
Jan., 1948 SYNTHESIS OF PTEROYLGLUTAMIC ACID AND PTEROIC ACID 23 

[CONTRIBUTION FROM CALCO CHEMICAL DIVISION, AMERICAN CYANAMID COMPANY, AND LEDERLE LABORATORIES 
DIVISION, AMERICAN CYANAMID COMPANY] 

Synthesis of Pteroylglutamic Acid (Liver L. casei Factor) and Pteroic Acid. II 

BY MARTIN E. HULTQUIST,1 ERWIN KUH, 1 DONNA B. COSULICH,1 MARVIN J. FAHRENBACH,1 ELMORE 
H. NORTHEY,1 '2 DORIS R. SEEGER,1 JACKSON P. SICKELS,1-8 JAMES M. SMITH, JR . , 1 ROBERT B. ANGIER,4 

JAMES H. BOOTHE,4 BRIAN L. HUTCHINGS,4 JOHN H. MOWAT,4 JOSEPH SBMB,4 E. L. R. STOKSTAD,4 

Y. SUBBAROW4 AND COY W. WALLER4 

In a previous publication,6'6 pteroylglutamic 
acid and pteroic acid were synthesized by re­
actions involving 2,4,5-triamino-6-hydroxypyrimi-
dine, 2,3-dibromopropionaldehyde and p-amino-
benzoylglutamic or £-aminobenzoic acid. I t was 
felt that preparation of a 6-substituted pteridine 
capable of alkylating the above amino acids was 
desirable. Descriptions in the literature suggest 
the use of quaternary ammonium salts as alkylat­
ing agents, such as the procedure of Snyder, Smith 
and Stewart7 in alkylating malonic and similar 
esters with benzyl trimethylammonium salts or 
gramine to obtain the corresponding C-benzyl 
malonic ester or substituted esters of /3-(3-indole)-
propionic acid. 

The above workers and others made use of this 
type of reaction in the preparation of synthetic 
^/-tryptophan8'9'10; and the use of simple quater­
nary salts in the preparation of sulfur11 and oxy-
geni2,i3,i4,i6 alkylated derivatives has also been 
described. 

The use of a tertiary amine to alkylate another 
amine is reported by Howe, et al.10 The effective­
ness of pyridine as the tertiary base component of 
the quaternary ammonium salt was shown by 
Snyder and Speck.11 

a,/3-Dibromopropionaldehyde was condensed 
with pyridine to give the intermediate, N-(2-for-
myl-2-bromoethyl) -pyridinium bromide 
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and this compound was then condensed with the 
2,4,5-triamino-6-hydroxypyrimidine to give the de-
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sired N- [ (2-amino-4-hydroxy-6-pteridyl) -methyl] -
pyridinium bromide for use in alkylation. 
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Presumably a dihydro derivative was formed 
which, during the course of the reaction, was con­
verted to the aromatic form. The product was 
isolated as the less soluble iodide. 

Oxidation of the N-[(2-atnino-4-hydroxy-6-
pteridyl)-methyl]-pyridinium iodide gave the cor­
responding 2-amino-4-hydroxypteridine-6-car-
boxylic acid,16 showing the substituted methyl 
group to be in the 6- position. No 2-amino-4-
hydroxypteridine-7-carboxylic acid was detected. 

Pteroylglutamic acid or pteroic acid was then 
prepared by heating the N-[(2-amino-4-hydroxy-
6-pteridyl)-methyl]-pyridinium iodide, £-amino-
benzoylglutamic acid or £-aminobenzoic acid and 
sodium methylate in anhydrous ethylene glycol. 
After isolation of the crude material, purification 
was carried out as described by Waller, et'al* 
The crystalline structure, ultraviolet absorption 
spectra, and bioassay of the synthetic pteroylglu­
tamic acid were identical with those same proper­
ties of the liver L. casei factor. The properties of 
the synthetic pteroic acid were identical with those 
of the pteroic acid prepared by Waller, et al} 

Experimental 
Materials.—The 2,4,5-triamino-6-hydroxypyrimidine, 

£-aminobenzoyW(+) -glutamic acid and dibromopropion-
aldehyde were prepared as described in the previous paper 
in this series.8 

N-(2-Formyl-2-bromoethyl)-pyridinium Bromide.—To 
a solution of 21.6 g. (0.1 mole) of freshly distilled 2,3-di­
bromopropionaldehyde in 100 ml. of anhydrous ether at 0° 
was added slowly 8.8 g. (0.11 mole) of dry pyridine in 100 
ml. of anhydrous ether, with stirring and cooling to keep 
the temperature of the reaction mixture at 0 to 10°. 
There was an immediate precipitation of a white product 
at the start of the addition, and, after allowing the mixture 
to stand for one or two hours, the hygroscopic solid was 
filtered, washed with ether and dried in a' vacuum desic­
cator, or extracted with water for use directly in the next 
step. The crude material melted at 66-69°. 

