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A systematic investigation of the therapeutic efficacy 
of folic antagonist’s against advanced mouse leukemia 
has revealed’ that  some broniinat’ed and chlorinated 
folic analogs were more active in prolonging the sur- 
vival t’ime of leukemic mice than the parent compounds. 
For example, 3’,5’-dichloroaminopterin was more 
effective than aminopterin2& and 3‘,5‘-dichlorometho- 
trexate was more effective than methotrexate (ameth- 
opterin)2b in increasing the life span of the leukemic 
animals.3 More recently the synthesis and antitumor 
activity of the 3’-fluoro and the 3’,5’-difluoro deriva- 
tives of methotrexate mere r e p ~ r t e d . ~  Finally, the 
observed antiviral activity of several iodine compounds 
such as 5-iodo-2’-deoxyuridine5 and 3,5-diiodo-4-hy- 
droxybenzenesulfonamide,6 especially in the light of the 
current concept of viral on~ogenesis,~ stimulated our 
interest in the study of iodinated folic antagonists. 
The present paper deals with 3’-iodoaminopterin. 

Although direct iodination of aminopterin by  a proce- 
dure similar to that for the reported iodofolic acid8 
could lead to structural ambig~i t ies ,~  of the three 
methods only the direct method proved 
successful. Iodine monochloride and pure aminop- 
terin12 (optimal molar ratio 3 : 1) in dimethylformamide 
(DR!IF)13 gave 3’-iodoaminopterin in 38% yield. The 
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reaction was complicated by partial cleavage of ami- 
nopterin as shown by the isolation of 2,4-diamino- 
6-pteridinecarboxaldehyde and 3,5-diiodo-4-aminoben- 
zoylglutamic acid. A lower ratio of IC1 to aminop- 
terin resulted in incomplete iodination while a higher 
ratio (e.g., 6 : 1) gave quantitative molecular cleavage 
but no trace of 3’,5‘-diiodoaminopterin. Analogy 
for this cleavage is found in the splitting of pter- 
oylglutamic acid into p-aniinobenzoylglutamic acid 
and 2-amino-4-hydroxy-6-pteridinecarboxaldehyde 
either phot~cheni ical ly~~ or by mild oxidizing agents 
such as sulfurous or methylene blue.16 The 
mechanisni of the cleavage of aminopterin b y  IC1 
has not been studied. However, it is probable that 
the 3,5-diiodo-4-aminobenzoylglutaniic acid resulted 
from iodination of p-aniinobenzoylglutaniic acid first 
formed from cleavage since this diiodo compound was 
isolated when a large excess of iodine monochloride 
was allowed to react with p-aminobenzoylglutaniic acid 
in DlIF. Moreover, all attempts to further iodinate 
3’-iodoaminopterin to the 3’,5‘-diiodo compound with 
IC1 were unsuccessful. 

The position of the iodine in 3’-iodoaminopterin was 
established b y  its careful oxidation with B l In04  in 
dilute alkali to yield 2,4-dianiino-6-pteridirlecarboxylic 
acid17 and 3-iodo-4-aminobenzoylglutamic acid. The 
latter, hitherto unknown, was easily prepared by  the 
iodination of p-aminobenzoylglutaniic acid with either 
IC1 or simply iodine in DMF, a novel way of iodination. 

Biological Activities.-3’-Iodoaminopterin was 
screened for antileukemic activity against advanced 
mouse leukemia L1210 in comparison with the known 
active drugs aminopterin and me th~ t rexa te .~  Results 
summarized in Table I indicated that 3’4odoami- 

TABLE I 
ACTIVITY AGAINST ADVANCED MOUSE LEUKEMIA Ll2lO5 

Range of Optimal Median 
doses, dose, survival 

Compd. mg./kg. mg./kg. time, days 

3’-I~doaminopterin~ 0.625-60 1.23-2.5 19 
Aminopterin 0.05-0.5 0.15 19 
Methotrexate 0.25-2.5 1 . 0  26 
Controls . . .  . . .  11 

All drugs dissolved 
in 2y0 NaHC03 and injected subcutaneously daily. Treatment 
started 8 days after tumor inoculation. The LD50 of 3’-iodo- 
aminopterin in L1210 mice after daily injection for 7 days was 
10 mg./kg. 

