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Synthesis of 5,12-Naphthacenequinones with Boric Anhydride. 
—Compound 1 was treated with a slight excess of 2a,11 2b, '2 

2c,12 and 2d13 in the presence of a ">()'•( mol excess of B2O3 at 
190° for 2 hr. The solid mass was pulverized and extracted with 
several poitions of boiling H2O, filtered, washed with EtOH, dried, 
and recrystallized. Table I lists the pertinent data for the 
compounds. 

1 -Amino-6,11 -dihydroxy-5,12-naphthacenequinone (3f). 
Compound 3d (2 g) was hydrolyzed by refluxing in 20 ml of 
coned HC1 for 2 hr. When cool, a reddish crystalline product was 
obtained and recrystallized. 

3-Dimethylaminophthalic Acid.—A solution of l()..V> g of :>-
mtrophthalic acid and 10 ml of formalin in 160 ml of E tOH was 
reduced under 3 atm of H2 in the presence of 0.5 g of P1O2 11111 il 
the theoretical amount was absorbed. The filtered solution was 
evaporated in vacuo, and the solid recrystallized from EtOH as 
yellow crystals: mp 13S-1400: yield 0.5 g !()5':, ). Anal. (CdFl,,-
N'(),)C, H, N. 

3-Dimethylaminophthalic Anhydride (2e). —ii-Dimeihylamino-
phthalie acid (3 g) was heated at 150-100° for 0.5 hr, cooled, and 
the product recrystallized from CBH6: nip 140-142°: yield 2.4 
gtSO': ,) . ,lna/. '(Ci, )H ! )X()s)C, H, N. 

Synthesis of 6,ll-Dihydroxy-l-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 molten 
mixture of ">3.3 g of anhyd AICIs and 11.7 g of XaCl 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 2 0 and 500 ml of coned IfCl, and the mixture re-
fluxed for 4 hr to decompose the complex. After cooling, an ash-
free product was obtained, and recrystallized from I f l I F plus a 
small amount of H-.O. Anal. (C,„Hr,N(M C, II, X. 
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The synthesis of l-(4-dimethylaminobenzylidene)-
indene (1) was reported2 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 2.56 tumor in rats, but the 
rats which recovered from their tumors sometimes 
d e v e l o p e d m a m m a r y t u m o r s , a n effect n o t e d p a r ­
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N o n s 

ticularly in female rats.:i Further investigation re­
vealed that tumors developed also in healthy rats 
treated with l.4 

[n tin attempt to diminish or exclude the carcinogenic 
effect and at the same time retain the antitumor 
activity, various reduced derivatives were prepared 
by the catalytic hydrogenation of 1 (Scheme I). Based 

ScHKMK 1 

on the amount of H2 consumed in each reaction, .struc­
tures 2, 3, and 4 represent the expected products. 
Analyses confirmed the postulated structures. Changes 
in the nmr spectra in going from 1 to 2, 3, and 4 are 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 a slight antitumor activity, but 3 and 4 showed 
no antitumor effect. We conclude that the conjugated 
double bond system is necessary for antitumor activity 
in compounds of this type. 

Kxperimental Section' 

(k-l-Indanylidene-.\ ,.V-dimethyl-p-toluidine |2). Compound 
1 (5.0 g. 0.02 mol) in 100 ml of EtAc was hydrogenated oyer 0.5 g 
of 5 r , Rh-AljOn. The reaction stopped after ea. l.:5 mol of 11;.' 
mol of 1 had been absorbed. The catalyst and solvent were re­
moved and the residue was recrystallized from i'-GiHii and Me( >H. 
A 54 r , yield of a pale yellow solid, mp 123°. was recovered. 
Anal. (C,sHi...\)C,II. 

M-1-Indanyl-.V,A-dimethyl-p-toluidine (3i. Compound 1 
15.(1 g, 0.02 mole) in 100 ml of EtAc was hydrogenated over 0.5 g 
of ori Pd-C. The reaction stopped after exactly 2 mol of I E / 
mol of 1 had been absorbed. The catalyst and solvent were re­
moved and the residue was recrystallized from MeOII. An al­
most 100'7: yield of an off-white crystalline solid was obtained. 
mp36.5-:37.0°. Anal. (CiJI. iN) C, H. 

4-il-Indanylmethyl)-A',.V-dimethylcycIohexylamine (4 i. 
Compound 1 (20 g, 0.0S mol) in 200 ml of HOAc was hydroge­
nated over 0.5 g of Adams' Ptl l ' tO.). The reaction slopped when 

(3) R. M. Folk and M. A. Sher idan . I'm.. Amrr. A.~.-. C,i„,;r /,'..-.. 9, 2:1 
11968). 
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E l em en t a l analyses were .•arried out by Galbra i th Mieroana l} tical Labora­
tory, Knoxville. T e n n . Where analyses are ind ica ted only by symbols of 
the e lements , ana ly t ica l results ob ta ined for these e lements were wi th in 
— 0 . 3 % of tile theore t ica l values. Uv spec t ra were de t e rmined in C H s O K 
on a P e r k i n - F l m e r Model 202 spec t ropho tome te r , ir spec t ra in KBr , ex­
cept 4, which was taken as a th in him on a X a C l c rys ta l ; a Perk in-
F l m e r Model 337 s p e c t r o p h o t o m e t e r was used. Reac t ions were carried 
out in a s t a n d a r d Pa r r hydro<renator which has been ca l ib ra ted , so that in the 
pressure ranjte 2 .8-3 .5 kit cm-, a }l? pressure d rop of 0.57 kit cm- corre­
sponded to an u p t a k e of 0.1 mol of II:. 
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NOTES 

