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4,4'-Dinitro-2,2’-diphenic Anhydride.--As described pre-
viously, methyl 2-bromo-3-nitrobenzoate (130 g) and Cu powder
(40 g) were allowed to react at 200-205° for 40 min giving 46 g
(51.29¢) of 4,4'-dinitro-2,2'-diphenic acid dimethyl ester which
was refluxed for 26 hr in a mixture of AcOH (670 ml), H,S04 (400
ml), and H,0 (200 ml) giving 35.5 g (35%,.) of the dinitrodiphenic
acdid, mp 255-237° dec (lit.8 mp 257-255°). The diphenic acid
{154 g) was then heated in an open flask with AeO (100 ml)
until the temperature of the mixture reacthed 160°. Tt was cooled
and the product was separated by filiration, giving 14.5 g (83,570,
myp 231-233° (CsHg).  Anal. (CH N0 C, H, N,
5,7-Dichlorofluoren-2-amine. m\ mixture of 24-dichloro- 7~
nitro-9-oxofluorene® (7.3 g), 867 NoH, - H,O (40 ml), and 2,2’
OXY (llethmml (400 ml) wax 1eﬂuxed gently for 24 hr. The >(>111-
tion was evaporated until it temperarure reached 210°. Upon
H.O dilution there wax obtained 5.7 g (9190, mp 124125
(EtOH). Anal. (Cp,HLCLN) C, H, N,
N'-2-Fluorenyl-4',4"'«dichloro-2’,2''-diphenamic Acid (la).—
Fluoren-2-amine (1.1 g), 4,4’-dichloro-2,2’-diphenic¢ anhydride
(L.~ g), and CHLCl; (175 ml) were refluxed for 24 hr and the mix-
ture was =tripped of solveut giving 2.9 g (100¢), mp 132-135°
(glassy melt). Anal. (CxH:CLNOy) ¢, H, C], \
N-2.(5,7-Dichlorofluorenyl)-4’ 4"-d1chloro 2/,2"'-diphenamic
Acid (Ib).—-Similarly, 5,7-dichlorofluoren-2-amine (2.5 g) and
4,4'-dichloro-2,2'-diphenic anhydride (2.9 g) gave 5.3 g (987¢),
mp 236-261° dec (CiHeCHClL-Me. POV Andd. (CrHiCLNO;:
¢, 11, Cl, N,
Y-2-Fluorenyl-4',4"’-dinitro-2’,2"'-diphenamic Acid (Ic).
Flumen-" amine (1.8 g) and 4,4/~ dinitl()-2,2’-dipheni0 anhydride
3.1 g) were treated in like malmel to give 4 S g (YR, mp 259~
)(b')a (\[E._(,()J Anal. (L_»;l:I]H ) ,, y L }l
A\"-2-Fluorenyl-4',4”-dichlor0-2’,2"-diphenimide (lla).~1u
(1), freshly fused NaOAc (0.5 g), and AcyO (10 ml) were mixed
and heated with vigorous shaking on a steam bath for 15 min,
cooled, and the AcsO was destroyed with HoO) giving 0.9 g (947,
mp 311-312° (Me,CO). nal. (CuHiCLNO,y) C, H, CL, N.
\'-2-(5,7-Dichlorofluorenyl)-4’,4’’-dichlore-2’,2'’-diphenimide
(ITb ).-—Likewixe, Ib (1.5 g) and fused NaOAc (0.5 g) in Ac()
(15 mb gave 1.4 g (10070, mp 205-200° (AcOH). Anael. (CrHys
CLNOy ¢, H, CL, N,
\'-2-Fluorenyl-4’,4"'«dinitro-2’,2''-diphenimide (Ilc).~—Heating
Te (2.5 g) with NaOAc (0.5 g) in AcxO (15 ml) gave 2.4 g (10041,
mp 502-303° (PhiMe). Anal. (CyH N0y C, H, N.
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This report describes the syntheses and biological
activities of several naphthacenequinones, an area of
increasging interest.!

