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to observe possible drug activity against a wide spec-
Irum of different types of organisms. The test or­
ganisms included were gram-positive human patho­
gens, gram-negative human pathogens, acid-fast bac­
teria (representing the leprosy-tuberculosis group), 
common yeasts, and pathogenic fungi. The results 
are recorded in Table III. 

( umpd 

NTIB VCTKKIAl. 

Acid-fast 
">acteria 

TABLE III 

AND A.vriFr\<-r 

Ci ra.ru-
posi t ive 
l>actPriH 

\i. A( TiVITV" 

O r a m -
negat ive 

'act eria 

Fungi 
and 

yeas t s 

i 
6 

- = inhibition. — = no 

+ 
-

inhibition 

Experimental Section2 

N-3-Azabicyclo[3.2.2]nonylmethyl-5'methylisatin (11).-- A 
solution of 3-azabicyclo|3.2.2]nonane (3.12 g. 0.25 mole) in 10 
nil of ethanol was added to a slurry consisting of 5-methylisatin 
(4.02 g, 0.25 mole). 2.5 ml of 3 7 ' , formalin, and 10 ml of ethanol 
with shaking. The resulting reaction mixture was stirred for 30 
inin at room temperature and then warmed for another 30 min 
on a steam bath. The contents of the flask, upon refrigeration 
overnight, gave a product melting at 160-162°. An analytical 
sample was prepared by three successive crystallizations from 
ethanol: mp 162-164°. yield 3.5 g ('47';'). v,„„^ 1724 cm""1 
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Anal. Calcd for CiJi22N2(L: C, 72.46: II. 7.43: N, !>.3<). 
Found: C, 72.33: H, 7.45: N, 0.41. 

The nmr spectrum of II is consistent with the proposed struc-
iiii'c. The spectrum showed a singlet at S 1.66 attributed to the 
ten protons of the cyclohexane ring and a doublet at. 2.73-2.8 
which is attributed to the CH> protons (4 H) adjacent to X. A 
sharp singlet was observed at 5 4.5. This latter peak has been 
assigned to the two CIF protons between the two N atoms. A 
singlet at 5 2.36 was due to CHs at position 5 and a complex 
pattern at 5 6.96-7.51 to the protons (3 H) of the aromatic ring. 

N-Dialkylaminomethylisatin (3-Thiosemicarbazones (Table I). 
Method A.—To a solution of 0.01 mole of isatin N-Mannich 
base in 15 ml of absolute ethanol was added, in one portion. 
0.01 g (0.01 mole) of thiosemiearbazide. The reaction mixture 
was stirred overnight at room temperature. The resulting solid 
Wits collected by filtration and washed with absolute ethanol. 
An analytical sample was prepared by repeated crystallizations 
from ethyl acetate. 

Method B.—Thiosemicarbazide tO.01 g. o.Ol mole) was dis­
solved in 10 ml of distilled water by warming on a water bath. 
To this solution there was added the isatin N-Mannich base 
(0.01 mole) followed by 10 ml of ethanol. The reaction mixture 
was heated under reflux for 1.5 hr. At the end of this time the 
contents of the flask were cooled and the product was collected 
by filtration; the product was then washed with ethanol. For 
characterization an analytical sample was prepared by crystal­
lization from ethyl acetate. 
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In our previous communications' it has been shown 
that 2,4-bis(arylamino)pyrimidines (A, R, = (311: 
R« = H and Rt = R2 = H) possess potent antimicrobial 
activities. The biological activities of these compounds 
have not been studied in detail so far. We have been 
encouraged to study 2.4-bis(arylamino)pyrimidines in 
some detail since some compounds of this series showed 
high antifungal activity."' In this communication, 
we wish to report the synthesis and growth inhibitory 
activity of a number of compounds related to type A. 
where Ri = H and R2 = CH8. These compounds have 
been tested against gram-positive and gram-negative 
bacteria and also a pathogenic strain of yeast. The 
growth inhibitory activity of these synthetic pyrimi-
dines has been compared with that of neomycin (a known 
antifungal agent), chloramphenicol, and b-azauracil. 
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The 2.4-bis(aryhimino)-5-methylpyrimidines were 
synthesized by the acid-catalyzed condensation of 2,4-
dichloro-o-methylpyrimidine- with appropriate aro­
matic amines. 

