
ANTITUMOR AQENTS. 11 Journal of Mecidinal Chemistry, 1971, Vol. 14, No. 4 311 

soln and crystn of the residue from EtOAc-petr ether (bp 60-80") 
gave 55, mp 142-143" (3.3 g). Anal. (C18H200,) C, H. 

6 4  5-Carboxy-3-methylpent-2-enyl)-5-ethoxy-7-hydroxy-4- 
methylphthalan-1-one (56) and 6-(5-Carboxy-3-methylpent-2- 
enyl)-7-hydroxy-4-methyl-5-n-propyloxyphtha~an-l-one ( 7).- 
A soln of 53 ( 5  g) and Et1 (20 ml) in MezCO (125 ml) was heated 
under reflux in the presence of anhyd KzCO~ (20 g) until tlc 
showed that a significant amount of the desired product had 
been formed (36-48 hr). The reaction mixt was filtered and 
the solid residue acidified with 2 N HCl and extd with EtOAc. 
The washed (HzO) and dried (MgSo4) EtOAc soln was evapd 
and the residual solid subjected to prep tlc. Product 56 (500 
mg) had mp 143-145' [from EtOAc-petr ether (bp 60-80')]; 
7 (CDCl,) 6.18 (q, 2 H )  and 8.62 (t, 3 H )  (CHICHZO). Anal.  

mp 
125-127" (from EtOAc-petr ether (bp SO-SO0) (240 mg); 7 
(CDC13) 6.25 (t, 2 H), 8.1 (m, 2 H), and 8.91 (t, 3 H )  (CHICHI- 
CHIO). Anal.  (ClgHz406) C, H. 

6-( 5-Carboxy-3-methylpent-2-enyl)-5-hydroxy-7-methoxy-4- 
methylphthalan-1-one (60).-A soln of 55 (500 mg) in MeOH 
(70 ml) was allowed to stand with excess of CHINI in Et20 for 
1 hr a t  5'. The Et20 was evapd, 3 N NaOH (10 ml) was added, 
and the soln was kept a t  room temp for 20 min. The reaction mixt 
was acidified with 3 AT HC1 and extd with EtOAc. Evapn of the 
washed (H20) and dried (Mgso4) EtOAc soln and crystn of the 
residue from EtOAc-petr ether (bp 60-80") gave 60, mp 156- 
158' (310 mg). Anal. (CliH2906) C, H. 

34 5-Carboxy-3-methylpent-2-enyl)-2-hydroxy-6-hydroxy- 
methyl-4-methoxytoluene (62).-A soln of 60 (100 mg) in 3 N 
NaOH (30 ml) was heated under reflux under X I  for 24 hr. After 
acidification of the reaction mixt with 3 N HC1 the product was 
isolated in EtOAc and crystd from EtOAc-petr ether (bp 60-80") 
to give 62: mp 128-132' (55 mg); 7 (MezCO-ds) 3.42 (s, 1 H), 
4.7 (t, 1 H), 5.5 (s, 2 H), 6.3 (s, 3 H), 6.7 (d, 2 H), 7.76 (m, 4 H), 
7.92 (s, 3 H), and 8.28 (sb, 3 H). Anal. (C18H2205) C, H. 

34 5-Carboxy-3-methylpent-2-enyl)-4-hydroxy-6-hydroxy- 
methyl-2-methoxytoluene (63).-A soln of 1 (2  g) in 3 N NaOH 
(100 ml) was heated under reflux for 18 hr during which time a fast 

(C18HZI06) c, H. 
Using a similar procedure 53 (3 g) was converted into 57: 

stream of NS caused a reduction in vol to 20 ml and the production 
of a ppt. The reaction mixt was acidified with 3 N HC1 and 
extd with EtOAc. The EtOAc soln was washed (HIO), dried 
(MgSOa), and evapd and the residue was subjected to prep tlc. 
Isolation of the component giving an immediate response to Cr03- 
HnSO4 spray and crystn from EtOAc-petr ether (bp 60-80") 
gave 63: mp 126-128" (150 mg); 7 3.28 (s, 1 H, ArH) and 5.54 
(s, 2 H, ArCH20H). Anal. (C16H2206) C, H. 

3-( 5-Carbo~y-3-methylpent-2-enyl)-2,4-dihydroxy-6-hydroxy- 
methyltoluene (64).-A soln of 53 ( 1  g) in 3 AV SaOH (80 ml) 
was heated under reflux under NZ for 18 hr. I t  was acidified 
with 3 1V HC1 and extd with EtOAc. Concn of the washed 
(HzO) and dried (l\lgso4) EtOAc soln gave 64; mp 152-154" 
(800 mg); 7 (MezCO-ds) 3.5 (s, 1 H, ArH) and 5.52 (s, 2 H, ArCH2- 
OH). Anal. (C16H~oOa) C, H. 

