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(:',3-dimeth?.lphe[iyl)arithrariilic acid,4 S-(2,&dichloro- 
3-niethylpheny1)arithranilic acid,j arid some S-(fliioro- 
pheiiy1)arithrariilic acids.fi 111 this paper \\.e tlescrih 
the preparation arid preliminary pharmacolog). of :i 

ser es of pyrimidine analogs o f  these :inthr:uiilic acids 
:uid esters;. l'~-ridi~ie' : i i i i l  r1i i i i ios; i I i i ip '  ; I I I ; I ' I I ~ -  l i : i \ - i ,  

:tlready been reported. 
Chemistry. AI I ( 11' t lit.  hi i  hst i t u t u 1  h i i i  l i  n(  1-5- 

ciir he t hc xypj.ri m i tl i I I cs ( 1 -4 :i I I ( 1 6- 1 7. 'l':i h I C  I ) \ v ( w  
p i q : i i w l  1)) .  ii  nicthotl siniihr to  th:it descrihml 13). 

13reclcrecl.r :tiid co-\vorl<ersi9 for the prepirtitioii ( ~ f  t h r  
iiiisiihst i tiitcd p i  reti t produc t (1). .I ,i-c:irhet hc J S ) . - ~ -  

clil~)ropj.rini'diii~~ \\:is t iwtetl  \ v i t l i  :iii appriipri:itel>. 
substit i i t c J t l  atiiliiit. i l l  hciizcvicx. Th(> i w u 1 t i i i . g  1- 
nf i i~ i f i c~ - . i - ca rhe t~ io~yp)~r i~ i i i~~ i i~~~s  \\Yare c( iiiverted to  the 
-I-aniliriop\.riiIiitlirie-~-cart)~)x~-iic iicids (18-31, 34, :md 
35) by alkaline hydrolysis. 

Xarbe thox>-- l -  (2,,B-clichloro-:3-lriet h j - h i l i  11 o) p y r- 
imidine, hen-ever, could not he isolated from the reac- 
t ion of the sterically hindered ".fi-dichloro-3-iiieth).l- 
miline \\.ith .i-c:trhethoxJ--l-chloropyriniidiiie in hen- 
zeiie or toluene. Use of the sodium salt of the 2,G- 
dichloro-3-inethylaiiiliiie iri dimeth\.li'ormamide or tii- 
glj-mc did result in a11 uiicharacterized mixture \vhich 
upoii alkaliiie hydrolysis gave the desired 4-(2.6-di- 
chloro-3-methylariilino)p\-rin~i~liiie-~-earbo~~~li~~ :icitl 
(32), albeit in very poor yield. 

A n  improved yield of  32 \vas obtained from the 
reaction of sodium l-ethoxypyrimidine-5-carboxylatet" 
with the sodium salt of ".(i-dichloro-:3-niethyl~~riilirie i t 1  

hcxariieth\.lphosph(Jramitle, follo\vcd h y  2111 acid ~vork- 
up, Tho limited solul~ilitieh o f  thcb re:ict:iiits might 
:mmuiit for ion-er yields of product ohtaiIied in alter- 
riatiw solvents siicli >is dinieth;\-lforina~iii~I~~ u i t l  t l i-  
gly111c. 

Structure-Activity Relationships.---'l'he I-anilino- 
pyrimidine-5-carboxylic acids arid esters were tested 
orally for antiinflammatory activit'y by the carrageenill- 
induced rat foot edema metmhod," arid the results are 
recorded in Table I. The acids generally exhibited 
higher activit'y than the corresl)onding esters. The 
most effective ~ o m p o u ~ i d ,  22, had a miiiimal effective 
tlo,5c of :tpproximately 50 mg/kg (30% inhibition of' 
ctlemaj, with an oral LDao of 1782 mg/kg iii mice. BJ- 
comparison, S-(3-trifluoroniethylpheriyljarithranilic 
acid and S-(%,G-dichloro-3-meth~lphetiyl)a~ithra~iili~~ 
acid sho\ved 39 arid S:'Yil, inhihitioti of edem:i. respec- 
t ively. at closes of 1% mg/kg. 

