
NOTES 

5 mol of Iln/niol of 1 had been absorbed. The catalyst and sol- 
vent were removed. The  residue was distilled in mcuo and a 
colorless liquid, bp  123-130" (0.5 mm),  was collected, n2% 1.5302. 
.lnal. (ClaH27N) C, H.  A picrate melted a t  162-164". A n a l .  

Nmr.-The nmr spectra of 1-4 were obtained on a S-arian-A60 
spectrometer iu CDC1, (LLIerSi). Confirmat,ion of the expected 
btructurea were provided through aiialysis 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 eft'ect and a single peak for the four protons of the aro- 
matic ring of indene is observed a t  6 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 boiid between the rings in this com- 
pound. 

Uv-Visible Spectra.-These spectra n-ere as expected fur the 
structureb given in Scheme I. 
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Prompted by the observation2 that salicylhydroxamic 
acid select~ively inhibits the synthesis of deoxyribo- 
nucleic acid (DSA) in Ehrlich ascites tumor cells 
in viti.0, 11 arylhydroxamic acids were synt'hesixed 
earlier arid their activities were a s ~ e s s e d . ~  Six were 
shown to possess varying degrees of selectivity in the 

tem. One of these, 4-hydroxybenzoylhy- 
druxamic acid, has now been shown to possess significant 
antitumor activity in vivo.4 I n  BDFl mice bearing 
the L-1210 leukemia, dailv administration of 400 
mgjkg per day intraperitoneally for 9 days increased 
the survival times of the animals 3G% to 57% in four 
experiment.s, with no deaths due to toxicity of the 
compound. The present report is concerned with the 
ryrithesis and biological evaluation of addit,ional 
arylhydroxamic acids (HAS) as regards their effects on 
biosynthesis of DKA, ribonucleic acid (RXA), and 
protein. 

(1) This work was aided by Grant 01.1-13958 from the Kationnl Institiites 
of Healtli, U. S. Puldic Health Service; nine of the compounds vere made 
available indirectly through support of U. S. Army Medical Research and 
Development Contract KO. DADAli-67-(2-7055. 

(2) G .  R. Gale, Proc. Suc. Exp. B i d .  .Wed., 122, 1236 (1966). 
( 3 )  G. R. Gale and J. B. Hynes, J .  &fed. Chem., 11, 191 (1968). 
(1) Personal communication, ?i. Greenberg, Cancer Ctiemotlierayy 

Xatiunal Service Center, Bethesda, &Id. 

Experimental Sections 

Chemical.-Each of the conipound~ listed ili Table I \+-as 
prepared from the corresponding hie or Et ester by the well- 
known reaction with excess SH,OH in basic solution.6~7 In each 
case t,he base was NaOH arid the solvent was JIeOH or H10, or a 
combination of theje dependiiig upon the solubility of the iii- 
dividual ester. In the case of a phenolic compound, an extra 
equivalent of KaOH was used, while I, X, and XI, which are 
sensitive to oxidation in basic solution, were prepared in a S2 
atmosphere. 

With the exception of I, IS, XIX, and SS, the required esters 
were obtained conimercially. Methyl 3,S-diisopropylsalicylate, 
bp 142-143.5' (7 mm), wa:, prepared in 3 5 7  1-ield by the HC1- 
catalyzed esterification of the corresponding acid in NeOH [lit.8 

ield 1571.  lIethyl2-bromu-3,4,5-trimethoxy- 
rithesized by the bromination9 of 3,4,3-tri- 

methoxybeiizoic acid followed by esterification using hleOH and 
anhydrous HC1. The compound exhibited bp 162-163.5' (2 mm), 
mp 31-32", aiid gave an acceptable elemental analysis [lit.lo bp  
160-161' ( 2  mm), nip 34-36'], Alethy1 3,3-dichlorobeiizoate 
was also prepared by the 1IeOH-HC1 techniqiie. The purified 
product melted at  58-60" (lit.11 mp 58'). Methyl 3,4,5-tri- 
methoxypheiiylacetate was prepared by the H&Ot-catalyzed 
esterification of the corresponding acid, and was isolated arid 
iised as a viscous oil without further purification. 

Biological.-These methods were as descrihed iii the corre- 
sponding section of the previous r e p ~ r t . ~  The parameters in- 
vestigated were (a)  relative potenry agltiiist DNA aiid RXA 
synthesis as measiired by least-squares analysis of doseresponse 
dat,a; (b) slopes of the regression lines; (c) relative selectivity 
for DN-4 synthesis; (d )  reveraibility of the DNA and RXA 
inhibitor?. action upon removal of the inhibitor; and (e) effect 
upon preformed DNA and HSA,  ?.e . ,  depolymerization, to an 
acid-soluble form, of thymidine-niethyl-3H or ~ridine-. i-~H, 
respectively, which had been incorporated into nucleic acid of 
the cells prior to exposure to each irihibitor. 

Results 
The concentrations of each active compound which 

conferred 50% and 90% inhibition (ICjo and IC,,,) of 
DNA synthesis in Ehrlich ascites tumor cells in vitro 
are shown in Table 11. 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 
aft'er the 1 hr preincubntion period. Compounds I and 
VI were of similar potency after the 1-hr preincubation 
as compared with no preincubation; compounds 11, 
IT.', V, VII ,  VIII, and IX were more active after 1 hr. 

Four compounds suppressed R S A  synthesis im- 
mediately upon contact with the cell.., and the ext'ent 
of inhibition \vas virtually the same as that obtained 
on DSA synthesis. Table I11 shon-s the ICbo 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, arid XI n-ere quite 
similar. Compound I was more active and the slope 
of the regression line was greater. 

