July 1966

ANTIINFLAMMATORY 2,3-B1s(p-METHOXYPHENYL)INDOLES

Synthesis and Antiinflammatory Activity of
2,3-Bis(p-methoxyphenyl)indole and Related Compounds
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2,3-Bis(p-methoxyphenyl)indole and 48 related compounds are reported. The title compound and several
related structures showed prononnced antiinflammatory activity.
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The importance of finding a nontoxic nonsteroidal
antiinflammatory agent is indicated by the amount of
research done in this area during the last few years.!
Our discovery that 2,3-bis(p-methoxyphenyl)indole?
(1)? possesses activity in the antiinflammatory area! led
us to synthesize and test additional indoles and other
ring systems in order to determine the scope of this
activity. The present paper reports the results of these
efforts.

A number of compounds (see Table I) were prepared
by the Fischer indole synthesis using either ethanolic
hydrogen chloride or polyphosphoric acid (in the case
of 30). The preparation of 1 was accomplished by two
routes (see Chart I).

CeH;NHNH,

a possible path for the'r formation. Compound 1 was
also prepared by a second route which involved the
condensation of aniline and anisoin’ with or without
isolation of the intermediate amino ketone (III).

The condensation of m-methoxyphenylhydrazine
with deoxyanisoin led to a mixture of 4- and 6-methoxy-
2,3-bis(p-methoxyphenyl)indoles (8 and 10). These
structures are assigned on the basis of relative yields
obtained®® (3 and 339, yield, respectively) and also
spectroscopic evidence. The lower yield would be
expected in the case of the 4-methoxy-substituted
compound since the 4-methoxy group shows (Dreiding
model) considerable steric interaction with the aromatic

substituent at position 3 in the final product. The
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When the Fischer indole reaction was used, two by-
products® (I and II) were isolated in small yield, and
we would like to propose the Neber® rearrangement as

(1) (a) Abstracts of the 9th National Medicinal Chemistry Symposium
ot the American Chemical Society, University of Minnesota, June 1964,
p 11; (b) M. W, Whitehouse in “Progress in Drug Research,” Vol. 8, E.
Jucker, Ed., Birkhduser Verlag, Basel, 1965, p 321: (¢) E. W. Boland,
Calif. Med., 100, 145 (1964): (d) C. A. Winter, E. A, Risley, and G. W,
Nuss, J. Pharmacol. Exzptl. Therap., 141, 369 (1963): (e) C. V. Winder,
J. Wax, L. Scotti, R. A. Scherrer, E. M. Jones, and F. W. Short, ¢b:d., 138,
405 (1962): (f) C. V. Winder, J. Wax, B, Serrano, E. M. Jones, and M, L.
McPlee, Arthritis Rheumat., 6, 36 (1963); (g) S. Casadio, G. Pala, E.
Marazzi-Uberti, and G. Coppi, Ezperientia, 20, 457 (1964): (h) C. J. E.
Niemegeers, F. J. Verbruggen, and P. A, Janssen, J. Pharm. Pharmacol., 16,
810 (1964): (i) A. M. Katz, C. M. Pearson, and J. M. Kennedy, Clin.
Pharmacol. Therap., 6. 25 (1964): (j) S. S, Adams and E. E. Cliffe, J. Pharm.
Pharmacol., 17, 173 (1965); (k) L. Almirante, L. Polo, A. Mugnaini, E.
Provineciali, P, Rugarili, A. Biancotti, A, Gamba, and W. Murmann, J. Med.
Chem., 8, 305 (1965);: (1) R. P. Mull, C. Tannenbaum, M. R. Dapero, M.
Bernier, W. Yost, and G. deStevens, 1bid., 8, 332 (1965); (m) International
Symposium on Non-Steroidal Antiinflammatory Drugs, Milan, Sept 1964, S.
Garattini and M. N. Dukes, Ed., Excerpta Medica Foundation, New York,
N. Y., 1965.

(2) Generic name:
clinical evaluation.

(3) Arabic numerals refer to compounds described also in the tables,
while Roman numerals refer to compounds mentioned only in the text.

(4) For more extensive pharmacological studies see (a) E. M. Glenn, J.
Pharmacol. Ezptl. Therap., submitted for publication: (b) presented at the
American Society for Pharmacology and Experimental Therapeutics Meet-
ing, Philadelphia, Pa., Aug 1965.

indoxole. This compound is currently undergoing

- CsHsNHg + N.
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ratio of the yield of 8 and 10 is also in accordance with
the indolization mechanism considering the formation
of the new C-C bond as being an intramolecular elec-
trophilic attack.®® Furthermore, it should be noted
(see Table III) that the ultraviolet spectrum of the
6-methoxy compound (10) shows a pronounced batho-
chromic shift of 13 mu as compared to that of the 4-
methoxy compound (8) for the maximum in the 300-mu
region. This shift can be explained in terms of con-
siderable steric interaction of the type mentioned above
in the case of 8a and 8b, but not in the case of 10a and
10b.

Several compounds were prepared by N-alkylation
or N-acylation (see Chart II) which involved treatment
of 1 with 1 equiv of sodium hydride in dimethylform-
amide (DMF), followed by a dialkylaminoalkyl

(5) (a) Aniline was encountered previously as a by-product of the Fischer
indole reaction: B. Robinson, Chem. Rev., 68, 296, 373, 382 (1963): (b)
ibid., 68, 389 (1963).

(6) C. O'Brien, ibid., 64, 81 (1964).

(7) (a) P. L. Julian in "*Heterocyclic Compounds,* Vol. 3, R. C. Elderfield,
Ed., John Wiley, Inc., New York, N. Y., 18952, p 22;: (b) **Heterocyclic
Compounds with Indole and Carbazole Systems,'* W. C. Sumpter and F. M.
Miller, Ed., Interscience Publishers, Inc., New York, N. Y., 1954, p 12; (c¢)
E. E. Baroni and K. A. Kovyrzina, J. Gen. Chem. USSR, 29, 3815 (1959):
Chem. Abstr., 54, 196435 (1960).
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1 | CsHiOCHo-p Tl OC - p 1 150-151 ¢ 11 PN Casl 19N Os 80.22 5.81 4258 T1.90 5.85 1.15 1
2 Cllg CeTlsOCH3-p Cs1IsOCH»>p h 127-129 .5 o 23 Iat Clasl 12 NO= 80.4%+ (.16 1.08 80.83 §5.81 4.23 0 51
3 (9Hs CslluOCHy-p CsH4OC - p H 107108 o 23 Ft CauHygNOw- 025151011 Y9.55H  6.064 3.80 T1.81 6.54 3.86 0
4 ClECLN(Colls):  CeHaOCHs-p Gl OCLLep 1 109-111 ‘ 96 M Cal N0 817 768 G54 v8.08 V.85 6.88 0.3
) (C2)sN (C2He)2 sHsOCHs-p CsHlaOCHs-p 1l ¢ 43 P CaoollzgNaOa ¥8.70 7.74 6.33 .04 T.7H 6.16 0.5
6 COCs111Cl-p Gl OCHe-p CsH4OCTHy-p 11 ‘ 43 1=-1 C2gH22CINOx 71.43 4.74 2997 v4.61 4,96 506 0.2
T COCH3 Cel, OCH-p CeH:OCHs-p 11 e,y a4 15 CarlI2NOs 77.60 5H.70 3.77 77.32  5H.46 3.71 a.h-1
8§ 1 CeHsOCH3-p CsH OCH3-p $-OCIHs 164 .5-165.5 ¢ 3 Me—E'( CopHa N Oy T6.8¢ A.8)  3.410 700 5,98 346 a3
9 h CHOCHs-p CH«OCHsp H-0CT 14 170-171 o 34 [ Cogllay NO» T6.86 L.8a 3.00 T6LHL S 3.70 0.7H
10 1l Col LOGH3-p CsHsOCHs-p -0OCI1L; 183.5-181.5 3 33 Me—14t Cogl 12 NOa 686 5H.89 3.90 TG00 5494 3AIF 0.5
1 1 CsHOCHs-p CsIliOCHy-p T-OCIs 169-170 d 16 Me--Ta¢ Casllny NOsy Y6.86  H.80 3.90 TH.62 6,32 3.10 0.2
12 L CsHsOCHs-p CeJliOCHwp 5-Cllg 161-162 o 20 e CasHaNOs 80.11 6,16 +.08 80.58 6.11 .27 1.5
13 1 CeHiOCH:-p Csl1sOCHs-p 7-Clly 124-125 d 10 Me -1t CaHaNO: 80.14 ¢ 1.08 8O.H5  6.21 L23 0.5
14 H CeILOCTHs-p CsHyOCHy-p G- 10 129-130 d 13 Me--10¢ Col 1)sFN O 76.06 1.037 .86 517 1.07 1.0
15 T CellsOCT s CeH1OCH5-p -1 159-159.5 d, k 6 Me-- It Callis VN2 76,06 5.22 1,037 T6.25 531 4.04 1.0
16 1l CsHOCHep Cel s OC Hs-p H-Cl 165—166 o a.8 i CosTlsCIN O U SUEN BRI ()] 857 T2AT 405 183 1.0
17 11 CsHy Calls I y g3
18 1l CollsOH-p CallsO-p 1l 212-214 < 8 151 =W CaollisNO» FL I N § ) 1.65 69 5 1o 341 a1
19 11 ColLOCa s CeHaQCullp-p H 132--133 ¢ i3 It Cagl{2aNO» 8061 G149 3.2 8O .84 6.37 1.04 0.1
20 11 ColliOCHCUEN(Catlg) s CeFLOCIRC N C211) - 4 Fl 99101 « 38 C CasHHayNO TH.oal o8 o2y 8.1 T80 R G 836 0
2] I Coll:QCOC U 4-p¢ CsllsOCOC5-p 11 147200 ¢ A3 M CanlleN Oy LT 10T 3,63 TLA3 0 5.30 10 0.1
99 CeHg CillilOC sy 1" 1881005+ d, k 50 Me-lit CullaNO 0.5
23 11 CeHlOCHs-p Colle 1 103.5-101. 50, w 68 CoHiNO 84.25% 572 1.68 205 %6 0.5
24 1 Cal L OCH-0 CeHsOCHy-e 1 127120 dye, o Tr Ae—X Claal 1N O2 80.22 5.81 1,25 H o H.87 0.2
2h h Cal11Cl-p CsHyCl-p 1 1325134 5 d, poy 57 Caoll3CLN Tr.oL 2.8y 1.14d T1.08 3.1l 0.2
26 T CelLOCT ¢ Cal LOCT L m 11 r d, 0.8 €1 CasH(oN O« 80.22 5.81 1.25 THOTR 629 0
27 H Clly Cal1sOCT3-p 11 129-136¢ g 17 14¢ CiwHleNO 80.98 (.37 410 80.61 6,18 0
28 T CeHOCHg-p CHa 11 119-121% G a2 (DR CullisNO 80 U8 .37 80.G0  G.26 0
29 1l h Cal LOCHu-p 1 133.5-131.5% d,y 13 T CeHNO (1
30 11 CeHaOCls-p 11 1l 230-221.5 2 D 1% CisllisNO a
31 H CgHa-3,4-(0CH): Cslls 1 197.5~198.5 d,ogodldd 00 It CaHsNO2 80,22 l.: RO 12 5.45 1.2¢ a1
32 H CT;, CHCoILOCH L p 1 NT-117.5 d, aa 38 It CallyNO 81.21 5. 8081 G4 A6v 0
33 T CallaNOs-p Coal LNOg-p 1 331332 d, g, b 40 -8 CuaoFHsN2Oy 6685 1. 6711 3,22 11T 0
34 1 CelllOCH-p COCHCal L OC - 11 170-171. 5 « 36 D4 CoaHay N O« 7.60 377 TT.28 5oaz2 388 a
35 1 Cell4OCHu-p CH2CHLCLOC Huw-p 1 80-82 ¢ 43 1P Cagll2sNO: 80.61 4 3.a2 80.23  6.01 351 0
36 1 (sHsOCH3-p CH-=CHCa 1, OC s p 11 1I3~1114 ¢ 13 M CallyNO: 81.10 5 .96 3,01 81.08 5.43 363 il
37 14 CeHsOCHa-p CHOLLCHC10C e p 1l 143-111 ¢ AT M Cal LN O: oo 621 3.0H TR 631 3.7 a
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A few derivatives were prepared by O-alkylation
N
I
H
N
I
H

