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The pooled urine from uine rats was acidified 1 pH 2% and
extracted with two 100-ml portions of ether. The Et.O sulution
was dried (NasSOy), then concentrated with n rotoevaporator.
Over 909, of the activity was extracted {rom the urine. The
L6, O concentrate was taken directly into the mass spectrmmerer
(sce helow).

Isolation and Identification of Urinary Metabolites. A.
Phenyltrimethylsilane (I). Hexamethyldisiloxane.--Ta  the
crnde nurine from three rats was added 100 mil of ether cantaining
1.0 g of nonlabeled hexamethyldisiloxane. After acidification,
the urine was extracted once. The cthereal solution was con-
centrated to 25 ml, and a portion was snbjected to glpe separa-
tion. The peak corresponding to the hexamethyldisiloxane wax
collected and connted. Of the total nrinary activity, 3¢ canld
be accounted for as hexamethyldisiloxane.

Extracted Metabolites.-—An alignot (0.256 uCh) from the
LitOAc concentrate was spotted ou a tle plate (silica gel) and
developed with ether--petrolennt ether (30-60°) (1:11.  Active
=pots were found at £y 0.68 (0.044 pCi, 1770), 0.06 (0.079 u(i,
319, and the origin (0.090 uCi, 35903 The first two compannds
were separated on preparative tle plaves and were removed [rom
the silica gel with Et:O0. The compounds at the origin an these
plates were removed front the silica gel with MeOH and were
rechromatographed with EtOA¢~PrOH (1:1). Oue active spot
(#'5 0.09) was observed and this compound also was izalated hy
preparative tle. Numerous other spots were observed in these
tle runs.  Since they did not show activity, they were ignored.

This isolation procedure did not yield analyueally pnre ma-
terial. However, the metabolites were sufficiently pnre thai
their suructarres could be identified by spectral methods; for the
radioactive metabolite F; 0.68 (IV): ir «CCly, 5.0 (vs), 3.4
(W), 3.8 (w), 6.2 (3), 6.6 (2), 7.0 (5,) 7.3 {w), 7.0 (vx), 8.0 1w,
0.0 (vs) m: nmr (CCly), 6 7.0 (multiplet), 6.6 (triplet) (combined
area 7), 3.5 (singlet) (aren 1), 0 (singlet)y (arca 14.5);  muss
spectrnm (), mie 105 (2), 107 (4), 135 (41, 131 152), 152 (80,
155 (3), 166 (6), 167 (1), 180 (3); far svuthetie p-trimethylsilyl-
pheaol: ir (CCle, 3.0 (vx), 3.4 w), 6.3 ix), 6.7 2=, 7.1 1=},
T4 (w), 8.0 (vs), 8.5 (w), 9.0 (vs) w: nmr (CCLn 6 7.15, 7.04
idanblet), 6.4, 6.46, 6.56 (wiplet) (enmbined area 1.0), 0 (aren
2.3); mass spectrium (205, 105 (23, 107 &35, 145 12y, 151 (64
152 (10), 153 (3), 166 (7), 167 (1), 168 (0.8).

Anthentie samples of o- and wi-trimethylsilylphenal were alsn
available. ' Comparisou of the ir and mmr spectra of these twa
componnds with those of the metabolite P; 0.68 showed that the
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nietabolite was neither of these compoands.  The difTerenres
hetween the three were particularly evident in the fine struenire
and symumetry »of the aromatic region (8 7--7.5) of the niur specira:
spectral lata for radioactive metaboliie By 0.50 (I3 v (CClo,
L9 Gvsd, B Tw LS (=10 7.0 (2), 7290 09), 895 =), 9.9 (s
e LCCLY, 8 6.96 throad multiplets daren 451, 3,15 1singlets
vven 22, 0 fsinglet s tarea 6); wass speetrinm (s, /e 131105,
Lan (a2, 136 (80, 14T 7500 spectral data for svnthetic divdmsy-
micthyDdimethylpheaylsilane: i ineat), 5.0 7=y, 3.4 (w), 7.0
I3 800D, 0.0 00, 10,0 (b nnar tCClgy, 6 7.0 thvaad mnltiplet)
varen 59, 3.15 1singlet ) tarea ), O 1singlet) (arca 61, mas< <spec-
i 250, e 1Al (T 1830 (68), 186 (L), 157 ¢hys speetralsliaia
Dor radioactive material 2, 0.09: ir, o data, s)luble only in 111,

e (1203, 6 6.96 <inglet) (area 5.65, 3.2 (hnglec) Girea 24, 0
(xinglett farea 5.8 masz spectrum Glivect prober 1300 m