24  5-Carboxy-3-methylpent-2-enyl)-5-hydroxymethylresor- 
cinol (65).-A soln of 61 (100 mg) in 3 N NaOH was heated under 
reflux under P\Tz for 18 hr. Acidification of the reaction mixt with 
3 N HCl, isolation of the product in EtOAc, and crystn from 
EtOAc-petr ether (bp 60-80") gave 65: mp 135-138' (46 mg); 
7 (MezCO-da) 3.67 (s, 2 H, ArH) and 5.64 (s, 2 H, ArCH20H). 
Anal. (C14Hl&) C, H. 

24  5-Carboxy-3-methylpent-2-enyl)-5-hydroxymethyl-3-meth- 
oxyphenol(66).-A soln of 4912 (400 mg) in 3 N NaOH was heated 
under reflux under Nz for 18 hr. After acidification with 3 N 
HCl the reaction mixt wa5 extd with EtOAc and the ext washed 
(HzO), dried (&fgso4), and evapd. Prep tlc of the residue gave 
59 (24 mg) and a solid which was crystd from EtOAc-petr ether 
(bp 60-80") to give 66: mp 115-118" (52 mg); 7 (MezCO-ds) 
3.57 (s, 1 H), 3.58 (s, 1 H )  (ArH), and5.6 (s, 2 H, ArCH20H). 
Anal. (CI5HZOO5) C, H .  
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It is suggested that the group of coplanar, fully ionized, cationic agents which demonstrate high activity 
against the L1210 leukemia may lodge temporarily in the minor groove of a polynucleotide helix as a site of 
residence. From a consideration of binding to 
these sequential sites and to  modes of cellular entry certain nonquaternary bis bases active against the L1210 
have been prepared. 

A later intercalated mode of drug binding leads to cell death. 

I n  the last paper of this series' we developed a view 
of the structure-activity relationships of a large series 
of cationic agents which are essentially fully ionized a t  
physiological pH values. It was then suggested that 
the structural requirements for activity with these 
agents [for example, 1 (R = CH,) andisometamidium 
21 could indicate a site equivalent to  the minor groove 
in a polynucleotide duohelix. Further, such molecules 
might reside in this site until unwinding of the helix 
caused separation of the purine-pyrimidine pairs. The 
agents could then intercalate between adjacent base 
pairs with the planar aromatic nuclei contacting the 
purine-pyrimidine nuclei and the cationic charges 
matching to negative charges on the sugar-phosphate 
chains. 

Intercalation has been well documented as regards 
(1) B. F. Cain, G .  J. Atwell, and R. N. Seelye, J. W e d .  Chem., 12, 199 

(1969). 

homidium (3).* It also appears reasonable to  expect 
derived agents such as isometamidiurn (2) to intercalate. 
Extension of such views to the coplanar biscationic 
agents grouped earlier' ( e . g . ,  1) leads to the speculation 
that  intercalation may be an important event with this 
group also. Combining this concept with structure- 
activity relationships concerned with matching of drug 
structure to  the minor groove of a polynucleotide helix, 
a novel viewpoint emerges that two sets of structure- 
activity relationships may operate for these agents: 
(a) structural characteristics allowing binding in the 
minor groove of a polynucleotide helix as a site of resi- 
dence; (b) features consonant with binding in a later 
available intercalation site-the actual site of action. 
Such views could conveniently explain the reoquirement 
for an approximate charge separation of 20 A in mole- 
cules such as 1' for high antileukemic activity. Such 
dimensions would allow the agent to extend through a 
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2 R= -N=N dH2 
3 R4 

polynucleotide stack, the cationic charges matching to 
phosphates on chains A and B resulting in effective cross 
linking. 

I n  essence, our current view is that  the frequency of 
occurrence of a deranging intercalation step will be 
markedly increased by measures which concentrate 
agents in the immediate neighborhood of the potential 
intercalation site. 

I n  preceding papers of this series \Ye have described 
a series of bisquaternary salts n-hich exhibit high activ- 
ity when tested against the early intraperitoneal L1210 
test system. Not surprisingly, none of the quaternary 
salts so far prepared have shown significant activity 
against intracerebral leukemia when administered ip. 
A4ttempts have been made, by molecular modification, to 
obtain agents with better distributive capacities while 
still retaining the high activity of the quaternary salts. 

Current concepts in molecular pharmacology2-6 
suggest that  rates of cellular penetration by passive 
diffusion can be increased by modifying agents so that  
they are: (a) more lipophilic; (b) less ionized at physi- 
ological pH values. Taking cognizance of these factors 
nnd considering our own present views of the impor- 
tance of intercalation, a series of bis bases 4 was pre- 

L 

(2) A. B. Brodie and C. A. h l .  Hogben, J .  Phurm.  Pharmacol., 9 ,  346 
(1957). 

