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It is suggested that the biological activity of a variety of cationic agents against experimental leukemias and
trypanosomal species is dependent on (a) lipophilic-hydrophilic balance of the agents, (b) charge separation,
(c) sufficient “contact’” binding, this requirement varying with the biological test system involved, (d) a close

over-all approach to planarity, and (e) capacity to fit a curved site of approximately 40 A in diameter.
migration of these materials may be transport mediated is discussed.

That
It is shown that a site equivalent to the

minor groove in a helical polynucleotide would match the structural requirements.

Earlier papers! have described the experimental
antileukemic effectiveness of a series of bisquaternary
ammonium heterocycles and have shown that there is a
marked dependence of biological activity on the lipo-
philic-hydrophilic balance of the molecules.? A con-
venient relative measure of this balance of physical
properties consisted of the Ry values of the drugs in an
immiseible solvent mixture.? The range of physical
properties allowing demonstrable activity against the
L1210 leukemia is very small. For example, in the
N, N-(6-quinolyl)terephthalamide quaternary salts (I)
only the n-propyl, n-butyl, and n-amyl homologs show
unequivocal activity; many examples of the sharp cut
off in this type of agent have been presented.! It has
also been shown that the R; values of optimum members
of structurally divergent series are extremely similar.!?
We draw attention to the fact that the biologically
active cationic drugs listed in Table I have a similar
balance of lipophilic-hydrophilic properties when
examined by partition chromatographic methods.?

The agents listed in Table I have been selected by
sereening programs for activity against Trypanosoma
rhodesiense or the 1.1210 leukemia. Discussion has
been limited to those cationic drugs whose pk values
are greater than 10.*

Where active transport mechanisms do not funection
it is generally accepted that the rate of drug transloca-
tion is intimately connected with partition properties
(lipophilic-hydrophilic balance)®=® and, as a conse-

(1) Part IX: B, F. Cain, G. J. Atwell, and R, N. Seelye, J. Med. Chem.,
11, 963 (1968), and references therein to earlier papers.

(2) G.J. Atwell and B. F. Cain, 7bid., 10, 706 (1967).

(3) The reason for using dimidium (XXXV, R
chromatographic standard? can now be seen.

(4) An admirable review of the current status of trypanosomal chemo-
therapy is presented by F. Hawking, Exptl. Chemotherapy, 1, 131 (1963); 4,
398 (1966).

(5) E. J. Ariéns, Mol. Pharmacol., 7 (1964).

(6) W. Kunz, Progr. Drug Res., 10, 360 (1966).

(7) C. Hansch and 8. N. Anderson, J. Med. Chem., 10, 745 (1967), and
earlier papers quoted therein.

(8) E. J. Ariéns, Progr. Drug Res., 10, 429 (1966).
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quence, fully ionized drugs do not penetrate cellular
membranes at very high rates. Thus, a cumulation
of cellular barriers through which an agent must pass
can effectively exclude fully ionized drugs.® Con-
sequently, it appears remarkable that the bisonium
members of Table I are able to influence disease pro-
cesses considerably removed from the site of administra-
tion. Evidence has been presented that the phthal-
anilide'® II will pass even the blood-brain barrier.!?
The illustration that the inhibitory effects of the
phthalanilides are proportional to the intracellular
concentration of a drug-lipid complex,!*! and not
extracellular free drug concentration, strongly suggests
that a transport mechanism is operative. FEvidence
has been presented that a novel class of phospholipid
is involved in this drug-lipid complex.'® Involve-
ment of a lipid carrier mechanism with quaternary
ammonium salts has been described previously.17—19
If the cationic drugs listed in Table I pass cellular

(9) The blood—brain barrier offers an excellent example of this; compare
ref 8.

(10) The name phthalanilide in relation to experimental antitumor agents
has come to cover a diverse group of compounds bearing amidinium funec-
tions. Examples II~XI show the principle members pertinent to our argu-
ments, Full details of structural types are given in ref 11 and 12. While not
agreeing with this terminology it is convenient to use in place of the cumber-
some systematic nomenclature.

(11) R. Hirt, ''Chemotherapy of Cancer,"" Pl. A. Plattner, Ed., Elsevier
Publishing Co., Amsterdam, 1964, p 228.

(12) J. H. Burchenal, ref 11, p 233,

(13) W, L. Rogers, I. M. York, and C. J. Kensler, Cancer Chemotherapy
Rept., 19, 67 (1962),

(14) D, W. Yesair, W. I. Rogers, P, E. Baronowsky, I. Wodinsky, P. 8.
Thayer, and C. J. Kensler, Cancer Res., 27, 314 (1967).

(153) D. W. Yesair, F. A, Kolner, W. I. Rogers, P. E. Baronowsky, and
C. J. Kensler, ibid., 26, 202 (1966).

