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Aminopterin, or N-{4-[(2,4-diamino-6-pteridinyl-
wethyl)amino Jbenzoyl}glutamic acid, is a 4-amino
analog of folic acid that enjoys notable clinical appli-
cation in the treatment of acute leukemias.! Com-
mercially available aminopterin is grossly impure and
frequently the contamination amounts to more than
109 based on chromatographic and spectrometric
analyses.

Most multisubstituted pteridine compounds are
extremely difficult to prepare in a state of high purity
mainly because of their insolubility in most solvents.
The eriteria of purity are also hard to establish on ac-
count of the infusibility and lack of definite melting
point of these pteridines. Good elementary analytical
data, especially nitrogen determination, cannot be
readily obtained? without meticulous care and ardous
practice. In addition, they inevitably exhibit a strong
tenacity for water owing, undoubtedly, to the addition
of water across a double bond, a phenonienon quite
conunonly observed in this type of m-deficient N-
heterocyelic compounds.® Fractions of water often
show up in the analysis regardless of how thoroughly
the sample is dried. As a consequence, a special
technique must be designed for the purification of
pteridines,

Small amounts of pure aminopterin ean be prepared
in milligram quantities by subjecting crude aminop-
terin to column chromatography on diethylamino-
ethyl (DEAE) cellulose followed by linear gradient
elution with ammonium bicarbonate buffer of pH
8, increasing the molarity from 0.1 to 0.4.4*—° This
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method is tedious, time consuming, and not suitable
for preparative purpose. A convenient technique
for gram-scale preparation of chromatographically
pure aminopterin in crystalline form is now described.

Experimental

To a solution near boiling of 5 g. of aminopterin® in 400 ml.
of water was slowly added magnesium oxide powder (calecined
magnesia, light) in small portions with vigorous stirring, until
only a slight amount of MgO remained undissolved. The
magnesium oxide required was about 0.7 g., and it raised the pH
of the solution from 3-4 to 7-8. To the hot solution was added
1 g. of activated charcoal (Darco G-60). The hot mixture was
filtered at once through a large funnel with sealed-in fritted disk
of medium porosity and lined with a wet pad of diatomaceous
earth (Celite), 2-3 mm. thickness. The filtrate was cooled in
ice, and the erystalline magnesium salt of aminopterin was col-
lected by filtration, recrystallized from 200 ml. of boiling water,
and washed with alcohol.

Anal. Caled. for CisHisMgNsO;-2.5H,0: Mg, 4.79; N,
22.07. Found: Mg, 4.60; N,21.75.

The magnesium salt was redissolved in 200 ml. of boiling water,
The boiling solution was carefully acidified, accompanied by
vigorous agitation, with 2 ml. of glacial acetic acid. The pure
aminopterin that came down in fine crystalline form was easily
filtered. It was again collected and washed with water and ace-
tone. The yield was about 3g. Incomparison with the aminop-
terin befare purification, this material showed only one peak (and
a negligible trace of an unidentified simple pteridine amounting
to much less than 0.19) when chromatographed on DEAE
cellulose column.t—° Repetition of this procedure completely
removed the last trace of the contaminant. In 0.1 N NaOH,
aminopterin exhibited the following ultraviolet characteristics:
Amax 261 mu (log € 4.41), 282 (4.39), and 373 (3.91).

fl’ﬂ(ll. Calcd. for C]9H20N805'0.75H201 C, :)027,
N,24.69. Found: C,50.35; N,4.99; N, 24.65.

Pure aminopterin showed no difference from crude aminop-
terin in antileukemic activity when screened against advanced
L1210 mouse leukemia. Clinical comparison of the purified
vs. the crude material is in progress.

H, 4.77;

(4) (a) V. T. Oliverio and T. L. Loo, Proc. Am. Assoc. Cancer Res., 3, 140
(1960); (b) V. T. Oliverio, Anal. Chem., 88, 263 (1961); (c) R. L. Kisliuk
and M. D. Levine, J. Biol. Chem., 289, 1900 (1964). Dr. Kisliuk kindly in-
formed me that the aminopterin purified by the present procedure was
six times more potent for inhibition of Streptococcus faecalis as the aminop-
terin purified by column chromatography.

(5) The aminopterin (grade C) was supplied by Calbiochem, Los Angeles,
Calif. Column chromatography on DEAE cellulose resolved this material
into 6 components as detected by absorption of ultraviolet light of 254 mgu.
1t was estimated that 809 of it was aminopterin, 159 folic acid, and the
remaining 59, various pteridines.
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In continuation of our investigations of compounds having
depressant effects on the central nervous system,? a number of
trimethoxy benzene derivatives were prepared by a variety of
methods. Most of these compounds were found to be CNS
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depressants by gross observation of intact mice and rats and by
avoidance behavior studies. Some new trimethoxybenzene de-
rivatives have been synthesized by us and these compounds were
also found to potentiate pentobarbital hypnosis in albino mice
and exert a moderate influence on the conditioned-avoidance
response of trained rats.

Experimental?

Except for compound VII, all of the amides in Table I were pre-
pared by the following general method.