In a Triedel-Crafts type of reaction, 1,4-dihydroxy-
naphthalene (1) was allowed to react with several 3-
substituted phthalic anhydrides (2) according to the
B,0; method of Welzmann and coworkers,” or in the

(1) (a) F. Arcamone. C. I'ranceschi, P, Orezzi, and 8. Penco, Tetrakedron
Lett.. 3349 (1968); (b) J. R. D). MecCormick, J, Reichenthal. 8. Johnson, and
N. O. Sjolander, J. Amer. Chem. Soc., 86, 1691 (1963); (c) H. Brockmann
and J. Niemever, Chem. Ber.. 101, 2409 (1968): (d) H. Brockmann, R.
ISunker, and H. Brockmann, Jr., Justus Liebigs Ann. Chem,, 696, 145 (1966),
and other references cited therein.

(2) ¢, Weizmann, L. Haskelbere, and T.
(14939},

Berlin, J. Clhem. Soc.. 398
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presence of anhyvdrous AlCH;, to give the compounds 3
listed in Table 1

TasLe 1
INFrarED AND ULTRAVIOLET SPECTRAL Dyt

Derivative of 5.12-

No. naphthacene uinone YOS O, e Anax. g el
5,12-Naphthaceue- 16:0 265, 275, "h BYEN
quinone® 395, 415, , 465
17,400 ’.wi: 1,200:
24000 4,500 7,600
9,000
3 6, 1-(OH 1620, 1I85 265, 452, 453, 515

b
(24,500 53,200 7,200,

6,500 ;

3¢ 1.6,11-(OH 1600 200, 460, 1090, 525
34,000 144 0
26,000 26,800

3a 1-NOw-6,11-(OH j: 1631, 1ASO 204, 48T, 517 (47,900
12,0(»0- S, 700)

3 1-NHa-6,11-(OH 5 1595 204, 374, 395, H07,
339 (30,500 1,500
LO00: 2003500 21,6005

Sd -ACNH-6,11-COH 5 1550 broad 24N, 271, 46X, 407,
A4 1395000 54,200:

15,0530 26,300

zs,zum

e 1-MeN=6,11-(OH 1. 1582, 1567 -ws 320-330 <h, 530
50, >()n 16,000
1\,4()();

«The anthors are grateful 1o Do H. Vollmann, Baver, AL G,
Leverkusen, West Germany for an authentic sample of 5. J"
naphthacenecquinone, Justus Lichigs Ann. Chenr, 669, 45 (1963

For preparation of the larger amount= ot 1 required,
we found that the Fieser® method of reductive acetyla-
tion of naphthoguinone followed by hyvdrolysis was
rather tedious. We discovered that 14-dihyvdroxy-
naphthalene (1) could be prepared caxily and in good
vield by hydrogenation of nap htlmqlm one at low
pressure.

When 2 (a,e.d) wus fused with 1 at 1907 in the pres-
ence of ByOs, the corresponding 3 was obtained. How-
ever, when 2b wus used under similar conditions,
in sttu deacetylation took place, and the resulting 1,6,11-
trihydroxynaphthacenequinone (3¢) was obtained, iden-
tical with the product obtained from 1 and 2¢. Upon
hydrolvzing 1l-acetamido-6,11-dihydroxynaphthacene-
guinone (3d) in HCI, 1-amino-6.11-dihydroxynaphtha-
cenequinone (3f) was obtained. Compound 3e was
prepared by the AICl; fusion procedure of 1 with 3-
dimethyvlaminophthalic anhyvdride (2e), which was

(3) L. Fieser. J. dwmer, Chem, Soc.. 70, 3165 (1048).
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obtained by the reductive methylation of 3-nitro-
phthalic acid followed by thermal dehydration.

