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The ketone III is converted into 17a-ethynyl-1,4-
dimethylestra-1,3,5(10)-trien-178-ol (IVa) with either
potassium acetylide or the lithium acetylide—ethylene-
diamine complex. When heated with acetic anhydride
and pyridine, IVa gives the acetate IVb, while succes-
sive carboxylation and hydrogenation!s transform IVa
into the spirolactone, 3-(178-hydroxy-1,4-dimethyl-
estra-1,3,5(10)-trien-17 a-yl)propionic acid lactone (V).

Experimental Section®

1,4-Dimethylestra-1,3,5(10)-trien-17-one (III).*—To a stirred
solution of 20 mi of 3 M methylmagnesium bromide in diethyl
ether and 200 ml of anhydrous ether was added a mixture of 10
g of androsta-1,4-diene-3,17-dione 17-ethyvlene ketal” in 700 mi
of anhydrous ether. The reaction mixture was stirred and heated
under reflux for 2.5 hr. Then it was cooled in an ice bath and
decomposed with a saturated solution of NH,Cl. The ether
phase was separated, washed successively with water and a
saturated solution of NaCl, dried (Na,SOy), and distilled to
dryness under reduced pressure to afford a viscous oil. The oil
was treated with a solution of 9 ml of 6 & HCI in 90 ml of 95%
ethanol. The mixture was stirred at room temperature for 0.5
hr. Then it was diluted with water and extracted with ether.
The ether extract was separated and worked up as previously
described. The resultant viscous oil was chromatographed on
700 g of silica gel. Elution of the column with benzene gave
3.3 g of a colorless crystalline product, which melted at 126-127°
after crystallization from ether-pentane (lit.* 126-128°). It
proved identical with an authentic sample of IV prepared by the
CrO; oxidation* of 1,4-dimethylestra-1,3,5(10)-trien-178-ol (I111)%
obtained from either 178-hydroxyandrosta-1,4-dien-3-one (Ia)
or its acetate (Ib).

17a-Ethynyl-1,4-dimethylestra-1,3,5(10)-trien-178-01 (IVa).
A.—Acetylene was passed for 1 hr into a solution of 15 g of
potassium ¢-butoxide in 200 mli of ¢-butyl alcohol and 100 ml of
toluene, stirred, and maintained in an ice bath. A solution of 1.6
g of III in 40 ml of toluene was then added as acetylene was still
being passed iuto the solution. After 4 hr, passage of acetylene
was stopped. The reaction mixture was stirred for an additional
12 hr during which time it was permitted to warm to room tem-
perature. The reaction mixture was then diluted with a large
volume of a saturated solution of NH,Cl. The organic phase
was separated, washed with water, and distilled to dryness under
reduced pressure. The residue was chromatographed on 80 g
of silica gel. Elution with 29, ethyl acetate in benzene gave Va,
which was crystallized from ether-pentane, mp 170.5-172°,
yield 0.31 g. The melting point was raised to 174-174.5° on
recrystallization from ether—pentane; aXBr 3425 3311, 3289,
801 em ™1,

Anal. Caled for CpHyO: C, 85.66; H, 9.15.
85.87; H, 9.22.

B.—A mixture of 1.36 g of III, 2.7 g of lithium acetylide-
ethylenediamine,® and 100 ml of tetrahydrofuran (freshly
distilled from methylmagnesium bromide) was stirred at room
temperature for 2 hr. The reaction mixture was decomposed
with a dilute solution of NH,Cl and then extracted with ether.
The ether extract was washed successively with water and a
saturated solution of NaCl, dried (Ng,S80,), and distilled to dry-
ness under reduced pressure to afford a viscous orange-red oil.
The oil was chromatographed on 150 g of silica gel. Elution
with benzene, followed by crystallization of the solid product
from ether—pentane, afforded 0.54 g of IVa, mp 171-171.5°,
which was identical with that obtained by procedure A. From
the mother liquor an additional 0.12 g of IVa, mp 164.5-167.5°,
was obtained.

17 «-Ethynyl-1,4-dimethylestra-1,3,5(10)-trien-178-01 Acetate
(IVb).—A solution of 0.78 g of IVa, 6 ml of pyridine, and 8 ml of
acetic anhydride was maintained at 95° for 18 hr after which
time it was concentrated to about 2 ml by distillation under
reduced pressure. The residue was diluted with ice water and
extracted with ether. The ether extract was washed successively

Found: C,

(8) Melting points were taken on a Fisher-Johns melting block and are
corrected.

