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a 1 5  59.20  
. i9.15 58.99 
59 .15  59 20 
.59,50 59.42 
i5.00 i 5 . 1 0  
6 7 . 8 5  68.10  
60.30 60.22 

'I rZll melting pnintr TWIP determined i n  c.apillary tiihes in a Gallenkiimph apparaiiik and are correvted 

-'/; hydroyeti 
Calcd Found 
5 88 6 00 
:1.82 4.01 
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4 . 6 0  I 7 3  
6 . 5 ;  6 . 7 0  
5 , 9.-~ T 7 ,  9k 
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Crystals began IU appear withiu 15-20 inin. The refluxiiig 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. I t  was then suspended in about' 30 ml 
of water, neutralized with dilate SH.,OH, cooled. and collected 

Thib cwmpoiiiid rorild he easily re- 
Tatallized from W;, et haiiol. 
The other compounds listed i l l  Table I bvere syiithesized bl, 

the same general method. As indicated iii Table I the time of' 
rrfliixing had to  be esleiided iii certain eases. Some compounds 
were recrystallized as hydrochlorides since they coiild not be 
satisfactorily crystallized as free bases. ,411 conipounds were re- 
crystallized from witable +olveiil, and ~ w r e  dried in zlariio at, 
110' for 24 hr before ai~alysis. 

Inhibition of Growth of Microorganisms.--.111 coinpouilds were 
tested for their aniimicrobial activity agaiiist Streptococcus 
Jaecalis, Escherichiu coli B, ,Salnionelia typhinucr ium,  and a patho- 
genic strain of yea.1, Candida alhicans. The coneeiitratioiis of 
synthetic compoLinds necessary for .jO%;, inhibition of growth were 
tletermined turbidimetrically by serial dilut,ioii Iechniqr~r i n  test 
liihes iising liquid grrin-1 h mpdirimlh ishown i n  Tahle IT). 

filtration as free Imse. 

'r.\BLE 11 
- ~ s , ~ i ~ i ~ ( ; i ~ t i ~ i . \ r ,  ACTIVITIE~ OF 

2,4-BIS (~\RYI..~JIISO)-.j-METHYLPYRIMIUINES 

-__ Conrn for 30% inhih of g ro~vth ,  p g  '1111 ----- 
S. E .  s. C. 

( 'ompd .iaerrrlz i o l i  R f#phimu?irim d b i c a n s  

I 2.1.; 1 .96 1 .60  9.00 
11 a a n U 

I11 1 . Y O  1.00 0 .  8.5 0 .92  
I\- 2 . 2 0  1 .12 0.95 1.06 
1- 2.41)  1.30 1 .  00 2.60 
1 'I ,SI . 8 0  102.00 22 .00  51.00 
VI1 I 80 1 , 3 2  0.90 4.30 
\*I I1 2 .  00 1 . 8 0  1 .oo 9.60 
IX 1 .9.i 8 .50  2.00 "3.50 
A-Azauracil 12.00 7.20 .i .60  h 
Xeornycin h I .30 1 , .;.-I 1 .10 
Chloram- 

phenicol I ..io 1.00 0.66 h 
Conld not  be tested due I U  low solrihility i i i  the commoii 

,solvents. b Little or no artivitT-. 
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Tumor Localizing Agents. 

975 

,-yG nitrogoii . 
Calcd Found 
20 .28  20.08 
22.95 22 i 8  
16.23 16 .00  
16 .23  16 -13 
16.23 l L 9 8  
10.22 16 00 
18.42 18.36 
16 .60  16,i% 
11.19 1 1 n n  

11. 
Radioiodinated Analogs of 

1 , l  -I )i chloro-2,2-hi s(chloropheny1)ethane 

Wagiier' l i a k  reviewed the iiiiportaiit role currelit 1) 
being played by radioactive pharniaceuticals 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 
1,l-di chloro-2,~-bis(chlorophe11y~~ ethane (DDD) . 

