
bulbar plexuses 3 to 5 hr after dosing were assayed"] 
for blood glucose using the method of Hoffman8 as 
adapted for the Technicon AutoAnalyzer. All the 
iridolylpyridinium salts in Table I1 produced a hypo- 
glycemic effect. Blood glucose was maximally reduced 
:32-917, by these compounds. 

Experimental Sections 

l-Alkyl-3-(4-pyridyl)indoles.-To a stirred mixture of 1.25 g 
(0.029 mole) of XaH (557,  dispersion in mineral oil) and 4.86 g 
(0.025 mole) of 3-(4-pyridyl)indole (6) ih 20 ml of DSIF was 
added a solution of 0.028 mole of the appropriate alkyl halide 
in 10 ml of DMF. This mixture was stirred a t  room temperature 
for 16 hr, and poured onto cracked ice. The mixture was acid- 
ified with dil HC1 and washed with Et2O. The aq solution was 
made basic with dil NaOH and extracted with CHC13. The 
CHC1, solution was dried (MgSO,) 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 liat,ed in Table I .  

3-(4-Pyridyl)indoles.-To 0.02 mole of commercially available 
iiidole \vas added slowly T.3 ml (0.022 mole) of 3 M ethereal 
MeMgBr. After gas evolution had subsided, a solut,ion con- 
taining 0.03 mole of 4-chloropyridine in 20 ml of Et20 was added 
t o  the mixture. This mixture was heated in a glass lined bomb 
a t  160" for 20 hr. The reaction mixture JTas poured into a solu- 
tion of 3 g of KH4C1 in 150 ml of H20. The Et& phase was 
separated and the aq mixture was extracted with CHC1,. The 
combined organic extracts were dried (31gS04) and concentrated 
uuder reduced prewure t o  the crude product,s. Purification was 
accomplished by absorption chromatography (A1203) and lor 
recarystallization. Compouiids 21-24 were obtained by this pro- 
cedure, and are listed in Table I. 

4-(3-lndolyl)pyridinium Salts.-The quaternary salts listed iii 
Table I1 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.'o 

(8) IT. S .  Hoffman, J .  Biol. Chem., 120, 51 (1937). 
(9) Melting points mere determined in a Hershberg apparatus and  are 

uncorrected. Microanalyses were performed by l l r .  L. XI. Brancone and  
staff;  where analyses are indicated only by symbols of the  elements, analyti- 
cal results obtained for those elements are nithin +0.4% of the  theoretical 
values, 

Folic Acid Analogs. 11. 
p- 1 [(2,6-Uiamino-8-purinyl)methyl]amino 1- 

benzoyl-L-glutamic Acid 
and Related Compounds' 

The biogenetic relationship between purines and 
pteridines has been described.2 Since 2,B-diamino- 
purine, which inhibits the growth of l e ~ k e m i a , ~  is 

(1) (a) This investigation was supported hy Contract No. PH-43-65-64 
with Chemotherapy, National Cancer Insti tute,  of the  National Institutes 
of Health, Public Health Service; (b) presented in par t  before t h e  Division 
of Medicinal Chemistry, 158th National Meeting of t h e  American Chemical 
Society, New York, N. Y . ,  Sept 1969 (Medi 66). 

(2) (a) A.  Albert, Biochem. J.. 66, 124 (1967); (b) E. Vieira and E. Shaw, 
J .  B i d .  Chem.. 236, 2507 (1961); (c) F. Weygand. H. Simon, G. Dahms, 
M. Waldsohmidt, H. J. Schliep, and  H. Wacker, Angezu. Chem., 7 3 ,  402 
(1961); (e) W. S. 
McNut t  and S. P. Damle. ibid., 239, 4272 (1964); ( f )  A. W. Burg and G. 
AM. Brown, Biochim. Biophys.  Acta. 117, 275 (1966); J. Biol. Chem., 243, 
2349 (1968). 

(3) J. H .  Burchenal, A. Rendich, G. B. Brown. G. B. Elion, G. H .  Hitoll- 
inas. C'. P. Rhodes,  and C .  C .  Stork.  Conrrr .  2, 11!4 (1949). 

(d) W. S. McNut t ,  J .  B i d .  Chem., 238, 1116 (1963); 

bound more tightly to dihydrofolic reductase than most 
pteridines, 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,j synthesis 
of the 2,6-diaminopurine congeners of aminopterin arid 
methotrexate, Ia and Ib,  was investigated. 

