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Synthesis of 5,12-Naphthacenequinones with Boric Anhydride.
-—Compound 1 was treated with a slight excesx of 2a,!! 2b1*
2¢,'2 and 2d** in the presence of & 507 mol excess of BuOs at
190° for 2 hr.  The ~olid niass was pulverized and extracted with
several portions of boiling HaQ, filtered, waxhed with E{OH, dried.,
and recrystallized.  Table T Liztx the pertinemt data Tor the
compounds.

1-Amino-6,11-dihydroxy-5,12-naphthacenequinone (3f).
Compound 3d (2 g) was hydrolyzed by refluxing in 20 ml of
conedd HCHor 2 hr. When cool, a reddish ervstalline prodnet was
obtained and recrystallized.

3-Dimethylaminophthalic Acid.—A =olution of 10.55 g of -
nitrophthalic acid and 10 ml of forialin in 160 ml of EtOH was
reduced under 3 atm of Hy i1 the presence of 0.5 g of P1Os until
the theoretical amount was absorbed. Tlhe filtered solution was
evaporated in vacuo, and the solid recrvstallized from EtOH ax
vellow ervstals: mp 138-140°; vield 6.5 g (630, Anal. iCuIl,)-
NOg C, H, N.

3-Dimethylaminophthalic Anhydride (2e).--5-Dimethylamino-
phthalic acid (3 g) was heated at 150-160° for 0.5 hr, cooled, and
the product recrystallized from CiHea: wmp 140-142°0 vield 2.4
g (89C0). nal. (CHyNO:) C, H, N,

Synthesis of 6,11-Dihydroxy-1-dimethylamino-5,12-naphtha-
cenequinone (3e).-——An intimately gromd mixture of 7.6 g of
2e and 6.4 g of 1 waxs added portionwise during 1 hr to a nolten
mixture of 53.5 g of anhyvd AICL and 11.7 g of NaCl at 150°.
The temperature was then raised 1o 220°, and maiutained for
0.5 hr.  When cool, the fused mass was pulverized with a mixture
of 300 ml of HaO and 300 ml of concd HCL and the nixture re-
fluxed for 4 hr to decompose the complex.  After cooling, au ash-
free product was obtained, and vecrvstallized froir DMF plus a
small amonnt of H.0. Anal, (CuIl:, NO CL TN
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The synthesis of 1-(4-dimethylaminobenzylidene)-
indetie (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 i rats, but the
rats which recovered from their tumors sometimes
developed mammary tumors, au effect noted par-

(1) (a) This investigation was supported in part by Public Health Service
Researeli Grants CA-03717-09-10. (1) Presented before thie Division of
Organic Clemistry at the 29th Soutlieastern Regional Meeting of the
American Chemical Society, Tallaliassee, Florida, December, 1968. «)
I‘o whom inquiries should he addressed.

(2) C. T. Bahner, H. Kindler, ). Brotherton, J. Spiggle, and L. Guumnaun,
J. Med. Chem., 8, 390 (1965).
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ticularly i female rats®  l'urther investigation re-
vealed that tumors developed also 1 healthy rats
treated with 1.*

[ anr attempt to diminish or exelude the carcinogenic
effcet and at the same time retain the antitumor
activity. various reduced derivatives were prepared
by the eatalytic hydrogenation of 1 (Schemce 11, Based

Nodeat 1

= NMe.

o1t the amount of Hy consumed in each reaction, ~trie-
tures 2, 3, and 4 represeut the expected products.
Analyses confirmed the postulated structures.  Clianges
in the nmr spectra i going from 1 to 2, 3, and 4 arc in
agreement. with those expeeted for the structures
showii.

These compounds were tested against the Walker
tumor by the siugle L.p. dose method. Compound 2
showed a =light antitumor activity, hut 3 and 4 showed
no antitumor effect.  We conelude that the conjugnteld
double bond =ystenn ix necessary for antitummor activity
in compounds of this type.

