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ment for a display of activity in the bis mustard
(D-5). Further alteration in which a tertiary nitrogen
was attached to the nucleus caused profound changes
in that the monofunctional nitrogen mustard was -
active (D-1) and the bis form was active only at high
dosage levels (D-3).

Although the monofunctional mustards of O-1e-
thoxy- and 7-chloroquinoline obtained previously?!
had displayed no activity, we decided to explore a
variety of nuclear substituted and unsubstituted two-
ring structures to determine whether the acridine ring
system was specifically required for an inerease iu the
molar and biological activities of the nitrogen mustard
moicty.  Although not strictly comparable in struc-
ture, E-1 was inactive. The quinazoline monofune-
tional nitrogen mustard (F-1) and the his mustards
(F-3 and G-1) were active against the aseites tumor but
only at high molar dosage<. In the G-methoxy-8-
aminoquinoline series, moderate activity was shown
by the monofunctional mustard (H-1) and high activity
by the bis form (H-3). Replacement of the terminal
henzene ring in Z-methoxyaeridine by two methyl
groups to give a  23-dimethvl-6-methoxyguinoline
(I-1) resulted in loss of activity in the monotfunctional
mustard.  On the other hand. the presence of a phenyl
group at the 2-position of quinoline led to moderate
antitumor activity in the N-ethyl monofunctional
mustard (J-3) and the N-methyl analog (J-1). A
similar degree of coffectiveness against the Fhrlich
tumor was noted with the p-chlorophenyl analogs
(K-1and K-3) at higher dosage ranges.

The bis mustards (L-1, L-3. L-5. M-1, and M-5)
ol a series of 3.7-dichloroquinotines displaved exeep-
tionally broad, effective ranges but the mounotunctional
mustard (M-3) had only slight activity.  The effeets of
structural variations in the side chain of 7-chloro-
quinoline were also studied and it was found that the
bis forms (P-7 and P-9) were active but the mono-
functional mustards (P-1, P-3. and P-5) were ineffee-
tive, A similar situation prevailed in the 6-methoxy-
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quinoline series (Q-1 and Q-3) with toxicity, however,
being evident at low dosage levels.

In contrast, & methyl group in the 7-chlorogquinoline
nucleus oecasionally conferred nmoderate activity on the
monofunctional mustards (N-3, and S-5 to S-11).
In the ease of the last four compounds, it is mteresting
that the greatest molar activity was hmparted by N-
isopropyl, followed in turn by N-propyl, N-cthyl, and
N-niethvl.  The aromatie-type bis nitrogen mustard
(S-19) and the monofunctional mustard with  the
secondary amine structure (T-1) were found to be in-
active, in keeping withJour carlier observations® on
these types of structures.

The miscellancous series of compounds (U=X), the
cotnponents of =ome of which are effective against cer-
tain tvpes of tunwrs, were found to be nactive i our
tests with aseites tumors. The presence of (uuinacrine
in the compounds U-1 and U-2 did not confer activity
on the two chloro side chains: the methanesulfonate
and cothylencimino  derivative (V-2 and W-1) also
displayed no activity.  The simple alkylamino nitro-
gen “half-mustard” Y. which was prepared to complete
the scries deseribed  previously,'? was  moderately
effective against the aseites twmor at a relatively
high molar dosage similar to that of its N-cthyl refer-
enee compound,

Thus, althongh a moderate degree of antitumor
activity at high molar dosage is retained in certain
monofunctional nitrogen mustard derivatives of quin-
azoline and  methylquinolines, the only  powerful
activator at the moment seems to be the intact aeridine
nuclews. This suggests the possibility that acridines
mayv be unique in their ability to impart bifunetional
character to nitrogen “‘half-mustard.””  The observa-
tions of Lerman' indicate that the spatial configura-
tion of this heteroeyvelic nucleus plays an important
role i1 the speeial reactivity of various acridines with
deoxyribonueleie aeld.

12y 1=, Levman, J. Mol Biol, 8, I8 11061,

Acridine and Quinoline Analogs of Nitrogen Mustard with Amide Side Chains'

Ricuarp M. Puex, Evienyy R, Breusivasr, AxyJo Mineek, axn Heau J. Creken
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Several mono- and bifunctional nitrogen mustards attached Lo aminoalkyl derivatives of some acridines und

quinolines through an amide linkage were cynthesized and studied with the use of ascites tumors.

