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4,4'-Dinitro-2,2’-diphenic Anhydride.--Ax described pre-
vionsly, 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
(71.26;) of 4,4’-dinitro-2,2’-diphenic acid dimethyl ester which
was refluxed for 26 hrin a mixare of AcOH (670 ml}j, H.504 (400
ml), and H.0O (200 ml) giving 35.5 g (35"¢) of the dinitrodiphenic
acid, mp 235-237° dec (lit.? mp 257-255°). The diphenic acid
(184 g) was then heated in an open flask with Aex) (100 wml)
until the temperatnre af the mixture reacthed 160°. Tt was caoled
and the prodiet was separated by filtration, giving 14.5 g (83,500,
mp 231-2353° (CeHg).  Anal. (CH N0y C, H, N.
5,7-Dichlorofluoren-2-amine.—A mixtnre of 24-dichloro-7-
nitro-Y-oxofluoreneds (7.3 g), K37 NoHy-HO (40 ml), and 2,27-
oxydiethanal (400 ml) was refluxed gemly for 24 hr. The =olu-
tlon was evaporated wntil it temperainre reached 210°. Upon
H.0 dilution there wax obtalned 5.7 g (917, mp 124-125°
(E1tOH). dnal. (CpHLCLN) C, H, N.
N'-2-Fluorenyl-4’,4''-dichloro-2’,2’'-diphenamic Acid (Ia).—
Ilnoren-2-amine (1.1 g), 4,4’-dichlory-2,2’-diphenic anhy drlde
(1.5 g) and CHLCL (175 ml) were refluxed for 24 hr and the mix-
lire was stripped of solven giving 2.9 g ( I(i(i( ) mp 132-135°
(glassy melt). lnal. (CxH;CLNO;; C, H, CI, N
N'-2-(5,7-Dichlorofluorenyl)-4’ 4”-d1chloro 2 2”-diphenamic
Acid (Ib).——Similarly, -"1,T—dichl()1‘()ﬂlmren—Q—alnil)e (2.5 g) and
4,4’ di(‘hlnm—_’,_’ -diphenic anhydride 12,9 g1 gave 5.5 g (98¢0
mp 236-261° dee (CiH~C HvCl Me("O) Anal ICxHGCLNO,:
HLCLN
\-2-F 1uorenyl-4’,4"-dinitro-Z’,2"-diphenamic Acid (Ic).
J‘lnmen—"—mline (1.S g) and 4,4'- linitln—_’,_”—(lipheniv anhy dlidt
3.1 g) were (reated in like manner to give 4.8 g (98¢7), mp 259~
’()li° (MeCOY Llnal. (CHENGO;) C HL N
N-2-Fluorenyl-4’ 4”-d1chloro 2/ 2"-d1phemm1de (Ha).--
¢ 1 Treshly fused NaOAc (0.5 g), and Acg0) (10 ml) were mlxul
v111(,1 heated with vigorons shaking orc a steam bath for 13 min,
cooled, and the A0 was destroyed with HsQO giving 0.9 g (94723,
mp 51-312° (Me,CO) dnal. (C5H,:CLNOy) C, H, CI, N,
\\'-2-(5,7-Dichlorofluorenyl)-4',4'’-dichloro-2',2'’-diphenimide
(IIbL,~-Likewixe, Ib (1.5 g) and fused NaOAc (0.5 g) in Ac)
(1 mlygave 1,4 g (100700, mp 298-200° (AcOH). Anal. (CyHe-
CLNOD ¢ 1, CLNL
\\'-2-Fluorenyl-4',4''-dinitro-2’,2"'-diphenimide (II¢).-—I{eating
Te (2.5 g) with NaOAe (0.5 g) in Acx) (15 ml) gave 2.4 g (1004 1,
mp H502-305° (PhMel Anal, (CoHuN:O6) C, HL N
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This report deseribes the syutheses and biological
activities of several naphthacenequinones, an area of
inereasing interest.!

