
I1 lists the c:onipiiunds prepitred tiy hydrolyzing the pyrimidine 
:lcY~t:ll. 

'To :L 1.5 g. sample of 111, dissolved in 2 0 5  sodium hydroxide.. 
50 1111. of 37' hydrogen peroxide w:is added and the niisture hetttetl 
for 5 min. After cooling to O",  it was acidified with hydrochloric, 
;tcid and the resulting solids were c-ollected by filtrat,ion and washed 
with cold water. Crystallization from ethanol-ether producml 
90';; of 4-(dimetho~y)methyl-2,O-diosci-l-methylpyriniidi11r 
(11111). :I white crystalline solid: 1 i i . p .  137" (($or.). The ii1tr:i- 
violet spert,rurn WBS ronsistent Kit ti tlie proposed struvtrirr. 

.4)(0!. Cdcd.  for CsH1:S,O:: (', 4i.!JO: H, ti.04: S ,  13.0!1. 

Schiff Bases from Pyrimidine-4-carboxaIdehydes.-These 
I.'ciurid: C:, 47.!)0: H, s, 14.00. 

in :t refrigerut,or (ivernight, t>hc product collected 0 1 1  :i filtcr, : t i id  
rwrystallizeti from ethanol. The Schiff bases :ire showri i n  
Tahle 111. 

Hydrazones from Pyrimidine-4-carboxaIdehydes.---T~i~~s~~ i I ( -  

rimtives n'ere prep:ired by the interaction of tlie 1)yriniidine 
aldehydes with the :tppropriate hydrazine or ligdrszidt.. Tri :t 
solution of 0.01 mile of t,he aldehyde in a minimum aniourit of l i i i t ,  

:it)solute rthanol or glacial acetic acid T Y ~ S  added 0.01 mile IJf thc 
hydr:tzine or 1iydr:izide reagent dissolved in a inininiiiiii i imoii i i  t 
of t,he wnic  s~ilverit. The mixture w a s  refluxed for 10 miir. :mil 
I 1ir.n pl:~cwi in  i i  refrigerator overnight. The protlnc+ FWS vol- 
lected t,y filtr:ition :rnd rcc3ryst:tllizeti from eth:tnol o r  :tc*c.ti(. n c . i t l .  
' I ' l i c~  lr\~lr:tziiries :it-(' shown in 'Tnblc. 

The Synthesis and Antiinflammatory Activity of Some Derivatives of 
1,3-Diphenylharbituric Acid 

A series of 1,3-diphenylharbituric acid derivatives has been prepared and evaluated for antiinflammatory 
activity. The compounds aere  found to be le= toxic and less active than phenylbut,azone by the testing pro- 
cedures used. The most potent member of the series was 1,3-diphenyl-5-(3-methyl-2-butenyl)barbituric acid. 
Its activity compared quite favorably with that of phenylbutazone on parenteral administration hut ,  when given 
orally, it proved active only at high dosages. 

The recent cornmuiiicatioii by Scarborough and 
11cliinney' describing the preparation and uricosuric 
activity of some substituted 1,3-diphenylbarbituric 
acids prompts us to report the results of a related in- 
vestigation. 
*Is part of a research program devoted to the syn- 

thesis aiid evaluation of organic compounds as potential 
antiinflammatory agents, it was of interest to  us to  
rxamine a series of 1,3-diaryl-5-substituted barbituric 
and 2-thiobarbituric acids (I), whose relationship to  
pheiiylhutazoiie (11) is evident. 

I 
S = 0 or S 
R = alkyl, cj-cloalkyl, 

awl, alkenvl, aralkyl 
I t '  = HI CHa, OCH? 

