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was kept a t  - 70" for 1 hr, a t  0" for 1 hr, and a t  room temperature 
overnight, the solids were collected by filtration and washed 
with EtlO. The filtrate and washings were combined and treated 
in the same manner as described for the preparation of 10. The 
filter cake was washed with H 2 0  and the insoluble solids were 
combined with the residue from the Et20 filtrate to give 3.13 g 
of products. Glpc analysis showed that the mixt,ure consisted 
of 1.67 g (27.9%) of 11 and 1.46 g (27.6c0) of 10. The mixture 
was stirred in 40 ml of 0.1 S HCL, and the acid-insoluble product 
was collected by filtration. *4 second treatment with acid and 
recrystallization of the insoliihle product from cyclohexane gave 
0.9 g of 11, mp 182.5-184.5". .2nal. (C!,H1&&) C ,  H, N. 

B.--A mixtiire of ,iOO mg (2.75 mmoles) of 4 and 3 ml of form- 
amide was heated at 1.80" f o r  :3 hr iinder rediiced pressiire (i3t.j 
mm). The melt was poiired into 20 ml of H 2 0  and 330 mg of 
insoliible solids was collected by filtration ( 2 1 . 3 5  of 11 by glpc). 
The solids were triturated with 10 ml of 1 S HC1, and the acid- 
insoluble product was collected by filtration, washed with HyO, 
and dried. Recrystallization from cyclohexane gave 106 mg 
of 11. 

C.-Oxidation of 336 mg of 9 wit,h aqueous KMnOc and ex- 
traction of the solids with CHC1, gave 1.1 mg of 10 and 9.9 mg 
of 11: rompoiind 2 roiild not be detected among the products. 

N,N'- [6-( Methylamino)-s-triazin-2,4-diyl] bis( N-methylform- 
amide) (12).-A mixture of 7 g (0.042 mole) of 6 and 18 ml of 
formamide was heated a t  185' for 2 hr. The melt was poured into 
40 ml of H20 and the mixture was chilled in an ice bath. The 
insoluble products were collected by filtration and triturated 
with 40 ml of 1 AV HC1.I0 The acid-insoluble product was col- 
lected by filtration, washed with HzO, and dried. Recrystalliza- 
tion from CC14 gave 0.26 g (3%) of 12, mp 207.5-209'. Anal .  

N- [4,6-Bis( dimethyIamino)-s-triazin-2-y1] formamide was pre- 
The prodlict was 
.-lna/. (CnH,J60) 

(C~HnNfi0,) C, H, X. 

pared in .)8cc yield from 3 by method B. 
recrystallized from EtOfT, mp 182.5-184.3O. 
c, H, s. 
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(10) The major product of the reaction which was soluble in HC1 was 
identified as N- [4,6-his(met hylamino)-.~-triazin-2-yl]-N-meth~.lformamide~ 
mp 168-171° (analytical sample). Anal. (CiHnNaO) C. H,  K. 
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The postulate that  a close approach to over-all planarity in bisquaternary ammonium heterocycles is essential 
for maximum activity when tested against the L1210 system has been further investigated. The preparation 
of L1210 active quaternary salts containing a diphenyl system suggests that  complete planarity in this type of 
molecule is not an essential requirement 

In  an earlier paper2 we demonstrated that a close 
approach to over-all planarity of certain quaternary 
heterocycles was apparently essential for significant 
activity in the Ll2lO system in mice. Proceeding from 
this point prepared314 active agents whose length 
exceeded 30 A. This paper details an investigation into 
these longer molecules in which deliberate attempts have 
been made to introduce a sinall degree of twist in the 
central area of the molecules. 

Using the biphenyl moiety as a central fragment hav- 
ing the desired degree of twist about the pivot bond, 
activity WRS first found in series I. Here, convincing 

activity against the L1210 system could be dewon- 
strated in the series from methyl through n-butyl 
quaternary salts (Table I ) .  

Higher activity was shown by the bis(ethy1 and bis- 
(n-propyl quaternary) salts as compared to the other 
homologs, but the precision of the test system does not 

(1) Author t o  whom correspondence should he addressed. 
(2) G. J. Atwell and B. F.  Cain, J .  M e d .  Chom., 10, 706 (1967). 
(3) G. J .  Atwell and B. F. Cain, { b i d . ,  11, 295 (1968). 
(4)  B. F. Cain. G. .I. Atwell, and R .  N. Seelye, i h k l . ,  11, 300 (1968). 

allow a clear cut distinction between these two mole- 
cules. 

