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A series of heterocyclic analogs of diarylethylene and triarylethylene were synthesized as
potential anti-implantation agents. Tested in rats as oral, post-coital antifertility agents, a few of

our compounds showed some activity.
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Steroid antifertility agents have proved very effective in
inhibiting the ovulatory mechanism or the implantation of
the fertilized ovum (2). However, adverse side effects (3)
of such agents have focussed renewed attention on the
search for non-steroid antifertility drugs (4). Compounds
with different structural moieties have been investigated
with varying degree of success in their effectiveness as
orally effective non-steroidal contraceptives. Besides a few
compounds with unusual structures (5) that have shown
aclivity in rats, the main effort has been directed to varia-
lions of the diarylethylene (1a) and triarylethylene (2a)
molecules (6).

in a project concerned with a search for post-coital
antifertility agents we were interested in the synthesis
of heterocyclic compounds of the type 1b and 2b. In
structure 1b C=N is introduced in place of C=C in diaryl-
cthylene (1a); in 2b an aromalic ring of 2a is replaced by
a heterocycle.

Compounds of the type 3 were synthesized by treat-
ing 2-aryl-4-chloro-5,6,7,8-tetrahydro| 1 Jbenzothieno[ 2,3-
dJpyrimidines (7) with the sodium salt of various §-amino

alcohols in refluxing benzene.
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The reaction of 2-amino-3-carboxamido-4.,5-tetramethyl-
enethiophene (4) (8) with a-phenylcinnamoyl chloride (9)
afforded the amide (6). Attempts to cyclize this amide in
the presence of phosphorus oxychloride resulted in the
dehydration of the amide function, resulting in the cyano
compound (7). However, 7 could be conveniently pre-
pared by the direct acylation of 2-amino-3-cyanothiophene
5 (8). The cyclizatton of 7 to 9 was accomplished by
refluxing an alcoholic solution of 7 saturated with hydro-
gen chloride. Similarly, the reaction of 5 with a-phenyl-
p-methoxycinnamoyl chloride gave the amide (8) which
on cyclization resulted in 10.

The pyrimidones 9 and 10 were converted to the
corresponding 4-chloro derivatives 11 and 12 by treatment
with phosphorus oxychloride. The reaction 11 and 12
with the appropriate S-aminoethyl alcohols afforded 13,
14 and 15. Refluxing 12 with N-methylformamide (10)
gave 4-methylaminothienopyrimidine (16).
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Biological Data.
Antifertility Tests in Rats (12).

Compounds 3g, 14 and 15 were tested for inhibition
of pregnancy in rats. Adult cycling female rats were
selected in the proestrous phase of the cycle. Each female
was caged overnight with two adult males. The finding
of sperm in the vaginal smear the following morning was
used as evidence for insemination. Treatment began on
the day of finding sperm and continued for a tolal of
seven days. The drugs were administered as sodium
carboxymethyl cellulose (CMC) solution. CMC was also
used in control experiments. The rals were sacrificed on
day 10 of pregnancy and the number of implantation sites,
resorbing embryos, emply sites and corpora lutea were
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recorded for each female. These results are summarized in
Table 1.

The results given in Table I indicate that this category
of compounds show mild inhibition of pregnancy. There,
however, does nol appear to be any dose-activity relation-
ship on the basis of this limited data. The percentage of
inhibition falls off to zero with increasing dose of 15
whereas it increases with the administration of 14.

Anti-inflammatory and Other Tests.

Compounds 3d and 3f were Llested for antiviral, anti-
bacterial, antifungal, interferon release and antiinflam-
matory activilty. Compound 3d was found to be inactive
in all these tests.

A comparative study of the antiinflammatory activity
of 3b and 3h using carageenin induced edema test was
undertaken (13). The results are summarized in Table LI

EXPERIMENTAL

The ir spectra were recorded on a Perkin-Elmer Infracord
spectrophotomeler calibrated with polystyrene film at 1603 cm ™!,
The pmr spectra were obtained on a Varian A-60A spectrometer
operating at 60 MHz using TMS as an internal standard. The mass
spectra were measured on a Hitachi Perkin-Elmer RMU-7 mass
spectrometer at 70 eV using an all glass heated inlet system. Thin
layer chromatography (tlc) was performed on silica G plates and
spots were developed with iodine vapors or aqueous potassium
permanganate solution. Elemental analyses were performed by A.
Bernhardt, Max Planck Institute, Mulheim, W. Germany. Melting

Table 1

Post Coital Antifertility Data (a)

Average
Daily No. of No. of No. of No. of %
Dose Implantation Resorbing Empty Corpora No. of Rats Inhibition
Compound mg./kg./day Sites Embryos Sites Lutea Pregnant of Pregnancy
Controls = 12 0 0 14 8/8 0
CMC
3g 0.125 8.8 0 0 13.8 5/6 17
3g 0.250 8.2 0.3 0 13.8 4/6 33
39 0.50 8.7 0 0 13.0 4/6 33
3g 0.5 (b) 5 0 0 12 3/8 62.5
3g 5.0 (b) 5 0 0 12 5.8 37.5
39 50.0 (b) 11 0 0.12 13 7/8 12.5
14 0.5 11 0 0 11.7 6/6 0
14 5.0 10 0 0 11.8 5/6 17
14 50.0 3.3 3.2 0 12.3 2/6 67
15 0.5 5.8 0 0 13.5 3/6 50
15 5.0 5.2 0 0.8 11.7 3/6 50
15 50.0 120 0 0 12.7 0/6 0