or O-acylation which involved (see Chart III) the
reaction of 18 with 2 equiv of sodium hydride in DMF,

e
N
1
[
)
COC:H,Cl- p
6

followed by an alkyl halide (shown in the case of 19) or

halide (illustrated in the case of the preparation of 4),
or followed by an acid chloride (illustrated in the case
an acyl halide (shown in the case of 21).

of 6).
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Tasixe II

ANaLoGs WITH OTHER RING SYSTEMS

Re- Antu-

erystu iflam-
Method Yield, s0l- s (Caled, Sp-—-- . e——Found, Gp—-—- - matory

No. Strueture My, °C prepn Sk velits® IForinnla « 1 N C H N actt

[~

C:H,OCH,-p
@Cd{ OCH.-p 199~-203 [ 53 (A4 CuH2NO»- IICT 7182 6.03 3.81¢ 72,00 6.16 3.44 0.2
C.H,OCH; -
34 GCI 148-- 144 ¢ 24 Ea-x Claal O TYAS Y YO.95 5.28 U
0~ ~C:H,OCH, -P

CeH,OCH,-p

40 \O:—I 110.5-111.H ! 10 It CaaH ;103 U494 704 Y257 4.82 1.0
CsH,0CH,-P
CH,0CH, -P

41 \©:ji 104-105 ; 15 Et Cali Oy T5.85 4.92¢ T6.05 4.95 0.5
CH,0CH, -p

CeH,OCH,-p

42 m 131-132 g 1.4 I'a~2 Coalli503 T6.27 5 244 T6.62 5.1 D1
\H,OCH,-P
C:H,OCH, -p

43 @U{( 101-102.5 P 28 W CoHaOs 8431 6.33 8112 6 14 02
JH,0CH, -p

CH,0CH;-P
44 88-89 ¢ 21 E CisHis N O T6.84 6.81 4.98  T6.70 T.30 5.06 0
CH,OCH,~p
CHOOC C:H,OCH,~
15 ‘ | HLOCH"P 192- 143 ¢ 14 M CaallNOs G6.82  5.35 3.54 GT. 13 5.52 3.64 0
CH,00C C;H,O0CH,-p
HOOC CsH,OCH;-P
46 ] 202-204 ¢ 94 B=Ae  CwlleNOs 65.39  4.66 381 65,46 4.75 3.97 0
HoOC ‘r C:H,OCH;-p
H
C;H,OCH;-p
woo 68-69 .5 ¢ 19 p CisliiNO: T390 0613 5.01 6,93 6.55 4.73 0
III C¢H,OCH,-p
H
COOH
CsH,0CH;-p
48 308 (dlec) i 1 T8 CuH)oNOs 74T 4,97 3,63 74.23 4.77 3.68 a
Pa
N “C¢H,0CH,-»
CsH,OCH,-» )
40 @\/I 48-100{ ¢ 66 F-3 CuHoNO: 80.91 5.61 4.10  80.99 5.8 4.02 («
NZ\C,H,0CH;-p

« See Table I, footnote a, for explanation of code. P See Table I, footnuie b. ¢ Nee Experimental Section. ¢ Halogen or sulfur
analysis was satisfactory. ¢ Previously prepared in 4% yield by B. R. Brown, G. A. Sonierfield, and P. D). J. Weitzmun, J. Chen.
Soc., 4305 (1958), from anisoin, phenol, and 8% HCl i m aqueous dioxane; mp 147-148°. 7 A solution of anisoin and p-chlorophenol
(or p-fluorophenol) in benzene was evaporated in vacuo. Polyphosphoric acid was added and the temperature was maintained at 45°
for 15 min. The produet was chromatographed on Florisil in CHyCl.. ¢ A mixture of anisoin. thiophenol. and polyphosphoric acid
was heated during 33 min to 146°.  * Prepared from 2-p-methoxyphenylindanone and p-methoxyphenylmagnesium bromide according
to the general method described by D. Leduicer, J. C. Babcock, P. E. Marlatt, 8. C. Lyster, and G. W. Dnnecan, J. Med. Chem., 8, 52
(1965). We are indebted to Dr. ID. Lednicer of these laboratories for making this conipound available to us. ¢ Prepared according to
N. P, Buu-Hoi, M. Sy, and N. D, Xuong, Bull. Soc. Chim. France, 629 (1956), who reported mp 335-336°; ultraviolet, Amsx 220 sh
mu (e 36,900), 239 (45,400), 273 (22,750), 342 (9350). 7 Lit.* mp 110° for this componud, crystallized from ethanol.

The syuthesis of benzofurans®* (see Chart IV) is of a phenol (or thiopheunol) with anisoin and poly-
illustrated in the case of 39. It involved the reaction phosphoric acid.
Cragr IV Compound 47 (Table II) was prepared by two routes
) (see Chart V).
C¢H,OH CH.OCH.— The first route via 45 was patterned after the recently
polyphosphoric acid m st LT described pyrrole syuthesis,® which involves au intra-

+
HOCHC,H,0CH,-p 07 NCH.OCHp (8) (a) R. C. Elderfield and V. B. Meyer in **Heterocyclic Compounds,”
Vol. 2, R. C. Elderfield Ed., John Wiley and Sons, Inc., New York, N. Y.,
39 1951, p 16; {b) J. B. Hendrickson, R. Rees, and J. F. Templeton, J. Am

0=CCH,0CH;~p Chem. Soc.. 86, 107 (1964).
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CuarT V
CH,00C—C + 0==CC¢H,0CH;~p
CHO0OC—C  H,NCHCH,0CH,~p

1I
CH,00C CeH,OCH;~p C,H,0CH,~p
1\_/[| I 1. NaOH U
CH,00C I\II CHOCH-p = ° IT CeH,OCHp
H H
45 47

TPd-C

1. CH;NO,
C5H4OCH3 ~-p

2.RaNi, [H]
— L

o
N~ “C.H,0CHyp
44

CH,CHCsH,0CH;~p
(CH):N COCeH,0CH;-p

molecular acylation of the intermediate enamine® to
give 45. Alkaline hydrolysis followed by thermal de-
carboxylation led to the desired 47. The second route
involved a Mannich base-nitromethane'® condensation
to the pyrroline derivative 44, followed by dehydrogena-
tion. The formulation of 44 as the 1- rather than the
2-pyrroline (¢f. references on p 20 in footnote 9) is
supported by the absence of NH band in the infrared
spectrum and nmr evidence (see Experimental Section).