In a Triedel-Crafts type of reaction, 1,4-dihydroxy-
naphthalene (1) was allowed to react with several 3-
substituted phthalic anhydiides (2) according to the
B»03; method of Weizmann and coworkers,? or in the

(1) (a) I'. Accamone. C. IFranceschi, P. Orezzi, and 8. Penco, Tefratiedron
Lett,. 3344 (1968): (1) J. R. 1), MleCormick. J. Reichenthal. 8. Johnson, and
N. O. Sjolander, J. Amer. Chem. Soc.. 88, 1694 (1963); (¢) H. Brockmann
and J. Niemeyer. Chem. Brr.. 101, 2409 (1968); (d) H. Brockmann, R.
IXunker, and H, Brockmann, Jy.. Jwstus Lieligs Ann. Chem., 696, 145 (1966),
and other references eited therein.

21 C. Weizimrann, L. MHaskelbere, and 1.
(1Y341,

Berlin, J. Chem. Soc., 398

NoTis
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/
D CCUO
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\
OH R OH
1 2 3
a., R=N0.
b. R=0COCH
c¢. R=0H
d. R=NHCOCH.
e, = (CHJ)_-A\‘
f. R=NH.

presence of anhvdrous AlCH;, to give the compounds 3

listed in Table 1

Tapr 1
InFianen any Unriavions s Srosorran Do

Derivative of 5.12-

No. naphthacenenoinnne S LUy T N 0y vl
5,12-Naphthacene- 1630 260, 273, 203, 573,
(e e A%, 415, 440, 46N
7,400 2,400 1,200
24000 4,500: 7,600
4,000
3 G IO ), HGE20, 1553 265, 432, 4830 51
124,500 5,200 7,200,
(4,500
Je LG H-(0OH x o 200, 46U, 190, 525
34,000 14,4000;
26,000; 26,5004
S 1-NOe-6, 1110 s LEST, AN 264, 487, 5170 (47 40
12,000; S,700)
S NG, =0 1345 J3d, 37, 505, 0T
08 (50,5000 F,N00;
1(10(» 2003500 21,6003
3d EACNH-G -0 5 1350 bhroad 248, 271 468, 407,
a5 1.)‘.],\('('2 54,200
15,0000 26,500
28,200 4

e I-MeN-GH-(OH )y, 1382, 1367 266, 420-3350 <h, 330
(0,200 16,0010
IS, 400
*T'he mmhors ave gratefnl 1o D Ho Volhoame Baver, AL G
Leverkn=en, We=t Germany for an anthentic sample of 3.12-
naphthacenecuinone, Jusivs Lichigs Lnn. Chem., 669, 45 (HIGS L

I'ur preparation of the larger amounts ot 1 required,
we found that the Fileser® method of reduetive acetyia-
tion of naphthoguinene followed by hyvdrolysis was
rather tedious.  We discovered thar Ld-dihvdroxy-
naphthalence (1) could be preparcd casily and in goud
vield by hydrogenation of naphthoquinone at low
pressurc.

When 2 (a,¢,d) was fused with 1 at 190° in the pres-

ence of ByOs, the corresponding 3 was obtained.  How-
ever, when 2b was 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
hydrolyzing l-acetamido-6,11-dihydroxynaphthacene-
quinone (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-
dimethylaminophthalic anhydride (2e), which was

(37 L, Fieser, J. Amer, Cheni, Soc.. T0, 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 —EE; o
lowering as a result of the substitutions in the molecular RSN CRORoRe)
environment. This shift is consistent with that ob-
served in the related hydroxygquinones,® hydroxy-
naphthoquinones,® and hydroxyanthraguinones.?

The uv data listed in Table I reveal the bathochromic e=l==]
shift upon the introduction of the substituents adjacent ";' z % 2% Z_
to the quinoid nucleus of the naphthacenequinones. z BEEED
This shift is also in agreement with the reported find- LOLLU
ings for hydroxnaphthoquiones’ and hydroxyanthra-
quinones.?

Biological Results.—The oral LD; of 3¢, d, and e, -
as determined in mice, was >2000 mg/kg po, while 3f i z
had an LDjg of >4000 mg/kg po. Intraperitoneally the 2 15
LDy for 3¢, d, and f were >2000, >2000, and >1000 © TIE

mg/kg, respectively. Compounds 3¢, d, e, and/or
f showed no significant activity against Diplococcus
pneumonia 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 carconomal® 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.'?