(a) In control experiments CMC/produced 0% inhibition of pregnancy; ethinylestradiol produced 60% inhibition of pregnancy at the
level of 0.064 mg./kg./day and 100% inhibition at 0.128 mg./kg./day. (b) Results of a second experiment.
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Table 11
Antiinflammatory Results
OCH,CHR

NN

1
$~ N7 Ph

Inhibition of
Carageenin Induced

Compound R LD 5o mice Dose Edema (%) Anoraxogenic Activity (%)
(mg./kg.,P.0.) (mg./kg..P.0.) Mice Rats
co
3b ., 1200 160 31.6 23.2 14
3h e O > 800 200 0 0 20

points were determined in open capillary tubes and are uncorrect-

ed. Analytical and spectral data on new compounds are recorded
in Table IIL.

o-Phenyl-p-methoxycinnamic Acid.

This compound was prepared by the method of Ketcham and
Jambotkar (11).

o-Phenyl-p-methoxycinnamoyl Chloride.

a-Phenyl-p-methoxycinnamic acid (25.4 g., 0.1 mole) and 100
ml. of benzene were placed in a 500 ml. round bottom flask.
Thionyl chloride (250 ml.) was added dropwise and the reaction
mixture was refluxed for 2 hours. Excess benzene and thionyl
chloride were removed under reduced pressure. The yield of
crude o-phenyl-p-methoxycinnamoyl chloride was 20 g., m.p.
81-82°. The crude product was used as such for further reaction;
ir (nujol): 1738, 1600 em™!.

2-N-(a-Phenyl-p-methoxycinnamoyl)-3-cyano-4,5-tetramethylene-
thiophene (8).

To a cooled solution of the aminonitrile (5, 17.8 g., 0.1 molc)
in benzene containing a molar equivalent of pyridine was added
dropwise a solution of @-phenyl-p-methoxycinnamoy! chloride
(25.4 g., 0.1 mole) in benzene. The reaction mixture was refluxed
for 2 hours and then filtered. The filtrate was washed with dilute
hydrochloric acid, water and dried (magnesium sulfate). Evapora-
tion of the solvent provided (32.2 g., 78%) of the acylated product
8, m.p. 141-142° (ethanol); ir (nujol): 2200 (-C=N), 1778 (C=0)
em™! (NH).

Amides 6 and 7 were also prepared by the acylation of 4 and
5, respectively.

2.-N{-Phenylcinnamoyl)-3-cyano-4,5-tetramethylene thiophene(7).

The amide 6 (2 g., 0.05 mole) and phosphorus oxychloride
(14 ml.) were refluxed together for 1 hour. The reaction mixture,
after cooling, was poured over crushed ice when a white solid
separated out. It was filtered and recyrstallized from methylene
chloride-hexane, m.p. 168-170° (60% yield). This product was
identical with the compound obtained by the acylation of 5 with
a-phenyl-p-methoxycinnamoyl chloride.

2 (0-Phenyl-p-methoxycinnamyl)-4-0x0-| 5,6 | tetraethylenethieno-
[2,3-d ) pyrimidine (10).

A moderately homogenous solution of 8 (8.2 g., 0.02 mole)
in absolute ethanol was saturated with dry hydrogen chloride gas,
heated under reflux for 0.5 hour and allowed to stand in a

refrigerator overnight, when 6.9 g. (71%) of 10 separated out.
After recrystallization from DMF, a pure sample of 10, m.p.
265-267°, was obtained.

Similarly, the amide 7 was cyclized to 9.

2-(a-Phenyl-p-methoxycinnamyl)-4-chloro[ 5,6 |tetramethylene-
thieno[2,3-d | pyrimidine (12).

To 4.3 g. (0.01 mole) of 10 was added phosphorus oxychloride
(40 ml.) at room temperature. The mixture was refluxed for 1.5
hours. After cooling it was poured into an excess of ice and stirred
vigorously when 12 separated out as a solid. It was filtered and
recrystallized from methylene chloride-hexane, 2.8 g., m.p. 168-
170° (65%).

The 4-chloro compound 11 was similarly obtained from 9.

2{(a-Phenyl-p-methoxycinnamyl)-44g-pyrrolidinoethoxy)-5,6-tetra-
methylenethieno{2,3-d | pyrimidine (14).

To a stirred solution of g-pyrrolidinoethanol (1.15 g. 0.01
mole) in anhydrous benzene (50 ml.) was added sodium hydride
(500 mg., 50% dispersion in oil). The contents were maintained
at 40° for about 3 hours, 4.4 g. (0.01 mole) of 12 was then added
to this solution. The reaction mixture was then refluxed for 12
hours. After cooling the solvent was removed and the residue
dissolved in methylene chloride. This solution was washed with
water and dried (magnesium sulfate). The removal of the solvent
under reduced pressure afforded 3.6 g. (70%) of 14, m.p. 113-114°
(benzene-hexane).

Using the appropriate chloro compound and the amino alcohol,
the ethers 3a-i, 13 and 15 were also obtained.

Refluxing 12 with excess of N-methylformamide for 10 hours,
the 4-amino compound 16 was formed in 75% yield.
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