a Ten mice were used a t  each dose level. 

nopterin mas as effective as aminopterin at optimal 
daily dose levels, but less effective than methotrexate 
against advanced mouse leukemia L1210. This opti- 
mal daily dose for 3’-iodoaminopterin is 8 times that 
for aminopterin, and twice that for 3’-chloroami- 
n ~ p t e r i n , ~  both on a niolar basis, in extending the 
medium survival time of L1210 leukemic mice to 19 
days. The difference could be attributed to discrepan- 
cies in cellular penetration and uptake, degree of pro- 
tein binding, extent of metabolism, rate of excretion, 
and moleculai* conformation among these drugs. 
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Anal .  Calcd. for C~H~S'KO: C, 44.21; H, 3.18; N, 44.20. 

A dinitrophenylhydrazone was prepared for analysis. 
Bnal .  Calcd. for C ~ Z H ~ O S ~ ~ O ~ . ~ H ~ O :  C, 36.80; H, 3.80; 

S, 32.99. 
The ultraviolet absorption characteristics of 2,4-diamino-6- 

pteridinecarboxaldehyde are: in 0.1 AT HC1, Amax 244 mp (log B 

4.16), 262 infl (3.86), 334 (4.04); in 0.1 N NaOH, Amax 225 mp 
(log e 4.02), 257 (4.27), 275 infl(4.00), and 372 (3.93). 

Isolation of 3,5-Diiodo-4-aminobenzoylglutamic Acid.-Frac- 
tion R mentioned above was concentrated a t  room temperature 
until D brown sirup was obtained. I t  was dissolved in 5 ml. of 
0.1 S KaOH, warmed with a little Darco G-60, and filtered. 
Aridification of the filtrate caused the separation of a brownish 
oil. The aqueous phase was decanted and the oil, after washing 
with water and triturating with 10 ml. of methanol, slowly 
crystallized. The crystalline material was collected and washed 
with ethyl acetate. The yield was 0.1 g. (57,), m.p. 220' dec. 
An analytical sample was prepared by dissolving the brownish 
crystals in dilute NaOH and reprecipitation with a few drops of 
glacial acetic acid. Repetition of this procedure afforded a 
colorless crystalline material, m.p. 222-224" dec. undepressed 
by an authentic sample of 3,5-diiodo-4-aminobenzoylglutamic 
acid.8 

Bnal .  Calcd. for Cl~H1J2N20~: C, 27.82; H, 2.34; I, 48.99; 
K, 5.41. Found: C, 27.78; H, 2.50; I, 49.09; N,  5.45. 

Oxidative Degradation of 3'-Iodoaminopterin.-3'-Iodoami- 
nopterin( 100 mg. j was dissolved in 5 ml. of 0.1NNaOH and heated 
in a water bath a t  90". The solution was stirred vigorously and 
to it was slowly added 1 ml. of 570 KMnO4 in 5 min. The 
mixture was cooled to room temperature and filtered. The 
precipitate was washed with a little dilute NaOH then water. 
The combined filtrate and washings were acidified with 0.5 ml. 
of glacial acetic acid, and the yellow precipitate (fraction A) 
was separated from the supernatant (fraction B) by filtration. 

Fraction A.-The yellow precipitate was stirred twice with 5 ml. 
each of 0.1 M phosphate buffer of pH 8, and the yellow solution 
was discarded. The insoluble material was dissolved in 5 ml. of 
0.1 S NaOH and filtered. The filtrate was acidified with a few 
drops of glacial acetic acid and centrifuged. The yellow gela- 
tinous material weighed 30 mg. and showed ultraviolet absorp- 
tion spectra identical with authentic 2,4-diamino-6-pteridine- 
carboxylic acid.'? 

Anal. Calcd. for C?H&K02.H?O: C, 37.50; H, 3.60. Found: 
C, 37.39; H, 3.72. 