The CO ir stretching frequencies of the naphthacene- 8% zzz
quinones are listed in Table I. There is a marked —;E: aole=g=-)
lowering as a result of the substitutions in the molecular ST
environment. This shift is consistent with that ob-
served in the related hydroxyquinones,* hydroxy-
naphthoquinones,® and hydroxyanthraquinones.®

The uv data listed in Table I reveal the bathochromic .S .88¢8
shift upon the introduction of the substituents adjacent E Z Ss Z _ZE 4
to the quinoid nucleus of the naphthacenequinones. z SEEED
This shift is also in agreement with the reported find- coLov
ings for hvdroxnaphthoquiones” and hydroxyanthra-
quinones.®

Biological Results.—The oral LD, of 3¢, d, and e, -
as determined in mice, was >2000 mg/kg po, while 3f . g
had an LDs, of >4000 mg/kg po. Intraperitoneally the 2 f‘i
LD, for 3¢, d, and f were >2000, >2000, and >1000 © '§ :.f :5

mg/kg, respectively. Compounds 3¢, d, e, and/or
f showed no significant activity against Diplococcus
preumonia type 1,° Streptococcus pyogens,® Salmonella
schottmuelleri,® and Candida albicans® at 500-1000
mg/kg po.

Compound 3¢ exerted marked activity against the
solid form of Ehrlich carcinoma!® but was inactive
against Sarcoma 180 and Ehrlich ascites.’® Compound
3d demonstrated a slight but definite activity against
Sarcoma 180" and Ehrlich solid earconoma!® but was
inactive against leukemia L1201 ascites.’® Compound
3¢ was ineffective against Ehrlich ascites;'® 3f was
appreciably active against Sarcoma 180 and Ehrlich
solid carcinoma.'0

Recrystn
solvent

LCHCHCI,
CeH:NO: or DMF

DMF
tOTL

1

Red
DMF + 1,0 Red
* Prepared in 8%, yield by . Brockmann and W. Muller, Chem. Ber., 92, 1164 (1959) by treating 1 and 2¢ with AlCl,-NaCl

C
5,
y

Mp, °C
348-350
298-300
232-234
196-198

202

TasrLe: T1
5,12-NAPHTHACENKQUINONE DERIVATIVES

Experimental Section

Melting points were determined on an electro-thermal melting
point apparatus and are corrected. Ir spectra were determined in
KBr ou a Beckman IR-5 double beam spectrophotometer with
NaCl optics. Uv spectra were determined in -PrOH on a Cary
spectrophotometer (Model 14M )., Where analyses are indicated
by the elements, results obtained were within 0.4} of the
theoretical values. Since our main objective was to obtain
material for preliminary screening purposes, no attempt was
made to optimize the yields. The properties of the naphthacene-
quinones prepared are listed in Table II.

1,4-Dihydroxynaphthalene (1).—A solution of 25 g of 1,4-
naphthoquinone {Tech)!! in 130 ml of DMF was stirred and
warmed gently with charcoal for 1 hr and filtered. The filtrate
was hydrogenated under 3 atm of H, over 0.5 g of PtO,, and the
H. uptake was rapid. After filtering the catalyst, the solution
was evaporated to dryness in vacuo under Nao. The residue was
triturated with H,O, filtered, and recrystallized from boiling
H:0 containing a small amount of SnCl; and HCL. TUpon cooling,
the product was obtained as colorless glistening needles: mp
188-190°; vield 20 g (79%;). Anal. (C;oH:0,) C, H.

Yield
Y%
1
8.2; 11.4
40
64
5

Catalyst
1

B.0;
(¢
AlIC

B
B0,
caled, 4.18; found, 3.70.

1 4+ 2d
3d
1 + 2e

Reactant.(s)
1 4 2a
1+ 2b; 1+ 2¢

(4) A. W, Johnson, J. R. Quayle, T. 8. Robhinson, N, Sheppard, and A. R-
Todd, J. Chem. Soc., 2633 (1951).

(5) M. Jasien, N, Fuson, J. Lebas, and T. M. Gregory, J. Chem, Phys.,
21, 331 (1953).

