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72.16.

the NN derivative. * C: ecaled, 54.77; found, 74.30.

it 0 Thomax-Tloover capillary melting point apparatis.

varions S-phenyl-2.4-pentadienamides for antimalarial
evaluntion®  Surprisingly, none of them, ineluding Ia,
wis aetive against normal strains of Plasmodium berghes
in mice.*  Subsequently, the pentadienamides Ia-c
have been evaluated against P. gallinacewn in the

chick.*  Using 9-12-dav-old chicks and = standard
X CH=CHCH=CHCONHCH (CH;),
Y
Ia,X=CY=H
b, X=C;Y=Cl
¢, X=CH;; Y=H
d, X=Br;Y=H

e, X=CH;Y=H

inoculum of . gallinacewm, a consistently uniform
disease, fatal to 1009 of the untreated control birds
within 72-96 hr, was produced. In this test, as in the
mouse test,»® the antimalarial aetivity of candidate
substances was assessed by comparing the maximum
survival times of treated and untreated animals.  Noue
of the pentadienamides (Ia-e) exhibited activity against
P. yallinacewm when administered in a single subcutane-
ons dose of 240 mgskg. The apparent discrepancy
hetween carlier reports? and results of the current in-
vestigations remains unexplained.

Before it was confimned that these materials lacked
appreciable effeets against P. bergher and P. gallinaceuwn,
1t was deemed of interest to vary the nitrogen function-
ality in this system. The derivatives described in
Table I were prepared by condensation of a d-phenyl-
2 4-pentadienoie aeid chloride with the desired wmnine or
hydrazine derivative under known conditions.  None
was active against normal strains of P. berghei when
administered to mice in o single subeutaneous dose of
640 mg/ g "

3) L. ML Werbel, N. Headen, and E. ¥, Elslager, J. Med, Chem,, 10, 366
(1967 ).

()} Autimalarial studies aailizing /2. galltnaceum in ehicks were carried
ot nuder che auspices of the Walter Reed Army Institute of Research, aud
(ext resalts were supplied through the ecurtesy of Dr. David P. Jacobus,

(f) Antimalarial secreening against 7. berghei was carried our hy Dr. Leo
Rane of che University of Miami, and test results were supptied throueh the
corrtesy of Dr, David 12, Jacobus of the Walter Reed Army Institite of Re-
seprelc

(G3 For a deseripton of the test method see 1, 3, Osdene, P. B, Russell,
aud L. Rune, J. Hed. Chem., 10, 431 (1967).

b Cil1g04 = 2,4-dihydroxybenzoic acid.,
# Absence of an exchangeable proton determined vig infrared spectra in CHCl-D,0 allows assignment as the N,N” rather rhun
7 Absence of carbonyl absorption above 1660 em ! und the presence of only one
labile proton (1)y exchange) allow assignment of the N, N/ struciure.
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enled, T1.75; found,

» Melting points (corrected) were taken in open capillary tabes

* Where analyses are indicated only by symbols of the elements, analvticud
cextiltx obtained for those elements were within £0.49 of the theoretical valaes.

" ClL: ealed, 20.97; found, 21.08.
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In previous reports=* we have shown that the unsub-
stituted ring of p-dimethylaminouzobenzene (DAB) can
be replaced by pyridine and pyvridine N-oxide and thus
we have obtained a number of compounds with varving
degrees of carcinogenic activity. The interesting re-
sults observed in the pyridine series led us to investigate
the isomeric p-dimethylaminophenylazoquinolines aind
their corresponding N-oxides.* In this new series, we
have the possibility of attaching the azo linkage to
either the pyridine or benzene rings of the quinoline
nucleus and thereby preparing compounds which can
be eonsidered pyrido analogs of DAB or benzo analogs
of the previously prepared pyridine azo compounds.
As might have been anticipated from the results ob-
tained in the pyridine series, the 4-substituted isomer
was the most active of the compounds substituted on
the pyridine side of the quinoline nueleus.  However,
the high activity of the 5- and 6-substituted compounds
was quite surprising and i contrast to the lack of
activity in the 7- and S-substituted compounds.