11 

A search of the literature disclosed that, while there 
had l m n  sporadic reports? on the preparation of ?rT,N'- 

(1) JI .  ('. Scathoroueli and C:. R .  ;\.IcI<inney, J .  M e d .  Pigarm. Cltem., 6, 

( 2 )  (a) .\I. .1. \\liiteley, J .  C'hcr~. ,'oc., 91, 1330 (1907); (b) 11. .4. FVhite- 
(cj  N. V. ICoshkin, 

cd) I. S. I). Dass and S. Dutt,  Pror. 

l i . 7  (1962). 

ley and 11. Mountain, Proc. Chena. Soc., 25, 121 (1905); 
% h .  Ohshrh .  Khirn. .  6, 1460 (1933): 
rJ!d!<ij, .lctid. Sei., SA, 146 (1938). 

diarylbarbituric aiid %-thiobarbituric acids, little in- 
terest had been shown in the hubs t i tu ted  analogs of 
these compounds. \$7hiteley2a~ reported the prepara- 
tion of several conipouiids of structure I by means of 
the zinc-acetic acid reduction of the corresponding 3- 
alkglidene derivatives. Although we were able to 
obtain one compound (19, Table I) in good yield by 
this method, a more general and reliable procedure, and 
one which we used almost exclusively for the prepara- 
tion of the compounds listed in Table I even though 
yields were low, proved to be the condensation of car- 
banilide or thiocarbanilide with substituted malonic 
acids in the presence of acetyl chloride. 

I t  has been reportedzc that sodiomalonic ester and 
carhariilide or thiocarbanilide in absolute alcohol or 
benzene fail to form 3,"-disubstituted barbituric 
acid derivatives. We found that  the desired reaction 
will occur under conditions of elevated temperature 
and succeeded in preparing 1,3-dipheny1-5-amylbar- 
bituric acid (I, R = 7d&Hll, RL = H, X = 0) from 
the appropriate reactants in xylene at  140-14.5". 130~- 
ever, purification of the product proved troublesome, 
eventually requiring vacuum distillation to give a lorn 
yield of pure compound, and this procedure therefore 
received limited attention as a potential alternate route 
to I. 

Pharmacology.-All of the compounds synthesized 
were eraluated for antinflammatory activity by mean. 
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TABLE I 
SUBSTITUTED 1,3-DIARYLBARBITURIC ACIDS 

X 

Compd. 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 

R 
n-CiHo 
n-C,Hp 
n-CaH11 
n-CaH11 
.411yl 
n-CizHzr 
n-CsH? 
i-CaHI 
n-CnHts 

Phenyl 
CzHa 
CHI 
(CHa)t- 

Cyclohexyl 
Cyclopentyl 
n-C;Hl, 
n-CsHis 
Henrhydrylk 
n-CsHi1 
n-CaHli 

I-CIIiI 

C!=CHCHz- 

R '  
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
p-CHsO 
m-CHs 

X 
S 
0 
S 
0 
0 
S 
0 
S 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

hI.p., v.a,* 
165.5-166.5 
122-124d 
175-176.5 
168-170 
151.5-152.5 
104-106 
150.5-151.50 
225-227h 
132 dec. 
202-204 
261-262 
141.5-142.5 
199-201 
117-1 18 

Time 
of 

heat- 
ing, hr. 

7 
15 
6 

17 
16 
8 

19 
9 

34 
27 
8 

15 
14 
14 

Yield, 
% 
26 
24 
38 
20 
28 
25 
24 
39 
14 
11 
22 
18 
21 
13 

Formula 
CzoHzoNzOzSC 
CzaHzoNzOs 
CziHzzNzOzSd 
CziHzzNzOa 
CIQHIGNZOI 
Cz8HaeNz0zSf 
CigHisNzOs 
CioHieNzOzS 
CzsH3eNzOa 
CieHi8Nz01 
CzzHi~N203 
CisHiuNzOa 
CiiHicNzOa 
CZIHZONZOS 

Carbon, % 
Calcd. Found 
68.15 68.11 
71.41 71.27 

71.98 71.51 
71.24 70.85 

70.79 71.11 
67.43 67.48 

70.79 71.24 
74.14 74.01 
70.11 70.13 
69 .38  69 .40  
72.39 72.24 

. . .  . . .  

. . .  . . .  

. . .  . . .  