(3) L. 9. Schanker, D .  J. Jocoo, B. B. Brodie, and  C.  A .  M. Hogben. J .  
Pharmacol. E X P .  Tlier., 12S, 81 (1958). 

(4) B. E.  Brodie, H.  Kurz, and L. S. Schanker. % b i d . ,  190, 20 (1960). 
( 5 )  E. J. Ariens, Ed., "Molecular Pharmacology," 1'01. 1, Academic 

(6) L. S .  Schanker, J. M e d .  Pharm.  Chem.,  2 ,  343 (1963). 
Press, New York, N.  Y , ,  1964, pp 8-48. 

pared. These can be considered as equivalent to 11011- 

quaternary analogs of isometamidiurn (2). The 
strongly basic y-aminoheterocyclic systems in 4 provide 
cationic charge without the necessitJ- for cpaterniz,i- 
tion. Similarities betn-een 4 and 2 :ire seen clenrly from 
comparison of molecular models in I\-hich tlie >iniil:w 
intercharge separation arid the degree of corresporitlence 
of the fused ring areas become apparent. Lipophilic 
character was controlled by adjustment of tlie :ilk> 1 
function R ; consideration of pli control :ml lipopliilic 
character prompted :L concurrent examiliatioil of the 3- 
chloro isomers. Sone  of these ngentq (Table I) .;lio\vcd 
activity against the L1210 system. 

TABLE I 
SUBSTITUENTS I N  4 

Mp, oc Formula 

CZ4HI8N4 2HBr >360 
234-235 C2eH22N4 
243-244 C28H2dV" 
107,5108 C3oHaoN4 
173-175 CaiHarN4.2HBr 

336-338 C P I H I $ ~ N I . ~ H I  
142-143 C26H21ClNI 

167-169 CarHssN4.2HBr 

237-235 Cz8H~bClN4 

94-% C32HaaClN4 
S6- h7 C34H?iClNi 

232-233 C3oH29CIN4.2HBr 

Anal.  

C ,  H, N, Br 
e, II, N 
C ,  H, N 
c, €I, N 
C, H, N, Br 
C, II, N, Br 
C, H, N, 1 
C, €I, N, C1 

C, H, N, Br 

C', H, Pi 

c, II, N, c1 
e, H, Tu', c1 

Earlier,' predict>ions from our site model hypothesis 
had led us to prepare bisquaternary salts sucli as 1 
(R = CH3) 11-hich shou-ed high nctivit'y against the 
L1210 leukemia. The base 1 (11. = 13) showed i i o  iii- 
hibitory effects agiirist leukemia L1210. Recognition 
of the possible importance of intercalation led to the 
preparation of the acridinium salt 5 (K = ('I&). Tliis 
compound provided convincing life extension when 
tested against leulteniia L1210 althougli it \ m s  ccrt:linly 
not' as active as 1 (R = e&), The corresponcling free 
base 5 (R = H) proved inact,ive. ' h e  lon-er d i v i t y  
of 5 (It = CH3) in rehtion to 1 (I! = CI-13) Ii:~d been 
predicted before synthesis because of our :iccumul:ited 
knowledge of the importance of lipophilic -1~~~dropIijlic 
balance. The biscatioiiic agents discussed previously * 
show a pronouriced dependence on lipop~iilic-li\.dro- 
pliilic balance for activit;\.. The fusion of :I beiizenr: 
ring to 1 (11 = CH3), where the physical propertic 
in close to optimum balance, yielding 5 (It = (~'FI3) 

would cert>ainly produce :t more lipophilic aii(1, there- 
fore, less active ni01ecule.~ 

Our previous experience in this are:%, coupled with 
model fitting, predicted that  i~ species such :LH 6 (I1 = 
CH3) Tvould be considerably more act'ive - the fit to the 
sites of residence and action appearing the same :is for 
5 (K = CH3) but tlie added amide and 2-amino group in 
6 would allon- n closer approach t o  t'he optimum figure 
required for the lipophilic-hydrophilic balance. This 
proved to be the case since 6 (It = CHa) shows very 
high activit,y against the 1,1210 test Surpris- 
ingly, the unquat,ernized base 6 (R = H) \vas unequiv- 
ocally active against the L1210 system. By  synthesis 

