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Tabre I discontinuance of Walker 256 testing system in the
————Antitumor activity against WA-256 genera] Screening_
Wt diff., T/C
Compounds mg/kg Survivors T-C (%)
1 250 6/6 —27 9 Experimental Section
1(_}0 b ‘6 - 1(4 ?_5 1,4-Dimethoxy-2-butanone Azine (I} and 1,4-Dimethoxy-2-
45 6/6 -4 65 butanone Hydrazone (III).—A solution of 32 g (1 mol) of anhy-
I ‘0) 676 —18 18 drous N,H, in 250 ml of anhydrons MeOH was stirred in an ice
‘10) 6"6 - ™ bath while 33 g (0.25 mol) of 1,4-dimethoxy-2-butanone (pre-
/ pared by the method of Hennion and Kupiecki!? from 1,4-butyn-
1II 105 66 —16 41 diol dimethyl ether!?) in 50 ml of MeOH was added dropwise
70 676 —15 93 over a period of 30 min. The reaction mixture was then stirred
45 6/6 _ 4:2 at room temperature for 16 hr. Removal of MeOH and excess
= ‘ . N:H; followed by fractional distillation gave 22 g (609 yield)
30 6:6 -3 89 of the hydrazone (III), bp 91-92° (5.5 mm ), np 1.4671, and 11.0
_Di e g (179 yield) of the azine (I), bp 138-140° (2.6 mm), n%*p 1.4664.
Lijoll:ﬁi?: : 400 6,6 -2 60 Anal. (CeHuN,O4), C, H, N (CpHuN:04), C, H, N.
! Ethyl Pyruvate Azine with 1,4-Dimethoxy-2-butanone (II).—
v 400 6,6 -3 %6 A solution of 16.6 g (0.11 mol) of 1,4-dimethoxy-2-butanoue

compounds were not reported. Wiley and coworkers*?
prepared a series of substituted hydrazones of pyridoxal,
indole-3-carboxaldehyde and 2-methoxynaphthalde-
hyde, but only two of 35 compounds prepared were
found to have significant activity against sarcoma
180 in mice.

A survey in the general area of biological activity
of azines again revealed little. Some synthetic azine
dyes, such as methyl violet and heliotrope, were
claimed to have good tuberculostatic effect against
human type tubercle bacteria.® The molluscacidal
activity displayed by azines of certain p-benzoquinones’
was largely attributed to the parent quinones,’—*
and the well known biological activity of nitrofuran
derivatives could possibly be the reason for the anti-
microbial activity exhibited by a number of 5-nitro-
2-furfural azines.!®!

The activity exhibited by compounds I-III is in a
way rather unique in that similar activity was not
observed by ethyl acetoacetate azine with ethyl pyr-
uvate (IV) nor by 1,4-dimethoxy-2-butanone, the par-
ent compound of I-III. Logicallv, other azine de-
rivatives of 1,4-dimethoxy-2-butanone, such as com-
pounds V and VI, were prepared for a preliminary
structure—activity study. However, the study could
not be continued in our laboratory because of the
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hydrazone (III) in 50 m lof anhydrons MeOH was stirred at 0°
while 13.2 g (0.11 mol) of ethyl pyruvate in 50 ml of MeOH was
added dropwise over a period of 30 min. The mixture was al-
lowed to stir at room temperature overnight and then distilled to
give 19.0 g (709, yield) of the azine, bp 119-120° (0.4 mm),
n¥p 1.4708. Anal (C11H20N204), C, H, N.

Ethyl acetoacetate azine with ethyl pyruvate (IV) wax pre-
pared by a procedire analogous to the foregoing. The prodict,
mp 88-89°, was purified by sublimation at 63° (0.1 mm). Anal.
(C11H13N204), C, H, N.

1-Methoxy-2-hexanone azine with 1,4-dimethoxy-2-butanone
(V) was prepared in an analogous fashion, bp 123-126° (2.3 mm),
n®»p 1.4628. Anal, (C13H26N203), C, I{, N

Ethyl acetoacetate azine with 1,4-dimethoxy-2-butanone (VI)
had bp 135-138° (0.35 mm), n»p 1.4938. Anal. (CuH»N.O,),
C,H,N.

Acknowledgment.—The authors wish to thank Mr.
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measurements.
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The introduction of chemically active centers in
organic molecules which may serve as alkylating agents
has been an area of recent interest in the syntheses of

(1) This investigation was supported in part by National Institutes of
Health Research Grant No. CA-08102, National Cancer Institute, and by
tlie Nortl Texas State University 1"aculty Researcli Fund.