102 (8.5, TUT 1455, 1573 153, 130 (805, 157 (5.0 147 (150, 1N
(), 149 (20, 151 §7.00, 152 (2.3, 153 (1.2,

B. Phenyldimethylsilane (II)-~A prartion of ethier eonesnirate
wax taken diverdy to (he mass spectramecer. The remaindoer of
the niaterial was ppoified n=ing preparvative tle and the “poeified ™
niaterial was analvzed nsing speetral methods.  Sinee the onn-
positinn of the nictabolite changed npon “porification™ both selx
»f spectral data are given and disevussed in the text: mass <pectrm
of radioactive netabolite prior to 1 parification (VI oy
(20 105 by 0T (T 122 G, 128 05 18T GG, 138 IS0
130 1500, 152 (oS 150 L tad {050 193 110,03, 104 13, 195
120000 2V 0T 252 Gy 278 iy mass spectrnin ol svnthe)ie
dimethylplienylsilanal: s i 2500 157 (950, 138 1109, 159 4.

Isolation of the Metabolite. - -An alignot (0.255 pCiynl the ethor
concentrite was =ubjected 1o the isdica gel, ether). Twn uctive
compoaents were pbserved:  vre at Iy 0.80 (0.2 wCl, 90% ol
the activity ) and another near the adgin. Preparative tle was
n=ed 0 isolaie the componnds.  Attempts to identily the can-
poundiz) giving rise tn the spot newr the origin were nn=necessful;
spectra data B radioacrive 2 0.80 meiubolite:  ir (CCly, 5.4
(w), 700y S0 as, 9.0 <0, 9.0 (vt g e (CCLy, 8 7.0 tind te-
pleti, U ixinglen: nwss spectrn 1268 mfe 89 1133, 100 675,
LO7 ¢4y, 121 0o, 122 04, 123 i), 125090 155 (T, 163 <1y, 16D
P, 170 8, 105 024y 104 063, 125 1, 271 (bl 272 (1), 273
(12 spectial data far svnthetie diphenyltetramethyldisiloxane: iv
(neat), 3.4 7w, 7.0 125, 8.0 Tvx), .00 Ces), 9.0 (ved gy e 1CCLg i,
& 5.0 aunltiplety, U izinglet); hiss spectrum 1260, Sy N
VLA, 128 G50 185 700 100 0300, 104 055, 100 ¢4 271 1 15), 272
14, 271 (13,

2,3-Diphenylbenzo- and 5,6-Polymethylenebenzofurans,

1,2-Diphenylnaphthofurans, and Some Related Compounds'

H. I'. 8. Caawrna, PU XL GroveEr, Nimva ANaND,

Division of Molicinal Chentistyy

V. P. KaysBsos, Axp Axuya B, Kar

Division of Enducrinology, Cential Drig Besenrch Insistvle, Lucknow, Indin

Recetverl Jonye 17, 1096

Anmng 2-phenyl-3- (p-g-f-aminoalkoxy- and thiaalkoxypheayl)-3,G-<ubztitnted benzolnrans, naphthol2,1-b}-
furans, and some related compaonnds synthesized and tested, 1-{ p-g-pyrmlidinoethoxyphenyl-2-phenyinaphilio-
[2,1-b}{nran (26) and 2-phenyl-3-(p-g-pyrrolidinoethoxy phenyli-n, 6-tetranmethylenebenzofuran 150) were fonnd

ta possess marked antinmplantation activity in rats,
forits antifertility activity.
tory aetiviey.

The synthesis of some substituted 2,3-diphenyl-
benzofurans and the antifertility activity of 2-phenyl-
3-(p-B- pyrrolidinoethoxyphenyl) - 6 - methoxybenzofur-
an' were reported earlier. This led to a further
exploration of this group of compounds for antifer-

(1) {a) Commnnication Npo. 1381 from thy Central Drug Research 1nsti-
mte, Lucknow. (b, P. K. Grover, H. . S. Chawla, N. Anand. V. P\

Kamlmj.and A, I, Kar, J. Med. Chem., 8, 720 (1965); (¢) A. B, Kar, V. 1.
Winnbnj, and 3. 8o sSary, Indivn J. Exzp. Byol., 8, 80 (1367).