Experimental Section®

«-l-Indanylidene-.\', N -dimethyl-p-toluidine (2). - Courponmnl
1 ¢5.0 g 0.02 mol) in 100 ml of EtAc was hydrogenated over 0.5 g
ol 5% Rh-ALO:. The veaction stopped after cq. 1.5 uml of 11,7
nol of 1 had been nbsorbed.  The catalyst and solvent were re-
moved and the restdne was recrystallized from /~CyHy and MeOH.
A 540 vield of a pale vellow solid, mp 123° was recoverwed,
Anal, ((,‘1\1'11».\—)(‘, 11,

«=1-Indanyl-V,.\ -dimethyl-p-toluidine (3).-- Componund 1
5.0 g, 0.02 mole) in 100 ml of KtAe was hydrogenated over 0.5
ol 5% Pd-C. The reaction stopped after exactly 2 ninl of 1./
ol of 1 had been abrorbed.  The catalv=t and solven were re-
woved and the residue was reerystallized {row MeOH.  An al-
most 1004, yvield of an off-white cry=talline =olid was obinaol,
mp 56.5-37.0°  Anel. (CHaN)C, H.

4-(1-Indanylmethyl)- V',V -dimethylevelohexylamine i4).
Compound 1 ¢20 g, 0.08 mol) in 200 nit of HOAc¢ was hydroge-
nated over 0.5 ¢ of Adams=" PrePtO.L The reaction stopped whei

e R M. Fdk and M. AL sheridian, £7rov, dwier, dess Coweee Ros, 9,038
(1968).
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1) Melting poinls were determmined in an oil bath anil are nueurrected.
Elemental analyses were carried ont by Galbraith Mieroanalytical Labora-
tory, Knoxville, Tenn. MWhere analyses are indicated only by symbols of
the elements, apalyvtical resnlts obtained for these elements were within
0.3 of the theoretical valies. Uy apectra were determined in CH:O1H
on a Perkin—1duer Model 202 spectrophotometer, ir spectra in IKlir, ex-
cept 4. which was taken as w thin filin on a NaCl erystal; a Purkin-
Flmer Model 337 spectropbotometer was used. Reactions were carried
witin a standard Parr hydrogenator which bas heen calibrated. so 1hat in the
pressure range 2.8-3.5 kg ‘cm? a He pressure drop of 0.57 ke em? vorre-
sponded Lo an aprake of 0.1 mol of 1.
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5 mol of Hy/mol of 1 had been absorbed. The catalyst aud sol-
vent were removed. The residue was distilled in vacuo and a
colorless liquid, bp 125-130° (0.5 mm), was collected, n%Dp 1.5302.
Anal. (CuyHyN) C, H. A picrate melted at 162-164°. Anal.
(CesH1N,07) C, H.

Nmr.—The umr spectra of 1-4 were obtained on a Varian-A60
spectrometer in CDCl; (MesSi). Confirmation of the expected
structures were provided throngh analysis of the changes in the
spectra in goiug from 1 to 4. The CH group connecting the
indene and benzeue rings couples with the protons of the aromatic
ring of indeue to produce a complicated multiplet. The reduc-
tion of the double bond between the two rings removes this
coupling effect and a single peak for the four protous of the aro-
matic ring of indene is observed at 8 7.12 in the spectra of 3 and 4.
The abseuce of this peak in the spectrum of 2 is evidence for the
retention of the double bond between the rings in this com-
pound.

Uv-Visible Spectra.—These spectra were as expected for the
structures given in Scheme I.
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Prompted by the observation? that salicylhydroxamic
acid selectively inhibits the synthesis of deoxyribo-
nucleic acid (DNA) in Ehrlich ascites tumor cells
in vitro, 11 aryvlhvdroxamic acids were synthesized
earlier and their activities were assessed.® Six were
shown to possess varying degrees of selectivity in the
test system. One of these, 4-hydroxybenzoylhy-
druxamic acid, has now beeu shown to possess significant
antitumor activity i vivo.* In BDF; mice bearing
the L-1210 leukemia, daily administration of 400
mg/kg per day intraperitoneally for 9 days increased
the survival times of the animals 369 to 579 in four
experiments, with no deaths due to toxicity of the
compound. The present report is coticeriied with the
syuthesis and biological evaluation of additional
arylhydroxamic acids (HAs) as regards their effects on
biosynthesis of DNA, ribouucleic acid (RNA), and
protein.

