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worked up to give 9.0 g of an oil which, on redis!illation, yielded 
S.O g (S!)r;) of a colorless liquid, bp 100° (0.6 mm), ri2l\) l.o264. 
(Ilpe showed Ihc purity to be 0 0 + ' ; : nmr (CIK'bi , 5 l.:',| 
[ti II, (Cll.^C'l, l.o:) (i II, o i l ) , ;s..->7 (2 II, C l b j , :;.so c: n , 
OTIjO), 6.72 7.25 (4 H, aromatic, mela substitution). Anal. 
( C l h c l b j C , It. 

The alcohol IX, with dry IIC1, PKr;, iu Et,(), or SOCb in 
(^Ilii gave complex mixtures. 

3-(3-Methoxyphenyl)-3-methylbutyronitrile (X).--At 0°, 46.0 
g (0.402 mole) of MeSCbCl was added dropwise to a solution of 
65.6 g (0.364 mole) of IX in 262 ml of dry C,-,II.-,N. The mixture 
was allowed to warm to room temperature overnight and poured 
into .")()() ml of lf.20. The suspension was extracted with three 
100-ml portions of Kt2(). The extracts were washed once with 
cold H2(), cold W:/, IIC1, and cold I U ) , then dried over MgSO,. 
Distillation of the solvent in a rotary evaporator left SS.O g of a 
colorless, oily mesylate. The ir spectrum (neat, film) showed no 
Oil absorption bands in the .'SOOO-lJoOO-cni-1 region. This 
crude mesylate (8:> g, 0.322 mole) was heated and stirred with 
10.7 g (0.402 mole) of XaCX and .'522 ml of DMSO at 9.")-100o 

for 4 days. The cooled mixture was poured into 1 1. of K20 and 
extracted with three 250-ml portions of 1:1 Kt20-C sII6 from 
which, after the usual work-up, o7 g of an amber oil was ob
tained. Distillation (l.l-cm Yigreux column) yielded 22.6 g 
C!7 r,) of colorless oil, bp 90° (0.1S mini, 11-H1 l.,">21.">. (Upc 
showed the product to be 9S.:j ' , pure: nmr (CI)Cl;i). 5 I.4S [6 
II, (CH:,)2C!, 2..")S (2 II, CII,), :!.,S0 (:s If, CII:,(Vi, and 6.7-7.:. 
(4 II, aromatic). Anal. (CJb.-.XO) C, H. X. 

3-(3-Methoxyphenyl)-3-methylbutylamine (XI) Hydrochloride. 
—Nit rile X, 22.6 g (0.12 mole) in 25 ml of Ec>(), was added drop-
wise to a stirred suspension of 5.7 g (0.15 mole) of LiAlII4 in 
150 ml of I'jtoO. After 1.5 hr of refluxing, the mixture was cooled 
and decomposed with HjO, ami 8 g of filteraid was added; the 
suspension was filtered through a bed of filteraid. From the 
filtrate, after removal of the solvent, 2o g (nearly quantitative) 
of a colorless oil, homogeneous by tic, was obtained. A sample 
of this oil was converted to the hydrochloride, as described for 
IY-IIC1. The salt was reervstallized from' /'-PrOII-EtOAc: 
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)()(), and 1595 cm ' nip 170-171°; K ^ :!00()-2925 (broai 
Anal. (C,2lI ; : lNO-II01)C, II, CI. 

3-(3-Methoxyphenyl)-3,N,N-trimethylbulylamine XII i Hy
drochloride.--Six grains (0.0:511 mole) of XI. was treated with 
7.K! g (0.156 mole) of HCOdl and 7.57 g tO.O'.i:! mole) of :'>'', 
CILO, as described for V. After IS hr of refluxing, .'!.5 ml oi 
12 A' HC1 was added, and the solution was taken to dryness in a 
lotary evaporator. The white solid thus obtained was slurried 
in KtOAc and collected by filtration to yield 6.2 g of XII - IK ' l . 
This product was reervstallized twice from /-PrOIl-KlOAc: 
ni]) 146 147°; y^l :S000 (broad), 2650, 2550, 2470, 1600, and 
15.S0 cm- ' : nmr (DAISOXi, & 1.32 [6 II, (CII:,n(' !. 1.71 8.0 
|s II, CH2X(CH:,..,j, 8.SO (8 II, Cn.,Oi. 6.6 7.5 > A II. aromatic;. 
\IKII. i d , I I 2 : ,X(MI( ' l iC , II, CI. 

