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5 mol of Hy/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, n?p 1.5302.
Anal. (CuyHuN) C, H. A picrate melted at 162-164°. Anal.
(CaaHyoN,O:) C, H.

Nmr.—The nmr spectra of 1-4 were obtained on a Varian-A60
spectrometer in CDCl; (MesSi). 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 1.

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.
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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 arylhydroxamic 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-
droxamic acid, has now been shown to possess signifieant
antitumor activity n vwo.* 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 concerned with the
syuthesis and biological evaluation of additional
arylhydroxamiec 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. 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.

(2) G. R. Gale, Proc. Soc. Exp. Biol. Med., 132, 1236 (1966).

(3) G. R. Gale and J. B. Hynes, J. Med. Chem., 11, 191 (1968).

(4) Personal communication, N. Greenberg, Cancer Chemotherapy
National Service Center, Bethesda, Md.

Jowrnal of Medicinal Chemistry, 1970, Vol. 13, No. 3 571

Experimental Section®

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.8” In each
case the base was NaOH and the solvent was MeOH or H:0, 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 N.
atmosphere.

With the exception of I, IX, XIX, and XX, the required esters
were obtained commercially. Methyl 3,3-diisopropylsalicylate,
bp 142-143.5° (7 mm), was prepared in 337 vield by the HCI-
catalvzed esterification of the corresponding acid in MeOH [lit.8
bp 146° (7 mm), yield 159%]. Methyl 2-bromo-3,4,5-trimethoxy-
benzoate was synthesized by the bromination? of 3,4,5-tri-
methoxybenzoic acid followed by esterification using MeOH and
anhydrous HCI. The compound exhibited bp 162-163.5° (2 mm),
mp 31-32°, and gave an acceptable elemental analysis [lit.* bp
160-161° (2 mm), mp 34-36°]. 1Nlethy! 3,5-dichlorobenzoate
was also prepared by the MeOH-HCI technique. The purified
product melted at 38-60° (lit.!! mp 38°). Methyl 3,4,5-tri-
methoxyphenylacetate was prepared by the HsSOs-catalyzed
esterification of the corresponding acid, and was isolated and
used as a viscous oil without further purtfication.

Biological.—These methods were as desecribed in the corre-
sponding section of the previous report.? The parameters in-
vestigated were (a) relative potency against DNA and RNA
svnthesis 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-5-*H,
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 509, and 909, inhibition (IC;; and ICg) of
DNA synthesis in Ehrlich ascites tumor cells n 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.

Four 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; and
ICg 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 (103 A7)

(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 £0.49, of the theoretical values.

(6) A. W. Scott and B. L. Wood, J. Org. Chem., 7, 515 (1942).

(V) H. L. Yale, Chem. Rex., 83, 209 (1943).

(8) G. Desseigne, Buli. Soc. Chim. Fr.. 68 (1948).

(9) W. Mayer and R. Fikentscher, Ber., 89, 511 (1956).

(10) E. C. Horning and J. A. Parker, J. Amer. Chem. Soc., T4, 2107 (1052).