Iixtended biological =radies have been carried ant with 26
2,3-Bis(p-methoxyphenyi-3,6-dinethylbenzofnran showed significant antinflammia-

tility activity and a study of their structure-activity
relationship. The results are reported in this comninn-
ication.

2-Phen yI-3-(p-hydroxyphenyl)benzoturans (I)? were
prepared by a modifieation of the method of Browu,

V21 Ronman namerals refer rg 1loorype of pomponpds, while Arabir nnmeraly
refer o the speeity ywnpmpls as they apgpoay in Table 1.
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et al.,® by the condensation of p-benzyvlozybenzoin with
various phenols. As this method gave extremely poor
yields with phenols carrving no activating group at the
meta position, alternative methods were investigated
for the synthesis of 2-phenyl-3-(p-hydroxyphenyl)-
benzofuran (20). 2-Phenyl-3-(p-methoxyphenyl)-6~
tosyloxybenzofuran (17), prepared from 16, was
recovered unchanged after treatment with H, and
Raney Ni. This difficulty in hydrogenolysis of 17 is
inexplicable particularly since 2,3-bis(p-methoxy-
phenyl)-6-tosyloxybenzofuran (14) could be smoothly
hydrogenolyzed under the same conditions to give the
corresponding 2,3-bis(p-methoxyphenyl)benzofuran
(15). Compound 19 could, however, be prepared by
the hydrogenolysis of 2-phenyl-3-(p-methoxyphenyl)-
6-(1-phenyl-5-tetrazolyl)benzofuran (18) by the method
of Musliner and Gates.* It was also obtained in rea-
sonable vield by the condensation of phenol and 4-
methoxybenzoin using boric acid® as the condensing
agent in place of HCI used earlier.

1,2-Diphenylnaphtho[2,1-b]furans (II) were prepared
by the condensation of the appropriate 2-naphthols
with 4-benzyloxybenzoin using the condition of Brown,
et al.® 1-Naphthol when condensed with 4-benzyl-
oxybenzoin in presence of boric acid gave III. Con-
densation of resorcinol and 2,6-dihydroxynaphthalene
with 4-benzyloxybenzoin gave the corresponding di-
furans V and VI, respectively.

In the condensation of 3.,4-polymethylenephenols
with alkoxvbenzoins, 5,6-polymethylenebenzofurans
(“linear”) and the sterically less favored 4,5-poly-
methylenebenzofurans (“angular’’) could be formed.
With 3 4-tetramethylenephenol and 4-benzyloxybenzoin
the “linear”’ benzofuran 48 was exclusively formed,
since dehydrogenation with DDQ of 2-phenyl-
3-(p-B8 - pyrrolidinoethoxyphenyl)tetramethylenebenzo-
furan (50) obtained from 48 gave a naphthofuran which
was found to be different from the angular 1-
(p-B-pyrrolidinoethoxyphenyl)-2-phenyinaphtho [2,1-b]-
furan (26) prepared from 2-naphthol. 2,3-Bis(p-
methoxyphenyl) - 5,6 - tetramethylenebenzofuran, on
DDQ dehydrogenation, however, gave a mixture of the
linear and the angular naphthofurans. The chemical
shift of the two MeO groups in the two naphthofurans
was different. In the nmr spectrum of the angular
naphthofuran, obtained directly from 2-naphthol, the
signals for the two OCH; appeared at + 6.10 and 6.30,
whereas in the linear form the signals for the two OCH;
were at 7 6.15 and 6.25. The ratio of the angular form
in the mixture, as deduced from the nmr spectrum,
appeared to be ca. 209%.

The thiophenol 39 was prepared from the correspond-
ing phenol 22 by condensation with dimethylthiocarba-
moy] chloride followed by thermal rearrangement and
hydrolysis according to the method of Newman.®

The various hydroxyl and mercapto compounds were
converted into the corresponding @-t-aminoalkoxy
derivatives by condensation with g-f~aminoalkyl halides
in acetone in presence of potassium carbonate.

(3) B. R. Brown, G. A. Somerfield, and P. D. J. Weitzman, J. Chem. Soc.,
4305 (1958).

