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worked np to give 9.0 g of an oil which, on redisiillarion, vielded
R0 g (S977) of a colorless iquid, hp 100° (0.G ), n*n 1.5264.
Cilpe showed the parity 1o he 99470 mmr (CDHCLy, 8 1331
6, (CHL)-Cl, 163 (1 1 O, 5.7 2 1, CH, 5,80 €5 1
CHL0), 6.72-7.25 (4 L, aromalie, geele snbstiimion . L,
1Cod 00 C, T

The alcohal IX, with dry HCL PBryoin B0, or SOCL in
Cslli gave complex mixrares.

3-(3-Methoxyphenyl)-3-methylbutyronitrile (X 1L--—-A1 0°, 461
g (0.402 mole) of MeSO.Cl was added dropwize 10 a sobinion of
65.G g (0.3604 male) of TX i 262 ml of dryv CILLN.  The mixinre
was allowed to warm 1o mowm temperaiure avernight and ponred
o 500 mlb of 1,0, 'The snxpension was exiracred wirh 1hrec
1060-ml portions of Ki).  The exiracis were washed once with
cold H.0, cald 10¢; HCL and cold TLO, then dried over MgSO..
Distillation of rhe =olvent m a rorary evaporaior left 88.0 g of o
colortess, oily mesylaie.  The ir <pecirnm uear, film} showed no
O absorption bands v the 3000-3500-cm—t region. Thix
crude mesvlate (83 g, 0.322 mole) was heated and =iirred wirth
19.7 g (0.402 mole) of NaCN and 322wl of DIMSO at 95-100°
for 4 dayx. The cooled mixtire was ponred into 1L of H.O and
exiracted with rhree 250-ml portions of 1:1 Tt.O-Cills from
which, after the nsnal work-np, 47 g of an amber oil was ob-
tained.  Disrillarion 15-cm Vigrenx cobamdr vielded 22,6 g
(7001 of colarless oil, hip D9° QOIS nung, nth 15215, Glpe
showed the prodner to be O3 pmae:r nimre (CDCLY, 6 (.48 15
I, (CH.CH 2058 (2 1, ClH), 380 (3 11, CILO), and 6.7-7.5
14 H, avamatic).  dnel. (CoHNOJC) L, N

3-(3-Methoxyphenyl)-3-methylbutylamine / XI) Hydrochloride.
—=Nitrile X, 22.6 g (0.12 mole) in 23 ml of Er.0, was added drop-
wixe 10 a stirred sn=pension af 3.7 g {0.15 mole) of TiAI, in
150 mlof B0, Afrer 1.3 o of refluxing, 1he mixtire wax cooled
and decompased with H.0, and 3 g of filteraid was added: the
snspension was filtered throngh o bed of filieraid.  From the
filrate, afier removal of the solvenr, 23 ¢ {nemrly quamitatives
of a colarless ail, homogeneons hy e, was ohitained. A =ample
of this ail was canverted to the hydrachloride, ax described for
IV-HCL  The =alt was rearvstallized from ~PrOH-E10Ae:
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mp FTD=171%0 pUs 30D0-2925 1hrosady, 2000, and 15495 cm
dnad. 1CGHLNO-HCH G, H, CL

3-(3-Methoxyphenyl)-3,N,N-trimethylbutylamine «XI; Hy-
drochloride.- -Six grom= (D031 mole) of N1 wax 1reared wiile
T3 g 156 moley of HCOL and 7.57 ¢ 10,005 1aoley of 376,
CHL0, ax deseribed for Voo After IS hy of refbiong, 5.5 mlb i
12N HCHwas added, and ihe =obnion was 1aken 1o dirvness in «
rolary evaporator.  The white =olid this obiained was shirriced
i E1OAe and collecred by filtrmion 1o vield 6.2 g of XTHITCL
Thix prodocr was reerystallized 1wice from ~PrOIl-F10OAc:
i G- 1470 B8 o0 chroadsy, 2650, 2550, 2170, 1600, and
ESND e =G gaur (DNMRO-=ded, 8 132 {6 H, «ClLoCl 17 sn
iS 1L CHLNGC w50 93 1 CHLO 7 6.6 7.5 040 Haromanie?,
Pl (CollyNO-HCH G 1 CL

