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Certain aminoacridines induce fliorescence and are selectively concentrated in huig tuniors in rats,

To enable

a more precise determination of the chemical configuration associated with these properties, a group of 86 acridine
compounds was evaluated. Twenty-five aminoacridines produced intense fluorescence in hung tumors in rats

following a single 1.5-20-mg subcutaneous dose.

All active compounds contained a NH-Y-NR:R, group at-

tached to a 9-acridinyl, 9-acridinyl 10-oxide, benz[b]acridin-12-yi, benz[c]acridin-7-yl, or benzo[b][1,8]phenan-

throlin-7-yl nucleus.
cytology are possibilities in lung cancer study.

The application of such conipounds in fluorescent bronchoscopy or fluoresceut exfoliative
The poteutial 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 diagnhosis 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-

NHCH (CH:XCH,)N(CAl L),
OCH,
QOO
Cl N
I

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 %I, and !*!I,, respectively.?
Once again the lung tumors fluoresced brightly and were
clearly identifiable on radicautographs. 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.?

In order to define more precisely the chemical con-
figuration that s 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 Cothin Childs
Memorial Fund for Medical Research. (b) Faculty Research Associate of
the American Cancer Society.
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were described previously in connection with the
synthesis of potential antimalarial,®~!¢ antiame-
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antifungal®-1422 agents. The other 9-(mono- and -di-
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were prepared by the condensation of a substituted 9-
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Tanre 1
Erreers or Y-(4-DIgrmyLasiNo- l-METHY LULTYLAMING JACRIDINES ON 1111 [NDUCTION
ur Luxa Tumor FLoorbsosNcs 18 s
NHCHCHCH) NtC.H-)»
No N,/ Tormula Rof Avtivity®
i 2-Br, 4-Clly CuslToBrNy - 2HCle 5 + +
2 3-Cl 6-Cly CallyoCING-2HICH 0. 51O Table X i
0 2-0CH;, 6-Cl (quinacrine) Cal lCINGO - 21O 4,5 + -
4 3-Cly 6-OCH Cugl IpCINLO - 2HCEH 0. 5HLO Table X A4
5 2-OCH;, 6-1 (“indoquinacrine’) CoygHgeINAO - 2HCLE- 0. 51,0 12 {4 A
6 2,3-(Clly)s, T-OCH; Casllg N0 5 + A
T 3-Cl, 6-0CslIe=p-Cl Castlyu CLN;O - 2HCL Table X -
S 3-Cl, 6-0C,lI; Cosh15CINO - 2HCEH 0, 511L,0 Table X -

“ Obtaied throngh the courtesy of Dr. Jolm A, Leighty,
throngh the eonrtesy of Dr.
follows:

The Lilly Research Laboratories, Indianapolis, Tud.
{. O. Clintou, Sterling-Winthrop Research Institute, Iensselaer, N. Y.
—, m fluorescence at 5 mg; ==, questionable fluorescence at 5 mg; +, no fluorescence at 5 ing, inteuse fluorescence at 20 my;

t Sawple provideld
¢ Activity rating is assigned ax

+ 4, intense flnorescence at 5 mg; + + -+, intense fluorescence at 1.5 mg.

Tapue I

Errecrs or SuBstireren 9-(Moxo-

AND -PIALKYLAMINOALKYLAMINO JACRIDINES ON THE INDUCTION

oF LuNG TuMoR FLUORESCENCE 1N Rats
NH—Y—NR.R,

No. YNRiRe
b (CH.):NI(CH).OH 2-0CH,
iy (CHL)LNHCH(CH . 3,6-Cl.
iy (CIL,)%NH(CIT.),011 2L0CH,
12 (CHWN(CaH, 3,6-Cl
15 CH. (,HOHCHQ\(L H.): 3,6-Cl.
14 (CHosN (C.H,)CH,CILOM 3'6-CL,
5 (CH, )SNH CH,),NH, 2!0CHs, 6-Cl
16 ((‘Ih)s (CHOCHOOH; 5-Cl, 6-CFy
1T CILCHOHCH,N(C:H,): 2-0CH,, 6-NO.
I8 @Nm ) 2-0C1y, 6-Cl

1 {CH) N ONCH, 2-0CH, 6-C1
20 CH{CH)(CTeN (Cal L) 2,6-Cl,
|

21 2-0CH,, 6-C1
22 5,6-Cl.

