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Certaiii aniiiioacridines induce fluorescence and are $electively concentrated in lung tumors in rats. To enable 
a more precise determination of the chemical configtiration associated with these properties, a group of 86 acridine 
compounds was evaluated. Twenty-five aminoacridiiies produced intense fluorescence in lung tumors in rats 
following a single 1.5-20-mg subcutaneous dose. All active compounds contained a SH-Y-SRIR, group at- 
tached to a 9-acridinyl, 9-acridinyl 10-oxide, beiiz[b] acridin-l2-yl, benz[c] acridin-7-yl, or benzo[b] [1,8]phenan- 
throlin-7-yl nucleus. The application of siich conipoiinds in fluorescent bronchoscopy or fluorescent exfoliative 
cytology are possibilities in lung cancer study. The potential use of radioisotope-tagged derivatives in scintilla- 
tion scanning of organs such as the lung and liver also holds promise. 

There has been a continuing search by many in- 
vestigators for compounds that would localize to a 
greater extent in tumors than in surrounding normal 
tissues. If such a compound Iyere made radioactive, it 
might be useful in the diagnosis and/or therapy of in- 
ternal cancer. 

Several years ago Ackerman and Shemesh* observed 
that certain aminoacridine compounds such as quina- 
crine (I) induce fluorescence in implanted lung tumors 
in rats and are concentrated selectively in tumor tis- 

YHCH(CH?XCH?),K(CJI )i 

.%HCl 

C1 
I 

sue. Thus, localization of quinacrine in Walker car- 
cinosarcoma 256 and Sovikoff hepatoma tumors im- 
planted into rat lungs was noted by ultraviolet light 
visualization following the administration of a single 
3-mg subcutaneous dose. Additional studies were per- 
formed with samples of radioactive "iodoquinacrine" of 
unknown structure which were prepared by the iodina- 
tion of quinacrine with lZ5I2 and l 3 I I 2 ,  respectively.2 
Once again the lung tumors fluoresced brightly and were 
clearly identifiable on radioautographs. Concentra- 
tion of radioactivity in the lung tumor averaged five 
times higher than the concentration in the surrounding 
normal lung tissue, thus confirming earlier estimates of 
selective uptake based on fluorescence measurements.2 

I n  order to define more precisely the chemical con- 
figuration that  is associated with the induction of lung 
tumor fluorescence, a group of 86 acridine compounds 
was screened for this property. 

Chemistry.-A majority of the aminoacridine com- 
pounds included in the present study (Tables I-IX) 

(1) (a) This investigation was supported in part  by the  Jane  Coffin Childs 
(b) Faculty Research Associate of 

( 2 )  N. B. Aokerman and A.  Sheinesli, J .  Am. Med. Assoc., 187, 882 ( 1 Y t i A ) .  

Memorial Fund for Medical Research. 
the  dmerican Cancer Society. 

were described previously in connection with the 
synthesis of potential antim~ilarial ,~- '~ antiame- 
b i ~ , ~ ~ z ~ ~ z ~ ~ - ~ ~  anthelmintic,"J,1"2O antibacterial,14$21 and 
antifunga110~14~z2 agents. The other 9-(mono- and -di- 
alkylaminoalkylamino) acridines (V) listed in Table X 
were prepared by the condensation of a substituted 9- 
chloroacridine (IV) 4,10 with the appropriate diamine, or 
by ring-closure of an S-(mono- or -dialkylamino- 
alliyl)-2-anilinobenzamide (111). The latter route was 
especially useful for the preparation of the 3,6-disub- 
stituted 9-aminoacridines, since the N-(m-substituted 
phenyl) anthranilamides with bulky side chains ring- 
closed predominantly in the para position, whereas the 

(3) F. Y. Wiselogle, "A Survey of Antimalarial Drugs, 1941-1945," Vul. 
11. J. T. Edwards, Ann .Irbor, Mich., 1946. 

(4) A. Albert, "The Acridines." 2nd ed, Edward .$mold Ltd., London, 
1966. 

(5 )  E. R. Shepard and H 
(6) G. B. Bachman and G. 31. Piche, ibzd.. 68, 1599 (1946). 
(7)  J. H. Burckhalter, E. hI. Jones, \V. F. Holcomb, and  L. A. Sweet, 

(8) J. H. Burckhalter, F. H. Tendick, E. hl. Jones, P. A. Jones, W. F. 

