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Potential Antitumor Agents. \ X I .  Bisquaternary Salts 

An investiga,tion of types of qiut  ernary aniinonirini heterocycles nweptable :LA h > i c  fiitict,ioii,* it) esperinieiital 
Some aspects of the dependence for activit,y 011 charge separa- mtilerikemic bisquaternary salts is described. 

tion and on certain steric features are discwsed. 

Since the initial observation of experimental anti- 
leukemic activity in quaternary salts of S,K1-(6- 
quinolyl) terephthalamide? we have deiiionstrated that 
acceptable basic functions in this type of molecule are 
the quaternary salts of G-acylami~ioquinolines,~~~ 3- 
and 4.-(p-acylamino)phenylpyridine~,2~~ and 3-benz- 
amidopyridines. 3,4 The researches described in this 
Imper detail investigations of further acceptable basic 
functions as well as the effect of certain steric factors on 
biological activity. 

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

Fortunately in our series of bisquaternary compounds 
activity has been observed where distances between the 
quaternary nitrogen atoms are as low as 18 A (as in the 
parent K,S'-(Ci-quinolyl) terephthalamide series) which 
can be increased by small increments to a maximum of 
27 in the extended amide series described in our 
previous paper. 

A further example of the permissibility of variable 
charge separation i i  provided by the three series 1-111 
which all show convincing experimental antileukemic 
effectiveness in mice. 

1 

lipophilic than those Ijreviously used; for ex:mi1)lc, 
antileukemic cffectivcne+ drops from I (13 = CHJ to 
higher members. This could have been prrdicted 
from the relative I Z f  vtluea if thew mere t:iken 
giving :L measure of lipophilic-hydrophilic balance. 

In contra5t, the corresponding 2-anilinop;\-ridirIc 
series IV, covering a similar range of Rf values to the  
-l--atiilinop?-ridiries, coritaiiied no active member\. 
Further variants of the 4-anilino heteroc? cle 
have been exumined. The L'-nmiiio-4-anilino1,? rim- 
idiriei 1- gave life extensions in the 111210 
uitnilar to the corresponding 1)yridines but w 
active on :I. molar basis. The "-aniino-~-aiiilirit,-(i- 
methylpyrimidine serieh (1.1) utilizing the pyrimidine 
functioii present in the try1)aiiocides antrycide5 :ind 

o contained active members hut these 
:tctivc th:m the  1)yrimidinei 1- 011 ii 

niolar ha&; :i dow of sevcral hundred mg '1,g twitig 
required to demonstrate an effect. 

1 u 

RN\ 3 + / H N \  ~ H N c ~ c H = c H ~ H - H . . . H ~ H ~  / 
m 

These three series utilize the iien- basic functioii 
~ - : i ~ i i l i ~ i o ~ j ~ r i d i n ~ ;  thi. function is somewhat more 

(1) .\utltor t o  whom inquiries should be addressed. 
( 2 )  Part  V:  
( 3 )  P a r t  V I :  
( I) I'art VI1: 

0. J. .\twell and B. F. Cain, .I. M e d .  Chsm., 10, 708 ( l !N7) .  
C;. J. .\t!vell and R. F. Cain, d A . ,  11, 29.5 (lcJ68). 

G.  J. .itwell, B. F. Cain. itnd 11. X. Beelye, ibiil.. 11, 300 
(I!w3). 

C'olihidcl*utioti oi the iibove results coulhd \\ ltti tikc 
activit? of the 3-phen) lljyridinc keries de-cribcd 
earlier2 led to the preparation of the 2,4-diatiiino-3- 
pheIiylpyrimidiIies 171. These compounds proved t o  
be extremely potent experimental antileukemic drug+ 
with the ethyl quaternary salt (YII, R = C2H,) i n  
early treatment groups giving a proportion of 100-da). 
survivor,-. 
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As the majority of the compounds so far prepared 
had indentical terminal basic functions i t  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 Rf values. 

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

y 3  YHz + a d- -C=N-NH-C=NH~ R ~ = H  

YH2 + xy R'= -NH-C=NH~ 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 Rf 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 rapid2 i t  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 dn isophthaloyl unit gave a less active com- 
pound (XII) than the corresponding linear terephthal- 
oyl isomer. Here again an increase in lipophilic 
character associated with the nonlinear isophthaloyl 
group makes difficult the assessment of the intrinsic 
activity of a meta-fused system. 