23 ) . 3,6-Cl

3 (Cli) [CII((‘IL s 22OCH,, 6-C1
2 (CILWN(GI)e 2-(CH.)CIL
20 (CIL):NT(CH,)%CIy 3-Cl, 6-CF,

1CH,

i
ce

25 (CHOaN(Calla)e
29 (CH )N (CH)(CH)DINHC3IT6ClLNe %,6-Cl.

2 Mopnoellrate.

4-0CLI;, 6-Ct

the eourtesy of Dr. . 0. Clinton, Sterling-Winthrop Research Institute,
¢ Supplied throngh the ecoartesy of Dr. Johu A. Leighty, The Lilly Research Laboratories,

ski, J. Am. Chem. Soc., 67, 1619
Indianapolis, Ind.
the 3,6-dichlorvacridin-9-yl radical.

(1945).

* See footnote ¢, Table 1.

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-phenylanthranilic acids
(I1).4  Although earlier attempts?? to prepare 3,0-
dichloro-9-uminoacridines  via¢  4-chloro-N-(m-chloro-

5eCl, 6-0Cs11;

¥ Obtained ihrough the courtesy of Mr. F. .J. Maray, The Wm. 8. Mecrrill Co., Cineiunati, Ohio.

7 Personal commuuication, Dr, Alfred Campbell, Parke, Davis and Co., Aun Arbor, Mich,

IForuula Ref Letivivy®
CrslaNgOn Table X -~
C19H:1C19N3'211(,‘1 TableX -
Ci9HusN3O.-2HCEH- 0 25110 Table X
CznPIzsClzNa -2HCL Table X -+ +
CagHpsClaN30 - 2HCL-HL,0 Table X +++
CoHasClLN;0-2HCI- 0. 5110 Tdble X -
CyHosCINLO - CSHSO:" -
Co HyCIF; N30, -2HCH - 1. 3110 Table X =
Ca HyN,04-2HCI - 2110 Table X + 4+
Cael LsCINGO 2L 5 e e
Cay Hz CINLGO - STLCH 21O Table X
CaerClNG0 - 2HCL HLO 10 +
()::llgg(llxso-2HC1~2H-_-O"," 9 ++
CuHueClNy-2HCL Table X b
CuyHy CLNG - 2HCH H.O T'able X -
CoyIT,CINGO - 2HCH - 21 L0 3 -+t
( 4H33\3 QI{CI 0 )}{ () f A4 - ‘1"
CoHy CIF, N3 - 2HCH- 0, 5EL0 Table X -
CulLasCINGO 5 -
CogtlesCIN;O - 2HCE- 0 5110 ‘l'able X -
CaHy CLN;-3HCL Table X -

¢ Supplied through

Rensselaer, N. Y. ¢ W. Huber, R. K. Bair, and 8. C. Laskow-

7 Ci3HCLN represen(s

phenyljanthranilic acid were abandoned because of
poor yields (5.89,) encountered in the Ullmann pro-
cedure,?? this route was used extensively m the current
work following the discovery that 4-chloro-N-(i-
chlorophenyl)anthranilic acid could be readily prepared

in good yield (42-339;) utilizing a modification of the

{23) D. I Spaldiug, G. W, Meersch, 1. 8. Mosher, aud 1. €, Wldtwore,

J.o Am. Chem. Soc., 68, 15806 (19406).
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TasLe 111
EFFECTS OF 9-ANILINO-6-CHLORO-2-METHOXYACRIDINE DERIVATIVES ON THE INDUCTION 0F LuNGg TuMOR FLUORESCENCE 1IN Rars