3-(3-Hydroxyphenyl -3,N,N-trimethylbutylamine Hydrochlo-
ride (XIIT-HCD. --Canponnd XIT (5,13 gz, 0012 mole; wus re-
finxed with 150 ml of 4877 IHBr for 5 hr. The acid was removed
i rotary evaporator leaving a <olid residvie whicl was dissolved
i 25 mlbof 0. Thix salnion wias miade alkaline with NHO1H,
theun exiruceted four times with 15-ml portions of 1.0, ‘The
60O exivacis were washed with HLO and dried over K.CO.
The =olverd wax disiilled nnder rednced pressnre, keaving 4.0 ¢
of an ambier il 11 owas discolved i 20 ml of ~PrO and excess
dry HCTin 1.0 was added. A hrowicsolid, 3.8 g, mp 1as-202°,
wis obtained.  Three recrvsiallizations from PrOH gave 1.0
g ool NI T1CE as white eyvainlss mp 201.5-202%0 08" oK,
3000, 2675, 2520, 2400, 1610, and 1300 e~ (D NSO«
SISO L (CH R C 03 02 HL ClLy 2,70 [N 1 CHLN(CH W,
6.8--7.4 (4 T aromearices, 9.42 (1 H, OfL), and L2540 L, N1Ew
Anal, (Coll, NO-HCH CLHE, CL
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Previansly reported antiiuflammatory acnviiy for 2-phenyl-1,3-indandione 11) was confirmed in rats.
ponnd 1 also inhibits blaod eaagnlatian in #ivo, by inhibiring the hepatic synrhesix of prathrambin.

Come-
However, w1

the time of measirement af antiedema nctivity (3 hr post-carrageenin injeciian} ueither 1 nor the other anii-
caagulants wartarin, bishydroxyconmarin, or 2-pivalyl-1,3-indandione had indneed a coagnlation defect; of these

fanr eamponnds anly 1 had antiinflammatary setivity,
Hanmmatary from anticaagnlant activiny in some 2-arvhindandiones,
inhibitian of earrageenin-indnced paw edema and far inhibition of prorhrombin synthesis.

The aim of this program was the separation of antiin-

All campomds were tested in the rat for
Resnlts shawed masr

unclear nnsnbstituted 2-aryl-1,3-indandiones to be inhibitors in hoth tests; however, fairly large meta snbsiir-

nents on the Z-aryl functian diminished anticoagulant activity.

T addirian, certain snbstitnenis in the indanc

ring snccessfully removed anticoagnlant activity while retaining antiinflammatory activity in many cases.  The
acidity of thase componnds with antiinflammatory activity was fonnd to be resivicred 10 a faitly narrow range.

The property of 2-aryl-13-indandiones to inhibit
blood coagulation has been thoroughly studied and
has led to three analogs with clinieally useful anticoagu-
lant activity.' Owver the course of some 20 years the
greatest amount of interest has centered around the
parent 2-phenyl-1,3-indandione (1) and its effect on
blood prothrombin levels. Extensive structure-ac-
tivity relationships have beeu developed?~ for analogs

/1) (u) Vresented in part belore the Meldicinal Division at the 154th
Nalional Meeting of the American Cliemical Society, Chicago, Tll., Sept
12, 1957, Abstract No. P-19; (b) L. 8. Goodman and A. Gilman. “The
Pharimacological Basis of Therapeutics,”" 3rd ed, The MacMillan Co., New
York, N. Y.. 1965, pp 1450-1458.

of 1T 1 an attempt ta improve the therapeutic index of
anticoagulant activitv. In addition to anticoagnlant

27 i L. Fontaine, M. Odievre, Y, Acbhet, and B. Drevon, Therapie,
16, 34 (1961); {1y L. Foncine, M, Grand, Y. Queutin, aml 8. Merle, 1/ vd.
Fhoarnaeeol, Eep., 18, 137 (100641,

i3) (a) 8. L. Shapire. I$. Ceiger, and L. Freedman, J. Org. Chem., 26,
1860 (1960); (1 &. L. Shkapico, K. Geiger, J. Youlus, anl L. ¥reedman,
1h(l., 26, 3580119611,

1) 11 Molho, Proceeling of the Tnternational Conference vn Thromnhesis
and Einbolism, Basel, 1654, p 193,

¢5y J. Cavallini, A. Mila. A. Grumelli, and 1. Ravenna, Furmian, See,
127.,10, 710 (16551,

G P Nraciar, Chea, Zeest(, 16, D6 (10621 Chem. Ahste,, §9, 2731
10631,

riy H. Kabac, )20 1.
Ther,, 80, 160 (1944,

Swhhmaa, and N. T, Smith, J. Phomaead, Erp,
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activity, compounds related to 1 exhibit hypermeta-
bolie,® analgetie,® and uricosuric!® activity,

In 1961, Fontaine?® called attention to the antiin-
flammatory activity of 1 given orally to rats or guinea
pigs and concluded later that this activity was probably
mediated through the adrenals.?? 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. It 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-aryl-1,3-
indandiones required for this study was accomplished
by one of three previously described synthetic path-
ways. Of greatest utility for preparing analogs with
no substituents in the indane ring was the method of
Shapiro® which involved condensing aromatic alde-
hydes with phthalide in the presence of NaOCH; and
ethyl propionate. Yields were usually high (Table I)
and purification relatively simple.