A calculated quantity of 3,4,5-trimethoxybenzoyl chloride
(0.2 mole) in dry tetrahydrofuran was added slowly with stirring
to a cooled (below 10°) solution of the calculated amount of the
desired amine (0.4 mole) in the same solvent. The mixture was
stirred at room temperature for about 1 hr. and then allowed to

(3) The melting points of the above conmpounds were determined in open
capillaries using an electrically heated block and are uncorrected.
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stund overnight in refrigeration.  The =olvent was removed hy
distillation under reduced pressnre. The =olid rexidue was
washed first with 5¢; HCl, then with 57, =odimm carbonate, and
then with distilled water repeatedly. The produet was re-
ervstallized from dilute methanol or ethanol.
N-Propionyl-3,4,5-trimethoxybenzamide (VIL;.---3,4,3-Tri-
nethoxybenzamide (5 g.) in dry pyridine (20 ml.) was added
drapwise to a cooled salution (below 10%) of propionyt chloride
(2 mb) in dry pyridine (20 b} The mixture was stirred at
roant temperature far abont 1 hr, and then allowed to stand aver-
nigh(.  The wmixtmre wag warmed o a water bath for 20 min.
and cooled, then poured nto cald water (50 ml.} aud filtered.
The residne was washed repeatedly with distilled water and
driecd.  The residne wus reerystallized from benzene:  yvield,
5647 mup. I84-1867,
Anal.  Caled. for CaHeNOs: €,
Fomd: ¢, 38260 H, 6.15; N, 214,

asdz: H. G360 N, a2

1-(2-Deoxy-n-glucopyranosyl)-5-fluorocytosine’
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In view of the recent interest in 1-(2-deaxy-v-glucopyranosyl-
thymiue as a “uridine phosphorylaze' inhibitar? and of 2-deoxy=-a-
fluoroeytidine as an antimetabaolite? and antiviral agent,? it ap-
peared of interest to synthesize the structurally related 1-(2-
deoxy-n-glicopyranosyl)-3-fluaraeytosine (I11), in the hope that
it might show one of the ahiove physiological properties. The
anoueric configuration of IIT s not known, However, in view of
the physiological activitv? of 1-(2-deoxy-p-glucopyranosyithy-
mine (indieating 8 confignration), which was also prepared by the
saime method,® I11 may tentively be considered to be a 8 nucleo-
=ide.

(1) This work was snpported in parl by a research grant from Lhe Aicli-
zan Cancer Faundation and in part by the research grant € A-08095.01
fram the Nadonal Cancer Instilate, Public Health Service.
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2,4-Diethoxy-5-fluoropyrimidine (I).—This procedure follows
the methad of Hilbert and Johnson for the synthesis of 2.4-
diethoxypyrimidines.”  2,4-Dicldoro-3-fluoropyrimidine®® (3.5 g,
0.033 mole) dissalved 1 15 ml. of absolute ethanol was added v,
a salution of 4.7 g, (0.07 male) of sodimu ethoxide in 25 mlb of
absolute ethanol.  The mixture which became hot, was allowed
to stand for 1 hr., filtered, and then was evaporated to dryness
vacuo.  The residue was taken up in ether and water and, after
washiing with 300, aqueous NaOH, the ether luyer wus dried
(Na;20,) and filtered. The ether wus remaved in vacuo and the
product was distilled, b.p. 92-93° (4 mm.), vielding 5.0 g. (82¢ ()
af I, mup. 18-19°, A2 597 269 mu (log € 3.72).

Anal. Caled. For CsH,L,ENLOs: C, 2160 H, 5.96; 17, 10.20,
Fonnd: C, 51.78; H, 6.21; F, 9.85.

1-(3,4,6-Tri-O-p-nitrobenzoyl-2-deoxy-n-arabino-hexopy-

ranosyl )-4-ethoxy-5-fluoro-2(1H )-pyrimidone (II).--This syn.
thesis follows the classical method used by Hilbert and Jansen?
in the syvnthesis of 1-{3-p-glucopyranosylicytosine. A mixture
of 2.7 g0 (4 mmoelest of 2-deoxy-3,4,6-tr1-0-p-nitrobenzoyl=c-
v-arebino-hexopyranosyl bromide” and T3 g 3% Dimoles;
2, 4-diethaxy-i-fluoropyrinudine (17 was stirred /v gacne for 2
days at roomn temperatire; inmitially, the hrowo sugar dissolved
with the evalntion of ethyl bromide. The mixture wuas then
titurated with 20 ml. of dry ether and filtered.  The (rude prod-
net was recrvatallized from acetone, vielding 1.54 g. of IT, m.p.
2A8.0-260° Ap additional 0.2 g. of prodnet was obtained frong
the mather ligunors giving a total vield of 489, The nltravialet
absorption spectra of the  I-smbsiitnted  4-ethoxy-i-flnore-2-
{1 H-pyrimidone wus obscured by the absorption due to the -
nitrabenzoyl groups; NoE 262 mu (log e 5.66 ).

Anal. Caled. for CoHWFN;O;p: C, 52.75; H, 5490 N, o5
1,253, Fonud: €, 52.82; H,3.56: N,9.59; F. 281

1-(2-Deoxy-n-glucopyranosyl)-5-fluorocytosine (II). - A

mixture of 231 mg. (0.33 mmolel of IT in 3.5 wl of saturated

N

methanalic ammonin was heated n o sealed tube at 100° for 3

(6) Melting poinls were determined asing a Kafler hoo stage.  Ulow-
violet speccra were recarded by & Banseh and Lomb Specironic D5 sper-
(raphotosmeter,  Analyses were performel by Micro-Tech Laboratories,
Skokie, 11,
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