; -~

4

/ a4
\\_/,'.A\'A'Z

HN
Cl N’

No. A T'orruula Ref Activity
30 4-OH CaoHi;CINAO. 3,8 -
31 4-N(CzI‘I5)2 (/241[14(3[1\’40 3, 7 -
32 3-CH;N(CH,CH,Cl),, 4-OH C.5H3:Cl3N 0, - 2HCI 14 -
33 3-CH,N(CH;),, 4-OH C.;H:26CIN 0, 2HCI 3,8 -
34 3-CH,N(C:H;),, 4-OCH; C.sHssCIN,0. - 2HCL-0.5H.0 3,8 -
35 3-CH.N(C;H; ), 4-OH, 5-CH,CII=Cll, CasH3CIN;05 - 2HCI 3,8 -
36 O CI‘IQV(CHQ)C, 4-01‘1, S'C}IQCI{ZCIIQ CQQI“I;NCIN;;()Q 3, 8 -
37 3-CHN[(CH;);CH;ls, 4-OH Cyy 3, CIN O, - 211CI 3,8 -
38 2-0OH, 3,5-[CH:N(C.H:).)e C3HyCIN,O, - 3HCI 3,8 -
39 3-CH.N[(CH;);CHj;ls, 4-OH CyuHuCIN 0,-2HCI 3,8 -
s See footnote ¢, Table I.
TapLe IV
Errecrs OF OTHER 9-AMINOACRIDIXES ON THE INDUCTION OF LuNg TuMOR FLUORESCENCE 1IN Rats
NR,R.
No. NRiR2 X.Z Formula Ref Activity”
40 NII; H ClsI’IjnNg'IlCl“ 4 -
41 NH(CH,);NHN(CHj;). 2-0CH,, 6-Cl Cy3Hy;CIN O -2HCI- 1,0 13 -
42 NH(CH,).:N(CH.CH,OH)COCHCL, 2-OCH;, 6-Cl CyoHoCL;N;0:- 1. 5H,0 15 -
43 NHCH,CsHs-0-Cl 2-0OCH;, 6-ClI CoH1;CleN:O - HCI c -
44 NHNHSO,CsHy-p-CH; 2-OCH;, 6-Cl CuHisCIN;O;3S- HCl 14 —
45 NCOCH;(CH:);N(C:H;): 2-OCH;, 6-Cl C23HasCIN0: 14 -

¢ Obtained through the courtesy of Dr. R. O. Clinton, Sterling-Winthrop Kesearch Institute, Rensselaer, N. Y.

Table I. ¢ See Experimental Section.
ScuEME I

COOH CONHYNR,R,
A6 e OG-
Z N X 2 HNYNRR, [Z N X

H H

II I

POCIJ POCI,
NHY\'R Rs

HNYNRR, m
7 X

procedure employed by Hurd and Fancher?* for re-
lated compounds.

The N-phenylanthranilic acids (II) were converted
to the N-phenylanthraniloyl chlorides by the action of
PCl;, or ring-closed with POC]I; to the 9-chloroacridines
(IV). The 9-aminoacridines (V) were prepared by
heating the appropriate 9-chloroacridine® 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 POCI;
(procedure II). The intermediate diamines are either

(24) C. D. Hurd and O. E. Fancher, J. Am. Chem. Soc., 68, 716 (1947).

b See footuote c,

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.?

