
method described above t o  an 83cC yield of 4-hydrosy-8-nietli- 
oxybenao[b]-1,5-riaphthyridine, no distinct melt,ing point but 
carbonization between 280 and 285". The 4-chloro compound l b  
was prepared by refluxing 15 ml of POC1, with 13.7 g (0.609 mol 1 

of the hydroxybeneonaphthyridiiie for 0.5 hr, pouring the mix- 
tiire onto 1000 g of ice100 ml of coned ay ?r",OH, and extrart- 
iiig thoroughly with CHCl;. Evaporation of t,he dried (AIgS04 1 

CIICls phase and recrystallizBtion from petr et,hei I bp 60-110" i 

yielded t,he crude product, 6.1 g UT 4 l C ; .  .kii analytical sample, 
nip 151.5-1.53.0°, %-as prepared hy variium suh1irnin:ttion. .I n d .  

4-Amino-8-methoxybenzo [ b] -1,5-naphthyridine (2b ). --A fiised 
mixtiire of 4-~hlolo-S-methoxybenzo[b]-l,~5-naphthyridine ( I  .O g 
or 4.0 mmol) aiid 21 g of phenol maintained for 7 hr at, 170-1SO" 
in an  oil bath was subjected to aninionol by a steady htrearn 
( J f  anhyd XH3 introduced hj- a gas bubbler just below t,he surfa 
of  the melt. The mixture was cooled. poured into 150 1111 of 10' 
ay YaOH, and after standing for 12 hr t'he (%rude prodiict, was col- 
lected by filt,ration (368 mg, 41yo). Kec~rystallizstiuri from CJT6 

.lnal. (CI3Hllx;aO) C,  
IT! Y .  

( C : I ~ ~ ~ ! I C I X ~ ~ )  C, €1, x. 

als, nip 198-201". 
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Interest in this laboratory in the m e  of acridines as 
potential analytical reagents resulted in the synthesis 
of some 9-substituted acridines, i.~., carbamic acid 
ester- (I), urea (11), and thiourea (111) compounds. 
Sntitumor activity has been sho\vn with some acridine 

but no clinically useful agent has yet 
been found.' A search of the scientific literature re- 
vealed that  no information was available concerning 
possible antineoplastic activity of acridine derivatives 
of the I, 11, and/or I11 types. The carbamate and 
urea derivatives described herein were of special interest 
since substituted carbamates and ureas have been 
+how11 to exhibit antineoplastic 

The synthesis of the ethyl (Ia) and 71-butyl (Ib) 
e.;t ers of 9-acridinecarbamic acid from 9-acridinecar- 
boxylic acid amide has been reported previously.12 
but it involves a multistep procedure employing a 
starting material that  is not readily available. We 
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haw niadc iinprovcinents in t i i t  +J nthctic proccdure 
nliich can lw +(.en i n  the Exy&nental  Section. The 
ester- :ire non obtniried in one-Ytep reaction5 with high 
3 ieldq. l'urtherniore. the btarting material, 9-amino- 
acridine, i+ commerciall\- avnilahlc. 

Compounds I1 and I I I i3  have not been reported 
previouily. Syntlietic +tep;s leading to these compound+ 
are described 111 the Experiment:tl Section. 

Screening Re~u1ts . I~  --Compound.: Ia,  Ib. 11, and 111 
\\ ere eon1u:itetl foi potential :intineoplaYtic activity 
:tgainit :I I.-1210 lymphoid 1euliemi:i hcreeii iihiiig 
mice as the ho+t. S i ) i i e  of the compounds trited 
poqseqsed antilculcemia activity in mice. High to.\- 
icity at tlir 400 mg kg level was observed for Ia and 
111, but little or  no toxicity n a b  observed a t  this level 
for I b  and 11. Thd dosage of la  and I11 na. subs(>- 
quently reduced to 150 and i.j mg kg, respectively. 
for evaluation. , i t  tloqages of 400 mg/kg for I b  and 
II. 130 mg kg for Ia ,  and 7,; nigikg for 111, the com- 
pounds 11-ere +lion n to be nontoxic and inactive against 
the leukemin screen emplo? t d .  

Experimental Section'j 

9-Acridinecarbamic Acid Esters (Ia,Ib).--Y-4miiioacridinc 
(0.02 mol) aiid 0.02 mol of the necessary chloroformate ester 
were refluxed for 1 hr in 50 ml of MenCO in the presence of 2 g of 
NaHCO1. The hot suspeiision was filtered followed by evapora- 
tion of the AIeZCO to yield a residue, which was recryst~alliaed 
from EtOH-HSO to  give a yellow solid in 92Yc yields: Ia, mp 192.- 
193" (lit.,I4mp 193"); Ib, mp 147-148" (lit,.,14mp 147"). 

1-(9-Acridinyl)-3-(p-methoxyphenyl)urea (II).-9-Amiiio- 
acridine (0.02 mol) and 0.02 mol of p-methoxyphenyl isocyanate 
were refluxed for 30 min in 50 ml of LlenCO. The Me&O was 
evaporated t o  give a residue, which was recrystallized from Et.O€€- 
H20 t o  yield a yellow d i d .  mp 228-229", in 9 5 7  vield. *4 nu!. 

cording to the same procedure as I1 except that  phenyl isoi hio- 
cyanate w i n  employed. A yellow solid, nip 18!)-191", was 0 1 ) -  

tained in 95(-; yidti. .Ana(. :C'.0H16N38) C, €3, S .  
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