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A. Ethyl N-propioloyl-11-aminoundecanoate, yield 407, wax
recrystallized from ethyl ether as needles: mp (8-60°; ,enCE
2120 (C=C), 1725 (C=0 ester), 1660 and 1315 (C==0 amide)
em ™l dnal. Caled for CpelleNO: C, 08.29; TI, 9.67.
Faund: () 68.26; IT, 9.50.

Preparation of Enamine Mustards (3).-—Bis(2-chloroethyl)-
amine hydrochloride was dissolved in cold water and neutralized
with 1 & NaOH as fast as possible under constant stirring and
coolimg.  The agueous mixture was exhanstively but rapidly
ex(racted with ethyl ether, and the ether extract was washed with
water and gaturated NaCl solution and dried by passing through
a Drterite beel. The ether zolution was concentrated in the cold
and used noymediately in the following renction. Tt was esti-
mated that about 90¢% of the free amine was recovered.

Bis(2-fluoroethyl)amine*  and (2-fhroro-2-chlorodiethyl)-
amipe! were libernted from their hydrochlorides by similar
methods.

The following i a general method for the reaction of acetylente
compotnds with bis(2-chloroethyl)amine or its fluoro analogs.

A solntion of the bis(2-haloethyl)amine 2 in ether or DMF was
added to a solntion or suspension of the acetylene derivative 1 i
the appropriate solvent iy the cold.  After stirring for 2 hr the
renclion mixture was placed in the refrigerator and allowed to
stand. The progress of the reaction was examined by with-
drawing aliquots from the reaction mixture and determining the
infrared spectra. When (he reaction was completed, the solvent
was evaporated and the restdue was recrystallized or purified
by distillation.  The reaction of 2 with amino acid esters was
slow and the reaction mixture was allowed to stand at room
temperature for 310 dayvs.  The properties of the produets are
listed in Table I1.

Methy! p-Nitrophenylpropiolate.-—p-Ni(rophenylpropiolie acid
wis prepared by the methiod of Perkin and Bellenot®® from ethyl
p-nitrocinnamate. It was decarboxylated m 869 vield to p-
nitrophevylacetylene by the method of Drewson? (mp 149-152°,
lit. ¥ mp 152°) and esterified by heating for 16 hr with methanol
and concentrated H.804 to yield 6167 of product, mp 109-111°.

Bis( 2-hydroxyethy!)aminostyrene Derivatives (5)-—Diethanol-
amive was added to a solution of an equimolar quantity of the
pcetvlenie compound in DME (in the ease of 5a no solven( was
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nxed ) ¥ The mixtiure was heated to 60-80° and tie progress o
the renetion was followed by examining (he infrared spectra of
aliquots, The reaction was completed 1y 1-2 hr. The slvent
wis vemoved under very high vacnuni in a rotary evoporior
the residue was recrystallized.  In (he ease of ethyl phenyl-
proprobate, the product was ligid i conld not be partfied by
distillition.  Apy basie materials were renoved by possivg the
renciton mixtnre (hrongh a bed of Amberlite TRC-70 dweskly
actdic won-exchange resin). The properties of the prodnets are
in Table [,

Methanesulfonates (6).-—A solition of methanesul(onyl chlo-
ride (1 mole) in CHCl; wasg added to a solution of 0.5 mole of 5 in
CHCL and pyridine. The mixtire was gtored at 0° for 20 hr and
it was (hent washed with water and satrated =ohrtton of NaC'l
and dried (Mg80,).  Tvaporation af the solvent nud recrvstal-
lizntion of the restdue yvielded the compounds listed in Table HI.

Chlorides (7).- -4 solution of the methanesulfonntes 6 apd an
excess of anhydrous TaCl in DMT was <tirved for 20 he at roow
tetperature,  The solvent was evaporated under bigh viceanm
and (e restdue was  (ritmmted  with CILCL. The CH.CL
extraet was decolorized with charcoal and concentrnted (a dryvuess,
and the residue was reerystallized.  The properties of the prod-
uels are listed i Table I

Hydrolysis Studies.-—Alcoholic stock solutions of (he cnamine
mustards were mixed with equal vohupes of Clirk and Lubs
Inffer =olnions (0.1 37 KH.POy and 0.1 & NaOH solutions]
pIT 6, 7, and 7.9, The mixtures were allowed (o stand at room
teryperature aud (heir ultraviolet absorbinee was determined
at vartous (imes,  Compounds 3h-j, 6a and ¢, and 7a nnd ¢
were =(uble jn the three pll’s examined.  Compounds 3a-g.
m, o, aud p hyvdrolyzed with vates very snular to that shown i
Figure 1 for 83n.  The hydrolysts yates of 7Tb were identient witly
those of 6b <hown in Fignre 2.
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A series of bis quaternary ammonium heterocyeles lias been prepared and evaluated ngainst the L1210 leukemin

system.

The observation of Ambrose and co-workers?® that
tumor cells apparently have a higher negative surface
charge suggests that basic compounds could be con-
centrated in such cells. Moreover, if these compounds
were also cytotoxie it should be possible to demonstrate
selective toxicity toward the tumor cells. The anti-
tumor properties of a recently prepared series of bis-
imidazolines** convinecingly illustrate this point. The
remarkable life extension obtained in leukemia with
these drugs, coupled with the well-authenticated similar-
ity of pharmacologically active compounds containing
either amidinium or quaternary ammonium functions®?

