NortEs

Experimental Section

N-Substituted 2,2’-Diphenamic Acids.—A CHCI; solution of
the amine was added to an eguivalent amonnt of diphenic anhy-
dride® dissolved in CHCl; and the mixture was stirred and re-
fluxed gently for 2 hr. The solvent was evaporated on a steam
bath and the residne recrystallized. When necessary the crude
residie was purified by dissolving in dil NaOH, filtering, and
precipitating with dil HCl. For 6, 9, 10, 11, and 14, PhMe was
nsed as 50-909; of the reaction solveut to increase amine soli-
bility and to raise the temperature at reflux.

N-Substituted 2,2’-Diphenimides.—A mixture of 0.01 mol of
the N-substitnted diphenamic acid, 10 ml of Ac;O, and 1 g of
fused NaOAc was heated with constant mixing on a steam bath
for 15-20 min. The mixture was then triturated with hot H,O
to remove excess Ac;O. The product was filtered, washed with
H,O0, dried, and recrvstd.

For 25, the reaction was carried ont on a low temperature hot
plate at 120-130° for 35-45 miu.

Acknowledgment.—We thank Alice C. Lee for de-
termining the ir spectra,

(8) Diplienic anhydride was prepared by refluxing diplenic acid with 8
equiv of Ac:0 for 0.5 lir and recrystallizing from Me:CO to give 95%. mp
225-226° (lit. mp 217°, E. H. Huntress and 8. P, Mulliken, "'Identification
of Pure Organic Compounds,'' Jolin Wiley & Sons, New York, N. Y., 1941,
p. 170).
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In view of the preliminary report of antimalarial
activity in rodents exhibited by N-2-fluorenyl-2/,2’’-
diphenimide (II, X = Y = H),!* attempts were made
to obtain increased activity by substitution of Cl on
the rings.?

Preparation of the diphenamic acids (I) was carried
out by condensation of the aminofluorenes with the
corresponding diphenic anhydrides in CH,Cl,. Ring
closure of I in Ac,O (with fused NaOAc) gave II in
excellent yields. The diphenic anhydrides were syn-
thesized from the appropriately substituted 2-bromo-
benzoic acid methyl esters through Ullmann coupling,
followed by hydrolysis of the acid ester and dehydration
of the diphenic acids in AcO. The ir absorptions are
essentially as discussed in paper 1 of this series.!2

The antimalarial screening of these compounds was
carried out by subcutaneous administration in young
ICR /Ha Swiss mice infected with Plasmodium berghei.
All of these compounds were inactive. The Cancer
Chemotherapy National Service Center is also screening
these compounds for antitumor effects in BDF; mice

(1) (a) Part 1: C. Cole, H.-L. Pan, M. J. Namkung, and T. L. Fletcher,
J. Med, Chem., 18, (565) (1970): (b) this work was supported in part by
Grant CA-01744, and by Career Development Award 5K0-3-CA-14991,
from the National Cancer Institute; (¢) Part XXXI: M, J. Namkung
and T. L. Fletcher, Chem. Commun., 1052 (1969).

(2) Tlis type of modification was suggested by Dr. T. R. Sweeney.
Walter Reed Army Institute of Research, to whom we are grateful for a
supply of diplienic acid and the antimalarial screening data.
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a, X=CL;Y=H

b, X=CLY=Cl

e.X=N0O; Y=H

with L1210 leukemia, with negative results from the
testing thus far.?

Experimental Section*

Methyl 2-Bromo-5-chlorobenzoate.—\lethyl 2-bronio-3-nitro-
benzoate® (130 g) was reduced with Zn dust (300 g) in 80%
EtOH (1.5 1.) containing NH4Cl (45 g) giving methyl 5-amino-2-
bromobenzoate (123 g) which was used directly in the next
step.®

The amine (97 g) was diazotized at —16° in 8 .V HCI (0.6 1)
with NaNO; (35 g) and the diazonium salt was reacted with
freshly prepared CusCls (160 g) at 60°. The reaction mixture was
theu cooled in ice with rapid stirriug uutil erystallization of the
chloro compound took place. The product was collected on a
prerefrigerated filter and taken up in ether which was washed
with dil HC], dil NaHCO;, and H,0, dried (MgS0.), and evapo-
rated. The residue was recrystallized from MeOH-H.O giving
S7 g (839), mp 37-38° (MeOH). .dnal. (CHBrClO:) C, H,
Br, Cl.

