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144°, was obiained; )\ma‘c (10¢;
pH 1, 209; pH 13, 2
N.

Deamination of 1-Phenoxypropyl-5-phenylcytosine (21) to
27d.—To a gently stirred solution of 200 mg (0.62 mmole) of 21
in 5 ml of HOAe cooled in an ice bath was added dropwise a

EtOH), 242, 268-203 (plateau);
7 (plateau) mu. Anal. (CiHyN,Oy) C, 11,

. Cain, Axp R. N. SEELYE
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solution of 175 mg (2,48 mmoles) of NaNO. in 5 ml 11,0, The
solution was allowed to stand at ambient temperature for 24 hr
during which time the product separaied. The =olid was col-
lected on a filter and washed with H,0; vield 113 g (577, of
27d, mp 178-180° that was identical with 27d prey saved ria
26a (Table IT).

Potential Antitumor Agents.

G. J. ArweLy, B, I, Caix,?
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An investigation of types of quaternary ammonium heterocycles acceptable as basic functions in experimental
antileukemic bisquaternary salts is described. Some aspects of the dependence for activity on charge separa-

tion and on certain steric features are discussed.

Since the initial observation of experimental anti-
leukemic activity in quaternary salts of N,N-(6-
quinolyl)terephthalamide? we have demonstrated that
acceptable basic functions in this type of molecule are
the quaternary salts of 6-acylaminoquinolines,?3 3-
and 4-(p-acylamino)phenylpyridines,®® and 3-benz-
amidopyridines.** The researches described in this
paper detail investigations of further acceptable basic
funetions as well as the effect of certain steric factors on
biological activity.

The alteration of basic functions in many cases
changes charge separation in the resultant molecules.
If biological activity was eritically dependent on such
separation, acceptable bases might be overlooked due
to the resultant molecules possessing an unacceptable
charge separation.

TFortunately in our series of bisquaternary compounds
activity has been observed where distances between the
quaternary nitrogen atoms are as low as 18 X (asin the
parent N,N’-(6-quinolyl)terephthalamide seneQ) which
can be increased by small increments to a maximum of
27 A in the extended amide series described in our
previous paper.*

A further example of the permissibility of variable
charge separation is provided by the three series I-I11
which all show convineing experimental antileukemic
effectiveness in mice.

OO
Ok e O
el el O
hilg

These three series utilize the new basic function
4-anilinopyridine; this function is somewhat more

(1) Author to whom inguiries should be addressed.

(2) Part V: G.J. Atwell and B, F, Cain, J. Med. Chem., 10, 706 (1067)

(3) Part VI: G.J. Atwell and B. F. Cain, ibid., 11, 205 (1468).

¢4y Part VIL: G.J. Atwell, B, F. Cain, and R. N. Seelye, ibid.
(1968).

. 11, 300

lipophilie than those previously used; for example,
antileukemic effectiveness drops from I (R = CH;) to
higher members. This could have been predicted
from the relative R; values if these were taken as
giving a measure of lipophilic-hydrophilic balance.?

In contrast, the corresponding 2-anilinopyridine
series 1V, covering a similar range of R; values to the
4-anilinopyridines, contained no aetive members.
Further variants of the 4-anilino heterocycle system
have been examined. The 2-amino-4-anilinopyrim-
idines V gave life extensions in the 1.1210
similar to the corresponding pyridines but were less
active on a molar basis. The 2-amino-4-anilino-6-
methylpyrimidine series (VI) utilizing the pyrimidine
function present in the trypanocides antryeide® and
prothidium® also contained active members but these
were cven less active than the pyrimidines V on a
molar basis; a dose of several hundred mg/kg being
required to demonstrate an effect.

CrO= D
OOy

2 v N
L OO

Consideration of the above results coupled with the
activity of the 3-phenylpyridine series described
earlier? led to the preparation of the 24-diamino-o-
phenylpyrimidines VII. These compounds proved to
be extremely potent experimental antileukemic drugs
with the ethyl quaternary salt (VII, R = C,H;) in
early treatment groups giving a proportion of 100-day
SUrvivors.