(1) Autbor to whom inquiries should be addressed.

($H E.J. Ambrose, A. M, James, and J. . B. T.ovich, Nature, 177, H70
‘l?;;))l Purdom and E. J. Ambrose, 7bid., 181, 1586 (1958).

(4) R. Hirt and R. Berchtold, Experientic, 17, 418 (1061).

(5) See Cancer Chkemotherupy Rept., 19, 1 (1862), for preliminary biotogicit
test data.

(6) R.Jensch, Angew. Chem., 60, 248 (19418),
(7) L. P. Walls, Drogr. Med. Chem., 3, 52 (1063),

prompted us to investigate a series of bisquaternary
ammonium heterocyles.

The first demonstration of unequivoeal activity
against the 11210 mounse leukemia in this laboratory
was provided by the bisquinolinium salts I (R’ = H,
Table I). While the bismethyl (I, R’ = H; R = CHjy)
and bisethyl quaternary salts showed only borderline
inhibition against this tumor, the n-propyl homolog
showed decided inhibition. Maximum activity was
reached with the n-butyl derivative and dropped off
rapidly in the higher homologs, the n-hexyl compound
being inactive. Our results, with an extensive range of
quaternary =alts, have led us to the conclusion that
there is a marked dependence of biological properties
on the relative lipophilic-hydrophilic balance of these
compounds. For each structural type it is necessary
to construct a homologous series of quaternary salts
with a range of lipophilic-hydrophilic properties. Ounly
by selecting the member of each homologous series
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TaBLE I°
.R/
(DNHCO@ONH@
+ +
Sy v
R 1 R
Caled, % Found, %
R R’ Mp, °C Formula C H N S C H N S Rp® L2104
CH, H 326 dec  CuHpN,OsS:- H.O 62.3 5.0 6.9 7.9 620 49 7.0 81 0.61 =
Cz}L7 H 299 dec C44H4;N4OSS2'2H2O 61.8 5.4 7.5 61.4 5.4 7.9 0.68 =+
(CH.),CH; H 282 dec  CisHsN4OsS:-2H-0 62.6 5.7 7.3 62.7 5.9 7.4 0.8 +
(CH )sCH, H 284 dec  CusH3z0N4OsS2 - H:O 64.6 5.9 7.2 64.1 6.0 7.4 0.82 +
(CH )s CH3 H 302 dec  CiH3sN4OsSy- H:O 65.7 6.4 6.5 65.7 6.4 6.5 0.92 -~
(CH,),OCH; H 282 dec  CyeHyN4O1S: 2H0 61.6 5.4 7.1 6l.5 5.4 7.4 078 +
(CH»),0C,H;, H 274 dec  CyuHpN01S;-1.5HO 62.4 5.8 6.9 62.0 5.6 7.1 0.87 ~—
(CH,),0O(CHy)sCH; 282 dec  Cs2H:N4O10S:-2H0 63.4 6.2 6.5 63.6 6.4 6.4 0.95 -—
b NO: 297-299  CHi7N;04 67.4 3.7 15.1 67.3 4.1 14.6
C-_)H(, NO) 322 dec C44H41N501082'H20 60.0 4.9 7.3 60.3 3.1 7.4 0.81 -
(CH,),CH; NO, 312dec  CyuHguN;O0S:-1.6H,O  60.1 5.3 7.0 60.1 5.4 6.9 0.91 -—
(CHJ)sCHs NO_: 308 dec C43H49N501082'H20 61.5 3.3 6.8 61.3 5.6 6.9 1.00 -
(CH,),CH;, NO: 306 dec  Cs;HiN:;O08:-0.56H,0 62.8 5.7 6.7 63.1 5.9 6.8 1.08 —
C,H; NH. 300 dec® CyuHgeN:Os8:-2H0 60.7 5.4 7.4 60.4 5.6 7.1 074 -
(CH,).CH; NH, 270 dect CguHgN;Os8:- H:0O 62.8 5.6 7.3 62.4 5.7 6.9 0.8 -+
(CH,);CH;, NH, 280 dect CyuHuN;Os8:-1.5H0 62.8 3.9 7.0 624 6.0 6.9 0.94 =
(CI{.’)-iCHs NH2 275 dece CsoH,af,N,aOgSg'zHgO 62.9 6.2 6.7 62.5 6.1 6.8 1.05 =+
@ The anion used is p-toluenesulfonate. °® Free base. ¢ R; relative to internal standard; see Experimental Section. ¢ Resnlts

according to our experimental procedure against the tumor system increase in life span of 25-509,
¢ With previous darkening and sintering

Experimental Section for full details).