3-( 3-HydroxyphenyI )-3,N,N-trimethylbutylamine Hydrochlo
ride (XIII-HC1). Compound XII (5.15 g, 0.02 mole) was re-
fluxed with 150 ml of 4-S',' [I Br for 5 hr. The acid was removed 
in a rotary evaporator leaving a solid residue which was dissolved 
in 25 ml of II.O. This solution wih made alkaline with NHiOII, 
then extracted four times with 15-ml portions of Kt20. The 
l'"t20 extracts were washed with IM) and dried over K-.COi. 
The sol vein was distilled under reduced pressure, leaving 4.0 g 
of an amber oil. It was dissolved in 20 mi of /-PrOII and excess 
dry 11 CI in E U ) was added. A brown solid, ,'j.N g, mp 1 OS-202°, 
was obtained. Three recrystallizations from (-PrOII gave 1.4 
g of X I I M I C 1 as white crystals; mp 201.5 202°: )<!),',). 32S0, 
8000, 2675, 2520, 2490, 1610, and 1590 cm"1: nmr ( l )MS(M,i , 
1.2S [6 11. iCIIsi2C:, 2.08 (2 If, (Tb i . 2.70 [s II, ClbNtOH:, M. 
6.S-7.4 (4 II. aromatic). 9.42 (1 II, OH), and 10.28, 1 1 II. XII • '. 
Anal. (Ci:,II...,XC)-IICl)C, II, CI. 
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Previously reported antiinflammatory activity for 2-phenyl-l,3-indandione (1 ; was confirmed in rats. Com
pound 1 also inhibits blood coagulation in vivo, by inhibiting the hepatic synthesis of prothrombin. However, at 
the time of measurement of antiedema activity (3 hr post-carrageenin injection) neither 1 nor the other anti
coagulants warfarin, bishydroxycoumariu, or 2-pivalyl-I,3-indandione had induced a coagulation defect; of these 
four compounds only 1 had antiinflammatory activity. The aim of this program was the separation of antiin
flammatory from anticoagulant activity in some 2-aryliudandiones. All compounds were tested iu the rat for 
inhibition of carrageenin-induced paw edema and for inhibition of prothrombin synthesis. Results showed most, 
nuclear unsubstituted 2-aryl-l,3-mdandiones to be inhibitors in both tests; however, fairly large mela substit
tients on the 2-aryl function diminished anticoagulant activity. In addition, certain substituents in the indane 
ring successfully removed anticoagulant activity while retaining antiinflammatory activity in many cases. The 
acidity of those compounds with antiinflammatory activity was found to be rest ricted to a fairly narrow range. 

The property of 2-aryl-1.3-indandiones to inhibit 
blood coagulation has been thoroughly studied and 
has led to three analogs with clinically useful anticoagu
lant activity.11 ' Over the course of some 20 years the 
greatest amount of interest has centered around the 
parent 2-phenyl-l,3-indandione (1) and its effect on 
blood prothrombin levels. Extensive s t ructure-ac
tivity relationships have been developed2 - 7 for analogs 

(1) (a) P resen ted in pa r t before t h e Medic ina l Divis ion at t he 154th 
Na t iona l Mee t ing of t h e Amer i can Chemical Society, Chicago, 111., Sept 
12, 1967, A b s t r a c t N o . P -19 ; (b) L. S. G o o d m a n a n d A. G i l m a n , " T h e 
Pha rmaco log ica l Basis of T h e r a p e u t i c s , " 3rd ed, T h e M a c M i l l a n Co., New-
York, N . Y., 1965, pp 1450-1458. 

of 1 in an at tempt to improve the therapeutic index of 
anticoagulant activitv. In addition to anticoagulant 

2) in) L. F o n t a i n e . M . Odievre . V. Achet , and B . Drevon . Therapii. 
16, 34 (1961); (b) L. Fon ta ine , M . G r a n d , V. Quen t in . a n d S. Mer ie , Me,l. 
I'lmrmiicol. Hrp., 13, 137 (1965). 

;3) (a) 3 . L. Shapi ro . K. Geiger, a n d L. F r e e d m a n , J. Org. Chem., 25 , 
1860 (1960); (b) S. I.. Shapi ro , K. Geiger, .1. Yuuhis , and L. F r e e d m a n , 
ibid., 26, 3580 (1961! . 

(4) I ) . Molho , Proceeding of t he I n t e r n a t i o n a l Conference on T h r o m b o s i s 
and Embo l i sm, Basel , 1954, p 193. 

(5) J. Caval l ini , A. Milla. A. Grumel l i , a n d F. R a v e n n a , Furm-tci), .SVv, 
;:'-;., 10, 710 (1955). 

i(i) P. I l rnciar , Chem. /.,-r»li, 16, 06 (1962): Chem. Ah..tr., 59, 2731 
l1963) . 

(7) H. K a b a t . F. F . S i o h h n a n . and N . I. Smi th , ,/. Pharmacol, F,.ri>. 
77ier. ,80, 160 (1944.1, 
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activity, compounds related to 1 exhibit hypermeta-
bolic,8 analgetic,9 and uricosuric10 activity. 

In 1961, Fontaine 2 a called at tent ion to the antiin
flammatory activity of 1 given orally to rats or guinea 
pigs and concluded later tha t this activity was probably 
mediated through the adrenals.2b Possibly because 
anticoagulant activity would be undesirable in a 
clinically useful antiinflammatory drug, no further 
work has been reported on 1,3-indandiones as antiin
flammatory agents. I t became the objective of this 
present work to prepare appropriately substituted 
1,3-indandiones without anticoagulant activity but 
retaining the desired antiinflammatory activity. 

Chemistry.—Preparation of almost all 2-ary 1-1,3-
indandiones required for this s tudy was accomplished 
by one of three previously described synthetic path
ways. Of greatest utility for preparing analogs with 
no substi tuents in the indane ring was the method of 
Shapiro3 b which involved condensing aromatic alde
hydes with phthalide in the presence of XaOCH 3 and 
ethyl propionate. Yields were usually high (Table I) 
and purification relatively simple. 