A11 of the compounds were extmiried at  oral doses of 
1.50 mg/kg for :inalgetic activity in mice by a modified 
phenylquinone test. l ?  Only 13, ii ch~se  analog of th r  

(4 )  (a) C. V.  \\-inder, J .  \\ax, L. Scotti, K .  .I. S?herrer, E. AI. Jones, and  
1'. \\K Siiort, J .  Phurmacol .  Ezptl .  T h e r a p . ,  138, 405 (1962); (11) L. J .  Cas8 
a n d  \\. S. F r d e r i k ,  ibii i . .  1S9, 172 (1963); ( c )  D. E. Barnardo, H. L. F. 
('iirres, K .  AI. hlason. \\. R. Fox,  and AI .  \t-eatlierall, Brit .  M e d .  J . ,  2, 
342 (19ljlj). 

( 5 )  C. V. \\inder, J .  \\ax. and h1. \\-elford, J .  I'hurmacol. O'zptl. I 'herap . ,  
148, -122 (1965). 

( 6 )  F. Delbarre. N. P. I3uu-Hoi'. .1. liaiian, P. Jacquinon, H. Brouiltiet, 
AI. Alarty. and F. PBrin, M e d .  Ezptl., 11, 389 (1964). 

(i) (a) C. Hoffman and .I. Faure, Bull. So<,. Chim.  France,  2316 (1986); 
lii) Belgian Patent 678.694 (1966). 

( 8 )  J. G. Lombardina, J .  .Wed. Chem.. 9 ,  770 (1966). 
(91 H.  I3redereck. I:. Effenljerger, and E. tI. Sclinrizer, Ber., 95, 956 

I 1962). 
(IO) l l s e  of .~-carbettioxs-4-ethox3.pyrimiiline in place of sodiilm 4 - e t l i o x ~  - 

pyrimidint?-:,-carl,i,xg.late resulted in anilide formation. 
( I  11 C. .I. \\'inter, E. .\. Ride?. and C,. \\-. Niie*. / 'roc.  S o r . .  P , ' z p f / ,  Rloi ,  

Experimental SectionI3 

Starting Materials. --,j-Carhethosy-i-chlolopyriniidiiiel' : i t ~ ( I  

.i-carbethosy-4-chloro-"-methylp3.rimidiiie1j xere  pi,epared b y  
known procedures. .i-Carbetho~~~-chloro-2-pheriylpyrimidi1ie 
was prepared by t he method of Partyka.I6 2,6-Dichloro-:l- 
met hylaniline'' and :~-methylsulforiS.laniline's were prepared iiy 
known procedurw. All  other anilines were obtained from coni- 
mercial sources. 

General Procedure for 4-Anilino-5-carbethoxypyrimidines (1-4 
and 6-17).---The r3ter.s were prepared by a niethod similar t I )  

ihed for 4-aiiiliiio-~-carbethoxypyrimidine ( 1  ) t)y 
Bredereck, e/  r i L 9  .-! h o l i i t i o i i  of a j-carhethoxS-4-chloropyrirui- 
diiie and 2 eqriiv of :til aniline iri herizeiie was heated iutder rc- 
fliix iiiitil the reactioii w:is complete (0.3--1 hr). The precipit:Lied 
iiiiiline hydrochliiride was removed by filtration and the fiJtr:itcL 
\vas rediiced to drylieah. 
iized from solvents indicated in Table I. 

General Procedure for 4-Anilino-5-pyrimidinecarboxylic Acids 
(18-31, 34, and 35).--~-SIost of the pyrimidine esters were heated 
under reflux in t5-10(,; aqueous KOH for 0.5-2 hr. The cooled 
reaction solutions were acidified to p H  2 with concentrated IICI, 
and the precipitated :tiids w-ere purified ass indicated in  Table 1. 

Ethanol was added t o  the :tqiieoii-; KOTI to increase the hy- 
drolysis rate. i j f  ester5 15 :tiid 17. The potassiiim s d t  31 5ep:i- 
rated froin the cuoletl reactioti mixtiire. 
.~-Carbomethoxy-4-~3-triAuoromethylanilino)pyrimidine ( 5  j.-- 

Air ethereal solutiotr ( i f  es('ess diazomethaiie TVMS added t ( ~  ;I  

.tiireti suspension ( i f  :1 g of %(3-trifluoromet hylani1iiro)pyririii- 
dine-R-carboxylic. :ic-id (22) in ether (60 ml). The resulting solu- 
tion wits filtered and the filtrate was r e d u c d  i o  dryi1e.w O I L  ;I 

steam bath t o  leave 2.1 g (66.6%,) of 5 .  
N-( 2,6-Dichloro-3-methylanilino)pyrimidine-5-carboxy~ic Acid 