I t  is interesting to observe that the relative Rf values 
for the ethyl and n-propyl quaternary salts of I lie on 
either side of the figure noted for the optimum meinbers 
in a series prepared Thus it would appear 
that, even with the structural changes introduced into 
I, the Rf  values can still serve as a reliable guide to the 
relative hydrophilic-lipophilic balance. 

A marked contrast exists between the active series I 
and the completely inactive biphenyl analog I1 reported 

"$0 m(=y- 
-N / \ / H C o \  / \ / \ / h A  

H 
I1 

by Be~ ine t t .~  Our results so far are now able to resolve 
this apparent discrepancy. In  our lead series, the 
quaternary salts from S,N'-bis(6-quinolyl)terephthal- 
amide, optimum activity is associated with the bis-n- 
butyl salt, the higher n-hexyl homolog being inactive. 
In  variant I, where biphenyl replaces phenylene, in our 
lead series, a lower quaternary salt (ethyl or n-propyl) 
exhibits maximum activity. The change from phenyl 
to  biphenyl has thus increased the lipophilic character of 
the resultant series by a factor equivalent to several 
methylene groups. Thus, if in the active 4',"'-bis- 
(Zimidazolin-Zyl)terephthalanilide6 the imidazoline as 

(5) L .  1,. Bennett, ,Jr., PTOUT. E r p .  Tumor Res . ,  7, 259 (1965). 
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Free base. Anion throrighoiit this paper is p-tol~reiiesiilfoiiate iiriless otherwise stated. Anioii 
J Where analyses are indicated oiily by symbols of the elements, analytical results obtained for those elements were withiii 

equivalent to our wrlier polyu~iiides'-~ but with uti 
amide function replaced by a benzyl ether group. 
Although the Rf  values for this series showed that the 
balance of lipophilic-hydrophilic properties was in the 
correct mtige,z no activity against the L1210 leukemia 
could be denionstrated. 

Experimental Section 
Where aiialyses are indicated only by symbols of 1 he clenieiits, 

analytical r au l t s  obtained for these elements were within =k0.470 
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 with the makers supplied 
stem corrected thermometer, a 2"/min heating rat,e from 20" 
helow the melting point was iised. l le thods of preparation of 
symmetrical bishases and quaternary salts, details for chromatog- 
raphy and prirification, etc., have heen described adeqiiately.2-4,* 

In the preparatioii of the acid chloride of diphenpl-4,4'- 
d i c a r h s y l i c  avid previoris iiivestigators have used organic sol- 

ven-PC1; rnixlurcs; i t  has bcen foiind that the iise of POC1, a~ 
solvent gives superior results. This method can be iised ad- 
vantageously with flnorene-2,7-dicarboxylic acid also. The bis- 
bases prepared from the above two acid chlorides are extremely 
insoliible and difficulty is experienced in crystallizing these; 
for example, I (12 = H) is best crystallized by dissolving in 
boiling phenol and adding boiling DJZF iintil crystsllizatioii 
begins ; slow cooling yields a highly crystalline specimen. For 
qriaternization of these insoliible bases it is essential to iise N- 
methyl-2-pyrrolidoiie as solvent. 

3- { p -  [ p - (  p-Nitropheny1)benzamidoJ benzamido ] pyridine.-.% 
solution of 4-(p-nitrophenyl)benxoyl chloride ( 2  g)  in pyridine 
(10 ml) a t  20' was added in one portion to a solution of 3471- 
aminobenzamid0)pyridine (1.63 g)  in pyridine (15 ml). The 
mixture was heat,ed a t  100" for 15 rnin and cooled, t ken criide 
product, precipitated with a large volume of 2 .V NH4OH. 
Crystallization from DMF-MeOH gave pale yellow prisms (2.95 
g), mp 3!50-352O. Anal. ( C ~ S H I ~ N ~ O ~ )  C, H, N. 

3- { p -  [p-(p-Aminophenyl)benzamido] benzamido] pyridine was 
prepared by Fe rediiction3~4 of the preceding nitro compound in 
SOC,  l),\IF-H:O. Repeated vr\-stallizatioti from I l l lF- l IeOH 
gave piit'e mat erial as colorless prisms, nip :534..5-8:3.5 '. And. 
(CzjIIouNaOy) C, H,  S.  
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