(7) M. J. Gentles, J. B. Moss, H. L. Herzog, and E. B. Hershberg, J. Am.
Chem. Soc., 80, 3702 (1958).

(8) O. F. Beumel, Jr., and R. F, Harris, J. Org. Chem., 28, 2775 (1963):
ibid., 289, 1872 (1964).
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with a 59, solution of NaHCOQ; and water, dried (Na,SO,), and
distilied to dryness under reduced pressure. The residual viscous
oil was chromatographed on 80 g of silica gel. Elution with ben-
zene gave a colorless viscous oil. This was evaporatively distilled
at 180° (0.1 mm) to afford IVb as a colorless amorphous product,
AKBr 3311, 2119, 1761, 1592, 1250, 1241, 1229, 896 em ™!, Thin
layer chromatography indicated that the prodnct was homo-

geneolls.
Anal. Caled for CuHyO.: C, 82.24; H, 8.63. Found: C,
82.17; H, 8.65.

3-(173-Hydroxy-1,4-dimethylestra-1,3,5(10)-trien=-17 «-yl )pro-
pionic Acid Lactone (V).—To a stirred solution of 15 ml of 3 A7
methylmagnesium bromide in diethyl ether and 25 ml of tetra-
hydrofuran (THF) was added over a period of 10 min a solution
of 2.4 g of IVa in 30 ml of THF. The reaction mixture was
distilled to remove the diethyl ether. Then it was stirred and
heated under reflux under N, for 15 hr. The cooled reaction mix-
ture was stirred for an additional 22 hr while CO; was con-
tinuously passed into it. An ice-cold, dilute solution of H,SO4
was added. The resultant solid was collected, washed well with
water, and dried, mp 105-110°. A solution of the solid (2.7 g)
and 0.83 g of triethylamine in 100 ml of 9597 ethanol was hydro-
genated over 0.3 g of 59, Pd-C at room temperature and at-
mospheric pressure. After the calculated amount of hydrogen
was absorbed, hydrogenation was stopped. The filtered solution
was distilled to dryness under reduced pressure. The residue
was triturated with dilute HCI to afford a colorless crystalline
product. The prodiict was collected, washed well with water,
and dried. Crystallization from methanol-water gave 1.65 g
of V; mp 200-202.5°; NKBr 1792, 1595, 804 ecm~!; [a]®D +8.9°
(e 1, CHClLy).

Anal. Caled for CuHj3O:: C, 81.61; H, 8.93.
81.74; H, 8.85.

Found: C,
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Continuing our investigation on the pharmacologi-
cal properties of a,o-disubstituted 1-naphthylaceto-
nitriles and 1-naphthylacetamides,' we have prepared
21 a-substituted 1-naphthylacetic acids for pharmaco-
logical screening, including studies of acute toxicity and
antiinflammatory, antipyretic, analgesic, diuretic,
choleretic, and hypoglycemic action, as well as the in
vitro antibacterial and antifungal activities.

The monosubstituted acids were prepared by hydrol-
ysis of the nitriles with dilute sulfuric acid (see Experi-
mental Section, methods A and B). This procedure
failed to give the disubstituted acids, only the corre-
sponding amides being obtained as previously reported.'?
However, these acids were easily prepared by reaction
of the amides with isoamyl nitrite in glacial acetic acid,
in the presence of HCl (method C), as described for a-
alkyl-substituted 1-naphthylacetic acids.? All the
acids were isolated and identified as the hydrochlorides
(Table T).

The results of the pharmacological screening are re-
ported in Table II. Compared with the corresponding

(1) (a) 8. Casadio, G. Pala, E. Crescenzi, T. Bruzzese, E. Marazzi-
Uberti, and G. Coppi, J. Med. Chem., 8, 589 (1965); (b) 8. Casadio, G.
Pala, T. Bruzzese, E. Crescenzi, E. Marazzi-Uberti, and G. Coppi, ibid., 8,
594 (1965); (¢} G. Pala, 8. Casadio, T. Bruzzese, E. Crescenzi, and E.
Marazzi-Uberti, ibid., 8, 698 (1965).