Hydrogen, % 
Calcd. Found 

5 .72  5.66 
5 . 9 9  6 .09  

6 .33  6.27 
5.03 4 .99  

5 .63  5.72 
5.36 5 .29  

5 .63  5 .65  
4 .53  4.65 
5 .23  5.24 
4 . 8 0  4 .76  
5 7 9  5.77 

. . .  . . .  

. . .  . . .  

. . .  . . .  

Nitrogrn, % 
Calcd. Found 
7 .95  7.97 
8 . 3 3  8 . 2 1  
7.64 7 .53  
7.99 7 .85  
8.75 8.62 
6 .03  5 .88  
8.69 8.69 
8.28 8.08 
6 .25  6 .00  
8.69 8 .61  
7.86 7.84 
9 .09  8 . 8 9  
9 .52  9 .38  
8 . 0 4  7.87 

223-224 15 10 CzzHzzN20a 72.91 72.47 6 .12  5.95 7 .73  7 .61  
2 17-218 19 9 CniHqNnOa 72.39 72.71 5.79 5 .88  8 . 0 4  7 .91  
135-137"i 16 14 C~3HzeNzOs 72.99 73.28 6 . 9 3  6 . 8 8  7.40 7.34 
146-147.5 15 31 CzzHzrNzOs 72.50 72.32 6 . 6 4  6.72 7.69 7 .76  
207-2081'm k 64 CZ8HZZNZ03 78.01 77.87 4.97 5 .14  6.27 6 .10  
143-145 20 7 Cz~HzaNzOa 67.30 67.66 6.39 6 . 2 7  6 .83  6 .70  
110-1 12" 12 17 CzaHpsNzOa 72.99 72.47 6 . 9 3  6 .67  7.40 7 . 1 8  

a ItIelting points were determined in a Thomas-Hoover "Uni-Melt" capillary melting point apparatus and are corrected. The 
compounds were recrystallized from EtOHunless otherwise stated. 0 Anal. Calcd.: S, 9.10. Found: S, 9.06. Lit.' m.p. 118- 
123". 'Anal .  Calcd.: S,8.75. Found: S,8.41. f Anal. Calcd.: S, 6.90. Found: S, 6.52. Lit.' m.p. 147-149'. Lit.2b 
m.p. 237-240". * Recrystallized from MeOH. 3 Lit.' m.p. 130-131'. Prepared by reduction of the corresponding 5-diphenyl- 
methylene derivative as described in the Experimental section. Lit." m.p. 205-206". Recrystallized from benzene-pet. ether. 

Recrystallized from MeOH-H20. 

of the Randall-Selitto test3 and the pleural effusion 
m e t h ~ d . ~  The compounds were administered to rats 
a t  a maximum dosage of 200 mg./kg., I.P. Minimum 
effective doses6 were established for those compounds 
found to be active. In  general, these compounds were 
found to be less toxic and less active than phenyl- 
butazone. The results of these evaluations appear in 
Table 11. 

Compounds 1, 2, 11, 14, and 17, which were among 
those found active in the Randall-Selitto and/or pleural 
effusion methods, were further evaluated in rats by 
means of the cotton granuloma test6 a t  a dose of 100 
mg./kg./day, s.c., in sesame oil, for a period of 6 days. 

Compound 14, which appeared to be the most active 
member of the series based on the results obtained in 
both of the initial tests, also proved to be the only one 
which reduced granuloma weights in the cotton gran- 
uloma test. Phenylbutazone, in this test, was found 
to have a MED of 100-200 mg./kg./day, S.C. How- 
ever, when the efficacy of 14 was evaluated by oral 
administration in the Randall-Selitto test, its MED 
(oral) was found to be between 500 and 1000 mg./kg. 

(3) L. 0. Randall and J. J. Selitto, drch.  Intern. Phormacodyn., 111, 409 
(1957). 

(4) D. E. Holtkamp, R.  Wang, and JI. Doggett, Federation Proc., 17, 379 
(1958). 

(5) M E D  is the lowest dose producing a significant (P 5 0.05) antiin- 
flammatory effect in the treated group of rats a8 compared to the control 
group. This dose was determined from a dose-response study using a log- 
arithmic interval of 0.3. The number of rats per group was five in the 
Randall-Selitto test and six in the pleural effusion method. 