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,
ammoacridine 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 has 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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Tapre V

LFFEers oF MISCELLANEOUS ACRIDING DERIVATIVES 0N THE INDUCTION D1 LNt Tesonr FLronpsesNee ix Raes

“ Obtained throngh the courtesy of Mr. Julian I, Philip, Abbott Laboratories, North Chicago, Tl

No. N Y. 7 o JERDY Neriviy”
16 :;,6-(Nll:)z H)l‘l)ﬂiLVill(’} (:lllll(lX:l'21[(,:1'2113() 4 -
47 2-0OCH,, 6-Cl, 9-511 Ciad pCIN ORe 4 -
18 3,6-[N(CHy))s (acridine orange) Czl Ny - 21CH + -
19 O-(CH)uN(CH. stlwNe- 2HCEH 21O 16
Ho S)-(CI‘Ig)gL\' +(C“::):l Ciopllan '()5(;)3()(7111_'“3() 16 -
o1 H-(CH. )N A Clla 10-Cllz ™ Cutl ey N 20850.0CH, = 0. 01HL.0 16 -

v See fovtuvte ¢, Table I

Tanne VI

Ervecrs or Seustirrred D-(MoNo- AND -DIALKYLAMIND ALK YLAMING JAURIDINE 10-OXIDESY ON 1L

Ixvrerioy or Lo Trvor Frvonescesen In Rars

NH—Y—XR K,

Z
¢ l
N, YNRIR:
02 (CHDN(CHy)s
3 (CHON(CaHi
ot CILLN )
OH
) (CHu )L N(CHLCH=Cll.).
356 (CH,):N(CHa)s
Y CH{CH;)(CH,)sN(CH3): (quinacrine 10-oxide)
BT CH(CH)(CH,);N(CH.,CH,OH ).
o) (CH2)NHCH [CILN(CHa)al
60 (CHu)NH(CH,):CHy
6l (CHa)sN(CH)(CHL)4Cl iy
02 (CHy )N H(CHL)yN(CH.CIHLOLL ),

» See fovtnote ¢, Table 1.

Results. —T'wenty-five aminoacridines among the 86
compounds tested produced intense yellow-green fluo-
rescence in lung tumors following a single 1.5-20-mg
subcutaneous dose (Tables I-IX). No fluorescence
was iunduced in lung tumors by the other 61 acridine
compounds.  The bright yellow-green fluorescence
was not present in any of the control animals that did
not receive a drug. Similar results were obtained in
all studies with Walker and Novikoff tumor systeins.
An analysis of structure—activity relationships has en-
abled a preliminary determination of the chemical
configuration associated with lung tumor fluorescence
in rats.

(1) A NHYXNR;R, function is essential for activity
(Tables I, II, VI, VIII, IX) where Y represents CH.-
CHOHCH,, (CH.,),..;, CHCH;(CH,);. or CH[(CHy),]»-
CH and NR;R; is a lower tertzary amine group including

N(CHy)y, N(C.Hj)s, N[CH(CH;),),. ~ON+(C.Hj),,
N(CHy; N(CH,CH=CH,),, N(CH,CH,0H),, or N-
(CH.CH.(hy.  The presence of a third nitrogen atom
anywhere in the side chain abolishes aetivity.

(2) The NHYNR R, function can be attached to a
S-acridinyl, 9-acridiny! 10-oxide, beny[blacridin-12-y1.
benz[¢Jacridin-7-yl, or benzo [0][1,8 ]phenanthrolin-7-vI
nucleus (Tables I, IT, VI, VIII. IX).

X
X, 7 IPormula Aptiviiy®
2-0CH, 6-Cl sl CINGOL - 20ECL- 103310 + 4+ -
5-Cl CaullyCINGO - 2HCL- 0. 70HL0 -~ 4
:;-(,'l (,,':\l 124(}1.\'.10: -
2-0OCHy, 6-CL Col Ly CING O, - 20ECEH 1O + -+
5-Cl CaITeCINGO - 2HCEH 0. 75110 -
2-0OCH,. 6-C1 Can3CIN O, 2HCL + 4+

20CIL, 6-Cl
2:0CHy, 6-Cl
2-OCH;, 6-C1

Coat TpCING O3 2HCE 0.5 HR0 +
CallTyCINO, - 411CL 3. 25110 -
Coub by CINGQ, - 21CH --

3-Cl CulTCINGO - 2HOL- O -
3-C1 Co Ly CIN O3 3HCL- 0510
(3) 'The acridine nucleus can be substituted at posi-

tions 2-7 with one or more groups inecluding CH.,
(CH,);CH;, Cl, Br, I, OCH;, and NO, (Tables 1. I1,
VI. VIII, IX). Derivatives with bulky substituents
such as OCH; or OCH,-p-Cl were inactive.