(11) E. Miiller and E, Tietz, Ber., T4B, 807 (1941).
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Tasre 1
. Recrvstallized
Hydroxamie acid No, Mp, °C Formula Mnalyses yield from
3,0-Ditsopropylsalicyl 1 129.5-131.5 e N Oy O, 1, N O Hexane
4-Chlorobenzoyl 11 1949 -199.57 CiHCINO, O HON, G 62 1.0
4-Fluorobenzoyl 111 165 -167° CiHENO, 68 .0
4-Bromobenzoy! IAY 208-2107 CrHBeNO. N, Be 53 H.0
3,4,5-Trimethoxybenzoyl v 173176 CioHNO; . H, N 34 H.0O
4-Nitrobenzoyl Vi 182183 .57 N0y 3T 1,0
4-lodobenzoy] VI 22:3-225 dec CLHGINO, C, HONV T 68 MeOH-H0 (4: 1)
3-Methylsaliey] VIII 147-149/ CyH N Oy ¢, H, N 36 .0
3,9-Dichlorobenzoyi IN IS8 D184 H CoHCLNO, O, N, O 29 MeOH-H.O 3:1
2,5-Dihydroxybenzoy] N 202 dec CHNO; N 50 1,0
2-Hydroxy-3,4,5-trimethoxybenzoyl XI 120.5-122.5 ChioHiNOg ¢, H, N 10 .0
S-Bromosalicy] NII 239-244 dect C:HgBrN Oy 11, N 6N MeOH - H.O (11
4-Fthoxysalicyl XIII 156158 CaH,NO, 'O, N a1 11,0
S3-Nitrosalieyl NIV 139--160 .5 C-HNLO; - N a4 1,0
05110
2-Aminobenzoyl NV H6- 1487 C;HWNLO. A 1,0
Tsonicotinyl XVI 160 16:3% CeHENLO. 48 H.O
2-Hydroxy-i-naphthoyl VI 199-200.5 CHHNO;y C, H N 72 MeOH -HLO ¢1: 1
3-Hydroxy-2-naphthoyl NVIID  206-207 .5 CiaNOy ¢, HN 66 MeOH-1L,0 o1 D)
340-Trimethoxyphenylaceiyl NIX 1:36--136. 5 CuHENO: ¢, H N 357 IO -Pet ether il:1:
2-Bromo-3,4,5-trimethoxybenzoyl XX 193-194 dec CpHLBeNO; ¢, H, N, Br 654 H.0

* B. E. Hackley, R. Plapinger, M. Stolberg, and T. Wagner-Jawregg {J. Amcr. Chem. Soc., 77,3651 (1955)] reported mp 185°. " K.
Buraczewski, E. Czerwinska, Z. Eckstein, E. Grochowski, R. Kowalik, and J. Plenkiewicz [Przemysl Chem., 43, 626 (1964)] reported
mp 160-161.5°. N, Kornblum and R. A. Brown [J. Amer. Chen. Soc., 87, 1742 (1965)] reported mp 189.5-190°. 4 N. Kormblum and
R. A. Brown [/bid., 87, 1742 (1965)] reported mp 176.2-177 dec; B. L. Hackley, Jr., . Plapinger, M. Stolberg, and T. Wagner-
Jauregg [ibid., 77, 3651 (1955)] reported mp 186°. « K. Buraczewski, k. Czerwinzka, Z. Fckstein, E. Grochowski, R. Kowalik, and
J. Plenkiewicz [Przemysl Chem., 43, 626 (1964)] reported mp 195-196. 7 'T". Urbanski, 8. Hornung, 8. Slopek, and J. Venulet [Nature,
170, 753 (1952)] reported mp 148-150° dec. ¢ K. Buraczewski, E. Czerwiuska, Z. Eckstein, 1. Grochowski, R. Kowalik, aund J. Plen-
kiewicz [Przemys! Chem., 43, 626 (1964)] reported mp 130-151°.  # T, Urbanski, 8. Hornung, 8. Slopek, and J. Veuulet [ Nafure, 170,
733 (1952)] reported mp 232°. 7 C: ealed 36.23; found 36.72. /A, W. Scott and B. L. Wood {J. Org. Chem., 7, 508 (1942)] reported
mp 149°. % H. L. Yale, K. Losee, J. Martins, M. Holsing, F. M. Perry, and J. Bernstein [J. smer. Chem. Soc., 75, 1933 (1953)] re-
ported mp 163-164°.  *T. Urbanski, 8. Hornung, 8, Slopek, and J. Vemulet [Nabire, 170, 753 (1953)] reported mp 191-192° dec.
m Overall vield based upon 3,4, 5-trimethoxyvphenylacetic aeid.