I

AL G, Murray, and C. II

(5) A\. D. Ainley, I. 1I. 8. Curd, W. Hepworth,
Vasey, J. Chem. Soc., 539 (1953).
(8) T. 1. Watkins and G. Woolfe, Nature, 178, 368, 727 (1956).
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As the majority of the compounds so far prepared
had indentical terminal basic functions it became de-
sirable to examine a series of asymmetric analogs.
The order of activity found for these (VIII, IX) could
readily have been predicted from a consideration of the
activity of the corresponding symmetrical series and
their relative B¢ values.

An attempt to assess the effects of steric features led
to an examination of the meta-fused series X and XI

OO
\ /
W R= -NH<\_+— NR  RP=H
X R= —N@;ﬁ Re=H

NH,

e

X R=H Re= N \+ /\R

X ReH Res —N@R

NHp
I T
R'= <C=N-NH-C=NH,  R’=H

H

NN
W R -NHCNHLSNH  REH
) Vo v

XC A= NH-C=NHy  R%=H

which showed greatly reduced activity when compared
with their para-fused analogs. However, consonant
with this change there is an increase in lipophilic-
hydrophilic balance, as measured by R; values, past
the figure that we consider to be optimum in these
compounds. Since the cut-off of biologic activity on
homologation past the optimum is quite rapid? it is
conceivable that the same meta-fused system in a more
hydrophilic system could be of comparable activity to
the para isomers. An alternative mode of branching
through an isophthaloyl unit gave a less active com-
pound (XII) than the corresponding linear terephthal-
oyl isomer. Here again an increase in lipophilie
character associated with the nonlinear isophthaloyl
group makes difficult the assessment of the intrinsic
activity of a meta-fused system.

Ol LISy
g

One heterocyclic basic function in these materials
may be replaced by an open-chain analog as exem-
plified in the guanylhydrazone XIII, the biguanide
XIV, and the guanidine XV. Demonstrable activity
can be observed with all three compounds; the laborious
task of preparing series in this area to cover a range of
lipophilic-hydrophilic properties has not been under-
taken.

From our totalled experiences thus far we can state
that there is a marked dependence of antileukemic
effectiveness on a physical property which appears to be
the hyvdrophilic-lipophilie balance. The range of per-
missible hydrophilie-lipophilic properties is quite
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restricted. In the quaternary salts from N,N'-(6-
quinolyl)terephthalamide only the n-propyl, n-butyl,
and n-amyl homologs show activity, lower and higher
homologs being inactive.? Provided the agents have
the correct lipophilic-hydrophilic balance, activity can
be observed over an intercharge separation from 18
to 27 A; these figures do not represent outside limits
but merely the area where activity has so far been
recorded.

For highest activity a close approach to planarity
appears to be required.?

Linear fusion through terephthaloyl or p-amino-
benzoate units appears to give higher activity materials
than angular structures containing isophthaloyl or
m~aminobenzoate units. This may only be a reflection
of the higher lipophilic character of the angular strue-
tures. There is a wide array of functions that can
serve as the terminal bases; the most notable exceptions
are the quaternary salts from 2-substituted pyridines,
viz., 2-phenylpyridine, 2-benzamidopyridine, and 2-
anilinopyridine.

Experimental Section

Analyses were by Dr. A. D. Campbell, Microchemical Lab-
oratory, University of Otago, New Zealand. The symbol for the
requisite element has been used to signify that analytical results
were within £0.49; of the calculated figure.

Meting points have been determined on an Electrothermal
melting point apparatus with the makers supplied stem cor-
rected thermometer. A 2°/min heating rate from 20° below the
melting point was used.

Details of preparations are given for only those intermediates
which have not previously been described in the literature.