4,4’-Dichlore-2,2’-diphenic Acid.—The above ester (77 g) and
Cu powder (450 A; Metal Distintegrating Co.) (30 g) were
rapidly stirred at 200° while a second portion of Cn (30 g) was
added in small amounts over a period of 20 min. The tempera-
ture was then kept at 205° for 0.5 hr and the cooled mixture was
extracted with Me,CO. The crystalline solid from the Me,CO
extract was recrvstallized from MeOH giviug 31.1 g (615¢) of the
dimethyl ester, mp 103-106°, which was hydrolyzed in a refluxing
mixture of AcOH (420 ml), H,S0, (240 ml), and H;O (120 ml)
(30 hr) to the diacid, 22.5 g (80%), mp 235-261° (H.O) (lit.* mp
264—2650). Anal. (C14HgClaO4) Cl

4,4’-Dichloro-2,2’diphenic Anhydride.—The diphenic acid
(3.1 g) in AcO (20 ml) was boiled with stirring for 45 min,
cooled, and the product filtered off giving 2.6 g (89%), nip 325-
326° (CeHs) (lit." mp 308-310°). Anal. (Ci.HCL0s) C, H, ClL.

(3) The data were kindly supplied by Dr, Harry B. Wood, Jr.

(4) Melting points below 250° were taken on a Fislier-Johns block and are
corrected to standards. Tle melting points above 250° were determined
with & Thomas-Hoover apparatus in open capillaries and are uncorrected,
Where analyses are indicated by symbols of the elements, analytical results,
obtained for those elements were within 0,49 of the theoretical values,
Their spectra (KBr) were made on a Beckinan IR-5. The elemental analyses
were performed by A. Bernhardt, Elbach tiber Engelskirchen, West Germany.

(5) A. E. Holleman and B. R. deBruyn, Rec. Trar. Chim. Payi-Baa, 20,
206 (1901).

(6) The amine is not distilled because of the possibility of violent decomposi-
tion; for example, see (a) H.-L, Pan and T. L. Fletclier, J. Med. Chem., 8,
491 (1965), footnote 15, and (b) M. J. Namkung, T. L. Fletcher, and W, H.
Wetzel, tbid., 551, footnote 13.

(7) E. H. Huntress, I. 3. Cliff, and E. R. Atkinson, J. Amer. Chem. Soc.,
55, 4262 (1933).
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4,4'-Dinitro-2,2’-diphenic Anhydride.--As described pre-
vionsty, methyl 2-bromo-3-uitrobenzoate (130 g) and Cu powder
(40 g) were allowed 10 react at 200--205° for 40 min giving 46 g
(51.29:) of 4,4'-dinitro-2,2’-dipheuie acid dimethy] ester which
was refluxed for 26 hr in a mixture of AcOH (670 ml), H,80, (400
mh), and H.O (200 ml) giving 35.8 g (35¢7) of the dinitrodiphenic
actd, mp 255-257° dec (lit.8 wmp 257-255°) The diphenic actd
(In.4 g} was then heated in av open flask with Aed) (100 mly
until the temperature of the mixiure reacthed 160°. Tt was cooled
and (he prodnet was separated by filtration, giving 14.5 g (83,50, 1
mp 231-233° (CeHg).  Anal. (CL,HNO:3 C, 1, N
5,7-Dichlorofluoren-2-amine.—A mixture of 2,4-dichloro-7-
pitro-9-oxofluoreneds (7.3 ), SHCC Nty 0 (40 ml), and 2,27-
oxydiethanol (400 mt) was refluxed gemly far 24 he. The <oh-
(1ob was evaporated until 1= temperatnre reached 210°. Upon
H.0 dilution there wax obtaived 5.7 g (419, mp 124-125°
(EtO). Andl. (CuHLCLN)Y C, 11, N,
N'-2-Fluorenyl-4',4''-dichloro-2’,2’'-diphenamic Acid (Ia).-—
Flnoren-2-nniine (1.1 g), 4,4’-dichloro-2,2'-diphenic anhydride
i 1.8 g) and CHLCL (175 mil) were refluxed for 24 hr and the mix-
ture was =tripped of solvent giving 2.0 g (1004, ), mp 1321357
(glassv melt), cnal. (CxH,:CLNO;3 C, H, C]) N,
N'-2-(5,7-Dichlorofluorenyl)-4',4’'-dichloro-2’,2'’-diphenamic
Acid (Ib}--Nimilarly, 5,7-dichloroflnoren-2-amine (2.5 g) and
4,4"-dichloro-2,2'-diphenic anhydride (2.9 g) gave 5.3 g (98%50,
mp 256-261° dec (CHe—CHCL-Me ('O Anad. 1CsHCLNO;;
¢ 1, CL XN
Y-2-Fluorenyl-4’,4’'-dinitro-2’,2"’'-diphenamic Acid (lc}.
Fluoren-2-antive (1.8 g) and 4,4'-dinitro-2,2'-diphenie anhydride
(3.1 g) were (reated in like muabner to give 4.5 g (98¢, mp 259~
260° (MeCOn tad. (CeHENO 0 C, H, N
N-2-Fluorenyl-4',4"'-dichloro-2’,2’‘-diphenimide (IIa).--1u
L1y, freshly fused NaOAe (0.5 g), and Ae,0 (10 mil) were niixed
and heated with vigorons shaking ob a steam bath for 15 miu,
caoled, and the Aca0) was destroyed with H.O giving 0.9 g (9472,
mp 311-312° (Me,CO). nal. (CyHCLNOy) C, H,y Cl, N,
\'-2-(5,7-Dichlorofluorenyl)-4’,4’'’-dichloro-2’,2''-diphenimide
(ITb ).—Likewixe, Ib (1.5 g) and fused NaOAe (0.5 g) in Acl)
(15 mll gave 1.4 g (10095, mp 205-200° (AcOH).,  Anal. (CyFhis-
CLNO9 O |, CEL N
\\'-2-Fluorenyl-4’,4’'-dinitro-2’,2"’-diphenimide (Il¢).-—I{eating
Te (2.0 @) with NaOAc (0.5 g) tn Ac.O (15 ml) gave 2.4 g (10097,
mp $02-308° (PhiMe). Anal, (CyH, N0 C, H, N.