(6) W. E. Dulin, Pioc.  Soc. E r p t l .  B d .  .Mea., 90, 115 (1955). 

One of the major problems encountered in the eval- 
uation of this series of compounds was the lack of 

TABLE I1 
ANTIINFLAMMATORY ACTIVITY AND TOXICITY OF A SERIES 

OF SUBSTITUTED 1,3-DIARYLBARBITURIC ACIDS 
---MED, mg./kg., i.p."-- 

Compound LDao, Randall- Pleural 
no. mg./kg., i.p. Selitto effusion 

1 400 b 100 
2 900 b 100-200 
3 600 200 b 
4 > 1000 200 b 
5 lo00 b b 
6 400 b 200 
7 600 b b 
8 > 1000 200 100 
9 500 200 b 

10 750 b b 
11 500-1000 100 b 
12 1000 200 b 
13 > 1000 100 b 
14 500 50-100 100 
15 > 1000 200 b 
16 > 1000 b b 
17 > 1000 50 b 
18 > 1000 b b 
19 > 1000 b 200 
20 > 1000 200 b 
21 > 1000 b b 

Phenylbutazone 350 <50 50 
Administered as a suspension in 0.5% tragacanth. * S o  

activity a t  200 mg./kg., I.P. 



ronipletr absorptioii. 111 iiiaiiy ca5es, a significant 
amouiit of ttie injected coinpound could be found 
i n  tile prritorieal cavity sei-era1 hours after injection. 

'l'hc compounds in this series did iiot  exhibit hyp- 
i i o t i v  :ic.tii.ity in  the inat, f i i ~ 1 1 1  at doses approaching 
to \ iv i t  v 

Experimental' 
General Method for the Preparation of 1,3-Diaryl-5-substituted 

Barbituric and 2-Thiobarbituric Acids.-The substituted malonic- 
:irids used in this procedure were prepared by hydrolysis* of the 
i*cirrespundiiig diethyl esters and rrystaliization from henzene- 
1wtroleuni ether. The substituted malonic esters, \\.hen not 
~ ~ i ~ r i i i i e r ~ i ~ i l l y  available, were prepared t)y alkylation of diethyl 
llldl~n:lte.~ 

Tlie barbituric acid derivatives listed in Table I, with the el-  
ceptiiin ( i f  19, were preparedby the addition of asolutiun of 1s i d .  

! (1.2,; rncile) of acetyl chloride in 25 nil. of anhydrous chloroform 
i o  :i stirred riiixture of 0.1 mole of the substituted nialonic acid and 
0.1 iiiole of' the c~~rbanilide in 500 nil. of anhydrous chloroforni. 
l'lie resulting mixture \vas stirred and refluxed10 for 6 to 34 21r.,iL 

i.ooled, and filtered to remove m y  unrearted carbanilide. The 
filtrate was concentrated under v:icuuiii and the residue, whicli 
x i s  slowly soluble in aqueous base, \vas stirred or shaken thor- 
iiugtily with approsiriiately 1 1. of 0.6 .If sodium carbonate solu- 
tion. The aqueous carbonate solution \vas washed with chloro- 
forin,  filtered. itrid the filtrate acidified ivith 6 S hydrochloric 
:ic.icl t o  precipitate the product. IThen ttie product, precipitated 
;is :in oil. it \vas isolated by extraction n-itti chloroform. 

1,3-Diphenyl-5-benzhydrylbarbituric Acid (Is).-This COIIL- 

p(~un11 \v:is prepared by a modification of Whiteley's2* procedure. 
TI) :I suspension of SA g. (0.03 mole) uf 1  diphenylbarb barbituric 
acaid in 10 i d .  of dry rtiloroforrn, t,liere \vas added 12.1 g. (0.051 
nriile) o f  di~~tilorodiphenyliiiethttne's and tlie mixture IT-as swirled 
until it h:id trec~inie :I tioinogenrviuw thick ~vliite suspension. Tlie 


