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T'aBLE I
2,4-B1s( ARYLAMINO }-B-METHY L.LPYRIMIDINEX

N

N

Reac-
Yield, tion Solvent
% time, Mp, of
Compd At trrude) hr =Ce recrysti
1 CsHs 82 1.5 175-177 Aq ethanol
11 p-NO:2CsH 85 0.5 >300 DMF
m p-CICsH; 02 1 215-217  Aq ethanol
v m-ClCsH 86 1 183 Aq ethanol
v 0-CIlCsH: 8() 1 142~143 Aqg ethanol
V1 p-OHC:H, T (] >300 1NV HC1
A3 p-CH:CeHy 90 1 170 Aq ethanol
V11l p-OCH:CoH, 70 2 180-183 Aq ethanol
X p-COCH3CeH4 70 3 > 300 1 ¥ HC1

~_ CH,
e

NHAr

. =Y carbon--~ -9 hydrogen- —Y nitrogon -~

Yormula Caled Found Caled Found  Caled Found
CriHisNy 73.91 73.71 5.83 6. 00 20.28 20.08
CirHisNO4 35.73 33.59 3.82 4.01 22.95 22.78
CirHuChLN: 59,15 59.20 4.05 4.15 16.23 16.00
CuHuClNy 59.15 58.99 4.05 1,19 16.23 16.43
CirHuCLN, 59.15 59.20 4.05 1.30 16.23 15.98
CirHisNiO:- H(C: 59.50 59.42 4.60 1.73 16.22 16.00
Ci1sHa Ny 75.00 75.10 6.57 6.70 18.42 18.36
C1sHxN4O: 67.85 68.10 5.95 5.99 16.60 16.72
CaHzoN10: HOL 60.30 60.22 5. 04 5.24 14.19 14.00

« All melting points were determined in capillary tubes in a Gallenkumph apparatus and are corrected.

Crystals began to appear within 15-20 min. The refluxing was
stopped after 1 hr aud the reaction mixture was kept overnight
in a refrigerator. The crystalline product was filtered off and
washed with cold water. It was then sugpeuded i about 30 ml
of water, neutralized with dilute NH,OH, cooled, aud collected
by filtration as free base. Thiz compound could be easily re-
crystallized from 809 ethanol.

The other compounds listed in Table I were synthesized by
the same general nmethod. As indicated in Table I the time of
refluxing had to be extended in certain cases, Some compouuds
were recrystallized as hydrochlorides siuce they could uot be
satisfactorily crystallized as free bases. All conipounds were re-
crystallized from suitable solvent and were dvied in vacuo at
110° for 24 hr before analysis,

Inhibition of Growth of Microorganisms.—All conipounds were
tested for their antimicrobial activity agaiust Strepiococcus
[faecalis, Escherichiu coli B, Saimonella typhimurivin, and a patho-
genic strain of yeast, Candida albicans. The concentrations of
synthetic compounds necessary for 309, inhibition of growth were
determined turbidimetrically by serial dilution technigue in test
ttibes using liquid growth medium?!® (shown in Tabhle IT).

Tapre IT

ANTIMICROBIAL ACTIVITIES OF
2,4-BIs (ARYLAMINO )->-METHYLPYRIMIDINEN

————Conen for 309 inhib of growth, ug nl—-——r
s, E. 3. c.
Compd Sfaecalix roli B typhimurinm  nlbicans
1 2.15 1.96 1.60 9.00
11 a a a a
111 1.30 1.00 0.85 0.92
v 2,20 1.12 0.95 1.06
v 240 1.30 1.00 2.60
VI R1.80 102.00 22,00 51.00
VII 1.80 1.32 0.90 4.30
VIII 2,00 1.80 1.00 9.60
IX 1.95 8.50 2.00 23.50
6-Azauracil 12.00 7.20 5.60 b
Neomyecin b 1.30 1.55 1.10
Chloram-
phenicol 1.50 1.00 0.66 h
» Could not be tested due 1o low solubility in the common
solvents. ? Little or no activity,
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Wagner! has reviewed the huportant role curvently
being playved 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 bodyv. 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 it the diagnosis and therapy
of adrenal tumors, we wish to report on the synthesis
and tissue distribution of some radioiodinated analogs of
1,1-dichloro-2,2-bis(chlorophenyl)ethane (DDD).