~

Acknowledgment. —We thank Miss Alice ' Lee for
determining the ir spectra.

s Ry Golea amd O AMbreclin, Justas Livtigpe dna, Chepc, 488, 272 (1627,

Synthesis of Potential Anticancer

Agents. 5,12-Naphthacenequinones
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This report deseribes the syuthesex and biological
activities of several naphthacenequinones, an area of
inereasing interest.!

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

(1) (a) F. Arcamone, C. Franceschi, P. Orezzi, and S, Penco, Tetrakedron
Lett.. 3344 (1968); (h) J. R. D). MceCormick, J. Reiclienthal. 8. Jolinson, and
N. O. Sjolander, J. Amer. Chem. Sov.. 88, 1694 (1663); (¢) H. Brockmann
and J. Niemeyer. Chem. Ber.. 101, 2409 (1968); (d) H. Brockmann, R.
IXunker, and H. Brockmann, Jr., Justus Lyehigs Aan. Chem,, 696, 145 (1066),
and otlier references cited therein.

2) ¢, Weizmmann, .. Haskelbere, and 1.
(139,

Ber(in, J. Chem. Soc.. 348

Notys
OH OH o R
/(k)
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- 0> =01
(./
\( )
OH R OH
1 2 3
a, R=2N0,
b. R=0COCH
¢. R=0H
d. R=NHCOCH.
e. R=(CH).N
f. R=NH.

presence of anhyvdrous AlCH, to give the compounds 3
listed in Table 1.

TasLy 1
INFranep axp Urnrhavionyr Sveerran Dara

Derivative of 5.12-

Na. naphthaceneuinone Coa, €177 Naax. 1au 1o}
5,12-Naphthacone- 180 265, 275, 203, 57,
(uitones 305, 4105, H40, 46N
CA00:0 24000 1,200
24000 4,500 706041
1,000 5
3 G -0 16200, 1585 265, 452, 483, H1)
(24,5000 53,200 7,200,
(3,500
3¢ LO6I-(OH ) 1600 200, 460, 100, 525
(54,000 14,4000
206,000; 206,800
S 1-NOe=6,1100H 4 1631, 1550 2064, 457, H17 (47,49t

12,000; 5,700)
RS T T R N
350 530,5005 1,500
1,000; 20,3307 21,6060
248, 271, 4068, 407,
D34 R S00:0 54,2000
15,0500 26,300:
IN200
266, H520-530 <k, K50
50,200: 16,000;
15,400

“The anthors are grateful (o Dr. H. Vollmany, Baver, AL 6,
Leverkusen, West Germany for an anthentie sample of 5.12-
naphthaceneqnivone, Justus Lichigs twa. Che, 669, 43 1104551

S3f 0 I-NHe-6,11-(01H 5 1545

3d -ANH-6 1 1-(0OH 5

1550 broad

Be I-MedN-6,11-(OH 1, 1582, 1507

For preparation of the larger amounts of 1 required,
we found that the Fieser® method of reductive acetyla-
tion of naphthoguinone followed by hyvdrolysis was
rather tedious. We dizcovered that 1.4-dihyvdroxy-
naphthalene (1) could be prepared casily and in good
vield by hydrogenstion of naphthoquinone at low
PIessUrc.

When 2 (a,c.d) wis fused with 1 at 1907 in the pres-
ence of ByOs, the corresponding 3 waxs 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 2e. Upon
hydrolyzing l-ncetamido-6,11-dihydroxynaphthacene-
guinone (3d) in HCI, I-amino-6,11-dihydroxynaphtha-
cenequinone (3f) was obtained. Compound 3e was
prepared by the AICIL; fusion procedure of 1 with 3-
dimethylaminophthalic anhydride (2e), which was

(33 L, Fieser, J. Amer. Chem, Soc.. T0, 3165 (10485,