(16) Mowat, et al., T H I S JOURNAL, 70. 14, (1947). 
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Anal. Calcd. for C8H9NBr: Br, 27.09. Found: 
Br, 29.8. 

It was recrystallized from absolute 2-propanol, and then 
melted to a milky liquid at 55-65°, cleared at 80-90°, be­
came partially crystalline again at 105-110°, and melted at 
120-125°. 

Anal. Calcd.: Br, 27.09. Found: Br, 27.55,27.59. 
N-[ (2-Amino-4-hydroxy-6-pteridyl) -methyl] -pyridin­

ium Iodide.—To a solution of 14.1 g. (0.1 mole) of 2,4,5-
triamino-6-hydroxypyrimidine in 150 ml. of water and 20 
ml. of coned, hydrochloric acid was added the N-(2-
formyl-2-bromoethyl)-pyridinium bromide prepared as 
above in a 0.1-mole run and extracted from the ether with 
50 ml. of water. The yellowish-brown solution became 
almost purple. There was then added 10 g. of potassium 
iodide, and the solution was allowed to stand overnight. 
After addition of sodium hydroxide solution to bring the 
pH to 3 to 4, the mixture of brown, amorphous material 
and lighter crystalline product was filtered off and re-
crystallized from water, using activated charcoal to de­
colorize the hot solution. The addition of potassium 
iodide aided in obtaining more complete crystallization of 
the less soluble iodide. The purified material consisted 
of bright yellow, thin plates and rosets of plates. 
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Big. 1.—Ultraviolet absorption spectra of N-[(2-amino-
4-hydroxy-6-pteridyl)-methyl]-pyridinium iodide: 
0.1 N sodium hydroxide; 0.1 N hydrochloric 
acid.0 

• e is the molecular extinction coefficient as defined by 
/ = Io 1O-"' where c is the concentration in moles/liter 
and I is the cell length in centimeters. Transmittancy 
(//Jo) measurements of 10 mg./liter solutions were made in 
1-cm. cells at 5 mju intervals on a Model DU Beckmann 
Spectrophotometer using a solvent filled cell in the refer­
ence position. Additional data were obtained at 2 m/j 
intervals at maxima, minima and points of inflection. 

Anal. Calcd. for C18HnON6I: N, 22.0; 1, 33.2. 
Found: N, 21.9; 1,32.7. 

The ultraviolet absorption curve for this compound is 
given in Fig. 1. 

Oxidation of the above product with hot alkaline per­
manganate _ yielded 2-amino-4-hydroxypteridine-6-
carboxylic acid.18 An odor of pyridine was noted during 
the oxidation step. 

Pteroylglutamic Acid.—To a solution of 10.8 g. (0.2 
mole) of sodium methylate in 75 ml .of anhydrous ethylene 
glycol was added 26.6 g. (0.1 mole) of £-aminobenzoyl-
/(+)-glutamic acid and 38.2 g. (0.1 mole) of N-[(2-amino-
4-hydroxy-6-pteridyl)-methyl]-pyridinium iodide. A 
solution of 5.4 g. (0.1 mole) of sodium methylate in 25 ml. 
of anhydrous ethylene glycol was added, and the resulting 
solution was heated at 140-145° for three hours. The 
brown solution obtained was poured into one liter of water 
at 70°, and acidified to pH. 3 to 4 with hydrochloric acid. 
The precipitated product filtered from the cooled solution 
weighed 9 g., and was shown to contain 25% pteroyl­
glutamic acid by bioassaying with S.faecalisR. 

Purification of this crude material as described by 
Waller, et al.,' gave pteroylglutamic acid showing crystal­
line structure, ultraviolet absorption spectra and bioassay 
identical with those same properties of liver L. casei factor. 

Pteroic Acid.—This was prepared as described under 
pteroylglutamic acid, substituting £-aminobenzoic acid for 
•£-aminobenzoyl-Z(-f)-glutamic acid, and decreasing the 
sodium methylate usage by one mole per mole of N-[ (2-
amino-4-hydroxy-6-pteridyl) -methyl]-pyridinium iodide. 

Purification as described by Waller, et al.,1 gave pteroic 
acid. The ultraviolet spectra in alkaline solution showed 
this to be identical with Waller's material. 
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Summary 
1. N- [(2-Amino-4-hydroxy-6-pteridyl) -methyl] -

pyridinium iodide has been prepared by the re­
action of N-(2-formyl-2-bromoethyl)-pyridinium 
bromide with 2,4,5-triamino-6-hydroxypyrimidine. 

2. Pteroylglutamic acid and pteroic acid have 
been prepared by alkylating the appropriate 
amino acid with N-[(2-amino-4-hydroxy-6-pteri-
dyl)-methyl]-pyridinium iodide. 
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