(2) National Defense Education Aet Fellow, Title 1V,



376 Juurgal af Medivinu! Chegustrg, 1970, Val 10 N

25

20

05

LOG OF CONCENTRATION (pg/ml)
o

05— "9 0o 11 12 13 14 15 16

LENGTH OF ALKYL GROUP

Figure 1-—Istfece of chain length on eemeentration of g-ulanyl
thioalkyl exters required to completely inhibit growth of miero-
organismw: (@) Escherichia coli, (O) Lactobacillus arabinosus,
(X)) Lactobacillus rvasci, (A) Prdiococcus corcrisiac.  The leg-
end indicates the number of C atoms in the n-atkvl gronp.

potential chemotherapeutic agent=.* In addition, long
chain alkyl derivatives possessing hyvdrophilic moietiex
have detergent characteristics and often possess anti-
bactericiddal  properties. For example, hexadecyl-,
tetradeeyl-, and dodeeylamine have been reported to
inhibit the growth of Escherichia eoli.* In the present
<tudy a group of analogs was xinthesized possessing a
terminal hydrophilic amino group, aun internal thio
exter linkage which possesses potential alkvlating
properties, and various hydrophobie long ehain hydro-
carbon funetions.  Sinee several thioesters of amino
acids and various other metabolites have been observed
to be noncompetitive antimetabolites i1 several micro-
bial sy=tems,” ¢ it was of interest to examine the physio-
logieal effect of introducing a long chain alkyl thio ester
grouping into g-alammne whieh might function ax o
“carrter motety.”?

These compounds were prepared by condensing g-
alanyl ehloride hyvdrochloride® with the appropriate
thiol to produce the correspouding g-alanyt thio ester
hvdrochlorides (Table I).  The general method of
svithests was patterned after Ray and Johuston;? all
of the compounds were hygroscopie to varving degrees.

The general levels of toxieity to mierobial growth for
thix series of compounds were determined on four

31 I3 R, Bakee, “Desigre of Aetive-Xite-Dicected Tereversivle Linzyooe
Inbibitors,” Jolian Wiley & Sons, Ime., Ne«w York, N. Y., 1967, pp 17-21.

(1) 8. Takase. J. Chem. Soc. Jupon, FPure Chem. Sect., T4, 59 (1853).

1) K. Hayasld. C. G. Skiooer, anl W. Shive, 7eras Rep. Biol. o,
19, 277 (196D).

Gy L. C. Sautle, I, Havashd, J. AL Ravel, €. G, Skinaer, misl W, Shave.
Biwvtenistvy, 2, 159 (1963).

(71 1L Beegel awd 1 N Scock, S Cheye Sov,

+8) M. eankel. V.
2814 (1954),

19) R. A Ray aad R, BoJokiastor 0 Yedo Chee., 8, 275 119654

195+, 2409,
Towseldarz, wel N, Zidkla, o A veee, Clhene Nowel | 76,

Naor-

Tasle |
S=AraNine Tino Fsrer Hyprogennonmnes
)
CINTLOHLCTLOST

e

) My, O Yielt Ivomaata®
=130 11171 REU C:ILCINOS
n=Hept 125 127 7a CylFaCINOR
w-Non 117 120° ALY CotLCINOS
u-Deevl 120 125 N Ol CINOS
u-Undeeyl 126 125 b CuHuCINOR
-Dodecyvl 121125 Tl CulLeCINORS
uw=-"Tetradeey| 126126 61" ) HCINOR
n-Hexadeeyl 127 125 Tl CrulLeCINOS
Benzyl 159 160 T CulhCINOS

* All compoands possessed the anticipated maly=ix Tor €, 11,
and N This compound had o broad meliing range. -~ Yield
based on prodnet alter one reervstallizadon. 7 C, ealed 55,59,
fonnd 55,80,

nieroorga=ms o= <unmarized in Figure 1. The
concentration levels required for complete growth in-
hibition ranged from 6 to >200 wg/mlb in L. odi and
from 0.6 to >200 wg/ml in Lactobacillus arabinosus,
L. casel, and Pedincorcus cevevisiae. It s apparent from
Figure 1 that the toxicities of the analogs are dependent
upon chain length of the alkyl group. Lor the lactie
actd bacterta the optimuni length 1= between 12 and 14
carbons, and for £ (i the chain length inducing the
greatest amount of toxieity is between 10 and 11 car-
bons.  Iman effort to determine if these toxicities could
be reversed by supplements of natural metabolites,
the following materials were added econcurrently with
toxic concentrations of the thio esters: g-alanine, a
complete =vuthetic amino actd mixture, hydrolvzed
ca=ein =ohutions, purine and pyrimidine =upplements, a
complete vitamin upplement, and high levels of panto-
thenic aeid.  However, none of these =upplements
produced a significant reversal of toxieity in L. arabina-
NS,