( 7 )  Using partition chrornatograpiiy to provide a convenient measure of 
partition coefficients (ref 1) the Rt values of 1 (R = CHa) and 6 (R = Clfs)  
relative t o  dimidium 3 (R = CHa) as internal standard n.ere 0 . S i  and 1.22.  
(8) Ry for 6 (R = CHJ)  relative t o  dimidium was 0.98. 
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of the various analogs described below it was shown 
that  the reason for the antileukemic activity of 6 (R = 
H) in contrast to the nonactivity of 5 (R = H) lay in 
the lower pk of the 3-benaamidopyridine system in 6. 
The reversed-amide isomer of 5,  viz . ,  7 (R = H),  proved 
inactive as did the 3-chloro isomer 7 (R = Cl). How- 
ever, the more weakly basic diamin~pyrimidine~ 8 
proved active. The activity of the 3-nitro compound 
7 (R = NOs) showed that  sufficient reduction in the plc 
of either basic terminus would allow anti-11210 activity 
to be demonstrated. One conclusion to be drawn here 

5 

6 

8 R=H R’= 

R 

is that  cellular penetration is a limiting factor and de- 
pendent on the concentration of neutral species (Table 
11.) This is in accord with RobbinsJlo suggestion that  
the rate of membrane penetration is proportional to the 
percentage of neutral form. 

It has proved impossible to measure the pk’s in H20 
of 5-8 listed in Table I1 by potentiometric or spectro- 
photometric methods” because of the extreme insolu- 
bility of the neutral forms. While it is possible to mea- 

(9) The earlier demonstration tha t  quaternary pyridinium and diamino- 
pyrimidinium functions could be interchanged as  the  cationic centres in bis- 
quaternary salts prompted t h e  transposition in this example t o  gain pk con- 
trol;  see G. J. Atwell, B. F. Cain, and R. N. Seelye, J .  .Wed. Chem.,  I t ,  690 
(1968). 
(10) R. Robbins, J. Gen. Physiol.,  43, 853 (1960). 
(11) A .  Albert and  E. P. Sergeant, Ed.,  “Ionization Constants of Acids 

a n d  Bases,” Methuen & Co. Ltd., London, 1962. 

TABLE I1 
Percentage 
of neutral  

form a t  
p H  7.3 

Species Basic functions and their pk’s (relative) 

5 ,  R = H 9-Aminoacridine, 9.6;a 4-aminopyri- 

6, R = H 2,9-DiaminoacridineJ 10.0;* 3-benz- 

7, R = H 9-AminoacridineJ 9.6; 4-aminopyri- 

7, R = C1 3-Chloro-9-aminoacridineJ 8.9;a 4- 

7, R = NOz 3-Nitro-9-aminoacridine, 7.5;. 4- 

8 9-Aminoacridine, 9.6; 2,4-diamino- 

5, R = CHS 

dine, 9.2b 0.006 

amidopyridine, 3.@ 0 . 2  

dine, 9.2 0.006 

aminopyridine, 9.2 0 .03 

aminopyridine, 9.2 0.48 

6-methylpyrimidineJ 7.id 0 .17 
9-Imino-lO-methylacridan1 10.7;“ 
1,4-dihydro-4-imino-l-methyl- 
pyridine, 12.5” 3 . 6  x 10-6 

a A. Albert, Ed., “The Acridines,” 2nd ed, E. Arnold, London, 
1966, p 437’. b J. It. Essery and K.  Schofield, J. Chem. Soc., 3939 
(1961). 0 R. A. Jones and A. R. Katritzky, ibid. ,  1317’ (1959). 
d J. C. Gage, ibid. ,  469 (1949). e S. S. Angyal and C. L. Angyal, 
ib id . ,  1461 (1952). 

sure the plc’s in solvent mixtures the application of sol- 
vent correction factors has proved unreliable. l 1  Since 
a set of very similar molecules are considered it is taken 
that the percentage of neutral forms present a t  physio- 
logical pH values will be related to the pk’s of the basic 
termini when these are examined separately. The 
figures in Table I1 have been calculated by such means 
for a pH of 7.3. I$ is assumed that the large charge 
separation ( > l 5  A) minimizes intercharge interac- 
tions.12 The figures given are certainly not absolute 
but should be valid in a relative sense over the restricted 
series presented. 

Xow the lack of anti-11210 activity for 4 (Table I) 
becomes understandable; such strongly basic species 
would not provide sufficient neutral species for adequate 
cellular penetration by passive diffusion. Also, the 
dimethyl quaternary salt of 4 (R = R’ = H) proved 
much more lipophilic (RD = 1.34)’ than is usual,’ hence 
its inactivity in the L1210 systems. 