One heterocyclic basic function in these materials 
may he 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 hydrophilic-lipophilic balance. The range of per- 
missible hydrophilic-lipophilic properties is quite 

restricted. In  the quaternary salts from S,S1-(6- 
quinoly1)terephthalamide only the n-propyl, n-butyl, 
and n-amyl homologs show activity, lower and higher 
homologs being inactivee2 Provided the agents have 
the correct lipophilic-hydrophilic balance, activity can 
be obssrved over an intercharge separation from 1s 
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.2 

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 struc- 
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, 
riz., 2-phenylpyridine, 2-benzamidopyridine, and 2- 
anilinop yridine. 

Experimental Section 

Analyses were by Dr. A. D. Campbell, Xcrochemical Lab- 
oratory, University of Otago, Xew Zealand. The symbol for the 
requisite element has been used to signify that analytical results 
were within =t0.4% 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,7 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 +(p-aminoanilino)pyridine. 
p-Toluenesulfonic acid hydrate (19.0 g) was dried by suspending 
in C6H6 (500 ml) and refluxing under a H2O 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 (50 g) were added. The heterogenous 
mixture was again refluxed until all traces of H1O had been re- 
moved. Benzene was then removed a t  steam bath temperature a t  
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 vucuo. The gum was dissolved in 
aqueous 2 S HCl(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 H2O (65 ml/g) gave 
pure product as colorless plates, mp 171-172" (14.6 g, 79%). 
Anal. (ClIHl&g) C, H, N. 

The methods used for preparation of the bis bases and the 
quaternary salts listed in Tables I and I1 have been adequately 
described.*$ 

2-Amino-4- (p-nitroanilino)pyrimidine.-2-4mino-4-chloro- 
pyrimidine (1.38 g)  and p-nitroaniline (1.48 g)  were dissolved in 
hot 2-ethoxyethanol (40 ml), HC1 (4 ml) v a s  added, and the 
clear solution refluxed for 1 hr. Product started to separate 
after 10 min. The rrude product \\as collected from the well- 
rooled mixture and suspended in excess aqueous NH?, and the 
resultant base crystallized from H2O-MeOH. Pure base 
separated as yellow prisms, mp 273.5-274'. Anal. (CloHsNaOp) 
C, H, N. 

(7) D. Jerchel and J. Jakob, Chem. Be?., 91, 1266 (1958). 
(8 )  E. Koenigs and H. Greinar. ibid. ,  64, 1049 (1031). 
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Drur: 
I CIIs 

I CzHa 

I 

I1 

I1 

I11 

CHa(CI1z)z 

C M a  

\v t 
Dose, Survi- change, .Iv survival, riaj's T/C,  

g Treated Control 

CzHs 

CHa 

I11 C2IIa 

111 

V 

v CZIIS 

AXTITU~IOR UISQGATEKNARY SALTS 

TZIILE IIa 

5 . 0  
3 . 3  
2 . 2  
1 . 5  
1 . 0  
0.67 
0.44 
5.0  
3 . 3  
2 2  
1 . 5  
1 . 0  
0 .67  
0 .44  
5 .0  
3 . 3  
2 . 2  
1 . 5  
1 . 0  
0 . 6 7  

15 
10 
6 .7  
4 .4  
3 . 0  
2 . 0  

15 
10 
6 .7  
4 . 4  
3.0 

15 
10 
6 .7  
4 . 4  
3 . 0  

75 
50 
33 
22 
15 
10 

50 
33 
22 
15 
10 
7 5 
50 
33 
22 
15 

250 
170 
110 

75 
50 

6.7  

vors 
6 
6 
6 
6 
6 
6 
6 
0 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
2 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6 
6 
6 
6 

-0 .5  
-1.8 
- 1 . 9  
+ 0 . 3  
$1.8 
+ 3 . 6  
$3.0 

- 2 . 8  
-0 .8 
+ 0 . 2  
f 0 . 8  
+1.7  
+ 2 . 1  
- 2 . 0  
+ 0 . 2  
+0 6 
$ 1 . 3  
$ 1 . 3  
+ 2 . 2  
-0 .7  
-0.6 
-0 .1  
+1 .7  
+ 2 . 0  
f 3 . 1  
- 2 . 2  
-1 .9  
-0 .2  
+ 0 . 5  
+ 1 . 3  
- 1 . 8  
f0 .2  
+l .  1 
+ 1 . 6  
+ 2 . 5  

-1.9 
- 1 . 7  
-0 .8  
+ 0 . 9  
+ 1 . 3  
+ 1 . 5  
-1.8 
-1.1 
- 0 . 7  
- n . z  
+ 1 . 3  
- 1 . 0  
+o.  1 
+0 .8  
+1.1 
+1.7  
-1 .2  
- 0 . 2  
- 0 . 1  
+ 1 . 7  
+ 1 . 0  