(4)  All other aeridine compounds studied gave
negative results, including 9-anilinoacridines (Tables
III, VII. VIII, IX). other 9-aminoacridines of diverse
strueture (Tables IV, VII), and miseellancous acridine
derivatives such ax proflavine and acridine orange
(Table V).

Many of the 9-(dialkylaminoalkylamino)acridines,
4-(9-acridinylamino)-a-amino-g-cresols, and their N-
oxides are potent autimalarials®*103L14 and  both
basic types stain and retard the growth of tumors i
mice.” Thercfore, it was surprising to find in the pres-
ent study that only the 9-(dialkylaminoalkylamino)-
acridines induced lung tumor fluorescence in rats, while
the 4-(9-acridinvlamino)-e-amino-o-cresols  were  in-
active.

Discussion. It lus been conclusively demonstrated
that various aminoacridines interact with the nucleic

acids. Peacocke and Skerrett® proposed that profla-

1257 AL R, Lewis anwd Do Gojapel, 2o J. Med, Sed., 216, 282 (1048).
(267 A R, Penvoeke s 3N L Skerreor, yaeos, Faraday Sem:, 83, 2651
i 1U56),
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TasLe VII
EFrFecTs oF OTHER 2-METHOXY-9-AMINOACRIDINE 10-OX1DES ON THE INDUCr10N OF LUNG TUMOR FLUOREsSCENCE 1IN Rars
NHR

No. R X, Z
063 CI‘I:CG”rO-Cl ()-Cl
64 (CH,):CH; 6-Cl
69 OH 6-Cl
CH.N(C;H),
66 OH 3-OCH;, 6-NO.

CHNI(CH,),

e See fovtnote ¢, Table 1.

TasLe VIIT

Lrrecrs or 7-AMINOBENZ[c] AcRIDINEG DERIVATIVES ON THE INDUCTION OF LUuNG TUMOR FLUORESCENCE 1IN Rars

No. R
67 H
Cl
68 -@Cl
69 (CH):CH;
70 (CH2)sN(CH.CH,Cl1),
71 (CH2)sN(CoHy),
72 (CH2)sNHN(CH.);
73 (CH2)sNH(CH,)N(CHy).
74 (CH,):N(CH,)s
B (CH;)sNH(CH,);CH;
76 (CH3)3N [(CHa)e]2NCsl
g (CH,);NHC,;:H(N®
78 (CH,);NH(CH:)yNHC;H(N?
70 (CH3);0(CH,),0(CH,);NHCy:FliyN?
80 (CH:)yN [CH,CHuN (CoHj), ] (CHy )s N Cy: H i gN?

¢ Salicylate salt.

vine (46) is bound to DN A 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 omne proflavine molecule per nucleotide.
Lerman? 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 DNA-acridine complex in dilute
aqueous solution, X-ray diffraction patterns,?-* polari-
zation of fluorescent light, flow dichroism,?® small-angle
X-ray scattering,® kinetic diazotization studies,®! and
free-energy calculations based on thermal denatura-
tion.?? Intercalation of proflavine into RNA has also
been observed.*

(27) L. S. Lerman, J. Mol. Biol., 8, 18 (1961).

(28) D. M. Neville, Jr., and D. R. Davies, {bid., 17. 57 (1966).

(29) L. 8. Lerman, DPror. Natl, Acad. Sci. U. S., 498, 94 (1963).

(30) V. Luzzati, I'. Masson, and L. 8. Lerman, J. Mol. Biol., 8, 634 (1461).