4-Anilinopyridines.—The convenient method of Jerchel and
Jakob,” interacting the salt of an aromatic amine with N-pyridyl-
4-pyridinium chloride hydrochloride,® has been used. Great care
must be taken to ensure all reactants are scrupulously dry, other-
wise markedly reduced yields result. The general method is
exemplified by the preparation of 4-(p-aminoanilino)pyridine.
p-Toluenesulfonic acid hydrate (19.0 g) was dried by suspending
in CgHs (300 ml) and refluxing under a H,O separation head until
no further water separated. To the clear solution p-acetami-
doaniline (15 g), N-pyridyl-4-pyridinium chloride hydrochloride
(23.5 g), and phenol (30 g) were added. The heterogenous
mixture was again refluxed until all traces of H,O had been re-
moved. Benzene was then removed at steam bath temperature at
20 mm. The mixture was heated at 180° in an oil bath for 1 hr,
a homogeneous melt resulting after approximately 10 min. The
phenol was removed by steam distillation and the aqueous solu-
tion was evaporated dry in vacuo. The gum was dissolved in
aqueous 2 N HCI (500 ml) and boiled for 1 hr to cleave the acetyl-
amino function. After evaporation the solid hydrochloride was
dissolved in H.O (200 ml), stirred with charcoal (10 g) for 10 min,
and crude product precipitated from the filtered solution with
excess NH;. Recrystallization from boiling H.O (65 ml/g) gave
pure product as colorless plates, mp 171-172° (14.6 g, 799%).
Anal. (CuHuNa) C, H, N.

The methods used for preparation of the bis bases and the
quaternary salts listed in Tables I and II have been adequately
deseribed.?

2-Amino-4-(p-nitroaniline)pyrimidine.—2-Amino-4-chloro-
pyrimidine (1.38 g) and p-nitroaniline (1.48 g) were dissolved in
hot 2-ethoxyethanol (40 ml), HCl (4 ml) was added, and the
clear solution refluxed for 1 hr. Product started to separate
after 10 min, The crude product was collected from the well-
cooled mixture and suspended in excess aqueous NHj, and the
resultant base crystallized from H,O-MeOH. Pure base
separated as yellow prisms, mp 273.5-274°.  Anal. (C,uHN;05)
C, H, N.

(7) D. Jerchel and J. Jakob, Chem. Ber., 91, 1266 (1958).
(8) E. Koenigs and H. Greinar, ibid., 64, 1049 (1931).
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Drug R Mup, °C Formula Analvses ny 112100
I « >360 ol TNy O, 1N
1 CHy 310311 Casl N O, [GRN Y A (.92 + +
1 Csl1, 205-2906 Cul N O -0.511L,0 [N S 0.96 + +
[ CHy(ClHy), 303-304 Caoll5NOW 0, 51,0 ¢, H, R 100 + o+
11 42 313315 C:HII;N,;N»;( ): [ ”, N
IT CIH, 248e CuHugNOa 1.511L,0 (G 0.91 + 4
11 C,H, 160-161 CiotloNgON (G5 0.95 -+ -+
I 7 >2360 Caal NGO, LN
111 CIH;, 323-325 Ciol LN O, [GF R (.82 4
111 C,H; 188-191 CioHNO5, [GF I 0.85 —+
111 CHy(CHs)2 3403417 CalToNOuBry - 11,0 C,H, Br 0.90 -+
1V a 327-328 CaoHai NGO, N
v ClH; 1328329 CaHuN O - 211,0 1L R .91 -
v Coli; 256-2587 Cy i NgOuL - H,0 CoIL (.96 -
v CHy(CH,), 140-152 Cool T N O - 41,0 L= 1.16 B
v a 33T-338 Cas 12N O, o1, N
\. C”d . (:;1}I;4N11y()552’21I3() (‘, “ = .75 -t '*
V Cy 1, CisHN O8R5 0,50 S .88 ++
V1 a > CaHasN 1,02 ¢, I, N
VI CIH; > CaelisN 1032 1. 511LO ¢, H = .79 + +
VI C,H, 336342 CauIN O, - 21,0 ¢, H, = 0.8Y + -+
VI 1 > Cos N O - H0 C, H, N
VII CIi; > CuH N O, - 210 O, N, S 0.75 -+ 4
VII ol ) Clel LN O - 21,0 ¢, H, = 0.80 +
VIT CHy(CHy) CHuNpON, - 2110 (G P .02 +
VIII a CulLiNsO; COHL N
VIII CH; 344-3459 Ca TN 051, [QRNEN| .81 + -+
IX CH; B06-3087 CastTa N1 (SRR 0.73 1
X a 345-347 Cayi NGOy o, N
X CII, 213214 CasHLN Oy - THO COIE T 0.97 +
NI CH; 2252270 Cys 112N Ol [GREE 0,83 -
NIII CIi, 151-153 CyHa NGO, M1, - 0.84 -+
X1V CH; 272-273 ConllsyNo(31e ¢, e TA 0.82 + 4+
XV ClH; 318-319¢ Cos 11 N70510 o, ] .87 ++
XII a >360 Cil N0y ¢y N
XII Cll; 287289 CisHu Ny O, H, = .89 +
XII C.H; 159161 CooH N Onsy ¢, IR 0.97

