720 NoTES Yol 8
Tant 1
{CHIC M) COOCHC2CCH R 110

Yield, Cralon, Ve ydrogen, o Notrogen, o,
No. 1Ry R Method % M, TC Formnla Caled. "ol Clalel.  IFonad Culed, Fonnd
21 SCH. N(CGHa. B 146-14% CoHsNOS-HCL 66,07 66,45 6,75 672 3.35 5.0
22 NCH; CyHgN" it B 1541567 CullgNOS-HCI o540 66,37 6 31 6.5 5.57 3 42
23 SCH, CaH N d B 34 171.5-1737 Co,HuNOS-HCL G703 66,89 6.0 6.543 3,25 2.7
24 SCH; CHNO* W 1> 171-173.53"  CyuHaNOS-HCH G303 63,09 6.07 0 6.02 320 303
25 OCH, CH N B 5% 170.5-172° CoHiNO,- HCY 6951 6971 6.8L 0 6.90 .50 32
26 OCH.CH, N(CH,), Ciby 24 166.5-165.5"  CuHyuNOy HC 6812 609 6.7 T4 360 373
27 OCH.CH, CaHmN"- Cih)y 32 173, 5-173" CoyHuyNOy- HCL .10 69. 60 707 6.82 w27 RN

+ Used sodiunl methoxide catalyst.
isopropyl aleohol. ¢ .tnal. Caled.: Cl, 8.52.
lewm ether.  * CyHsNO = morpholino.

Found: Cl, 8.43.

4-Diethylamino-2-butynyl phenyleyclohexylglycolate
hiydrochloride (19) was found to possess about 1097 of
the activity of atropine on several types of extravascular
smooth muscle plus strong papaverine-like action.
A comprehensive study of the pharmucological proper-
ties of this compound by Lish. et al.,® will be published
shortly.

Experimental®

4-Dialkyl- (or 4-Polymethylene-) amino-2-butynels were pre-
pared from 4-chloro-2-butynol and the corresponding secondary
allines as previously described for 4-morpholino-2-butynol.8 The
following known 2-butynols were prepared: 4-dimethylamino-,%%©
4-diethylanmino-,! 4-pyrrolidino-,? 4-piperidino-,? and 4-morpho-
lino-.8

General Procedures for the Preparation of Esters of 4-Dialkyl-
(or 4-Polymethylene-) amino-2-butynols. A. Mannich Reaction.
--This procedure is analogous to that described by Jones,
¢t al.* Various aromatic esters of propargyl alcohol were emi-
ployed and the products were isolated as the hydrochloride salts.
The solvents used for the reerystallization of the hydrochlorides
obtained by this and thie subsequent methods are available from
Tables I and II.

B. Ester-Alcohol Interchange.—Equivalent amounts of the
1ethyl ester (0.035 mole) and the appropriate 4-amino-2-hutynol
were dissolved in 50 ml. of heptane and abonut 0.2 g. of sodium
methoxide (or 0.2 g. of sodium metal) catalyst was added. The
reaction mixtive was stirred and allowed to reflux, and the
heptane-methanol azeotrope was collected and measured in a
Dean-Stark trap to determine the extent of reaction. The
reaction mixture was cooled in an ice bath and washed with
water. The heptane solution was washed with 2 N HCl and the
acldie extract was nentralized with 2 N NaOH. The oily free
base was dissolved in ether, and the resultant solution was dried
(MgR0O4) and treated with HCI to preeipitate the hydrochloride
salt.

C. Esterification with an Acid Chloride. (aj.--'To a stirred
solution of acid chloride (0.074 mole), triethylamine (22.0 g.,
0.437 mole), and 70 ml. of benzene was added, dropwise, the
appropriate 4-amino-2-hutyuol (0.07 mole) dissolved in 25 wl. of
beinzene. The reaction mixture was heated on a steam bath for
3 hr. and poured onto ecrugshed ice and water. The organic
layer was separated, washed with water, and extracted with
several 5-ml portious of 2 NV HCI to remove excess triethylaniine
(the extracts wele made basie to determine if insoluble product
was being extracted).  Additional exiractions with 2 N HCl were
carried out aud the extracts were combined, cooled in an ice

() J. O. Noppe, . B, Alexander, and L. ¢, Miller, J. dm. Pharm. Assoc.
Svi. fd., 39, 147 (1950).

)y I’ M. Lish, 10 AL Lalindde, I, 1. Peters, and 8, 1.
intern. pharmaendyiam., in press.

{7) Melting points are uncorrected.

(8) J. L. Biel, E. . Sprengeler, and H. L. Friedman, J. Am. Chem. Soe.,
79, 6181 (1957},

(9) M. Olomucks, Compt. rend., 237, 192 (19353).