(9) K. Huher, R. K. Bair, and S. C. Laskowski, ibid. ,  67, 1619 (1945). 
(10) E.  F.  Elslager, R. E. Bowman, F. H. Tendick, D. J. Tivey, and D. 1:. 

(11) E. F. Elslager and F. H. Tendick, ib id . ,  6, 1163 (1962). 
(12) H. Medenwald, .Wed. Chem. Abhandl. Med-Chem. Forschungsstaetteii 

Farbenfabriken Bayer, 6 ,  206 (1956). 
(13) E. F. Elslager, E. A. Weinstein, and D. F. Worth,  presented in par t  

a t  the  147th National Meeting of the  American Chemical Society, Phila- 
delphia, Pa . ,  April 1964. 

(14) E. F. Elslager, F. JY. Short, F. H. Tendick, and 13. F. IVurth, un- 
published data.  

(15) E. F. Elslager, E. L. Benton, F. \V. Short,  and F. H. Tendick J .  A m .  
Chem. SOC., 78, 3453 (1956). 

(16) S. Fisher, C. S. Franklin, E .  N. Morgan, and D. J. Tivey, J .  Chem. 
SOC., 1411 (1958). 

(17) E. F. Elslager and F. H. Tendiok, J .  .\led. Pharm. Chem.. 6 ,  546 
(1962). 

(18) E .  F. Elslager, A. bl. hloore. F .  I\-. Short, &I. J. Sullivan, and F. H. 
Tendick, J .  A m .  Chem. Soc., 79, 4699 (1957). 

(19) F. IT. Short, E. F. Elslager, A. M. Moore, 11. J. Sullivan, and F. H. 
Tendick, ibid., 80, 223 (1958). 

(20 )  F. H. Tendick, P. E. Thompson, and E. F. Elslager, U. S. Patent 
3,012,036 (1961). 

(21) E. F. Elslager and F. H. Tendick, J .  .Wed. Pharm.  Chem., 6 ,  1149 
(1962). 

( 2 2 )  F. El.  Tendick, P. L. Thompson, a i d  L. F. Elulager, U.  S. Paterit 
3,017,413 (1962). 

Yhonle, J .  Am. Chem. SOC., 70, 19i9 (1948). 

ibid. ,  66, 2012 (1943). 

Holcomb, and A. L. Rawlins, ibid. ,  70, 1363 (1948). 

K o r t h ,  J .  M e d .  Pharm. Chem., 6 ,  1159 (1962). 



3l t i  

Hef 
T&le S 
Table S 
Table S 
Table S 
Table S 
T a  ble S 

3 
Table X 
Table I\; 

, 

I'ai,le s 

1 0 

0 
Table X 
'Table S 

.f 
Table X 

1 

> 

Table S 
Table X 

Ohtained through the cmrutesy of 1Er. F. J. SIiwray, The Win. S. l lerri l l  GI,, Cliiiciiiriai i,  Ohio. Supplied thro~igl i  
d W. IIuber, R .  K. Bail, aiid P. C. Laskow 
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C1J1&lzN represciil c 

1:. 0. Cliiilon, Stei,liiig-\~-iiithrOp Research Institute, I~e~isselaer,  S. Y. 
SOC., 67, 1610 (1945). 
1 I'erwiial c.(rinmiiiiic.ation, Dr. A41fred Campbell, Parke, Davis and Co.! Ann Arbor, X c h .  

i he ;:,B-;lichl;)i,o:Lcridiii-~)-yl radical. See footnote c, Table I. 

correiponding acid chlorideb gave ii mixture of the 1 ,O-  
and 3,B-disubstituted 9-chloroacridines which was diffi- 
cult to  sepnrate (Scheme I). 