Recrystn
solvent

LCHCHCL,
Cel1:NO; or DMF

DMF

C
EtOIT Red
DMF + 110 Red
* Prepared in 89, yield by IL Brockmant and W. Muller, Chem. Ber., 92, 1164 (1959) by treating 1 and 2¢ with AlCL-NaCl

232-234
196-198

Mp, °C
348-350
208-300
202

TasrLe 1
5, 12-NAPHTHACENKQUINONE DERIVATIVES

Experimental Section

Melting points were determined on an electro-thermal melting
point apparatus and are correeted. Ir speectra 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 £0.49, of the
theoretical valunes. Since onr main objective was to obtain
material for preliminary screening purposes, 1o attempt was
made to optimize the yields. The properties of the naphthacene-
gninones 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
walmed 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 nnder No. The residue was
triturated with H,O, filtered, and recrystallized from boiling
H.O containing a small amount of SuCl, and HCl. Tpon cooling,
the prodnct was obtained as colorless glistening needles: mp
188-190°; vield 20 g (799,). Anal. (CHsO.) C, H.

Yield
Yo
1
40

8.2; 11.4

Catalyst
B0y
B0,
83,0,
HCt
AICL
ealed, 4.18; fonnd, 3.70.

1+ 2d
3d
I+ 2¢

Reactant(s)
1+ 2a
1+ 2b; 1+ 2¢

(4) AW, Jobnson, J. R. Quayle, T. 8. Robinson, N. Slieppard, and A. R:
Todd, J. Chem. Soc., 2633 {1951).

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

(6) . H. Howard and H. Raistrick, Biochem. J., 89, 475 (1955): M.
8t. C. Flett, J. Chem. Soc., 1441 (1948): H. Bloom, I.. 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 291.

(9) E. Grunberg, J. Berger, G. Beskid, R. Cleeland, H. N. Prince, and
E. Titsworth, Chemotherapia, 12, 272 (1967).

(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,

Noa.
3f
3e

3a

3¢

3
caled, 64.45; found, 63.96; N:

1-MesN-6,11-(OH ).

e

1-NI[Ac-6,11-(OH),
at 200-240° for 1 hr,

5.12-Naphthacenequinones
6,1 1-(OH )o-1-NO,
1,6,1 1-(OH )
1-NHy-6,11-(OIT ),
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Synthesis of 5,12-Naphthacenequinones with Boric Anhydride.
—~-Componnd 1 was treated with a slight exeex: of 2a," 2b*
2¢,'? and 2d'% in the presence af a 507 mol excess of B.Oy al
190° for 2 hr. The =olid mass was pulverized and exirvacted with
several potions of boiling H.0, filtered, waxhed with E1OH, dried.,
and recrystallized.  Table T lixtx the pertinent dats for the
componnds.

1-Amino-6,11-dihydroxy-5,12-naphthacenequinone ¢3f).
Compound 3d (2 g) was hydrolyzed by refinxing in 20 ml of
eonted HCLfor 2 hr. When cool, a reddixh ervstalline prodact was
obtained and recrystallized.

3-Dimethylaminophthalic Acid.-—A ~olntion of 1053 g of 3-
vitraphthahic acid and 10 ml of formalin in 160 ml of EtOM was
redyeed 1under 3 atm of H; in the preseuce of 0.5 g of P10, umil
the theoretical amount was absorbed. The filtered =ohition wax
evaporated in vacuo, and the solid recryseadlized from IStOH ax
vellow ervstals: mp 138-140°; vield 6.5 ¢ (6397, Anal. 1CyH))-
N0, C, H, N,

3-Dimethylaminophthalic Anhydride (2e).—-3-Dimethylamino-
phthalic acid (3 g) was heated at 150-160° far 0.5 hr, cooled, and
the prodnel recryvstallized from CiHea: mp 140-142°; vield 2.4
g I89C0).  nal. (CHyNO C, H, N,

Synthesis of 6,11-Dihydroxy-1-dimethylamino-5,12-naphtha-
cenequinone (3e).-—An intimately groand mixtiwe of 7.6 g of
2e and 6.4 g of 1T was added portionwise dnring 1 hr ton molten
mixtnre of 53.3 g of anhvd AlClL; and 11.7 g of NaCl at 170°.
The temperature was then raized to 220°, and maintained for
0.7 hr. When caal, the fised mass was pnlverized with a mixtnre
of 300 mi of Hy) and 500 ml of coned HCL and the mixture re-
finxed for 4 hr to decompaose the complex.  After cooling, an ash-
free product was obtained, and recrystallized from DMF plius a
small amonnt of 1.0, Anaf, (Col1NO C TN