« Free base. b [y velative to dimidium; see ref 2.
25-30€7, == 50-100C;, -+ >10057, + +.
shrinkage from 178°. 7 Anlon bromide. ¢ Anion iodide. *1:

£

2-Amino-4-(p-aminoanilino)pyrimidine was prepared from
the above nitro compound by reduction with iron in aqueous
EtOII solution.? The amine crystallized from small volumes of
1,0 containing a little NH; as colorless plates, mp 155.5-136°.
Anal. (CyHuN;) C, H) N

In the preparation of terephthaloyl derivatives of the anilino-
pyrimidines and aminophenylpyrimidines, to minimize acylation
of the heterocyclic amino groups, the temperature was kept below
0° and excess amine was used. For example, V (R = ) was
prepared by adding a solution of terephthaloyl chloride (2.03
g) In dioxane (25 ml) dropwise with vigorous stirring to a solu-
tion of 2-amino-4-(p-aminoanilino)pyrimidine (5.04 g, 2.5 equiv)
in pyridine (25 ml), the temperature being maintained below
0°. After 1 hr of stirring the solution was heated on a water bath
for 15 min and then evaporated dry in vacuo.  After addition of
MeOH (25 ml) and NH; (15 mi), the erude product was col-
lected and repeatedly ecrystallized from DIMF-MeOH until
paper chromatograms using n-BuOIH-AcOII-H,O (4:1:5)
showed the material to be homogeneous.

Quaternizations of the substituted pyrimidines were carried
out at water-bath temperatures for 1 hr with excess quaternizing
agent followed by 15 min at 140°. There is adequate evideuce
in the literature that substituted 2,4-diaminopyrimidines gua-
ternize predominantly at N-1.9 Quaternary salts were repeatedly
ervstallized until only a single spot was observed on paper chro-
matograms using an n-BuOH-aqueons sodium  p-toluenesulfo-
nate system.?

() D.J. Brown und T, Teitei, J. Chem. Soc., 733 (1965), and references
vyuoted therein.

¢ L1210 result= according to onr experimental procedure.
“ Anion used throughout this paper, unless otherwise stated, ix p-toluenesulfonate.
caled, 31.5; found, 30.4.

Increase in life span
¢« Prior

2-Amino-4-(p-nitroanilino)-6-methylpyrimidine. —2-Amino-4-
chloro-6-methyvipyrimidine (1.14 g) and p-nitroaniline (1.13 g)
were dissolved in 2-cthoxvethanol (40 ml) by warming. Con-
centrated TICL (3 ml) was added to the solution and the whole
was heated under veflux for 0.5 hr.  On cooling, solid started to
separate; saturated aqueous NaCl (10 ml) was then added and
product was collected when thoroughly cold.  After trituration
with aqueous Ny the free base was crystallized from H,O-
EtO separating a= yellow needlex, mp 264°. tnal. (Cyllo-
N:0. C, 11, N.