('oiic~~.i~~.ntioii of the potawiuni mlt of the appropriate 
o-rhlorohenzoir acid with the requisite aniline deriva- 
tive gave the corresponding S-plienyl:r~ithranilic acid, 
(II).d 10 LUthougl.i earlier :ittempts23 t o  preparc 3?(\- 
~liChlol.o-l)-LlriiiIiu~~ridineb ciu l-cliloro-N-(,ii-chloru- 

pheny1)anthranilic acid were abandoned l~ecausc oL 
poor yields (S.Sgi',) encountered in the Ullmann pro- 
cedurejZ3 this route was used extensively in the currciit 
work following the discovery that .l-chIoro-S-(,ri- 
chloropheny1)anthranilic acid could be readily prepared 
i i i  good yield (42-339.',) utilizing a modification uf t l w  
i {) u 1' dpsldlli<, 1; \\ ~l,,er.~l,, 11. s Moblie,, aud I ('. \ \  l i l t i i l i , l (  

I .lm Che71i So( 68, l i ' lb  Ilklib) 



TABLE 111 
EFFECTS O F  ~ - A ~ I L I N O - ~ - ~ H L O R O - ~ - ~ I E T H O X Y . \ C R I D I S E  L)ERIV.\TIVES O N  THE INDGWIOX OF LUNG TCMOR FLUORESCESCE I N  11's 

KO. s, Y ,  z 
30 4-OH 
31 4-S( C~IIF,)~ 
32 3-CH*N( CHzCH&1)2, 4-011 
33 3-CHiS(C2Ha)2, 4-OH 
34 3-CHzS( CQH, )~ ,  4-OCH3 
35 3-CH&(C2ITj)?, 4-0I1, ~-C€II?CII=CII~ 
36 ~ - c H ~ N ( c H ~ ) , ,  4-011, .~-CII,CH=CIL 
37 3 - C H S  [ ( C H ~ ) ~ C H ~ ] Z ,  4-011 
38 2-OH, S , ~ - [ C H Z N ( C ~ I I , ) ~ ] Z  
39 3-CH2S [ (CHP)~CH, ]~ ,  4-011 

a See footnote c, Table I. 

Ref 

3 , s  
3, 7 
14 
8,  8 
3 ,8  
3, 8 
3, 8 
3, 8 
3 ,8  
3, 8 

TABLE IV 
EFFECTS OF OTHER 9-AVIiXOACRIDISES O S  THE I R D U C T l O h  O F  LUX TUMOR FLEORESCENCE I N  R lrS 

Zf$j& 1 x 

NO. KRiRz x, Formula Ref 

40 sir, I1 CI3fIlOS2' llcla 4 
41 KH( CH2)3KHN( CH,)? 2-OCH3, 6-C1 CL Hz3ClN~0.2HCI.II20 13 
42 KH( CHz)zS( CHzCH20H)COCHCl, 2-OCH3, 6-C1 CzoH2cCLN30z. 1 5H20 15 
43 KHCHzCe,Hd-o-Cl 2-OCH8, 6-C1 CnHi,CliN.j:O. HC1 C 

44 NHNHSOzCflH,-p-CHZ 2-OCH3, 6-C1 CuHisClN30S. HC1 14 
43 NCOCHdCHz)aN(CzHo)z 2-OCH3, 6-C1 Cz3H,,ClSjO> 14 
Obtained through the courtesy of Dr. It. 0. Clinton, Stelling-Winthrop Research Institute, Itensselaer, N. T. See footnote c, 

Table I. See Experimental Section. 

SCHEME I 

r;jHYSRIR, 

IV V 

procedure employed by Hurd and F a n ~ h e r ~ ~  for re- 
lated compounds. 

The 5-phenylanthranilic acids (11) were converted 
to  the S-phenylanthraniloyl chlorides by the action of 
PC15, or ring-closed with POCl, to  the 9-chloroacridines 
(IV). The 9-aminoacridines (V) were prepared by 
heating the appropriate 9-chlor0acridine~~~~ and di- 
amine in phenol (procedure I) ,  or by allowing the acid 
chloride to  react with the appropriate diamine followed 
by closure of the resulting amide 111 with POCl, 
(procedure 11). The intermediate diamines are either 

(24) C. D. Hu id  and 0. C rancher ,  J A m  Chem hoc. ,  69, i16 (1947). 

commercially available or were described prc- 
viously . 10,18, 19 

Pharmacological Method.-Studies were performed 
on female Sprague-Dawley albino rats using Xovikoff 
hepatoma and Walker carcinosarcoma 256 tumors. 
Lung tumors were produced by intravenous injection 
of saline suspensions of homogenated tumors. 