Acknowledgment.-—We are indebted ta Dr. Al
Stevermark and his staff for the microanalyses, to Dr.
V. Toome for the ultraviolet spectra, and to Mr. =,
Traiman for the intrared spectrn and tor their interest-
ing discussions.  The biological data were obtained
under the direction of Dr. E. Girunberg, Director of the
Department of Chemotherapy.
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The synthesis of 1-(4-dimethylanminobenzylidene)-
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 part by Public Health Service
Research Grants CA-03717-00-10. (1) Presented hefore the Division of
Organic Chemistry at the 29th Sootheastern Regional Meeting of the
American Chemical Society, Tallahassee, Florida, December, 1968. 1)
T'o whom inquiries should be addressed.

(2) C. T. Bahner, H. Kindler, 1). Brotherton, J. Spigule, and .. Gutman.
J. Mei. Chem., 8, 390 (1965).

Norys

ticularly in female rats.®  lurther mvestigation pe-
vealed that tumors developed also in healthy eats
treated with 1.1

In an attempt to diminish or exelude the carcinogenice
offcet and at the =ame time retain the anbiumor
activity, various reduced derivatives were prepared
by the eatalytie hydrogenation of 1 (Rcheme 1) Based

Sedeag |

= NMe.

on the amount of Hy consumed in each reaction, strue-
tures 2, 3, and 4 represent the expected products.
Analyses confirmed the postulated structures. Changes
in the nmr speetra in going from 1 to 2, 3, and 4 wre in
agreement. with those expected for the structures
<howi.

These compounds were tested against the Walker
tumor by the single i.p. dose method.  Compound 2
showed a slight antitimor activity, but 3 and 4 shnwed
no antitumor offeet. We conelude that the conjugnted
double bond system ix necessary for antitumor activity
in compounds of thix type.

Experimental Section®

«-1-Indanylidene-.V,.V-dimethyl-p-toluidine (2). - Compaoand
115.0 g, 0.02 mol) in 100 mi of FtAc was hydrogenated over 0.4 g
af 500 Rh~ALOw The reaciion <topped after cu. 121 mol of 11,7
mol of T had been absorhed.  The cataly=t and solvem were re-
moved and the residne was recry=tallized from -CyHosaned MO}
A 8400 vield of a pale vellow =alid, mp 123° was recovered.
dnal (CsHWN) C L

«-1-Indanyl-N,.V-dimethyl-p-toluidine (3.~ -Compmmd 1
5.0 g, 0.02 mole) in 100 ml of it Ae was hydrogenated over 0.5 g
of 3¢ Pd-C. The reaction stopped after exactly 2 mol of 1./
mol af 1 had been absorhed.  The cataly=t and solvenm were re-
moved and the residne was rectystallized Trom MeO A al-
moxt 1004, vield of an off-white cryztalline =olid was abtained,
mp 36.5-37.0° dnel. (CHyN) C, H.

4-(1-Indanylmethyl)-\',.V -dimethylcyclohexylamine :4 -
Compound 1 (20 g, 0.08 mol) in 200 ml of HOAe was hyvdroge-
iated over 0.5 g of Adam="PrPeO,). The reaction stopped when

R M. Folk aod M. AL steridan, e, Anr, des, Cooners Ko, 9,23
(1968).

1) FoJoCoRoe, R L. Carter, and No AL Parron, Nature, 222, 3807 (10641,

i5) Melting points were deternined in an oil bath and are nneorrecterd.
Ilenental analyses were varried out by Galbyraith Mieroanalytical Lalrora-
tory, Knoxville, Tenn. Wlere analyses arc indicated only Ly symbols o
tlee eleinents, analyvtical resnits obtained for these elements were within
<=0.39 of the theoretical values. Uv apectra were determined in Cl:01{
on a Perkin-IXlmer Model 202 spectrophotymeter, ir spectra in IKXI'r, ex-
cept 4, wlhich was token as a (hin film on a Na€Cl erysial; a Perkio-
Ehner Model 337 spectrophotometer was used. Reactions were earrjed
mitin 4 standard Pary hydrogenator whieh las been ealilirated, zo tlat in the
pressure range 2.8-3.5 kg om? a Ha presanre drop of 0.57 ke em?* rvorye-
sponderd 10 an rqaake of 0.1 ol of 1.
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