102 I. Marszak., A. Marszak-Fleury, R. LEpsztein, J. I'. Guermone, J
Jweob, wand G Nontezin, Mem, serr, chomn. Sad (Parisi, 36, 111 {19511,

CUEe b Colomee and (o Postane, Ball soe. chdim. Frace, 5U2 {19353,

Robbins, Asch,

¥ Recrystallized from ethyl acetate—cthauol
S CAHLWGN = piperidino.
i Used sodit vietal catalysi.

CHGN = pyrrolidino. 7 Reerystollized from
7 Reerystallized from ethyl acetate- petro-

bath, and neutralized with 2 A" NaOH. ‘The oil which separated
was taken up in cther, and the ether solution was dried (MgS0,).
The solution was treated with dry HCI to precipitate the hydro-
chloride salt.

(b).~—Equivalent ammounts of 2,2-diphenyl-2-chloroacetyt chlo-
ride (0.043 mole) aud the appropriate 4-amino-2-butynol were
wmixed and heated at 100-105° for 25 min., then at 70° for 40
i, and the resultant brown viscous oil was washed thoroughty
with anhydrous ether and dissolved in 100 ml. of anhydrous
ethanol. The ethanolic solution was allowed to reflux for 25 hr.
with 5 g. of Na,CO,. ‘The reaction mixture was cooled, filtered,
and neutralized with 2 .V NaOH, and most of the ethanol was
removed under reduced pressure. The remaining aqueous niix-
ture was extracted with ether and the extract was dried (MgSO,).
Hydrogen chloride was passed into the ether solution to precipi-
tate the hyvdrochloride salt.

D. Ester-Ester Interchange —Iquivalent amonnts (0.25
uwole) of 4-diethylamino-2-bntynyl acetate and the methyl ester
of the appropriate carboxylic acid were dissolved in 400 mlb of
heptane and 1.25 g. of sodiuim methoxide was added.  The mix-
ture was stirred and heated, and a solution of heptane and methyl
acetate was slowly distilled fromn the reaction vessel vver a period
of abnut 1 hr.  The reaction mixture was cooled, washed thor-
oughly with water, und extracted with 2 N NaOH, aud the oily
base was taken up inether. The ether solution was dried (MgRO;)
and treated with HCI to precipitate an oily hydrochloride salt
which solidified on cooling.

Acknowledgment.~The biological sereening of thesc
compounds wax carried out by various staff members of
the Pharmacology Department. Mead Johnson Re-
scarch Center.  ‘The authors wish to thank Mrs. Naney
Eisley Dunu for her technical assistance.

New Antifertility Agents.
2,3-Diphenylbenzofurans!»

P. K. GroveR, H. P CHawna, N1Tva Axaxn, V. PO Kavoo,'"
AND Avrva B, Kar?

Division of Medicinal Chemistry and Division of Endocrinalogy.
Central Drug Research Tnstitute, Lacknow, Indin
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A manber of orgauic compounds which possess the
iriarylethylene structure have been showi {o possess
marked effect on the reproductive system.? In a
search for new antifertility agents, the 2,3-diphenyl-

(1) (a) Thisbivestigation was supported by a graut from the Ford Foounda-
tion. (b) Division of Endocrinology.

(2) (a) L. J. Lerner, F. 1. Holthaus, Jr., and C. R. Thompson, Endocri-
slogy, 68, 293 (1958); (La Y. I, Miquel, Tetrakedron, 8, 205 (1960); (¢)
17, 1{. Yox, J. T. Ghas. . l.. Lee, and A, DBoris, J. Med. Chem., T, 696, 790
10643,

3 DL Lednicer, Jo L Baheock, S0 O Laster, Jo L
Dunewn, Ckem. Ind. (Londany, 2088 (10613,

stncki, wnd G W
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TaBLE I

M.p., —= % caled. —— — % found ——
No, X X/ R °C. Formula C H N C H N
1 OMe H H 167-168 CyH,60; 79.70 5.00 .. 80.12 5.35
2 OMe H COCH; 134-135 CyH, 50, 76.88 5.00 .. 76.98 5.32
3 OMe H CH,C¢H; 127-128  CyH20; 82.75 5.41 .. 82.42 5.8 ..
4 OMe H CH,CH,N(C,H;),-HCl 185-186 CxnH,NO;-HCI 71.68 6.60 3.09 71.23 7.02 3.26
5 OMe H CH,CH;N HC1 209-210 CyHaNO; HCI 72.20 6.23 3.01 72.49 6.63 2.75
6 OMe OMe H 187-188  C,H 50, 76.30 5.21 .. 76.59 5.63
7 OMe OMe CH,C¢Hs 181-182 CyyH,404 79.82 5.50 .. 80.26 6.02 ..
8 OMe OMe CH,CH,N(C,H;),-HCl 158-159 CuHyuNO,-HC1-0.56HO0 68.50 6.73 2.83 68.35 7.19 3.03
9 OMe OMe CHCHN |- -HC 229-230 CyH2NO,- HCH 70.07 6.25 2.92 70.23 6.41 3.08
10 CH; CH; H 199-200 CypH,50. 84.07 5.76 .. 83.94 6.32
11 CH; CH; COCH, 170 CaH2005 80.89 5.78 80.77 6.18 ..
12 CH; CH; CH,CH,N(C,H;), HC! 167-168 CyHyNO,-HCI 74.70 7.10 3.11 74.65 7.42 2.83
13 CH; CH; CH,CH;N | -HCi 225-226 CyHxNO, HCH 75.08 6.73 3.13 75.02 7.06 3.20