The vinylog of 1, namely 36, was prepared from ke-
tone 34 (see Chart VI). The three metal hydride
agents used to reduce 34 showed three different patterns
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elimination followed by reduction to give a hydrogeno-
lysis product 35 (¢f. reference in footnote 11a). Lithium
borohydride afforded a mixture of the normal reduc-
tion product 37 and a product of a different 1,2 elimina-
tion, the desired 36.!'* Hydrogenation of 36 led to
dihydro derivative which was identical with 35.
Correlation of Structure and Ultraviolet Absorption.—
Since a detailed account of the ultraviolet spectra of
2-arylindoles has already been published,'?® we would
just like to focus attention on two points. The first
point concerns the nature of the two longer wavelength
absorption bands in the ultraviolet spectra of 2-
aryl' ndoles (see Table III): the band at 248 mu may
arise from the =—7* excitation of the aromatic ring
(17), and the 308-myg band may derive from the {rans-

stilbene chromophore (which involves the 2-phenyl-
indole portion of the molecule) red shifted by the nitro-
gen (¢f. 17a). Second, we would like to emphasize the

Cuart VI

@j\c 1. CH,MgBr
N NCH,OCH, p 2 CHOCHCHCOC

COCHgCﬁI‘LOCHg'[J

X

LiAlH4 CH:CH3C6H4OCH3'17
N“"NC,H,0CH;p

| I CsH,OCH;-p
H H PI{
59 35
NaBH,
LiBH, Pd—C,
CHCl,—HCl [H]
@\_ICHOHCHQCJL OCH;-p N CH = CHCH,OCH,-p
oW
IT C:H,0CHy-p ll\I C:H,OCH;-p
H H
37 36

of decomposition of the intermediate alkoxide formed
in this reaction. In the case of sodium borohydride
1,2 elimination occurred to give 30.!'= Lithium alu-
minum hydride reduction was accompanied by 1,4

(9) For a review see J. Szmuszkovicz in **Advances in Organic Chemistry,
Methodsand Results.'* Vol. 4, R. A, Raphael, E. C, Taylor, and H. Wynberg,
Ed., Interscience Publishers, Ine.. New York, N. Y., 1963, p 69.

(10) (a) G. A. Youngdale. D. G. Anger, W. C. Anthony. J. P. DaVanzo,
M. E. Greig, R. V. Heinzelman, H. H. Keasling, and J. Szmuszkovicz. J.
Med, Chem., 7. 415 (1964): (b) S. Kessar and M. C, Kloetzel, J. Org. Chem.,
27. 1314 (1962).

(11) (a) The formation of 30 from 34 is reminiscent of the likely inter-
mediacy of indole in the reaction reported by E. Leete and L. Marion, Can.
J. Chem., 81, 775 (1953), who isolated 3,3.-methylenediindole on boiling
indole-3-methanol with water. (b) For other examples of 3-vinylindoles see,
e.g.. W, E. Noland and D. N. Robinson, J. Org. Chem., 22, 1134 (1957);
W. E. Noland and R. J, Sundberg, ibid., 28, 884 (1963); E. Leete, J. Am.
Chem. Soc., 83, 1180 (1960).

inherent difficulty of assignment of structures, based on
differences in ultraviolet absorption, as 4- or 6-substi-
tuted indoles in this series in the absence of one of the
isomers, 12b

Biological Studies.—The compounds presented in
Tables I and II were tested for antiinflammatory
activity in the hind paw edema assay by a slight modi-
fication of the method of Winter.!” Compounds dis-
solved in 0.2-0.5 ml of polysorbate 80'¢ were ad-
ministered orally 1 hr prior to induction of edema in

(12) (a) M. J. Kamlet and J. C. Dacons, J. Org. Chem., 26, 220 (1961).
{b) Compare the discussion on this topic in ref 12a with the account given
earlier in the present paper concerning 8 and 10.

(13) C. A. Winter, E. A, Risley, and G. W. Nuss, Proc. Soc. Ezptl. Biol.
Med., 111, 544 (1962).

(14) For a description of this vehicle see **The Pharmacopeia of the United
States of America.'' Mack Publishing Co., Easton, Pa., USP XVI, p 558.
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Tasre 111
ULTRAVIOLET SPECTRA®™
)\U)DX- )\h)IFXn

No. my € my €

| 252.5 32,700 308 20,600

2 249 31,500 0L 15,800

3 240 30,950 209 14,900

4 239 30,600 299 15,400

b} 241 30,000 200 15,200

6 246 37.750 300 19,750

7 241 28,300 208 15,700

8 254 54, 100 310 18,750

Y9 25,350 316 24,050
10 31,400 325 19,900
11 34,200 206 20,150
12 30,600 S 20,900
1 31,200 308 19, 400
14 28,650 310 22,300
15 35,000 905 19,650
16 20,950 514 17,100
174 22,500 308 17,150
15 32,700 309 20,350
19 33,850 304 21,000
20 36,850 304 21,450
21 : 304 18, 500
22 208 17,6350
3 209 19,900
24 500 16.250
25 a1l 15,400
26 ol 17,650
27
28 308 22,750
29
30 310 26, 450
31 315 20,350
KN 360 14,850

@ For strietural formmnlas sce Tuble 1. ¢ Deterniined in 954
ethanol. ¢ Maxima below 232 mu and shoulders are not re-
ported. ¢ No change was observed i .01 .V ethanolic H,S0,.

the right hind paw of rats by subplantar injection of
0.1 ml of 0.59, carrageenin. Drugs were assayed at
four to six doses employing 10 rats/group. The com-
parative potencies were estiinated from the log dose-
response obtained from the individual assays. Vehicle-
treated controls were used in each assay. Ior com-
parative purposes pheunylbutazone was found to be 1.5
times as active in polysorbate 80 as in carboxymethyl-
cellulose.

Beceause many of the compounds bear sonie structural
resciiblance to synthetic estrogens and since high doses
of cstrogens show autiinflammatory activity due {o
adrenal hypertrophy, a typical active member of our
serics, compound 1, was studied for estrogenic activity.
Imimature aud mature castrate feniale rats were dosed
orallty twice daily for 7 days. In coutrast to stilbestrol
and estrone controls, no adrenal stimulatory effects, 110
los= of body weight, and no changes in uterus weight
were noted at very high doses, indicating a complete
lack of estrogenic activity.

Toxicity.——Compounds of Tables I and II were
nontoxic in mice’® with intraperitoneal LDs, values
of 1000 mg/kg or greater, cxcept for compounds 5.
18, 44 (562), 20 (178). and 46 (422). The therapeutic
ratio of the more active compounds compared well
with aspivin (1500), hydrocortisone acetate (2000),
and especially with phenylbutazoune (233).

(15) LDs«values were (letermined as described in ref 10a.
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Structure—Activity Relationships.-—1'rour the tables
it is apparent that certain compounds have significant
antinflamimatory activity, whereas other very cloxely
related structures are much less active or even inactive,
Small alkyl or acyl group~ on the indole nitrogen effect
activity only slightly (eg.. 2 and 7), whercas larger
groups of thix type decrcase activity  =siguificautly
(e.y.,, 8 and 6). Substituents such as methyl (10 and
13). mcthoxyl (8-11), o1 halogen (14-16) iu the henzene
ring of the indole moicty =cem to have in general little
influence on uetivity, no matter what the position of
the substitution,

It 1= the 2 and 9 positions of the indole ring that
the influcnee of substitution is clearly scen. Phienyl
substitution ou both positions ix the minimum require-
ment for activity.  Furthermore, the type of substiti-
tion on these phenyl rings ix most critical.  Optimal
activity 1= preseut when both groups are p-unisyl (1),
If the wmethoxyl groups arc moved to the orthe or weta
positionz (24 aud 26) activity is eliminated as s also
the casc if the p-methoxyl substituents are 1eplaced by
p-cthoxyl (14), p-hiydroxyl (18), p-chloro (25), p-nitro
(33), or p-diethylaminocthoxyl (20). Activity ix re-
duced progressively as one (22 and 23) and then both
methoxyl groups (17) are removed.

When the indole nitrogen in 1 1= replaced by oxygen
or =ulfur (39 aud 42) activity is not eliinated but is
reduced.  Substitution of halogen into the benzofuran
ring (40 aud 41) again yiclds highly active compounds.
Ou the other hand, the indene analog of 1. in which the
nitrogel is replaced by mcthylene (48) has little activ-
ity.  The corresponding pyrrole (47), 1-pyrroline (44),
and quinoline (49) ure devoid of antiiflanmatory
activity.

[t = difficult to rationalize the above pattern of
structure-activity interrelationships solely on the hasis
of clectronic, spatial or solubility factors.  Clearly a
move complicated =ct of requiremctit=1% is involved liere
stich as a multiple poiut of attachiment in the agonist -
cnzyine complex.

Experimental Section'”'

Synthesis of 2 3-Bis(p-methoxyphenyl)indole (1). A. By the
Fischer Indole Synthesis.—A miixture of phenyvlhydrazine (53
g, 0.49 mole), deoxyanisoin (125 g, 0.49 mole), 4.3 ml of acetic
acid, and 330 ml «f benzene was refinxed mnder Nu for 35 hr,
and 0.2 ml of water was collected nsing a water separatar.  The

Aeadedtie Ieess
IKlein, and A, L.