1 1 . 5  
32 .3  
37 .7  
32.7 
27.0 
21 .4  
1 4 . 5  

23 .5  
33.5 
25.4 
21.3 
1 5 . 8  
10 .7  
16.8 
19.4 
19.6  
1 7 . 9  
16 .1  
13 .6  
1 0 . 9  
36 .6  
20 .5  
1 6 . 1  
14 .2  
1 0 . 8  
19.4 
22 .0  
21.4 
16 .2  
12 .3  
14 .2  
1 6 . 4  
15 .8  
1 3 . 8  
11 .4  

15.2 
17 .2  
1 7 . 0  
16.2 
15 .6  
13 .2  
1 1 . 4  
13.6 
15 .2  
14 .2  
1 2 . 6  
2 2 . 8  
3 0 . 7  
22.0 
1 5 . 4  
12 .2  
23 .6  
26 .4  
2 2 . 8  
18 .9  
1 4 . 6  

10.1 
1 0 . 1  321 
1 0 . 1  373 
1 0 . 1  323 
1 0 . 1  267 
10.1 212 
1 0 . 1  143 

9 . 8  240 
9 . 8  342 
9 . 8  258 
9 .8  217 
9.8 161 
9 . 8  
9 . 6  175 
9 . 6  202 
9 . 6  204 
9 .6  187 
9 . 6  l i8  
9 . 6  142 
9 .6  
9 . 6  381 
9 . 6  213 
9 . 6  168 
9 . 6  148 
9 . 6  

10.1 192 
10.1 218 
10 .1  212 
10.1 160 
10.1 122 
10 .0  1-12 
10.0 164 
1 0 . 0  158 
10 .0  138 
10.0 

10.0 152 
1 0 . 0  172 
10.0 170 
10.0 162 
1 0 . 0  156 
1 0 . 0  132 
10.0 
10.0 136 
1 0 . 0  152 
10 .0  142 
1 0 . 0  126 
9 . 9  231 
9 . 9  310 
9 . 9  232 
9 . 9  156 
9 . 9  123 

10 .2  232 
10 .2  2.59 
1 0 . 2  224 
10 .2  185 
10 .2  143 

Dose. Survi-  
Drug R mg/kg/day 

\'I1 CiIIS 

VI11 CHa 

I S  CIla 

S CHa 

XIV CIIS 

XV CHa 

SI1 CHa 

XI1 ClIlS 

500 
330 
220 
150 
1 6 
10 
6 . i h  
4 4  
3 .0  
2 . 0  
8 0 

13 
9 
6 
4 

1.50 
100 

ti7 
4 4 
3 0 
20 
3 
3 . 3  
2 . 2  
1 .5  

20 

22 
15 
10 

15 
0.7 

i n  
ti. 7 
4 . 4  
3 . 0  
2 . 0  

25 
17 
11 
7.: 
5 .0  

15 
10 
6 . 7  
4 . 4  
3 . 0  
2 . 0  

6 .7  
4 . 4  
3 .0  
2 . 0  
1.3 

10 

50 
33 
22 
15 
15 
10 

6 . 7  

vors 
4 
6 
6 
6 
5 
6 
6 
6 
6 
6 
4 
6 
ti 
ti 
ti 
6 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
2 
6 
6 
6 
R 
6 
6 
6 
6 
6 
6 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
3 
6 
6 
6 
6 
6 
6 

\ \  t 
change, 

g 
- 2 . 7  
- 1 . 2  
+ 0 . 2  
+ 3 . 7  
- 2 . 1  
- 1 . 8  
- 1 . 2  
+ 1 . 0  
+1.3 
+ 1 . 4  
- 1 . 7  
-1 .0  
- 0 . 3  
+ 1 . 1  
+ 2 . 1  
+ 2 . 8  
-2 .5  
- 0 . 6  
- 0 . 2  
+o:j 

+o 9 
+0.7 
-2 8 
- 0 . 3  
f l . 1  
1-1.8 
- 1 . 4  
- 0 . 7  
+ 1 . 2  
1-2.5 

-3 .1  
- 2 . 3  
+ 0 . 4  
1-1.8 
+ l . 5  
- 2 . 4  
- 1 . 2  
+ 1 . 9  
+ 2 . 3  
+ 3 . 1  

- 3 . 1  

+ O  7 
+ 2 . 8  
+ R . 1  
- 2 . 3  
+ 0 . 1  
+ O . Y  
f 1 . 8  
+ 2 . 9  
f 2 . 5  

