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Certain aminoacridines induce fluorescence and are selectively concentrated in lung tumors in rats. To enable 
a more precise determination of the chemical configuration associated with these properties, a group of 86 acridiue 
compounds was evaluated. Twenty-five aminoacridines produced intense fluorescence in lung tumors in rats 
following a single 1.5-20-mg subcutaneous dose. All active compounds contained a XH-Y-NRiR 2 group at
tached to a 9-acridinyl, 9-acridinyl 10-oxide, benz[5]acridin-12-yl, benz[c]acridin-7-yl, or benzo[6] [l,8]phenan-
throlin-7-yl nucleus. The application of such compounds 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 were made radioactive, it 
might be useful in the diagnosis and/or therapy of in
ternal cancer. 

Several years ago Ackerman and Shemesh2 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-
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sue. Thus, localization of quinacrine in Walker car
cinosarcoma 256 and Novikoff hepatoma tumors im
planted into rat lungs was noted by ultraviolet light 
visualization following the administration of a single 
5-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 126I2 and 131I2, 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 

In 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) 
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were described previously in connection with the 
synthesis of potential antimalarial,3-14 antiame-
bic,10'11'13-19 anthelmintic,10'14'20 antibacterial,14'21 and 
antifungal10'14'22 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 N-(mono- or -dialkylamino-
alkyl)-2-anilinobenzamide (III). 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 
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T A B L E I 

L l ' F E C T S OF 9 - (4 -DlET] lYLAMINO- l -UETHYLlH;TYLA. \UNo)ACK] l> INES ON THE L \ U I ' C T [ ( ) \ 

OK L U N G T U M O R F L U O R E S C E N C E IN 1! vi's 

XHCHCH,(CH,).,X(CH-j 

X. Z 

2-Br, 4 - C I L 
3-C1, 6-CII3 

2-OCII.i, G-Cl (qu inacrh ie j 
3-C1, 0-OCII 3 

2-OCIL, (i-I (" iodoquinaer ine ' 
2,3-(Cir3)2 , 7-OCH3 

3-C1, O-OCsIU-p-Cl 
3-C1, O-OCJIs 

F o r m u l a 

C23H30BrX3-2IICl« 
C,3n3„ClNY2IICl-0.:>IU) 
C23II3I)C1X30-2IIC1" 
O23H30ClX3O-2tiCL0.5Il2O 
G>3tI30IX3O-2HCb0.5H2O 
C'25Ii35N30 
C2SII3iCl2X30-2HCl 
o2sn.,2orx3o-2HCL 0.511,0 

" Obtained through the courtesy of Dr. John A. Leighty, The Lilly Research Laboratories, Indianapolis, Ind. '' .Sample provided 
through the courtesy of Dr. R. 0 . Clinton, Sterling-Winthrop Research Institute, Rensselaer, X. Y. ' Activity rating is assigned as 
follows: —, no fluorescence at 5 mg; ± , questionable fluorescence at 5 mg; + , no fluorescence at 5 mg, intense fluorescence at 20 rag; 
+ + , intense fluorescence at 5 mg; + + + , intense fluorescence at 1.5 mg. 
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4 ,5 
Table X 
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Table X 
Table X 
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+ + 
•f J - 4-

+ + + 
4- + -+-
•t- + + 
+ -!- + 

— 

No. 
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10 
11 
12 
13 
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i:> 
10 
17 
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TABLE II 

EFFECTS OF SUBSTITUTED 9-(MONTO- AND -DIALKYLAMINOALKYLA.\IINO)ACRIDI.NES ON THE INDUCTION 

OF LUNG TUMOR FLUORESCENCE IN RATS 

N H - Y - N R R 

<CII2)2XH(CH2)2OH 
(CH2)3NHCH(CH3), 
fCn2)3XH(CH2)2OH 
(CH2)3X(C2H5)2 

CH2CHOHCH2X(C2IL,)2 
(CH2)3X(C2H5)CH2CILOH 
(CH2)3XH(CH2)3NH2 
(CH2)3X(CH2CH2OH), 
CII2CHOHCH2X(C2H5 ').J 

S >-N(CH.;), 

(l.'H.J N 

X, 

2 - O C H H 
3,6-Cl, 
2 -OCH 3 
3,6-CL 
3,6-Cl2 

3,6-CL 
2-OCH3 . 

z 

, 6-Cl 
3-C1, 6-CF 3 

2-OCH 3 

2-OCIL, 

2 -OCIL, 

, G-XO: 

6-Cl 

(i-Cl 

!5II20 

F o r m u l a 

C'i8H2iX302 
Ci ,H, 1 Cl 2 X 3 -2I ICl 
CV)H,3X.,0,-2HC1-0 
C20H23C12X3-2HC1 
C 2 0 H 2 3 Cl 2 X 3 O-2HCLH 2 O 
C2„H23C12X30 • 2HC1 • 0. 5 H 2 0 
C2„H2SC1N40-C6HS0,« 
C2 ,H2 3C1F3X302 -2HC1 • 1. S ILO 
C 2 , H 2 6 N 4 0 1 - 2 H C 1 - 2 L I . . O 