2-Amino-4-(p-aminoanilino)-6-methylpyrimidine  wus  pre-
pared by iron reduction®* of the foregoing nitro compound.  The
product separated from hot H.0 containing a little NIi; ax
colorless plates, mp 201-202°.  Anal. (CuHy,N;) C, H, N,

3-[p-(p-Methoxycarbonylbenzamido )benzamido]|pyridine.:
A suspension of 3-(p-aminobenzamido) pyridine? (4.0 g) and
terephthalic acid monomethyl ester (3.33 g) in dry pyridine (30
ml) was stirred vigorously at 0° while PCly (0.83 ml) was added
dropwise. After =tivving 1 hr at 0° the mixture was heated on u
steam bath for I hr and cooled well, and then a large excess of
507 agqueous NalCOy, was added. The solid was collected, washed
well with water, and erystallized from DMF-H,0 as colorless
prisms, mp 266-265.5°.  Anal. (CaHiN;04) C, H, N,
3-[p-(p-Carboxybenzamide)benzamido]pyridine  (XVI).—

The foregoing methvl ester (4.0 g) was suspended in DMF (30
mi) at room temperature and a solution of NaOH (2.0 g) in 50
m! of 80¢; H.O-MMeOIT was added to the stirred suspension.
After a few minutes a elear solution resulted. It was allowed to
stand at room temperature for 1 hr, boiling HO (800 ml) was
then added, and the hot =olution was quickly filtered.  Addition
of AcOH (L0 ml) precipitated the acid, which, after washing
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TapLE 11
Wt Wt
Dose, Survi- change, Avsurvival, days T/C, Dose, Survi- change, Av survival,days T/C,
Drug R mg/kg/day vors g Treated Control 9 Drug R mg/kg/day vors g Treated Control %
I ClHl 5.0 6 -0.5 11.5 10.1 VI CHa 500 4 —-2.7 13.7 9.6 143
3.3 6 -~1.8 32.3 10.1 321 330 6 -1.2 22.8 9.6 237
2.2 [} -1.9 37.7 10.1 373 220 6 +0.2 22.4 9.6 233
1.5 6 +0.3 32.7 10.1 323 150 6 +3.7 13.6 9.6 142
1.0 6 +1.8 27.0 10.1 267 VII CHs 15 5 —-2.1 13.0 10.4 125
0.67 6 +3.6 21.4 10.1 212 10 6 -1.8 22.2 10.4 213
0.44 6 +3.0 14.5 10.1 143 6.7" 6 -1.2 44.8 10.4 432
1 C:H; 5.0 0 4.4 6 +1.0 29.3 10.4 282
3.3 6 -2.8 23.5 9.8 240 3.0 6 +1.3 20.9 10.4 202
2.2 6 -0.8 33.5 9.8 342 2.0 [§] +1.4 13.8 10.4 133
1.5 6 +0.2 25.4 9.8 258 VII C:Hs 30 4 —-1.7
1.0 6 +0.8 21.3 9.8 217 20 6 ~1.0 25.3 10.6 257
0.67 6 +1.7 15.8 9.8 161 13 6 —-0.3 43.5¢ 10.6 410
0.44 6 +2.1 10.7 9.8 9 6 +1.1 36.2 10.6 342
1 CH3(CHb2): 5.0 6 —-2.0 16.8 9.6 175 [s] 6 +2.1 22.2 10.6 208