Figure 1 shon-s a comparison of inhibitory action 
of each of the 11 active compounds at  a single -11) 

( 5 )  The melting points n-ere determined v i th  a Fisher-Johns melting 
point apparatus and are uncorrected. The  elemental analyses were per- 
formed by Galbraith Laboratories, Knoxville, Tenn. Khere  analyses are 
indicated only b y  symbols of the element*, analytical results obtained for 
those elements were within f 0 . 4 7 ,  of the tlieoretical values. 

(6) h. \V. Scott and B. L. Wood, J .  O w .  Chem.,  7 ,  .515 (1912). 
( 7 )  H .  L. Yale, Chem. RPL.., SS, 209 (1913). 
(8 )  G .  Desseigne, Bull. SOC. Chim. F r .  68 (1918). 
(9) IT-. JIayer and R.  Fikentsclier. Ber.. 89, 511 (1956). 
(IO) E. C. Homing and J .  A .  Parker,  J .  $mer. Chem. Soc. .  1 4 ,  2107 (lU.52). 
(11) E. Muller and E. Tieta, Ber., 14B, 807 ( l Y 1 l ) .  
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HOURS OF PREINCUBATION 
Figure l.--Effects of certain arylhydroxamic acids on DNA, RXA, and protein synthesis by Ehrlich ascites tiinlor cells: ( 0 )  

1)L-A; (0) RXA; ( x )  protein. A lr< cell suspension in Eagle's minimum essential medium with Hank's balaiiced salt solution 
was incubated with each comporuid for the iiiterval designated 011 the absci5sa. Isotopic precursors (1 pCi of thymidiiie-3H, 1 pCi of 
uriditie-3H, atid 0.2 WCi of ~-1euciiie-l~C) were then added aiid samples were removed aft,er 20 min aiid processed for liquid scintilla- 
tion couiiting. 

TAHLI.; I11 

- 4 c r ~ s  ON RN.1 SYSTHI,:SIS i j Y  

EHKLICH ASCITI;S TnroI t  CI,:LLS 
r---- No preinculiation'------- 

EFFI,:CTS OF Cl iRT. \ IS  ,kRYLHYDltOX.\MIC 

CoInpd ICS", .lf ICro, .lf Slope 

I 8 . 9  X .i. 1 X -3.30 
v . 5 . 9  X 1 . 4  x 1OF - 1 , -56 
I S  . i . X  X l..i X -1 .43  
SI 4 . 1  X 1 . 4  x - 1 .4:5 
Coiiditioiis were the same as described for Table 11, except 

that  t h ~ m i d i n e - ~ H  was replaced with uridine-jH. 

TABLE I V  
REvi:RsIHiLIrrY O F  THI.: I N H I B I T O R Y  .kCTIOSS 

O F  A4RYLHYDROX.\I\lIC A 4 C I D S  OS l > x L 1  .\ND 

RN.4 f h x ~ r H m i s  IS  Asci~k:s Traroa CLLLS 
DN.l RX.1 

-Per cent of control atU- -Per cent of control at-. 
C' o In pd ICsa, Jf ICY". .lf ICm Jf ICY", .If 
I 112 0 S i  0 
I1 111 111 
111 94 87 
IV 100 76 
v 100 87 85 i o  
VI 100 91 
VI1 43 28 
VI11 111 110 
I S  96 .i;i 83 66 
N 110 112 
S I  106 97 98 i 9  
A li; tumor cell suspeiiaioii with aiid without iiihibitor a t  

iiidicated 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 siispetisioii containing inhibitor was washed 
three times with fresh medium coiitaiiiing the same roilrelitration 
of inhibitor. After resiirpeiisioii to 1 (-; i i i  the apprnpriate 
mediiim the cells were iiicril,ated for 20 miii with 1 pCi,'ml 
thymidiiieJH or uridine-3H. Reactioiib were terminated with 
cold TC.l, and the samples wei'e processed for liquid 
scititillntioii counting. 

Figure L'.-l)epolynierizatioii of iiucleic acids by certaiii aryl- 
hydroxamic acids. Cells were incubated at 37" fur 20 rniii with 
thymidine-aH or uridirie-3H (1 pCi, ml), washed three times with 
fresh medium, aiid resuspeiided to l(;,. To each vessel coiitaiii- 
ing 0.O;Z ml of I>lIHO with or uithout inhibitor, 3.0 ml of isotopic 
cell suspension was added, and after 3..hr coiitiiiued incubation 
a t  37",  2-ml samples were added to 2 ml of cold 10% TCA. 
Following three washiiiga in 5% TCA, cell pellet. were dissolved 
in 0.3 ml of methanol aiid 2 ml of hydroxide of hyamiiie aiid com- 
bined with PPO-POPOP phosphor soliitioii for liquid sciiitilla- 
tion coirntinp. 

J /  for :3 hr a t  27" ui th  cell- previoutl? pulye- 
labeled ith thymidine-dH (DSA4) or uridirie-3H (RSA) 
to detect an) degradative :ictioii 011 preformed nucleic 
mid. 1\11 compouridi except V I  depolymerized pre- 
exiitirig DS=1 to vnri-ing extent- (1:igure 2 ) .  Com- 
pound I exteri4velj degraded labeled RSA, V \\a- 
only moderately active in thi- regard. arid IX and 
XI \\ere totiill! iiiactive. 