(!22ir26cix3o-2ii(;i'' 

C22IL701X4O-3IICi-21LO 

Kef 
Table X 
Table X 
Table X 
Table X 
Table X 
Table X 

3 
Table X 
Table X 

Table X 

A c t i v i t y ' 

+ + 
+ 4- + 

+ + + 

24 
25 
20 

OII(CH3)(CIL)3X(C2H.-, 

o-
( C l L u X t d L V . 
(CH,l,N('CrL)o 
(CTl2)3XII(Cil2iTCIl:i 
(CIL)4X[CILCIL')2]2 
(cn2)3x(c.n.-,)2 
( C I L ) 3 X H ( C H 2 ) 7 C I L 

(OH.) 

3,6-Cl2 

6-Cl 2-OCH 
3,6-CI. 
3,6-Cl, 
2-OCIL, 6-Cl 
2-('CIL)3ClL 
3-C1, 6-CF3 

2-OCIL, (i-Cl 

C22II2,C12X30-2HCLII20 10 

C,2H,8ClX30-2HCl-21LO'.' i 9 
C>,H2-CLXV2HC1 Table X 
C24H31C12X3 • 2HC1 • 11,0 Table X 
C 2 , I I 3 2 C I X 3 0 - 2 I I C L 2 I L A > 3 
C24H33N3-2HCL0.5H2O f 
C23ILiClF3X3 • 2HC1 • 0. 5ILO Table X 

c26n2(iciN3o 

4~ 4~ 4* 

+ 4-
4- + 

2-S (CI I 2 ) 3 X(C 2 IL) 2 3-C1, 6-OCJL C26II2SC1N30-2IIC1-0.511,0 Tab leX 
29 tCTI2)3N(C2H5)(CH2)3NHC13H6Cl2N» 3,6-Cl2 CJL iCLX. -^HCl Tab leX 

° Monoeitrate. b Obtained through the courtesj- of Air. F. J. Murray, The Win. S. Merrill Co., Cincinnati, Ohio. c Supplied through 
ihe courtesy of Dr. It. O. Clinton, Sterling-Winthrop Research Institute, Rensselaer, X. Y. <* W. Huber, R. K. Bair, and S. C. Laskovv-
ski, J. Am. Chem. Soc, 67, 1619 (1945). "Supplied through the courtesy of Dr. John A. Leighty, The Lilly Research Laboratories, 
Indianapolis, Ind. / Pe rsona l communicat ion , Dr . Alfred Campbe l l , P a r k e , Dav i s a n d Co., Ann Arbor , Mich . ' Ci3H6Cl2X represents 
the 3,6-dichloroacridin-9-yl radical . '' See footnote c, T a b l e I . 

corresponding acid chlorides gave a mixture of the 1,6-
and 3,6-disubstituted 9-chloroacridines which was diffi
cult to separate (Scheme I ) . 

Condensation of the potassium salt of the appropriate 
o-chlorobenzoic acid with the requisite aniline deriva
tive gave the corresponding N-pheriylanthranilic acids 
(II).4 '10 Although earlier a t tempts 2 3 to prepare 3,6-
dichloro-9-aminoacridines via 4-chloro-J\T-(M<-chloro-

phenyl)anthranilic acid were abandoned because of 

poor yields (5.8%) encountered in the Ullmann pro

cedure,23 this route was used extensively in the current 

work following the discovery t ha t 4-ch]oro-XT-(«-

chlorophenyl)anthranilic acid could be readily prepared 

in good yield (42-53%) utilizing a modification of the 

(2;i) D . V. SpaldinK, G. W. Mnersch, II . S. Mosher , ami I-'. ( ' . Wlii tmim-. 
,/. Am. Chem. Soc. 68, 151)0 (194B). 
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TABLE I I I 

EFFECTS OF 9-ANILINO-6-CHLOHO-2-METHOXYACRIDINE DERIVATIVES ON THE INDUCTION OF LUNG TUMOR FLUORESCENCE IN RATS 

.OCH3 

N o . 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

x, y, z 

4-OH 
4-X(C,H6)2 
3-CH2N(CH2CH2Cl)2, 4-OH 
3-CH2X(C2H5)2, 4-OH 
3-CH2X(C2H5)2, 4-OCH3 

3-CH2X(C2H5)2, 4-OH, 5-CH2CII= 
3-CH2X(CH2)s, 4-OH, 5-CH2CH= 
3-CH2X[(CH2)3CH3]2, 4-OH 
2-OH, 3,5-[CH2N(C»H:,)2]2 

3-CH2X[(CH2)5CH3]2, 4-OH 

CI 

= C I 
=CH 

^ - " ^ N ^ ^ 

•i 

Formula 

C20H,5C1N,()2 

C2JI24C1X30 
C2SHKC13N302-2HC1 
C23H26C1N,02-2HC1 
C26H2SC1N302 • 2HC1 • 0. 5H 0 
C28H3„C1N302-2HC1 
C23H3„C1X302 

C29HMC1N.02-2HC1 
C3oH37ClN402-3HCl 
C33H42C1N02-2HC1 

lief 

3, 8 
3,7 
14 
3,8 
3,8 
3,8 
o, 8 
3,8 
3,8 
3, 8 

Activity0 

-
-
-
— 
-
-
-
-
-
— 

See footnote c, Table I. 

