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Quaternary pyrazolylpyridinium salts have been re
ported to be oral hypoglycemic agents in laboratory 
animals."1 Further studies demonstrated that hy
poglycemic activity was retained when isoxazolyl,lb 

l,2,4-oxadiazolyl,10thiazolyl,ld and oxazolylle rings were 
substituted for the pyrazolyl moiety. Other qua
ternary pyridinium salts substituted with 1,2,4-tri-
azolyl, 1,3,4-thiadiazolyl, tetrazolyl, and imidazolyl 
groups did not induce a hypoglycemic response in 
normal mice.2 The pharmacological activity of one 
of the more interesting of these compounds, 1-methyl-
4- (3-methyl-o-isoxazolyl) pyridinium chloride (1), has 
been described. aa~° To continue delineation of the 

structure-activity relationships of this series, we next 
considered benzazolyl groups as the substituent on 
the pyridinium ring, and as a first objective chose 
to examine the indolylpyridinium salts 2 and 3. 

The synthesis of 2, as well as the position isomers 4 
and 5, was achieved by the Fischer indole route as 
described by Sugasawa, et al.i The reaction of 3-(4-
pyridyl)indole5 (6) with AleCl provided the desired 
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pyridinium salt 3. Oral administration of 2, 4, and 5 
to mice did not elicit a hypoglycemic response, but 3 
(Table II) produced a marked reduction in blood 
glucose levels of normal mice. 

The synthesis of analogs of 3 was then undertaken 
to ascertain the effect of various substituents on the 
scope of the hypoglycemic activity. Quaternization 
of 6 with alkyl halides provided quaternary salts 
7-11, which are described in Table II. Reaction of 
the Na salt of 6 with alkyl halides afforded a group 
of l-alkylated-3-(4-pyridyl)indoles (12-14), which were 
then converted into the pyridinium salts 15-19 (Ta
ble II). 
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l-Alethyl-2-(3-indolyl)pyridinium iodide (20), which 
had been prepared6 from the reaction product of the 
indolyl Grignard reagent and 2-chloropyridine, was 
found inactive as a hypolgycemic agent. We utilized 

CH;, 

20 

this general synthetic method to prepare the 3-(4-pyr-
idyl)indoles 21-24, which are described in Table I. 
Subsequent quaternization provided the pyridinium 
salts 25-28 described in Table II. 

The hypoglycemic activity of each compound was 
tested in CF-l-S mice (Carworth Farms, 25-30 g) .7 The 
compounds were suspended in 0.5% aq carboxymethyl-
cellulose and administered by gavage at 0.5 and 1.5 
mmoles/kg; controls received an equal volume of ve
hicle. Blood samples (0.05 ml) obtained from retro-
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bulbar plexuses 3 to 5 hr after dosing were assayed31' 
for blood glucose using the method of Hoffman8 as 
adapted for the Technicon AutoAnalyzer. All the 
indolylpyridinium salts in Table II produced a hypo
glycemic effect. Blood glucose was maximally reduced 
32-91% by these compounds. 

Experimental Section9 

l-Alkyl-3-(4-pyridyl)indoIes.—To a stirred mixture of 1.25 g 
(0.029 mole) of NaH (55% dispersion in mineral oil) and 4.85 g 
(0.025 mole) of 3-(4-pyridyl)indole (6) in 20 ml of D M F was 
added a solution of 0.025 mole of the appropriate alkyl halide 
in 10 ml of DMF. This mixture was stirred at room temperature 
for 16 hr, and poured onto cracked ice. The mixture was acid
ified with dil H O and washed with EtaO. The aq solution was 
made basic with dil NaOH and extracted with CHC13. The 
CHC13 solution was dried (MgS04) and concentrated under 
reduced pressure to the crude product which was purified by dis
tillation and/or recrystallization. Compounds 12-14 were 
obtained by this procedure and are listed in Table I. 

3-(4-Pyridyl)indoles.—To 0.02 mole of commercially available 
indole was added slowly 7.3 ml (0.022 mole) of 3 M ethereal 
MeMgBr. After gas evolution had subsided, a solution con
taining 0.03 mole of 4-chloropyridine in 20 ml of Et20 was added 
to the mixture. This mixture was heated in a glass lined bomb 
at 160° for 20 hr. The reaction mixture was poured into a solu
tion of 3 g of NH4C1 in 150 ml of H 2 0. The E t 2 0 phase was 
separated and the aq mixture was extracted with CHCI3. The 
combined organic extracts were dried (MgS04) and concentrated 
under reduced pressure to the crude products. Purification was 
accomplished by absorption chromatography (A1203) and/or 
recrystallization. Compounds 21-24 were obtained by this pro
cedure, and are listed in Table I. 

4-(3-lndolyl)pyridinium Salts.—The quaternary salts listed in 
Table II were prepared from the corresponding 3-(4-pyridyl)-
indole bases listed in Table I by heating with an alkyl halide in a 
refluxing alcoholic solvent2 or in a glass-lined bomb.10 
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Fol ic Acid Analogs . II. 

p-{ [ (2 ,6 -Diamino-8 -pur iny l )methy l ]amino }-
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and Related Compounds 1 
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The biogenetic relationship between purines and 
pteridines has been described.2 Since 2,6-diamino-
purine, which inhibits the growth of leukemia,8 is 
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bound more tightly to dihydrofolic reductase than most 
pteridines,4 and since the 2,6-diamniopurine analog of 
pteroic acid is more inhibitory to the growth of some 
bacteria than the parent 2,6-diaminopurine,5 synthesis 
of the 2,6-diaminopurine congeners of aminopterin and 
methotrexate, la and lb, was investigated. 
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A search of the literature revealed that, of the purine 
analogs synthesized in this group, the caffeine and the 
theophylline analogs of folic acid and pteroic acids have 
been reported.3 These compounds were found to be 
without activity against the S-810, Ca-755, and L-1210 
tumor systems.6 The guanine7 and 2,6-diamino
purine6'8 analogs of pteroic acid as well as the 2,6-di
aminopurine analog of homopteroic acid8 were also 
prepared. The 2,6-diaminopurine derivatives were 
reported to be as inhibitory against dihydrofolic 
reductase as the parent 2,6-diaminopurine.8 

Theoretically, two possible routes can be applied for 
the synthesis of compounds of this type. One utilizes 
the condensation of a 2,6-diamino-8-halomethylpurine 
with the appropriate p-aminobenzoyl compound; the 
other involves the reaction of 2,4,6-triamino-5-halo-
acetamidopyrimidine with the respectivep-aminobenzoyl 
derivative with subsequent cyclization to the corre
sponding purine. Both routes were fruitful. Baker 
and Santi8 prepared 2,6-diamino-8-hydroxymethyl-
purine (Ha) by the treatment of 2,4,5,6-tetraamino-
pyrimidine with glycolic acid. Attempted bromination 
of Ha by these investigators was not successful. This 
was also found to be true in our hands. Nevertheless, 
a procedure reported for the chlorination of 2-methyl-4-
amino-5-hydroxymethylpyrimidine with thionyl chlo
ride in dimethylformamide9 was adopted for the chlo
rination of Ha. The resulting product l ib was then 
caused to react with appropriate p-aminobenzoyl 
derivatives to yield la, lb, and related compounds. 
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Treatment of 2,4,5,6-tetraaminopyrimidine with 
chloroacetic acid followed by condensation of the 
resulting 5-chloroacetamidopyrimidine (Ilia) with 
p-aminobenzoic acid yielded I l lb. Cyclization of I l lb 
gave the diaminopurine analog of pteroic acid He. 
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