The rather consistent refationship between microbial
toxicity and chain length as shown in Figure 1 suggested
that the mthibitory activity of these derivatives might
be a function of the total “amine character” of the
mwoleeule rather than to the presence of a thio ester
linkage.  One might =peculate that the lower honologs
would be more chemieally reactive than the larger
molecules and this possess greater alkylating proper-
tiex: however, this was not observed.  Subsequently,
the inthibitory properties (based on total chain length) of
an amino thio ester were conpared to a corresponding
oxygen ester and an analogous long chain aminme.  The
CO-S linkage of the thio ester and the CO-O-C'H.
linkage of the oxvegen ester were considered equivalent
to o 3-C unit of the amine. Using L. arabinosus as the
test organisi, the w-nonyl thio exter and the n-decyl
ester of B-alanine had identical inhibitory properties:
both were toxic to growth at 6 wg/mi.  In contrast,
n-tetradeeylamine wax toxic to growth at a concentra-
tion of 0.6 ug/ml. The relationship between inhibition
and total ehain length in both the g-alany! thio ester and
n=alkvl amine series 1= demonstrated in Figure 2.
A compartzon of Iigures 1 and 2 suggests that the
optinunn ehain length for growth inhibition ix i the
range of 18 to 20 € atoms =ince higher equivalem
lengths in the s-atany] thio ester =eries become sigifi-
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Fignre 2.—A comparison of the concentration of g-alanyl
thivesters and long chain alkylamines required to completely
inhibit the growth of Lactobacillus arabinosus. The legend indi-
cates the total number of atoms in each of the chains attached to
the amino group.

cantly less toxic. These data suggest that the in-
hibitory properties of the thio esters are a function of
their lipid character rather than of their alkylating
ability.

Experimental Section®

Biological Testing Procedures.—The organisms used in this
study were E. coli 9723, L. arabinosus 17-5, L. casei 7469, and
P. cerevisicze 8042. An inorganic salts medium was used for
E. coli,'' and a previously reported amino acid medium was
utilized for L. arabinosus and L. casei!? except that the vitamin
supplement contained 0.2 ug/ml of calcium pantothenate, and
500 pg of glntamic acid was added per tube for assays with L.
casei. An acid-hydrolyzed casein medium!® was used for P.
cerevisiae with the Salts A concentration increased fonrfold.
Growth assay times and temperatures were 16 hr at 37° for
E. coli, 24 hr at 37° for L. casei, 20 hr at 30° for L. arabinosus,
and 21 hr at 30° for P. cerevisiae. The amount of growth was
determined on a Bausch and Lomb Model 20 spectrometer as
per cent transmission at 600 mu.!¢

B-Alanyl Thio Ester Hydrochlorides.—A 20-ml sample of the
appropriate thiol was cooled to appoximately 5°, and 3 g of
B-alanyl chloride-HCI8 was added. The reaction mixture, pro-
tected frem moisture, was stirred for 15 min at ice bath tempera-
ture and then allowed to come to room temperature. Stirring
was continned overnight. The mixture was again cooled to 5°,
and Et,0 (50 ml) was added to give the desired prodict which
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was filtered and washed with dry Et;0. The resulting solids
were recrystallized (MeOH-Et,0) to yield hygroscopic com-
pounds which were maintained in a desiccator. (See Table I).
n-Decyl 3-Aminopropionate Hydrochloride.—The same pro-
cedure was used for this componnd as for the thio ester. The
solid had mp 84-85° and analyzed satisfactorily for C, H, and N.
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A considerable amount of work has been done to
indicate the existence of a definite correlation between
the metal binding properties of therapeutically active
compounds and their activity.?”¢ For instance,
therapeutically active analogs of tetracyveline form 2:1
complexes with Cu (II), Ni (II), and Zn(IT) ions whereas
the inactive analogs appear to form only 1:1 com-
plexes.® Hydroxyurea (HU)® and ethylhydroxyurea
(EHU)? have been found to be very active against
1.1210 lymphoid leukemia. When patients with myelog-
enous leukemia were placed on HU therapy, aceto-
hydroxamic acid was identified in their blood. To
explain the mode of action of HU in bioclogical syvstems,
two theories have been proposed. According to Fish-
bein and Carbone,® HU is hydrolyzed to hydroxylamine,
which cleaves thio esters such as acetyl-coenzyme A, as
shown in eq 1. A second theory? suggested that

NH,CONHOH + 2H,0 —> NH,0H + NH,* + HCOs~
NH:0H + CH;COSCoA —> CH;CONHOH + HS-CoA

hydroxyurea caused fragmentation of isolated DNA
and induced chromosomal abnormalities in mammalian

cells. The proposed mechanism is shown in eq 2.
oxidation

NH,CONHOH ———> 2(HON:) —> H,N.0, (2)
—H:0

Hyponitrous acid (HyN:0.) like hydroxylamine and
other compounds, causes cleavage of the main chain of
cellular DNA. Our results based on the decomposition
of Fe(III)-EHU complex suggest that hydroxyureas
may be involved in an oxidation-reduction reaction,
producing NO. In this paper, we also wish to describe
the synthesis, metal-binding properties, and antitumor
activity of several 1-substituted 3-hydroxyureas.

The synthesis of 1-substituted 3-hydroxyureas la-g
was achieved by a slight modification of the method
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