Since the

acridine nucleus was again found to exert a powerful activating influence on both the bis and mono nitrogen
mustard moieties, the amide linkage was apparently not hydrolyzed to yield glycine mustard during these in vivo

tests.
1ess.

One of the initial reasons for our study of quinoline
and acridine nitrogen mustards was based on the ob-
servation? that related carrier molecules (antimalarial

(13 Supported bv research Grants CA 02975 and CA 06927 from the Na-
tionul Cancer Institute, National Institutes of Health, U, 8. Public Health
Service.

(2) L. M. Sehmidt, A Survey of Antimalarial Drugs,” F. Y. Wiselogle,
Id., Edwards Bros., Ann Arbor, Mich., 1946.

The presence of a hydrazine linkage in the side chain led to considerably decreased antitumor effective-

drugs) exhibited preferential localization in different
tissues depeudent on the chemical structure of the
heterocyeclic base. Thus, the use of a variety of
substituted quinoline and acridine carriers might permit
the accumulation of the mustard moiety in specific
tissues and presumably also in tumors of these tissues.
The exceptionally great chemical and biological activi-
ties shown by the acridine mono- and bifunctional
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nitrogen mustards,®-% however, might conceivably be
detrimental to this objective, since any enhanced
degree of activity displayed during transport would
tend to limit the localization of effective compound in
the target areas.

Consequently, it seemed desirable to svnthesize
and study compounds containing an enzyvmatically
hydrolyzable linkage 1 the side chain between the
heterocyelic nucleus and the mono- or bifunctional
nitrogen mustard grouping. Our first series of such
compounds contained an amide linkage which, upon
cleavage, should vield glycine mustard, a potent al-
kyvlating agent which is effective against a variety of
animal tumors.” One example is given of a different
structure which, upon hydrolysis, should yield the
highly active 2-bis(2-chloroethyl)aminoethylamine.*
In the ideal case, such compounds would contain a
tissue-divecting  heterocyelic  nucleus, 2-chloroethyl
groups of low chemical reactivity to deerease losses
during transport, and an enzymatically hydrolvzable
linkage which would release a potent alkvlating agent
in the target area. The beneficial effects achieved by
regional perfusion techniques with present chemo-
therapeutic agents might thus be obtained by regular
methods of administration of an improved compound.

Most of the compounds listed in Table I have an
amide linkage involving a glveine skeleton with one or
two 2-chloroethyl groups. The svuthesix of their
hydroxy precursors entailed reaction of the correspond-
ing hydrazinoheteroceyclic or 2-aminoethylaminohetero-
evelic compound with either 4-(2-hydroxvethyl)-2-
morpholinone® or 4-ethyl-2-morpholinone.?

Experimental \"

The first two groups of compounds (A, B) in the table were syn-
thesized from the appropriate morpholinone®® and heterocyelic
diamine. Only one diamine is previously unreported; its
synthesis is given together with a representative condensation.
Chlorination of the hyvdroxyvamides was accomplished with
excess thionyl chloride.?

2-(2-Aminoethylamino)lepidine.-—A solution of 9.0 g. of 2-
chlorolepidine in 25 ml. of ethylenediamine was refluxed for 1
hr., and taken up in dilute acetic aeid.  Overnight cooling and

3y H.J. Creech, E. Breuninger, R. I. Hankwitz, Jr., (i. Polsky, and M.
L. Wilson, Cancer Res.. 20, 471 (1960).

(4) R. M. Peck, R. K. Preston, and H. J. Creecli, /. Am. Chem. Soc., 81,
3984 (1959).

(5) R. ML Peck, R. K. Preston, and H..J. Creech, J. Org. Chem.. 26, 3400
(1961).

(6) R. K. Preston, R. M. Peck, . R. Breuninger, A. J. \iller, and I1.
Creech, J. Med. Chem., T, 471 (1964).

(7) Personal communication from the Cancer Chemotherapy National
vice Center, Bethesda, Md.

{8 N. V. Khromov-Borisov and A. L. Remizov, Zh, Obshch, Khim., 28.
SUB (1453).

(%) A. I, Kiprianov, A. P. Tisel'skii, and 1. K. Ushenko, Trudy Khar'korsk.
Gosudarst ['niv., 8, 45 (1938); Khim. Referat Zkh., 3, 54 (1939).