(16) (a) “*Maoleendar Pharmacology,'” . J. Avielas, ld.,
Inc., New York, N. Y., 1961; (b} W. C. llolland, R. L.
Briggs, "Introduction to Molecalar Pharmacology,” ‘I'he Maewmillan Ceo..
New York, N. Y., 1964, 1 167.

(1%) Melting points were taken il a eapillary tibe and are corrected.
UGltraviolet spectra were sletermined in 959 ethanol using a Cary spectro-
photometer Model 14, Infrared spectra were determined in Nujol asing «
Perkin-Elmer recording infrared spectrophotometer Model 21. Tle nmr
spectra were measured il 60 Me, using CDCls as solvent (unless otlhierwise
specified): frequencies are reported in cycles per second downfield froin in-
ternal tetramethylsilane. Florisil is magnesinm-silica gel atlsorbent aanu-
factured by Floridin Co., Pittsburgh, Pa. Silica gel (0.05-0.20 i) was
from Merck, Darmstadt. Skellysolve I3 is commercial hexane, bp 60-70°,
mmade by Skelly Oil Co., I<ansas City, Mo. Petroleum ether refers te frac-
tion, bp 30-60°. 1iAlH. refers to lithium aluminum hydride. All tle cotn-
pounds described in Tables T and 1T showed consistent ilifrared and nur
spectra but only those cases deseribed in detail in the Experiinental Seation
are reported.

(18) The satlors are qulebted to Dr. W. A, Struek and lix asseeiates for
clicroanalyses, to Mr, P. A. Meulman for infrared spectra, to Miss Betty
Zimmmer for altraviolet spectra, to Messrs, J. I'. Ziegerl and F. A, Mace Kellar
for nmr spectra, to Dr. M. B, Grostic, Messrs. D. A, Griffith and R. J. Wnak
for the mass spectra, and te Messvs. ), 5. Hooker, 1. Woslowski, T.. C.
Laurinn, and M. L. Myers for laboratory assistance.
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resulting solution was evaporated to dryness, 960 ml of 3 N
ethanolic HC! was added, and the mixture was refluxed for 1.25
hr.'® It was evaporated to dryness and shaken with 400 ml
each of CH;Cl, and water. The aqueous layer was extracted
with 200 nil of CH,Cl,. The combined organic layer was washed
with two 200-ml portions of water, three 100-ml portions of 5%
NaOH, and 200 ml of saturated NaCl solution, then dried
(Na,S0,), and evaporated to give 170 g of a brown oil. The oil
was dissolved in 300 ml of methylene chloride and chromato-
graphed on 3 kg of Florisil. Methylene chloride was used as eluent
and 400-ml fractions were collected. Fractions 9-17 afforded
82.5 g of product. Crystallization from ethanol afforded 60.5 g
melting at 151-152°, and a second crop of 6.1 g melting at
150-151°. The infrared spectrum (cm™!) showed NH, 3440;
C=C, 1610, 1575, 1555, 1520, 1495; CO/CN, 1255, 1225, 1175,
1030; aromatic, 830, 820, 750; numr showed two singlets at 223,
227 (OCH; area 6), complex at 402-462 (aromatic area 12),
NH at 484.5.

The aqueous wash of the crude reaction mixture (from a -
mole run) was allowed to stand for | week. The resulting suspen-
sion was filtered, and the solid was washed with a little water to
give 41.1 g (2.79%) of 2-amino-4"-methoxy-2-(p-methoxyphenyl)-
acetophenone hydrochloride melting at 249-251°, raised to 253-
255° dec on crystallization from ethanol (lit.? mp 258-259°
dec). The ultraviolet spectrum showed Amax 224 mu (e 18,350),
276 sh (15,750), 286 (16,650), sh 292 (16,200); the iufrared
(em~1) showed amine salt, 3000, 2680, 2600: C=0, 1690;
C=C, 1610, 1600, 1575, 1510; CO/CN, 1255, 1240, 1180. 1170,
1030, 1015; aromatic, 830, 830, 810, 780; the mass spectrum
showed a peak at m/e 271 (307 — HCI); the strongest peak was
at m/e 136 which by isotope analysis was CsH,,NO (H,NCH-
CeH,OCH;); umr (in D.0O) showed two singlets at 228.5 and
230 (OCHj; area 6), singlet at 379 (H on carbon bearing NH,,
area 1), and complex at 408-484.5 (aromatic, area 8).

Anal. Caled for CigHisNO;-HCl: C, 62.43; H, 5.89; C],
11.52; N, 4.55. Found: C, 62.66; H, 5.94; Cl, 11.33; N, 4.66.

The aqueous filtrate from above was washed with 100 ml of
CH,Cl; (discard organic layer), cooled in ice, basified with 209
NaOH and extracted with four 200-ml portions of ether. The
extract was washed with saturated NaCl solution and evaporated.
The resulting brown oil was dissolved in ether and treated with
ethereal HCl. The crude product was crystallized from cold
ethanol to give 28.2 g (4.3% yield) of aniline hydrochloride, mp
196-197°, It was identified by comparison of infrared and ultra-
violet spectra to those of an authentic sample and a mixture
melting point determination.

B. From Anisoin and Aniline? without Isolation of Interme-
diate.—A mixture of aniline (37.3 g, 0.25 mole), anisoin (13.6 g,
0.05 mole), and 3.3 ml of concentrated HCI was refluxed for 30
min (inside T = 110°). The mixture was then distilled until
the inside temperature reached 180° and kept at this tempera-
ture for 1 hr. It was allowed to stand overnight. Water and
ether were added, and the aqueous layer was extracted ouce
nwore with ether. The ether extract was washed with forty
50-ml portions of 109, HCI, water, 5% NaOH, water, and
saturated NaCl solution, dried (NaSOs), and evaporated. A
solution of the crude product (16.2 g) in methylene chloride was
stirred with 100 g of Florisil. The suspension was filtered and
evaporated. Two crystallizations of the residue (15.8 g) from
ethanol gave 5.2 g of 1 melting at 148-149°, The ultraviolet
showed Apax 253 mp (e 32,200), 308 (20,450). The filtrates were
evaporated to dryness and a solution of the residue in CH,Cl:
was passed through a column of Florisil (339 g). Elution with
seven 200-ml portious of CH,Cl: and crystallization from ethanol
afforded 4.3 g of 1 melting at 150-151°. The ultraviolet showed
Amax 282 my (e 33,150), 308 (20,950); yield 58%.

C. From Anisoin and Aniline with Isolation of Intermediate.—
A niixture of aniline (10.2 g, 0.11 mole), anisoin (27.2 g, 0.1 mole),
p-toluenesulfonic acid monohydrate (0.95 g, 0.005 mole), and
100 ml of benzene was refluxed under nitrogen for 22 hr using a
water separator (1.6 ml of aqueous layer was collected). The
m'xture was filtered, the filtrate was washed with 59 NaOH,
water, and saturated NaCl solution, dried (Na,8Q,), and evapo-
rated. Crystallization from methanol afforded 26.75 g (779
vield) of 2-anilino-4‘-methoxy-2-(p-methoxyphenvl)acetophenone
as yellow prisms, mp 114-115°2' unchanged on recrystallization.

(19) The time varied from 30 min to 24 hr.
quired in the case of disubstituted hydrazines.
(20) G. Drefahl and M. Hartmann, Ann., 589, 82 (1954).

The longer period was re-
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The ultraviolet showed Amax 223 mu (e 21,050), 248 (17,000), sh
276 (18,650), 282 (18,800); the infrared (cm~!) showed NH,
3400;: C=0, 1670; C=C, 1600, 1580, 1505, 1480; CO/CN,
1260, 1245, 1163, 1030; aromatic, 835, 750, 690; nmr showed
two singlets at 219, 225 (OCHj area 6), 322 (NH area 1), 357
(NCHCO area 1), and complex at 393-485.5 (aromatic area 13).

Anal. Caled for CuxHauNO;: C, 76.06:. H, 6.09; N, 4.08.
Found: C, 75.83; H, 5.86; N, 3.99.

A solution of the above amino ketone (6.94 g, 0.02 mole) and
1.3 g of p-toluenesulfonic acid in 100 ml of p-cymene was refluxed
under nitrogen for 2 hr using a water separator. The mixture
was cooled, washed with three 50-ml portions of 59, HCI, three
50-ml portions of 5% NaOH, water, and saturated NaCl, dried
(NazS0y), and evaporated. The product (6.2 g) was chromato-
graphed on 372 g of silica gel with 59 ethyl acetate-cyclohexane
as eluent and 250-ml fractions were collected. Fractions 8 and
9 gave a solid, which was crystallized twice from petroleum ether
to give 80 mg of 2,3-dimethyl-2,3-di-p-tolylbutane, mp 155-
156.5°.22  The ultraviolet showed Agex 221 mu (e 17,900), sh
253 (433), 259 (586), 265 (760), 273 (655); the infrared (¢cm™1)
showed CH, 3090, 3060, 3020; C=C, 1510, 1190, 1080, 1015;
aromatic: 815; umr showed a peak at 76.5 (CHj area 12),
138.5 (CHj, area 6), and 420 (aromatic, area 8). Carbon and
hydrogen analysis also conformed with the above structure.

