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ment for a display of activity i1 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 in-
active (D-1) and the bis foru was aetive ouly at high
dosage levels (D-3).

Although the monofunctional mustards of G-ue-
thoxy- and T7-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 in the
molar and biological activities of the nitrogen mustard
moiety.  Although not strictly comparable in struc-
ture, E-1 was inactive. The quinazoline monofune-
tional nitrogen mustard (F-1) and the bis mustards
(F-3 and G-1) were active against the aseites tinmnor but
only at high wmolar dosages.  In the Ganethoxy-5-
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
benzene ring in 2-methoxvaeridine by two methyl
groups to  give a  2.3-dimethyl-6-inethoxyvquinoline
(I-1) resulted in loss of activity in the monofunctional
mustard.  On the other hand, the presence of a phenyl
group at the 2-position of quinoline led to moderate
antitunior activity in the N-cthyl wonofunetional
mustard (J-3) and the N-methyvl amalog (J-1). A
sipiilar degree of effectiveness against the hrhlich
timor 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-dichloroquinolines displayed excep-
tionally broad, effective ranges but the monotunetional
nmstard (M-3) had only slight activity.  The effeets of
structural variations in the side cham of 7-eldoro-
quinolinie were also studied and it was found that the
bis forms (P-7 and P-9) were active but the mouo-
fnctional umstards (P-1. P-3, and P-5) were ineffec-
tive. A sl situation prevailed i the 6-methoxy-
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quinoliie series (Q-1 and Q-3) with toxieity. however,
beiag evident at low dosage levels,

I contrast, o methyl group in the 7-chloroguinoline
nuelens oceasianally conferred moderate activity on the
monofunctional mustards (N-3, and S-5 to S-11).
In the case of the last four compounds, 1t is interesting
that the greatest nmlar activity was hmparted by N-
wopropyl, followed 1 turn by N-propyl, N-ethyvl, and
N-methvl,  The aromatie-type bis nitrogen nmstard
(S-19 and the monofunctional mustard with  the
secondary amine struetwre (T-1) were found to be -
active, i keeping withfour carlier observations® on
these types of structures,

The miscellancons series of compounds (U-X), the
compouents of <ome of which are effective against cer
tain tvpes ol tinnors, were found to be inactive m onr
tests with aseites tnmors. The presence of quinacrine
in the componnds U-1 and U-2 did not confer activity
on the two chloro side chains: the methanesulfonate
and ethyleneinimo  derivative tV¥-2 and W-1) also
displaved no activity.  The simple alkylamino mitro-
gen Uhalf-iustard” Y. which was prepared to complete
the serles deseribed  previously,'? was moderately
effeetive against the ascites tumvr at a relatively
high molar dosage similar to that of its N-cthvl vefer-
ence compound.

Thus, although o moderate degree of antitimnor
activity at high molar dosage = retained i certain
wonsfnnetional nitrogen mustard derivatives of guin-
azoline  and wethvlquinohnes,  the only  powerful
activator at the monent seems to be the intact acridine
micleus.  This suggests the possibility that acridines
may be anique in thenr ability to unpart bifunctional
character to nitrogen “half-mustard.” The observa-
tions of Lernnan’ indicate that the spatial configura-
tion of thix heteroevelie mclens plays an important
role 11t the speetal reactivity of various acridines with
deoxyribonuelele acid.
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Acridine and Quinoline Analogs of Nitrogen Mustard with Amide Side Chains'
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Several mono- and bifunctional nitrogen mustards attached to aminoalkyl derivatives of same aceridines und

quinolines through an amide linkage were synthesized and studied with the nse of ascites tinors.

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.
ness.

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

(1) Rupported by researcli Grants CA 029745 and CA 00927 from the Na-
tionul Cancer Institute, National Institutes of Health, U, ¥. Public Healtl
Rervice.

(2) L. 11, Schmidt, A Survey of Antiinalarial Driugs,” 1. Y. Wiselogle,
1id., Edwards Bros., Aun Arbor, Mich,, 19446.