Our imterest i structures related to DDD wus
prompted by the many reports in the literature indi-
cating a predilection of these substances for adrenal
tissue.? Nelson and Woodard? observed that comnier-
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-
corticolvtic action of the commercial product was
actually due to the o,p’ isomer present as a contami-
nant.*¥ Since that time, 0,p’-DDD has been the sub-
ject of u number of biological and clinical investiga-
tions and these have been recently reviewed by Nichols.?
Turther stimulus to the study of 0,p’-DDD and related
conipounds was provided when this substance was
found to produce tumor regression in cases of metastic
adrenal cortical carcinoma® and to cause remission of
symptoms in patients with Cushing’s syndrome.”

(1) H. N. Wagner, Clin. Pharmacol. Therup., 4, 351 (1963).

(2) . J. Nichols in ''The Adrenal Cortex,"”” H. D. Moon, Ed., I'. B.
Hoebner, Inc., New York, N. Y., 1961, p 84,

(3) A, A. Nelson and G. Woodard, Arch. Pathol., 48, 387 (1949).

(4) J. Nichols and G. Hennigar, Exptl. Med. Surg.. 18, 310 (1957).

(5) C. Clueto and J. H. V. Brown, Kndocrinology, 62, 324 (1958).
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[ the development of u radiopharmaceutical for
diagnostic purposes. it is not only important that the
agent localize within the organ or tumor desired (f.e..
high target:nontarget ratio) but also that the radia-
tion cmitted by the agent be readily detected by ex-
ternal detecting cquipment.  For this purpose. radio-
nnelides with a y-radiation energy of less than 300 kev
are preferred.®  Sinee the useful radioactive isotopes for
earbon, hydrogen. and chlorine are all 3 cmitters.
another element had to he used for the present study.
fodine has two wy-enmitting radioisotopes nsefnl for
radiolabeling purposes. I and 1. Todine-125 was
selected for our preliminary studies because its longer
half-life (60 vs. 8 days) and lower radiation cnergy (35
rs. 360 kev) shmplified the synthesis and storane of the
products,

[ o previous publication.” we veported on the syu-
thesis of MC-labeled o.p’-. wi.p’-, and p.p’-DDD.  As
a follow-up to this work. the corresponding radio-
wdinated analogs (I1) w which the p-chlorine was re-
placed by 2] were desired.  Acid-catalvzed condensa-
tion of 1odobenzene with the appropriate isomer of 2,2-
dichloro-1-(chlorophenyl)ethanol (I) gave the desired
iodo analogs i good vield. The synthesis of the

[
Gl ‘
Cl_@ Br=H,50, Ll-—@\ ©/
CH

CHOH
CHCI, CHCL,
1 iI

a, 0-CL b, m<Cl: ¢, p-Cl

sturting dichloroethanols (I) was reported on pre-
viously.*

Compavrison ot the uv spectra of these iodo analogs
with the corresponding DDD isomer showed the batho-
chromnie shift (12 £ 1 mp) of the E band and enhance-
ment i molar abgorptivity expected when an aromatic
chlorine is replaced with iodine.™ As previously
noted for the isomeric DDD’s,® the minr spectrum for
the ortho product ITa was readily distinguished from
[Th and ITe by the downfield shift of the benzylic proton
by 39 £ 1 cps (see Table I).  The aromatic protons on

Tasre |
CHEMICAL SHIFTs oF DDD AxaLous vy CDHCL

OO

CHCI,
- Chemical shift, ppm—-- - -~ Sax
lsowmer H, 3N He Ha eps
a .64 7. 10 6,30 5. 16 )
1Th .65 .03 6.27 1.47 N2
.05 6. 20 4.052 70

1 7.806

i6) 1). M. Bergeusial, R. 1leriz, Al 3. Lipsetr, and R. 1L Moy, 6w In-
ternid Med., §8, 672 (1960).

7y T. 8. Danowski, M. I, Rarver, (. Moses, aud J. V., Bonessi, Am. J.
Ved., 8T, 235 (1964); D. X\, D, Mourgomery and R. 13, Welbourn, Brit.
Med. J., 2, 1356 (1963).

18) H. N. Wagner, Nuclegpics, 24, 62 {1466},

i4) R. E. Coungell and R. E. Willette, J. Pharm, Sri., 586, 1012 (1966).

i10) A. E. Gillam and I, 3. Stern, "'Flectronic Absorption Spectrozeopy,”
2wl od. Eidward Arnold 1.td., London, 1957, v 140,
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the ring bearing lodine displayed the typical Ay'BY
pattern for all three isomers with u ./ = 8.5 eps. The
arbnatic protous for the chlovinated ring, on the other
hand, appenred as w singlet at 7.22 and 7.26 ppm for
[Th and ITe and ax o multiplet centered at appraxi-
matelyv 7.20 ppm for La.