The accumulated results draw further attention to  
the anomalous ease of cellular entry of the quaternary 
salts already examined.’ As indicated in Table 11, 
quaternary salts such as 5 (R = CH3) have virtually no 
neutral form present a t  physiological pH values. Par- 
tition chromatography has provided an internally con- 
sistent scale for measuring the comparative hydrophilic- 
lipophilic balance of the quaternary salts. ’ Ilon-ever, 
comparison of this scale with alternate measures of these 
physical properties, for example, the octanol-HJO parti- 
tion s> stem of Hansch,l3 demonstrates the extremely 
hydrophilic nature of these quaternary salts. Thus, 
dimidium bromide (3, R = H) which has partition 
figures close to the optimum necessary for antileukemic 
activity in the quaternary salts and has been used as a 
convenient internal standard, has a partition coeffi- 
cient (P) of only 0.4 in octan01-H~O.l~ This low figure 
contrasts strongly with the optimum ~ugges t ed ’~ , ’~  for 
passive diffusion to  site of action; log P - 2 ,  L e . ,  P - 

(12) J. Clark and D. D. Perim, Quart. Rev.  Chem. Soc., 18, 295 (1964). 
(13) C. Hansch, Account Chem. Res., 2, 232 (1969). 
(14) C. Hansch. A. R .  Sterrand, S. M. Anderson, and D. Bentley, J .  Med.  

Chem., 11, 1 (1968). 
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100. These figures further strengthen our vie\+- that a 
specialized transport mechanism operates with these 
powerful bases. 

Our vien- n-ould be that  a powerful base such as 5 
(I1 = CH,) n.it'h its lipophilic-hydrophilic balance in 
the r:mge Iiecessarl- for activity' would be t,raiisport'ed 
into cells of t'he target species. Although considerably 
less strongly basic, 5 (R = H) distributes itself much 
less freely than t'he more fully ionized quaternary salt. 

'rhc enhanced lipophilic15 character of the nonquater- 
nary base 5 (R = H) denies this agent the transport, 
niecEiariism which operat'es for 5 (R = CH,) but, bc- 
c:iusc of it's strongly basic functions, cannot provide 
sufficient neutral species for adequate cellular entry by 
pissivc diffusion (Table 11). Attenuation of eif i ie) .  
strongly basic terniinus to provide the alternates 7 (I3 = 
S0,j and 8 affords molecules where the relative level 
of neutral species present at physiological pH values 
(T:Lble 11) is sufficient to nllon- reasonable ratmes of meni- 
brxne pe~iet~rntion when biological activity returns. 

Experimental Section 
Aiialyses were by I). A. D. Campbell, Microchemical Labora- 

tory, University of Ot,ago, Otago, New Zealand. The symbol for 
the requkite element has been used to signify that the analytical 
reaults mere within &0.47;, of the calculated figure. 3Ielting 
points have been determined 011 an Electrothermal melting point 
apparatus wit>h the maker's supplied stem-corrected thermometer. 
-4 2";min heating rate from 20" below the mp was used. 

4-Anilopyridines.-The convenient method of Jerchel aiid 
Jakob,I6 treating a salt of an aromatic amine with S-pyridyl-4- 
pyridiriium chloride, HC1" n-as used : full experimental details 
have been published.18 By this means the nitroanilinopyridines 
listed iii Table I11 were prepd, these in turn being reduced by 
FeI9 to the aminoaiiiliiiopyridines (Table IT-). 

TABLE I11 
S-(PYRID-4-YL)-S-ALICYL-p-NITROhNILINES 

.\-=.~lksI 
sulisrituent Alp, OC Formula Anal. 

CZH: 91-91 C13Hi3X302 C, H, N 
CH3(CH2 j3  S3-84 C,5H17N302 C, H, Tu' 

CH3(CH2), 234-235 Cl9H25N302.HBr C, H, N, Br 
CH3(CIlz)9 226-227 C21H2qN302.HBr C, H, N ,  Br 

CH3(CHz):, 245-246 Ci;H?iN30a.HBr C,  H, X, Br 

TAHLI: IV 
. \ ' - ( P Y R I D - 4 - Y L ) - ~ ~ ' - A L K Y L - ~ - ~ H ~ ~ Y L E N l f D I . \ Y I I ~ U R S  

aulistituent Alp,  "c' Formula Anal. 
.Yl-.Il kyl  

S& 120-121 c13Hl5N3 C, H, X 
C H I ( C H ~ ) ~  115-1 16 C15H19N3 C, H, lu' 
CH3(CHz); 108-109 C17H23N3 C, H, N 
CH3(CHz)i 100-1 0 1 Ci9HziN3 C, H, X 
C€I3(CHz)v 97-95 CziHaNa C, H, X 

5 ,  R = H.--4-[p-(p-Amirioberizamido)aiiilino]pyridiue1 (3.04 g) 
aiid 9-chloracridine (2.14 g) were dissolved in 90% EtOH (125 
nil) by boiling; to the resultant pale yellow soln was added 12 1Y 
HCl (0.9 ml). The soln was heated under reflux for 0.5 hr be- 
coming progressively more red. NaCl (5 g) and H20 (40 ml) 
were added and EtOH was distd off uiit,il the product started to 
sep. Recrystti from Hz0 afforded 5 (R = H) dichloride as yellow 
needles (.j.4 g)) mp 336-337". Anal. (C~ ,HZ~N~O.Z€IC~)  C, 
€1, S, C1. Sohi of this salt in EtOH-H20 followed by addition 