(31) L. 8. Lerman, tbid., 10, 367 (1964).
32y N. V. Gersch aud 1. O. Jordan, 1bid., 18, 138 (1965).

® C:HoN represents the benz[c]acridin-7-yl radical.

Loriula Ref Aedivity®
Czdh&)l:N:Og 10 -
Cun Hy:CINO, - 2HCI 10 —
CusHosCIN305-2HCL-0.25H,0 11 —
C26H23N4Os‘2IICl 075H20 21 -

lorinula Ref Activity®

Ci7HiN. 4 —
Cul1CLN,- HCIL W —
CosHauNo 13 -
C24}I25C12N3'2HCI 14 -+
CuHeN;-2HCL-3H,0 6 A f
Cy3HosNy- 2HCI- H,0O 15 -
Cail3pN4-3HCH- 1. 5H.0 14 —
Cu:HyN; i8 ++
CasHasNy- 2C; HeOy 19 -
C3HyN,- 3HCI- HyO 14 —
CyHzpNy-2HCIH-2.5H0 14 —
C4ll{37N;'3HC1'4HgO 14 —_
CuH3N40,-2HCL HyO 14 —
C4sH43Ns'4HCl~4.-V)I‘I20 14 —

¢ See footnote ¢, Table I. ¢ See Experimental Section.
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.¢ Studies with
a quinacrine-DNA complex are also compatible with
the proflavine intercalation hypothesis.?%3* However,
the quinacrine-DNA complex is so tight as to prevent
depolymerization of the DNA by deoxyribonuclease.
Some of the aminoacridines have also been found to be
mutagenic agents for bacteria, viruses, and yeast.*3*
Although simple aminoacridines (¢.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. Kurnick and I. E. Radcliffe, J. Lab. Clin. Med., 60, 666 (1962).
(34) R. 1. De Mars, Naiure, 172, 964 (1953).
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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 studies® 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 nontoxic®+10.1% and
several have been used in clinical medicine.** 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 Section?®

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 K,CO;, 5 g of Cu
powder, and 750 ml of dry l-pentanol was heated at reflux with
stirring for 5 hr. The mixture was cooled, 70 g of KOH and 500
mi of H:O 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 HCIL.
The ernde acid was collected by filtration and was washed suc-
cessively with warm water, hot 959 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.28 mp 196-198°). In eight other similar 1-mole
runs, the yields of purified acid ranged from 42 to 53%.
4-Chloro-N-(m-methoxyphenyl)anthranilic Acid.—Utilizing
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 53.0 g (0.44 mole) of auhvdrous K,CO;
gave 7.5 g (149,) of product, pale yellow crystals from benzene,
mp 163-165°. 4nal. (C;;H,:CINO;) C, H.
4-Chloro-N-( a,a,a~trifluoro-m-tolyl Janthranilic 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 K,CO; afforded
436 g (479%) of product, pale yellow crystals from CHCl;, mp
208-210°. Anal. (CsH,CIF;NO.) C, H, N.
4-Chloro-N-(m-phenoxyphenyl)anthranilic Acid.—Utilizing
the general procedure described above for the preparation of 4-
chloro-N-(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,CO; gave 49.4 g
(359,) of product, pale green leaflets from chlorobenzene or
aqueous ethanol (decolorizing charcoal), mp 168-169°. Andl.
(C1sHuCING;) C, H, N.
4-Chloro-N-[m-(p-chlorophenoxy)phenyljanthranilic Acid.—
TUtilizing the general procedure described above for the prepara-
tion of 4-chloro-N-(sm-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 niole) of an-
hydrous K.CO; afforded 40.7 g (259%) of product, pale yellow
crystals from benzene, mp 162-163°. Anal. (CsHi3CLNOs)
C, H, N.
3,6,9-Trichloroacridine.—A mixture of 1 kg (3.55 moles) of 4-
chloro-N-(m-chlorophenyl)anthranilic acid and 3.5 1. of POCl; 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
Thotas=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.
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warmed on a steani 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 POCl; was removed
in vacvo. The residiie was poured slowly with vigorous stirring
into a large excess of NH/OH and ice. The crnde trichloro-
acridine was collected by filtration, washed (H:0), and dried
in vacuo at 38°; weight 973 g The product was extracted with
several portions of boiling CHCI; aud the combined extracts
were coucentrated, chilled, and filtered. The filter cake was
washed thoroughly with petrolenm ether aud dried. Two
crystallizations from chlorobenzene gave 256 g (269) of pure
product, mp 223-224° (lit.** mp 224-225°). In six smaller scale
runs, the vields ranged froni 22 to 319.