The acridine compounds (Tables I-IX) were screened 
using two to four animals per drug. I n  most instances 
the drugs were evaluated against both tumors. Two 
per cent aqueous or propylene glycol solutions were 
prepared. In  routine tests, the experimental animals 
were given a single 5-mg dose of drug subcutaneoiisly 
and were sacrificed 24-48 hr later. In  some instances, 
aminoacridine compounds which proved to be inactive 
at the 5-mg dose were tested at 20 mg. Compounds 
active at  5 mg were subsequently evaluated at  a dose 
of 1.5 mg. Lungs containing tumor implants were re- 
moved and examined visually under ultraviolet light 
stimulation, using a Burton Model 1910 ultraviolet 
lamp which haso a maximum emission at  the long-wave 
band of 3660 A. Control animals with lung tumors 
were not given aminoacridines but were examined in a 
similar manner. The color and intensity of any fluores- 
cence present in the tumors were noted. Prior to in 
vivo studies, it was established that solutions of each of 
the aminoacridines emitted a bright yellow-green 
fluorescence under ultraviolet light stimulation. 



\'()I. I I 

Results.-'henty-five amitiw~cridines aniorig the 8(i 
c~onipoutidi tested produced intense yellow-green fluo- 
resc'enw in lung tumors following a single 1.5-20-mg 
subcutaneou.i dose (Tables I-IX). S o  fluorescen(xe 
n : i ~  ititlucecl i n  luiig tumors by the other 61 acridine 
cwnil)oiiiidq. The bright yellow-green fluoresceiicc3 
\vas not 1)rrserit i n  tiny of the cwntrol ariinials that  dit1 
not rt\veive a drug. Similar rewlts were obtained i n  

:tll < t u c k  with Kalker and Sovikoff tumor systems. 
.In analysi\ of structure-activity relationships has en- 
:tbled :L preliminary determination of the chemical 
cwifiguration associated \vith lung tumor fluorescence 
iii rat<. 

(1) X SHYXItllI ,  functio~i i\ eiheiitial for activit? 
(T:tblcs I ,  11, T'I, VIII, IX) where 1- represents CH2- 
('HOHCH,, (CH,),.3, CHCH,(CH,),, or CH[(CH,),I,- 
('H and SIt,Ii, 1- :i lower feytiat y amine group including 

S(('Hj)J, S(CJH,)j, S [CH(CHs),],, -OS+(C2Hj)Z, 
S(('H,) ,, S(('H2C'H=CHJ)J, S(CH,CH,OH),, or X- 
(('I€i('H2( 'I),. 'I'he p r c ~ t i c ( ~  of :L third nitrogen atom 
: i t i t  \vliere I I I  the 4de cliaiti aboli&~ activity. 

r I ' l ~ ( b  SHI'NII1R2 fuiictiori cull be attached til .I 

!hcridi  I i , ~  I ,  !)-:midi ti\ 1 10-oxide, tm iz [O ]~~cricliti-12-y1 
I)ct 1% [c]:tcriditi-i-yl, or benzo  [O ] [ 1 ,S]phciinnt hroliii-i-\ 1 

( 2 )  

I I t l (~ i c t l i   hi^^ I, rI, 171, VIII, IX). 
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vine (46) is bound to DSA\ by two mechanisms, namely 
a strong first-order reaction t,hat reaches equilibrium 
at one proflavine molecule per four or five nucleot’ides, 
and a weaker higher order process that results in the 
fixat’ion of one proflavine molecule per nucleotide. 
Le rma~i*~  showed that the strong binding site involves 
the intercalation of one acridine molecule between two 
layers of base pairs, with t’he weaker binding site on the 
exterior of the DNA model. This picture of intercala- 
tion is based on measurements of viscosity and sedi- 
mentation of the DNA-acridine complex in dilute 
aqueous solution, X-ray diffraction p a t t e r ~ i s , ~ ~ ~ ~ E  polari- 
zation of fluorescent light, flow dichroism,29 small-angle 
X-ray sca t t e r i~ ig ,~~  kinetic diazotization studies, 31 and 
free-energy calculations based on thermal denatura- 
t i ~ n . ~ ~  Intercalation of proflavine into RKA has also 
been ~ b s e r v e d . ~  

(27)  L. S. Lerman, J. M o Z .  Biol., 3, 18 (1961). 
128) D. SI. Neville, J r . ,  and D. R. Darien, ibid., 11, . 5 i  (1966). 
(29) 1.. 3 .  Lerman, / ’ roc .  .Vat(. A m d .  S c i .  c ’ .  A’., 49, 94 (1HG3). 
(30) v. Luzmti, F. ;\lasson, and L. S. Lerman, J .  N o l .  Biol., 3, 634 (1961). 
(:31) L. S. Lerman. ibtd., 10, 367 (1964). 
( 3 2 )  X. 1;. Gerwl? and 1). 0. Jordan, tb td . ,  13, 138 (1905). 