Fractions 10-19 gave oils (discarded). Elution was continued
with 209 ethyl acetate—cyclohexane. Fraction 2 crystallized
from ethanol to give 0.9 g (12.79; vield) of 1 melting at 144-147°,
It was identical with an authentic sample as shown by comparison
of ultraviolet spectra and mixture melting point determination.

Example for N-Alkylation. 1-[2-(Dimethylamino)ethyl]-
2 3-bis(p-methoxyphenyl)indole (4).—Sodium hydride (0.46 g
of a 339 dispersion in mineral oil; 0.01 mole) was added under
N to a stirred solution of 1 (3.3 g, 0.01 mole) in 50 ml of DMF.
After 2 hr, 2.71 g of a solution of diethylaminoethyl chloride in
xylene (1:1 by wt, 0.01 mole) was added, and the mixture was
stirred for 19 hr. It was evaporated on the sieam bath in vacuo.
The residue was treated with 100 ml of 109, HCl and ether. An
insoluble colloidal hydrochloride resulted. It was washed three
times by shaking with ether and decantation. The mixture was
then cooled, basified with NaOH, and extracted with ether.
The ether extract was washed with water and a saturated salt
solution, dried by passage through sodium sulfate, and evapo-
rated; 4.1 g, mp 108-110°. The infrared (ecm~!) showed C=C,
1610, 1575, 1535, 1515, 1495; CO/CN, 1245, 1175, 1105, 1035,
1025; aromatic, 825, 740; nmr showed triplet centered at 52
(CCH; area 6), multiplet centered at 149 (CH,N aliphatic area
6), two singlets at 223.5, 226.5 (OCH; area 6), multiplet centered
at 249 (CH:N indole area 2); complex at 403.5-471 (aromatic
area 12).

Example for N-Acylation. 1-(p-Chlorobenzoyl)-2.3-bis-
(p-methoxyphenyl)indole (6).—The reaction was run as described
in the case of 4, but using 1.75 g (0.01 mole) of benzoyl chloride
and NaHCO; instead of NaOH in the work-up. The crude prod-
uct was chromatographed on 90 g of silica gel using 209 ethyl
acetate—cyclohexane as the eluent. Elution with 275 ml gave
fractions containiug the desired compound. Further elution
gave sone unchanged 1. The desired product was crystallized
from ether-petroleum ether; pale yellow prisms, 2 g, mp 151-
152°, The infrared (em~!) showed C=0, 1685; C=C, 1620,
1610, 1600, 1590, 1570, 1515, 1500, 1495; CO/CN, 1245, 1230,
1175, 1085, 1030; aromatic, 845, 830, 750; nmr showed two
singlets at 222, 228.5 (OCH,; area 6), complex at 392.5-470
(aromatic area 16).

Synthesis of 4-Methoxy-2 .3-bis(p-methoxphenyl)indole (8)
and 6-Methoxy-2.3-bis(p-methoxyphenyl)indole (10). A. m-
Methoxyphenylhydrazine Hydrochloride.—Concentrated HCI
(750 ml) was added to a mixture of m-methoxyaniline (246.3
g, 2.0 moles) and 750 ml of water. The resulting mixture was
cooled with stirring to —20° and treated dropwise with a solution
of NaNOQ, (142 g, 2.06 moles) in 500 ml of water. (The tempera-
ture of the reaction mixture was kept at —15 to —20° during
this addition.) This solution was warmed to 0° and added drop-
wise to a stirred solution of SnCl;-2H,0 (915 g, 4.05 moles)
in 1 1. of concentrated HCl maintained at 0°. The resulting
mixture was stirred at 0° for 2 hr; the solid was collected by
filtration and dissolved in water (2 1), and the solution was

(21) (a) A. Novelli and J. C. Somaglino, Chem. Abstr., 38, 29577 (1944),
reported mp 115°; (b) E. F. Pratt and M. J. Kamlet, J. Org. Chem., 28, 1366
(1963).

(22) G. Ciamician and P. Silber, Ber., 48, 1536 (1910).
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saturated with NaCl.  This was cooled below 10°, made alkaline
with 509 NaOH, and extracted with four I-l. portions of ether,
The combined ether extract was dried (MgRO ) and acidified
with ethereal HCl. The resulting hydrochloride was collected by
filtration and crystallized from 2-propanol to vield 150 g (57¢,)
of m-methoxyphenythydrazine hvdrochloride, mp 141° dee (hit. =
wmp 140-141°).

B. Fischer Indole Reaction.—To o stirred mixture of 5 .\
NaOH (100 ml) and ether (100 1al) cooled to 0°, wax added -
methoxypheuylhydrazine hydrochlaride (205 g, 1.115 mole).
The aqueous layer was saturated with NaCl, separated from the
cther layer, and extracted twice with 200-ml prtions of ether.
The combined ether extract was washed once with 50 ml «f
saturated NaCl solution, dried (MgS0,), and ccaicentrated under
reduced pressure at room temperature. A solution of the re-
anlting light yellow oil i1 benzene (1 1) wax treated with 25.6
g (0.10 mole) of deoxyanisoin and 2 wml «f acetic acid. The
resulting solution was refluxed under N. fear 30 min with azece
tropie distillation of water and concentrared nnder rednced pres-
ure at 35°, The residue wus trented with ice-cold 3\ ethanolie
HCL (200 mb), refluxed for 50 min nnder Ny, cawded, and treated
with 1 L of ice water. Thix mixture wax exiracted with fonr
500-ml portions of methylene chloride. The ccmbined CILCL
extract was washed with saturated NaCl =olution (500 ml), dried
(MgSOy), aud concentrated under reduced pressure at 35°.
Chromatography «f the resxidiie on Florisil (1.5 kg) with CH.CL
resulted in a preliminary purification of the two isomerie produets,
A good separation of these compuunds was obtained by carcful
chromatography «a <ilica gel (1.2 kg, I%. Merck AG) with 207
ethvl acetate—cyclohexane (200 50-ml fractions were collected
The first product cluted from the ccdnmu (fractions 40-60) wax
dissolved in CGH.Cli—ethanol, decolorized with Darco G 60, and
erystallized to yield 1.06 g of 8, mp 164.5-165.5°. The infrared
(emr 1) showed NI, 5360; C==C, 1610, 1575, 1550, 1515, 1500,
1495: CO/CN. 1235, 1180, 1020; aromatic, 830, 740; 1aur
showed three sharp peaks corresponding (o 9 methoxyl hy-
drogens at 221, 224, and 228 ¢ps, the indole NIT at 488 eps, a
pair of doublets (apparent J = 2 and 7 ¢ps) centered at $90.5
eps corresponding to -5 of the indole miclens, and a complex
multiplet extending from 402 to 446 eps correspanding te the
remaining aromatic hydrogens.

The second product elnred from the eolun (fractions 85-200)
was crvstallized from CHpCli~ethanol 10 vield 11.88 g of 6-
methoxy-2,3-bix(p-methoxyphenyvl)indote, mp 183.5-184.5°. The
infrared (em~!) showed NIH, 3340: C==C, 186135, 15%5, 1575,
1555, 1520 and 1405: CO/CN, 1265, 1240. 1200, 1180, 1175,
1165, 1035 aromatic, 830, 870, 810, 705; umr showed two peaks
at 228 and 230 eps carresponding to 9 niethoxyl hydrogens, a
multiplet extending from 403 to 446 ¢px correspanding to 11
aromatic hydrogens, and a broad peak atv 482 ¢ps correxponding
to the indole NH.

4 4‘-Indole-2.3-diyldiphenol (18).—Aluminnm chiloride (66.5
g, 0.5 mole) was added all at cace to a solntion «f 1 (53 g, 0.1
mole) in 1 1 of dry benzene, while stirring and cooling uader
nitrogen. The mixture was then refluxed for 4 hr. It wos
cooled 1 ice and deccanposed by additiorc of w solution «f 500
mt of concentrated HCL i1 1500 ml of water.  The rexulting sis-
pensicn was filtered and the product was washed with water.  The
prodiet. was dissolved 1 750 ml of 5¢ NaOH, and the resulting
durk green solution wax filtered, ccoled, and acidified with 25011l of
concentrated HCl.  The product was filtered and washed with
water to give 33.6 g. It was passed through a colunm of xilica
gel (1000 g) i1 ethyl acetate. Ehution with four 400-ml portions
of ethyl acetate afforded =ohd frictions, which were tritnrated
with chloroform to give 11.2 g, mp 212-214° and 3 g, wmp 105
211°, Further clution with two 400-ml portions of ethyl acetate
gave fractions which were commbined with the filtrates from the
above trituration and rechromatographed on 330 g of silica gel
using 56 methanol-ClCl, ax eluent. Elution with nine 250-1ul
portions afforded the product which was crystallized from ethyl
acetate: 6.1 g, mp 213-214°,  The infrared (em—1) showed NH/
OH, 3450, 3420, 3260; C=C, 1603. 1500, 1535, 1515, 1495; Cl)¢
CN, 1230; aromatic, 745; unir (in DMF-d,) showed aromatic H's
1t 407--457.5, phenolic OH at 578, indole NH at 672.