In general, it has been observed that the antimicrobial 
activity of 2,4-bis(arylamino)-o-methylpyrimidines is 
enhanced when groups with positive a constants 
are substituted in the phenyl ring, whereas groups with 
negative a constants decrease the activity considerably. 
Thus chloro-substituted derivatives (III-V) show maxi­
mum activity, whereas minimum activity is exhibited 
by the hydroxy-substituted compound VI. Similar 
biological activities are shown by 2,4-bis(arylamino.)~ 
pyrimidines and 2.4-bis(ai'ylainino)-6-hydroxypyrimi-
dines which have been reported earlier.lb,c 

Studies on the mechanism of inhibition of these 
active compounds are in progress and will be reported 
elsewhere. 

Experimental Section 

2,4-Bis^-chloroanilino)-5-methylpyrimidine (III).—2,4-Di-
chloro-5-methylpyrimidine (1.63 g, 0.01 mole) was added to a 
warm solution of p-chloroaniline (3.8 g, 0.03 mole) in 2.7 ml of 
concentrated TIC1 in 20 ml of water, and refluxed on a sand bath. 

- 1, aj 1). Hoy, s . Ghosh , and Ji. t . G u h a , J. Org. Chem., 2 5 , 1909 (1960): 
•!>) D. Roy. S. Ghosh, and 15. C. Guha , Arch. Biochem. Biophys., 92, 366 

1961); ic) I ) . Ghosh , ./. Med. Chem., 9, 424 11966). 
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are corrected. 

Crystals began to appear within 15-20 min. The refluxing was 
stopped after 1 hr and the reaction mixture was kept overnight 
in a refrigerator. The crystalline product was filtered off and 
washed with cold water. It was then suspended in about 30 ml 
of water, neutralized with dilute NH.;OH, cooled, and collected 
by nitration as free base. This compound could be easily re-
crystallized from 80(,> ethanol. 

The other compounds listed in Table I were synthesized by 
the same general method. As indicated in Table I the time of 
refluxing had to be extended in certain cases. Some compounds 
were recrystallized as hydrochlorides since they could not be 
satisfactorily crystallized as free bases. All compounds were re-
crystallized from suitable solvent and were dried in vacuo at 
] 10° for 24 hr before analysis. 

Inhibition of Growth of Microorganisms.—All compounds were 
tested for their antimicrobial activity against Streptococcus 
jaecalis, Escherichia coli B, Salmonella typhimitrium, and a patho­
genic strain of yeast, Candida albicans. The concentrations of 
synthetic compounds necessary for 50% inhibition of growth were 
determined turbidimetrically by serial dilution technique in test 
lubes using liquid growth medium lb (shown in Table IT). 
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Wagner1 has reviewed the important role currently 
being played by radioactive pharmaceuticals as diag­
nostic agents in clinical medicine. With the advent of 
a number of radiopharmaceuticals and the develop­
ment of accurate detection instruments, it is now pos­
sible to externally scan most organs and major parts of 
the body. To date, however, no agent has been found 
which is suitable for photoscanning the adrenal gland 
and its associated tumors. As part of a broad program 
aimed at the development of a radiopharmaceutical 
which may be of value in the diagnosis and therapy 
of adrenal tumors, we wish to report on the synthesis 
and tissue distribution of some radioiodinated analogs of 
l,l-dichloro-2,2-bis(ehlorophenyl)ethane (DDD). 

Our interest in structures related to DDD was 
prompted by the many reports in the literature indi­
cating a predilection of these substances for adrenal 
tissue.2 Nelson and Woodard3 observed that commer­
cially available technical p,p'-DDD caused necrosis 
of certain regions of the adrenal cortex in dogs. Some 
years later, however, two groups found that the adreno-
corticolytic action of the commercial product was 
actually due to the o,p' isomer present as a contami­
nant.4,5 Since that time, o,p'-DDD has been the sub­
ject of a number of biological and clinical investiga­
tions and these have been recently reviewed by Nichols.2 

Further stimulus to the study of o,p'-DDD and related 
compounds was provided when this substance was 
found to produce tumor regression in cases of metastic 
adrenal cortical carcinoma6 and to cause remission of 
symptoms in patients with Cushing's syndrome.7 
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