TABLE IV 

EFFECTS OF OTHER 9-AMINOACRIDINES ON THE INDUCTION OF LUNG TUMOR FLUORESCENCE IN RATS 

NR.R, 

N o . 

40 
41 
42 
43 
44 
45 
Obtained 

NRiRj 

XH2 

XH(CH2)3XHN(CH3)2 

NH(CH2)2N(CH2CH2OH)COCHCl2 

NHCH2C6H4-o-Cl 
NHNHS02C6H4-p-CH3 

NCOCHs(CH2)3N(C2H6)2 

through the courtesy of Dr. R. 0 . Clinton, 

X, Z 

II 
2-0CH3, 6-C1 
2-OCH3, 6-C1 
2-OCH3, 6-C1 
2-OCH3, 6-C1 
2-OCH3, 6-C1 

Sterling-Winthrop 

Formula 

C^ILoXYHCl" 
d s H ^ C l N i O ^ H C l - a O 
C20H2CCloN302-1.5H20 
C21H,6C12N20-HC1 
C2iH lgClN303S-HCl 
C23H2SC1X302 

Ref 

4 
13 
15 
c 
14 
14 

Research Institute, Rensselaer, N. Y. b See 

Activity'' 

-
-
-
-
-
-

footnote c, 

SCHEME I 

:OOH 

N ^ O ^ X 2, E^YNRR 

CONHYNR^ 

II III 

Ipocij IPOCI, 

CI NHYNRA 

I^c = z-0^* 
IV V 

procedure employed by Hurd and Fancher24 for re
lated compounds. 

The N-phenylanthranilic acids (II) were converted 
to the N-phenylanthraniloyl chlorides by the action of 
PCI5, or ring-closed with P0C13 to the 9-chloroacridines 
(IV). The 9-aminoacridines (V) were prepared by 
heating the appropriate 9-chloroacridine4,10 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 III with POCL 
(procedure II). The intermediate diamines are either 

(24) C. D. Hurd and O. E. Fancher, J. Am. Chem. Hoc, 69, 716 (1947). 

commercially available or were described pre
viously.10'18'19 

Pharmacological Method.—Studies were performed 
on female Sprague-Dawley albino rats using Novikoff 
hepatoma and Walker carcinosarcoma 256 tumors. 
Lung tumors were produced by intravenous injection 
of saline suspensions of homogenated tumors.2 

The acridine compounds (Tables I-IX) were screened 
using two to four animals per drug. In 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 subcutaneously 
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. 
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,Y 

-Z 

N». 

4<> 

•17 

4 S 

4 9 

.'id 

\ , 1 . Z 

3,li-(.\ll.li (proflavine! 
2-OCII3, 6-C1, 0-SII 
3,6-[X(CH3)2]2 (acridiue orange) 
9-(CH2)3X(CH3)2 

H-(CH2)3N+(C!!»):, 
()-(CI r2)4X+(CH;,):,, 1()-CII8-

(:13ll,i.\Y2IlCl-2IM> 
CulI.oClXOS" 
C„Hi9XY2HCl 
C,sII2„X,-2HCl-2ir20 

Cii ) i i .«x,--()so,()Cii;r-n2() 
c . in 2 ,xv--2()sc) 2 (K:i i 3 - -o . . ) i i . .o 

Obtained tlirough the courtesy of .Mr. Julian E. Philip, Abbott Laboratories, X'orth C'hicago, II 

Kef VON 

4 
4 
4 

i (i 
1<> 
Iti 

See footnote r, Table I. 

.".4 

• >i 

08 

:>!) 
(>() 
01 
02 

" See 

T A B L E VI 

E F F E C T S ( IF S U B S T I T E T E I ) ()-( M 0X11- AND - DL AEK Y EA.MENOA I.K V EAM1 XII ) AL 1UD1 N E 1 0 - O X L D E S 1 " UN T H E 

IXDECTIO.X OF LUNG TUMOR FLUORESCENCE IN RATS 

X H - Y - X E K 

(CI12)2X(CII3)2 

(CH2)3X(C2H3)2 

(CH2)2X(CH2C1I=CH2)2 

(CIT2).-,X(CH2)4 

Cir(CH3)(CH2)3X(C2H.',)2 (quinacrine 10-oxide) 
CH(CH3)(CH2)3X(CH2CH2OH)2 

(CH2)3NHCH[CH-.X(Crf3)2]2 

(CH2)3XH(CIi2),CH3 

(CII2)3X(Cir3)(CH2)9CII:, 
(CH2)3XH(CH2)3X(CH,CII20I1 h 

footnote c, Table I. 