3.3 6 +0.2 19.4 9.6 202 4 6 +2.8 14.6 10.6 138
2.2 6 +0.6 19.6 9.6 204 VII CH:2(CI1y)2 150 4 —2.5
1.5 6 +1.3 17.9 9.6 187 100 3] —-0.6 22.9 9.9 231
1.0 6 —+1.3 16.1 9.6 178 67 6 —-0.2 25.6 9.9 258
0.67 6 +2.2 13.6 9.6 142 44 6 +0.3 20.8 9.9 211
I CH; 15 6 —-0.7 10.9 9.6 30 & +0 9 17.6 9.9 178
10 6 —-0.6 36.6 9.6 381 20 6 +0.7 13.4 9.9 138
6.7 6 —-0.1 20.5 9.6 213 VIII CH; 5 6 —-2.8 14.8 10.4 143
4.4 6 41,7 16.1 9.6 168 3.3 [ -0.3 23.2 10.4 223
3.0 6 +2.0 14.2 9.6 148 2.2 6 +1.1 19.4 10 4 187
2.0 6 +3.1 10.8 9.6 1.5 6 +1.8 14.6 10.4 141
I1 C2Hs 15 6 —-2.2 19.4 10.1 192 IX CHs 22 6 —-1.4 13.2 10.8 122
10 6 —-1.9 22.0 10.1 218 15 6 —-0.7 16.8 10.8 156
6.7 6 —0.2 21.4 10.1 212 10 6 +1.2 14.9 10.8 138
4.4 [} +0.5 16.2 10.1 160 6.7 6 +2.5 12,1 10.8 112
3.0 6 +1.3 12,3 10.1 122 X CH; 15 2
111 CH; 15 6 —1.8 14.2 10.0 142 10 [§] -3.1 13.9 10.1 137
10 6 +0.2 16.4 10.0 164 6.7 6 -2.3 i8.0 10.1 178
6.7 6 +1.1 15.8 10.0 158 4.4 6 +0.4 17.8 10.1 176
4.4 [} +1.6 13.8 10.0 138 3.0 6 +1.8 16.1 10.1 159
3.0 6 +2.5 11.4 10.0 2.0 6 +1.5 12.3 10.1 122
111 CaHs 75 2 XIII Cis 25 6 —2.4 14.4 9.8 147
50 6 -1.9 15.2 10.0 152 17 6 -1.2 17.4 9.8 178
33 6 -1.7 17.2 10.0 172 11 6 +1.9 17.6 9.8 179
22 6 —~0.8 17.0 10.0 170 7.5 6 +2.3 15.7 9.8 160
15 6 +0.9 16.2 10.0 162 5.0 6 +3.1 12,5 9.8 127
10 6 +1.3 15.6 10.0 156 X1V CHs 15 4
6.7 6 +1.5 13.2 10.0 132 10 6 -3.1 20.8 9.9 211
III CH;3(CH.)2 50 6 ~1.8 11.4 10.0 6.7 6 -0.2 25.2 9.9 254
33 6 —-1.1 13.6 10.0 136 4.4 6 +0.7 20.2 9.9 200
22 6 -0.7 15.2 10.0 152 3.0 6 +2.8 16.3 9.9 161
15 6 —0.2 14.2 10.0 142 2.0 6 +5.1 13.2 9.9 131
10 6 +1.3 12.6 10.0 126 XV CHs 10 [} —-2.3 12.4 9.8 127
v CH; 75 6 -1.0 22.8 9.9 231 6.7 6 +0.1 33.2 9.8 338
50 6 +0.1 30.7 9.9 310 4.4 6 —+0.9 37.6 9.8 383
33 6 +0.8 22.9 9.9 232 3.0 6 +1.8 28.6 9.8 292
22 6 +1.1 15.4 9.9 156 2.0 6 +2.9 19.4 9.8 198
15 6 +1.7 12.2 9.9 123 1.3 6 4-2.5 12.2 9.8 124
A\ C:Hs 250 5 -1.2 23.6 10.2 232 XII CH; 50 3
170 6 —-0.2 26.4 10.2 259 33 6 -3.2 17.4 9.9 176
110 6 -0.1 22.8 10.2 224 22 6 +0.2 14.3 9.9 145
75 6 +1.7 18.9 10.2 185 15 6 —+2.3 11.4 9.9 115
50 6 +1.0 14.6 10.2 143 XII [or331 15 6 —2.8 12.2 99 123
10 [} —1.2 13.2 9.9 134
6.7 6 —+0.2 12,1 9.9 122

¢ See the Experimental Section for the details of the biological testing.