(4) W. J. Musliner and J. W, Gates, Jr.. J. Amer. Chem. Soc., 88, 4271
(19686).

(3) B. Arventiev, H. Wexler, and M. Strul, 4cad. Rep. Populare Romine,
Filiala Iast, Studit Cerectari Stidnt., Chim., 11, 63 (1960); Chem. Abstr., 85,
15433 (1961).

(6) M.S.Newman, J. Org. Chem., 81, 3980 (1966).

ANTIFERTILITY AGENTS.

v Bb)

Experimental Section

The compounds were routinely checked by ir spectroscopy;
tle was carried out on silica gel G plates and the compoiinds were
detected under a uv lamp or by exposure to iodine vapors; the
melting points were determined it an HaSOy bath by the capillary
tube method.

Hydroxydiphenylbenzo-, naphtho-, and polymethylenebenzo-
furans were synthesized by the general method of Brown, et
al.® The preparations described helow illustrate a few of the
experimental modifications of the general reaction conditions to
suit individual cases. The intermediate hydroxy compounds
were purified either by chromatography on silica gel or by con-
version to acetates followed by saponification. The comipoinds
thus synthesized are reported in Table I.

1-(p-Hydroxyphenyl)-2-phenylnaphtho(2,1-5]furan (22). (a)
2-Naphthol (4.38 g, 0.03 mole) and p-benzyloxybenzoin (.54
g, 0.03 mole) in peroxide-free dioxane (140 ml) were heated
under reflux with concentrated HCI (43 ml) for 24 hr.  An addi-
tional amount of HCI (43 ml) was added and refluxing coutinied
for 48 hr. The reaction mixture was diluted (H.0) and extracted
(Et:0). The Et,O was washed (2 v NaOH,? H.0), then dried

(NagS0,) and concentrated to give an oily product. It was
purified by passing through a columu of silica gel nsing benzene-
hexane (1:1) as eluent; yield 4.6 g (42%,).

(b) Compound 23 (4.80 g) was refluxed in 2 ¥ aqueous—meth-
anolic NaOH (100 ml) for 2 hr. After the removal of solvent,
the residue was acidified and extracted (Et:0). The Et:0 extract
was washed (H,O) to neutral and dried and the solvent was re-
moved; yvield 4.5 g (879%).

1-(p~-Acetoxyphenyl)-2-phenylnaphtho(2,1-b]furan (23).—The
oily residue obtained in a above (7.5 g) was dissolved in dry pyri-
dine (30 ml), AcO (12 ml) was added, and the solution was
allowed to stand for 16 hr. The reaction mixture was poured
over ice and HCL. The oil which separated was taken up in
Et,0, washed (5% Na,CO; solntion, H.O), dried (Na.80y), and
concentrated, and the residiie wax crystallized from MeOH;
vield 4.8 g (879%).

1-(p-Benzyloxyphenyl)-2-phenylnaphtho[2,1-b]furan (24).—
2-Naphthol (4.38 g, 0.03 mole) and p-benzyloxybenzoin (9.54
g, 0.03 mole) were refluxed in peroxide-free dioxane (140 ml) and
concentrated HC1 (43 ml) for 24 hr. The reaction mixture was
worked up in the wsnial manner and the rexidie was ¢rystallized
from EtOH; yield 2.6 g (209:). The mother liquor when con-
centrated and crystallized fromt benzene—hexane gave 22; vield
2.1 g (429%).

The mixture of 22 and 24 obtained above could alzo be sep-
arated by chromatography over a column of silica gel (80 mesh).
Elution with benzene-hexane (1:3) gave 24. Further elution
with benzene-hexane (1:1) furnished 22.

1-[p-(8-Diethylaminoethoxy )phenyl]| -2-phenylnaphtho(2,1-5]-
furan (25)—The method described below for the preparation of
25 is representative of the general method followed for the alkyla-
tion of hydroxydiphenylbenzo-, naphtho-, and polymethyleie-
benzofurans with w-#-aminoalkyl halides.

1-(p-Hydroxyphenyl)-2-phenyvinaphtho[2,1-6]furan (22) (0.336
g, 0.001 niole) was heated nnder reflux in anhydrons AedMe (75
ml) with anhydrous K,CO; (1.5 g) and Et:N(CH,),Cl-HCl
(0.264 g, 0.0012 ruole) for 12 hr. K,;CO; was removed by filtration,
the filtrate was concentrated nnder rediiced pressiire, and HyO
was added. The oil which separated was taken np in Et,O,
and the ether layer was washed with water to neutral, dried
(NagS80,) and concentrated. The residuie was couverted to its
hydrochloride in Et;O. Crystallization from Et,OH-Et,O gave
25; yield 0.43 g (889).

