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leads in one purification step from a crude concen-
trate to a product of high purity. This method is
based on the observation? that CoA, owing to its
character ag a sulfhydryl compound,? can be precipi-
tated in strong acid solution by CuO in the pres-
ence of reduced glutathione (GSH). This step
supplemented by available column procedures* for
initial concentration and for elimination of carrier
GSH permits preparation of CoA containing about
209, pantothenic acid from yeast in 10-15%
yield.

CoA is adsorbed on a charcoal column from an
aqueous extract (100°) of dried brewers’ yeast and
eluted with 59, pyridine ( yield 809%). The eluate
is shaken with chloroform, concentrated, and the
coenzyme precipitated with 5 volumes of acetone
(vield 60-709%,). A solution of the acetone pow-
der is again passed through a charcoal column and
eluted as before after washing with dilute alkali
(yield 809;). The eluate is freed from pyridine and
concentrated to contain 5%, solids.’ GSH is added
(10-20 mg./ml.) and the pH adjusted to 7. Aftera
few minutes 0.05 volume of 10 V H,SO; is added and
Cu0 is stirred in slowly as outlined by Hopkins.®
The precipitate is washed with 0.5 N HySOy, then
with water until sulfate-free and finally decomposed
with H,S (yield 30-35%). After removal of CuS
and H,S the solution is passed through Dowex 50
(H*) to remove GSH. The effluent is concen-
trated and lyophilized (yield 859, over-all yield
10-159%). In a typical run from 8 kg. of dried
yeast, 620 mg. of powder was obtained which ana-
lyzed as follows:

R % Molar ratio

Pantothenic acid

Microbiological’ 22 1.0

Spectrophotometric, DPN reduc-

tion? 21 1.0

Transacetylase® 24 1.1

Sulfanilamide acetylation® 22 1.0
Adenine, from ultraviolet absorption

at 260 my 13.7 1.0
Ribose 18.9 1.3
Glutathione, glyoxalase!!

GSH 3 0.1

GSSG 4 0.065
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Harvey Higgins, and F. M. Strong, unpublished,
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L-Glutamic acid, after acid hydroly-

sis!? .

Microbiological, L. arabinosus 14 0.95

Decarboxylase, E. Coli!? 11 0.75
Phosphorus, Fiske-SubbaRow!4

Inorganic <0.1

Total 10.3 3.3
Nitrogen, Kjeldahl 13.3 9.5
Sulfurts 4.68 1.45
Carbon!s 32.3 27
Hydrogen?® 4.83 48
Ashts 0 —

Electrophoresis and paper chromatography of
such preparations revealed that the bulk of the ma-
terial and CoA activity moved as a single compo-
nent, although two to four minor components were
detected.

(12) This amount of glutamic acid obviously cannot be contained in
the glutathione present, but may still have been derived in some man-
ner from the glutathione used in the preparation, The data available
do not permit the conclusion that glutamic acid is a component of the
CoA molecule, In fact a similar subsequent preparation contained
249, P.A. butless than 29, glutamic acid. .

(13) W. W. Umbriet and I, C. Gunsalus, J. Biol. Chem., 189, 333
(1945).

(14) B. L. Griswold, F, L. Humoller and A. R. McIntyre, Anal.
Chem., 28, 192 (1951).

(15) Microanalyses by C. W, Beazley, Micro-Tech Laboratories,
Skokie, Illinois,
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A SERIES OF NEW, BIOLOGICALLY SIGNIFICANT
DIHYDROTRIAZINES
Str:

We wish to report the synthesis (by E. J. M.) of a
hitherto unreported class of compounds (I) with
anti-vitamin and anti-malarial activity. In the
course of a program of synthesis of arylbiguanides,’
a new compound (m.p. 189~191°; AE:Q 236 my,
log ¢ 4.24; Amnal. Caled. for CyH N3O HCI:
C, 51.61; H, 6.19; N, 21.50. Found: C, 51.97;
H, 6.12; N, 21.22) was produced by the condensa-
tion of ethyl p-aminobenzoate, dicyandiamide and
concentrated hydrochloric acid in acetone. The
structure Ia-HCI, 4,6-diamino-1-(p-carbethoxyphen-
y1)-1,2-dihydro-2,2-dimethyl-s-triazine hydrochlo-
ride, is proposed for this substance. This reaction
is general for a ring-substituted aniline hydrochlo-
ride, dicyandiamide or N!-monosubstituted dicyan-
diamide and a number of ketones or aldehydes.
Another synthesis of compounds with structure
I has been developed through condensation of aryl-
biguanides with ketones or aldehydes under acid
conditions. ,

(1) Synthesis of a group of arylbiguanides was undertaken originally
in these laboratories at the suggestion of M. M, Pechet as one partofa

broad program in the chemotherapy of cancer initiated by Sidney
Farber.
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The action of alkali or ammonia on Ib-HCI (m.p.
210-215%; AE10 941 my, log € 4.16; Amnal. Caled.
for CyHuN;CI'-HCl: C, 45.84; H, 5.25; N, 24.31.
Found: C,45.98; H, 5.17; N, 24.48) affords 1Ib2?
(m.p. 130-133°; AE:Q 255 my, log € 4.25), 6-amino-
2 - (p - chloroanilino) - 1,4 - dihydro - 4,4 - dimeth-
yl-s-triazine,* by an irreversible intramolecular re-
arrangement. IIb-HCl (m.p. 128-131°; \E:Q
255 my, log € 4.24; Anal. Caled. for C;H14NCl
HCl: C, 45.84; H, 5.25; N, 24.31; Cl, 24.61.
Found: C, 45.67; H, 5.21; N, 24.53; Cl, 24.70),
isomeric with Ib-HCI, results on treatment of IIb
with hydrochloric acid.