0O

0 + ArcHo 29
4 H
0 0
1| NaOCH, 1l H
O ] T > Ar
CH—Ar_x% 0)

Since substituted phthalic acids were more readily
accessible than substituted phthalides, a second pre-
parative method was used involving condensation of
arylacetic acids with substituted phthalic anhydrides
followed by rearrangement in NaOCH; solution.
Yields under these more vigorous conditions were
variable but often satisfactory (Table II),

0}

. ) -HO
X 0] + ArCH.COOH W
0]
0] 0
NaOCH H
X 0 LR, X Al
P
CHAr O

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

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

(9) N. Kubovie. M. Prazie, and D. Atanackovie, Proc. Sor. Erp. Biol.
Med., 90, 660 (1955).

(10) (a) G. Pasero and WN. Marini, Gazz. Med. Ital., 117, 561 (1958);
() G. Masini and M. Lombardi, #bid., 119, 330 (1960); (c¢) G. R. Thomp-
son, W. N, Nikkelson, and P. W. Willis, ITI, 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); sbid.. No. 1, 81 (1962); Chem,
Abstr., 59, 7439 (1963).
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()
NO,
0 + ACHCOOH === ——
0 . O
NO. H

Ar

()

Almost all of the indandiones prepared in this work
were isolated as their enol form as evidenced by their
deep red-violet color following recrvstallization from
polar solvents such as ethanol. Ir spectra (KBr) ex-
hibited a single carbonyl near 6.0 g and uv spectra
determined in MeOH or MeOH-NaOH were super-
imposable.?®2 The parent 2-phenyl-1,3-indandione (1),
however, was a white compound and showed two car-
bonyl peaks at 5.73 (m) and 5.81 p (s). indicative of the
diketo form.

Apparent acidity constants (pK,") 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,® a 2-(2-substituted aryl) substituent can
sterically interfere with coplanarity in the indandione
and thus affect the uv absorption spectra.®® In the
present study a marked effect on pK,’ was observed for
the 2-(2-methoxyphenyl)- and 2-(2-chlorophenyl)-1,3-
indandione (Table III, 8 aud 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-pvrazinyl-1,3-indandione, is an unusually weak
acid possibly due to the hydrogen bond formed between
the enol proton and the pyrazinyl nitrogen atom.

O~y
15

Pharmacology.—Antiinflammatory  activity  was
assessed by inhibition of edema formation in the hind
paw of the rat (Charles River Strain, average weight
170 g) in response to a subplantar injection of car-
rageenin. The experimental procedure followed that
of Winter, et al.'? 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 that of animals receiving vehicle alone
and animals receiving aspirin (100 mg/kg).

Inhibition of prothrombin synthesis was measured in
rats by daily oral administration (two doses) of drug
(100 mg/kg 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 timer (Mechrolab Inc.) using
thromboplastin extract!® as directed by the mamifae-
turer.

(12) (a) C. A. Winter, E. A, Risley, and G. W. Nuss, Proc. Soc, Mzp.

Biol., 111, 544 (1962); (b) J. Pharmacol. Exp. Ther., 141, 369 (1963).
(13) Simplastin®, Warner-Clileott.
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2-ARYL-1,3-INIINDIUNES

e
1|
X
Yield, NMethold of
No. Ar i prepu
1 (761{5 C
2 S-BI‘CGII.; A
3 3-FCsH, A
4 4-BI‘C5H4 A
B 1-Naphthyle A
6 3-NO.Cells 49 A
7 3-CH;OCsH e 58 A
S 2-CIT,OCH ¢ 71 A
9 4-CH,0Cs11, A
10 4-CH,Cel1,4 71 A
11 3,4-CLCsHs 53 A
12 2-HOCeH, 30 B3
13 3,{1-(CH30 )sCeHye 65 A
14 4-(HOOCCH,0)C,I1, 64 A
15 2-Pyrazinyl 42 B
16 3-(CeHCILO)CH 5 A
i 4-(Co5)Csly 67 A
IR 4-CICsl1, A
19 3-CIC,IT, A
20 3-1Cs114 A
21 4-(CH;0)-3-(S05~Nat)Celly 9 A
22 4'NOQCGI{4 “\
23 (CH3):NCH.CH,OCH 78 A
14 CH;CONHC:H, Ot A
24 4-HOC,IT, 64 B
206 1,4-(HO).CeH; 11 B
27 4-NH,CsH, 28 B
2K 2,3-(CH,0,)C:H, 68 A
20 2-Thienvl 63 A
30 3-CH,RCl 14 75 A
31 2-(1-ClIs-pyrralyl) 14 A
32 a-Naphthyle 63 A
33 2-(COOH)CsH, A
EE| 2,4-CLCH; A
B 2-CICsll, A
30 4-(CH;30)-3-((CH3).NSO)Cl T, 15 A
KN s=Thienyl 37 A
38 3-CHLCeHy IS8 &