+; 50-1009;, +; 100%, ++ (see

TaBLE 11
j@mmmt CONH \
N/
R
Caled, % Found, %
R n Mp, °C Formula C H N S C H N S Rp¢ L1210¢
S 3 229-230 CaH2oN4O2 71.1 6.2 14.4 71.3 5.9 14.2
C.Hs 3 264-265 CyaHuN4Os8: - H.O 61.3 5.8 8.0 60.9 5.6 8.1 0.91 -
(CH.);CH; 3 258-259 CuH;NOsS, - H.0 62.9 6.3 7.5 62.7 6.4 7.4 0.98 —
(CH,),CH; 3 238-240 CasHegN OsS; 65.6 6.7 7.1 655 6.9 7.3 1.06 ~—
45 250-251 CosHuN4O: 72.3 5.6 14.1 72.1 5.9 14.2
C.H; 4 262-264 CiH1sN4O5S: 63.1 5.8 7.0 8.0 63.0 6.0 6.7 7.8 0.96 —
(CH,);,CH;, 4 264 dec CusH:4N 4058, 64.6 6.4 7.5 644 6.5 7.7 1.03 ~—
(CH.);CH; 4 276 dec Cs0H2N4OsS, 65.8 6.9 7.0 65.7 7.0 7.3 1.12 —

a—d See corresponding footnotes in Table I.

showing maximum biological activity can a comparison
of structural types be made. Then it appears that
biological activity is determined to a greater extent by
structural features rather than by physical properties.

The quaternizing function may carry substituents,
and the resultant molecules show antileukemic effec-
tiveness if, presumably, the lipophilic~hydrophilic
properties are in the correct range [e.g., I (Table I),

= H; R = (CH,),0CH;].

Examination of a series of related molecules where
the terephthaloyl backbone was replaced by flexible
aliphatic dicarboxylic acid (II, Table II) of approxi-
mately the same linear dimensions and in which a
range of quaternizing functions were used showed no
activity. Similar results were obtained when aralkyl-
dicarboxylic acids were used (III and IV, Table III).

However, the isosteric series where pyridine-2,5-
dicarboxyl replaced terephthaloyl contained active
members (V, Table III), but activity did not appear
to be as high as in the parent series.

In a series of nitro-substituted derivatives (I, R’ =
NO,, Table I), no activity was observed although the
corresponding primary amines (I, R = NH,, Table I)
were active,

In an attempt to examine the effect of reducing charge
separation the quaternary salts from tere- and iso-
phthaloyl derivatives of 5~ and 7-aminoquinoline were
examined (VI-X, Tables III and IV), but no active
compounds were found. Conversely, when intercharge
separation was increased by a variety of means, aug-
mented activity resulted. Both the cinnamoyl series
(XI, Table V) and the phenylquinolines (XII, Table V)
contained active members. Also, certain of the phe-
noxyacetic derivatives (XIII, Table V) were active
although at a reduced level; this lower activity may be
a consequence of a departure from planarity about the
ether-methylene linkage.

Since the bismethyl quaternary salt (XII, R = CHj)
was active while the corresponding ethyl derivative
(XII, R = C;H;) was inactive, it was assumed that
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Tasuy [T
e AN A 7 N
Y NHCO& B(CHZ)ZCONH’/\.“V/ T\}
Ny SN
R T R
e Galed, e == Rlonnd, G mee
R Mp. oC Foema C i N = « i N 8 Ry¢ L1214
b F0S=300  CulTawN O, 7503 50 12,6 71 5.3 12.6
Clly 302-303  Cud e NOgS. - 1.0 6:3.2 54 .7 03.5 0.0 7.7 (.90 -
Call, 201-204 CelleN 0. 6.3 A5 7.6 63.0 5.0 .3 0,08 -
(CTL CHE 280201 CuITWNOS: - .0 64 G ) 7 7.2 04.7 DG 7.1 1.06
‘/ \‘/\‘NHCOCH (/ >CH CON //\,/\
+ ! m——, “ ‘
\N/\/ X I N///
R w e
b >360 Cosl TN, 03 0 12.6 D0 5.1 12.3
C.IT., 202294 Cull N Og=. 65.3 300 7.0 65,0 5.0 7.3 (.92 -
(CIL)CILy 2R2-284  Co LN OgR.- TTL0) 65,2 6.1 7.0 65.4 G.2 6.9 1.07 -
/\/\NHCO< /CONHM‘E
\ /\/ b RN \N/ i
R
b 320-322  CulhzN:O» 1.6 4.1 16.7 71.8 4.0 168
ClL; 306-307  CyqllyN:Os8y- 11O 60.§ 4.4 7.9 605 4.7 8.0 0.60 +
ColIs 235-240 CuHaNLOs8, - 2H.0 60.3 0.3 7.5 60 .1 2.0 7.3 0.73 o+
(CI1,),CH; 272-274  CLJ1uN;068.-211,0 61.1 0.0 7.20 01.2 5.7 7.4 0.80 +
(CIL,)ClII 288-290  CrI1N:088: 2110 (3.2 D7D 7.2 (2.9 5.6 7.1 0.82 -
(CIT)(CIH, 281-284  C I TN, - 1,0 63.8 6.0 0 63.9 61 6.0 0.86 —_
V\HCO\ //CONH
\ )\// ‘\ //\,\/
I v"\
) >360) CusH1sNLOy 74.6 4.3 13.4 74.3 4.55 13.7
ColT; 208-2900  CuaHuN O3 21,0 61.% 2.4 7.0 621 .3 7.1 0.81 —
(CTCHy - 286 dee CyllzeNaOsSy 64.7 3.9 7.2 64.7 6.0 7.8 0.98 -

ol Ree corresponding footnotes in Table I,

these molecules were close to the permissible upper
Hmit for fat-water partition, econsonant with anti-
tumor properties. Accordingly, a more water-soluble
series of isomerie phenylpyridines (XIV-XVII, Tables
V and VI) were prepared.