(16) D. W. Yesair, W. I. Rogers, J. T. Funkhouser, and C. J. Kensler,
J. Lipid Res., T, 492 (1966).

(17) R. R, Levine, Proceedings of the First International Pharmacological
Meeting, Stocktholm, 1961, Vol. 4, Hogben, Ed., Pergamon Press, Oxford,
1962.

(18) R. R. Levine and E. W. Pelikan, J. Pharmacol. Ezptl. Therap., 181,
319 (1961).

(19) R. R. Levine and A. F. Spencer, Biochem. Pharmacol., 8, 248 (1961).
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TABLE I (Continued)
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s erelative to dimidium (XXXV, R = CH;); see ref 2.
increase i life span 25-509¢, % ; 50-1009(, +: 100%¢, ++.
ref 4.

between the (wo nitrogen atoms comprising the resonant system.

* A relative gauge of activity aghinst the L1210 leukemin: no nelivity, -

= Unequivocal activity against Trypanosoma rhodesicnse denoted by + ; sce
4 Charge =eparations measured from Courtald models (vide infra).
Charge in the quaternary salts ix (aken to be ar the quatervnry

In amidinium compounds charge ix taken (o be midwny

nitrogen atom; no allowance for delocalization has been made. Where several geomelrical izonters are possible, that lying closest 1o 2

curve of 20-A radius has been considered (see discussion).
> Reference 2. 7 References 11, 12, 24,
nre aware full details of these (ex(s have not been published.

See ref 24 for a further list of charge separatious to slightly different criierin.
7 I( hax been stated (hat cerrain phthalauilides have trypanosomut activity, ! bul as far ns we
b Tests wder comparable eondiiions in (his laboratory.

See J. 1. Burche-

nal, M. S. Lyman, J. R. Purple, V. Coley, S. Smith, and E. Bucholz, Cancer Chemotherapy Rept., 19, 19 (1962), for details of tests of

homidium (XXXV, R = CHs) and isometamidinm (XXXVII) against L1210 and further murine leukemins.
hands has oceasionally given statistically significaut life extension with the L1210 but nctivity is of an extrentely low order.
™ Reference 28.
E. Mihich presented details of the screening results at the Ninth International Cancer
o Personal communication from Dr. J. L. Hartwell, CCNSC, Bethesda, Md.

dala of (his paper. * Reference 27. ! Reference 30.

leading to the development of thix compound.
Congress, Tokyo, 1966.
therapy Rept., 23, 61 (1962). v L. R. Duvall, ibid., 23, 63 (1962).
barviers ns a phospholipid complex, it becomes easier to

understand the distribution of these positively charged

materials through the tissues.  The lack of parallelism

hetween in vitro and n vivo experiments has already led

Sivak, el al.,® to state that “‘Cell permeability to the

phthulanilides niay be oue of the most important

factors responsible for the efficacy of some phthal-

anilides and the ineffectiveness of others that ave

structurally similar.”

(20) A. Sivak, W. 1. Rogers, I. Wodinsky, and (. J. Keusler, Cancer Bex.,
25, 902 (1965).

" Berenil (XIV) in oar
7 Biologieal
» A, Marser, Experientia, 23, 173 (1967), gives the backgronnd

» 1. R, Duvall, Cancer Chemo-

I'rom the above discussions it appears likely that
the observed dependence on  lipophilie-hydrophilic
properties of these drugs is either associated with the
binding of the drugs to the phospholipid carrier, move-
ment of the drug to areas where the phospholipid
oecurs, and/or migration of the drug-lipid complex.*!

(21) Drug distribution eould be visualized as follows. (a) Free drug moves
1y a partition-dependent process through a necessarily limited number of
vellular barriers to a site wlere interaction with the lipidl componeni akes
place. (b)) Drug-lipid viunplex moves (o (e site ol action.  Muovemenl f
drug-lipitl complex could e passive and depend on the lipophilie-hydropliliv

lialance of tlie complex (and lience tite drug) or active wlen cellular transpori
wechanizsins eouhl Le invaked.
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Examination of the retention or efflux of a phthal-
anilide-lipid complex in sensitive and resistant tumor
cells?? suggests that drug effectiveness is dependent on
time of intracellular residence. Thus, selectivity of
action could be intimately related to transport.

If a common transport-mediated distribution is
accepted and this operates over the diverse set of com-
pounds listed in Table I, differing in number of charges,
charge separation, and other structural features, there
can be little specificity of the carrier system except a
requirement for a cationic charge? and possibly a
particular lipophilic-hydrophilic balance.??

Regardless of the mode of distribution, the lipo-
philic-hydrophilic balance of these cationic agents is a
prime determinant for biological activity.