2,3-Bis(p-methoxyphenyl)-6-tosyloxybenzofuran (14).—p-
Toluenesnlfouyl chloride (0.382 g, 0.02 mole) wax added to 2,3-
bhix(p-methoxyphenyl)-6-hydroxybenzoturan  (obtained by the
condensation of resorcinol with anisoin) (0.69 g, 0.02 niole) dis-

(7) These compounds were insoluble in aqueous alkali presumably because

the 3-p-OH group, being in conjugation with the furan ring oxygen atoin, is
rendered less acidic as shown.
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TaBrLE I (Continued)

Sol-
vent,
Yield, ofi Mp or bp MEDu
No. X or z X’/ R R’ %3 crystn® (mm), °C Formula Analyses mg/kg
36 ()(,‘H,(‘,H‘.—N/j OCH.CHN H 79 ViS(‘,F)US CisHis N2 Os C, H, N
T o oil
37 11 H OCSN(CH3), H 80 D 182 CyHaNO.S C,H N
38 I 1 SCON(CH;). H 9 D 135 CoHay NO2S C,H XN
839 H H SH H 95 B 21H CyH,608 C,H
40 O H S(‘H‘(‘HV.N:] H 65 C 239 CuHzNOS-HCl C, H,N >10
41 H H OCH; I1 15 A 104 CypHis0: C, H
42 I{ H OH H 8) B 165 CqueOQ C, H
43 H H ()CHZCHZI\{] H 70 C 208 CxHxNO, HCI  C, H,N 20
45 1 COCH; H 79 A 135 CosHy003 C, H
6 1 ocion—_| H 81 C 207 CoHuNO-HCL C H,N 20
47 1 OCH; OCH; 72 A 134 C2sH2:05 C, H
48 2 OH H 31 B 146 CaaHy0: CH
49 2 OCOCH; H 82 A 108 CosH03 C H
50 2 ocn_.cm{] H 89 C 228220 CuHuNO,-HCI C, H,N 2
31 3 OH H 33 B 138 CosHao0, C H
52 3 um,.cmq H 87 C 251 CaHuNO:-HCI C H N 10
33 OH H 91 B 249 Ca:HaO4 C, H
54 OCOCH; H 10 A 230 CisHasOs C, H
35 OCH,CH,;N(C.I1;)s H 90 C 266 CHisN2Oy C, H >10
2HCI1-0.5H,0
CHR_ o R
R 0" “cHR
\%1
a6 OH H 29 E 280 Cst2404 C, H
57 ()CHZCH.zI\Cl H 93 F 223 CsoHisN:O, C,H,N >10

= A, EtOH; B, C:He-C¢Hyy; C, EtOH-Et,0; D, C;He-EtOH; E, MeAc; F, CH.Cl-MeOH. ° Reported!sin an earlier communica-
tion. ¢ Lit.* mp 91-92°. 4 Lit.® mp 136-137. ¢ Lit.'' mp 148-149, yield 2.49%. / Lit.*mp 116-117°.



salved 02 N NaO1T ] nil) and the mixture was heated on o steam
bath for 0.5 hr.  The reaction mixture was cooled and diluted
(H40) and the colorless erysalline prodnet obtained was rentaved
by filtration and recry=tallized (EtOH); vield 0.95 g (457, 5,

2,3-Bis(p-methoxyphenyl)benzofuran (15).--11. wax bubblel
thraugh a vigoronsly stirred solution of 14 (0.5 g, 0.001 mmle) in
1200 (75 ml) containing Raney NT (5 g) for 6 e, The eatalvst
was removed by filtration and the filtrate was evaparared 1o dry-
ness nnder reduced pressure. The residne was climnmatographed
over a column of hasic alumina nsing benzene-hexane (1:1) as
eluent, yield 0.25 g (75707).

1-Phenyl-5-chloro-1H-tetrazole. --PPhen vl isneyvanide dichloride
prepared according to the method nf Bly, e¢f ¢l f was candensed
with NaNj to give 1-phenyl-s-chloro-1H-tetrazole, mp 79° tit.?
T&--80°).