COOH 

NH. 
Ia. R =  H 

b . R = C H  

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 h a w  
been r e p ~ r t e d . ~  These compounds were found to be 
without activity against the S-810, Ca-755, and L-1210 
tumor systems.6 The guanine' and 2,6-diamino- 
purine6,8 analogs of pteroic acid as well as the 2,6-di- 
aminopurine analog of homopteroic acid* were also 
prepared. The 2,6-diaminopurine derivatives were 
reported to be as inhibitory against dihydrofolic 
reductase a h  the parent 2,6-diaminop~rine.~ 

Theoretically, two possible routes can be applied for 
the synthesis of compounds of this type. One utilize. 
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- 
acetamidopyrimidinewith the respective p-aminobenzoyl 
derivative with subsequent cyclization to the corre- 
sponding purine. Both routes were fruitful. Baker 
and Santi8 prepared 2,6-diamino-8-hydroxymethyl- 
purine (IIa) by the treatment of 2,4,5,6-tetraamino- 
pyrimidine with glycolic acid. Attempted bromination 
of I I a  by these investigators was not successful. This 
was also found to be true in our hands. Yevertheless, 
a procedure reported for the chlorination of 2-methyl-4- 
amino-5-hydroxymethylpyrimidine with thionyl chlo- 
ride in dimethylf~rmamide~ was adopted for the chlo- 
rination of IIa. The resulting product I Ib  was then 
caused to react with appropriate p-aminobenzoyl 
derivatives to yield Ia, Ib, and related compounds. 

I 

NHI 
[la, X = OH 

b. X = Ci 
c. X = p.NHC,H,COOH 

IIIa. X = C1 
b. X = p-NHC,H,COOH 

Treatment of 2,4,5,6-tetraaminopyrimidirle with 
chloroacetic acid followed by condensation of the 
resulting 5-chloroacetamidopyrimidine (IIIa) with 
p-aminobenzoic acid yielded IIIb. Cyclization of I I Ib  
gave the diaminopurine analog of pteroic acid IIc. 

(4) S. F. Zakrzemski, J .  B i d .  Ckem., 238, 1485 (1963). 
( 5 )  G. B. Elion, G. H. Hitohings, and H. VanderWerff, ibid., 192, 50.5 

(1951). 
(6) H. Zimmer and R. Atchley, Arzneim. Forsch., 16, 541 (1966). 
(7) W. T. Caldwell and C.-S. Cheng, J .  Amer. Ckem. SOC.. 77 ,  6631 (1955). 
(8) B. R. Baker and D.  V. Santi, J .  Heterocycl. C h e m . .  4, 216 (196i). 
(9) L. Suranri  and H. Wilk, German Patent,  1.150.987 (1968); Chum.  

: l h , ~ f 7 . .  60, 29Tlb (IH64.l. 
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250 ml of HzO. A gummy precipitate was produced when the 
pH of the aq solution was carefully adjusted to  4. The mixture 
was allowed to stand for 2 hr at  room temperature, the superna- 
tant liquid was decanted, and the residual gum was triturated 
with abs EtOH to give 1.2 g (187,) of Ia, mp 204-207' dec. 
The product was recryst,alliaed from a large volume of H 2 0  
and dried in vacuo at  1%' t o  yield analytically pure product: 
nip 235-237' dec; A::.' 288 mp ( E  27,800); xF1 245 mp ( e  
12,400); 290 mp ( e  29,100). Anal .  ( C I ~ H ~ ~ S ~ O E )  C, H, N. 

Method B.-A solut,ion of i.4 g (0.025 mole) of dimethyl p-  
aminobenzoyl-~-glutamate,~~ 3.0 g (0.0125 mole) of I Ib  and a few 
crystals of K I  in 230 ml of abs EtOH was refluxed for 16 hr. The 
result,ing solution was evaporated under reduced pressure and 
the residue was dissolved in 250 nil of HIO. The pH of the aq 
solution was adjusted t o  8-9 with XaHCOZ which caused the 
precipitatioii of a gummy substance. Y o  attempt was made to  
isolate the diwter iiiterrnediate. The aq layer was decanted and 
t o  the i~esidual giim was added 200 nil of 1 S SaOH. The mix- 
ture was allowed to stir at. room temperature for 2 hr. The pH 
of the solutiori was carefully adjusted to  4 with 6 9 HCl at which 
point the product precipihted. I t  was purified by recrystalliza- 
tion from HzO to give 1.1 g (17Yc) of Ia. The product was found 
t,o be identical with that prepared by method -1. 

Method C.-To a solution of 3.1 g (0.007 mole) of p-(  [(2,6- 
diacetamid0-8-purinyl)methyl]-~Y-acet~amido} benzoic acid in 250 
nil of DhIF cooled at 0" was added 0.7 g (0.007 mole) of Et3N 
followed by 0.8 ml (0.007 mole) of ethyl chloroformate. The 
mixture was stirred at  0" for 1 hr. A solution of 1.5 g (0.007 
mole) of dimethyl L-glutamate.HC1 and 0.7 g (0.007 mole) of 
EtZN in 50 ml of DMF was then added to the mixture. The 
resulting suspension was stirred for 20 hr at room temperature. 
Excess solvent was evaporated under reduced pressure a t  ca. 
45'. To the residue was added 200 ml of 1 S NaOH. The 
resulting dark solution was refluxed for 30 min, purified with 
charcoal, and filtered. The filtrate -'as acidified with 6 -1' HC1 
to give a light yellow solid, which was recrystallized twice from 
H2O to  give 1 g (33y0) of Ia. The product was found t o  be 
identical with that prepared by method A. 