While the agents listed in Table I have similar parti-
tion properties and biological activity, it was felt, in
the early stages of this investigation, that some further
evidence of generic relationship was required. Ref-
erence to Table I shows there is a close relationship
among the quaternary salts we have prepared!:? (cf.
I, XIX, XXV) and the phthalanilides (¢f. II-XI).
The screening results!!12:24 from a very large array of
phthalanilides leave no doubt that there is a similar
relationship between biological activity and physical
properties to that observed in the quaternary salts.
This can be seen, for example, in the changes in bio-
logical activity on successive N-alkylation from III
to VI and the homologation of the quaternary salts
represented by I. The R; values for active members
of the phthalanilides that we have been able to examine
(II, V, VIII-XI) support this thesis. However, at-
tention has been drawn to the requirement for an N-
amidinium substituent in the phthalanilides in order to
obtain antileukemie activity,!'2¢ and that these, there-
fore, represent a class of compound different from the
usual bisamidines (XII-XVII). On the basis of our
simple partition hypothesis, the alkyl substituent on
these molecules merely serves to adjust the lipophilic—
hydrophilic balance into the critical range required for
activity. To obtain proof of this point we first ex-
amined a compound containing a diazoamino function
(XVIII) where an amide had previously been used
(XIX). This compound (XVIII) proved to be active
against the 1.1210 leukemia, demonstrating that the
diazoamino funection is compatible with activity.
Comparison of the R; values of the methyl quaternary
salts of XVIII and XIX shows that replacement of the
amide function by diazoamino causes an increase in
R; approximating that observed between bismethyl
and bisethyl quaternary salts in one series (XIX, R =
CH; and C.H;), i.e., equivalent to an increase due to
two methylene groups. Accordingly, the diazoamino
compound XX, bearing an unsubstituted amidine
function, was prepared and shown to be convincingly
active against the 1.1210.

Thus, one major difference between the phthalanilides
and the trypanosomal bisamidines is a more hydrophilic

(22) D. W. Yesair and C. Ho-Fook, Cancer Res., 28, 314 (1968).

(23) The presumption that cationic charge is a necessary requirement fol-
lows from the anionic nature of the phospholipid carrier. We make the
assumption at this point in our argument that there is little specificity in the
carrier. It should he remembered thiroughout thie remainder of the discussion
that the structure-activity relationships derived might apply to the transport
system if this iad specific requirements.

(24) L. Lee Bennett, Jr., Progr. Exp. Tumor Res., T, 259 (1965).
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amide backbone in the former which requires a compensa-
tory adjustment of the hydrophilic-lipophilic balance by
N substitution. It is thus not surprising to find that
the phthalanilides are stated to have trypanosomal
activity.? Attempts to prepare phthalanilides with
more lipophilic functions in place of amide but re-
taining a A%imidazoline as basic function has given
rise to inactive materials as expected from this the-
sig.b it N gubstitution in the trypanosomal bis-
amidines (XII-XVII) has proved dystherapeutic:?
such substitution would be expected to produce more
lipophilic and hence less active materials.

Since a guanidine function is somewhat more lipo-
philic than an amidine, it was possible to construct an
amide-linked molecule (XXI) with an unsubstituted
guanidine function active against the 1.1210 leukemia,.
This is in contrast to the usual N-alkylation con-
sidered necessary in bisguanidine members of the
phthalanilides (¢f. VII and VIII).

Experience with a guanylhydrazone? as basic
terminus has shown this to be more lipophilic than
either an amidine or a guanidine. The preparation of
LL1210 active hybrid species containing one quaternary
salt and one guanylhydrazone function (XXII, XXIII)
leaves little doubt that the bisguanylhydrazones and
the bisquaternary salts should be considered as analogs
and, hence, from the preceeding arguments, also as
analogs of the amidines and guanidines. With small
molecules such as methylglyoxal bisguanylhydrazone
(XXVI), which has partition figures close to that of
peak members of other series (Table I), replacement
of the methyl group by higher alkyl or aryl functions
or substitution of the guanidine with N-alkyl groups
would be expected to lead to more lipophilic and there-
fore less active agents. This is in fact the case.?:28

The structure-activity relationships in the phthal-
anilides led to the hypothesis that there is an apparent
dependence on intercharge separation, highest activity
being observed with a separation of close to 20 A.!!
With the recognition of the critical importance of the
lipophilic-hydrophilic balance in this area, we were
able to construct a series of bisquaternary salts whose
whose activity showed a more flexible dependence on
intercharge separation.?” The inactive bisquaternary
salts (XXIV) appeared to be anomalous in that the
intercharge separation (19.5 A) corresponds closely
to that in the active phthalanilides (19-19.5 A) and
the partition properties appear to be in the correct
range (Table I). However, extension of XXIV by
one p-aminobenzoate unit gave XXV which proved
highly active against L1210 even though the charge
separation (26 A) differed markedly from that in the
phthalanilides.® This led to the realization that the
members of the bisquaternary salts and the phthal-
anilides, highly active against the 1.1210, have three
essentially coplanar rings between the two basic fune-

(25) Quoted inref 12. Asfar as we are aware full details of thiesetests have
not been published.