(10) See preceding paper (ref, 8} for information on melting points.
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filtration gave 0.7 g. of N,N%bis(2-lepidyDethylenediamine:
recrystallization gave 0.5 g., m.p. 215.5-217°.

Anal. Caled. for CoHuNg C0 77090 H, 6480 N
Found: €, 77.00; H,6.49: N, 16.39.

Addition of excess saturated sodiun nitrate precipitated
5.0 g. (907 ) of dinitrate, m.p. 203° dec. It was purified by
recrystallization froni aqueous aleohol; m.p, 198° dec.

Anal. Caled, for CLuHpNG 2HNO,: ) 44030 H, 524 N
21,40, Kound: ,44.37: H, 5.52; N, 2L.80.

N-(2-Lepidy])-N’~{N,N-bis(2-hydroxyethyl )glycyl]ethylene-
diamine.-——A mixture of 2.3 g. of 2-aminoethylaminolepidine.
1.7 g. of 4-(2-hivdroxyethyvl)-2-morpholinone, and 5 ml. of ethanol
was heated on a steam cone for 1 hr.. cooled, diluted with ether.
aud the product filtered. It weighed 3.0 g (767,) and melted
at 12%-130°, Crystallization from ethanol gave an analvtical
sample reported in Tuble 1(C-2),

Biological Results. - Results of the studies with ascites tumaor-
bearing mice are presented in the table.  The testing procedure
and the analyvsis of duta were desceribed in the preceding puper.d
The reference compound for this series is glveine mustard, N, N-
bis{ 2-chloroethyljglyeine  hydrochloride,  which  displayved o
degree of activity of 2.51n the range 4-30 umoles /kg.

Although  2-methoxy-6-chloro-9-ethylaminoacridine  glyeine
“half-mustard’ (A-1; digplaved maximum aetivity within the
same range ag the bis form (A=3), the lowest dosuge of the mono-
functional nitrogen mustard producing the standard. mininum
degree of antitumor effectiveness was twice that of the bis
analog.  The pronounced influence of the quinaerine nucleus
in reducing the molar-dosage requirement wus again evident
when an amide linkage was present in the side chain between the
nucleus and the nitrogen-mustard moiety. The results indicate
that, in hoth instances, the entire molecule functioned as a unit
in its action on the ascites tumors rather than through the for-
mation of glveine mustard or glveine “half-mustard” by hvdroly-
sis of the amide linkage. I rapid and complete hydrolyvsis had
oceurred in the peritoneal cavity, the dosage range for aetivity
of the quinacrine hig analog would be 4-30 umoles /kg. instead of
1012 pmoles kg, and the monofunctional form would be rela-
tively inactive, It s possible, however, that /v eiro hvdrolysis
of the amide linkage in these compounds might occur in other
tissues and organs of the mouse: this is currently being explored.

Substitution of the ethyvlehloroquine nucleus into glyeine
mustard (B-3) caused no alteration in the molar and biological
activities of the mustard moiety. In confradistinetion to the
lack of antitumor activity shown by the monofunetional amino-
alkylamino mustards of chloroquine deseribed in the preceding
paper, the glveine “half-mustard’™ derivative (B=1) exhibited
moderate activity, although at relatively high molar dosage.
The two bis nitrogen mustards (C-1, D-1) were highly effective
aguinst ascites tumors when large dosages were administered to
the mice: these aetivities are in keeping with previously observed
relationships®® in the alkylaminoalky! mustards involving these
two heterocvelic nuelei. When the union of glveine mustard
to quinoline involved u hydrazine linkage. the bis mustard (D=5
remained aciive, but the monofunctional mustards (D-3, E-1)
were inetfective against the ascites tumor.,

since earlier work? had shown that 2-his(2-chloroethylamino-
ethylamine dihydrochloride had a degree of activity of 2.7 at
2-12 umoles/kg., its ethylehloroguine dervivative (F-1) was pre-
pared and studied. [i was found to be highly effective against
the ascites tumor in w molar range similar to that of the simple
aminoalkyl mustard component, thus paralleling the observations
with the ehloroquine glveine mustard derivative (B-3 1.

When the bis mustards of acridine and quineline containing an
wnide linkage in the side chain are compared to those with an
aminoalkykimine side chain,® it is seen that the former com-
pounds have retained the broud aetivity range between low and
high dosages which is characteristic of glyeine mustard.
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