( 1 5 )  Kf relative t o  dimidium,' RD 1.43. 
(IO) I). Jercliel and J. Jakoh, Chem. Ber. ,  91, 1266 (1958). 
(17) E.  Iioenips and €1. Greinar, ih id . ,  64, 1049 (1931). 
(18) G .  J. Atwell, U. F. Cain, and R .  S.  Seelye, J .  M e d .  Chem..  11, 690 

( 1968). 
(19) G .  J. .'lt,well and  B. F. Cain, ibid. ,  11, 295 (1968). 

to XaOH-H?O afforded the free base, yellow needles from EtOH- 
H20, mp 176.5-177'. Anal. (C31H~3Nb0) C, H, N. 

Quaternizat'ion of this base (1.5 g) by soln in MeOTs (2.5 ml) 
at  160" and maintaining at  this temp for 20 min followed by the 
usual work-uplg afforded yellow needles of aii exteiisivelp hy- 
drated bisbromide. Recrystn from EtOH-HzO-NaBr gave 5 
iR = CH3).2Br- as hydrated yellow- needles. Thorough drying 
over HzSO, in vacuo removed HzO of hydration, the aiihyd compd 
being red. A thoroughly dried red sample, dried as for analysis, 
had mp 262-263", RD' 1.22. A4nal. (C33H~9Br~N50) C, H, N,Rr. 

3- [p- (  p-NitrophenyIcarbamoyI)benzamido]pyridine.----f-( p-  
Sitrophenylcarbamoy1)benzoic acid (3.02 g) aiid 3-aminopyridine 
(1.03 g) were dissolved in Py (36 ml) and the soln wad cooled to 
below 0". PCh (0.54 ml) was added dropwise t o  the rapidly 
stirred s o h  so that the t,emp remained below 0". After 1 hr at  this 
temp the suspeiision was heated on the water bath for 1 hr, then 
excess Py was removed in vacuo. Dil PiH3-H20 pptd crude mate- 
rial which on cryatn from DMF-Ht0 eepd as pale yellow plates 
(3.9 g), mp 318-319". Anal. (CI9HlrNrO4) C, H, N. 

The nitro compound was reduced to the corresponding amine 
with Fe19 in 65% DMF-H20. The amine sepd from EtOH- 
HzO as colorless needles, mp 278-280". Anal. ( C I ~ H I ~ J , O ~ )  
c, 11, N. 

3- { p -  [p- (  3-Nitroacridin-9-yIamino)phenylcarbamoyl] benz- 
amido} pyridine.-A suspension of the above primary aromatic 
amine (1.12 g) and 9-chloro-3-nitroacridine (0.86 g) in 240 ml of 
90% EtOH was heated under refliix for 0.5 hr. Akffter this time 
HCl(12 -V; 0.8 nil) was added in 0.1-ml portions at. 10-min in- 
t,ervals. During the acid addit,ions a homogeneous deep red 
s o h  resulted, toward the end of the addition the product. started 
to sep. After a further 20-min boiling the suspension wa': cooled 
thoroughly and the deep red crystals mere collected. After 
thorough trituration Lvith XH3-HzO the resulting free hase was 
crystd from DLIF-HzO-NH,, separating as orange needles il..54 
g), mp 19.5-196". Anal. (C3zH~2X60,) C, H, S.  

6, R = CH3.-The above acridine bis base (1.2 g) WLJ sila- 

pended iii PhNOz (4,s ml) and heated to 160" (iiiternal). I\IezPOa 
(1.5 g) \vas added init,iat,ing ari immediate reaction, a deep red 
solii result,ing. After 20 mill at, 160" the PhNOe soln was chilled 
and the red quaternary salt was filtered off and washed well wit'li 
dry EtzO. On contact with polar solvents the cryst' salt gave 
gummy solvates. Accordingly the KO? compd was immediately 
reduced by the standard methodln and the resultant aminoqua- 
ternary salt purified as the bis(p-toluenesulfonate) salt. Cryst11 
from EtOH-H20-KaOTs to the standards of paper chromatog- 
raphy as before'g gave pure 6 (R = CH3) as bis(p-tohienesu1- 
foliate), mp 214' dec. Anal. (CCSHC4rU'60&.2H~0) C, 15, K, R. 