The quaternary salts from the 2-phenylpyridines
(XIV, Table V) were completely inactive while those
from the 3 (XV) and 4 (XVI) isomers (Table VI) con-
tained the most powerful antileukemic agents listed in
this paper. The optimum members of these series are
those with an ethyl quaternary function and these, at
optimal drug levels, give life extensions of 250-3009;
while significant results can be obtained over a fivefold
range of doses.

Introduction of one-2-phenylpyridyl residue (XVII,
Table VI) is sufficient to completely abolish activity.
This result lends support to the thesis that over-all
coplanarity of these molecules is essential for anti-
tumor effectiveness. A quaternary function of a 2-
phenylpyridine would certainly give rise to steric over-
crowding which eould be relieved by a rotation of the
plane of the pyridine ring from that of the phenyl
substituent.

The marked changes induced by variation of the
quaternary functions in the compounds listed in this

paper suggest that biological properties are dependent
on some physical parameter, probably the partition
coefficient at a lipid—water barrier. Many workers
have drawn attention to the importance of such co-
efficients in a diverse series of drugs, inter alia hyp-
noties,®~1* bacteriostatic phenols,'*'* and naphtho-
quinone antimalarials.'?

Many score of passing comments on the importance
of this property can be found in the literature; many
examples can be seen in biologically active series where
attention has not been drawn to it. In a series where
this property is of importance, random synthesis of
structural variants without adjustment of lipophilic-
hydrophliic properties could certainly give rise to
anomalous structure-activity relationships.

It is not as yet possible to measure the partition co-
efficient at a lipid interface in a living cell, but it has
been shown that there is a parallelism between partition

(8) I. Overton, ““Studien itber die Narkose,”” VEB Gutsav Fischer Verlag,

Jena, Germany, 1901,
(9) H. Meyer, Arch. Exptl. Pathol. Pharmaukol., 42, 109, 119 (1894).
(10) R. Hober, ""Pbysical Chemistry of Cells and Tissues,” J. and A.
Chnrehill Ltd., London. 1945,
(11) M. Frobisher, J. Bacteriol., 13, 163 (1927).
(12) E. M. Richardson and E. E. Rein, J. Am. Chem. Soc., 63, 413 (1940).
(13) L. F. Fieser, M. G. Ettlinger, and G. Fawaz, 1bid., 70, 3228 (1948).
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TaBLe IVe
e X A
+ ﬁ +
NHCO ONH
\N s N/
R — R
Caled, % Found, %
R Mp, °C Formuls C H N S C H N S Rpt L12104d
b 328-329  CyH1sNO, 74.6 4.3 13.4 74.65 4.6 13.4
C.H; 203-294  CyHeNO8:-2H0 61.8 5.4 7.5 62.0 5.7 7.3 0.80 —
(CH,)%CH; 277-278  CyHsN4OsS:- H0 64.7 5.9 7.2 64.3 6.3 7.2 0.84 -
Hco©c0NH
7 [ AN 7 ‘ X
- i +
\N e A N/
R o R
b 312-313  CyeHisN,O; 74.6 4.3  13.4 74.5 4.5 13.9
C.H, 154-157  CyHeNOgS:-2H,0  61.8 5.4 7.5  61.6 5.7 7.2 1,04 -
(CH,)CH;  142-144  CysHypoN.OsS:- H:O  64.7 5.9 7.2 64.4 6.1 7.3 1.24 -
e Hoo lcoNH \
+ +
\,,q N/
R - R
b 203-294  CoHisN4O, 74.6 4.3 13.4 75.0 4.7 13.2
(CH:);CH;  128-132 CgHsoNOsS,-3H,0 62.85 5.9 7.0  62.6 6.1 6.8 1.02 -
~ AN
* NHCO! ONH "
N . N/
R - R
b 301-302 CogH1sNO2 74.6 4.3 13.4 74.65 4.6 13.6
C.Hs 132-136  CuHeNOsS:-2H0 61.8 5.4 7.5 61.4 3.6 7.1 0.94 —
(CH,);CH; 122-125  Cy4H:0N4OsS:-3H0  62.85 5.9 7.0 62.6 6.1 6.5 1.03 —

a—d See corresponding footnotes in Table I.

coefficient in a water-immiscible solvent mixture and
diverse biological properties. Immiscible solvents that
have been utilized are olive 0il,8~!? diethyl ether,!?
heptane,'* benzene,'* and CHCI3.!4 It is possible to
criticize these in vitro systems in that the solvent used
probably has little structural relationship to the lipid
material in cellular membranes., We suggest, however,
that if the partition coeflicients of a series of drugs were
measured in different water—aliphatic solvent systems,
although different numerical values would be obtained
in each solvent system, the order of values for the series
of drugs would remain the same from solvent to sol-
vent.’ Therefore, in a series of drugs where partition
at a cellular lipid barrier was a prime determinant of
activity, it would not be surprising to find a correlation
between partition coefficients in water-aliphatic solvent
systems and biological activity.

