or
organs of the body were not distinguishable be-
cause they lacked contrast with the surrounding
tissues. Some visualization was attained by
surrounding the soft tissues under study with
dense materials such as lead shot or iron powder.
Cannon (2) of the Harvard Medical School, a
pioneer radiologist in this country, studied the
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esophagus of the goose, using a paste of bismuth
salts as the contrasting agent. To hold the sub-
ject stationary enough for the comparatively long
exposures required by the X-ray tubes of that
day, he enclosed the neck of the goose in card-
board formed like a mailing tube. Bismuth sub-
nitrate came into general use in 1904 (3) for the
examination of the gastrointestinal tract, only to
be supplanted in 1910 (4) by barium sulfate.
The Mallinckrodt Chemical Works entered the
field of X-ray contrast media in 1913 with the in-
troduction of a grade of barium sulfate specially
prepared for this application.

The element iodine has been found particularly
useful for incorporation into X-ray contrast
media. It exhibits high absorption of X-rays in
the range or wave lengths applicable to the hu-
man body. Sodium iodide has long been used
for cystography and even for intravenous injec-
tion. Because of its toxic side reactions and its
irritant effect on mucous surfaces, however, it has
been largely displaced by the organic iodine com-
pounds. The chemical nature of iodine permits
its combination into stable, nontoxic organic
substances specially adapted to specific tech-
niques of X-ray diagnosis.

IODIZED OILS

The first organic iodine compound to be used as
an X-ray contrast medium was Lipiodol, introduced
in 1922 (5). Chemically, this is poppy seed oil
containing organically bound iodine. In the inter-
vening years a number of iodized oils have been
prepared from various unsaturated vegetable oils.