2-Phenyl-3-(p-methoxyphenyl)-6-(1-phenyl-5-tetrazolyl benzo-
furan 118).--2-Phenyl-3-(p-methoxyphenyvl-G-hydroxybenzo-
furan (16) (3.16 g, 0.01 mole) was heated nnder veflux ar anliy-
drons MeAe (50 ml) with anhydrous K.C'O, 13,0 g and t-plienyl-
S-cldami-1-tetrazole (181 g, 0.01 nmley Tor & hr. KOO, was
filtered und the residie wax takco np o Cglly, washed 2V
NaOH, 110), and dried (Naxs304), solvent was removed nnder
vaennnt, and the restdace was ervstallized (2O vield 5.25
g (T0S0).

2-Phenyl-3-(p-methoxyphenylbenzofuran 119). (a) A =snlu-
tian of 18 (3.25 g, 0.007 mole) in AcOFH (75 ml) was hydrogenated
in presence of 109, Pd-C (3.00 g) at 2.5 kg ‘em? and 05° for 12 I,
The catalyst was removed by filtration and AcOIl dixtillation
nnder reduced pressure. The residue was taken np in Lit.O)
the extract was washed t1 N NaOIl, 1,0) and dried (Na.800,
and solvent was removed.  The residue was chiromatographed
over alnmina with benzene-hexane (1:1) ax elnent.  Denmoval of
chient gave 19, vield 0.88 g (427 ).

(b) A mixture of phenol (3,10 g, 0.003 mole), 4-methoxybenzain
(7.25 g, 0.03 mole), and B(OH ) (6 g) was heated at 200° for s hr,
The contents were cooled, dilnted (Ho0 and 1t.0), washed (57
No.CO-11O), and dried (NaeS0y), the solvent was renmved, and
the residue was chronmatographed ax above; vield 2,20 g 4577,

2-Phenyl-3-(p-hydroxyphenyl)benzofuran (20).--A =alutioa
of 19 (0.6 g, 0.002 male) in AcOLL (10 ml) containing 4% ¢ HBr
(3 ml) was refluxed for ¢ hr. The reaction mixture was con-
centrated nnder vacmnm and the residine was added onto H.0.
The precipitate which separated wos crvstallized from henzene-
liexance; yvield 0.51 g (87723,

1-(p-Dimethylthiocarbamoyloxyphenyl)-2-phenylnaphtho-

[2,1-4]furan (37).- T a coaled =olution ol 22 (5.30 g, 0.01 mole:
i dry DME (25 ), Nall 0.24 g, 0.01 mole) was added iv
=mall portions,  After the evalution of s the solntion was caoled
ta 10°, dimethylthiocarbamoyl ehiloride (1.G3 g, 0.013 male) was
added all at onee, and the mixiure was heated at 90° Tor 1l
I1 was coaled and panred onto water.  The peecipitate <o nh-
tained was filtered und ervstallized Irom Cal Li-IStOH: vield 5.49
o, (SOC), 1 (KBr) » 1520 and 1210 con '

1-(p-Dimethylcarbamoylmercaptophenyl)-2-phenyInaphtho-
[2,1-b}furan (38}, —Cumpound 37 {2.12 g, 0.005 mole) was heated
ta 260° for 1 hr und cooled.  Crys<tallization fram Phll-1901
vielded 38:  wvield 1.90 g (90¢ ), v ¢ KBr) » 1667 ¢in 1, no peaks
at v 1520 and 1210 em ™! characteristie of O-arvlirhiocarbamates.

1-(p-Mercaptophenyl)-2-phenylnaphtho(2,1-b]luran (391

Componnd 38 (0.85 g, 0.002 maolel was diszolved in MeOIl (100
mb) comtaining agqueons NaOFL (3 ml) and refluxed nnder N,
for 3 Iir. The cantentx were concentrated nunder vaennui, di-
Inced (11,03, acidified with dilnre TTCL and extraeted (51O e,
Removal of the solvent and ervstullization ol the residie {rnm
Celle=Cellig fiirnished 39, vield 0.6 g (9, 1.