Many compounds of structure I inhibit Strep-
tococcus faecalis 8043 and Lactobacillus arabinosus
17-5 in standard pteroylglutamic acid and niacin
assay systems,® whereas those of structure II are
relatively inert. For example, Ib-HCl (0.05-0.20
gamma/ml.) inhibits 0.001-0.01 gamma/ml. of
pteroylglutamic acid or niacin in corresponding
microbiological systems, whereas IIb produces
only partial inhibition versus 0.001 gamma/ml. of
pteroylglutamic acid or niacin in concentrations of
100-1000 gamma/ml. Ib-HCI also inhibits Lac-
tobactllus casei 7469 and Leuconostoc citrovorum 8081
in systems containing 0.001-0.01 gamma/ml. of
riboflavin® and 0.6 unit/ml. of citrovorum factor®
respectively, but only in concentrations of 100
gamma/ml. or more. Other derivatives of struc-
ture I exhibit similar activities, although the mini-
mal inhibiting dose varies with substitution in the
molecule while, in general, derivatives of structure
II are inert.

Inhibition induced in pteroylglutamic acid sys-
tems by appropriate concentrations of compounds of
structure I differs from that obtained with 4-amino-
pteroylglutamic acid (0.1 gamma/ml. or more) in
that it is itreversible by 0.1-200 gamma/ml. of
pteroylglutamic acid, adenine, or guanine. Re-
versal is obtained with citrovorum factor (0.1
unit/ml.), leucovorin (1.0 unit/ml.), dihydro-
pteroylglutamic acid (0.01 gamma/ml.), N¥-formyl-
pteroylglutamic acid (0.01 gamma/ml.), thymine
(10 gamma/ml.), certain components of nucleic
acid or high concentrations of ascorbic acid (200
gamma/ml.). When substituted for pteroyl-
glutamic acid in Streptococcus faecalis 8043 sys-
tems, citrovorum factor (0.000001 unit/ml.), leuco-

(2) 8. Birtwell, F. H. 8, Curd, J. A. Hendry and F, L. Rose, J. Chem.
Soc., 1645 (1948).

{3) N. N. Crounse, J, Org. Chem., 16, 492 (1951,

(4) Or a tautomer of this structure.

(8) Assgoc. Vitamin Chemists, Inc, ‘“Methods of Vitamin Assay,”
2nd ed., Interscience Publishers, New Vork, N. Y., 1951,

(6) H. E. Sauberlich and C. A. Baumann, J. Biol. Ckem., 176, 165
{1948).
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vorin (0.001 unit/ml.), dihydropteroylglutamic acid
(0.001 gamma,/ml.) and N¥-formylpteroylglutamic
acid (0.00001 gamma/ml.) are inhibited only by
those concentrations required to inhibit Leuco-
nostoc citrovorum 8081 (circa 100 gamma/ml.). No
significant inhibition was observed versus thymine.

Preliminary tests indicate that several com-
pounds of structure I exhibit activity against ex-
perimental avian malaria, although compounds of
structure II are comparatively inactive. For ex-
ample, Ib-HCl is active against Plasmodium lo-
phurae in the duck at oral dosages of approximately
3.13 mg./kg. and Ic:HCl at approximately 12.5
mg./kg. Ib-HCI is about six times as active as
quinine, twice as active as atabrine or paludrine,
and half as active as plasmochin in the duck.?

Further extensive studies on the scope and
mechanism of the reaction and on the biological
activity and mode of action of these compounds are
in progress.

(7) We are indebted to J. H. Williams and his colleagues of the

Lederle Laboratories, Pearl River, New York, for the anti-malarial
assays.
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QUANTITATIVE CALCULATION OF THE BEHAVIOR
OF ELUTION BANDS IN THE SEPARATION OF RARE
EARTHS ON ION-EXCHANGE COLUMNS

Sir:

This Laboratory, in a series of papers, has de-
scribed procedures for separating rare earths on
ion-exchange columns. In the accompanying letter
a quantitative theory for describing this phenom-
enon in the pH range between 5.5 and 7.3 for 0.1,
citric acid has been outlined. In the course of this
work, some very interesting quantitative relation-
ships concerning the movement of bands on the
column have been observed. Since the- high-
capacity resins used have a constant equivalent ca-
pacity for the ions adsorbed, if the number of equiv-
alents of rare earth on the column is known, then
the length of the original rare earth band can be
calculated. If this band is eluted down the column
with a citrate solution of known pH, the band widens
out until it reaches an equilibrium value and from
then on the front edge of the band travels at the
same rate as the rear edge. Within this band the
rare earths separate into individual bands propor-
tionate to the amount of rare earth present and in
an order starting with the heavier rare earths and
proceeding to the lighter rare earths. Under equi-
librium conditions these bands are exceedingly
sharp. However, in practice they tend to be
blurred due to channeling and nomn-equilibrium
conditions. Under very carefully controlled pro-
cedures they can be made very sharp. We expect
to publish shortly detailed experimental results and
calculations showing that it is possible to calculate
to better than 59, and in most cases to better than
1 to 29, the length of the equilibrium band on the
column, the rate at which the front and rear edges