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

drugs) exhibited preferential localization i different
tissues dependent on the chemical structure of the
heteroeyclic base. Thus, the use of a variety of
substituted quinoline aud acvidine carriers might permit
the accumulation of the nmstard molety in specifie
tissues and presumably also in tumors of these tissnes.
The exceptionally great chemical aud biological activi-
ties shown by the acridinie mono- and bifunctional



TaBLE I: ANALYTICAL INFORMATION AND ANTITUMOR ACTIVITY
Compd. Yield, Caled.. % ~ — Found, %% ————— ~Antitumor activity—
no.® Side chain Salt % M.p., °C. C H N Cl C H N Cl pmoles/kg. Degree
/Csz
A-1 NHCHzCHzNHC()CH2N\ 2HNO; 52 128-130 dec, 45,92 4.91 14,60 12,32 45.20 5.39 14.71 12.29 3-10 2.3
C:HCl
/Csz
A-2 NHCH,CH.NHCOCH.N B-0.5H,0 920 133-138 60.13 6.41 12.73 60.31 6.71 12.50
C.H,OH
A-3 NHCH.CH;NHCOCH,N(C,H,Cl). 2HCI 52 210-212 dec. 47.40 5.08 10.06 31.85 47.43 5.07 10.06 20.84 1.5-12 2.6
A-4 NHCH,CH,NHCOCH,N(C,H,OH), e 70 180-184 59.12 6.09 12.54 58.87 6.29 12.43
»H
B-1 NHCH.CH.NHCOCH,N 2HC1-2.5H,0 48 93-96 41.90 6.00 11.50 29.10 42 .28 5.93 12.23 28.53 3660 2.0
C,H,Cl
ZH.‘;
B-2 NHCH.CH:NHCOCH.N 86 168-170 58.20 6.61 15.97 58.04 6.69 15.75
C.H,OH
B-3 NHCH.,CH,.NHCOCH,N(C.H,Cl). 2HCl 72 225226 42 .80 4.83 11.76 37.20 42.59 5.05 11.53 36.71 4-40 2.7
B4 NHCH,CH.NHCOCH,N(C.H,OH). . 54 157.5-160 55.65 6.32 15.27 55.53 6.28 15.22
C-1 NHCH,CHNHCOCH,N(C.H,C!), 2HCI1-0.5H,0 59 178-181 46.51 5.85 12.06 30.50 46.60 5.87 11.98 29.56 15-120 2.7
C-2 NHCH.CH,NHCOCH,N(C,H,OH), e 63 1290-130.5 62.41 7.51 16.17 62.14 7.65 16.33
D-1 NHCH,CH.NHCOCH,N(C,H,Cl), 2HC!-0.25H,0 51 179-184 45.74 5.54 12.55 31.72 45 .87 5.61 12.51 31.47 30200 2.7
D-2 NHCHzCHzNHC()gHzN( C.H,OH ). ... 82 97.2-99 61.45 7.28 16.85 61.85 7.44 16.97
2H5
D-3 NHNHCOCH:N 2HC] 72 195-19¢€.5 47.45 5.57 14.75 28.02 47.62 5.91 14.78 27.51 40-180 1.3
C,H,Cl
C,H;
D-4 NHNHCOCH.N 76 135-137 62.49 7.00 19.43 62.56 7.05 19.68
C.H,OH
D-5 NHNHCOCH,N(C;H,CI), 2HCI 79 175-177 dec. 43 .55 4 .87 13.54 34.28 43 .87 5.24 13.49 32.36 30-175 2.4
D-6 NHNHCOCH,N(C.H,OH), . 62 144-144.7 59.21 6.62 18.40 59.27 6.75 18.55
C.H;
E-1 NHNHCOCH:N 2HCI1-0.75H,0 65 211-212,5 dec, 43.52 5.30 12.69 32.12 43 .49 5.47 12.96 32.40 25-90 1.1
CzH4Cl
C.H;
16-2 NHNHCOCH.N 70 155.5-156.8 dec, 57.06 6.29 16.64 56.93 6.53 16.73
C.H,OH
F-1 NHCH,CONHCH.CH,N(C,H,Cl), 2HC! 56 179-181 dec. 42 .80 4.83 11.76 37.20 42.65 5.16 11.44 36.72 1.25-7.5 2.5
F-2 NHCH.CONHCH,CH,N(C,H,OH),? . 85 165-168 55.65 6.32 15.27 55.83 6.40 14.75

¢ Values are either single analyses or averages of checks.
chloro-4-quinolyl)glycyldiethanolamine (4).