9-Aminoacridine (40) seems to intercalate as strongly 
as proflavine, whereas acridine orange (48) is much 
more weakly held than proflavine, presumably because 
of its lack of bondable hydrogen Studies with 
a quinacrine-DKh complex are also compatible with 
the proflavine intercalation hypothesis.29 3 3  However, 
the quinacrine-DSA complex is so tight as to prevent 
depolymerization of the D S A  by deoxyribonuclease. 
Some of the aminoacridines have also been found to be 
mutagenic agents for bacteria, viruses, and yeast.4 3 4  

*klthough simple aminoacridines (i.e., proflavine, 
acridine orange, 9-aminoacridine) and quinacrine are 
all highly fluoreicent and are knoir 11 to  interact with 
nucleic acids, only the basicall) substituted compounds 
induced lung tumor fluorescence in the present study. 
The reasons for the inability of simple acridines to  in- 
duce lung tumor fluorescence are presently unknown, 
but presumably factors such as drug transport, binding 
strength, or quenching of fluorescence in tumor tissue 
are involved. Studies with lnbeled proflavine or acri- 

( 3 3 )  Pi 13 liurnick and I E Radcliffe J La0 Ciiri l l r d  60,  666 (lYb2) 
( 3 - 1 )  H I De Alar?, A u l u i e  112, 964 (1053) 
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dine orange are planned to determine actual localiza- 
tion in the tumors. 

There also appears to be a quenching of fluorescence 
of all aminoacridines by experimental tumors implanted 
in extrapulmonary sites. Recent studies3j demon- 
strated an increased concentration of radioactivity in 
intrahepatic and in intragastric tumors following ad- 
ministration of radioiodinated quinacrine, in spite of 
the absence of observable fluorescent material in these 
tumors. 

The aminoacridines, and particularly the basically 
substituted aminoacridines, may ultimately prove to  
be useful in the clinical diagnosis of cancer. Many 
of these compounds are relatively nontoxic3~4*10~19 and 
several have been used in clinical medicine.3~4 The 
application of fluorescent bronchoscopy or fluorescent 
exfoliative cytology are possibilities in lung cancer 
study. The use of radioisotope-tagged compounds in 
scintillation scanning of such organs as the lung and 
liver appears even more promising. 

Experimental Section36 
4-Chloro-N-(m-chlorophenyl)anthranilic Acid.-A mixture of 

191 g (1 mole) of 2,4-dichlorobenzoic acid, 157 g (1.25 moles) of 
m-chloroaniline, 138 g (1  mole) of anhydrous KsCOa, 5 g of Cu 
powder, and 750 ml of dry 1-pentanol was heated at reflux with 
stirring for 5 hr. The mixture was cooled, 70 g of KOH and 500 
ml of HtO were added, and the mixture was steam distilled to 
remove volatile materials. The aqueous residue was filtered hot 
and the filtrate was made slightly acid with concentrated HCl. 
The critde acid was collected by filtraTion and was washed suc- 
cessively with warm water, hot 957, EtOH, and petroleum ether 
(bp 3040O).  The dried product was crystallized from chloro- 
benzene to give 144.5 g (51%) of nearly colorless crystals, nlp 
199-201" (lit.23 mp 196-198'). I n  eight other similar 1-mole 
runs, the yields of purified acid ranged from 42 to 53%. 

4-Chloro-N-(m-methoxyphenyl)anthranilic Acid.-Vtilizirlg 
the general procedure described above for the preparation of 
4-chloro-N-(m-chlorophenyl)anthranilic acid, 30.5 g (0.16 mole) 
of 2,4-dichlorobenzoic acid, 30.0 g (0.19 mole) of m-anisidine 
hydrochloride, and 55.0 g (0.44 mole) of anhydrous K2C03 
gave 7.5 g ( 14y0) of product, pale yellow crystals from benzene, 
nip 163-16.5". .Anal. (ClaH12C1N03) C, FT. 