X. '/, 

2-OCH3, li-Cl 
:j-Cl 

2-OCIL,. G-Cl 
3-C1 
2-OCI1:, 
2-0CII:, 
2-OCII3 

2-OCII:,, (>-( 
:;-Cl 
:i-Cl 

0-C1 
0-C1 
6-C1 

c„ll ,oC:ix302-2HCl-i . ; i : i l l2o 
C2jH.;4ClX3()-2HCl-0.7.)H2O 

C2lH24ClX30:: 

C2211,4C1X:,02-2I1CM120 
(«H26C1N30-2HC1-().7.)H2() 
C.3II30ClX3O2-2HCl 
(A;1Il:i0ClX3O4- 2 IIC1 •()..",] 1,0 
C21H34ClX:,(),-4HCl-3.2.-)II,() 
C2;,H31C1X302-2IIC1 
C27II3SC1X30-2H.C1-II20 
c2sii:„cix.1()3-:jnci-().r.ii,() 

+ -

Results.—Twenty-five aminoacridines among the 8(5 
compounds tested produced intense yellow-green fluo
rescence in lung tumors following a single 1.5-20-mg 
subcutaneous dose (Tables I - I X ) . Xo fluorescence 
was induced in lung tumors by the other 61 acridiue 
compounds. The bright yellow-green fluorescence 
was not present in any of the control animals tha t did 
not receive a drug. Similar results were obtained in 
all studies with Walker and Xovikoff tumor systems. 
An analysis of s t ructure-act ivi ty relationships has en
abled a preliminary determination of the chemical 
configuration associated with lung tumor fluorescence 
in rats. 

(1) A XHYXR1R2 function is essential for activitv 
(Tables I, I I , VI, VII I , IX) where Y represents CH2-
CHOHCEL, (CH2)2._5, CHCH 3 (CH 2 )„ or CH[(CH 2 ) 2 ] 2 -
CH and XRiR 2 is a lower tertiary amine group including 

X(CH3)2 , X(C2H5)2 , X[CH(CH3)2]2 , ~OX+(C2H5)2 , 
X(CH2) , , X ( C H o C H = C H , ) 2 , X(CH 2CH 2OH) 2 , or X-
(eiLCHoCl).,. The presence' of a third nitrogen atom 
anywhere in the side chain abolishes activity. 

('_') The XHYXRjRo function can be at tached to a 
9-acridinyl, 9-acridinyl 10-oxide, benz[&]acridin-12-yl. 
benz[c]acridin-7-yl, or benzo[6] [l,8]phenanthi -olin-7-vl 
nucleus (Tables I, I I , VI, VII I , IX) . 

(3) The acridiue nucleus can be substituted at posi
tions 2-7 with one or more groups including CH ; i. 
(CH2)3CH3, CI, Br, I, OCH,, and X 0 2 (Tables I, I I , 
VI, VI I I , IX) . Derivatives with bulky substi tuents 
such as OCsHr, or OC6H4-p-Cl were inactive. 

(4) All other acridiue compounds studied gave 
negative results, including 9-anilinoacridines (Tables 
I I I , VII , VI I I , IX) , other 9-aminoacridines of diverse 
structure (Tables IV, VII ) , and miscellaneous acridiue 
derivatives such as proflavine and acridiue orange 
(Table V). 

Many of the 9-(dialkylaniinoalkylamino)acridines. 
4-(9-acridinylamino)-Qf-amino-«-cresols, and their X-
oxides are potent antimalarials, 3.4,10.11.14 a l l ( j both 
basic types stain and retard the growth of tumors in 
mice.2 ' Therefore, it was surprising to find in the pres
ent study tha t only the 9-(dialkylaminoalkylamino)-
acridines induced lung tumor fluorescence in rats, while 
the 4-(9-acridinylamino)-a-amino-o-cresols were in
active. 

Discussion. It has been conclusively demonstrated 
(hat various aminoacridines interact with the nucleic 
acids. Peacocke and Skerrett2(i proposed tha t profla-

rir,) AI. U. Lewis un 
(2oj A. R. Peacocke 

1'. CioimxL Am. ./. Med. Sri., 215 , 282 (EOS) . 
.1. N . 11. Sker re t l , Trail*. Faradan .Sue, 52, 2fil 

ACK.EU.MAN
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TABLE VII 

EFFECTS OF OTHER 2-METHOXY-9-AMINOACRIDINE 10-OXIDES ON THE INDUCTION OF LUNG TUMOR FLUORESCENCE IN RATS 

NHR 

No. 