NaOCH, H* O^' 
0 

Since substi tuted phthalic acids were more readily 
accessible than substi tuted phthalides, a second pre
parat ive method was used involving condensation of 
arylacetic acids with substi tuted phthalic anhydrides 
followed by rearrangement in NaOCH 3 solution. 
Yields under these more vigorous conditions were 
variable but often satisfactory (Table I I ) . 

0 

ArCH.COOH 

LNaOCH, 

- H O 

-CO ' 

CHAr 0 

When 3- and 4-nitrophthalic anhydrides failed to 
produce isolable amounts of 4- and 5-nitro-1,3-in
dandiones, a milder procedure using actic anhydride 
and triethylamine according to Oskaja and Vanags1 1 

was used to condense and rearrange arylacetic acids 
with nitrophthalic anhydrides. Compounds 54-58 
(Table II) were prepared by this procedure. 

(8) U. Soderberg and C. A. Wachtmeister, J. Pharmacol. Exp. Ther., 
117, 298 (1956). 

(9) N. Kubovic, M. Prazic, and D. Atanackovic, Proc. Soc. Exp. Biol. 
Med., 90, 660 (1955). 

(10) (a) G. Pasero and N. Marini, Gazz. Med. Hal., 117, 561 (1958): 
(b) G. Masini and M. Lombardi, ibid., 119, 330 (1960); (c) G. R. Thomp
son, W. N. Nikkelson, and P. W. Willis, III , Arthritis Rheumat.,2, 383 (1959). 

(11) V. Oskaja and G. Vanags, Latvijas PSR Zinatnu Akad. Vestis, No. 
6, 57 (1961); Chem. Abstr., 66, 5895 (1962); ibid., No. 1, 81 (1962); Chem, 
Abstr., 59, 7439 (1963). 

ArCR.COOH 
AcO 

NO oy 
Almost all of the indandiones prepared in this work 

were isolated as their enol form as evidenced by their 
deep red-violet color following recrystallization from 
polar solvents such as ethanol. Ir spectra (KBr) ex
hibited a single carbonyl near 6.0 ,u and uv spectra 
determined in MeOH or M e O H - N a O H were super-
imposable.3" The parent 2-phenyl-l,3-indandione (1), 
however, was a white compound and showed two car
bonyl peaks at 5.73 (m) and 5.SI ^ (s), indicative of the 
diketo form. 

Apparent acidity constants (p.KV) were determined 
in 2:1 dioxane-water for a number of these compounds 
and correlated with antiinflammatory activity (see 
Table III and discussion below). As has been pre
viously noted,3a a 2-(2-substituted aryl) substi tuent can 
sterically interfere with coplanarity in the indandione 
and thus affect the uv absorption spectra.3b In the 
present study a marked effect on p i ? a ' was observed for 
the 2-(2-methoxyphenyl)- and 2-(2-chlorophenyl)-l,3-
indandione (Table I I I , 8 and 35, respectively). A de
creased ability to stabilize the conjugate anion in these 
nonplanar compounds may explain their decreased acid
ity as compared to closely related analogs. Compound 
15, 2-pyrazinyl-l,3-indandione, is an unusually weak 
acid possibly due to the hydrogen bond formed between 
the enol proton and the pyrazinyl nitrogen atom. 

O 

Pharmacology.—Antiinflammatory activity was 
assessed by inhibition of edema formation in the hind 
paw of the ra t (Charles River Strain, average weight 
170 g) in response to a subplantar injection of car-
rageenin. The experimental procedure followed tha t 
of Winter, et al.12 Edema formation was measured 3 hr 
after oral administration of test drug (in aqueous solu
tion), and the response of drug-treated animals was 
compared with tha t of animals receiving vehicle alone 
and animals receiving aspirin (100 mg/kg) . 

Inhibition of prothrombin synthesis was measured in 
rats by daily oral administrat ion (two doses) of drug 
(100 m g / k g in aqueous solution) 8 hr apart . Sixteen 
hours after the last dose, blood samples were drawn into 
oxalated syringes from the descending aorta while the 
animals were maintained under light pentobarbital 
anesthesia. Plasma was separated by centrifugation, 
and prothrombin time was determined automatically 
with a Model 202 clot t imer (Mechrolab Inc.) using 
thromboplast in extract1 3 as directed by the manufac
turer. 

(12) (a) C. A. Winter, E. A. Risley, and G. W. Nuss, Proc. Soc. Exp. 
Biol., I l l , 544 (1962); (b) J, Pharmacol. Exp. Ther., 141, 369 (1963). 

(13) Simplastin®, Warner-Ohilcott. 
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TAHLE I 

2-ARYL-1,3-I.\DAXI)I<JNES 

Yield, M e t h o d of C'ry>ln 
No. 