H
Ar

Crystu
Mp, o

Ar@alyses e
e g, 2O

solveat” Faranca

HG4.5-167 .5
148.5-160.5
144-145
214-216

1671=168
10+

30 140
2172189

224-026 MEK CilTN O« C, 1N
147—149 I: (l(hII)z()J (‘, [I
170.5-172.5 I CeeOs ¢, H
154-115.5 1521547
143-145 I, CisIT 0. 143 50
208-210 Iro C:HCLO. C 1t
218-223 F-\W 004 ¢
190.3-102.5 I, CrH O, ¢, 1
1085200 5 I Cy:He0s G, 1
309-310 { C i HNLO. (11 NY
120-136 b CaaTT 0y SI)
200-202 by Ca T 11
145-145.53 1454
152-153 1514
176.5-178.5 178
286288 I Ceall(NaOeS - TLO ¢, 1
216217 2004
230-232 dee B Co HpNO - TLO C I, N
230-241 I CallNO; C LN
250-260 A CoiH 05 ¢
252254 dec A-W CalloOy ¢ 1
227229 I CuHNO. C, 11, N
15051615 i) Cio )y (G
1536130 POV CiH 0.8 (O

137 ~130 I (1100, ) 11

277 dec I CuIT(NO. COHLN
177 .5-1740.5 I C oIl ¢t
246-254 24822541
14-146 143~ 145¢

INH 5=187.5 1841864

INS - I8T .5 I CoINOsS C, N
1371350 F--W CulLO.S 11
160.09-162.5 I CiIT0.F ¢, Tt

« A, corresponding snbstitnted henzaldehyde was treated with phthalide hy the meihod of Shapiro, ¢t ol 20 all substiimted benzalde-
hydes were piurchased from commercial sonrces and nsed as receivetl: B, see Ixperimenial Section; (), 1the carresponding arvlacelic

acid was treated with phthalic anhydride as ilhistrated in the Experimental Section for 40,
nol, IPO = isopropyl alcohol, W = water, C = chlaraform, M = merhanol, A = acetic acid.
¢ Mentioned in ref 4 but no analytical data ar method of preparation was given.
hCo A Brivies, R F. Rekker, and W. Th, Nauta, Rec. Frav. Chin., 83, 1250

elee Hi.

132% (193G). ¢ H. G. Krey, Pharmazie, 13, 619 (1958).

(1466), report mp 137-138° for this compound bng give no analytical data.

Bilateral adrenalectomy was performed through a
retroperitoneal ineision, while the rats were main-
tained under light methoxy-fluorane'* anesthesia.  Aui-
mals were maintained on a normal diet with 0.997 saline
in plwce of drinking water, and were used 35-7 days
postoperatively.

Discussion
The antiedema activity of 2-phenyl-1,3-indandione
(1) was recognized by Fontaine? who aseribed an
adrenal involvement?” to the activity of 1. In the
present work a 100-mg/kg oral dose of 1 gave an anti-

(11 Mewofane™, Picaman-Moore,

" AEK = methyl ethyl ketane, Iv = otha-
© Kastman Organic Chemical.  # Refer-
" C. F. Koelsch, J. Am. Chem. Sor., 58,

CN: o ealed, 12,305 fond, 12,03,

cdemn effeet in adrenalectomized rats indistingnishable
from that m intact rats treated in a similar manner
with 1. We then proceeded on the basis that a useful
antiinflammatory agent might be obtaiued from a group
of 2-ryl-1,3-indandiones ¢f the known!" anticoagulant
properties of this family of compounds could be re-
moved by molecular modifications.