4-Chloro-N-( a,ol,ol-triAuoro-m-tolyl)anthranilic Acid.-Utiliz- 
ing the general procedure described above for the preparation of 
4-chloro-N-(m-chlorophenyl)anthranilic acid, 573 g ( 3  moles) of 
2,4-dichlorobenzoic acid, 483 g ( 3  moles) of m-aminobenzo- 
trifluoride, and 207 g (1.5 moles) of anhydrous &C03 afforded 
436 g (47%) of product, pale yellow crystals from CHCl,, mp 

4-Chloro-N-(m-phenoxyphenyl)anthranilic Acid.-Utilizing 
the general procedure described above for the preparation of 4- 
chloro-?j-(m-chloropheny1)anthranilic acid, 80.0 g (0.42 mole) of 
2,4-dichlorobenzoic acid, 77.3 g (0.42 mole) of 3-aminodiphenyl 
ether, and Ti8.0 g (0.42 mole) of anhydrous K2CO3 gave 49.4 g 
(33c/ , )  of product, pale green leaflets from chlorobenzene or 
aqueous ethanol (decolorizing charcoal), mp  168-169'. Anal. 

4-Chloro-N- [ m-( p-chlorophenoxy )phenyl] anthranilic Acid.- 
Utilizing the general procediire described above for the prepara- 
tion of 4-chloro-N-(~n-chlorophenyl)anthranilic acid, 84.0 g (0.44 
mole) of 2,4-dichlorobenzoic acid, 96.3 g (0.44 mole) of 4'- 
chloro-3-aminodiphenyl ether, and 61.0 g (0.44 mole) of an- 
hydrous K&Oa afforded 40.7 g (25C4) of product, pale yellow 
crystals from benzene, mp  162-163". Anal. (C~SHUCI~NOI) 
C, H, N. 

3,6,9-Trichloroacridine.-A mixture of 1 kg (3 .55  moles) of 4- 
chloro-N-(m-chloropheny1)anthranilic acid and 3.5 1. of POCh in 
a 12-1. flask fitted with four large reflux condensers was cautiously 

208-210". Anal. (ClaHgClF3XO2) C, H, N. 

(CisHiaClYOs) C, H, N. 

(35) N. 13. Ackerman, ilnpiiblijlled results. 
(36) Melting points (corrected) \yere taken in open capillary tubes in a 

Thomas-Hoover capillary melting point apparatus. \\'here analyses are  
indicated only by symbols of the elements, analytical results obtained for 
those elements were within i O . i %  of the theoretical values. 

warmed on a steam bath until the vigorous, exothermic reaction 
began. After the reaction had sitbsided, the mixtiire was stirred 
and heated on a steam bath for 3 hr and 3 1. of P0Cl3 was removed 
in DUCZ(O. The residiie was poilred slowly with vigorous stirring 
into a large excess of ?;HIOH and ire. The criide tric'hlolo- 
acridine was collected by filtration, washed (H,O), and dried 
in DUCUO a t  38"; weight 973 g. The prodiict was extracted with 
several portioiis of boiling CHC1, and the combined extracts 
were concentrated, chilled, and filtered. The filter cake was 
washed thoroiighly with petroleiim ether aiid dried. Two 
crystallizatioiis from chloroberizeiie gave 236 g ( 2 6 5 )  of prire 
prodiict, mp 223-224' (lit.23 mp 224-225"). I n  six smaller scale 
runs, the yields raiiged from 22 to 315 .  

3,9-Dichloro-6-( triAuoromethy1)acridine.-~tiliziiig the pro- 
cedtire described ahove for the preparation of 3,6,9-trichloro- 
acridine, .50.0 g (0.16 mole) of 4-chlorc)-N-(ol,ol,a-trifliioro-m- 
toly1)anthraiiilic acid, aiid 150 ml of FOC1, gave 33.5 g of mixed 
rhloroarridine isomers. Fract ional crystallization of the mixtiire 
from beiizene gave 20.1 g (40%) of pale yellow crystals, nip 1.79- 
160'. -1nal. (ClrIItiC1,F,X) C, IT, X. 