(6) B. H. Howard and H. Raistrick, Biochem. J., 89, 475 (1955): M.
8t. C. Flett, J. Chem. Soc., 1441 (1948); H. Bloom, L. H. Briggs, and B.
Cleverly, thid., 178 (1959).

(7) R. A. Morton and W. T. Earlam, ibid., 159 (1941).

(8) H. Birkinshaw, Biochem. J., 69, 485 (1955): A. I. Scott, “Interpreta-
tion of the Ultraviolet Spectra of Natural Compounds,” Pergamon Press,
New York, N. Y., 1964, p 261,

(9) E. Grunberg, J. Berger, G. Beskid, R. Cleeland, H. N. Prince, and
E. Titsworth, Chemotherapia, 13, 272 (1467).

(10) E. Grunberg, H. N. Prince, E. Titsworth, G. Beskid, and M. D.
Tendler, 7bid., 11, 249 (1966).

(11) Distillation Products Industries, Eastman Organic Chemicals
Department, Rochester, N. Y. 14603,

No.
3a
3¢
3d
3f
3

caled, 64.45; found, 63.96; N:

[-Me;N-6,11-(OH),
at 200~240° for 1 hr.

1-NHAc-6,11-(OH),
a(C:

6,1 1-(OH)o-1-NO,
1-NHz6,11-(OH ),

5,12-Naphthacenequinones
1,6,11-(OH )¢
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Synthesis of 5,12-Naphthacenequinones with Boric Anhydride.
-—Compound 1 was treated with a slight excess of 2a,'! 2b, 12
2¢,12 and 2d?* in the presence of a 50 mol excexs of B0 ut
190° for 2 hr.  The solid mass was pulverized and extracted with
=everal portions of boiling H0, filtered, waxhed with E{OH, dried,
and recrystallized.  Table T lixtx the pertinent data for the
componnds.

1-Amino-6,11-dihydroxy-5,12-naphthacenequinone (3f).
Compound 3d (2 g) was hydrolyzed by vefluxing in 20 ml of
coned HCL for 2 hr. When cool, a reddish erystalline product was
obtained and recrystallized.

3-Dimethylaminophthalic Acid.—A <olution of 10.55 g of 3-
nitrophthalic acid and 10 ml of formalin in 160 ml of EtOH was
reduced under 3 atm of H; in the presence of 0.5 g of P10, uniil
the theoretical amount was absorbed. The filtered solution was
evaporated in vacuo, and the solid recryvstallized from EtOH a=
vellow crystals: mp 138-140°; vield 6.5 ¢ (65, Anal. {CyoHyp-
NOy» C, H, N.

3-Dimethylaminophthalic Anhydride (2e).—-3-Dimethylamino-
phthalic acid (3 g) was heated at 150-160° for 0.5 hr, cooled, and
the product recrystallized from CiHs: mp 140-142° vield 2.4
g ‘:89("(: )R Anal. (CU)I{{;X()‘,E) C, “, N.

Synthesis of 6,11-Dihydroxy-1~dimethylamino-5,12-naphtha-
cenequinone (3e).—An intimately ground mixture of 7.6 g of
2e and 6.4 g of 1 was added portionwise during 1 hr to a molien
mixture of 53.3 g of anhyd AlCl; and 11.7 g of NaCl at 150°.
The temperature was then raised to 220°, and maintained for
0.5 hr. When cool, the fused mass was pulverized with a mixture
of 500 ml of H.0 and 300 ml of coned HCI, and the mixture re-
fluxed for 4 hr to decompose the complex.  After cooling, an ash-
free produet was obtained, and recrystallized from DMF plus a
<small amount of H.0,  Anal. (Cy,HNOO C, H, N
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The synthesis of 1-(4-dimethylaminobenzylidene)-
indene (1) was reported? recently as a result of our
continuing search for compounds which have antitumor
activity. Compound 1 was found to have definite
effect against the Walker 256 tumor in rats, but the
rats which recovered from their tumors sometimes
developed mammary tumors, an effect noted par-

{1) {a) This investigation was supported in pars by Public Healtl: Service
Research Grants CA-03717-09-10. (1) Presented before the Division of
Organic Chemistry at the 29th Southeastern Regional Meeting of the
American Chemical Society, Tallahassee, Florida, December, 1968. ()
To whom inquiries should be addressed.