Iu evaluating the wuricosurie activity of 5-bromo-2-
plienyl-1,3-indandione  (48) in man, Pasero and
Marini®® concluded from two clinical cases that this
compound did not affect prothrombin time. Later,
Masini and Lombardi'® reported on one clinical case
employving 48 where no changes were found in the pro-
thrombin time. The present work showed 48 ta have
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TausLe IT
SUBSITTUTED 2-ARYL-1,3-INDANDIONES
0O
H
X Ar
0]
Yield Method of Crystn Analyses or
No. Ar X T prepn* Myp, °C solvent? Forinula lit. mp, °C
39 CeHs 5-CH; 65 A F18-120 E CI,0; C, H
40 3-CF;CsH, 5-CH; 21 F 130-140 E C7H, F30. C H
41 1-Naphthyl .'-)-CHa 52 A 104.0-155.5 1) ConmOg C, H
42 3-CH;0CeH, 5-CH, a3 A 100- 102 E Ci7H1404 C H
43 3-CH;CeH, 5-CH, 59 A 114-115.5 12 CyH,40, C H
44 Z-BI'CGII,; .B-C}Ia 40 A 131-133 I C(ﬁII)]Bl'Oz C, 11
4-) 3-C1CGII4 5-CIIa 72 .-\ 1..23—1'_).-) E C]GI{])CI()Q C, II
46 4-C1CeH, 5-CHs, 7 F 144.3-146.3 10} CysH,,ClO, C, H
47 3-FCsHy 5-CHj 68 A 125-217 L Cied, FO, C, H
48 CeHs 5-Br 19 B 163.5-167 . 167¢
49 2-Naphthyl 5-Br 47 F 180.5-181.5 E CyoH1BrO, C, H
50 3-CF3CeH, 5-Br 27 B 154.5-155.5 E CysHsBrF;0, C, H
51 3-FCeH. 5-Br 49 B 160.5-161.5 IV Ci:H;BrFO, C,H
52 3-CH3C5H4 5-BI‘ 23 B 126-128 E C]GH“BrOQ C, H
33 4-CIC¢H, 5-Br 54 B 189.5-190.5 E Ci5HsBrClO, C, H
4 Colls 4-NO, 37 F 134-135 E C:H,NO, C, H,N
55 3-CF;CeH, 4-NO; 19 C 174-176.5 E CieHsF3NO, C H N
6 CelTs 5-NO, 31 C 205-206 E 2014
57 3-CF3Cel4 5-NO, 12 C 190.5-191.5 1PO CeHsFsNO, C,ON
a8 3-CH3CeH, 5-NO: 21 C 188.5-190.5 E CieHoNO,4 C, 1N
50 3-CH,CoH, 5,6-(CH)y 39 F 258-260 A CwH 40, C, H
60 3-FCaH4 5,6-(CI{)4 91 D 329-331 dee E C]QH])FOQ C, H
61 4-CIC6H4 :),6-(CH)4 90 D 335"337 dec M C)9H11C102 C, H
62 3-CF3CeH, 5,6-(CH )4 75 D 262-264 E CyH, 1 F30, C, I
3 2-Naphthyl 5,6-(CH ), 14 D 293-294 dec E Ci3H 40 C 1
64 CeHs 5-CF; 31 F 173.5-175 IPO-W CieHF;0. C, 1
65 3-CF;CeH, 5-CF; 50 F 129-131 N Ci:HsF40, C, H
66 2-Naphthyl 5-CF, 27 E 189.5-191 E Cool,F0, C, H
67 3-CH,CeH,4 5-CF; 38 E 126-128 E-W C,;1,F;0, C, H
68 4-CICeH, 73-CFy 34 E 203-204 IPO-W CxHsCIF;0, C, H
69 5-CH;0CsH, 5-CF; 33 E 166.5-168 TPO-W CH,F;04 C, 1
7() 3-B1'C5H4 S-CFs 19 E 172 Lo 174 E—\Y C]ﬁI{gBl'FaOz C, II
71 CsH; 4-NH, 35 F 207-207.5 E CHoNO; ¢, 11, N

2 A, the corresponding substitnted phenylacetic acid was treated with 4-methylphthalic anhydride as illustrated for eomponnd 40;
B, 5-bromophthalic anhydride was used as illustrated for compound 49: C, Ac,0 aud Et;N 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.
ethanol; TPO = isopropyl alcohol; A = acetone: N = not recrystallized,

azie, 9,682 (1954); Chem. Abstr., 49,10252 (1955).

a reduced (compared to 1) but distinet effect on pro-
thrombin time in rats after nine oral doses (100 mg/kg)
S 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 prothrombin)!” re-
quires 16 hr before an effect on plasma prothrombin is
noted.

Irom a comparison of antiinflammatory and pro-
thrombin activities in a group of nuclear unsubstituted
2-aryl-1,3-indandiones (1-38, Table III), there ap-
peared a suggestion of diminished prothrombin effects
with retention of antiinflammatory activity in certain
conipounds with 2-arvl groups mefa substituted with
large groups (e.g., 2, 6, 7, 20). Combination of a meta-
substituted 2-aryl group with a 5 substituent on a 1,3-

® M = methanol; W = water; E =

¢ Footuote f, Table I. ¢ Reference 11 aud J. Klosa, Pharm-

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 III). T'urthermore, like 1,
compounds 2-4, 44, 49, 67 retained undiminished anti-
imflammatory 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 186) all active compounds exhibited a pK,’
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 pK,” = 3.0 was in-
active,  When coplanarity in the conjugate base was
prevented by a large 2-aryl group (e.g., 8) or a hasic
amine funetion was introduced (e.g., 23, 27), pK,’ was
inereased and antiinflammatory activity was abolished.
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PHARM ZCOLOGICAL ACTIVITY OF 2-ARY1L-13-1NDANDION S

Aatiinllaraaaces”