The heterocyeclic structures are

CH,0 Hs
it 1« N N N” a NoH, o N

b This compound was synthesized by the same method and from the same quinolyl intermediate as used in the preparation of N-(7-
¢ The letters A to F in the first column of Table I represent the heterocyelic group attached to the side chains.
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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 Hmit the localization of effective compound in
the target areas.

Consequently, it seenied deswable to synthesic
and study compounds containing an enzymatically
hydrolyzable linkage i the side chai between the
heterocyclic mucleus and the mono- or bifunctional
mtrogen mustard grouping. Our first series of such
compounds contained an amide linkage which, upon
cleavage, should wvield glyeine mustard, a potent al-
kylating agent which is effective against a variety of
animal tumors.” One example is given of a different
structure whieli, upon hydrolysis, should yield the
highly active 2-bis(2-chloroethyl)aminoethiylamine
In the ideal case, such compounds would contain a
tissue-directing heterocyelic nuclens, 2-chloroethyl
groups of low chemical reactivity to decrease losses
during transport, and an enzymatieally 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
anmide linkage involving a glveine skeleton with oue or
two 2-chloroethyl groups. The svnthesis of thelr
hydroxy precursors entailed reaction of the correspond-
ing hydrazinoheterocvelic or 2-aininoethylaminohetero-
cyclic compound  with either 4-(2-hydroxyethyl)-2-
morpholinone® or 4-ethyl-2-morphohnone.*

Experimental

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

2-(2-Aminoethylamino)lepidine.--A solutian of 9.0 g. of 2-
chlorolepidine in 25 il of ethylenedianine wus refluxed for 1
hr., and taken up in dilute acetie acid.  Overnight cooling and

3 H.J. Creecli. E. Brenuinger, R. F. Hankwitz, Jr., G, Polsky, and M.
1. Wilson, Cancer Res.. 20, 471 (1960).

(4) R. M. Peck, R. K. Preston, and U, J. Creecl, /. dm. Chem. Soc., 81,
3984 (11149).

(5) R. ML Peck, R. K. I'reston, and H..J. Creeeh, J. Ocg. Chen.. 26, 3404
(1461).

(¢ R. K. Presion, R. M. Peck, K. R. Breoninger, A. 1. Aliller, and 11.
Creeclq, J. Med. Clem., T, 471 (19¢4).

(7) Personal commmvuication from thie Cuancer Cliemotbergsy Natignal
service Center, Dethesdn, Md.

{81 N. V., Khromov-Borisuv and A. L. Rewizov, Zh. Obsheh, Kline., 23.
J98 (10a%).

(M A.I Kiprianov, A. P. Tisel'skii, and 1. K. Usheuko, Trudy Khae'korsk,
Gosudarst U nie., 8, 45 (1938); Khkim. Referat Zh., 2, 54 (1939).

(10) See preceding paper (ref, ) for information on melting points.
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filtration gave 0.7 g. of N.N’-bis(2-lepidyDethytenedizmnine:
recrystallization gave 0.5 g., ni.p. 215.5-217°.
Anal. Caled. for CoHoN: ) 7740
Fonud: ¢, 77.00; H,6.49; N, 16.59.
Addition of excess satnrated sodimn nitrate precipitated
3.0 g, (W00 O of dinitrate, nep. 203° dee. Tt was purified by
reerystallization from agneons aleohol; np. 1982 dee.