Jevel. ¢Notincluding three animals which survived 100 days.

with H,0 and MeOH, was recrystallized from DMF-MeOH;
colorless prisms, mp 343-344°. Anal. (CoH1:N304) C, H, N.

VIII (R = H).—A sample of the acid XVI (1.0 g) and 4-(p-
aminoanilino)pyridine (0.52 g) were dissolved in dry N-methyl-2-
pyrrolidone (NMPy) (12 ml) by warming, the solution was cooled
to 5°, and pyridine (1 ml) was added followed by PCl; (0.125 ml).
The reaction mixture was heated on a steam bath for 1 hr and
cooled well, and erude product was precipitated with excess
2 N NH; Crystallization from DMF-MeOH-H,O mixtures
gave yellow prisms, mp >360°.

3-{ p-[p-(p-Nitrophenylcarbamoyl)benzamido] benzamido }-
pyridine.—A solution of acid XVI (2.0 g) and p-nitroaniline (0.81
g) in dry NMPy (25 ml) was cooled to 5°, and pyridine (2 ml)
then PCl; (0.25 ml) were added in that order to the stirred solu-
tion. During 1 hr of steam bath heating, the product separ-
ated. The solid collection from the well-cooled reaction mixture
was triturated with aqueous NH and then crystailized from DMF-
MeOH mixture, pale yellow prisms, mp >360° Anal. (Cus
HieN;0:) C, H, N.

® Qccasional 100-day survivors were obtained at this dose

Pyridinium 1-Methyl-3-{ p-[p-(p-nitrophenylcarbamoyl)-
benzamido] benzamido }-p-toluenesulfonate.~—~The preceding nitro
compound was heated with 2 molar equiv of methyl p-toluenesul-
fonate in NMPy solution to 150° for 5 min. Crude product was
precipitated with Et;O and crystallized repeatedly from DMF-
H;O containing 29 sodium p-toluenesulfonate. Pure material
separated in colorless prisms, mp 324-325°. Anal. (CsHasNe-
0s8;) C, H, 8.

Pyridinium 1-Methyl-3-{ p- [p- (p-aminophenylcarbamoyl)benz-
amido]benzamido }-p-toluenesulfonate (XVII).—The preceding
nitro quaternary salt (10 g) was suspended in 509 H,O-DMF
(200 ml), and Fe dust (30 g) was then added followed by AcOH
(2 ml). The heterogeneous mixture was heated under reflux
until reduction was complete.? The Fe-FeO mixture was filtered
from the boiling solution, the solids were extracted with hot
DMF (two 50-ml portions), and the combined filtrates were
evaporated to dryness. The residue was crystallized repeatedly
from H,O-EtOH containing sodium p-toluenesulfonate until
homogeneous by paper chromatography.? The resultant pure
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amine separated from solution as pale yellow plates (5.9 g), mp
268—2690. ;1 nal. (C“H;HN;,OSS) (/‘, IL S

XI (R = CHj;).—A sample of the quaternary salt XVIT (1.0 g
was dissolved in 7077 H,O-EtOH (100 ml). To the solution
were added concentrated HCL (0.2 ml) and 2-amino-4-chloro-1,6-
dimethylpyrimidinium iodide (0.5 g) and the whole was heated
under reflux for 0.5 hr.  To the hot solution was added o solu-
tion of KI (10 g) in HxO (30 ml}: on cooling the bisiodide erys-
tallized.  Repeated crystallization from H,O-MeOH containing
K1 using paper chromatography as an index of purity gave pure
material as vellow prisms, mp 306-308°.

The mele isomers of the above products that are listed in
Tables T and II were made by equivalent methods; details of the
necessary intermediates are listed below.

3-{ p-{p-(in-Nitrophenylcarbamoyl )benzamido]benzamido {-
pyridine, colorless prisms from DMF-MeOH, had mp >360°.
Anal, (CesH1aN;0;) ) T, N,

Pyridinium 1-methyl-3-{ p-{p-(-nitrophenylcarbamoyl)benz-
amido]benzamide |-p-toluenesulfonate, colorless needles from
HLO-DMF, had mp 325-326°.  Anal. (CyudlN;048) C, H, S,

Pyridinium 1-methyl-3-{ p-[p-(m-aminophenylcarbamoy!)benz-
amido]benzamido {-p-toluenesulfonate crystallized from Hy0-
tOH as pale vellow plates, mp 247-250°.  Anal. (CyHa N
Oy ) T, 8.