[sotope exchange was emploved to introduce 1
nto  the wsomerie wodo epmponnds.  This was best
achieved by heating the appropriate isomer with Nual®]
in ethylene glveol at 180°.  Under these conditions,
approximately 3090 exchauge was usually achicved
within 12 hr. The rate of exchunge was readilv tol
lowed by radiogeanning  thin layer chromatogroms
(tle) taken at appropriate time intervals.  Dhmethy]
sulfoxide (DASO) was also evalnated as an exchange
media but found to give rise to a radioactive by-produet
whicl was difficult to separate from the desived product.

Tissue Distribution.-—Preliminary tizcuce distributian
data for the three radiolodinated analogs of DDD
have been obtained i male rats. The compounds
were tdmimistered i DAMSO by ntravenons injeetion,
The general order of concentration at 4 hr was advenal
> fat > liver and other tissues. By 24 hr, the order
was found to be fat > adrenal > liver and other tissues,
Additional studies with these compounds are in progress
and the results will be reported elgewhere.

Experimental Section!!

Synthesis of Isomeric 1,1-Dichloro-2-(chlorophenylj-2- ;-
iodophenyl)ethanes (II). General Method.—A mixture uf the
appropriate 2,2-dichloro-I-(chlorophenyljethanol (2.26 g, 0.0]
mole) and lodobenzene (2.04 g, D.OHL mole) was stirred at 407
and BFgsaturated HaS0, (6 ml) was added dropwise aver 5 1min.,
The mixture was heated at 40° with vigorous stirring for 3 In
and extracted with petroleum ether (bp 30-40°). The extract
was washed with water aud dried (Mg=0), and charcoal), and the
salvent wax renmved by distillation,  The oily residue usually
ervstallized upon tritation with a little hexaue but sometimes
refrigeration was necessary, The prodiel was collected by filtra -
(ion and recrvstallized from either methanal or 957 ethanol i<
Table T11.

Tasre 1l

" ALt or Found. %"

Iscaner  aiebrd Mp. 2C M Low « & n
1a i 1a1--102 240.5 £.35 40,49 2 .57
1Ib 71 R2.5-83.9 240 4.43 41.04 250
11 h2 120-122 2305 130 44,86 2 5D

Anal. Caled far CHECLED OO 4ns60 11 2045,

Isotope Exchange. General Method. An aliquot of carrier-
free Na!¥It in ethvlene glycol (reageut grade) was diluted t
be desired volume with more glyeol and the isomer to be ex-
rhanged wax added. The stirred ~uspensiail was brought to 180°
and heating was enutinued for the period indicated (see Table
IIT). The solutionr was cooled in ice and diluted with an equal
volume of water, The mixture was extracted with benzene
(geven 3-ml portims) and the extinet was dried (MgS0, and

(11) Meliing poims wers taken ou a Fisher-Jolais welting point apparaius
und are correcterd.  Flemental analyses were performed by Spang Miero-
analytical Laboratories. Anu Arbor, Mirly, Ultraviolet spectra were recorded
on a Beckman DK2\ speciropliotometer in 43¢ ethanol. The nmr spectra
were obtained witlia Varian A-60 spectrometer in CDClLs at a concentration
of 109, with MesSi as invernal reference. Thin layer chromatograms (tle:
were run with 1-in. wide Fastman Ciromagrams, Type K301R, with flubres.
cenre indicator, <developed with benzene, and spots detected with uv ligla
and iodine vapor. Clremagras of radioiodinaterl compounds were scanned
with an Atomic Assneiates RCKX-363 radiochromnatogram scanner. The
specific activities were deterinined witlc an Atomic Associates well seintil-
lation counter Model 810C and scintillation spectrometer Model 530.

i12) Obtained frmin Nuelear Science and Fngineering Corp., Pittglmrul.
Pa,, in hasic =odia sulfite solution.
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charcoal) and evaporated. The residue was taken up in a mini-
nmum amount of 959 ethanol and cooled. The erystalline product
was collected and recrystallized repeatedly wutil ouly a single
radioactive spot could be seen after radioscanning a tle strip.

TasLe III
Spec
Amt Reaction act.,
used, time, % S ucuries/
lsomer mng hr recovery exchange mg
ITa 450 12 51 50.9 0.95
IIb 450 15 42 H2.4 9.13
I1c¢ 300 0.7 63 26.7 4.98
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In the course of a continuing search for tumor in-
hibitors of plant origin, aristolochic acid (I) was
characterized as a tumor (Adenocarcinoma 7355)-
inhibitory principle from Aristolochia indica 1.3 A
subsequent report described a synthetic approach to
aristolochic acid and related phenanthrene carboxylic
acids.* We report herewith the synthesis and evalua-
tion of an aristolochic acid analog without oxygen ether
functions and with a saturated ring, namely 9-nitro-
1,2,3.4-tetrahvdrophenanthrene-S-carboxylic acid (XI).