1 
2 
o 

4 

r> 
(> 
7 

s 
<) 

10 
11 
12 
1:1 
14 
15 
Hi 
17 
IS 
19 
20 
21 
22 
2:; 
24 
25 
20 
27 
2S 
29 
.">() 
31 
;J2 
• > . ) 

34 
35 
30 
37 
38 

Ar 

C6H5 

3-BrC6H4 

3-FCttTT4 

4-BrC6H4 

1-Xaphthyle 

3-N02C6li4 
3-CH3OC6H4« 
2-CIT3OC6H/ 
4-CH3OC6H4 

4-CH3C6H4 

3,4-Cl2C6H3 

2-HOC6H4 

3,5-(CHaO)2C6Ha« 
4-(HOOCCH,0)C6TT4 

2-Pyrazinyl 
3-(C6H6CII20)0JT4 

4-(C6H5)C6TI4 

4-ClC6H4 

3-ClC6H4 
3-IC6H4 

4-(CH30)-3-(S03-Na+)C6n ; l 

4-N0 2 CJI 4 

(C2H5)2NCH,CH2OC6ri, 
CH3CONHO„H4 

4-HOC6IL 
3,4-(HO)2C6H3 

4-NH2C«H4 

2,3-(CH202)C6H3 

2-Thienyl 
3-CH3C'6H4* 
2-(l-CII3-pyrrolyl) 
a-Naphthyle 

2-(COOH)C6IT4 

2,4-012C6H3 

2-0106H4 

4-(CH30)-3-((CH3)2NS02)CJT3 

3-Thienyl 
3-CII3C6H4 

49 
•18 
71 

71 
7)3 
39 
(57) 

64 
22 
77) 
(37 

9 

7S 
7)4 
64 
11 
28 
68 
63 
77) 
14 
OS 

17) 
37 
IS 

prepn" 

C 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
0 

M | > , "<• 

104..5-107. 7, 
158.5-100.5 
144-145 
214-216 
224-22G 
147-149 
170.5-172.5 
154-155.5 
143-145 
208-210 
21S-223 
190.5-102.5 
198.5-200.5 
309-310 
129-130 
200-202 
145-145.5 
152-153 
170.5-178.5 
2S0-288 
210-217 
230-232 dec 
239-241 
259-260 
252-254 dec 
227-229 
159.5-Mil ,5 
130-139 
137-139 
277 dec 
177.5-179.5 
246-27,4 
144-140 
185 5-1S7.5 
185. 5- 187.5 
137-130 
160.5-162.5 

solvent ' ' 

MEK 
E 
]•: 

E 
IPC.) 
E-W 
E 
E 
(' 
E 
E 

E 

E 
E. 
AI 
A-W 
E 
]•: 

IPO-W 
E 
E 
E 

E 
E~W 
E 

FormtMi. 

C15H9X04 
C16H1203 

C,J112()3 

C.6H1202 

Clr,HBCl202 

O,7FI10O3 

CivTIuO., 
C,-H120-, 
C1SH,N,().. 
c,,n l f lo3 
o2,ir,4o. 

C,JI,,NaO f,S-IT,0 

O.,1H23XO. !-H2O 
C,-TI,sXOs 

c.,-,rr,o()3 
C,,H,o04 

0,5ITnNO.> 
CpiTTuXX, 
0,3H,02S 
0,6II1202 

C,J I„NO, 
C,,,T [,.,(), 

C,SH,TXO;,8 

C,:iIE02S 
CiJL iO,F3 

Analyses or 
lit. lli|i. " ( ' 

165-108' 
160-' 
139-140'' 
217-2 IS'' 
C, 1 [, X 
C, 11 
0,11 
.17,2-154 ! 
143.7,0 
0, 11 
0, 11 
o, H 
c, H 
(.', II; X' 
O, 11 
O, II 
145'' 
151'' 
ITS'' 

O, H 
209-' 
0 , II, X 
('. II, X 
C. 11 
C, II 
('. II, X 
(',11 
( \ II 
C, 11 
C M l . X 
C, 11 
24.8-254'' 
143-145'' 
184-186'' 
0 , II, X 
O, II 
0,11 

" A, corresponding substituted benzaldehyde was treated with phthalide by the method of Shapiro, el «/.;3l» all substituted beu/alde-
hydes were purchased from commercial sources and used as received: B, see Experimental Section; 0 , the corresponding arylacetic 
acid was treated with phthalic anhydride as illustrated in the Experimental Section for 40. * MEK = methyl ethyl ketone, E = etha-
nol, IPO = isopropyl alcohol, W = water, C = chloroform, M = methanol, A = acetic acid. '" Eastman Organic Chemical. '' Refer
ence 3a. " Mentioned in ref 4 but no analytical data or method of preparation was given. ' 0 . F. Koelsch, J. Am. Chem. Sor., 58, 
I32S (1936). '< II. G. Krey, Pharmazie, 13, 619 (1958). * 0 . A. Bruyiies, IE F. Rekker, and \Y. Th. Nauta, Rec. Trav. Chim., 85, 1259 
(1906), report rap 137-138° for this compound but give no analytical data. ' X: calcd, 12.50: found, 12.03. 

edema effect in adrenalectomized rats indistinguishable 
from that in intact rats treated in a .similar manner 
with 1. We then proceeded on the basis that a useful 
antiinflammatory agent might be obtained from a group 
of 2-aryl-l,3-indandiones if the known111 anticoagulant 
properties of this family of compounds could be re
moved by molecular modifications. 