It is possible to check some of the above statements
since a very large array of partition coefficients in
organic solvent-water systems exist as R; values from
paper chromatographie data, partition coefficient being
proportional to (1 — Ry)/R; (ignoring, momentarily,
absorption efforts on the paper). Reference to the

(14) B. B. Brodie in Absorption and Distribution of Drugs, AMAPI
Symposium, E. and 8. Livingstone, Ltd., Edinburgh, Scotland, 1964.

(15) This argument is only advanced for the aliphatic solvents and not
for aromatics; phenol, collidine, ete., do give rise to changes of order in a
series, presumably though solvent—solute interactions,

many compilations of B¢ values shows that the order of
the R; values obtained does not change markedly from
solvent to solvent,'s although very different numerical
values are obtained in different solvents. Relative
partition coefficients can be easily and conveniently
measured by paper chromatography in immiscible
solvents, but undoubtedly adsorption effects on the
paper influence the results. The macromolecular cellu-
lose has an array of functions capable of binding in
diverse ways with an impingent molecule. But, in the
cell, many other macromolecules are present to in-
fluence partition across a cellular barrier in a similar
way. R; values measured for the drugs mentioned in
this paper in an aqueous 1-butanol system shows that
the peak members of each biologically active homol-
ogous series have extremely similar values, the range
being from 0.81 to 0.88. It has been found that with
this system it is possible to prediet accurately what
changes in the quaternizing function are necessary to
reach the peak member in any series that has been
prepared.'®

Examination of the more active members of the com-
pounds described against a variety of rodent tumors has
shown that there is no inhibition of Sarcoma 180 or
the spontaneous mammary tumors in C3H females.

(18) Further values from more than 200 compounds will be published
later.
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‘TagLe Ve
N\th/ \>CH CHOONH( \/ AN
’\*' | ——i
R
pmm——r—e—-— Caled,  — =i e e e QU = e e
R Mp, °C Formula C H N 3 N H N < RS L2
b 357-358  Cosl1yN,O. 75.6>5 4.5 12.6 .8 4.4 12.9
CH; 348-349 CyuH N4OsS, - 2H,0 61.9 5.2 .0 61.7 .3 7.2 0,74 -
Coll; 318-321  CyeHyuN O3, - H.O 64.0 5.4 T4 63.0 5.6 7% 0,82 +4
(CIL),CII; - 281-282  CysHysN,OgS. - H,0 64.7 3.0 7.2 4. 4 6.2 T3 090 4 4
(CHL1CH,  278-281 Gy lTuNO48, - 2H,0 04, | 6.0 6.8 6139 62 6.7 rary
q =
NHCO CONH —‘\ + /—-‘
J \\_ // <\ \ /N
N K ____/
b > 360 CasHysN4()-_- 80.0 4.6 9,8 9.8 4.4 9.9
CH; 343-345  CuulleN,0g8,-2H.0  66.5 4.6 6.6  66.3 4.7 6.4 088 ++
Cul; 323-328  Csell:pN 058, 69.5 4.8 6.6 691 4.6 6.4 1.01 -
/\,/ “SyHeo \ / CHEONHZ N,
k"' ;l S L l +
\N _F \/ \N’/)
A )
- R
b >360° C27H?0N403 72.3 4.5 12.5 710 4.1 12.1
CIH; 301 dec CuiHypNOoS, 62.9 4.9 7.8 62.8 0.4 7.6 0.66 -
(‘Z}Ig 279 dec C45H44N4Oy:g . I{_’O 62.3 0,30 7.4 G2.5 5.4 7.2 078 —
(CIIz);CIlz 262 dec C47H43N4Os;k‘2'2[12() 62.1 3.8 7.1 062.0 6.1 6.8 0.83 e
(CH.)sCH, 235237  CyHpNOS,-2H.0  62.55 6.0 6.8 G2 5.3 6.7 0.8  +
(CH)CIH;  228-232  CoHpNOuS - 110 64.3 6.15 6.7 63.7 6.0 6.6 0.04 4
r_>——/ G >CONH/ e
{ 7/ L/ -/ «:N _____ “
o R
b >360 CioHpN4O, 76.6 4.7 11.9 76.1 4.9 11.8
CIL; 306-308  CuHuN,OsS, - HO 63.9 O 7.4 063.7 5.0 7.2 .85
C,l; 302-322  CyHyN,Og8, - HoO) 64 .7 5.65 7.2 G4.0 5.0 7.3 0.96 -
(CIy ClII; 326-328  CioHuN4O0s8; - HLO 65.4 5.9 7.0 (I 5.7 G.9 1.07 -

a—d See corresponding footnotes in Table I.

Marked inhibition of a methylcholanthrene-induced
lymphosarcoma has been obtained, the results parallel-
ing those obtained with the 1.1210 leukemia.

Experimental Section

The following examples outline the general methods used for
the preparation of the bulk of the compounds described in this
paper.

N,N'-(6-Quinolyl)terephthalamide.——A solution of tereph-
thaloyl chloride (0.1 mole) in dioxane (100 ml) was added drop-
wize with stirring to a solution of anhydrous 6-aminoquinoline
(0.22 mole) in toluene (500 ml) on the H,(O bath. Heating and
stirring were continued for 2 hr. When cold the precipitated
HCI was collected, washed with petroleum ether (60-80°), and
dried in vacuo. The crude HCI was suspended in 309, aqueous
methanol (500 ml) and concentrated NH,OH was added with
vigorous stirring until the suspension was strongly alkaline. The
mixture was stirred vigorously for a further hour and the free
base was collected, washed well with H,O, and dried. Crystal-
lization from dimethylformamide (DMF)-methanol gave the
pure base, mp >360°.