Fraction B.-The supernatant was further acidified with 1 ml. 
of concentrated HC1 and extracted four times with 10 ml. of 
ethyl acetate each time. The combined extract was concentrated 
in a stream of nitrogen a t  90' after drying (MgSO4). The yellow- 
ish oil was taken up in 1 ml. of ethyl acetate. Upon addition of 
a few drops of petroleum ether (b.p. 30-60"), yellowish crystals 
began to form. These crystals were collected and washed with 
a small volume of ethyl acetate; yield 30 mg., m.p. 164-168". 
The product was identical spectrally and chromatographically 
with an authentic sample of 3-iodo-4-aminobenzoylglutamic acid 
prepared according to the following procedure. 

Anal .  Calcd. for C12HJS20j: C, 36.75; H, 3.34; K, 7.14. 
Found: C, 36.48; H, 3.32: 5, 7.07. 
3-Iodo-4-aminobenzoylglutamic Acid.-A mixture of p -  

zminobenzoylglutamic acid (1.07 g., 4 mmoles), iodine (1.12 g., 
4.4 mmoles),*3 and 20 ml. of dimethylformamide were placed in 
a conical flask, wrapped in aluminum foil, and vigorously stirred 
a t  room temperature for 5 days. The mixture was concentrated 
a t  room temperature in a stream of air. The sirupy residue was 
taken up in 20 ml. of 1 12' HCl and extracted with one 20-ml. 
portion and three IO-ml. portions of ethyl acetate. The combined 
extract was washed with 20 ml. of 1% KI, then with 25 ml. of 
207, sodium thiosulfate. After being dried (RIgS04), the ethyl 
acetate extract was concentrated in nitrogen at 90". The 
resultant oil slowly crystallized. It was triturated with 5 ml. of 
petroleum ether (b.p. 66-75') and 5 ml. of ethyl acetate, filtered, 
and finally washed with ethyl acetate; yield 0.6 g. (39'%), m.p. 
168'. 

Anal .  Calcd. for C12HdN206: C, 36.75; H, 3.34; I, 32.36; 
X, 7.14. Found: C, 36.89; H, 3.27; I, 32.06; S, 7.12. 

Found: C,44.27; H,3.07; K, 44.08. 

Found: C, 36.98; H, 3.39; X, 33.20. 

(23) A larger excess of iodine resulted in the formation of the 3,j-diiodo 
compound in addition to the monoiodo compound. 

When chromatographed on Rhatunaa 3 mm. paper and 
developed with 0.1 M acetate b&er of pH 4.4, ascending flow. 
it had Rf 0.74 (observed under ultraviolet light of 254 mp). 
The ultraviolet absorption characteristics were: in 0.1 N Zr'aOH, 
A,,, 226 mp (log e 4.30), 272 (4.11); in 0.1 lV HC1, Amax 220 mp 
(log 64.29), 275 (3.85). 
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A considerable number of aliphatic and aromatic 
conipounds carrying an K,S-bis(2-chloroethyl)ainino 
group (nor-nitrogen mustards) have been investigated 
in the search for antitunior agents.? The effective dose 
of these compounds, however, is in many cases so close 
to the dose which produces serious toxic effects in 
the host as to render them unsuitable for prolonged 
chemotherapeutic use. 1Iany workers have, there- 
fore, sought nor-nitrogen mustard derivatives possess- 
ing the high carcinolytic activity of the parent com- 
pound but having a greatly reduced general t ~ x i c i t y . ~  
h few of these alkylating agents are in clinical use to- 
day.4 

We have converted the basic nitragen atom to the 
relatively neutral amide nitrogen by synthesizing bis- 
(2-chloroethy1)amides and bis(2-chloropropy1)aiiiides 
of S-acylated amino acids, thus hindering formation of 
the reactive aziridinium intermediate. The cytotoxic 
nor-nitrogen mustard might then be liberated by action 
of proteolytic enzymes in cancer cells, resulting in a 
possible selectivity of antitumor action. Safonova 
and Sergievskaya as well as Bien and Friedman re- 
ported the preparation of glycinebis(2-chloroethy1)- 
aniide.5 

,411 of these K-acylated-a-amino acid "nitrogen 
mustard" amides listed in Table I were prepared in 
essentially the same manner from the K-acylated amino 
acid and the di(2-chloroalky1)amine in the presence of 
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