Tapsue I
Frreers oF CERTAIN ARYLHYDROXAMIC ACIDs oN DNA SyNTHESIS 13y
Furvicn Ascrres Tustor Cenls

No preincubation” = L-hr preincabation -

Comped IC. M I1Cw M slope 1Cw. M T, M Slope

1 2.9 X 10 1.1 [0 -2 17 3.6 X 10 1.0 X It - 1,91
11 5.7 X 10! 2.9 X 1073 L ) [ G IV A 5.6 X 107 -4 27
111 T8 X 1474 2.4 X 107 -2.63 P X107 4.0 X 1077 -2 62
IV 4.4 X 1074 5.2 X 1073 ~ 1. 1x Vo6 X 10t Sl X1 —-4.51
v 5.0 X 1 4.6 X 1077 -1 44 2.8 X 107 .6 X s —2 .42
Vi 6.6 X 107+ 3.0 X 107 — .96 3.6 X 107 b4 X e -~ 1.83
VII 4.3 X 107 300 X 1 —1.40 9.6 X 107 44 o —~1 64
VIII 5.6 X 107 2.0 X 107 —2 3 1.6 x 104 1.0 X 1073 — 1A
IN 6.7 X 107t BRI A G NP — 167 2.0 X 107 1.3 X 1 — 1 TN
N 6.0 X 107! 1.7 X 13 —2 86 3.0 X 1071 ST 10 —2.76
NI 6.1 X 107! 2N X 1 —1.93 B4 1t 1.1 X 1077 w22

*)

+ [Ch and ICe, represent 50 and 90¢ inhibitory conceutrations, respectively.  Theslope is the decrease in probit units for each tenfold
increase in inhibitor concentration. Each reaction vessel contained 3 ml of a 19, tumor cell suspension in Eagle’s minimum essential
medium with Hank’s balanced salt solution and 0.03 ml of DMSO with or without the test compound. After 20 min of pulse labeling
with 1 ¢Ci thymidine-*H, 2-ml aliquots were added to 2 ml of cold 1067 TCA. After 3 washings with 5¢¢ TCA, the samples were pro-
cessed for liquid seintillation counting in PPO-POPOP phosphor solution.

concentration on DNA, RNA, and protein synthesis. Table IV shows the extent of reversibility of the
Virtually complete inhibition of all 3 parameters oc- action of each auctive compound upon washing the

curred with compound I immediately upon exposure cell« free of inhibitor. Inhibition conferred by com-
of the inhibitor to the ecells.  Compounds IX and X1 pounds II, VIII, X, or XI at the higher concentration
were initiallv quite inhibitory to both DNA and RNA was readily abolished. The only partial reversibility
svnthesis, with only slight effect on protein synthesis of the aetion of compoundx I, VII, and IX at the
until after exposure of the cells to the inhibitor for higher conecentration indicates a binding of each com-
1 to 2 hr. The most singularly selective inhibitor pound to u eritical cellular site or an otherwise irve-
was compound V., which depressed DNA and RNA versible alteration of the metabolic pathway (s) involved.

svnthesis over 509¢ throughout the 2-hr period with Those compounds which also suppressed the rate of
no effeet whatsoever on protein synthesis.  Degrees RNA svnthesis yielded o similar reversibility pattern
of seleetivity between those of compounds I and V on this parameter.

were obfuined with the other Y active agents. Fach of the aetive compounds was incubated
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HOURS OF PREINCUBATION
Figure 1.—Effects of certain arylhydroxamic acids on DNA, RNA, and protein synthesis by Ehrlich ascites tumor cells: (@)
DNA; (©) RNA; (X) protein. A 19 cell suspension in Eagle’s minimum essential medium with Hank’s balanced salt solution
was incubated with each compound for the interval designated on the abscissa. Isotopic precursors (1 pCi of thymidine-*H, 1 uCi of
uridine-*H, and 0.2 xCi of 1-leucine-1*C) were then added and samples were removed after 20 min and processed for liquid scintilla-
tion counting.

Tavrr IIT
ErrFrcrs oF CERTAIN ARYLHYDROXAMIC

Acips oN RNA SYNTHESIS BY 80
EnruicH Ascites Tumor CeLLs —1 i oNa
- . L RNA
— -———No preincubation————————

Compd I1Cs0, M ICy, M Slope
1 8.9 X 1078 5.1 X107 —3.30
v 5.9 X 1074 1.4 X 1073 -1.56
X 5.8 X 1074 1.5 X 1073 —1.43
XI 4.1 X 10™* 1.4 X 1073 —1.43

+ Conditions were the same as described for Table II, except

that thymidine-*H was replaced with uridine-H.