(26) J. N. Ashley, H. J. Barber, A. J. Ewins, G. Newberry, and A, D, H.
Self, J. Chem. Soc., 103 (1942).

(27) Part VIII: G.J, Atwell, B, F. Cain, and R. N. Seelve, J. Med. Chem.,
11, 690 (1968).

(28) E. Milich, Cancer Res., 23, 1375 (1963).

(29) E. G. Podrebaraec, W, H. Nyberg, F. A. Frencl;, and C. C. Cleng,
J. Med. Chem., 6, 283 (1963).

(30) G.J. Atwell, B. F. Cain, and R. N. Seelye, thiid., 11, 295 (1U68).
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tions.*1 If it were concluded that these three rings
made an essential contribution in binding to the site
surface 1t could explain the nonactivity of the try-
panosomal amidines (XII-XVII) against the 1.1210
leukemia.®*  The doubly charged trypanosomal agent,
ometamidium  (XXXVII), that is active against
[.1210, has considerably more planar ring area than
the bisamidines.

The 1.1210 active guanylhydrazones listed in Table I
(XXVI-XXVIII) are notable exceptions to the idea
of ring contact. However, it 1s not inconceivable
that these narrow molecules could penetrate further
into the irregularities of a site surface and thus, through
closer approach to anionie funetious, gain increased
cleetrostatie binding in addition to multiple “eontact”
interaetions.*®  Ilach type of guanylhydrazone would
then have to be considered separately since interpola-
tion of an aromatie residue as iu XXVII might then
hold oue ov both hydrazone functions away from the
site surface.

Our investigations with an extensive series of qua-
ternary salts led us to conclude that a elose approach to
over-all planarity was necessary for high antileukemic
netivity.'®  Similar statements have been made with
regard to the phthalanilides.!’**  Proceeding from
this point we prepared the two isomerie dimethyl-
substituted devivatives XXIX and XXX since ace-
curate models™ showed that interaction of the methyl
substituents with the NH of the terephthalamide
function would be expected to constrain these into
syn and anti forms® on approach to a planar site.
Only the ortho-disubstituted derivative (XXIX) was
aetive agaiust the leukemia. The naphthalene de-
rivative XXX, where similar sterie effeets are opera-
tive, was also active.  Models of these aetive materials,
i the syn® configuration, suggest that the three rings
of the terephthalanilide system would bind to a surface
which could be deseribed as a sector of un annulus,
Inner and guter radii of the annulus were, respeetively.,
20 and 25 A,

The isophthaloyl derivative IX is highly active
against 112100022 A model of IX in a planar con-
figuration where both carbonyl oxygens and the 2-H
atom of the isophthalanilide system lie to one side of
the mwolecule shows the same 20-A inner vadius of
curvature.  Superposition of this model onto that of
the syn coufiguration of the eorresponding terephthaloyl

(31) The licterocyelie ring bearing tlie sjuuternary chiarge being taken us
charge slone and not providing contact eyuivalent to the aromatie nuclel
vomprising the backbone structure.

31 Altlwugh the hisamidines (X11-XV11) 1lo no Jdiemselves liave experi-
viensl antileukermice aetivity, there are reports that some of these mnay slhow
=yuergism with the phthalaniliJes |J. 1. Burclienal, M. 8. Lyman, J. L.
1'arple, V. Coley, 8. Smith, and E. Bucholz, Cancer Chemotherapy Rept., 19,
19 {1962)]. More interestingly, two inaetive members administered togetlier
produce inereases in survival tiine in thie L1210 system equivalent to that
produced by the phthalanilides [E. Mihieh and A. I Mulhern, FProc. Am.
daspe. Cuncer Res., T, 49 (1966)]. 1t is tempting to suggest that site—time—
veenpaney is an important factor with tliese materials; either one species is
sulliciently strongly lonnid at the site for adenuate residence or a comlbina-
tipn uf less Grmly bowwl colwponelnts can serve,

33y A Ligoanide serves as wu aveepnalde lusic terminns in place ol g
soanyilioodraziow? Jul vobvers vonssleralile Wvdraphilic elaracmer m1 ile
cosul ol malegole and (hds mozc Ly campensalad Tor,

131 Courtald wodels, a series of space-lilling wodels developed joind [y 1y
CoucGilds, Muidenliead, U. K., aml Grillin i Ceorge Ltd., Wemnbley, Ul Iv.

(33) s used (o signily il bt varbouy ! axyezeis of vhe Cecoptad hal-
aalide e (o thee sene side of Lhoe woleeade ino o pliasr wodigaracion,

Vol 12

derivative (11) shows that the ring areas matelr closcly,
although the earbonyl oxygens He ou opposite sides
of the curve*  No othier set ol rotamers of these
models sliows matehing ring nreas.