6, R = H.-The corresponding KO2 compoimd described 
above was reduced with Fe19 in 65% DMF-HzO with addition of 
,'3 mole eqniv of HC1. When reduction was complete 1 mole of 
CaC03 was added and after 10 min stirring on t,he mater bath 
the hot, mixt was filtered through a Celite pad. The filter pad 
was repeatedly washed with boiling 7 5 ' 3  EtOH till no further 
color was eluted. Removal of solvent in  vacuo left a red grim 
which was dissolved in a little 40:; Et,OH and NaAc (2 g) was 
added. The mixt was stirred until all XaAc had dissolved then 
satd NaCl-H2O was added until all color had pptd from t'he soh .  
Recrystn from EtOH-HzO-NaC1 gave scarlet needles of the mono- 
hydrochloride, nip > 360'. Anui. (C~ZHZ,N~OZ.HC~I  c, 11, 
N, c1. 
4- [ p-( p-Nitrophenylcarbamoyl)anilino] pyridine was prepared 

by interaction of 4(p-nitrophenylcarbamoyl)aliilirie and S- 
pyridyl-4-pyridinium chloride. HC1 as described earlier.l8 The 
pure base sepd from DMF-HZO as colorless prisms, nip 204- 

Reduction of this nitro compound by the uaual method iii 8.5'9;. 
DltF-HzO afforded 4- [ p -  (p-aminophenylcarbamoyI)aniIino] pyri- 
dine, colorless needles from EtOH-HZO-NH, mp 257-2.58". 
Anal. (ClgHl6Kr0) C, H, N. 

Interaction of this primary amine with the requisite 9-chlor- 
acridine by the usual acid-catalyzed coupling20~*' yielded the bis 
bases 7 (R respectively H, C1, and KOz). 

7, R = H.--The dihydrochloride sepd from Et,0H-1520-NaC1 
as yellow needles, mp 338-339". Anal. ( C ~ ~ H Z ~ N S O . ~ H C ~ )  
C, H, N, C1. 
7, R = Cl.--The orange dihydrobromide sepd from Et0I-I- 

295'. Anal. (CisH,rK,O,) C, H, N. 

(20)  C. I i .  Banks, .I. .<mer. Chenb. SOC., 66, 1127 (1944). 
(21) J. R .  Keneford, J. S. Illorley, J. C. E. Simpson, and  P. 11. Wrigl l tv  J .  

Chem. Sac, ,  1101- (1950). 
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HtO-NaBr in fine needles, mp 308' dec. Anal.  (C31HzzCl- 
N50.2HBr) C, H, N. 

7, R = NOz.-Scarlet needles were obtained from EtOH-Hz0- 
HCl, mp > 360". Anal.  (C31HzzNeOa.2HCl) C, H, N, C1. 
Attempted drying of this salt a t  elevated temp in vacuo caused 
loss of HCl and analyses showing a C1- content between 1 and 2 
moles of C1 were obtained for samples so dried. For analysis a 
sample was dried at  room temp in vacuo. 

2-Amino-4 - [ p  - ( p  - nitrophenylcarbamoyl)anilino] -6-methyl- 
pyrimidine.-4-( p-Nitrophenylcarbamoy1)aniline (2.57 g) was dis- 
solved in hot 2-ethoxyethanol (60 ml) and the soln cooled to 60'. 
2-Amino-4-chloro-6-methylpyrimidine ( 1.58 g) was added, the 
mixt was boiled till homogeneous, concd HCl(0.95 ml) was added, 
and the clear soln was heated on the water bath for 0.5 hr. After 
a few minutes a product started to crystallize. After thorough 
cooling the chunky pale yellow prisms of the hydrochloride were 
collected, suspended in EtOH (15 ml), and stirred with concd 
NH3 (10 ml) for 0.5 hr. The deep yellow base sepd from DMF- 
HZO-NH~ as fine needles, (3.2 g), mp 334-335". Anal.  (CIS- 
HisNeOs) C, H, N. 

2-Amino-4- [ p-( p-aminophenylcarbamoyl)anilino] -6-methyl- 
pyrimidine was prepd by Fe19 reduction of the preceding nitro 
compound in 6593 DMF-H2O. The pure compound sepd from 
EtOH-H20-NH3 as colorless needles, mp 280-281 O.- Anal.  
ICBHI~NE,OI C, H. N. 
%--A sample ofthe above primary amine (0.98 g) and Q-chloro- 

acridine (0.64 g) were dissolved in 65% EtOH (80 ml) by boiling. 
HCl (12 N ,  0.52 ml) was added to the clear soln, yellow crystals 
of product.2HCl started t o  sep shortly afterwards. The reac- 
tion mixt was thoroughly chilled after a further 0.5-hr heating 
on the water bath. The sepd crystals were recrystd from DMF- 
H20-HCl-NaCl. The fine yellow needles of dihydrochloride 
(1.48 g) had mp 358' dec. Anal.  (C31HzsN~0.2HCl) C, H, 
N, C1. 