TapLe IV
REVLERSIBILITY OF THE INHIBITORY ACTIONS
OF ARYLHYDROXAMIC AciDs oN [DNA aND
RNA Sy~tHEss v Ascires Tumor CeLLs

DNA RNA
—Per cent of control at“— ~—Per cent of control at—

Compd ICs, M ICw, M 1Cs0, M ICw, M
I 112 0 97 0
11 111 111

II1 94 87

v 100 76

A% 100 87 85 70
Vi 100 91

VII 43 28

VIII 111 110

X 96 a5 83 66
X 110 112

X1 106 97 98 79

@A 19 tumor cell suspension with and without inhibitor at
indicated concentrations was incubated at 37° for 10 min.
Cells not exposed to the inhibitor and an aliquot of cells incubated
with inhibitor were washed three times with fresh medium.
The remaining cell suspension containing inhibitor was washed
three times with fresh medium containing the same concentration
of inhibitor. After resuspension to 19, in the appropriate
medium the cells were incubated for 20 min with 1 xCi/ml
thymidine-*H or uridine-SH. Reactions were terminated with
cold 109, TCA, and the samples were processed for liquid
scintillation counting.

PER CENT CONVERSION OF NUCLEIC ACID TO AN ACID-SOLUBLE STATE

Figure 2.—Depolymerization of nucleic acids by certain aryl
hydroxamic acids. Cells were incubated at 37° for 20 min with
thymidine-*H or uridine-sH (1 «Ci /ml), washed three times with
fresh medium, and resuspended to 1%. To each vessel contain-
ing 0.03 ml of DMSO with or without inhibitor, 3.0 ml of isotopic
cell suspension was added, and after 3-hr continued incubation
at 37° 2-ml samples were added to 2 ml of cold 109; TCA.
Following three washings in 59 TCA, cell pellets were dissolved
in 0.5 ml of methanol and 2 ml of hydroxide of hyamine and com-
bined with PPO-POPOP phosphor solution for liquid scintilla-
tion counting.

103 A7 for 3 hr at 37° with cells previously pulse-
labeled with thymidine-*H (DNA) or uridine-*H (RNA)
to detect any degradative action on preformed nucleic
acid. All compounds except VI depolymerized pre-
existing DNA to varving extents (Iigure 2). Com-
pound I extensively degraded labeled RNA, V was
only moderately active in this regard, and IX and
XTI were totally inactive.
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The present report thus extends the work deseribed
arlier® and further demonstrates that arvihydroxamic
acids are 1o varying degrees seleetively inhibitory to
nueleie acid svnthesis,  An interesting feature noted
here is that the majority of the compounds which are
aetive in vitro are substituted in the 4 position in rela-
tion to the hvdroxamic acid group. The demonstrated
inhibitory action of 4-hydroxybenzoyvlhydroxamie acid
on growth of experimental tumors? suggests that this
class of eompounds should be subjected to screening
In various tumor systems (n vivo.

Glyeylureas and Quaternary Salts’

Price Trurrr ann J. T, WITKowsKI

Department of Chemdsiry, North Teras State University,
Denton, Texas 76203

Received June 16, 1964

Although several 1-(N,N-dialkylglyeyljureas have
been prepared and tested for analgetic properties,®—*
it seemed worthwhile to prepare a number of sueh com-
pounds and to convert them into quaternary salts for
further physiological testing.

The reaction of chloroacetyl chloride with urea and
substituted ureas according to the procedure of Piggott
and Rose? was utilized in this work to prepare 1-chloro-
acetylurea and l-chloroacetyl-3-alkylureas. The reac-
tion of these compounds with secondary amines gave
the desired glyeylurea derivatives plus some hydantoin.
The quaternary salts were readily prepdred by reaction
of the dialkylaminoacetylureas with various halides.
Attempts to prepare N-nitroso derivatives of thesce
urea compounds proved futile.