Our interest in structures related to D D D  ivab 

prompted by the many reports in the literature indi- 
cating a predilection of these substances for adrenal 
tissue.? Nelson and IVoodard3 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 wah 
actually due to the o,p'  isomer present as a contanii- 
nant.??; Since that time, o,p'-DDD has been the sub- 
ject of & iiumber of biological and clinical investiga- 
tioris and these have been recentlj reviewed by Sichols.* 
Further stimulus to the study of n,p'-DDD and related 
caonipounds was provided when this substance was 
found to produce tumor regression i l l  caases of nietastic 
adrenal cortical carcinoma6 and to cause remission of 
symptom' i n  patients with Gushing's ~ y n d r o n i e . ~  

(1) I<.  s. \\ agner. Clin. Pharmncol. l ' h e r o p . ,  4 ,  3.51 (1963). 
(2)  C'J, .I. Nichols in "The .\drenal Cortex," fT.  D. Moon, Ed.. 1'. 15. 

13) A .  A. Nelson and G. \Voodard, Arch. P'athol., 48, 387 (19491, 
(4) .J. Nichols and G .  Hennigar, Erptl .  .Ired.  sur^., 16, 310 (1957). 
ie5)  C .  Ciieto and J. H .  T'. Brown, E n d o c r i n o l o g y ,  62, 324 (1958). 

Hoeliner, Inc. ,  New York,  pi. T., 1961, p 84, 
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charcoal) and evaporat,ed. The residue was take11 up iii R mini- 
ilium amount of 95% ethanol and cooled. The crystalliiie product 
was collected and recrystallized repeatedly tmtil o11ly a sir& 
radioactive spot could be seen after radioscanning a tlc strip. 

T h B L E  111 
Spec 

h i n t  Reaction act . ,  
iised. time, C I  I C  c -  ,’C’ pcuries/ 

Isomer Ini: h r  recovery exchange mg 

I Ia  4.50 12 !5 1 30.9 9 . 93 
I I b  4.50 1 *i 42 ,52. 4 0 . 18 
I Ic  . N O  9 .  .i 0.; X i  4. !)h 
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Tumor Inhibitors. XXV. The Synthesis and 
Evaluation of 9-Nitro-1,2,3,4-tetrahydro- 

phenanthrene-8-carboxylic Acid’ 

8. J I O R K l b  KUPCH \\T I N D  SIICH \EL ~ I O K O 1 0 F F 3  

Depai /ittent 01 P h a ,  uiacentzral Chenzistry, 
Cnizeis i ty  of Tt’isconszn, Madison, Wzsconszn 

ReceaLed A p i  i l  7 ,  1967 

In  the course of a continuing search for tumor iii- 
hibitors of plant origin, aristolochic acid (I) was 
characterized as a tumor (;lderiocxrc~irionia I m)- 
inhibitory principle from Aristolochiu indica. A 
subsequent report’ desrribed H synthetic q q x w c h  to 
aristolochic acid arid related phenanthrene carboxylic 
: ~ c i d s . ~  We report herewith t>he synthesis and evalun- 
tion of an :iristolochic acid arialog without oxygeii ether 
fuiictioiis :md with a saturated ring, namely 9-nitro- 
1 ,“3,-l-tetrahydro1heriaiit hrene-S-c.arbor;ylic acid (XI). 

Saphthostyril (S-aniiiio-l-ri3plithoic acid lac4:im, 11) 
proved to  be a useful starting material for a Haworth 
synt,hesis of XI (see Scheme I) .  111 ac~*ord with expecta- 
tion based upon arialogy to similar arylatioiis of acetyl 
derivatives of aiiiliriej arid l-aniiiioiiaphthalerle,fi suv- 
ciuoylatioii of naphthostyril afforded 111: with the aryl 
group para to the amido nitrogen. Attempts at  
Clemmetisen reduction of I11 or its methyl ester (IT) 
were uiisuccessful. However, JTolff-I<ishiier redurtiori 
under the conditions of Huaiig-l\Iiiiloii7 gave y ( 5 -  

- - -  

(11 la) Part  S S I V :  S. AI .  Kllpchan, T.-11. Tang,  G. S. Vasilikiotis 
11. IT. Barnes, and AI. L. King, .J. Am. Chem. Soc., 89, 3Oi6 (196;). ( 1 ) )  
This investigation was sitpported by research grants from the h-ational 
Cancer Insti tute (CA-04500) and the .\inerican Cancer Society (T-2i5).  