Anal. Caled for CosHisN4O2.0.5(CH;3):.NCHO: C,
4.8; N, 13.9. Found: C, 72.8; H, 4.9; N, 13.7.

Crystallization from phenol gave a sample, mp >360°.

Anal. Caled for CoHisNJO,: C, 74.6; H, 4.3: X,
Found: 74.4; H, 4.5; N, 13.3.

Most bis bases, prepared by similar methods, were obtained
in virtually quantitative yield. Only when the acid was sub-

72.6; H,

13.4.

stituted did the yields drop, but generally they were better than
659%. Many of these compounds failed to melt below 560°.
Solvents for crystallization are limited; occastonally I-butanol
conld be used but more normally, pyridine, phenol, DMF, N-
methylpyrrolidone, or dimethyl sulfoxide (DMSO) was nsed.
Crystallization from DMF often vields solvates from which it is
extremely difficult to remove the solvent by dryving in vacuw.
The bases were dried at 100° (vacnnm) for analysis.

Quaternization.—In all cases alkyl p-toluenesulfonates were
used as quaternizing agents. The following exemplifiex (he
general method. N,N’-(6-Quinolyl)terephthalamide (1.0 g) wax
digsolved in botling DMFE (10 ml), the solution was cooled (o
140°, and methy! p-toluenesulfonate (4 molar proportions) wux
added in ove portton. The solution was then heated at 140--150°
for 30 min. The mixture was cooled well and the cry.:talline
salt was collected. The =olid was suspended iv boiling water
(100 ml) and ethanol slowly was added until sohition wn= com-
plete. The solutton was filtered and sodium p-toluenesulforate
(10 g) was added to the hot solution and the mixture was cooled
slowly, the crystalline salt slowly separating in a pure condition,
mp 326° dec.

Difficulties were sometimes expertenced in purifying quaternary
salts prepared from the longer chain alkyl p-toluenesulfonates.
This was traced to the competing elimination reactinn giving
rise to free p-toluenesulfonic acid which was bound by tlhe hetero-
cyclic base. To remove unquaternized bases the samplex were
recrystallized from aqueous solvents in the usual way with the
inclusion of 2 molar porportions of pyridine. The more tn=oluble
bases liberated from their salts by the pyridine were filtered frau)
the hot solution.
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TABLE VIs
Q@ \"¢
X7 R
P — Caled, % Found, % ——m——
R Mp, °C Formula C H N ] C H N S Rp® L2104
b >360 CyHzNOo 76.6 4.7 11.9 76.8 5.1 11.9
CH; 330-335 CuHeNOsS: 2H0 62.9 5.3 7.3  63.1 5.6 6.7 0.69 4
C.H; 310-312  CxHeNOsS:-H,O0  63.6 5.6 7.1  63.4 5.5 6.9 0.81 ++
(CH.CH;  325-326 CioHoNg0s5:-0.5H:0 66.2 5.7 7.0  66.4 5.7 6.9 0.93 ++
-N NHCO CONH + N-R
LA
=
b >360 C30H22N,02 76.6 4.7 11.9 .2 4.9 11.8
CH, 335-343  CuHeN0s%-3.5H,0 61.0 5.5 7.1 61.0 3.5 7.1 0.75 ++
C:H; 230-233  CuHeNOs8: 3.0 62.3 5.7 6.9 624 5.7 7 0.84 ++
(CH.),CH;  337-339  CyoHupNOsH:-2.5H,0 63.6 5.9 6.8 63.7 6.0 6.9 0.88 ++
+ NHCO ONH +
G )= \
N N
R v R
b >360 CaHeN,O, 76.6 4.7 11.9 76.2 4.9 11.8
CH, 305-308  CuHaN048: 65.5 5.0 7.6 635 5.4 7.8 0.81 —
C.H; 290-294 CuHxN0s8: 3H0  62.3 5.7 6.9 626 5.4 6.8 0.96 —
(CH:),CH;  290-291  CsoHyoN4OsS: 65.4 5.9 7.0 655 5.7 6.9 0.99 —

a=d See corresponding footnotes in Table I.

Either DMF or N-methylpyrrolidone was used as solvent for
quaternization. The latter gave better results when solubility
problems were encountered. Care must be taken that all of the
base is in solution before adding the alky! p-toluenesulfonate.
The alkyl p-toluenesulfonates should be shaken with sufficient
dry MgCO; to neutralize free acid before use. If the quaternary
salt does not separate from the reaction mixture it may be
precipitated with ether or dry acetone. The salts were crystal-
lized from aqueous sodium p-toluenesulfonate with the addition
of methanol, ethanol, or DMF. Occasionally the anhydrous form
of the salt could be crystallized from l-butanol-methanol mix-
tures. The quaternary salts as crystallized from aqueous solvents
were invariably hydrated. For analysis samples have been dried
in vacuo over silica gel at room temperatures. Attempts to dry
thoroughly at elevated temperatures gave extremely hygroscopic
samples and in some cases a loss of erystallinity, Melting points
have been determined on the samples dried and ready for analysis
and are really decomposition points of either the hydrate or the
quaternary salt and are dependent on the rate of heating. Careful
attention to detail is necessary to reproduce the same melting
point for different samples prepared at different times. Melting
points have been determined on an Electrothermal melting point
apparatus with the makers-supplied, stem-corrected thermometer
and with a 2°/min heating rate from 20° below the melting
point. Paper chromatography is a superior index of purity to
melting point and compounds listed have been purified, where
possible, to give only one spot.