03 
64 

65 

X, Z 

CH,C6It4-o-Cl 
(CH2),CH3 

0-C1 
6-C1 

6-C1 

66 3-OCH3, 6-X02 

.Formula 

C2iH1(iCl2X202 

C22Ii27ClX202-2HCl 

C23H26C1X303 • 2HC1 • 0.25H20 

C26H2SX4O6-2HCl'0.75H2O 

Kef 

10 
10 

11 

Act iv i ty" 

21 

CH.N'(C,H.,), 

CH2N(C,H.,)a 

0 See footnote c, Table I. 

TABLE VIII 

EFFECTS OF 7-AMINOBENZ[C] ACRIDINE DERIVATIVES ON THE INDUCTION OF LUNG TUMOR FLUORESCENCE IN RATS 

XHR 

No. 

67 

08 

69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

Salicylate 

It 
H 

Cl 

(CH,);,CH3 

(CH2)3X(CH2CH,C1)2 

(CH2)3X(C2HS)2 

(CH2)3XHX(CHo)3 

(CH2)3XH(CH2)3X(CH3), 
(CH2)5X(CH2)5 

(CH2)3XH(CH2),CH3 

(CH2)3X[(CH2)2]2NC6H.-, 
(CH2)5XHCnH,0N6 

(CH2)3XH(CH2)4XHC„H1„X i ' 
(CH2)30(CH2)20(CH,)3XHCnH, oX6 

(CH2)3X[CH2CH2X(C2H5)2](CH2)3XHCnH 

salt. b CnH10X" represents the benz | ̂ cJacridin-7-

,«X» 

-yl radical. 

Formula 

C„Hi2X2 

C23II14C12X2-HC1 

C23H24X2 

C24?I23C12X3-2HC1 
C24H2,X3-2HC1-3H20 
C23H28X4-2HC1-H20 
C2r,II3oX4-3HCM.5H20 
C,-H31X3 

C28H33X;i • 2C7H603" 
C3„H3„X4-3HC1-H20 
C38H32X4-2HC1'2.5H20 
C41H37X5-3HC1-4H,0 
C42H3SX402-2HC1-H20 
C«H.,8NY4HC1-4.5H20 

c See footnote c, Table I. 

Ref 

4 

d 

18 
14 
6 

13 
14 
18 
19 
14 
14 
14 
14 
14 

d See Experir. 

Act iv i ty" 

vine (46) is bound to DXA by two mechanisms, namely 
a strong first-order reaction that reaches equilibrium 
at one proflavine molecule per four or five nucleotides, 
and a weaker higher order process that results in the 
fixation of one proflavine molecule per nucleotide. 
Lerman27 showed that the strong binding site involves 
the intercalation of one acridine molecule between two 
layers of base pairs, with the 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 DXTA-acridine complex in dilute 
aqueous solution, X-ray diffraction patterns,27'28 polari
zation of fluorescent light, flow dichroism,29 small-angle 
X-ray scattering,30 kinetic diazotization studies,31 and 
free-energy calculations based on thermal denatura-
tion.32 Intercalation of proflavine into RNA has also 
been observed.4 

(27) L . S. L e r m a n , J. Mol. Biol, 3 , 18 (1961). 
(28) D . M. Nevil le , J r . , and D . R. Davies , ibid., 17, 57 (1966). 
(29) L. S. Lerman , I'rar. Xatl. Acad. ,Sci. f. A'., 49, 94 (1963). 
(30) V. Luzza t i , F. Masson , a n d L. S. L e r m a n , J. Mol. Biol., 3, 634 (1961). 
(31) L. S. L e r m a n , ibid., 10, 367 (1964). 
(32) N . !•'. Gersch a n d D . O. J o r d a n , ibid., 13, 138 (190.5). 

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 atoms.4 Studies with 
a quinacrine-DNA complex are also compatible with 
the proflavine intercalation hypothesis.29'33 However, 
the quinacrine-DXA. complex is so tight as to prevent 
depolymerization of the DXA by deoxyribonuclease. 
Some of the aminoacridines have also been found to be 
mutagenic agents for bacteria, viruses, and yeast.4,34 

Although simple aminoacridines (i.e., proflavine, 
acridine orange, 9-aminoacridine) and quinacrine are 
all highly fluorescent and are known to interact with 
nucleic acids, only the basically 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 labeled proflavine or acri-

(33) N . B. Kurn i ck and I. E . Radcliffe, J. Lab. Clin. Med., 60, 666 (1962). 
(34) R. I. D e M a r s , Nature, 172, 964 (1953). 
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T A B L E I X 

E F F E C T S O F O T H I ; K M O N O - A M I D I A L K V I . A M I N O ALKVI.AAIIXO H E T E R O C Y C L I C C O M P O U N D S 

ON THE I N D U C T I O N O F I,rx<; T I M O R F L U O R E S C E N C E IN R A T S 

Si 

83 

84 

/—\ 
NHU'H.iN NCI 

/—\ 
X H I C H . I . V H . V NTH 

U N ~^~ \-\-\ X I C H . C U O I I I 

A v . H ' H 

N<> 

Sec footnote <:, T a b l e I . 