In evaluating the uricosuric activity of o-bromo-2-
pheny]-l,3-indandione (48) in man, Pasero and 
Marini10" concluded from two clinical cases that this 
compound did not affect prothrombin time. Later, 
.\ Tasini and Lombardi10b reported on one clinical case 
employing 48 where no changes were found in the pro
thrombin time. The present work showed 48 to have 

Bilateral adrenalectomy was performed through a 
retroperitoneal incision, while the rats were main
tained under light methoxyfliiorane14 anesthesia. Ani
mals were maintained on a normal diet with 0.9% saline 
in place of drinking water, and were used o-7 days 
postoperatively. 

Discussion 

The antiedema activity of 2-phenyl-l,3-indandione 
(1) was recognized by Fontaine211 who ascribed an 
adrenal involvement21' to the activity of 1. In the 
present work a 100-mg/kg oral dose of 1 gave an anti-

i t I) M e t o f a n e * , P i t .man-Moore . 
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TABLE II 

SUBSTITUTED 2-ARYL-1,3-INDANDIONES 

0 

No. 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

Ar 

CsH5 

3-CF3C6H4 

1-Naphthyl 
3-CH3OC6H4 

3-CH3C6H4 

2-BrC6II4 

3-ClC6H4 

4-ClC6H4 

3-FC6H4 

CBH5 

2-Naphthyl 
3-CF3C6H4 

3-FC6H4 

3-CH3C6H4 

4-ClC6H4 

CeHs 
3-CF3C6II4 

C6HB 

3-CF3C6H4 

3-CH3C6H4 

3-CH3C6H4 
3-FC3H4 

4-ClC6H4 

3-CF3C6H4 

2-Naphthyl 
C«H5 

3-Cr 30QH4 

2-Naphthyl 
3-CH3C6H4 
4-ClC6H4 

3-CH3OC8H« 
3-BrC6H4 

C6H5 

X 

5-CH3 
5-CHj 
5-CH3 

5-CH3 

5-CH3 

5-CH3 

5-CII3 

5-CH3 
0-CH3 
5-Br 
5-Br 
5-Br 
5-Br 
5-Br 
5-Br 
4-N02 

4-N02 

5-N02 

5-N02 

5-NO2 
5,6-(CH)4 

5,6-(CH)4 

5,6-(CH)4 

5,6-(CH)4 

5,6-(CH)4 

5-CF3 

5-CF3 

5-CF3 

5-CF3 

5-CF3 

5-CF3 

5-CF3 

4-NII2 

Yield, 
% 
65 
21 
52 
53 
59 
40 
72 
7 

68 
19 
47 
27 
49 
53 
54 
35 
19 
31 
12 
21 
39 
91 
90 
75 
14 
31 
50 
27 
38 
34 

Method of 
prcpn'1 

A 
F 
A 
A 
A 
A 
A 
F 
A 
B 
F 
B 
B 
B 
B 
F 
C 
C 
C 
C 
F 
D 
D 
D 
D 
F 
F 
E 
E 
E 
E 
E 
F 

C16H8F3N04 

C16H„N04 

CisHj.FO, 
Ci9HnC102 

C2oHnF302 

C23H»02 

Cl6ll9F302 

CnHsFnCX 
C20HnF3O2 

C„H„F302 

C,6H5C1F302 

C,-H„F303 

19 E 172.5-174 E-W C,6H8BrF302 

C15HuN02 
0 A, the corresponding substituted phenylacetic acid was treated with 4-methylphthalic anhydride as illustrated for compound 40: 

B, 5-bromophthalic anhydride was vised as illustrated for compound 49; C, Ac20 and Et3N were used as illustrated for 54 in the Experi
mental Section; D, method used for 59; E, method used for 64; F, see Experimental Section. b M = methanol; W = water; E = 
ethanol; IPO = isopropyl alcohol; A = acetone; N = not recrvstallized. c Footnote f, Table I. d Reference 11 and J. Klosa, Pharrn-
azie, 9, 682 (1954); Chem. Abstr., 49,10252 (1955). 

Mp, °c 
118-120 
139-140 
154.5-155.5 
100-102 
114-115.5 
131-133 
123-125 
144.5-146.5 
125-217 
163.5-167 
180.5-181.5 
154.5-155.5 
160.5-161.5 
126-128 
189.5-190.5 
134-135 
174-176.5 
205-206 
190.5-191.5 
188.5-190.5 
258-260 
329-331 dec 
335-337 dec 
262-264 
293-294 dec 
173.5-175 
129-131 
189.5-191 
126-128 
203-204 
166.5-168 
172.5-174 
207-207.5 

Cryatn 
solvent/1 

E 
E 
E 
E 
E 
E 
E 
E 
E 

E 
E 
E 
E 
E 
E 
E 
E 
IPO 
E 
A 
E 
M 
E 
E 
IPO-W 
N 
E 
E-W 
IPO-W 
IPO-W 
E-W 
E 

Formula 

C,cH1202 

CnHnF302 

C2oHi40» 
CnHi403 

Cl7H|402 

CleII„Br02 

Ci6Hi,C102 

Ci6HuC102 
CI6H„F02 

CHuBrOs, 
C16HsBrF302 

CioHsBrF02 

Ci6H„Br02 

Ci5H8BrC102 

C15H9N04 

Ci6H8F3N04 

Analyses or 
lit. rap. °C 

C, H 
C, II 
C, H 
C, H 
C, II 
C, II 
C, II 
C, II 
C, II 
167" 
C, H 
C, II 
C, H 
C, II 
C, II 
C, H, X 
C, H, N 
201d 

C, H, N 
C, II, N 
C, H 
C, H 
C, H 
C, II 
C, H 
C, H 
C, H 
C,H 
C, H 
C, H 

C, II 
C, II 
C, II, N 

a reduced (compared to 1) but distinct effect on pro
thrombin time in rats after nine oral doses (100 mg/kg) 
8 hr apart . 