3-{ p-{p-(p-Acetophenylcarbamoyl)benzamido] benzamido -
pyridine.-——A solution of acid XVI (1.0 g) and p-aminoaceto-
phenone (0.4 g) in dry NMPy (10 ml) was cooled to 5° and pyri-
dine {1 ml) and PCL (0.13 ml) were added.  After heating for
0.5 hr on a steam bhath the solution was cooled and the crude
produet precipitated with dilute NHi.  Crystallization from
NMPy-MeOH gave colorless prisms, mp >360°. Anal. (Cy-
T.N.04) ¢, T, N

Pyridinium 1-Methyl-3-{ p-|p-(p-acetophenylcarbamoyl)benz-
amido]benzamido }-p-toluenesulfonate.—Quaternization of the
above base in the usual fashion? gave the quaternary salt which
separated from solutions in HoO-MeOI1 as colorless prisms, mp
322-323° Anal. (CyHuN0:8-0.5H.0) C, H, 8.

XIII (R = CH;).—To a solution of the preceding quaternary
salt (0.58 g) in 70%. H.O-DAMF (7.5 ml) was added a solution of
aminoguanidine bicarbonate (0.175 g) in H;0O (5 ml) plus con-
centrated HCl (1 ml). The solution was heated under reflux
for 20 min then evaporated to dryness in vacuo. Crystalliza-
tion from H;O-EtOH containing sodium p-toluenesulfonate plus

Vol. 11

a few milligrams of p-toluenesulfonic acid gave pure produet,
mp 151-153°,  .inal. (C44I‘I41N509S2\ C, }T, bl

XIV (R = CHj).-Normally the preparation of biguanides is
carried out in aqueous media; with the difficult examples we hiave
examined in this laboratory we have found that much better
results are obtained if completely anhvdrous conditions can be
maintained. A mixture of anhydrous p-toluenesulfonic :ueid
(0.27 g), the quaternary salt XVII (0.90 g, dried /n racuo at
100°), and dicyandiamide (0.27 g) was suspended in dry NMPy
(% ml) and the heterogeneous mixture was heated to 140° in an
oil bath for 1.5 hr. A homogeneous reaction mixture resulted
after approximately 10 min of heating.,  Excess Et,0 precipitated
crude produet as an oil.  Crystallization from H.O-MeOH con-
taining Nal gave pure XIV (R = C1I;) as yvellow prisms, mp
2722737,

XV (R = CH,). - Anhyvdrous p-toluenesulfonic acid (0.532 g3,
evanamide (0.17 g), and quaternary salt XVIT (1.70 g) in NMPy
(8 ml) were treated as for the corresponding biguanide.  The
bisiodide separated from H.O-MeOH containing Nal and a trace
of HI as colorless needles, mp 318-319°.

Biological Testing.—-Our routine test procedure consisted of
intraperitoncal inoculation of 105 L1210 cells into 18.5-22.5-g
CsH/DBAL Fyohybrids on day 1 with drug treatment initisted 24
hr later and continued for 5 davs,  All dosage was in (.2-m]
volume, Ha() being used as medium.  Groups of six animals per
dose level were used with one control group for every five tests.
The weight change column in Table 1I records the difference
between initial weight and that at day 8 for swvivors. The
number of animals swrviving as long or longer than controls is
listed under survivors. Doses have been rounded off to two
significant figures,

Compounds that have given no statistically significant in-
crease in life span when tested from a toxic dose level (giving
marked weight lo=s or premature deaths) to a nontoxic level have
been classed as negative, and this has been noted in the requisite
tables.  Full details of the testing of such negative compotnds
has not been given.
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