S'HCHiCH iiCH.J.Ni('_H 

SCU 

Kef 

C 2 iH 2 ( i ClN.- ,0-3I I ( . ' l -2 .5n 2 O 

C 2 1 I I 2 7 C 1 X 6 0 - 3 I I C 1 - 3 H 2 0 

(V 1 l lv . , ( ' lX 1 <) 1 -2I lCI- l l , ( ) 

C 2 e I l 2 a C L X 4 - 3 I I C M . 5 1 U ) 

c26ir31x : r2iiBr-ii2(> 

c.'1,i]37N.->-:jnci-«..-,n.(> 

14 

I I 

+ + 

14 

T A I I I . E X 

l 'UEPARATIOX OF ! ) - ( . M o X O - A M ) -I )l ALK Y LA MIXOALKYLAMIXO jACUIDIXEs 

X H — Y - X R . . R . 

-No. Y N R i R s 

i) f C H 2 ) 2 X I I ( C I I 2 ) 2 0 i I 

10 (CH 2 ) 3 XTTCH(CH 3 ) 2 

11 ( C H 2 ) 3 X H ( C H , ) 2 O H 

12 (CH 2 ) 3 X(C 2 U;,) 2 

14 (CII2 )3N(C2TT,-, )CiI.,C IhO IT 

S7 (C TI 2 ) 3 XfCH 2 CH 2 OH) 2 

l.'S C I u 2 C H O I I C H 2 X ( C 2 I I 5 ) 2 

16 ( C I I 2 ) 3 X ( C I I 2 C H , O I I ) 2 

88 ( C I I 2 ) 3 X ( C H 2 C H , O I I ) 2 

22 (CH2),,N(CH2).-, 

2 CHCCIT. , ) (CFI 2 ) 3 \ (C 2 H 5 ) 2 

4 C T K c n 3 ) ( C i r 2 ) 3 X ( C Y i r 5 ) 2 

23 (CI I 2 ) „NH(CI Io ) 7 CII , 
26 ( C I I 2 ) 3 N I i ( C I I 2 ) - C U 3 

28 (CH 2 ) 3 X(C 2 H 5 ) 2 

7 CH(CH 3 ) (CH 2 ) 3 X(C 2 H,- , ) 2 

SO CTI (CH 3 ) (CH 2 ) 3 X7C 2 H 3 ) 2 

8 C H ( C H 3 ) ( C H 2 ) 3 X ( C 2 H 3 ) 2 

90 o O H 2 ) 3 N H ( C i r 2 ) , C H : , 
211 (CII2)3X('( ,

2II ; J)(( ' II3) ; ,XllC ! 3r if l( ' l ; .X' ' 

X, /. 

-OCH3 

6-CT2 

-OCTI3 

6-Cl, 
6-CT, 
(i-Cl2 

6-CI2 

-CI, 6-CF3 

-CI, 6-CII:, 
6-CL. 

-CI, 6-CII3 

-CI, 6-OCII:, 
6-Cl, 

-CI, 6-CF, 
-CI, 6-OCJF 
-CI, 6-OC„H4-iu-Cl 
-CI, 7-C6IT,-, 
CI, 6-OC6H6 

-CI, 7-C8lI, 
<>-( T2 

-M|>, =(' 

159-160 

280 dec 

213-217 dec 

253 dec 

239-240 dec 
227-228 dec 

227-129 dec 

197) dec 

237-239 dec 

278-279 dec 

240 -241 dec 

215 dec 

283 dec 
262-264 

229-230 dec 
212-214 dec 

75 -80 dec 

246-247 dec 
253 dec 

294 dec 

pur i -

Kptt, 
' • ; 

77 

44 
90 
72 
44 
36 
62 
30 
80 
79 
53 
54 
24 
29 
53 
50 
S7 
55 
00 
41 

Pro-

ceduro 

1 
11 
I 
II 
I 
I 
II 
I 
I 
II 
ir 
11 
11 
1 
11 
11 
1 
11 
1 
1 

Furil ien 

M>Ivent" 

A 
B 
B 
B 
B 
C 
C 
I) 
C 
B 
C 
V. 

c 
c 
F 
B 
C 
B 
B 
B 

c , j i 2 I x 3 o , 
C1 SH2 1C12X3-2HCT 
C 1 9 H 2 3 X 3 O 2 -2HCI-0 .25i ) 2 O'< 
C2 1 )H2 3C12X3-2HCF 

C 2 „H 2 3 Cl ,X 3 O-2I IC l -0 .5 I I , (> 
C2 0TT,3Cl2X3O2-2HCl 

C , „ H 2 3 C 1 2 X 3 0 - 2 H C M I 2 < ) 