Biological Testing.-The routine screening test consists of 
ip inoculation of lo5 L1210 cells into 18.5-22.5 g of CSH-DBAz 
Fl hybrids on day 1 with drug treatment initiated 24 hr later and 
continued for 5 days. All dosage was in 0.2-ml vol in HzO sus- 
pension. Groups of 6 animals/dose level were used with one 
control group for every 5 tests. The wt change column in Table 
V records the difference between initial wt and that at day 8 
for survivors. The number of animals surviving as long or longer 
than controls is listed under survivors. Doses have been rounded 
off to two significant figures. Details of testing of inactive 
compds have not been given. 

TABLE V 
Dose, Average survival, days 

Drug per day vivors change Treated Control % 
mg/kg Sur- Wt T/C, 

5 , R  = CH3, a~ 150 4 -4 .2  15.9 10.2 156 
dibromide 100 6 -1.8 19.2 10.2 192 

67 6 -0.2 18.2 10.2 178 
44 6 fO .6  15.1 10.2 148 
29 6 $1.1 13.7 10.4 132 
20 6 f 3 . 2  12.8 10.4 

6 , R  CHa &S 75 4 -3.9 14.4 10.1 142Q 
bis(p-toluene- 50 6 -1 .8  29.5 10.1 292b 
sulfonate) 33 6 -2 .2  21.7 10.1 215 

22 6 -0.8 18.3 10.1 181 
15 6 $0 .3  15.8 10.1 156 
10 6 -0.9 14.0 9 . 8  143 
6 . 7  6 $3.0 12.2 9 . 8  125 

monochloride 150 6 f 0 . 8  17.8 10 .6  168 
100 6 f 2 . 9  17.2 9 . 8  172 
67 6 4-2.4 13.4 10.1 135 
44 6 f 3 . 5  12.7 10.4 132 

dihydrochloride 40 6 -1.2 16.8 10.4 162 
27 6 $0.8 14.0 10.2 143 
18 6 f 4 . 0  13.1 10.1 132 
12 6 f 3 . 8  12.3 10.1 122 

8,asdihydro- 350 6 -5.2 14.4 9 . 8  141 
chloride 230 6 -2 .8  16.5 10.2 168 

155 6 $0.2 14.8 10.4 154 
100 6 $2.4 13.7 10.4 143 
70 6 $4.2 12.3 10.1 124 

6,  R = H, a~ 225 6 -3 .8  14.5 10.2 142 

7 , R  = NOz, t~ 60 5 -2.4 14.8 10 .4  142 

a Not including one 100-day survivor. * Not including two 100- 
day survivors. 
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Forty-three analogs of 4-stilbazole were synthesized and evaluated as inhibitors of choline acetyltransferase 
from rabbit brain, The most active inhibitor found for the acetyltransferase was 3',4'-dichloro-4-stilbazole (23) 
which complexed to t,he enzyme 910 times more effectively than the substrate choline and 230 times more effec- 
tively than 4-stilbazole. Other highly effective derivatives of choline acetyltransferrtse were the 3'-C1 (l l) ,  
3'-CH3 (12), and 3'-CH30 (13) derivatives of 4-stilbazole which complexed 80- to 130-fold more effectively to 
the enzyme than choline. Compounds 11-13 and 23 were poor inhibitors of the AChE from rabbit brain; for 
example, 11 was complexed 130-fold more tightly to choline acetyltransferase than AChE. 

The major enzyme in nerve endings involved in nerve choline to  ACh with acetyl-coA mediated by choline 
impulses is acetylcholinesterase (AChE). The order a~etyltransferase,~ (c) hydrolysis of ACh to  choline 
of events appears to be (a) active transport of choline and acetate by AChE during the nerve i m p ~ l s e , ~  and 
through the nerve membrane,4 (b) acetylation of (d) reacetylation of C O A . ~  A tremendous amount of 

(4) L. T. Potter in "The Interaction of Drugs and Subcellular Com- 
ponents in -4nimal Cells,'' P .  N. Campbell, Ed.,  J .  and A .  Churchill, Ltd., 
London, 1968, p 293. 

( 5 )  (a) Reference 3,  p 408; (h) D .  Nachmansohn in "Cholinesterases and 
Anticholinesterases," G .  B .  Koelle. E d . ,  Springer-Verlag. Berlin, 1963, p 41. 

(6) D .  Nachmansohn in "Handbuch der Experimentellen Pharmakologie," 
G.  B. Koelle, Ed.,  Vol. 15, Springer-Verlag, Berlin, 1963, p 40. 
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peutics," Macmillan C o . ,  New York, N. Y . ,  1960, p 422. 