Example for O-Alkylation. 2.3-Bis(p-ethoxypheny!iindole
(19).--Sodimu hydride (0.92 ¢ of 53¢ dispersion i «l; 0.02
mole) wax added portionwize during about 1 min to a soluticac
of 18 (3.0 g, 0.01 mole) in 50 ml of DIMFE, and the mixtare was
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stirred for 30 min. A green wolntion resulted. Lithyl iodide
(312 ¢, 0.02 mole) was added dropwize during 3 min, and the
solution was stirred for 21 hr, The mixture was evapornied
in raene o1 the steam bath, Water was added and the produce
wils extracted with ether. The extract was washed four tines:
with 5 NaOH =olition ¢(total 100 ml), then with water, mad
saturated NaCl soliticar, Tt was dried (N a.804) aud evaporated.
The product was passed thrcagh a column of Florisil (114 ¢ in
CIHLCL taogive 517 g which could not be erystallized.  Chroma-
rography on 04 g of silica gel i1 2000 ethyl acetate-cyelohexance
afforded some oil in the first two 50-ml fractions.  The third frac-
tion (50 mll gave 2.13 g which ervstallized from ethanol; 1.9 g of
cadarless prisins, mp 152--133°, Theinfrared (e 715 showed NI,
34305 Ce=C, 1610, 1570, 1520, 1495; CO/CN, 1255, 1240, 1100,
1175, 1050 arcmatic, 840, 7400 nur =hawed  two  tripleis
cerdered at &3, 85 (Clly aren 6), two gnaricts centered at 240, 247
(CHa area 4% complex at 404-464 (aroniatic area 12), 485
(N area 1.

2.3-Bis} p-|2-(diethylamino )ethoxy|phenyl}indole (20).-
The reaction was rmn as desceribed iu the case of the syihesis
of 19, but uxing 0.02 1a0le of diethylaminoethyl chloride (dilined
1:1 with xylene).  Water and CH.Cl. were added, and the prod-
net wax extracted with a wotal of 125 mt «f 1060 HCL. The
aeld extract wias caaded, basified, and extracted three times with
CHCl.. The extract was washed with water, NaCl solition,
dried by passage throngh NuwSOy, and evaparated 1o give 4.7 ¢
of durk browic oil. The oil was dissolved in 20 mt «f berzene
and chromatographed on 141 g of nentral alumina (Woehn,
activity 1), Bhtion with 600 1wl of ether, 250 ml of 0.5¢7
methandad-ether, and 250 ml of 1€, methand-cther afforded 2.88
g of pradiet. Tt was ervstallized from Skellysolve B, followed
by recrystallization from evelohexane to give 1.9 g, mp 99--101°,
The infrared (¢em=) showed NH, 3340, 3200; N-alkyvl, 2800;
C=C, 1610, 1575, 1555, 1515, 1400 CO/CN. 1255, 1180,
1045 aromatice, 855, 743; nmr showed iriplet cerdered at G5
(CHy area 127, multiplet at 145179 (CIHLN area 12), two triplets
celltered at 240.5, 244 (OCIHEL aren 4), coniplex at 454462
(aromatic arca 12), singlet at 407.5 eras<ed by 12,0 (N1 area 1).

Example for O-Acylation. 4 .4'-Indole-23-diyldiphenol Di-
acetate (21).- ~The reaction wias mirc ax deseribed i the ease of
the svuthexix of 19, bnt nsing acetyl chloride (1.57 g, 0.02 mole).
The mixture wax evapaaated in vacro on the steam bath. Water
was added, and the prodnet was extracted with ether.  The
ether extract was washed with water, saturated NaCl soluticai,
dried (Nu2.80,), and evaporated. The residne was dissolved
i 25 mt of chloroform and chromatographed on 123 g of silica
gel nsing 59 methanol-chloroform as the eluent. The first
three 100-ml fracticaix afforded the produet which was erystallized
from methaned as colorless prisms, 2.03 g, mp 107-200°, The
ftrared (em) showed NH. 3400: C==0, 1750, 1755; C==(,
1600, 1590, 1560, 1515, 1490; CO/CN, 1225, 1200, 1165, 1015;
aromatic, 855, 750; amr showed singlet at 157.5 (CIH, area 6),
coanplex at 416.5-465 Giromatie area 12), broad peak :a 497
(NI area t),

Benzyl 3.4-Dimethoxyphenyl Ketone.—~A stirred mixture of
phenylacetic acid (27.2 g 0.20 mole). veratrole (27.6 g, 0.20
mole), and polyphosphoric acid (600 g) was heated slowly e the
steamn bath to 95° and allowed to remain at this temperature
fae 30 min, It was then poured into 3 1. of stirred ice—water.
The mixture was stirred for 1.5 hr.  The product was cdlected
by filtration, washed successively with water, NawC()y, and water,
and crystallized from methanol to vield 41.0 g (8097 of material,
mp S6-88° (Lt * mp S7-88°).

Synthesis of 2-(p-Methoxyphenyl)-3-( p-methoxystyryl)-
indole (36). A. p-Methoxybenzy!l 2-(p-Methoxyphenyl)indol-
3-y¥! Ketone (34).—A suspension of 2-(p-methoxyphenyliindole
{prepared according to foatnote z, Table 1) (75.2 g, 0.337 mole)
i 2 L of benzene was heated to boiling and then cooled 10 40-
50°.  An cthereal solition «f methylhagnesium bramide (114
ml of 3 3 or 0.342 mole) was added dropwise during 30 min.
The resulting <cdntion was refluxed for 1.5 hr. It was then cooled
i« room temperatiire and p-methoxyphenviacetyl chloride (62
g, 0937 mdde) was added over a 20-min period. The mixture
wax refluxed for 1.5 hr and allbaved to stand overnight. It was
decomposed by additicn of a solution of 95 ml of concentrated
IICT in 350 ml «f water. The suspension was filtered and the
<olid was washed with benzene, then with water; 15.1 g, mp
196-206°. 11 was crystallized from chlorcform to give 4 g of

200 AL O aroez, W Ruoas e, wirl M. lyvas, Bee., 92, 2555 (195404 .



July 1966

recovered 2-(p-methoxyphenyl)indole. The benzene filtrate was
separated into layers. The benzene layer was washed with water
and saturated NaCl solution, dried by passage through Na,SO,,
and evaporated. The resulting colored solid was triturated with
ether and filtered. The solid was then crystallized from ethanol,
31.5 g, mp 170-171.5°. The second crop amounted to 14 g,
mp 168-171°, yield 369;. The ultraviolet showed Amax 211 mp
(e 39,300), 258 (24,450), sh 284 (12,950), 308 (14,950); the
infrared (¢m 1) showed NH, 3170, 3140; C=0, 1600: C=C, 1575,
1545, 1510, 1500; CO/CN, 1250, 1175, 1125, 1105, 1035; aro-
matic, 830, 815, 790, 765 nmr showed two singlets at 221.5, 229
(OCHjy), singlet at 226 (CH.), complex at 406-300 (aromatic),
broad 536 (NH).

B. Treatment of 34 with LiAlH,—A solution of 34 (37.1 g,
0.1 mole) in 500 ml of THF was added under nitrogen to a solu-
tion of LiAlH, (37.1 g) in 2500 ml of THF during 20 min. The
mixture was refluxed with stirring for 17 hr. It was then cooled
in ice and decomposed by successive addition of 37 ml of water,
37 ml of 15¢;, NaOH, and 111 ml of water. The suspension was
filtered, the solid was washed with THF, and the filtrate was
evaporated. The residue (37.8 g of brown oil) was dissolved
in 20 ml of methylene chloride and 30 ml of 159 acetone-
Skellysolve B and chromatographed on 1134 g of Florisil. Elution
with 159, acetone—Skellysolve B (350-ml fractions were collected)
gave 26.5 g of an oil (fractions 11-17). Crystallization from
ether—petroleum ether gave 15.26 g of 35 as prisms, mp 80-82°.
The ultraviolet showed Amax 228 mu (e 30,700), sh 245 (24,000),
sh 280 (10,800), sh 288 (13,900), 306 (20,200): the iufrared
(em 1) showed NH, 3340; C=C, 1605, 1580, 1575, 1550, 1510;
CO/CN, 1250, 1235, 1175, 1030, 1020; aromatic, 830, 745;
nmr showed two triplets centered at 180, 181.5 (CH, area 4),
two singlets at 223, 226 (OCH; area 6), complex at 402-463
(aromatic area 12), NH at 470.

C. Treatment of 34 with Sodium Borohydride.—Solid
NaBH, (3.7 g) was added during 10 min to a warm (ca. 40°)
solution of 34 (3.71 g, 0.0! mole) in 250 ml of ethanol. The
mixture was stirred overnight. The resulting solution was
evaporated to dryness and 100 ml of water was added. The
solid was filtered and washed with water. Crystallization from
ethanol afforded 1.2 g (549 ) of 2-(p-methoxyphenyl)indole
(30), mp 228-229°. It was identified by comparison of the ul-
traviolet and infrared spectra with those of the authentic saniple.