C 2 I H 2 3 ClF 3 X" a 0 2 -2HCM. . - ) I I» ( ) 
C 2 1 H 2 6 C1X 3 0 2 -2I IC1 
C2 3H2 7CT2X3-2HC1 
C , 3 H 3 0 C l X 3 - 2 H C F 0 . , ) H , O 

C 2 3 H 3 0 ClX 3 O-2HCI-0 .5 IT 2 ( ) 

C 2 1 H 3 1 C1 2 X 3 -2HC1-H,0 

C2;,H3I C1F3X3 • 2HC1 • 0 . 5 H2() 

C , 6 H 2 S C 1 X 3 0 - 2 H C 1 - 0 . 5 1 1 , 0 
C 2 SH 3 1C1 2X 30-2ITCK 
C 2 S H 3 2 C 1 X 3 - 2 H C 1 - 1 . 5 0 2 ( ) 

C 2 8 H 3 2 C l N 3 O - 2 H C l - 0 . 5 H 2 O 
C 3 U H 3 6 C l X Y 2 H C l - H z O 
C3 1II3 ,C!4XY3I1C1 

" A, K t O I I - Z - P r O I I ; B , M e O I i - M e , C O : C, E t O H - M e 2 C O : 1), .Me 2 CO-Ki 2 ( ) ; E , / - l Y O H - E U O ; F, M e O U - C J I e . h Anal. I I 2 ( ) . 
ciilcd, 1.12; found, 0 .91 . '' Ci3!T6Cl,X~ rep resen t s t h e 3,6-diehloroacridin-9-\T rad ica l . •' All c o m p o u n d s were a n a l y z e d for C, II, X. 
r Anal. C : calcd, 53.47; found, 53 .93 . 'Anal. I I : calcd, 5.84; found, 6.29. 1 Anal. X : calcd, 7.44; found, 7.86. 

file:///-/-/
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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 studies35 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.8,4 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-ChIoro-N-(jre-chIorophenyl)anthraniIic Acid.—A mixture of 
191 g (1 mole) of 2,4-dichlorobenzoic acid, 157 g (1.25 moles) of 
m-ehloroaniline, 138 g (1 mole) of anhydrous K2C03 , 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 H 2 0 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 HC1. 
The crude acid was collected by filtration and was washed suc
cessively with warm water, hot 95% EtOH, and petroleum ether 
(bp 30-60°). The dried product was crystallized from chloro-
benzene to give 144.5 g (51%) of nearly colorless crystals, mp 
199-201° (lit.23 mp 196-198°). In eight other similar 1-mole 
runs, the yields of purified acid ranged from 42 to 53%. 

4-Chloro-N-(m-methoxyphenyI)anthranilic Acid.—Utilizing 
the general procedure described above for the preparation of 
4-chloro-X-(m-chlorophenyl)anthraniIic 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 K 2C0 3 

gave 7.5 g (14%) of product, pale vellow crystals from benzene, 
mp 163-165°. Anal. (Cu~Hi2CWO~3)C, 11. 

4-Chloro-N-(a,a,a-trifluoro-m-tolyl)anthranilic Acid.—Utiliz
ing the general procedure described above for the preparation of 
4-chIoro-N-(TO-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 K 2C0 3 afforded 
436 g (47%) of product, pale yellow crystals from CHC13, mp 
208-210°. Anal. (CUH9C1F3X02) C, H, X. 

4-Chloro-N-(m-phenoxyphenyl)anthranilic Acid.—Utilizing 
the general procedure described above for the preparation of 4-
chloro-X-(m-chlorophenyl)anthranilic acid, 80.0 g (0.42 mole) of 
2,4-dichlorobenzoic acid, 77.3 g (0.42 mole) of 3-aminodiphenyl 
ether, and 58.0 g (0.42 mole) of anhydrous K 2C0 3 gave 49.4 g 
(35%) of product, pale green leaflets from chlorobenzene or 
aqueous ethanol (decolorizing charcoal), mp 168-169°. Anal. 
(C19H14C1X03) C, H, N. 

4-ChIoro-N-[m-(p-chIorophenoxy)phenyl]anthranilic Acid.— 
Utilizing the general procedure 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 2 C0 3 afforded 40.7 g (25%) of product, pale yellow 
crystals from benzene, mp 162-163°. Anal. (Ci9H13Ci2N03) 
C, H, N. 

