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methylpiperidinomethyl)indole; 3-(3-methylpiperi-
dinomethyl)indole; 1-(4-methylpiperidinomethyl)-
benzimidazole; 1-(3-methylpiperidinomethyl)benzo-

triazole; 1-(4-methylpiperidinomethyl)benzotri-
azole; and 1-(3-methylpiperidinomethyl)-1H-in-
dazole. It is interesting to note that in all cases,

with one exception, the benzazoles which produce
the highest locomotor activity are methylpiperi-
dino derivatives. Death usually occurs coupled
with excess secretions, respiratory failure, and
cyanosis. Occasionally convulsions are observed.
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2-Substituted-1,3-bis{2-methyl-4-[ N,N-bis(2-chloroethyl)-
amino]benzyl} hexahydropyrimidines as Transport

Molecules for Tumor Inhibition
By JOHN H. BILLMAN and M. SAMI KHAN

A series of nitrogen mustard hexahydropyrimidines has been prepared by reacting
N,N -bis{2 - methyl - 4 - [N,N-bis(2-chloroethyl)amino] benzyl} 1,3 - diaminopropane
with various aldehydes and evaluated for antitumor activity against various test sys-

tems.

Some of the aldehydes used herein for the preparation of hexahydropyrimi-
dines were reported to cause temporary tumor regression in test animals.

The ma-

jority of compounds were screened against Walker 256 in rats and KB cell culture.

IT IS WELL KNOWN that a majerity of tumors
contain cells with a lower pH than cells in
normal tissues. It has been shown also by Fitch
et al. (1) that the administration of glucose to
tumor-bearing animals can produce an even lower
pH value for the tumor cells. Since hexahydro-
pyrimidines are one class of compounds which
hydrolyze readily iz vitro under mild acidic condi-
tions, it is likely that these compounds could be
selectively hydrolyzed by the tumor cells to liberate
active aldehydes as well as diamines which in
themselves might act as antitumor agents. Thus
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it seems reasonable to expect that properly de-
signed hexahydropyrimidines might act as carrier
molecules to direct the nitrogen mustard grouping
or other active neoplastic agents into the cellular
metabolism.

In an earlier publication (2) the authors have
reported the synthesis and the antitumor activity
of a number of hexahydropyrimidines containing two
aromatic nitrogen mustard groupings in the N-1
and N-3 positions. The primary screening results
indicate that all of these compounds were nontoxic
at high dose levels and were very active in KB cell
culture. (0.1-0.0047 mg./ml.). Against Walker
256 a somewhat moderate activity was observed.
In view of these encouraging results, it was of
interest to study the effect of the substitution of
methyl groups in the 2-positions of the benzene
rings containing the nitrogen mustard grouping in
order to obtain compounds with better therapeutic
indexes and establish more fully their antitumor
potentiality. Previous test results have indicated
that a methyl group in the 2-position of aldehydes
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stoppered and the mixture was allowed to shake
vigorously for 18 hr., at room temperature. At
the end of this period, the methanol was removed
in vacuo to give 5.3 g. (95%,) of desired di-Schiff
base (I1I), a yellow oil which could not be induced
to crystallize. The crude di-Schiff base, 5.3 g.
(0.009 mole) in 200 ml. of absolute ethanol, was
then reduced, using 0.1 g. of PtO, catalyst, at room
temperature in a low-pressure Parr hydrogenator
with an initial pressure of 3.15 kg./cm.2. Ap-
proximately 40 min. were required to complete
the reduction. The catalyst was removed by
filtration and the solvent was evaporated iz vacuo.
There was obtained 5.34 g. (1009,) of a light yellow
oil. A 4.0-g. sample of this oil in 200 ml. of dry
ether was converted to 4.4 g. (97.3%) of the dihy-
drochloride with dry HCl, m.p. 215-218° (dec.).
Three crystallizations from hot methanol gave 4.2
g. (92.99,) of an analytical sample, m.p. 219-220°
(dec.).

Anal.—Caled. for CyHyCLN,-2HCIL: Cl, 33.48;
N, 8.81. Found: Cl, 33.26; N, 8.67.

2 - Substituted - 1,3 - bis{2 - methyl - 4 -~ [N,N~
bis(2 - chloroethyl)aminolbenzyl} hexahydro-
pyrimidines (Table I)—The 2-substituted derivatives
were prepared in the following manner. A 5.62-g.
(0.01 mole) sample of N,N'-bis{2-methyl-4-
[N,N - bis(2 - chloroethyl)amino]benzyl{1,3 - di-
aminopropane (1V) was dissolved in 60 ml. of ab-
solute methanol and transferred to a 250-ml. hy-
drogenation bottle. To the solution was added
1.06 g. (0.01 mole) of benzaldehyde in 20 ml. of

absolute methanol. The bottle was well stoppered
and the mixture was shaken vigorously for 4 hr.
at room temperature. The crystalline solid which
separated from the solution was filtered to give 4.1
g. of desired product. The filtrate obtained from
the reaction mixture was reduced to 1/; of its original
volume and allowed to stand overnight in a refriger-
ator. The crystalline solid was filtered to give an
additional 0.7 g. of the product. The overall crude
yield was 4.8 g. (73.8%,), m.p. 126-129°. Three
crystallizations from acetonitrile-methanol (2:1)
provided 4.55 g. (70%,) of pure sample, m.p. 128-
129°.
Anal.—Caled.
8.61.

for CiHyCLNy:
Found: Cl, 21.62; N, 8.88.

Cl, 21.79; N,

REFERENCES

(1) Fitch, R. H., and Voegtlin, G., U. S. Public Healih
Serv. Bull., 164, 15(19.35)

(2) Blllman J. H., and Khan, M. 8., J. Med. Chem., 11,
312(1968).

(3) Bergmann, E. D., Meeron, E., leshberg Y., and Pin-
chas, S., Rec. Trav. Chsm 71, 200(

(4) Popp, F. D., J. Org. "Chem., 26, 1566(1961)

@ = Keyphrases

Hexahydropyrimidines—synthesis
Antitumor activity—hexahydropyrimidines
IR spectrophotometry—structure