(1) This work was aided by Grant GM-13958 from tlie National Institutes
of Health, U. 8. Public Health Service; nine of the compounds were made
available indirectly through support of U. 8. Army Medical Research and
Development Contract No. DADA17-67-C-7055.
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Experimental Section®

Chemical.—Each of the compounds listed in Table T was
prepared from the corresponding Me or Et ester by the well-
knowun reaction with excess NH.OH iu basic solution.t” T each
case the base was NaOH and the solvent was MeOH or H:O, or a
combination of these depending upon the solubility of the in-
dividual ester. In the case of a phenolic compound, an extra
equivalent of NaOH was used, while I, X, and XI, which are
sensitive to oxidation iu basic solution, were prepared in a N.
atmosphere.

With the exception of I, IX, XIX, and XX, the required esters
were obtained commercially. Methyl 3,5-diisopropylsalicylate,
bp 142-143.5° (7 mm), was prepared in 357 vield by the HCI-
catalyzed esterification of the corresponding acid in MeOH [lit.?
bp 146° (7 mm), vield 159 ]. Methyl 2-bromo-3,4,5-trimethoxy-
benzoate was syuthesized by the bromiuation® of 3,4,5-tri-
methoxybenzoic acid followed by esterification using MeOH and
anhydrous HCL. The compound exhibited bp 162-163.5° (2 mm),
mp 31-32°, and gave an acceptable elemental analysis [lit.1® bp
160-161° (2 mm), mp 34-36°]. Jlethyl 3,5-dichlorobenzoate
was also prepared by the MeOH-HCI technique. The purified
product melted at 58-60° (lit.!* mp 58°). Methyl 3,4,5-tri-
methoxyphenylacetate was prepared by the HoSO.-catalyvzed
esterification of the corresponding acid, and was isolated and
used as a viscous oil without further purification.

Biological.—These methods were as described in the corre-
sponding section of the previous report.*! The parameters in-
vestigated were (a) relative potency against DNA and RNA
synthesis as measured by least-squares analysis of dose-response
data; (b) slopes of the regression lines; (c¢) relative selectivity
for DNA synthesis: (d) reversibility of the DNA and RNA
inhibitory action upon removal of the inhibitor; and (e) effect
upon preformed DNA and RNA, ‘.e., depolymerization, to an
acid-soluble form, of thymidine-methyl-*H or uridine-3-*H,
respectively, which had been incorporated into nucleic acid of
the cells prior to exposure to each inhibitor.

Results

The coucentrations of each active compound which
conferred 509, and 909, inhibition (IC; and ICg) of
DNA synthesis in Ehrlich ascites tumor cells in vitro
are shown in Table II. When the inhibitor and iso-
topic precursor were added simultaneously to the cell
suspension, the slopes of the regression lines were
numerically similar, with greater variations occurring
after the 1 hr preincubation period. Compounds I and
VI were of similar potency after the 1-hr preincubation
as compared with no preincubation; compounds II,
IV, V, VII. VIII, and IX were more active after 1 hr.

T'our compounds suppressed RNA synthesis im-
mediately upon contact with the cells, and the extent
of inhibition was virtually the same as that obtained
on DNA synthesis. Table III shows the IC; aud
ICy concentrations of these compounds when added
to the cells simultaneously with the isotopic pre-
cursor. The relative potency and slopes of the re-
gression lines of compounds V, IX, and XI were quite
similar. Compound I was more active and the slope
of the regression line was greater.

Figure 1 shows a comparison of inhibitory action
of each of the 11 active compounds at a single (10—3 A7)

(5) The melting points were determined with a Fisher—Jolins melting
point apparatus and are uncorrected. Tle elemental analyses were per-
formed by Galbraith Laboratories, Knoxville, Tenn. Wliere analyses are
indicated only by symbols of the elements, analytical results obtained for
those elements were within 20,49, of tlie thieoretical values.
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