At the time of measurement of inhibition of edema 
(3 hr after oral administration) none of the compounds 
discussed herein had effected a prolongation of pro
thrombin time. This was to be expected, since the 
action of indandione and coumarin anticoagulants 
(inhibition of hepatic synthesis of pro thrombin) l b re
quires 16 hr before an effect on plasma prothrombin is 
noted. 

From a comparison of antiinflammatory and pro
thrombin activities in a group of nuclear tmsubstituted. 
2-aryl-l,3-indandiones (1-38, Table I I I ) , there ap
peared a suggestion of diminished prothrombin effects 
with retention of antiinflammatory activity in certain 
compounds with 2-aryl groups meta substi tuted with 
large groups {e.g., 2, 6, 7, 20). Combination of a meta-
substi tuted 2-aryl group with a 5 substi tuent on a 1,3-

indandione produced a group of compounds with no 
measurable prothrombin effects in rats but which re
tained useful antiinflammatory activity (e.g., 42, 44, 
45, 49, 57, 67, etc., Table I I I ) . Furthermore, like 1, 
compounds 2-4, 44, 49, 67 retained undiminished anti
inflammatory activity in adrenalectomized rats at an 
oral dose of 100 mg/kg. 

A further requirement for useful antiinflammatory 
activity was deduced after determining the apparent 
acidities (in 2 : 1 dioxane-water) of almost half of the 
compounds prepared. With only three exceptions 
(15, 35, and 16) all active compounds exhibited a pKa' 
of 5.9 or less. Three examples (54, 56, and 65) with 
pK&' as low as 3.5 were also active antiinflammatory 
agents but one compound (55) with p i iV = 3.0 was in
active. When coplanarity in the conjugate base was 
prevented by a large 2-aryl group (e.g., 8) or a basic 
amine function was introduced (e.g., 23, 27), pKa' was 
increased and antiinflammatory activity was abolished. 
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66 
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BishydroNycoumarin 
Warfarin 
2-Pivalyl-l ,3-indaudione 
Phenylbutazone 
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-f 
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No. 
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" Antiinftainmatory activity is reported as a mean inhibition of edema in the treated animals within the range of 0.5 1.7> times 
that of the mean inhibition of concurrently treated animals receiving aspirin (100 mg/kg po); +, drug given at 100 mg/kg: 4-4-, 
drug given at 33 mg/kg: 4 - 4 - + , drug given at 10 mg/kg po. Compounds with antiinflammatory activity (at 100 mg/kg) of less 
than 0.5 times aspirin are reported as —. b 4-, prolongation of prothrombin time 16 hr after administration of nine oral doses, 8 hr 
apart (100 mg/kg po); + + , prolongation of prothrombin time 16 hr after administration of two oral doses, 8 hr apart (100 mg/kg 
po); —. no prolongation of prothrombin time after nine oral doses (100 mg/kg po). '- For comparison, J. Linabergs and A. 
Xeis [hatvijas PSR Zinainu Akad. Vestis, No. 2, 213 (1962); Chem. Abstr., 58, 8443 (1963)] report a pA'„ of 4.2 for 1 in 
w a t e r - t ' ( methanol. In the present work all pAV values were determined in 2:1 dioxane-water (v/v). ' ' Identical results were 
obtained with these compounds in both adrenaleetomized and nouadrenalectomized lats dosed at 100 mg/kg po. 

Experimental Section1 procedure 

Most compounds were prepared by one of three known methods 
as indicated in Tables I and I I . Preparative methods differing 
from the known techniques are described below. 

2-(2-Hydroxyphenyl)-l,3-indandione (12).—A solution of 
1.0 g (0.004 mole) of 2-(2-methoxyphenyl)-l,3-indandione (8) 
in 2.5 ml of 4S(yc. HBr was remixed for 3.7) hr. After cooling, the 
dark red solids were filtered and recrystallized from a small 
amount of EtOH yielding a tan solid, 0.34 g (39C:{). 

Similarly, 2-(4-hydroxyphenyl)- and 2-(3,4-dihydroxyphenyl)-
1,3-indandione (25 and 26) were prepared from the corresponding 

(15) Meltintr po in t s were d e t e r m i n e d in a T h o m a s - H o o v e r capi l lary 
meltirm point a p p a r a t u s usini>: a ca l ibra ted t h e r m o m e t e r and are cor rec ted . 
Po ten t iomet r i c t i t r a t ions were carr ied out in 2:1 d ioxane- f l sO (v v) so lvent 
usiny; a l l e ckman Model G p H mete r and s t a n d a r d 0.5 .V X a O H , T h e 
a p p a r e n t ]>Ka va lues cor respond to t he p H values a t tlie ha l f -neut ra l iza t ion 
point in these t i t r a t ions , Ir spec t ra were d e t e r m i n e d in K l ! r pel lets . 
Analyses u e r e carried out by the Physical .Measurements L a b o r a t o r y of 
C'has. Phxer' A- Co., Inc. Where analyses are ind ica ted only by symbols of 
the e lements , ana ly t ica l results ob ta ined lor those e lements were within 
r. 0.4' ; of (.In-theoretical values . 