AH PR accivicy vllects
I S e -+
2 1.6 ol ol -+
N 4.7 4 4+
4 1T A + 5
5 5.0 . 4+
6 -+ -
7 0.3 -+ +
N 7.0 - —
4 1.6 + -+ ++

10 5.4 =+ + + 4+
I 4.1 -4 4 + -

12 — —

13 — —
14 5.8 - —

15 7.4 -+ - ++
16 3.0 - +
17 5.2 + ++
IS 48 +++ -+

19 4.7 4+ + 4+
20 4.7 - -+
21 — —

22 ++ ++
23 8.4 — —
24 — -
25 - e
20 - -

o7 6.2 - -

28 5.4 -+ ++

29 + -+ ++

50 5.7 - + -
il - -
32 5.2 ++ +

35 - —

34 5.6 -+ ++

39 6.1 ++ ++

30 — —

37 + -+ ++

4N ++ ++

Prodicomba®

vatiullaacoa ney” Penrroabis”

N NS aelivicy cleers
230 5.0 ++ ++
4D 1.7 + -+ :
11 . 4
42 +
15 + +
B o+
15 + -
46 + -
47 + -+
AN + +
40 + 4 -
Bl 4.3 ++
1 + -+ ++
52 1.8 + -+ =
043 1.5 + =+ +
33 b0 + -+ 1+
55 N - -
56 3.5 + - + +
57 + -+
ON -+
34 _ .
it + -
61 - -
12 -+ -
(i3 - -
64 4 + 4+ -+
65 5.5 + -
606 + -
67 1.2 o
6N Lerhal at 10 mg/kg
1541 4+
70 +
71 - -
Bishydroxycomnarin - ++
Warfarin + +
2-Pivalyl-1,8-indandione - + +

Phenylbntazone ++ -+ -

A Antiinflammaiory aciiviny ix reported ax a mean inhibition of edema in rhe treated animals within the vange of 0.0-1.5 1imes
1hai of the mean inhibiiion af conanrently treated animals receiving aspivin (100 mg/kg po); +, ding given at 100 mg/kg; 4+ +,

deng given at 33 mg/kg: + 44, drng given at 10 mg/kg po.
than 0.5 times aspirin are reported as —.

Componnds with antiinflammatory activity (at 100 mg/kg) of less
5 4+, prolongation af prothrombin time 16 hr after administration of nine oral dases, 8§ hr

aparr (100 mg/kg po); + 4+, prolangation of prothrombin time 16 hr after administratian of two aral doses, 8 hr aparr (100 mg/kg

po) —,

water-1¢. methanol.

no prolongation af prothrambin time after nine aral doses (100 mg/kg po).
Neis [Latvijus PSR Zinatnn Akad. Vestis, No. 2, 213 (1962);

¢ For comparisan, J. Linabergs and A.

Chem. Abstr., 58, 8443 (1963)] report a pK. of 4.2 for 1 in
In 1he present wark all pK,” valnes were determined b1 2:1 dioxane-water (v/v).

“Tdentical resnbis were

oliained with these compoands in barh adrenalectamized and nonadrenalectomized rats dosed at 100 mg/kg po.

Experimental Section'”

AMlast camponnds were prepared by one of three known mer hads
as indicated in Tables T and II. Preparative methads differing
fram the known techniques are deseribed helow.

2-(2-Hydroxyphenyl)-1,3-indandione (12).—A sulution of
1.0 g (0.004 mole) of 2-(2-methoxyphenyl)-1,3-indandiane (8)
re 25 ml of 4897 FIBr was vefluxed for 3.5 li. After cooling, the
dark red salids were filtered and recryvstallized from a small
amoint of FtOH vielding a tan <olid, 0.34 g (39¢7).

Similarly, 2-(4-hydroxyphenyt)- and 2-(3,4-dihydroxyphenyl-
1a-indandione (25 and 26) were prepared fram the carrespanding

{17 Meldng polats were detecinined in a Thomas—Hoover capillary
(melting point apparatas using a calibrated therinometer and are correctel,
Potentiometric titrations were carriell out in 2:1 dioxane—H:0 (v /v) solvent
using o Peckman Model G pH ineter and standard 0.5 N NaOH., The
apparent PKy valnes correspond to the pld valies at the half-nentralization
Jnint in drese titeations,  lr epectra woere determined ia KBr pellets.
Analyses woeee caccled o Ly doe Physical Measicements Laboracocy of
Chas. Phzec & Co., lne. Where analyses ace indicateld only by syonhols ni
(e elemerces, analytival resalle abrabial Tor diose wlemnenrs were wichin
2O of Dhe dieoretical values,

2-(methoxyphenyl)-1,3-indandione  analag< Ly a  procedare
analogous ta that described above.