benzofurans seemed a worthy choice for exploration in
view of the incorporation of the triarylethylene pattern
in their structure though in a more rigid form, the
association of estrogenic activity with many benzo-
furans,* and their close structural similarity to 1,2-
diphenylindenes®s which have been shown to possess
antiimplantation properties. The synthesis of certain
2-phenyl-3-(p-substituted phenyl)benzofurans and bio-
logical evaluation of one of these is described in this
note.

Experimental

These compounds were synthesized by a modification of the
method of Brown, et al.® In a typical run resorcinol mono-
methyl ether (0.01 mole) and p-benzyloxybenzoin (0.01 mole)
in peroxide-free dioxane (30 ml.) were heated under reflux with
concentrated HCl! (10 ml.) for 24 hr., when a mixture of 2-
phenyl-3-p-benzyloxyphenyl-6-methoxybenzofuran and the cor-
responding 2-phenyl-3-p-hydroxyphenyl compound was ob-
tained. Addition of a further quantity of concentrated HCI
(10 ml.) and work-up of the reaction mixture after 72 hr, yielded
exclusively the 2-phenyl-3-p-hydroxyphenylbenzofuran which was
purified through its acetate. Saponification of the acetate gave
2-phenyl-3-p-hydroxyphenyl-6-methoxybenzofuran which on
treatment with g-diethylaminoethyl chloride hydrochloride in the
presence of anhydrous K,CO; in refluxing acetone for 24 hr. gave
2-phenyl-3-p-(8-diethylaminoethoxy)phenyl-6-methoxybenzo-
furan, isolated as the hydrochloride. The different compounds
thus prepared are listed in Table I.

(4) (a) E. M. Bickoff, A. L. Livingston, and A. N. Booth, U. 8. Patent 3,-
077,404 (1961); (b) E. M. Bickoff, R. L. Lyman, A. L. Livingston, and A. N.
Booth, J. Am. Chem, Soc., 80, 3969 (1958): (¢c) W. Longeman, G. Cavagna,
and G. Tesolini, Chem. Ber., 96, 1680 (1963); (d) H. Singh and R. 8. Kapil,
J. Indian Chem. Soc., 87, 695 (1960); (e) H. Singh and R. 8. Kapil, J. Org.
Chem.. 24, 2064 (1959).

(3) G. W. Duncan, J. C. Stucki, 8. C. Lyster, and D. Lednicer, Proc. Soc.
Ezptl. Biol. Med., 109, 163 (1962),

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

Biological Activity.—Colony bred female albino rats of the
Institute (130-150 g.) were mated to coeval males of proven fer-
tility. The day on which the vaginal smears showed the presence
of spermatozoa was considered day 1 of pregnancy. The com-
pound was macerated with an equal amount of gum acacia and
guspended in 1 ml. of distilled water. The suspension was
introduced into the lower part of the esophagus by a feeding
needle. The control animals received a mixture of gum acacia
and distilled water. The results were scored as positive only if
implantations were absent in both uterine horns examined on
day 10 of pregnancy.

It will be seen from the results presented in Table II that
compound 4 administered daily at doses of 1, 2, and 4 mg. on
days 1 to 5 of pregnancy was 1009 effective in preventing im-

TasLe 11
Errecr or CoMpoUND 4 oN IMPLANTATION IN Rars

Total mean

of
Dose, No. of implantations
mg./rat Days rats (range)
Control 12 7.3(4.0-9.0)
0.5 1-5 12 7.5(5.0-9.0)
0.75 1-5 6 1.8(0.0-4.0)
1 1-5 12 0.0(0.0-0.0)
2 1-5 8 0.0(0.0-0.0)
4 1-5 12 0.0(0.0-0.0)
20 1,2,0r3 3 0.0(0.0-0.0)
20 4 4 0.75(0.0-3.0)
20 5 4 5.8(5.0-7.0)
plantation. A single dose of 20 mg. given on days 1 to 3 of preg-

nancy was equally effective in preventing implantation. The
failure of the compound to prevent implantation on days 4 and 5
suggested that its primary site of action was the Fallopian tubes
rather than the uterus. Detailed studies of this group of com-
pounds are in progress.

Acknowledgment.—The authors are grateful to Dr.
M. L. Dhar for his interest in this study. Thanks are
due to Mr. J. Saran and his associates for micro-
analyses.