2-(methoxyphenyl)-1,3-indandione analogs by 
analogous to that described above. 

2-Pyrazinyl-l,3-indandione (15).—To a solution of 12.3 g 
(0.110 mole) of potassium Z-butoxide in 150 ml of dry D i l F was 
added 4.7 g (0.050 mole) of 2-methylpyrazine. To this deep 
red solution was slowly added 11.1 g (0.050 mole) of diethyl 
phthalate in 20 ml of D i l F , After 3 hr at room temperature, 
the blue-green solution was evaporated to dryness under reduced 
pressure. After partitioning between H 2 0-E t 2 0 , the 1T20 layer 
was acidified with IIC1 to produce a yellow solid, 6.2 g. Re-
crystallization from 1 1. of CHCI3 yielded 2.5 g (22-^) of pure 15. 

2-(4-Aminophenyl)-l,3-indandione (27).—A suspension of 
2.8 g (0.010 mole) of 2-(4-aeetamidophenyI)-l,3-mdaudione (24) 
in 100 ml of 0 .V HC1 was remixed for 4 hr. After filtration the 
tan insolubles were dissolved in aqueous NaOH and the red solu
tion was acidified with AcOH to p l l 6. Filtration of the red 
precipitate and recrvstallization from EtOH yielded 0.76 g 
(28%) of 27, mp 227-229." 

5-Methyl-2-(3-trifluoromethylphenyl)-l,3-indandione (40). 
A thoroughly mixed combination of 4.8 g (0.030 mole) of A-

lti) T": 
.Hid, has been 

p repared by reduc t ion o 
orted5 to melt a t 198-200° 

tjrrespondin.a ititt 
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methvlphthalic anhj'dride (Eastman Organic Chemicals), 6.2 
g (0.030 mole) of m-trifluoromethylphenylacetic acid (Pierce 
Chemical Co.), and 100 mg of anhydrous NaOAc was heated 
under N2 (using an electric heating mantle connected to a py
rometer) at 290° for 3 hr. The resulting soft solid was triturated 
with 75 ml of 10% NaHC0 3 , and the insolubles were quickly 
filtered and dried under vacuum over P20;;. A combination of 
the resulting dry solid with 50 ml of MeOH and 2.2 g (0.045 mole) 
of NaOCHs in 50 ml of MeOH produced an immediate red 
solution. After remixing for 0.5 hr and evaporation to dryness, 
the residue was taken up in H20 and acidified with excess 6 A' 
HC1. The resultant red precipitate was filtered, 4.0 g, and re-
crystallized from EtOH to yield 1.9 g (21%) of 40. 

5-Bromo-2-(2-naphthyl)-l,3-indandione (49).—Preparation of 
4-bromophthalio acid was accomplished by either the method of 
Stephens17 (7% yield, mp 165° dec) or by the oxidation of 4-
bromo-o-xylene with permanganate18 (20% yield, mp 116° dec). 

Iiefluxing a solution of 3.7 g (0.015 mole) of 4-bromophthalic 
acid for 2 hr with 50 ml of Ac20 containing 1 drop of H2S04 

followed by evaporation to dryness produced 4-bromophthalic 
anhydride. To the crude anhydride was added 2.8 g (0.015 
mole) of 2-naphthylacetic acid and 50 mg of anhydrous NaOAc. 
Heating the solid mixture under N2 at 275° for 2 hr (electric 
mantle, pyrometer), followed by cooling, produced a brown solid 
which was rapidly triturated with 10% NaHCOs and dried under 
vacuum. The thoroughly dried crude solid was rearranged in 
100 ml of remixing MeOH containing 2.1 g (0.039 mole) of Na
OCHs. After 1 hr the reaction was evaporated to dryness, dis
solved in H20, and extracted repeatedly with E t 2 0 and the 
aqueous layer was acidified with 6 X HC1 acid. The crude red 
precipitate was immediately recrystallized from EtOH to yield 
2.5 g (47%) of 49. 

2-(4-ChlorophenyI)-5-methyI-l,3-indandione (46).—A solu
tion of 4.9 g (0.030 mole) of 4-methylphthalic anhydride, 5.1 g 
(0.030 mole) of jD-chlorophenylacetic acid, 109 g (1.07 moles) of 
Ac2(), and 91 g (0.09 mole) of Et3N was heated on the steam bath 
for 0.5 hr. The dark brown reaction was then poured onto 200 
g of ice containing 90 ml of concentrated IIC1. The resulting 
gum was separated and dissolved in 400 ml of 5% NaOH, washed 
several times with E t 2 0 , and acidified with concentrated HCl 
to produce a red solid 46, 0.57 g (7%). 