H. tids: N, 1605

Anal. Caled. for CuHEGNG-2HNO;: €, 44080 H, H224: N
2140, Found: C, 4437 H, 00520 N, 2180,

N-(2-Lepidyl)-N’-{N,N-bis(2-hydroxyethyl )glycyl]ethylene-
diamine.--A mixture of 2.3 g. of 2-aminaethylaminolepidine.
1.7 g of 4-(2-hydroxyethyl)-2-morpholinone, and 5 k. of ethanol
was heated on a steam cone for 1 hr.. cooled, diluted with ether.
and the producet filtered. Tt weighed 3.0 g (76¢) and melted
at 128-130°. Crystullization from ethanotb gave an amalytienl
sample reported in Table 1(C-2),

Biological Results. - Resnlts of the studies with ascites timor-
bearing mice are presented in the table.  The testing procednre
and the analysis of data were deseribed in the preceding puper.s
The reference componnd for this series is glveine mnstard, N.N-
bist 2-chloroethybglyeine  hydrochloride,  which  displiyved o
degree af netivity of 2.5 1 1he ronge 4-30 winoles /kg.

Althongh  2-methoxyv-6-chlora-O-cthvlaminoacridine  glyeine
“half-instard®” {A-1; displaved maxinun activity within the
saine range us the bis torm (A-3), the lowest dosage of the nwono-
functional nitrogen nmsiard prodocing the standard, wminimmn
degree of antilinmor effectiveness was twice that of the bis
analog.  The prononneed inflience of the quinacrine nnelens
i redncing the molar-dasage reqnirement was again evident
when an amide hnkage wag present in the side chain hetween the
nuclens and the nitrogen-iustard moiety.  The resnlts indiente
that, in both instances, the entire molecnle Mmnetioned as a nnit
it its action on the ascites timors rather than throngh the for-
mation of ghveine mustard or glveine “half-nstard” by hvdroly-
sis of the amide linkage. It rapid and complete hydrolyvsis had
acenrred in the peritoneal cavity, the dosage range for activity
of the quinacraie bis analag wonld be 4-30 umoles Zkg. instead of
F.o-12 pmoles kg, and the momrfunctional form wonld be reta-
tively inactive. It ix possible, however, that 7o c/ro hydrolysis
of the amide linkage i1 these componuds might ocenr in other
tissues and organs of the mouse: thisg is currently heing explored.

=nbstitution of the ethyvlehloroquine unelens into  glyeine
mustard (B-3) cansed no alteration in the malar and biological
activities of (he mstard moiety.  In conlradistinetion to the
Inck of antitiunor activity shown by the monofunetional amino-
alkvlamine mustards af ehloroquine deseribed in ihe preceding
paper, the glyveine “half-nnstard™ derivative (B-1) exhibited
moderate activily, althongh at relatively high molar dasage.
The two bis nitrogen mnstards 1 C-1, D-1) were highly ettective
agaiust usciles tinors when large dosages were administered to
the mice: these uctivities are in keeping with previously ohserved
rebationships®® i the alkylaminoalkyl mnstards involving ihese
two bheterocyelic nielel. When the union of ghveine mnstard
w0 quinoline involved o hyvdrazine Hnkage. the his mustard {D-51
remained aciove, but the monofnnetional mnstards vD-3, E-1)
were inetfective agaiust the ascites tinuor,

Sinee earlier work? had shown thut 2-bis(2-chloroerhybinmino-
ethyvlamine dihydrochloride had a degree of activity of 2.7 o1
2-12 gmoles/kg., its ethylehiloroquine derivative {(F-11 was pre-
pared and stndied. 1 was fonud to be highly effective agninst
the uscites tumor in o molar range similar to that of the sanple
aninoatkyt mnstard compounent, thns parvalleling 1he observations
with the ehtoroguine ghveine mnstard derivative t B-3 1.

When the his nmstards of acridine and gqninoline contaiming an
amide linkage in the side chain are compared 10 those wiih s
aminoatkyhimino side chain# it is seen that the former com-
poinds have retained the hroad activity range hetween low and
high dasages whieh s charucteristic of glycine munstard.