(2) C. T. Bahner, H. Kindler, ). Brotherton, J. Spiggle, and L., Gutman,
J. Med. Chem., 8, 390 (1965).

Nores

ticularly in female rats.®  Iurther investigation re-
vealed that tumors developed also in healthy rats
treated with 1.4

In an attempt to diminish or exelude the carcinogenic
effect and at the =ame time retain the antitumor
activity, various reduced derivatives were prepared
by the catalytic hvdrogenation of 1 (Scheme 1), Bused

H
\(f.\'Mu

SeHEE T

>~ N)Me,

w
EEN

on the amount of Hy consumed in each reaction, stiue-
tures 2, 3, and 4 represent the expected produets.
Analyses confirmed the postulated structures. Changes
in the nmr spectra in going from 1 to 2, 3, and 4 wre in
agreement with those expected for the structures
shown.

These compounds were tested against the Walker
tumor by the single i.p. dose method. Compound 2
showed « slight antitumor activity, but 3 and 4 xhowed
no antitumor cffeet. We conelude that the conjuguted
double bond system ix necessary for antitumor activity
in compounds= of this type.

Experimental Section®

5

«-1-Indanylidene-.V,.V-dimethyl-p-toluidine (2). - Compound
1(5.0 g, 0.02 mol) in 100 ml of EtAc was hydrogenated over 0.5 ¢
of 5 Rh-ALs. The reaction stopped after ca. 1.3 mol of Hy/
mol of 1 had been ubrorbed. The cataly=t and solvent were re-
moved and the rexidue was recrystallized from -CyHyyand MeOH.
A 5490 vield of a pale vellow solid, mp 123° wa= recovered.
Anal, (CsHpN) G T

a-1-Indanyl-N',.V -dimethyl-p-toluidine (3).-- Componnd 1
5.0 g, 0.02 mole) in 100 ml of EtAc was hydrogenated over 0.5 g
of 57, Pd-C.  The reaction stopped after exactly 2 mol of 1.,/
mol of 1 had been absorbed. The catalyst and =olvent were ve-
moved and the residue wax recrystallized from MeOI.  An al-
moxt 10097, yield of an off-white crystalline solid wa~ obtained,
mp 36.53-37.0°. Anel. (CuxHyN)C, H.

4-(1-Indanylmethyl)-N,.NV-dimethylcyclohexylamine (4.
Compound 1 20 g, 0.08 mol) in 200 ml of HOAc¢ was hydroge-
nated over 0.3 g of Adam=" Pt(Pt0)y,).  The reaction stopped when

©3) R. M. Folk and M. AL Sheridan, Froc. Amer, Asse Canecr Res, 9,23
(1968).

i) F.J0C. Roe, R Carter, and No .\ Barron, Nature, 228, 383 (1964).

(5) Melting points were determined in an oil bath and are uncorrected.
Ilemental analyvses were carried out by Galbraith Mieroanalytical Labora-
tory, Knoxville, Tenn. Where analyses are indicated only by =ymbols of
thie elements, analvtical results obtained for these elements were within
«=0.3%, of the theoretical values. Uy spectra were determined in CHiO1M
on a Perkin-Elmer Model 202 spectrophotometer, ir spectra in KDBr, ex-
cept 4. which was taken as a thin film on a NaCl erystal; a Perkin-
Elmer Model 337 spectrophiotometer was used. Reactions were carried
outin a standard Parr hydrogenator which has been calibrated. o that in the
pressure range 2.8-3.5 kg ‘em? a He pressure drop of 0.57 kg em? corre-
sponded to an uptake of 0.1 mol of ..