The Hinear charge sepavations™ listed i Table 1
can be grouped into four sets: -9, 12.5-14, 18.5-21.5,
and 23.5-26.5 A0 If these distances are considercd
against a curve of approximately 20-A radius it is
found that intercepts close to 8 A nve made around the
curve.  Thus, binding eould be to am ordered poly-
nueteotide®™  where the phosphates are loeated at
intervals of 8 A, Tuspeetion of an nccurnte scale
nodel® of u xection of a twin-stranded deoxyribo-
nueleie acid helix*' shows that small lengths of the
ninor groove have a narrow slot-like appearance, the
floor and ceiling of the slot approximating to sections
of an nuuulus hounded by eadii of 20 und 25 A, The
linear distances measured _are from one phosplate to
the next approxinmately 8 A, frown the first to the third
14+ A, first to fourth 20 A, to the fifth 25 A, aud to the
sixth 27.5 AL Trial placement of models ot the various
bizonium drugs listed in Table I in the narrow groove
i the wmodel DNA helix showed nn exeellent fit in all
cises. ¥ Thus the dibasie drugs listed in ‘Table |
could all act at such : site.

The agents homidinm (XXXV, B = Cly) and
trypaflavin (XXXVI) have been shown to iuterealate
between the base pairs of o DNA helix. U7 The
cffects of mtercalation niay be respousible n part far
the biological wetivity of such species.  Lodgement in
the narrow groove could precede the final step of
mtercalation.  Bis-chavged  variants  of  the phen-

136) Diagram shiwing overlap of the ring areas in a teveplchalanilide
{lirvken line) and an isuplitlalanilide systein. Bond angles aml lengths are
as used in Courtald molel 34,

(371 We have assumed that (e amide funetons in Goese molecules wihen
alworlied to a planar site wpulil have the planar trans amilde conliznratiou
gliown by electron dliffrac. v in erystalline amides.

(38) Clwrze seuarations have heen peasured from Couarcald yuodels wloon
illexe are constructed with tlie mest probable conformation, whicl allows
rlosest approach tu a curve of 20-A radins.

(39) Theinteracrion of the bisamidines aml the plichalanibdes wiclonocloe
acids is well authendigated; leading references are wiven in thie review irli-
cles. 114t Ree also 1. M. Raven, K. Norpatl, W. Unterlere, nral 11. laar,
Erpecientin, 21, 300 (1965): V. Sivak, W. I. Ruzers, [. Wodinsky, awd €01,
Kensler, Cuncer Res., 26,902 (19651 A. Sivak, W. I. Rogers, awd C0, Nensler,
Biawhem. Phormaed],, 12, 1045 11063).

(40) A pundel g seccian ol g twin-scramded DN Lelix o e Waisio—
Crick strueture as vesdgated Ly M. Wilkins amd eoworkers at the Medicid
Regearclt Councils Bivphysics Research Unit, King's Colleze, Lorulur.
Availalde from Grifliveaml Georze Ltd., Weinldey, U. IS,

(415 1o is nol paplis] that anly a twin-stranded deoxyeibonacleie aend
lielix will sudlive,  Tlwee is & lack of modols of ordered rilwse polyuneleolules
available for examination,

42 Binding in (e wajor groave wias cousidered bae 10 is ditlicale o
visualize how v geapalie nogled would make binding woraies while ac e
sante iae havine effecdve elecirostate inceeaccant ol U chaeee] TonweGoos,

-t L Leevwan . el Biel., 3, 18 «[UB1).

Ll L Levarare Freee Nl e, Seds TN 49, Db g

CHY V. Lazziad, o Alasuw, and Lo Levueva, S0 Mol Biao 8, Btk {Uini
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anthridines such as isometamidium (XXXVID* or
prothidium (XXXVIIT) could equally well reside in a
site equivalent to the minor groove of a DNA helix or
with the phenanthridine nucleus intercalated between
the base pairs with the second basic function protrud-
ing and matching to a phosphate. It could well be
that such charged species may reside in the narrow
groove until such time as the central stack of purine-
pyrimidine pairs opens because of the demands of some
metabolic sequence. The phenanthridine moiety
could then intercalate.*®

The slot-like nature of the minor groove in DNA
helices Is such that only drugs of very narrow cross
section could enter. This could explain the require-
ment for a close approach to planarity commented on
earlier.1.1!

It is believed that the details given in this paper
should allow planned synthesis of trypanosomal and
experimental antileukemic agents. We present two
successful examples, XI.IT and XLIII, active against
1.1210, predicted from our site model concept. XLII
uses three charges so that the lipophilic-styryl system
could be brought into the correct range of hydro-
philic-lipophilie properties. The use of three charges
affords sufficient electrostatic binding so that three
rings of contact need not be provided. Although
active this compound could not be claimed to be
strikingly so. XILIII is a novel variant predicted
from the model which shows an extremely high order
of activity. TI'urther successful examples will be re-
ported in due course.