p -  ( [ (2,6-Diamino-8-purinyl)methyl] -N-methylamino } ben- 
zoyl-L-glutamic Acid (Ib).-A solution of 34 g (0.1 mole) of diethyl 
p-methylaminobenzoyl-L-glutamatej16 €7 g (0.075 mole) of IIb, and 
a few crystals of KI in 500 ml of abs EtOH was refluxed for 48 hr. 
The reaction mixture was evaporated under reduced pressure 
and the diester intermediate was saponified by stirring t'he residue 
with 200 ml of 1 N NaOH at  room temperature for 2 hr. The 
solution was then acidified to  pH 4 with 6 N HC1 and a gummy 
substance was formed. ilfter decantation of the supernatant 
liquid, the residual gum was triturated with absolute EtOH. 
The resulting yellow solid %-as collected by filtration to give 10 g 
of crude product. Recrystallization from H20 gave, after being 
dried at  135' in vucuo, 4..5 g (1270) of analytically pure Ib: 
mp 216-218'; A::: 292 mp ( E  29,200); A:: 249 mw ( E  13,200); 
A:::' 295 mp ( e  32,800). 
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Anal .  ( C I ~ H Z ~ X ~ O ~ )  C ,  H, S. 

(1.5) R. lioeliler. 1,. Goodman, J. DeGraw, and B. R. Raker, J .  Amer. 
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Cholecystography is the roentgenographic visualiza- 
tion of the gallbladder after an administered radio- 
opaque substance or its metabolite has been secreted in 

(1) IJilopaque. 
(21 (a) Deceased; (b) author t o  whom inquiries should be addressed. 

the bile and collected in the gallbladder. We wish to 
report that  sodium 3-butyramido-a-ethy1-2,4,G-tri- 
iodohydrocinnamate, sodium tyropanoate' (5) ,  showed 
favorable characteristics in laboratory studies as an 
oral cholecystographic agent. 

C H  
l 2  

I&C02H 2, COH 
3, COCH3 
4, COCZH5 
5, CO(CHz)2CH3 (Na salt) 

I 

Sodium tyropanoate (5) is a derivative of iopanoic 
acid (1) and was found to excel iopanoic acid and other 
oral agents3-10 in one or more laboratory studies. 
Table I compares the acute toxicities in mice and the 
average cholecystographic indexes" (ACI) in cats of 
Na tyropanoate and other agents. Both iv and oral 
toxicities are given in Table I although there are short- 
comings in the comparison of compounds by each 
method. Since only oral administration is used in the 
clinic for these agents, there is not necessarily a direct 
relationship between the acute iv toxicity and the ad- 
verse effects observed in the clinic. The acute oral 
toxicities may be ineffective for comparison purposes 
because of the difficulty of giving a massive dose which 
is required to produce mortality in animals in a manner 
which corresponds to the clinical administration. The 
method of Hoppe and Archer" was used for determining 
the acute oral toxicities reported in Table I. This con- 
sisted of administering the materials as a powder sus- 
pended in HzO with gum tragacanth in a volume of 
0.5 f 0.35 ml by stomach tube. I n  the clinic iopanoic 
acid is administered in tablets and Na tyropanoate in 
capsules. Large variations in the acute oral toxicity 
can exist from sample to sample for some agents. For 
iopanoic acid the toxicities varied from 6.6 to 15.8 
g/kg (24 hr) and 5.9 to 13.9 g/kg (7 days) for a series 
of more than 10 samples. Most 7-day values were 
between 6 and 10 g. The reason for this broad range 
mas not readily determined. It is speculated that the 
cause is a combination of differences in particle size and 
crystalline habit. Other workers reported acute oral 
LD60 values of 5.1212 and 3.8713 g/kg in mice for iopanoic 
acid but did not describe their methods. 

With samples of Na tyropanoate (5) values in the 
acute oral LD60 toxicities ranged from 4.8 to 16.3 g/kg. 
This variation is believed to be due to different methods 
of crystallization which produced crystals with different 

(3) E. A. Graham and IT. H. Cote, J .  Amer. M e d .  Ass . ,  88, 613 (1924). 
(4) hi. Dohrn and P, Diedrick, Deut. M e d .  Wochenschr., 66, 1133 (1940): 

X. Rleiber, ibid., 66, 1134 (1940); K .  Junkmann, Klin. Wochenschr., 80, 
125 (1941). 

(5)  T. R.  Lewis and S. Archer, J .  Amsr.  Chem. Soc., 71, 3763 (1949). 
(6) D .  Papa, H. F. Ginsberg, I. Lederman, and V. Decamp, ib id . ,  75, 

(7) &I. Chao and P-C. H u ,  Hua Hsfieh  Hsaeh Pao, 83, 361 (1957); Chem. 

(8) H .  Priewe and A. Poljak, Chem. Ber., 93, 2347 (1960). 
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(10) J. A. Korver, Red.  TTQU. Chim. Pay-Bas, 87, 308 (1968). 
(11) J. 0. Hoppe and S. Archer, Amer. J .  Roentgcnol. Radium Ther 
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(13) K. Winser, H. Langecker, and K .  Junkmann, Aertxl. Wochenschr., 

1107 (1953). 

Abstr., 68, 154670 (1958). 

Nucl. M e d . ,  69, 630 (1953). 

9, 950 (1954). 