Physiological Aectivity.—-Representative compounds
were tested for antibacterial, antiinflammatory, di-
uretie, shistosomiasis, and trichomonicidal effects.”
Compounds 12 and 16 were not active against Tryparo-
soma ¢ruzi in chick embryo tissue culture.®® Com-
pound 10, 1-butyl-3-(chloroacetyl)urea, was eidal when
tested (n vitro against Trichomonas L'aginalz's Com-
p()und 16 was inactive against 7' cruzd in mice ut 0.25
in diet.

Compounds 15 and 16 failed to show activity against
mensles virus, polio virus, and herpes virus when tested
at 100 ug/ml.1°

(1) sSupported by a Grant from Parke, Davis & Company and a
Taculty Grant from North Texas State University.

(2) H. A. Piggott and J. ID. Rose, U. 8. Patent 2,203,506, Chem. Abstr., 34,
6735 (1940).

(3) P.F. Wiley, J. Amer. Chem. Soc., T1, 1310 (1949},

(4) T. Takahashi, H. Fujimura, and K. Okamura, Yehuguhu Zusshi, 82,
1597 (1962); Chem. Abstr.. §9, 611c (1963).

(5) T. Takahashi and K. Ogiu; Japan Patent 6173 (1961); Chem. Abstr,,
58, P10247a (1963).

(6) Y. Matsuo; Yuhugahu Zasshi, 88 (5) 480 (1963): Chem. Abstr., 89,
7401e (1964).

(7) These tests were arranged through Dr. Fd Flslager of Parke, Davis
and Co., Ann Arbor, Mich.

(8) I, A. Neva. M. F. Malone, and 13. R. Meyers, /. Trop. Med, Hyy., 10,
140 (1961).

Wy ¥, Hawking, Prans. Roy. Soe. Trop. Med. Hyy., 40, 345 (1946,

(10) Antiviral sereening was carried out by Dr. Frank Schabel, Southern
Research Institute, Birmingham, Ala.
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Experimental Section'!

1-Alkyl-3-( dlall\\lgl\ evDureas were prepared by refluxing |
mol of l-alkyl 3- (‘hlmomel)huea with 2 mol of dialkylamine or
evelic secondary amine in CeHg  The products were recrystal-
lized from MeOH or Cglg (xee Table I).

These compounds were converted into quaternary salts by
heating with the dexired halide in MeCN. The xalt prec ipitated
dlld rarely needed to be recrystallized (see Table IT).

\11) Melting points were determined in a Thomas~Hoover meliing point
apparatus with a calibrated thermometer. Where analyses are indicated
only by symbols of the elements, analytical results obtained for those ele-
ments were within = 0.1%7% of the theoretical values.

Antitumor Activily of Some Azine and Hydrazone

Derivatives of 1,4-Dimethoxy-2-butanone’*

Winnias J. HaGoenry, Ji, anp Co O CHENG
Midwest Research Tastitute, Kansas City, Missowrl 645110

Recefved Oclober 249, 1964

During our investigation of the preparation of cer-
tain pyridazine derivatives, three intermediates, 1,4-
dimethoxy-2-butanone azine (I), ethyl pyruvate azine
with 1,4-dimethoxy-2-butanone (II), and 1,4-dime-
thoxy-2-butanone hydrazone (I1I), were preplucd and
found to possess confirmed activity against Walker
256 (intramuscular, 5WM) tumor system in rats®
(see Table I).

This interesting activity led us to search the lit-
erature for compounds of this type with oncolytic
activity. It was found that little information has
been published relative to hydrazones as anticancer
agents and studies of azines as potential antitumor

(1) This investigation was supported by contract PH 43-65-94 with Chem-
utherap), National Cancer [nstivute, National Institutes of Health

(2) Presented in part before the Division of Medicinal Chemistry. 155th
National Meeting of the American Chemical Society, Qan Francisco, Calif.,
March 1968 (N-055).

1) Test results were provided by ¢ontract sereeners of CONSCL