Chromatography.—The solvent used was the top phase from a
mixture of 1-butanol (4 vol.) and 29 aqueous sodium p-toluene-
sulfonate (3 vol.), the paper being Whatman No. 1. The quater-
nary salts were applied as their p-toluenesulfonate salts in phenol
or aqueous DMF. It isimportant that the applied spots are not
completely dried on the paper, otherwise the salts crystallize on
the surface of the paper and tail badly or fail to move. Develop-
ment was horizontal and the quaternary salts were located
either by their fluorescence or by spraying with Dragendorff’s
reagent.  3,8-Diamino-5-methyl-6-phenylphenanthridinium p-
toluenesulfonate (dimidium p-toluenesulfonate) was used as a
convenient colored internal standard having an R; value in the
median range (R; 0.69). All R; values were taken in reference
to dimidium as one and are quoted as Ep values.

Reduction of Nitro Quaternary Salts.—The nitro salts, pre-
pared by the standard methods outlined, were reduced in aqueous
ethanol with freshly prepared Fe(OH ), essentially by the method

used for the reduction of nitrophenanthridinium quaternary
salts. 7

Terephthalic Acid Monobenzyl Ester.——Terephthalic acid (15
g) and a solution of KOH (12 g) in HyO (150 ml) were heated
together until solution was complete. The pH of the solution
was adjusted to 9 with dilute HCl. Ethano! (100 ml) and benzyl
chloride (10.8 ml) were added and the mixture was heated under
reflux for 2 hr. A solution of KHCO; (10 g) in HyO (50 ml) was
added to the thoroughly cooled reaction mix and the oily layer
was separated by gravity filtration. The filtrate was acidified
(concentrated HCI) and shaken with ethy! acetate (500 ml), and
precipitated terephthalic acid was removed by filtration. The
organic layer was separated, washed with saturated NaCl, dried
(NasS80,), and evaporated. The solid crystallized from aqueous
ethano! as silky needles, mp 179-180° (7.0 g).

Anal. Caled for C;;HO4: C, 70.3; H, 4.7. Found: C, 70.1;
H, 4.9.

4’-(2-Pyridyl)-4’’-(3-pyridylterephthalanilide.—Terephthalic
acid monobenzyl ester (5 g) was suspended in benzene (20 ml)
and pyridine (1.6 ml) and SOCI, (20 ml) was added. The mix-
ture was refluxed for 10 min and evaporated ¢n wvacuo, and the
residue was extracted with boiling benzene. Evaporation of the
extracts gave the acid chloride; needles from petroleum ether
(40-60°), mp 29-30° (4.1 g). The acid chlortde was immediately
added to a solution of 3-(4-aminopheny!)pyridine (2.6 g) in dry
pyridine (20 ml) and the mixture was heated on the H,O bath for
2 hr. Precipitation with HyO afforded the crude amide ester
which was washed well with 2 ¥ NH,OH and dried. Crystal-
lization from methanol gave pure material (5.7 g), mp 194-195°.

Anal. Caled for CeeHuoN:O3: C, 76.5; H,4.9; N, 6.9. Found:
C, 76.2; H, 5.3; N, 6.8.

This ester (5 g) was hydrolyzed by suspending iv boiling metha-
nol (100 ml) and adding 2 N aqueous KOH (50 ml): after 10
min of boiling the solution was cooled and H,O (150 ml) was
added. The solution was filtered and the filtrate was adjusted
to pH 6 with acetic acid. The precipitated acid crystallized from
DMF-methanol; mp 330-331°.

Anal. Caled for C1eHiuN:0;: C, 71.7; H, 4.4; N, 88. Found:
C, 71.5; H, 4.8; N, 8.8.

A mixture of this acid (2.1 g) and 2-(4-aminopheny!)pyridine
(1.17 g) in pyridine (20 ml) was stirred at 0° while PCl; (0.35 ml)
was slowly added. After 1 hr at 0°, the mixture was heated in a

(17) L. P. Walls and J. Whittaker, J. Chem. Soc., 41 (1950)
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ANTITUMOR ACTIVITIES

TasLe VII

Dose,

mg/kg. day

[V

— b
[V =s

10
63
50
40
31
25
20)
100
0
40
25
2()

P}
.6

TS W= O = 1l

= <

"
Dl

A
0

0

0

0
0
.0

)

.0

Survivors
4
6
6
0
4
6

el SR« i o2 =2l 2 B e I R e MR oML ot IR o2 R

SO e S

3>

e T

Wt

change,

o

+3.:
+5..

+4.

+
+1

Ok
—-«:F;IQPG_IL!&.—-

0.

+0.
+9.

+0.
+1.

+0,
3.
+0.
+1.
+3.
+10)
+3.

4

—).

—()
—0.
+0.
+1.
+0

+4.

—0.¢
407
+1.¢

+0.
+3.