Dehydrogenation of 2-Phenyl-3-(p-(3-pyrrolidinoethoxy )-
phenyl)-5,6-tetramethylenebenzofuran (50).---A <olution of 50
(0.87 2. 0.002 male) and DDQ (090 g, 0.004 male) in dioxane
(10 mliwas refluxed for 6 b, The contents were dilned (HaO ),
oxtracted (MtOAe), washed (1N NaOIl, HLO), and dried (Na.-
S04, and =olvent was remaoved,  The residne was converted to its
hydrachlaride and erystallized (F1OH-I1.0) to give 2-pheuyl-3-
[p-(3-pyrrolidinoethoxyiphenyljnaphtho[2,3-b]fhran hydrochln-
ride (58), mp 238°, vield 0.50 g (897, 5.

(8) 1. 8. Py, G. AL Perking, and W, L. Lewis. J. Ameyr. Chem, Sov., 44,
28G6 11422).

i Co AL Magginli ard R AL T'aine, Beligiun T'atenC 671,402 (10661 Chym.
Avstr., 6B, 8926 14661,
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Biological Activity

Antifertility Activity, -The antiimplantatiaon aetivity
was tested i female rats by the method deseribed
carlier.™ The resnlts were scored as positive anly il
implantatians were tatally absent i botlt aterine horns
(MED!.

The antiimplantation potency of different compottnds
tested x presented e Table 1. 1t 18 seen from the
results (Tuble I) that compounds 26 and 50 were the
most active e the present series.  Accordingly. thoese
compouttds wert also evaluated inoa osingle ornl dose
regimie on any of the davs 1-5 post codlus. The results
are presented o Table oo 1 s evident that both the
compottnds completely prevented mnplantation ot o
dosc of H-10 mg. kg given orally on any one of the dayvs
b post coibys. Sipee compound 26 <howed a better
therapeutic mdex, it was subjeceted 1o detatled biologiend
v estigo tio.

TasLe 11
Lirrecr nr v SINGLE Oran Dose
nr 26 AND 50 ax 'keaxaney iy Rars

Treanmeng” Days ol pregnaney™--

mu K 1 u 1 A
26
10 N 0.0 0.0 0.1 GO
N 1.0 2 1.2 1.7 4.5
50
10 a0 0.0 0.0 0.0 0.3
i (a.n 0.0 0.0 0.0 6.0
5 (.o 0.0 0.0 0.0 1.6
2 it 0N 2.0 2.8 6.2

F 16 six rars were n=ed in eacd case. * The valnes given
are an average ol the total immber ol implints observed; cantrol
graup gave ai average of 6.6,

Hormonal Properties of 26.— [istragenic und anties-
trogenie activities of 26 were determiuned in immature
rats by the uterine weight and vaginal cornifieation
methods. At the antifertility dose (10 mg, kg oral), it
shawed mild uteratrophie activity (1309 inerease as
campared ta 6009, with estrane), but did not canse
vaginal eornificntian. In “delaved implantation” as
SV a0 estrogenic netivity was seen. The eompannd
wias devaid nf undrogenie, antisndragenie, and anti-
gonadotraphine properties.

Effect on Ova. - Kffeet on ava develapinent and trans-
port wis investignted in rats; the compound was ad-
ministered orally (10 mg. kg) an day 1 and the ova were
collected from the fallopian tube and the uterus an days
2-6 post eniiys. Na offeet won fertilization. develop-
ment, and transpart of ava was observed. .\ substan-
tial number of maorphologieally nornnl blastacysts were
calleeted fram the uterus of treated animals an day 6 of
progisey. wherens hardly any blastacyst conld he re-
covered fromn the controls.  Apparentiy. in the Latter
the ova had implanted by this tie.

Effect on decidua formation was investigated by the
method of Dorfmun™ and the dose used was 10 g/ kg
given orally on duy 1 of pregunney. It wus found that
the deciduonian formation was inhibited in contrast to
control animals in whiel mussive deciduahization was
noticed.