In this paper we wish to report the preparation and
testing for carcinogenic activity of a number of p-di-
methylaminophenylazobenzimidazoles and  -benzthi-
azgoles.  N,N-Dimethyl-p-(4-benzimidazolylazo)aniline
and N, N-dimethyl-p-(5-benzimidazolylazo)aniline have
heen prepared by Montanari.®  So far we have been

(1) Presented at (he tadth Nadanal Meeding of (he Mnerican Chentical
Spelety, San Franciseo, Cali(., Aprit 14G8.

(2) E. V. Brown, et al., Cancer Res., 14, 22 (14454).

3) E. V. Brown, et al., ihidd., 14, Tt5 (1954).

4y . V. Browu, R. M. Novack, aud A. AL Hamdan, J. Natl, Coacer fust..

26, 1461 (1961).
() I Montanari, f3uil. Sei. Fae, Chipe fad. Balvga, 11, 1006 (19531,



September 1968 NortEs 1075
TaBLE I

Compd Code Mp, °C Formula
p-Dimethylaminoazobenzene DAB a a
3'-Methyl-p-dimethylaminoazobenzene 3'-MeDAB a a
N,N-Dimethyl-p-(2-benzthiazolylazo Yaniline BT-2 130-132 Ci;Hi NS
N,N-Dimethyl-p-(4-benzthiazolylazo)aniline BT-4 209 Ci:HuNS
N,N-Dimethyl-p-(5-benzthiazolylazo)aniline BT-5 171 Ci:HuNS
N,N-Dimethyl-p-(6-benzthiazolylazo)aniline BT-6 159 Ci;Hy NS
N,N-Dimethyl-p-(7-benzthiazolylazo)aniline BT-7 150-151 Ci:HuNS
N,N-Dimethyl-p-(4-benzimidazolylazo )aniline BI-4 215-216° b
N,N-Dimethyl-p-(5-benzimidazolylazo)aniline BI-5 2150 b

a See ref 6. ? See ref 4.

unable to prepare N,N-dimethyl-p-(2-benzimidazolyl-
azo)aniline from 2-aminobenzimidazole either by the
normal diazotization and coupling or the procedure
of Brown and Faessinger.®

The 2-, 4, 5-, 6-, and 7-benzthiazole analogs of DAB
were all prepared from the corresponding amines and
their melting points and formula are listed in Table
I.

Experimental Section

All melting points were determined on a Fisher-Johns apparatus
and are corrected. The C-H analyses were performed in this
department on an F and M Model 185 analyzer by Mr. Daryl
Sharp. Where analyses are indicated only by symbols of the
elements analytical results obtained for those elements were
within £0.49 of the theoretical values.

4-Aminobenzimidazole was prepared according to van der
Want.” Both this compound and 5-aminobenzimidazole were
diazotized and coupled with N,N-dimethylaniline using the
procedure reported by Montanari® to produce the benzimidazole
dyes previously reported. This method and several minor
modifications were then applied to 2-aminobenzimidazole but
we did not obtain any dye. We then applied the sodium coupling
with p-nitrosodimethylaniline as applied successfully to other
2-amino heterocycles by Brown and Faessinger® but again there
was no evidence of azo dye formation.

4-, 6-, and 7-nitrobensthiazoles were separated from the mix-
ture formed on nitration of benzthiazole.8.® T-Nitrobenzthiazole
was also prepared by the method of Ward.'® #-Aminobenzthia-
zole was obtained accordiug to Spieler.’t All the nitrobenzthia-
zoles were reduced in the usual manner with SnCl,-HClL. The
azo compounds were prepared by diazotization and coupling
of these amines. A typical procedure is given below and the
various dyes prepared are listed with melting point and formula
in Table I.