Experimental Section

Where analyses are indicated only by symbols of the elements,
analytical results obtained for these elements were within £0.4%,
of the theoretical values. Analyses were performed by Dr. A, D.
Campbell, Microchemical Laboratory, University of Otago,
Dunedin, New Zealand. Melting points were determined on an
Electrothermal melting point apparatus using the maker’s-
supplied stem corrected thermometer. A heating rate of 2°/min
from 20° below the melting point was used.

The symmetrical bis bases listed in Table IT were prepared from
the substituted terephthaloy! chloride and 3-(p-aminobenzamido)-
pyridine in diethylene glycol dimethyl ether as detailed earlier.3
Methods for quaternization, paper chromatography, etc., have
been described adequately.? Intermediates uot previously
described in the literature follow.

1-Methyl-4-(p-aminophenyl)pyridinium p-Toluenesulfonate.—
4-(p-Nitrophenyl)pyridine (1 g) was dissolved in PhNQ; (2 ml)
at 165°. Methyl p-(oluenesulfonate (1.5 ml) was added to the
hot solution, there was an exothermic reaction, and the quaternary
salt cryslallized from the hot solution. The salt was collected
after cooling, washed (Et.0), and dried. Tt proved to be exces-
sively soluble in H»O and since paper chromatography? showed
the material to be homogeneous it was reduced to the amine
without further purification. Reduction with Fe dust by the
previously described method® gave the amine which separated
from H,O containing sodium p-toluenesulfonate as pale yellow

(48) It has been postulated that a small proportion of pseudobase in
homidium (XXXV, R = C:H;) may facilitate distribution of this type of
drug: T.I. Watkins, J. Chem. Soc., 3059 (1952). However, such arguments
can not be extended to the discharged variants XXX VII and XXXVIII, and
tlie amount of nentral species in tliese would be vanishingly small.

149) There is an apparent familial relationship betweell {wo new anti-
tumor agents uncovered by Lhe CCNSC screening program (XNNINX and
XL) and trypaftavin (XXXVI) and homidinm (XXXV, R = Colls). It may
be profitable to examine XXXIX and XL for (a) intercalation into DN A and
(b) trypanosomal activity. These molecules could tlien serve as tlie basis for
preparation of a family of drugs related to prothidium (XXXVIII) and
isoincetalnidium (XXXVII).

BISQUATERNARY SALTS AS ANTITUMOR AGENTS 205
TasLe 11

Compd R Mp, °C Formula Analyses
XXIX a >360  CauHxsNeOs C,H N
XXIX CH 326~327 CeoHasNeO10S2+ 1. 5H20 C.H, S8
XXX n >360 CuHsNeO4 C.,H,N
XXX CH 329330 Cs0HasNsO1052- 1. 5H20 C, H 8
XXXI 0 >360  CuelisNeOs C, H N

XLII CHS" 61-62  CaHuNsOsSs C, H, N, 8

XLII CH;* 306—-307 CsoHaolsNs C,H N, I

XLII C:He¢ 304-305 CaHassloNs C,H N, I
XLIII a 324-325 C2H21N:sO C,H N
XLIII CHs® 214-216  CasHuI:NsO C, H I
XLIII CoHs® 202-204 CuHal:NsO C,H I
XLIII CHs(CH2)* 189-190 CasHapsNsI:0+0.5H0 C.H I
@ Free base. ? Anion p-toluenesulfonate. ¢ Anion iodide.

prisms (1.19 g, 67%), mp 261-262°,
C, H, S.

4-[p~(p-Nitrobenzamido )phenyl]pyridine was prepared by
interaction of p-nitrobenzoyl chloride and 4-(p-aminophenyl)-
pyridine in pyridine solution. The free base separated from
solution in DMF-H,0 as yellow needles, mp 286-287°. Anal.
(C1sH;3N30.) C, H, N.

1-Methyl-4-[p-(p-nitrobenzamido )phenyl]pyridinium p-Tolu-
enesulfonate.—A solution of the corresponding base (1.55 g) in
1-methyl-2-pyrrolidone (5 ml) was heated to 160° and methyl
p-toluenesulfonate (2 ml) was added. After 10 min at 160° the
solution was cooled. The crystalline quaternary salt was washed
well (Et,0), dried, and then crystallized from MeOH-H,0;
vellow prisms (2.32 g, 899,), mp 328-330°. 4nal. (CzH2N;06S -
0.5H,0) C, H, S.
1-Methyl-4-[p-(p-aminobenzamido )phenyl] pyridinium p-
toluenesulfonate was prepared by Fe dust reduction of the
corresponding nitro compound by the method described earlier.?°
The amine separated from MeOH-H,O, containing sodium
p-toluenesulfonate as pale yellow prisms, mp 298-299°  Anal.
(CssHaeNeO:S:) C, H, S.