S-(Mono- and -Dialkylaminoalkylamino)acridines (Table X ) .  
Procedure 1.-A mixtiire of 9.3 g (0.033 mole) of 3,6,9-trichloro- 
acridine, 5.8 g (0.036 mole) of 2,'2'-(3-aminopropylimino)di- 
ethanol, and 25 g of phenol was heated for 2 hr at 110' with stir- 
ring. The melt was allowed to cool to  75" and vias dilnted with 
a mixture of 20 ml of concentrated HCl and 160 ml of acetone. 
Several volnmes of acetone were added, the mixtiire wa3 chilled, 
and the supernataiit was decanted. The reaidlie was dissolved 
in H20, and the solution was treated with decolorizing charcoal 
and made alkaline with excess SHaOH. After 1 hr, the waxy 
brown precipitate crystallized. Ilecrystallization from EtOH- 
Me2CO-H20 gave 5 g of yellow base, mp 158-160". This was 
treated Kith excess ethanolic HCl to give 3.8 g (36Yc) of 2,2'-  
[3-(3,6-dichloroacridin-9-ylamino)propylimino] diet hanol dihydro- 
chloride (87), yellow crystals, mp 227-228" dec. 

Procedure II.-4-Chloro-K-( m-chloropheii~1)anthranilic acid 
(16.9 g, 0.06 mole) was siispended in 140 ml of dry petroleiim 
ether and treated portionwise with 13.8 g (0.066 mole) of PCI:. 
The mixture was boiled under refliix f(ir 30 min, decolorizing 
charcoal was added, aiid the mixtiire was filtered hot. I'pon 
cooling, the criide 4-chloro-S-( m-chloropheny1)ant hraniloyl chlo- 
ride crystallized and was collected by filtration and dried. Re- 
crystallization from petroleum ether (decolorizing charcoal) gave 
15.0 g (84%) of the purified material as canary yellow needles, 
mp 109-11Oo. 

The acid chloride (15.0 g, 0.031 mole), ?;,S-diethyl-l,8- 
propanediamine (7 .2  g, 0.056 mole), and 170 ml of dry C6H6 
were heated under reflux for 40 min and cooled. POCl, (19 ml) 
was added dropwise with stirring and the mixture was boiled 
under reflux for 7 hr. A bright yellow solid began to separate 
in the first hr. The mixture was cooled, a few drops of water 
was added, and the benzene supernatant was decanted. The 
rezidue was taken iip in 123 ml of boiling EtOH and diluted with 
500 ml of ether. The mixtiire was chilled and the solid was col- 
lected by filtration and washed (1\Ie2CO). Crystallization from 
lIeOH-31e2C0 gave 19.5 g ( 7 2 5 )  of 3,6-dichloro-9-(3-diethyl- 
aniinopropp1amino)acridine dihydrochloride as fine yellow 
needles, mp 253" dec. 

6-Chloro-9-(o-chlorobenzylamino)-2-methoxyacridine Mono- 
hydrochloride (43).-6,9-I)ichloro-2-methoxyacridine (27.8 g, 
0.1 mole) and o-chlorobenz?-lamiiie (14.0 g, 0.1 mole) were stirred 
and heated on a steam bath with 50 g of phenol for 3 hr, and the 
crude prodiict was purified according to procediire I above. The 
hydrochloride salt was purified from CHCl3-AlezCO to give 16..5 g 
(39%) of yellow crystals, mp 300" der. Anal. (C21H&12P;,O. 
HCl) C ,  H, N. 

7-( 3,4-Dichloroanilino)benz IC] acridine Monohydrochloride 
(68).-7-Chlorobenz[c]acridine (13.8 g, 0.06 mole) and 3,4- 
dichloroaniline (9.T g, 0.06 mole) were stirred aiid heated 011 a 
steam bath with 30 g of phenol for 3 hr, and the rritde prodiict 
was purified according to procedure I. The hydrochloride salt 
was purified from EtOH-Me2CO t o  give 18.0 g (717,) of oraiige 
crystals, mp 300" dec. Anal. (C23Hl,C12S2.HCl) H, K; C: 
calcd, 64.88; found, 64.43. 
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