Effect of Progesterone on Antifertility Action.:
Progesterane was injected (6 mg rat) an days 110
post coltus 1o animals fed with the compound at o dose

S0 RLL Drfipan, DA Unels Hocwon Res. 2, 161 0103621,


lt.il

January 1970

ANTIFERTILITY AGENTS. IV 59

Tasre II1
ANTIINFLAMMATORY ACTIVITY OF 8

Carrageenin-induced

hygroma in rats - Carrageenin-induced rat paw edema,
Dose, Mean wt of % reduction Mean paw % reduction
Drug mg/kg hygromas, g {from control vol, ml {from control
Water 1.410(5)e 0.82(5)
8 100 0.979(5) 30.6 0.28(3) 65.9
158 0.878(5) 37.6 0.26(5) 68.3
275 0.842(5) 40.3
Prednisolone 12 0.935(10) 47.9
Indomethacine 3 0.50(5) 39.1

@ Number of rats used is in parentheses.

of 10 mg/kg. This regime did induce implantations
even though the number was less than that in the con-
trols.

These results suggest that the antifertility activity
of this compound may in part be due to inhibition of
deciduoma formation by virtue of its antiprogesta-
tional activity, tubal transport, fertilization, and
development and viability of ova were unaffected.

Subacute Toxicity Studies.—In subacute toxicity
studies 26 when administered to rats at 50 and 25
mg/kg caused death in most of the animals after 15 and
21 days, respectively, of administration. No apparent
cause of death could be found.

Structure—Activity Relationship.—Quite early in this
work, it was found that 2-phenyl-3-[p-(B-pyrrolidino-
ethoxy)phenyl]-6-methoxybenzofuran (2) had anti-
implantation activity and prevented pregnancy in rats
at a dose of 4 mg/kg. Further efforts in molecular
modification were, therefore, directed toward finding
out the contribution of each part of the molecule in
determining its biological activity. The two main
modifications carried out were in the 3-phenyl ring and
the benzene part of the heterocyelic residue.

Removal of the 6-MeO (21) decreased the activity to
one-fifth and the introduction of an additional MeO at
position 5 (6) resulted in a fall of activity to one-
twentieth. The 3,6-dimethyl analog (7) was completely
devoid of activity. Surprisingly, when these two Me
in 7 were made a part of a homocyclic ring system, the
resulting 5,6-polymethylene compounds possessed sig-
nificant activity. Among the polymethylenebenzo-
furans, the tetramethylene compound 50 was active at
2 mg/kg. The corresponding tri- and pentamethylene
compounds (46 and 52, respectively) were much less
active, being 80 and 1009, effective at 10 mg/kg and
were much more toxie, their LDy being between 15 and
20 mg/kg.

The significant difference in the antifertility activity
of naphtho(2,1-b]furans (26, MEDyy, 2 mg) and naph-
tho[1,2-b]furans (43, MED;e 20 mg) would point to the
fact that inerease in planar area of the heterocyclic
residue per se does not iuncrease the activity and a
specific orientation of the molecules seems to be of
importance. Compound 33 carrying the basic side

chain in the naphthalene residue at position 8 was
active at 4 mg/kg. When the same change was made
in benzofurans the resulting 13, surprisingly, did not
show any activity. In the naphthofuran series, 3-
p-hydroxyphenyl and 3-p-acetoxyphenyl compounds
(22, 23) did not have any antifertility activity, thus
showing the presence of a t-aminoalkyl residue to be
necessary for antifertility activity. In general, com-
pounds carrying a S-pyrrolidinoethoxy chain (2 and 26)
were more active than the corresponding S-dimethyla~
minoethoxy compounds (1 and 25). Compounds 3 and
4, however, had the same magnitude of activity,
Lengthening of B-t~aminoethoxy chain to vy-t-amino-
propoxy residue (3, 4) or the replacement of g-pyrrolidi-
noethoxyl residue (22) by B-pyrrolidinoethylmercapto
residue (40) appreciable decreased the activity. The
compounds carrying side chains at both 2- and 3-phenyl
rings of the benzofurans (10) did not show any activity.

Benzodifuran (55) and naphthodifuran (57) also did
not have any activity.

Antiinflammatory Activity.—In view of the recently
reported antiinflammatory activity of some 2,3-di-
phenylindole and 2,3-diphenylbenzofurans!! some of the
benzofurans now synthesized (5, 8, 11, 27, and 47) were
also tested for their antiinflammatory activity. Only
2,3-bis(p-methoxyphenyl)-5,6-dimethylbenzofuran (8)
showed significant antiinflammatory activity. It
proved to be a relatively potent antiinflammatory agent
against carrageenin-induced hygroma and carrageenin-
induced rat paw edema, when administered intragas-
trically. Its efficacy in comparison to predisolone and
indomethacine is recorded in Table I11I.
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