D. Treatment of 34 with Lithium Borohydride.—A solution
of 34 (20.2 g, 0.0545 mole) in 270 ml of THF was added to a
suspension of LiBH, (20.2 g) in 220 ml of THF, and the mixture
was stirred overnight at roon: temperature. It was then cooled
in ice and decomposed by successive addition of 21 nil of water,
21 ml of 159 NaOH solution, and 63 ml of water. After stirring
another 30 min, the suspension was filtered, and the filtrate was
evaporated to dryness in vacuo. The residue was stirred with
1 1. of water and 700 ml of ether. The layers were separated
and the aqueous layer was extracted with three 100-ml portions
of CHsCl,. The combined organic extract was washed with water,
saturated NaCl solution, dried (Na,80,), and evaporated.
The residue was crystallized from methanol to give 11.7 g of
alcohol 37, mp 143-144° (mixture melting poiut with 36 showed
a depression: 125-135°). The ultraviolet showed Anpux 213 sh
my (e 33,400), 224 (33,200), 243 sh (23,800), 287 sh (15,500), 300
(18,700); the infrared (cm™!) showed NH/OH, 3520, 3330
C=C, 1610, 1583, 1575, 1550, 1510, 1485; CO/CN, 1250, 1180,
1160, 1105, 1025 aromatic, 845, 820, 750. Nmr was at first run
in CDCl; and was compatible with the dehydration product 36.
This was likely caused by presence of acid in CDCl;, since a
later experiment (see below) showed that the alcohol was stable
in pure chloroform. The nmr spectrum in acetone-ds was in
accord with the hydroxy structure and showed doublet at 145.5,
153 (CHzarea 2), two singlets at 222.5, 229 (OCH;) with a shoulder
on 229 (OH) (total area 7), sextet centered at 311 (CHO split
by OH: became a triplet on addition of D,O; area 1), complex
398-487 (aromatic area 12), broad NH at 602.

The methanolic filtrates from above were combined, evaporated
to dryness, and chromatographed on Florisil (650 g). Elution
with 2 1. of CH,Cl; afforded fractions which were combined and
crystallized from methanol to give 8.34 g of 36, mp 143-144°,
The ultraviolet showed Amax 248 mu (e 24,900), sh 265 (22,100),
299 (25,400), 338 (22,600); the infrared (em~!) showed NH,
3440; C=C, 1630, 1600, 1575, 1545, 1515, 1495; CO/CN, 1240,
1180, 1170, 1030, 1020; aromatic, 833, 740, nmr (in acetone-ds)
showed two singlets at 225.5, 230.5 (OCHj; area 6), complex at
409-458 (vinyl and aromatic area 14), 626 (NH area 1).

ANTIINFLAMMATORY 2,3-Bis(p-METHOXYPHENYL)INDOLES
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In another experiment which was run the same way as above,
the crude mixture was chromatographed on Florisil (without
first separating the hydroxy compound by crystallization).
Elution with CH:Cl; and crystallization afforded 409 vield of
the vinyl compound. The hydroxy compound was still adsorbed
ou the column and could not be eluted even with methanol.

E. Hydrogenation of 36.—A solution of 36 (0.33 g, 0.94
mniole) was dissolved in 200 ml of ethanol and hydrogenated
during 30 min in the presence of 0.3 g of 1097 Pd-C at initial
pressure of 3.71 kg/c? of hydrogen. The mixture was filtered,
the filtrate was evaporated to dryness, and the residue was
passed through a columin of Florisil (16 g) in CH.Cl,. Elution
with 30 nil of CH,Cl, gave 0.259 g, which crystallized from ether—
petroleum ether (30-60°); 45 mg, mp 78-80)°. This product was
identical with 35 as shown by coniparison of the ultraviolet and
infrared spectra and a mixture nielting point determination.

F. Dehydration of 37—The hydroxy compound 37 (0.373
g, 1 ninmole) was dissolved in 25 ml of chloroforni (Mallinckrodt,
AR) and the solution was allowed to stand for | hr. Examina-
tion of au aliquot by ultraviolet and by thin layer chromatog-
raphy on Florisil showed only the starting material. (Note
that the nmr of 37 showed previously the occurrence of deliydra-
tion in CDCl;, which must have been due to traces of acid in the
solvent.) Oune milliliter of 2 N ethereal HCl was added. The
solution turned brown, and examination by tle after | min
showed complete absence of starting material. The solution
was evaporated to dryness, the resulting brown oil was dissolved
in CH,Cl; and passed through a colunim of Florisil (5 g). Elution
with ml of CH:Cl; afforded 0.3 g of product which was crystallized
from methanol; 0.23 g, mp 142-143°. Thix compound was
identical with 36 as shown by comparison of ultraviolet and
infrared spectra, and & mixture melting point determinatiou.

2 .3-Bis(p-methoxyphenyl)indoline Hydrochloride (38)—A
mixture of 1 (3.3 g, 0.01 mole), 2 g of zine dust, and 50 ml of
189 aqueous HCI was refluxed with stirring for 2 hr. A further
2 g of zine dust and 50 ml of ethanol were added and reflux
continued for 1.5 hr. The resulting solution was filtered and
evaporated in vacuwo until an oil appeared.?® The product was
shaken with dilute HCI and ether, and the layers were separated.
The aqueous layer was basified and extracted with methylene
chloride. The extract was washed with water, dried (Na,S0y),
and evaporated to give 3.1 g of a gummy product. It was dis-
solved in 20 ml of ether and passed through a column of neutral
alumina (93 g, Woelm activity I). Elution with ether gave 2.6
g of product. It was dissolved in ether and converted to the
hydrochloride with ethereal HCl. Crystallization from ethanol
afforded 1.94 g, mp 198-203°, raised to 199-203° ou recrystalliza-
tion. The ultraviolet showed Anax niu 226 (e 24,700), 277 (5150),
284 (4850), 299 (3100). In 0.01 N alecoholic acid Ampx 255 sh
mu (e 3830), 261 (3700). 269 (3850), 276 (3900), 283 sh (3450),
298 (1550); the infrared (¢m™') showed amine salt, 2760, 2690,
2660, 2560, 2530, 2450, 2400; C=C, 1610, 1580, 1570, 1565, 1510,
1485; CO/CN, 1250, 1180, 1025; aromatic, 825, 755; umr (in
DMSO-ds) showed a single peak at 299.5 ¢ps corresponding to
the two hydrogens at C-2 and C-3. Iu pyridine, however, two
pairs of doublets were obtained centered at 2635, 302 with a
coupling constant of 10 e¢ps. In the absence of a second isomer,
stereochemistry cannot be assigned with certainty. However,
the large coupling coustant would indicate cis structure based
on examination of the Dreiding model.

Exaraple for Benzofuran Synthesis.5 2.3-Bis(p-methoxy-
phenyl)benzofuran (39).—A mixture of phenol (9.41 g, 0.1 mole),
anisoin (27.2 g, 0.1 mole), and 300 g of polyphosphoric acid was
heated slowly to 100° under Na.. It was then cooled, poured into
ice—water, and extracted with ether. The ether solution was
washed in succession with water, dilute NaOH, water, and
brine. It was dried (Mg80,), and evaporated. The residue was
chromatographed on silica gel (500 g) with 20¢; ethyl acetate—
cyclohexane. The first band eluted from the column was crys-
tallized to give 39. The ultraviolet showed Amax 228 sh mu
(e 18,930), 246 (20,550), 310 (27,650); the infrared (em™1)
showed C=C, 1610, 1590, 1515, 1500; CO, 1250, 1235, 1175,
1070, 1030; aromatic, 843, 835, 750; nmr showed two QCH; at
227, 231 (area 6), aromatic complex 406-462 (area 12).

2 3-Bis(p-methoxyphenyl)pyrrole (47). A. Via the Dicarbo-
methoxy Compound. Condensation of Dimethyl Acetylenedi-
carboxylate with Amino Ketone II.—A mixiure of amino ketoue

(25) Probably a ZnCl>-amine complex; c¢f. footnote 35 in I. K. Lewis,
G. B. Russell, R, D, Topsom, and J. Vaughan, J. Org. Chem., 29, 1183 (1964).



IT (obtained ax a by-prodnet from the syvnthesizx of 1 (176 g,
0.575 mole)), dimethyl acetvlenediearboxylate (K15 g, 0.579
mole), sodium acetate (47 g, 0.573 mole), aud 1440 ml of methanol
was refluxed 15 min. It was then codded, 1440 ml of 4 V' metha-
nolic HCL was added, ard reflux wax contiiaed tor 0.5 e, The
mixture was evaparated toodryness with stirring o vacwo at 40°,
The rexidine was diluted with 11 of water and stirred to obtain o
nice su=pensicar. It wax filtered and the yvellow <olid \\ ax washed
with 200 ml of water. A snspensicar of this <olid i1c2 1. of water
was heated orcthe steam bath with <tirring until all of the starting
material went intcsohtion. The suspension was filtered hot, and
the undissolved yeHow solid was washed with 200 ml of hot water:
B8 g, mp 180-187°. The cambined agnecas filtraie (2.2 L) was
ctoled for abaut 1 week and afforded 91.0 ¢ (5270 of recovered
IT (mp 245-251°). The filtrate was evaporated 1o ce. 500 ml and
cocded for o few dayvs 1a give a fiurther 30 g (17C0) af reeovered 11
(mp 252-255°).