2.Pyrazinyl-1,3-indandione (15).---To a solntion of 123 g
(0.110 mole) of patassinm ¢-butoxide in 150 ml of dry DME wax
added 4.7 g (0.030 mole) of 2-methylpyrazine. To this deep
red solntion was slowly added 11.1 g (0.030 mole) af diethyl
phthalate in 20 ml of DMF. After 3 hr at room temperature,
rhe bhie-green =olition was evaporated ta dryness under rednced
pressnre.  After partitioning between H.O-Et,0, the H.O layer
wax acidified with TICI to produee a vellow salid, 6.2 g Re-
erysrallization fram 1 1L of CHClL yielded 2.5 g (22¢7) of pnre 15.

2-(4-Aminophenyl)-1,3-indandione (27).—A suspension of
2.8 g (0.010 mole) of 2-(4-ncetamidophenyl)-1,3-indandiane (24)
in 100 ml of 6 ¥ HCI was refluxed for 4 hr.  After filtration the
tan insolibles were dissolved i agueons NaOH and the red saln-
Houn was acidified wirth AcOH to pH 6. Filtration of ihe red
precipitate and recrystallization from EtOH yielded 0.7G g
(289,) of 27, mp 227-228.1

5-Methyl-2-(3-trifluoromethylphenyl)-1,3-indandione (40).
A thoroughly mixed combination of 4.8 g (0.030 mole) of 4-

10 This coaponal. prepared Ly reducetion of che escrespoading ataru
rompoeanl, hax heen cepocted® to melt at 198-200°.
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methylphthalic anhydride (Eastman Organic Chemicals), 6.2
g (0.030 mole) of m-trifinoromethylphenylacetic acid (Pierce
Cheniical Co.), and 100 mg of anhydrons NaOAc was heated
under N» (using an electric heating mantle connected to a py-
rameter) at 200° for 3 hr.  The resulting saft solid was triturated
with 75 ml of 109% NaHCO;, and the insolubles were quickly
filtered and dried under vacium over P,O;. A combination of
the resulting dry solid with 50 ml of MeOH aud 2.2 g (0.045 mole)
af NaOCH; in 50 ml of MeOH prodiced an immediate red
=alntion,  After refluxing far 0.5 hr and evaporation 1o dryness,
rhe residne wax takeu up in H,O and acidified with excexs 6 N’
HCL The resnltant red precipitate was filtered, 4.0 g, and re-
erystallized fram EtOH ta vield 1.9 g (2197) of 40.
5-Bromo-2-(2-naphthy!l)-1,3-indandione (49).—-Preparation of
4-bromaphthalic acid was accamplished by either the method af
Stephenst™ (7¢; vield, mp 165° dec) ar by the oxidation of 4-
broma-o-xylene with permanganate’® (2097 vield, mp 116° dec).

Refluxing a solution of 3.7 g (0.015 mole) of 4-bromophthalic
acid for 2 hr with 50 ml of Ac,0O eantaining 1 drop of H,SO,
fallawed by evaporation to dryness prodnced 4-bromophthalic
anhydride. Ta the c¢rnde anhydride was added 2.8 g (0.014
male) of 2-naphthylacetic acid and 50 mg of anhydrons NaOAc,
Heating the solid mixture nnder N, at 275° for 2 hr (electric
mantle, pyrameter), followed by cooling, prodiced a brown solid
which was rapidly triturated with 1067 NaHCO; and dried nnder
vacnnm. The thoronghly dried crude solid was rearranged in
100 ml of refiuxing MeOH containing 2.1 g (0.039 mole) of Na-
OCH,. After I hr the reaction wax evaporated to dryness, dis-
solved in H.,O, and extracted repeatedly with Et,O and the
aqueans layer wax acidified with 6 A" HCl acid. The cinde red
precipitate wax immediately recrystallized fram EtOH to yvield
2.5 g (479) of 49.

2-(4-Chlorophenyl)-5-methyl-1,3-indandione (46).—A solu-
tion af 4.9 g (0.03) mole) of 4-methylphthalic auhyvdride, 3.1 g
(0.030 mate) of p-chlorophenylacetic acid, 109 g (1.07 moles) of
Acy(), and 91 g (0.09 mole) of Et;N was heated on the steam bath
for 0.1 hr.  The dark brown reaction was then poured outo 200
g of ice containing 90 ml of concentrated IICL  The resulting
gnm was separated and dissalved in 400 ml of 59 NaOH, warhed
several times with Et,0, and acidified with conceuntrated HCI
to prodice a red solid 46, 0.57 g (797).

Yields of A-methyl-2-aryl-1,3-indandiones made from 5-
methylphthalic anhydride and arvlacetic acids by the method
described abave for 40 were snuperior ta yields obtained by the
method nsed for 46 (Table IT).