—+3.¢

—1{).
+10.

+1.¢

-4,

+0.:
+0.

-4,
-1
+0.

+2.
+2.
-3

) }
&

[T O

TN UL LD

[V S eM

fa Lo =t i

w o

rz

o

Av survival days

T C
9.9 7.9
7.9 7.9
10.4 8.3
R4 8.3
13.9 7.9
10.7 7Y
10.1 7.9
1.7 7.4
10,7 5.0
13.7 8.0
14.5 8.0
10. 0 S0
11.5 8.0
9.8 N0
10.3 S0
10.6 8.0
0.4 K0
9.5 7.9
14 .4 7.9
9.9 7.9
11.5 9.3
11.4 9.3
8.0 8.2
10.8 8.2
10.4 8.2
10.2 8.2
10.5 8.2
10.2 5.2
15.4 9.5
11.2 9.3
12.4 8.8
15.4 8.8
12.6 8.8
10.8 8.2
11.3 N.2
10.2 82
11.5 SN
11.6 5.8
9.0 N8
12.6 7.8
17.2 7.8
10.0 7.8
8.4 8.6
26.9 8.6
14.5 8.6
10.8 S8
8.5 8.6
10.8 X0
8.4 N6
1G.0 5.6
18.2 5.6
5.1 8.6
11.3 5.6
11.4 8.6
10.7 S.6
122 8.5
13.3 8.5
10.3 .5

176
1136
128
148
129
171
181
142
144

122

129
13

186
212
176
132

133
124
144
156

122
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TasLE VII (Continued)

Dose,
Compd R R’ mg/kg/day

X111 (CH.)sCH, 200
100
50
XV CH; 60
40
27
18
XV C.H, 40
27
18
12
8

5.3
XV (CH,).CH, 80
54
36
24

XVI CH; 150

XVI C.H; 25

00 ~J — b

XVl (CH:)CHj,

= D
> DO WO~k OO

= N W

H,0 bath for 1 hr and cooled, and the crude product was precipi-
tated with 2 N NH,OH. The solid was washed with boiling 1¢7
aqueous NaOH, H,O, and methanol, dried at 110° and the 4’-
(2-pyridyl)-4’’-(3-pyridyl)terephthalanilide crystallized from N-
methylpyrrolidone-methanol (2.6 g), mp >360°.

Biological Testing.—In general the L1210 testing has been
patterned on the CCNSC protocols. We are greatly indebted to
the CCNSC for their generous donation of animal and tumor
strains. The routine test consists of intraperitoneal inocculation
of 108 L1210 cells into 18.5-22.5-g C;H/DBA.F, hybrids on day
1; drug treatment is initiated 24 hr later and continued for 5
days. Average survivals are calculated in the usual way. An
attempt has been made to test all drugs from a level which is
frankly toxic, giving either toxic deaths before control deaths or
marked weight loss; serial twofold dilutions have then been tested
until an obviously nontoxic dose has been reached; this usually
requires a total of three tests. Compounds which under these
test conditions have not given T/C values greater than 1259
have been classed as negative and this is recorded in the requisite
column in TableI-VI. Full test data for these negative compounds
has not been given. On retesting positives a two-thirds dosage

Wt
change, Av survival days T,C.
Survivors 2 T C %
1 —6.2 8.0 8.5
6 —5.0 11.4 8.5 134
6 +2.2 8.8 8.5
6 —3.4 13.1 9.8 133
6 -0.7 20.2 9.8 206
6 +0.7 15.0 9.8 153
6 +3.1 12.7 9.8 130
3 —2.6 19.3 10.6 180
6 —0.9 20.8 10.6 290
6 +1.5 22.3 10.6 210
6 +1.8 21.2 10.6 200
6 +2.0 17 .4 10.6 164
6 +2.2 13.9 9.8 142
6 —1.8 17.3 10.6 161
6 —0.6 18.7 10.6 176
6 +0.5 23.7 10.6 220
6 +1.4 21.0 10.6 198
6 +1.9 15.7 10.6 148
6 —~2.0 27.0 9.5 284
6 —-0.3 27.8 9.5 202
6 +1.3 24.8 0.5 256
6 +1.1 22.8 9.5 240
6 +0.9 14.9 9.9 157
6 +1.8 13.6 9.9 143
6 -2.7 9.8 9.9
6 —2.3 16.9 9.5 178
6 —1.9 24 8 9.5 262
6 ~1.1 29 .4 9.5 310
6 —~0.4 27 .8 9.5 282
6 +1.4 22.3 9.9 235
6 +1.4 17.2 9.9 181
6 +2.3 12.8 9.9 134
6 -3.7 9.4 9.5
6 —2.5 13.3 9.5 142
6 ~0.1 19.6 9.5 207
6 +0.1 14.8 9.5 156
6 +1.6 13.5 9.9 136

schedule has been used, the levels ensuring tests from toxic
levels to those which give less than 409 increase in life span.

Table VII shows the data obtatned and is virtualy self-explana-
tory. All dosage has been intraperitoneal in 0.2 ml of H,O.
Groups of stx animals per dose level have been used and one
control group for every five tests. The weight-change column
records the difference between initial weight and that at day 8
for survivors.

The number of animals surviving as long or longer than con-
trols is listed under survivors. Doses have been rounded off to
two significant figures.
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