Yields of 5-methyl-2-aryl-l,3-indandiones made from 5-
methylphthalie anhydride and arylacetic acids by the method 
described above for 40 were superior to yields obtained bv the 
method used for 46 (Table II). 

4-Nitro-2-phenyl-l,3-indandione (54).—A solution of 9.65 g 
(0.05 mole) of 3-nitrophthalic anhydride, 6.8 g (0.05 mole) of 
phenylacetic, acid, 182 g (1.8 moles) of Ac20, and 15.2 g (0.15 
mole) of Et3N was warmed on the steam bath for 15 min. After 
cooling, the reaction was poured onto a mixture of ice and con
centrated HCl. The resulting gummy solid was separated and 
dissolved in aqueous NaOH and washed repeatedly with E t 2 0 and 
the cooled aqueous layer was acidified with 6 .V HCl. Continued 
stirring at 0° finally produced a granular solid, 4.7 g (35%,). 

2-(?;t-Tolyl)-2,3-dihydrobenz(/]indene-1,3-dione (59).—The re
quired anhydride was produced from 4.3 g (0.02 mole) of 2,3-
naphthalene dicarboxylic acid, 50 ml of Ac»0 and two drops of con
centrated H2S04. After refluxing for 2 hr and evaporation to dry
ness, the resulting solid was stored over P 20 5 under vacuum. A 

(17) H. N. Stephens, ./. Am. Chem. Soc, 43, 1952 (1821). 
(18) I I . Newman and E. H. Wiseman, J. Org. Chem., 26, 3208 (1961). 

thorough mixture of this solid, 3.0 g (0.02 mole) of m-tolylacetic 
acid, and 100 mg of NaOAc was heated under N2 at 270°. After 
3 hr of heating the reaction was allowed to cool and solidify. 
To this solid was added 20 ml of MeOH and a solution of 3.3 g 
(0.06 mole) of NaOCH3 in 50 ml of MeOH. After refluxing 1 hr 
and evaporating to dryness, the residue was dissolved in 250 ml 
of H 2 0 and washed repeatedly with E t 2 0 . The cooled aqueous 
phase was acidified with 6 .V HCl and yielded an orange solid. 
Kecrvstallization from 1 1. of boiling Me2CO yielded in several 
crops 2.2 g (39%) of 59. 

5-Trifluoromethyl-2-phenyl-l,3-indandione (64).—The re
quired anhydride was prepared from 4.7 g (0.02 mole) of 4-tri-
fluoromethylphthalic acid,19 50 ml of Ae.O, and 1 small drop of 
concentrated H2S04. After refluxing for 4 hr, evaporation to 
dryness produced a dark solid which was stored over P20,j. 

A combination of the above residue, 2.7 g (0.020 mole) of 
phenylacetic acid, and 200 mg of anhydrous NaOAc was heated 
to 270° as above. After cooling, the residue was subjected to 
high vacuum for approximately 15 min. After dissolving the 
solid in 50 ml of MeOH, a solution of 4.3 g (0.080 mole) of Na
OCHs in 30 ml of MeOH was added. The resulting dark red 
solution was refluxed 1 hr, cooled, evaporated to dryness, dis
solved in 150 ml of H>0, and acidified with 6 A" HCl to produce a 
red solid which was recrystallized from EtOH; yield of 64, 
1.8 g (31%). 

2-(3-Trifluoromethylphenyl) - 5-trifiuoromethyl-l,3-indandione 
(65).—The anhydride of 4-trifluoromethylphthalic acid was 
prepared as described for 64 above. To the crude anhydride 
residue was added 8.2 g (0.040 mole) of m-trifluoromethylphenyl
acetic acid (Pierce Chemical Co.) and 400 mg of anhydrous 
NaOAc. After heating at 265° for 2 hr, the residue was subjected 
to high vacuum for approximately 15 min. This residue was 
then combined with 25 ml of MeOH and a solution of 8.7 g (0.16 
mole) of NaOCH3 and 100 ml of MeOH. After refluxing for 0.75 
hr and evaporation to dryness, the residue was dissolved in 300 
ml of H20 and extracted three times with 200-ml portions of 
E t 2 0 . In this case, however, the E t 2 0 layers extracted consider
able dark material. Acidification of the aqueous layer produced 
only a small amount of black oil. Evaporation of the ether layers 
produced a solid which was dissolved in H20 and strongly acidified 
to precipitate a red solid (65), 7.1 g (50%). Apparently, the 
influence of two lipophilic trifluoromethyl substituents causes 
the sodium salt of 65 to extract out of aqueous base into ether. 

4-Amino-2-phenyl-l,3-indandione (71).—A solution of 3.0 g 
(0.011 mole) of 4-nitro-2-phenyl-l,3-indandione (54) in 150 ml 
of absolute EtOH was stirred by bubbling in dry N2. After 
addition of 2.3 g (0.045 mole) of hydrazine hydrate a small por
tion of fresh Raney nickel catalyst was added. After 20 min at 
room temperature a second portion of catalyst was added. After 
1 hr excess catalyst was added and mixture was heated to boiling 
and filtered while hot. Acidification with 6 A HCl and addition 
of H20 precipitated a yellow solid which was recrystallized from 
EtOH to yield 1.5 g (55%) of 71. 
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