(32). Method A.---.4 solut,ion of 2,6-dichloro-3-methylaniline1: 
(10.3 g, 0.0585 mole) in dry I>?\IF (40 ml) was added rapidly 
to a stirred wppensiotr of  sodium hydride (2.4 g of a 58.6yc NriI1 
dispersion in mineral oil, 0.0583 mole of S a H )  in UAIF (30 nil). 
The mixture was heated to BO" and kept at this temperature until 
FI, evoliitioii ce:ised. The temperature of the mixture was the11 
raised to t20", wheii a solution of ri-carbethoxy-4-chloropSrinii- 
dine14 110.9 g, 0,0583 mole) i n  1)lIF (40 ml) was added h o p -  

. The iriixtiirc. wii- lieateti at. 120" for 3 hr. The 1)JII; 
renioved froin the  cooled reaction mistlire in :L rot:try 

waporator.  A ~iispeii~iou of the oily residiie i i i  i~ solution u t  
water (70 i d ) ,  ethatiol (30 ml), :tiid KO11 (13 g )  was heated iinder 
reflux for 2 .3  hi.. \lost ( i f  the ethaiiol was then iy3moved in :I 

rotary evaporator and water (150 i d )  was added to the residue. 
1 he ayiieous mixtiire \vas washed with three 100-nil portionr, of 
('lICls. The resulting aqueous solution was treated a t  its boiling 
point \?it 11 decolorizing carbon and filtered while hot. The 
cooled filtrate was acidified tci p H  2 rvith concentrated IICI to 

as a light hruwii solid, nip 266--26Bx" 
llized from niethanol (decolorizing 

carbon) as colorless c 
Method B.--The sodium salt of 4-ethoxypyriniidirie-.j-c:tr- 

Imxylic acid16 was prepared b\- rvarniiiig a solution of the acid 

The residual :tnilinc~ e.qter rvaq re( 

r ,  
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(16.8 g, 0.10 mole) in dry hexamethylphosphoramide (HMPA, 
110 ml) with NaH (4.1 g of a 58.6yc NaH dispersion in mineral 
oil, 0.10 mole of NaH)  a t  60-80" under X2 until the evolution of 
hydrogen ceased. 

Likewise, the sodium salt of 2,6-dichloro-3-methylaniline 
was prepared by warming a solution of the amine (17.6 g, 0.10 
mole) in HMPA (110 ml) with X a H  (4.1 g of a 58.67, NaH 
dispersion in mineral oil, 0.10 mole of XaH)  a t  50-60" under SZ. 

The solution of the amine salt was added to the suspension 
of the pyrimidine acid salt and the mixture was heated, with 
stirring, a t  120' for 18 hr under Nz. 

N o s t  of the H U P A  was removed from the reaction mixture 
in a rotary evaporator. The residue was added to cold water, 
and the mixture was washed with Skellysolve B (bp 60-80"). 
The resulting aqueous solution was acidified with 10% aqueous 
HC1. The  precipitated solid was collected, washed with cold 
water, and partially dried. The  damp product was crystallized 
from ethanol to give several crops of 32 B-ith a total yield of 14.5 g 
(4837$). The  first crop (8.0 g)  had mp 280-282' dec. 

A repeat of the above reaction replacing HAIPA with a mix- 
ture of DLIF and diglyme resulted in a 13c0 of yield 32. 