4-Nitro-2-phenyl-1,3-indandione (54).—A salntion of 9.65 g
(0.05 male) of 3-uitrophthalic anhydride, 6.8 g (0.0:1 mole) of
phenylacetic, acid, 182 g (1.8 moles) of Ac,O, and 15.2 g (0.15
nole) of Et;N was warnied ou the steam bath for 15 min.  After
cooling, the reaction was paured onuto a mixture of ice and can-
centrated FICl. The resulting gnmmy solid was separated and
dissalved in aqueons NaOH and washed repeatedly with Et.0) and
the caoled agueons layer wax acidified with 6 N’ HCl.  Continned
stirring at 0° finally pradnced a graunlar solid, 4.7 g (355%).

2-(m-Tolyl)-2,3-dihydrobenz!f}indene-1,3-dione (59).—The re-
quired anhydride was pradneed fram 4.3 g (0.02 mole) of 2,3-
naphthaleue dicarboxylic acid, 50 ml of Ac.O and two drops of can-
centrated HoSO)s.  After refluxing for 2 hr and evaporation to dry-
ness, the resnlting solid was stored over P,O; under vacnum. A

(17) H. N. Stephens, J. Am. Chem. Soc., 43, 1952 (1921).
(18) M. Newman and E. H. Wiseman, J. Org. Chem., 26, 3208 (1661).
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thorough mixture of this solid, 3.0 g (0.02 mole) of m~tolylacetic
acid, and 100 mg of NaOAc was heated nuder Ny at 270°.  After
3 hr of heating the reaction was allowed to cool and w=olidify.
To this solid was added 20 ml of MeOH and a solution of 3.3 g
(0.06 mole) of NaOCHj; in 50 ml of MeOH. After refluxing 1 hr
and evaporating to dryness, the residie was dissolved in 250 ml
of H,O and washed repeatedly with Et;0. The cooled agneous
phase was acidified with 6 V HCI and yielded an orange =alid.
Recrystallization from 1 1 of boiling Me,CO vielded in several
crops 2.2 g (399) of 59.
5-Trifluoromethyl-2-phenyl-1,3-indandione (64).—The re-
gquired anhydride was prepared fram 4.7 g (0.02 mole) of 4-tri-
fluaromethylphthalic acid,’® 30 ml of Ac,O, and 1 small drop of
concentrated Ha8304  After refluxing for 4 hr, evaporation to
dryness produced a dark solid which wax stored aver P»O;,.

A combination af the above rexidue, 2.7 g (0.020 muale) of
phenylacetic acid, and 200 mg of anhydrons NaOAc was heated
to 270° as above. After cooling, the residue was subjected to
high vacnum for approximately 15 min. After dissolving the
solid in 50 ml of MeOH, a solution of 4.3 g (0.080 mole) of Na-
OCH,; in 30 ml of MeOH was added. The resulting dark red
solntion was reflnxed 1 hr, cooled, evaporated to dryness, dis-
solved in 150 ml of H,0, and acidified with 6 ¥ HCI ta produce a
red solid which was recrystallized from EtOH; yield of 64,
1.8 g (3167).

2-(3-Trifiuoromethylphenyl) - 5-triftuoromethyl-1,3-indandione
(65).—The anhydride of 4-trifluoromethylphthalic acid was
prepared as described for 64 above. Ta the crnde anhydride
residiie was added 8.2 g (0.040) mole) of m-trifinoromethylphenyl-
acetic acid (Pierce Chemical Ca.) and 400 mg of anhydrons
NaOAc. After heating at 265° for 2 hr, the residue was subjected
to high vacnum far approximately 15 miun. This residiue was
then combined with 25 ml of MeOH and a solution of 8.7 g (0.16
mole) af NaOCH; and 100 ml of MeOH. After refluxing for 0.75
hr and evaporatian to dryness, the residue was dissalved in 300
ml of H,O aud extracted three times with 200-ml! portions of
Et,0. Tu this case, however, the Et,0 layers extracted cousider-
able dark material. Acidification of the aqueons layer prodiiced
anly a small amount of black oil. Evaporation of the ether layers
prodiiced a =olid which wax dissolved in H,O and strongly acidified
to precipitate a red solid (65), 7.1 g (309). Appareutly, the
influence of two lipophilic triflnoromethyl substitnents causes
the sodinm salt of 65 to extract ont of aqueous base into ether.

4-Amino-2-phenyl-1,3-indandione (71).—A solution of 3.0 g
(0.011 mole) of 4-nitro-2-phenyl-1,3-indandione (54) i 150 nil
of absolnte EtOH was stirred by bubbling in dry N,. After
addition of 2.3 g (0.045 male) of hydrazine hydrate a small por-
tion of fresh Raney nickel catalyst was added. After 20 min at
rooni temperature a second portion of catalvst was added. After
1 hr excess catalyst was added and mixture was heated to boiling
and filtered while hot., Acidification with 6 A" HCI and addition
af H,O precipitated a yvellow solid which was recrystallized from
EtOH to vield 1.5 g (55%) of 71.
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