XVIII.—A suspension of the preceding amino-substituted
quaternary salt (1.894 g) in H.O (25 ml) and HCI (1.6 ml) was
diazotized by slow addition of a solution of NaNO, (0.39 g)
in H,O (2 ml), the temperature being maintained below 2°.
The solution was stirred for 0.5 hr, saturated aqueous sulfamic
acid (1 ml) was added, and the solution was stirred for a further
5 min.  An ice-cold solution of I-methyl-4-(p-aminophenyl)-
pyridininm  p-tolnenesulfonate (1.56 g) in HyO (10 ml) was
then stirred in followed immediately by cold suturated NaOAe
solution (21 ml). The reaction was stirred in the ice bath for a
further 0.5 hr, then crude product precipitated by the addition
of sodiuin p-toluenesulfonate (15 g). The precipitated salt was
collected, washed well with cold aqueous sodium p-toluene-
sulfonate (10%), and crystallized from MeOH-H,0 eontaining
sodium p-toluenesulfonate, the temperature ot being raised
above 60°. Several further recrystallizations gave material
homogeneous when examined by paper chromatography.? Pure
compound separated from MeOH-H,0 as oranuge needles (3.03 g),
mp 196° dec. Anal. (C45H42N50;| 2) C, H, S.

A sample of the compound on warming with Cu,Cl; 3 & HCI
readily evolved N, confirming the correctness of formulation as
a diazoamino compound.®

XX.—A suspension of l-methyl-3-{p-{p-(p-aminophenylecar-
bamoyl)benzamido]benzamido | pyridinium  p-toluenesulfonate
(3.18 g)? in H,O0-MeOH (30:20 ml) containing HCl (4 ml)
was diazotized by dropwise addition of a solution of NaNQ,
(0.45 g) in H.O (3 ml) to the vigorously stirred suspension, the
temperature being maintained below 2°. The mixture was
stirred for a further 15 min after complete dissolution. Saturated
aqueous sulfamic acid (1 ml) was added, the solution was stirred
for a further 5 min, and then p-aminobenzamidine monohydro-
chloride (1 g) in H,O (5 ml) was added followed immediately
by cold saturated NaOAc (25 ml). The viscous mixture was
stirred for a further 0.5 hr when sodium p-toluenesulfonale (20 g)
was added. After 0.5 hr the precipilated salt was collected,
washed well with ice-water and erystallized repeatedly from
MeOTI-FL,O containing sodinm p-toluenesulforate at below 60°.
When hontogeneous by paper chronatography? the yellow p-

Anal. (C1yHzN.0:8)

(50) S. S. Berg, J. Chem. Sue., 3635 (1963).
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Duse, Sur- Wi Avosurvival dayvs T
Ciypnl wyg ke day vivors  clange  Treared ool b
NV .0 6 —1.4 11.4 10.8
5.4 G 0.2 16.9 10.8 156
a3 0 +1.8 252 10.8 214
2.2 () 40,7 2408 108 222
1.5 6 +6.3  17.06 10.% 163
1.0 (¢ +5.7 1.2 10,8
XX 375 D -1.5 11.2 10.4
25 i} —0.9 14.3 10.4 137
17 6 —-0.6  21.4 10.4 206
11 [§} 4030 258 10,4 248
7.4 ¢ +1.2 16,9 10.4 163
4.9 6 +2.8 11.0 11.2
XXIX 25 4 —1.7 10.0 103
17 6 -1.2 14.6 1055 142
11 G —0.4 I8.1 10,3 176
T.4 ] +1.2 6.2 10.5 158
4.9 [§} 440 122 0.5
XXNXNIT 250 {)
170 [ —1.8 139 10.6 131
110 b} —0.6 16.06 106 136
NXXXI 74 6 —1.2 157 10.6 148
449 [§} +2.9 13.8  10.6 130
AL 25 1
17 6 —-1.4 126 9.5 129
11 6 +0.8 154 0.8 162
7.4 6 +2.0 17.6 U.8 180
4.9 6 +2.7 15.5 0.8 156
3.3 (i 3.3 1L 9.8
NLIUL IR = 20 4 6.9 10.2
CHa 3 [§} —1.8 19,0 10.2 186
8.7 G +1.2 253 10,2 248
ST 6 +0.8 238 10,2 234
3N 6 +2.4 19.0  10.2 186
2.6 8} 3.2 176 10.2 173
1.7 6 +2.8  12.%8 10,06 121
XLIIL R = 20 1 42 10.2
C,H, 14 6 —5.0 108 10.2 19.4
N7 6 0.6 21.06 0.2 212
B 6 —0.2 18.2 10,2 78
XLIHL R = 3.8 6 +1.5 135 0.2 132
Cal1; 2.6 6 +2.1 11.0 10.2
NLIIT, It = 20 4 S0 9.7
CH(CHa) 13 G - 1.5 15.2 9.7 156
ST [§} —0.06 woN 0.7 142
SN, (] +2.3 11.6 0.7

tolnenesulfonate salt had mp 189° dec. .lnal. (CuHuNaOws,-
0.5H,0) C, H, N, 8. A sample on warming with Cu,Cl, 3 N HCl
evolved Ny.%0