3,6,9-Trichloroacridine.—A mixture of 1 kg (3.55 moles) of 4-
chloro-X-(wi-chlorophenyl)anthranilic acid and 3.5 1. of POCI3 in 
a 12-1. flask fitted with four large reflux condensers was cautiously 

(35) N. B. Ackerman, unpublished results. 
(36) Melting points (corrected) -were taken in open capillary tubes in a 

Thomas-Hoover capillary melting point apparatus. Where analyses are 
indicated only by symbols of the elements, analytical results obtained for 
those elements were within ± 0 . 4 % of the theoretical values. 

warmed on a steam bath until the vigorous, exothermic reaction 
began. After the reaction had subsided, the mixture was stirred 
and heated on a steam bath for 3 hr and 3 1. of POCl3 was removed 
in vacuo. The residue was poured slowly with vigorous stirring 
into a large excess of XH4OH and ice. The crude trichloro-
acridine was collected by filtration, washed (H20), and dried 
in vacuo at 38°; weight 973 g. The product was extracted with 
several portions of boiling CHCI3 and the combined extracts 
were concentrated, chilled, and filtered. The filter cake was 
washed thoroughly with petroleum ether and dried. Two 
crystallizations from chlorobenzene gave 256 g (26%) of pure 
product, mp 223-224° (lit.23 mp 224-225°). In six smaller scale 
runs, the yields ranged from 22 to 3 1 % . 

3,9-Dichloro-6-(trifluoromethyl)acridine.—Utilizing the pro
cedure described above for the preparation of 3,6,9-trichloro-
acridine, 50.0 g (0.16 mole) of 4-chloro-X-(a,a,a-trifluoro-TO-
tolyl)anthranilic acid, and 150 ml of POCl3 gave 33.5 g of mixed 
cbloroacridine isomers. Fractional crystallization of the mixture 
from benzene gave 20.1 g (40%) of pale vellow crystals, mp 159-
160°. Anal. (CuH6Cl2FsX) C, H, X. 

9-(Mono- and -DialkylaminoalkyIamino)acridines (Table X). 
Procedure I.—A mixture 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 was diluted with 
a mixture of 20 ml of concentrated HC1 and 160 ml of acetone. 
Several volumes of acetone were added, the mixture was chilled, 
and the supernatant was decanted. The residue was dissolved 
in H20, and the solution was treated with decolorizing charcoal 
and made alkaline with excess XH4OH. After 1 hr, the waxy 
brown precipitate crystallized. Recrvstallization from EtOFf-
Me2CO-H20 gave 5 g of yellow base," mp 158-160°. This was 
treated with excess ethanolic HC1 to give 5.8 g (36%) of 2,2'-
[3-(3,6-dichloroacridin-9-ylamino)propylimino]diethanol dihydro-
chloride (87), yellow crystals, mp 227-228° dec. 

Procedure II.—4-Chloro-X-(m-chIorophenyl)anthranilic acid 
(16.9 g, 0.06 mole) was suspended in 140 ml of dry petroleum 
ether and treated portionwise with 13.8 g (0.066 mole) of PCI.-,. 
The mixture was boiled under reflux for 30 min, decolorizing 
charcoal was added, and the mixture was filtered hot. Upon 
cooling, the crude 4-chloro-X-(r»-chlorophenyl)anthraniloyl chlo
ride crystallized and was collected by nitration and dried. Re-
crystallization from petroleum ether (decolorizing charcoal) gave 
15.0 g (84%) of the purified material as canary yellow needles, 
mp 109-110°. 

The acid chloride (15.0 g, 0.051 mole), X,X-diethyl-l,3-
propanediamine (7.2 g, 0.056 mole), and 170 ml of dry CeH6 

were heated under reflux for 40 min and cooled. POCI3 (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 
residue was taken up in 125 ml of boiling E tOH and diluted with 
500 ml of ether. The mixture was chilled and the solid was col
lected by filtration and washed (Ale2CO). Crystallization from 
MeOH-Ale2CO gave 19.5 g (72%) of 3,6-dichloro-9-(3-diethyl-
aminopropylamino)acridine dihydrochloride as fine yellow 
needles, mp 253° dec. 

6-Chloro-9-(o-chlorobenzylamino)-2-methoxyacridine Mono-
hydrochloride (43).—6,9-Dichloro-2-methoxyacridine (27.8 g, 
0.1 mole) and o-chlorobenzylamine (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 product was purified according to procedure I above. The 
hydrochloride salt was purified from CHCl3-Me2CO to give 16.5 g 
(39%) of vellow crystals, mp 300° dec. Anal. (C2iH16Cl2X20-
HC1) C, Ff, X. 

7-(3,4-Dichloroanilirto)benz[c]acridine Monohydrochloride 
(68).—7-Chlorobenz[c]acridine (15.8 g, 0.06 mole) and 3,4-
dichloroaniline (9.7 g, 0.06 mole) were stirred and heated on a 
steam bath with 30 g of phenol for 3 hr, and the crude product 
was purified according to procedure I. The hydrochloride salt, 
was purified from EtOH-Me2CO to give 18.0 g (71%) of orange 
crystals, mp 300° dec. Anal. (C23H14C12X2-HC1) H, X; C: 
calcd, 64.88; found, 64.43. 
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