4 4  2,4,6-Trichloroanilino)pyrimidine-5-carboxylic Acid (33).-A 
solution of the sodium salt of 2,4,6-trichloroaniline was formed 
by heating a stirred suspension of the amine (4.67 g, 0.0238 mole) 
and XaH (0.973 g of a 58.67, NaH dispersion in mineral oil, 
0.0238 mole of Y a H )  in diglyme (20 ml) a t  50" under Y Z  until 
hydrogeri evolution ceased. The solution was added to a stirred 
suspension of sodium 4-ethoxypyrimidine-5-carboxylate prepared 
by treating a suspension of the acid16 (4.0 g, 0.0238 mole) and X a H  
(0.973 g of a 58.6% NaH dispersion in mineral oil, 0.0238 mole 
of S a H )  in diglyme (50 ml) a t  140". The resulting mixture was 
heated, with stirring, a t  140" for 20 hr under Kg. It was cooled 
to 25" and the solid material was collected and vashed succes- 
sively with cold diglyme and ether. An aqueous solution of the 
product was acidified to pH 4 with concentrated HC1. The 
precipitate was collected and crystallized from ethylene glycol 
dimethyl ether to give 33 (0.82 g, 10.8%), mp 269-270' dec. 
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Because of the biological activity of certain imidazo- 
l i d ined io~ ies ,~~~  we are synthesizing a number of such 
compounds incorporating variously substituted fluorene 
nuclei, connected through their 9 posit,ions (spiro- 
hydantoins), and through their 2 positions (4-fluorenyl- 
4-methylimidazolidinediones) . This is part, of a pro- 
gram aimed at  exploiting the fact that a number of 
fluorene compounds (particularly halogen-substituted 
derivatives) have shown antitumor a ~ t i v i t y . ~  

The method of synthesis was a modificat>ion of the 
Rucherer-Bergs The ketone was treated 

(1) (a) Supported in part 1,' a grant (CA-01744) from the National Cancer 
Institute, National Institutes of Health, and in part by Research Career De- 
velopment .\ward 5-K3-C.\-14,991. (h) Paper S S I I I  in t h i s  sprien: T. 
L. Fletcher, M. J. Namkung, and H.-L. Pan,  J .  .\fed. Chem., 10, 936 (1967). 

( 2 )  E. IVare, Chem. Ret!!., 46, 403 (1950). 
(3 )  It-. Oldfield and C. H. Cashin, J .  M e d .  Chem.,  8, 239 (1965). 
(4) (a )  H.-L. Pan and T. L. Fletcher, ib id . ,  7 ,  31 (1964); (b) H.-L. Pan 

and T. 1,. Fletcher, ibid., 8, 491 (1965). 

nith K C S  and (SH&C03 in a closed system. High 
yields of l a  and 2a were obtained from fluorenone and 2- 
acetylfluorene. Fluorenones with halogens substi- 
tuted at  both the 2 and 7 positions were less reactive 
than the unsubst itut ed ketone. 

Chlorination and nitration of spiro [fluoren-9,4'- 
imidazoIidine]-2',5'-dione (la) gave the 2,7-disubsti- 
tuted derivatives IC and le, respectively. Structures 
were confirmed as in Scheme I. 

OLNH 

b, X(Y)=Br; Y(X)= H 
c, x- Y = c1 

e ,  X Y a NO, 

1 a, X =  Y = H  ?.a, X = H  
b, X== C1 

d, X =  Y = NH, 

c&p 0 c1 

3,Sandmeyer 

Bromination of l a  in acetic acid-it-ater-ferric chlo- 
ride a t  SO-100" gave l b  in good yields. N-Chlorina- 
tion of l a  and 2a with t-butyl hypochlorite gave 3 and 
2b, respectively. 

In  order to elucidate the structure of la, 9-cyano- 
fluoren-9-amine was prepared from the bisulfite addi- 
tion compound of 9-fluorenylidenimine. Reaction 
of the cyanoamine with KCSO gave an a-ureidonitrile 
n hich, upon hydrolysis and ring closure, gave l a .  

Attempts to prepare spiro [fluoren-9,4'-imidazol- 
idine]-2',S'-dithione from fluorenone, K C S ,  SH4CI, 
and CS, in dilute methanol in a closed system failed to 
give the desired compound. Instead, 9,9'-difluorenyl 
disulfide as formed. Apparently formation of H,S 
and S H s  @ e . ,  (SHJ2S) occurred in the reaction. Sub- 
sequent reaction betwe11 (SH4),S and fluorenone gave 
t h  ? disu1fide.O 

Intitumor screening results are presented in Table I. 
CI mpounds l b ,  IC, arid 2a showed some activity against 
LI n-is lung carcinoma. Compound 3 ;dw shoned ac- 
t i  ity against Sarcoma 1SO. 

5 )  M, S. Nenman and W, 1l. Lntz, J .  A m .  Ckem. SOC., T S ,  2469 (1956). 