XLIT.—-A mixture of 2-(p-aminosiyryl)-6-aminoquinoline (2.61
g), anhydrous p-toluenesulfonic acid (5.2 g), N-pyridyl-4-
pyridininm chloride hydrochloride (5.7 g), and dry phenol (15 g)
was heated under reflux for 1 hr. After removal of phenol by
steam distillation crude base was precipitated with excess NaOH.
1t was suspended in 1,0 (73 ml) and HBr wa~ added (o the boil-
ing suspension until solation was complele. A generous quantity
of decoloriziug charcoal was added Lo the =olation aud boiling
continued for 5 min. Addition of NaBr (20 g) to the hot filtered
solition, followed by slow cooling, afforded the trihydrobromide
ns brilliant red needles. The sall was repeatedly crystallized

Vol 12

from 1M,O-NaBr-11Br imtil a persistent impnrity 1faster ynnning
on paper chromatograims nsing n- BuOH-TIOA -0 (4:1: 50 was
removed.  The pure trihyvdrobromide 14.2 g, 6440 hiad mp 3607
el (ColyyBrdND €, H, N, Br.

The free base, from the <alt with excess NaO1H, avidly remaved
COy frong the air on storage or on attempted recrysinllizniion.
Accordingly, samples of Lhe free baxe were prepared innnedialely
before nse nud afler drving in vecio al 1007 were ased for prepioa-
FHou of rthe (quaternary <altx XLII, R = CI, and 11 = .11
See Tables T and T1.

4-|p-(p-Nitrobenzamido )anilino}pyridine wuax prepared i
mteraction of p-nitrobenzoyl chloride and  4-(p-nininoanilin -
pyridine in pyridine ~ohition. The pive base separated from
large volmnes of 124011 as vellow needles, mp 276-277°0 1l
(CellaNOs) €, H, N

4-{p-( p-Aminobenzamido)anilino!pyridine, front Fe dnsi re-
duction™ of (he preceding nirro componnd, =sepurnted fromm
I OH- 110 as colortess needles, mp 225-226°, Anol. (C N0
.11, N

4-{ j=| p-1 4-Quinolylamino )benzamido]anilino { pyridine (XLIII).

A solnton ol 4-] p-(p-nminobenzamido yilinofpyridine 13.04
gl in 6u”, FrOH=-I1LO (50 ml) contaning TICH (1.7 ml) was
prepared.  Alrer addition of 4-chlorogainoline (1.72 ¢) 1the sola-
Hon was refinxed for 0.0 . 1ot samrated agqneons NaCl was
added nntil ervsrals appenred: on eooliug, the dihydrochloride
separated as vellow needles.  The salt was dissolved in boiling
11,0 and filvered from a trace of insolable nuterial and the <udn-
tion was sirongly basified with NaOI.  The base obrained sepa-
rated front DME-T1.0 nx pale vellow veedles @351 g, $2407), mp
324-0325° lnal. (ORI, NO) G 1T, N

Biological Testing.—The rontine test consists of infrperttoneal
imovenlation of 105 T1210 cellx imo 185-22.0-g CJT/DBAL 1Y
hybrids on day 1 drng vrearnient was inthiated 24 I later and
continned Tor 5 davs.  Avernge smrvivals wre ealenled b the
n=nal way.  Anomewpt wis made to test sl dengs fram e level
which is frankly roxie, giving cither woxie deaths before comiol
deaths or narked weight loss: =crial twofold dilutions were then
tested nntil wacabvionsly nontosie dose was reachied; this nsaally
veqnired :« 1olal of three iexts. Compoands which nnder these
Lest eonditions were oot given T, C valnes greater (han 1257,
have been classified as negadive and this i= recorded o the
requisite colimm in Table I Full west data for negnitve voin-
pounds s nor been given.  On relesting posilives a vwo-thirds
dosage =chiedale wis nsed, the levels ensnring tests from foxic
levels (o those which give less thun 40170 merease in life span.

Table IT1 shows the data obinined wnd iz virinally self-expla-
tory.  All dosage has been in 0.2 ml of 1.0, Cronps ol Rix
animls per dose level were nsed and one control gronp for every
Jtest=. The weight-chiange cohinn records the difference between
initind weighn and thay :a day 8 for snrvivers, The mnmber of
:andinals sirviving as long as or longer than cantrols is listed noder
Daoses Iive been ronnded olf 1o Two signifiean - fignres.
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