5 inol of H2/mol of 1 had been absorbed. The catalyst and sol­
vent were removed. The residue was distilled in vacuo and a 
colorless liquid, bp 125-130° (0.5 mm), was collected, n2°D 1.5302. 
Anal. (Ci8H27N) C, H. A picrate melted at 162-164°. Anal. 
(C24H30N4O7)C,H. 

Nmr.—The nmr spectra of 1-4 were obtained on a Varian-A60 
spectrometer in CDCU (Me4Si). Confirmation of the expected 
structures were provided through analysis of the changes in the 
spectra in going from 1 to 4. The CH group connecting the 
indene and benzene rings couples with the protons of the aromatic 
ring of indene 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 protons of the aro­
matic ring of indene is observed at 8 7.12 in the spectra of 3 and 4. 
The absence 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. 

Acknowledgment.—We are grateful to Dr. Vito 
Morlino of Virginia Commonwealth University for 
nmr spectra and assistance in their interpretation. We 
are grateful to Professor Sir Alexander Haddow, Mr. 
J. E. Everett, and Mr. C. V. Mitchley of the Chester 
Beatty Research Institute for data on toxicity and activ­
ity against the Walker 256 tumor. We are also grateful 
to CCNSC for screening tests against the Walker 256 
tumor. 

Synthesis of Additional Arylhydroxamic 
Acids Which Inhibit Nucleic Acid 

Biosynthesis In Vitro1 

GLEN R. GALE, JOHN B. HYNES, AND ALAYNE B. SMITH 

Veterans Administration Hospital, Department of 
Pharmacology, and School of Pharmacy, 
Medical University of South Carolina, 

Charleston, South Carolina 

Received July 14, 1969 

Prompted by the observation2 that salicylhydroxamic 
acid selectively inhibits the synthesis of deoxyribo­
nucleic acid (DXA) in Ehrlich ascites tumor cells 
in vitro, 11 arylhydroxamic acids were synthesized 
earlier and their activities were assessed.3 Six were 
shown to possess varying degrees of selectivity in the 
test system. One of these, 4-hydroxybenzoylhy-
druxamic acid, has now been shown to possess significant 
antitumor activity in vivo.* In BDFX 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 36% to 57% in four 
experiments, with no deaths due to toxicity of the 
compound. The present report is concerned with the 
synthesis and biological evaluation of additional 
arylhydroxamic acids (HAs) as regards their effects on 
biosynthesis of DNA, ribonucleic acid (RNA), and 
protein. 

(1) This work was aided by Grant GM-13958 from the National Institutes 
of Health, U. S. Public Health Service; nine of the compounds were made 
available indirectly through support of U. S. Army Medical Research and 
Development Contract No. DADA17-G7-C-7055. 
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Experimental Section5 

Chemical.—Each of the compounds listed in Table I was 
prepared from the corresponding Me or Et ester by the well-
known reaction with excess NH*OH in basic solution.6'7 In each 
case the base was NaOH and the solvent was MeOH or H 20, 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 in basic solution, were prepared in a N2 

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 35c~c yield by the*HCl-
catalyzed esterification of the corresponding acid in MeOH [lit.8 

bp 146° (7 mm), yield 15%]. Methyl 2-bromo-3,4,5-trimethoxy-
benzoate was s\*nthesized by the bromination9 of 3,4,5-tri-
methoxybenzoic acid followed by esterification using MeOH and 
anhydrous HC1. The compound exhibited bp 162-163.5° (2 mm), 
mp 31-32°, and gave an acceptable elemental analysis [lit.10 bp 
160-161° (2 mm), mp 34-36°]. Methyl 3,5-dichlorobenzoate 
was also prepared by the MeOH-HCl technique. The purified 
product melted at 58-60° (lit.11 mp 58°). Methyl 3,4,5-tri-
methoxyphenylacetate was prepared by the H2S04-catalyzed 
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.3 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, i.e., depolymerization, to an 
acid-soluble form, of thymidine-methyl-3H or uridine-5-3H, 
respectively, which had been incorporated into nucleic acid of 
the cells prior to exposure to each inhibitor. 

Results 

The concentrations of each active compound which 
conferred 50% and 90% inhibition (IC50 arid IC90) of 
DNA synthesis in Ehrlich ascites tumor cells in vitro 
are shown in Table II. When the inhibitor and iso­
typic 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. 

Four compounds suppressed RXA synthesis im­
mediately upon contact with the cells, and the extent 
of inhibition was virtually the same as that obtained 
on DXA synthesis. Table III shows the IC50 and 
IC90 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 il/) 

(5) The melting points were determined with a Fisher-Johns melting 
point apparatus and are uncorrected. The elemental analyses were per­
formed by Galbraith Laboratories, Knoxville, Tenn. 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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