- 3 . 2  
+11.2 
+ 2 . 3  
- 2 . 8  
- 1 . 2  
+ 0 . 2  

- 0 . 2  

hv survival, days T/C,  
Treated Control '/o 

13.7  
22.8 
22 .4  
1 3 . 6  
13.0 
2 2 . 2  
44 8 
29 .3  
20 .9  
13 .8  

25 3 
43.5c 
36 2 
22.2 
14.6 

22 9 
25 .6  
2 0 . 8  
1 i . 6  
13.4 
14 .8  
2 3 . 2  
I<L4  
1.1.6 
13.2  
1 6 . 8  
14.9 
12.1 

1 9 . 9  
18.0 
17.8 
1 6 . 1  
1 2 . 3  
1 1 . 4  
17 .4  
17 .6  
1 5 . 7  
1 2 . 5  

2 0 . 8  
25.2 
20.2 
1 8 . 3  
1 3 . 2  
12.4 
3 3 . 2  
37 .6  
28.6 
1 9 . 4  
12.2 

17.4' 
1 4 . 3  
11.4  
1 2 . 2  
13.2 
12 .1  

9 .6  143 
9 . 6  237 
9 . 6  233 
9 . 6  142 

10.4 125 
10 .4  213 
10 .4  432 
10 .4  282 
10 .4  202 
10.4 133 

10 6 257 
1O.ti 410 

1 0 . 6  208 
1 0 . 6  138 

9 . 9  231 
9 . 9  258 
Y.9 211 
9 . 9  l i 8  
9 . 9  138 

10 .4  143 

10 4 187 

10 8 122 
10 .8  156 
10.8 138 
1 0 . 8  112 

1 0 . 1  137 
1 0 . 1  l i 8  
1 0 . 1  176 
10.1 159 
10.1 122 
9 . 8  187 
9 . 8  178 
9 . 8  l i 9  
9 . 8  1611 
9 . 8  127 

9 . 9  211 
9 . 9  254 
9 . 9  200 
9 . 9  161 
9 .9  131 
9 . 8  127 
9 . 8  338 
9 . 8  383 
9 . 8  292 
9 .8  198 
9.8 124 

9 .9  l i 6  
Y . Y  145 
9 9  11.5 
$1 9 123 
Y 9 194 
Y 9 122 

10.6 342 

10.4 223 

i n  4 141 

5 See the Experimental Section for the details of the biological testing. * Occasional 100-day survivors were obtained a t  this dose 
level. c Not including three animals which srtrvived 100 days. 

with H,O and MeOH, was recrystallized from DNF-11eOH; 
colorlers prisms, mp 343-344'. Anal. ( C ~ O H I ~ N ~ O ~ )  C, H, N. 

VI11 (R = H).--A sample of the acid XVI (1.0 g) and 4 ( p -  
aminoani1ino)pyridine (0.52 g) were dissolved in dry N-methyl-2- 
pvrrolidone ( N l I P y )  (12 ml) by warming, the solution was cooled 
to j0, and pyridine (1 ml) was added folloned bv PC1, (0.126 ml). 
The reaction mixture was heated on a steam bath for 1 hr and 
coolcd \\ ell, and crude product 1% as precipitated with excess 
2 S NH3. Crystallization from DMF-MeOH-HLO 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 K;1\IPy (25 ml) was cooled to 5', and pyridine (2 ml) 
then PC1, (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 mixtrire 
was triturated with aqueous NH and then crystallized from LIJIF- 
LIeOH mixture, pale yellow prisms, mp >360". Anal. (CX-  
IIioNjOj) C, 11, N. 

Pyridinium l-Methyl-3-( p- [p-(p-nitrophenylcarbamoy1)- 
benzamido] benzamido }-p-toluenesu1fonate.-The preceding nitro 
compound was heated with 2 molar equiv of methyl p-toluenesul- 
fonate in KMPg solution to  150" for 5 min. Crude product was 
precipitated with E t 2 0  and crystallized repeatedly from DlfF- 
H20 containing 2% sodium p-toluenesulfonate. Pure material 
separated in colorless prisms, mp 324-325". Anal. (C34H29N5- 

Pyridinium 1 -Methyl-3- { p -  [ p -  (p-aminopheny1carbamoyl)benz- 
amido]benzamido}-p-toluenesulfonate (XVII).-The preceding 
nitro quaternary salt (10 g)  was suspended in 50% H20-DhlF 
(200 ml), and Fe dust (30 g)  was then added followed by AcOH 
(2 ml). The heterogeneous misture was heated under reflux 
until reduction was ~ o m p l e t e . ~  The Fe-FeO mixture was filtered 
from the boiling solution, the solids were extracted with hot 
D J l F  (two 50-ml portions), and t,he combined filtrates were 
evaporated to dryness. The residue was crystallized repeatedly 
from H20-EtOH containing sodium p-toluenesulfonate unt,il 
homogeneous by paper chromatography.2 The resiiltant pure 

O&) C, H, S. 