(2)  American Foundation for  Pharmaceutical Education Fellou, 1963- 
1965. 

(3) 6 .  AI. Kugcliaii niid K. \ \ .  I)oakotcli, J .  21e.d. I’hu,,nr. Chent., 6 ,  BAT 
(1962). 

(-1) S. 11. K I I I J C ~ ~ I ~ I I  ani1 H. C’. \\‘uriilst.r, J. Ory. L‘hrm., 30, 2792 (1965). 
( 5 )  J. 1’. Enulisii. K.  I?. Clai)i), Q. P. Cole, and J. Iirapctio, J .  A m .  Chrm. 

(6) K. J. Leonard and .\. 11. Ifyson. X d . ,  71, 1392 (1949). 
( 7 )  ITuang-.\Iinlon, i b z d . ,  68, 2 4 8 i  (1946) .  

Soc., 67, 2263 (19161. 
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IX. R =  H XI, R =  COOH XI11 
XII. R = H X, R = A c  

naphthost?ril)butyri(, acid (I?). Cyclization of T with 
polyphosphoric acid* proceeded smoothly to yield 1- 
keto-9-amino-1 ,“,3,-l-tetrah3.drophetia1it hrene-S-carbox- 
ylic lactam (YIII), Huang-l\lillloli reduction of T’III 
gave VII. Lactani IT1 wis hydrolyzed with S a O H  
in refluxiiig aqueous dioxane, and the libemted aniiiio 
acid was directly coiiverted, cia a Sandmeyer re- 
actioii,gliO to 9-nitro-1 ,‘,3,~-tetrahydropheiiaIit h r e i i e - 8 -  

carboxylic2 wid (XI) in 3774 yield. The Saridmeyer 
reaction T V ~ Y  markedly pH dependent, and a satisfa(,- 
tory yield was obtained only at about pH 6.5. Uiider 
more st’rongly acidic coiidit,ions the yield of desired 
product decreased, and tmhe priiicipal isolable product 
TYRS 9-h?droxy-1,2,3,l-tetrahydropheii~iiithreiie-S-(~:~r- 
boxylic acid lactone (T-I). An alternative projevted 
route to XI was 7711 + XI11 -+ XI. However, the 
poor yield in the Sandmeyer-type coilversion of TXI 
to l-lieto-9-1iitro-l,2,3,4-tetrahydropheiia1ithre1ie-S-c~r- 
boxylica acid (XIII) made this approach less practical. 

The structure of XI was proven by decarboxylatioii 
to 9-riitro-l,2,3,-l-tetrah?-dropherlarithrerie (XII), arid 
this was characterized by conversion to the liiion-ii 
9-ami1io-l,2,3,-l-tetrahydrophe1ia1ithreiie (1X)Il aiid 9- 
acetylamiiio-l,”.3,~-tetr:ihydrophenarithreiie (X) . l l  

Compounds T-I1 and XI were evduated for tumor- 
inhibitory nctivitl- agaiiist ~ ~ d e i i o c a r c ~ i i i o m a  T.55 iii  mice 
aiid agaiiist human carcinoma of the iiasopharynx 
caarried in cell culture (KB) , I 2  Ko significmit inhibitor!. 

( 8 )  F. Uhlig and H. R. Snyder, Aduan. Ory.  Chent.. 1, 35 (1960). 
(9) H. Goldstein and P. Francey, Helo. Chim. Acta ,  16, 1362 (1932). 
(10) E. R. Ward, C. D. .Johnson, and J. G .  Hawkins, .I. C h e m .  Soc., 881 

(1960). 
(11) \V, E. 13acliillniin and .\I. \Y. ( ‘ rony~ i ,  J .  Oiy. Chem.,  8 ,  -158 ( l U 1 : 3 ) .  
(12)  Cytotoxicity and i n  uiuo inhibitory activity were assayed under die 

ausyices of the Cancer Chemotherapy National Service Center, Sational 
Cancer Institute, Sational Institutes of Health. TIw pruce(1rires uere those 
described in Cancer Chemotherapy K e p t . ,  26, 1 (1962). 