3,9-Dichloro-6-(trifluoromethyl)acridine.—Utilizing the pro-
cednre described above for the preparation of 3,6,9-tricliloro-
acridine, 50.0 g (.16 mole) of 4-chloro-N-(a,a,a-trifluoro-m-
tolyDanthranilic acid, and 150 ml of POCI; gave 33.5 g of mixed
chloroacridine isomers. Fractional ervstallization of the mixture
from benzene gave 20.1 g (4077) of pale vellow crystals, mp 159-
160°.  Anal. (CiiHCLF,N) C, H, N.

9-(Mono- and -Dialkylaminoalkylamino)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 covl to 75° and was diluted with
a mixture of 20 ml of concentrated HCI 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 H;0, and the solution was treated with decolorizing charcoal
and made alkaline with excess NH,OH. After 1 hr, the waxy
brown precipitate crystallized. TRecrystallization from EtOH-
Me,CO-H:0 gave 5 g of yellow base, mp 158-160°. This was
treated with excess ethanolic HCI to give 5.8 g (369;) of 2,2’-
[3-(3,6-dichloroacridin-9-ylamino )propylimino]diethanol dihydro-
chloride (87), vellow crystals, mp 227-228° dec.

Procedure II.—4-Chloro-N-(m-chlorophenyl)anthranilic acid
(16.9 g, 0.06 mole) was suspended in 140 ml of dry petrolenm
ether and treated portionwise with 13.8 g (0.066 mole) of PCl..
The mixture was boiled under reflux for 30 miu, decoloriziug
charcoal was added, and the mixture was filtered hot. Upon
cooling, the ernde 4-chloro-N-(m-chiorophenyi)anthraniloy! chlo-
ride erystallized and was collected by filtration and dried. Re-
crystallization from petrblenm ether (decolorizing charcoal) gave
15.0 g (8497) of the purified material as canary vellow needles,
mp 109-110°.

The acid chloride (15.0 g, 0.051 mole), N,N-diethyl-1,3-
propanediamine (7.2 g, 0.056 mole), and 170 ml of dry C:Hs
were heated under reflux for 40 min and cooled. POCI; (19 mi)
was added dropwise with stirring and the mixture was boiled
under reflux for 7 hr. A bright vellow solid began to separate
in the first hr. The mixture was cooled, a few drops of water
was added, and the beuzene supernatant was decanted. The
residue was taken up in 125 ml of boiling EtOH and diluted with
500 ml of ether. The mixture was chilled and the solid was col-
lected by filtration and washed (MeCO). Crystallization from
MeOH-Me,CO gave 19.5 g (729) of 3,6-dichloro-9-(3-diethyl-
aniinopropylamino)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) aud 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 produet was purified according to procedure I above. The
hydrochloride salt was purified from CHCl~MMe,CO to give 16.5 g
(389,) of yellow crystals, mp 300° dee. Anal. (CoaHiCleN:O-
HCI) C, H, N,

7+(3,4-Dichloroanilino)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 oun 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-Me.CO to give 18.0 g (7197) of orange
crystals, mp 300° dec. Anal. (C::HuWCLN.-HCl) H, N; C:
calcd, 64.88; found, 64.43.
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