The yvellow =olid was disscdved 1 2.6 1. of methandd, the <cdution
wax filtered, evaporated to 1.2 1, '111(1 coled \\1111(: swirling:
vield 29 g mp 190-192°, raised to 102-1905° on recrystallization.
The second erop anmwamted v 19 g, mp 189-191°, The nltra-
violet showed A 230 mu (e 22,500). =h 260 (15,500}, <h 285, ~h
5040 (18,550), 310 (18,650): the infrared (em™') showed N1I,
33205 C=0), 1735, 1690: C=C, 1610, 1580, 1575, 1500, 1525,
1455 CO/CN, 1250, 1210, 1105, 1Ist, 1100, 1020: arvdanatice,
S35, 825; umr <howed four singlers at 225, 226, 2275, 250
(OCIH, aren 12). complex at 403.5-437 (avomaiic area 81, hroad
at 574 (NH area 1.

4 5-Bis(p-methoxyphenyl)pyrrole-2.3-dicarboxylic Acid (46).--
A mixuire «f dimethyl ester 45 (29 g, 0.0735 mole), 5380 ml of
methanal, and 580 ml of 200 NaOH solntica wax heated on the
steam bath under idtragercwith stirving, After 5 min the mixtnre
began refluxing and a solntion resuhed.  After 5 min of refluxing
a thick suspension wax obtained.  After av additional 5 miie of
refluxing, methanol wax distilled.  The agueons snspersicac was
cooled n ice ard acidified with 500 ml of concemrated HCI.
The resulting precipitate was filtered amad washed with water.
During the washing the <ohd turned oily.  The oily solid wax
erystallized from 50 ml of acetic acid and 120 ml of water to
give 25.7 g of a pale yvdlow produet, mp 202-204° dee. The
ultraviolet =howed A 26705 mp (e 22,4000, 281 (41,400), 206
«h (l),#%..()i. SIS I (9950); in 0,01 aleohadic aecid, Ao 235 mp
(e 24,400), 270 <h (14,100}, 329 (9900); in 0.01 .V aleoholic base,
Noex 201 1 (e 14,800), 257.5 (19,700}, 288 (10,700), 298 (18,7001:
the infrared <howed NH, 3300, 5240: acid O, 2660, 2540,
2480 C==0), 1690: C==C, 1610, 1505, 1570, 1560, 1520, 1485
CO/CN, 1250, 1200, 1180, 1030: avomatie, 845, 835, 580
mur (in acctone-dg) shcwed 1wo singlets at 227 220 (OCH,},
camplex at 405-43% (aromatic), broad 519.5 (N11;.

Decarboxylation to 47.-—Dicarbovhe acid 46 (24.16 ¢, 0.066
mole) was heated it an «dl bath under Ny at 200-220° (outside
temperature) diring 20 mire  Distilkwione from an oil-jacketed
faxk at 240-255° (rartside temperature) (0.2-0.5 nun) atforded
1291 g «f a yellow oil. A solution of (hix oil in 200 ml of ether
was waslied with two 100-ml porticas of 59, NaOll =olntica,
then with water, and satnrated NaCl sohition, dried (Na.S0),),
and evaporated. The resichie (12.8 ¢) wax dissolved m 200 ml
of 2000 ethyl acetate—cyelohexare mid chromatagraphed on 750
g «f xilica gel.  Llution with the =ame solvent 5.5 1) atforded
12.56 g of erude 47, Tt was crvstatlized fraan petroleum ether
(30-60°) with =eedivg to give 5 g of prisins, mp 653-69.5°, e
chauged on recrvstallizaticac The filtrates were evaparated 1o
dryness, the residue was passed through a colinm of silica gel
(15 g) and the prodiet wax ervstallized ax beiore, bui (he whade
operation was pertcemed as rapidly ax possible ¢ avoid e cote-
siderable reddening of (he componnd.  Thix atfcrded additional
5.0 g of pink erysrals, mp 65-70°. The ultravicddei showed Ao
247 mp (e 20,100), 204.5 (15,150): the ivfrared (em 7') showed
NIL 3470; C==C. 1610, 1580, 1515, 1510; CO/CN, 1245, 1185,
LIGH, 1105, 1050 aromatic, 840 mur shawed siiglet at 228
(OCH, area 6). caanplex av 580-443 (aromatic avea 105, NI .
aboui 488 (area 1),

B. Via the Mannich Base Reaction. 2 3-Bis(p-methoxy-
phenyl)-1-pyrroline (44).—3-( Dimethvlamino)-4'-methoxy-2-(p-
111('111“\\ phen\1)1)1((1)1(4)11911(.1((- Ivdrochloride® (42.6 g, 0.122

.‘h) M(]lm; Do, Ines, Deitisn PDacesn 828,762 (1490,
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mole) was relensed to the tree haxe, A mixinre of the base, 215
ml of nitromethane, and 0.77 g of NaOCI, wias refluxed wich
stirring for 6 hr while passing a stremm of 1dtragerc througlh.
After =tandiig overnight, 150 mb «f water wasx added, and the
mixture wias extracted (wice with ether. The ether exivaet was
waslied with three S0-ml portions of t007 HECL wod saturaed
NaClsohution, dried (Na80),), and evaporated to give S000 ¢ of
crude oil, 10 was dissadved e 1500 ml of ethared and hvdee-
getated e presence of 4 (caspions of Rarey nickel a0 hdiisl
pressure of 201 k/em* After 5oy the uptake stopped. The
mixture was tliered through Filtercel, and the filrate was
evaporaied.  The residie was disselved 1n 1L of ether, 400 wd oF
1097 11CT was added, vad (he resulting «dy Tacdrochloride was
washied with ether To decantation.  Atrer the additiaie of ice
(he aqueous mixiure was basified and extracted witle erlec.
The ether extract was washed with water, saturated salt sohiion,
dried ¢ Na=Ou3, wnd evaporated oo give 29 goof wile T was
chrcanatographed on 900 g of stlica gel axiig 50¢, ethyl acerase
evelohexane and 1) ricthylnnine ax the cluent. Fhition witlc
ten 250An! jartbais ottorded  crvstathine fractions which were
purified from ether to give 0.8 g ol deoxyvardsain cideraitied by
Totrared arad altraviolet s

Further chition with three 250-ml paetiones gave oily tractione
which were 100 investigated.  Ehition with four 250-ml porticaes
gave eryxiathive fractions. Cryxallizatioo {rom ether (Nuchar
190-N) atforded 7.2 g of 44, mp Ss-89°0 The ultravidet <showed
Neees 208 11 Ce 18,2000, 286 < (10,450), 205 < (530050 intrared
Cem ™1 showed CaCAC==N, 1665, 1600, 1580, 1510 (0, 1250,
1175, 10500 aromatice, 8350 1anr =<howed complex at 10170
(b arca 2, <inglet ar 224 (QCH area By, complex ar 257274
{He 4= Ha, avec s eonglex at $00-470 (avomatie aren S0

Hb Ha

b * CsH,0CH,~p
He ~
N” ~CH,0CH;-p

He
44

A mixture of 0.8 g of erude 44 (1ot
purified by chromatography), 0.8 g «f 5% Pd--C, and 10 ml «f
decalin was reflnxed with stirring fca 6.5 he. It was cooled, chlore
form was added to dissolve the oil which separated, and the
solutica1 was filtered throngh Filtercel. The solution was washed
with 10 HCL water, saturated NaCl solutior, dried (Ni.-
S0, and evapeeated (0.1 nun) o give 0.7 g of ol Tt was
dissdved 11 methylene chloride and chrcmtographed on 42 g
of Florisil.  Elntion with 45 ml of CH.Cls atforded 0.22 g, which
wax rechromatographed on 22 g of <ilien gel. Flution witlc
seven 10-nil portions af 104, ethyl acetate-cyclohexane affaeded
0.07 g which wax discarded. Further elntion with 10 ml gave
10.13% ¢ of oil which was identical with 47 ax shown by comparison
«f nltraviolet, infrared, and nmr <pecrran. The mass spectrnnm
showed a muas< peak a6 279 (caled nud wi 2790.72),

2.3- Bis(p-methoxyphenyI)quinoline (49).-A tlask ccnlainivg
25 ¢ of 2,3- l)Mp -11¢ lhn\sphell\ beinchoninie acid (48, sce Table
11, footuote 11 was heated in a Wood's metal bath at 325° nnil
CO. evolution stopped (ca. 10 min). The residual materi:d
wis dizsolved ¢ 500 ml of methylene chloride.  The sohition
was washed with tweo 100-nl portions «f 550 NaOH =olntion and
200 ml of water, dried (MgS0),), aud evaporated. The residual
oil was diszalved in acetone-Skellvzolve B aud adsorbed (a1 a
colunin of Flovisil. The column was eluted with aic increasing
proportion of acctone in Skellvsolve B mixtures.  The ~olid
obtained was erysiallized twice frean acetone-Skellysolve 13 and
once from ether-Skellysolve Bt give 14.6 g of ivory prisis,
mp 98-100° (zee Table 11, footnote j).

Anal. Caled for CoplNOg: € 8001 I, 5.61:
Found: €, 80.09; H, 5.58; N, 4.02.

The ultraviolet showed A 217 nip (e 11.050), 259 (43,800),
271 (20,300), 341 (9750); the infrared shuwed C==C/C==N,
1610, 1575, 1550, 1515: C-(). 1245, 1170, 1030; aromatic. 830,
760; 1aur showed singlet an 225 (OC H. ares b), complex at
100495 (aromatic arer 1),

Dehydrogenation of 44.---

N. 4.10


24.lt