Naphthostyril (8-amino-1-naphthoic acid lactam, IT)
proved to be a useful starting material for a Haworth
synthesis of X1 (see Scheme I). Inuaccord with expecta-
tion based upan analogy to similar acylations of acetyl
derivatives of aniline® and l-annuonaphthalene® suc-
cinoylation of naphthostyril afforded III, with the acyl
group para to the amido uitrogen. Attempts at
Clemmensen reductian of 11T or its methyl ester (IV)
were unsuccessful. However, Wolff~IKishner reduction
under the conditions of Huang-Minlon” gave +-(5-

(11 ta) Part XN1V: 8. M. Kupehan, T.-H. Yang, G. S. Vasilikiotis,
M. H. Barnes, and M. L. King, J. 4dm. Chem. Soc., 89, 3075 (1967). (1)
This investigation was suipported by research grants from the National
Cancer Institute (CA-04500) and the American Cancer Society (T-275).

(2) Ainerican Foundation for Plharmaceutical Education Fellow, 1963~
1965,

(3) 8. M. Kupchan awd R, W, Doskoteh, J. Med. Pharm. Chem., 5, 60T
11962).

(#) 8, M. Kupceban and H. C. Woeonser, J. Org. Chem., 30, 3792 (1965).

(6) J. P. English, R, C. Clapp, Q. P. Cole, and J. Krapcho, J. Am. Chem,
Soc., 6T, 2263 (1945).

(6) N.J. Leonard and A. M. Hyson, ¢hid., T1, 1392 (1949).

(7) Huang-Minlon, ib:d., 68, 2487 (1946).
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ScHEME [
HOOC OC—NH OC—NH
O/@iéj/om{s “ O COOR:
Rl
1L, R'=0;R*=H
IV, R'=0; R:=CH
V.R'=H,R:=H
0c—0 0C—NH OC—NH
VLI VIII
NHR R HOOC  NO.
IX,R=H XI, R=COOH XIII
X, R=Ac XI,R=H

naphthostyril)butyric acid (V). Cyclization of V with
polyphosphoric acid® proceeded smoothly to vield 1-
keto-9-amino-1,2,3,4-tetrahydrophenanthrene-sS-carbox-
vlie lactam (VIID), Huang-Minlon reduction of VIII
gave VII. Lactam VII was hydrolyzed with NaOH
in refluxing aqueous dioxane, and the liberated amino
acid was divectly couverted, ria a Sandmeyer re-
action,®! to 9-nitro-1,2,3 4-tetrahydrophenanthrene-§-
carboxylic acid (XI) i 379 vield. The Sandmeyer
reaction was markedly pH dependent, and a satisfac-
tory yvield was obtained only at about pH 6.5. Uunder
more strongly acidiec conditions the yield of desived
product decreased, and the principal isolable praduct
was  9-hydroxy-1,2,3,4-tetrahydrophenanthrene-8-car-
boxylic acid lactone (VI). An alterative projected
route to XI was VIII — XIII — XI. However, the
poor yield in the Sandmeyer-type conversion of VIII
to 1-keto-9-nitro-1,2,3,4-tetrahydrophenanthrene-8-car-
boxylic acid (XIII) made this approach less practical.
The structure of XI was proven by decarboxylation
to 9-nitro-1,2,3,4-tetrahydrophenanthrene (XII), and
this was characterized by conversion to the kuown
9-amino-1,2,3,4-tetrahvdrophenanthrene (IX)!' and 9-
acetylamino-1,2,3.4-tetrahydrophenanthrene (X).1!
Compounds VII and XI were evaluated for tuniar-
inhibitory activity against Adenocarcinoma 755 i mice
and against human carcinoma of the nasopharynx
carried in cell culture (KB).!? No significant inhibitory

(8) F. Uhlig and H. R. Snyder, Advan. Org. Chem., 1, 35 (1960).
(9) H. Goldstein and P. Francey, Helr. Chim. Acta, 15, 1362 (1932),

(10) E. R. Ward, C. D. Johngon, and J. G. Hawkius, .J. Chem. Soc., 894
11960).
(11) W, E. Baclunaun and M, W, Cronyu, J. Org. Chem., 8, 456 (1443).

(12) Cytotoxicity and in vivo inhibitory activity were assayved ander the
anspices of the Cancer Chemotlierapy National Service Center, National
Cancer Institute, National Institutes of Health, Tle procedures were those
described in Cancer Chemotherapy Rept., 28, 1 (1962).