N,N-Dimethyl-p-(4-benzthiazolylazo)aniline.—4-Aminobenz-
thiazole (13.4 g) was diazotized in 14 ml of concentrated HCl and
150 ml of HxO at 0-5° with 6.3 g of NaNQ.. Excess nitrite was
destroyed after 1 hr by addition of nrea, and coupling with
10.8 g of N,N-dimethylaniline and 12 g of anhydrous NaOAc in
100 ml of 509, EtOH-H,0 was allowed to proceed for 2 hr. At
the end of this time the mixture was treated with excess NH,OH.
The dye was filtered, washed well (H.O), and dried to give 19.8 g
of crude azo compound. This was dissolved in 1500 ml of C¢Hs
and chromatographed on alumina. The red fraction eluted by
Ce¢Hs was concentrated and reerystallized from EtOH. See
Table I.

Biological Properties.—Young male rats of the Sprague-
Dawley strain, approximately 8 weeks of age and weighing 150-
200 g, were distributed as equally as possible in initial body
weight into groups of ten animals each. Each group was fed a
diet, patterned after the “low protein, low riboflavin” diet of
Miller, et al.,'? to which had been added one of the azo compounds
at a level of 0.03%. The composition of the basal diet per kilo-
gram was as follows: crude casein, 120 g; cerelose, 770 g;

(6) E.V.Brown and R. W. Faessinger, J. Am. Chem. Soc., T8, 4606 (1951).
(7) G. M. van der Want, Rec. Trav. Chim., 67, 45 (1948).

(8) R. P. Veltman, J. Gen. Chem. USSR, 80, 1394 (1960).

(9) E. R. Ward and W. H. Poesche. J. Chem. Soc., 2825 (1961).

(10) E. R. Ward and C. H. Willlams, thid., 2248 (1965).

(11) 1. Spieler and B. Prijs, Hely. Chim. Acta, 88, 1429 (1850).

(12) J. A. Miller and E. C, Miller, Advan, Cancer Res. 1, 329 (1953).

Osborne and Mendel salt mixture, 40 g; corn oil, 50 g; Vitab
(rice bran concentrate, obtained from Charles Bowman Co.),
20 g; riboflavin, 0.5 mg: vitamin A palmitate, 67,500 IU.

In each experiment, groups received DAB at the 0.06 as well
as at the 0,039 level. The control group received only the
basal diet. All of the rats were kept individually in screen-
bottomed cages and were offered food and water ad Hbitum.
Laparotomies were performed at the indicated times and micro-
scopic examinations were made whenever an animal died or at
the end of the experiment.

Results and Discussion

DAB (butter yellow) at the 0.069 level gave tumor
incidences of 7/10 at 4 months and 9/10 at 6 months
while at the 0.039, level it gave 5/10 in 6 months.
On the other hand, 3’-MeDAB at 0.039, gave 5/10 in 4
months and 9/10 in 6 months. Our most active com-
pound, BT-6, at 0.039, gave 5/10 in 1 month and 10/10
in 2 months. BI-4 gave 10/10 in 2 months at 0.039,
while BT-7 gave 10/10 in 3 months at this level.
BT-2at0.06%, and BT-4, BT-5, and BI-4 at 0.039, gave
no tumors in 6 months at which time the experiment
was terminated. The order of their carcinogenicity is
BT-6 > BI-4 > BT-7 > 3’-MeDAB > DAB > BI-5, BT-
4, BT-5, BT-2. The first two compounds mentioned,
which produced multiple tumor nodules verified macro-
scopically and microscopically in 2 months or less, are
certainly among the most powerful rat hepatocarcino-
gens ever reported.
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Since 4,4,’4’’-phosphinylidynetrissemicarbazide? (I)
has shown confirmed activity against one tumor test
system? it was advisable to prepare a related sulfur-con-

(1) This investigation was supported by Grant CA-08711 from the Na-
tionat Cancer Institute, U. S. Public Health Service.

(2) For the previous paper of this series see L. A, Cates, J. Med. Chem.,
11, 382 (1968).

(3) Against Walker 256 carcinoma (im). Data from CCNSC. Confirma-
tion defined according to Cancer Chemotherapy Rept., 256, 1 (1962).