(2) 8. Casadio, G. Pala, T. Bruzzese, and E. Marazzi-Uberti, Farmaco
(Pavia), Ed. Sci., 17, 797 (1962).
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PHARMACOLOGICAL SCREENING RESULTS

Analgesic Antipyretic
act. (mouse) act. (rat) Hypoglycemic
Approx  Increase Antiinflammatory  Max Diuretic activity activity (rat)
LDso of reac- activity (rat) temp (rat) Clioleretic activity (rat) Blood
(mousej, tion Inhibition de- Test vol¢/ Increase of bile sugar
mg/kg time, mg/kg of edema, mg/kg crease, mg/kg control mg/kg flow, ¢ mg kg® decrease, mg/ kg
Compd ip /N ip Al ip ece ip vol p0 1lir 2 hr id . f 00
I 1120-1230 14 200 30 200 2.2 200 Inactive 50 32 18 73 Inactive 100
II 560-630 21 100 13 100 1.4 100 1.15 50
III 1090-1210 37 100 15 100 2.2 100 Inactive 50 14 50
v > 800 59 200 25 200 2.2 200 1.29 50
A% 540-610 54 200 17 200 2.4 200 1.19 50 Inactive 100
VI 580~620 8 100 22 100 1.4 100 1.15 50 13 100
VII 510-590 38 200 47 200 3.2 200 1.12 50 35 50
VIII 290-320 58 200 37 200 3.1 200 Inactive 50 Inactive Inactive 80
IX 550-620 10 200 Inactive 200 3.4 200 Inactive 50 38 50
X 45~70 28 25 26 25 0.8 25 1.30 50 Inactive 36 83 Inactive 100
XI 1100~1260 12 100 50 100 2.9 100 Inactive 50
XII 570-640 23 200 Inactive 200 2.4 200 1.27 50
XIII 780-820 34 200 37 200 2.7 200 1.13 50 Inactive 50
XI1v 590~-650 50 200 30 200 3.3 200 1.14 50 Inactive 100
XV 280-310 14 50 Inactive 50 0.9 50 Inactive 50 Inactive 100
XVI 1140-1220 16 200 15 200 2.1 200 Inactive 50 97 39 83 11 100
XVII 410~450 34 100 Inactive 100 1.3 50 1.18 50 134 131 87
XVIII 390-410 36 50 38 50 0.7 100 Inactive 50 92 78 90
XIX 1170-1250 13 100 Inactive 100 1.6 100 Inactive 50
XX 590-630 28 100 18 100 2.7 100 Inactive 50 12 100
XXI >1600 9 100 Inactive 100 1.7 100 Inactive 50 28 43 120 Inactive 100
Morphine - HCI 67 5
Phenylbutazone 61 100 18 100 1.6 100
Hydrocliloro-
thiazide 1.56 6.25
Deliydrocholic
acid 92 42 100
Clilorpropamide 37 50

@ Hot plate test, 1 hr after treatment.
hr after treatment. ¢ Equimolar doses.

acetamide (40 g, 0.134 mole) in glacial acetic acid (200 ml).
Freshly distilled isoamyl nitrite (50 mi) was then added over 2
hr with stirring. The bright red solution was kept at room
temperature for additional 2 hr, and then heated at 100° for
8 hr. The solvent was distilled from the reaction mixture at 50°
under reduced pressure, and then ether was added to the residue,
giving a solid product which, on crystallization from ethanol-
ligroin (bp 75-120°), gave colorless crystals, mp 227-228°,

Pharmacology.—The acute toxicity, and antiinflammatory,
analgesic, and diuretic activities were investigated according to
the techniques previously described.’* The antipyretic action
was studied in rats made pyretic by brewer’s yeast, according to
Smith and Hambourger.* The activity on the choleresis was
investigated in rats, using the biliary fistula technique of Marazzi-
Uberti and Turba.! The hypoglycemic action was measured
in rats, according to the procedure described by Ceriotti.t
The antibacterial and antifungal activities were measured
against Micrococcus pyogenes var. aureus ATCC 6538 P, Bacillus
subtilis ATCC 6633, Escherichia coli McLeod ATCC 10,536,
Salmonella typhi T 30 Roma M 507, and Candida albicans ATCC
10,231, using the serial dilution techuique.” All compounds were
administered as the hydrochlorides in aqueous solution. Mor-
phine, phenylbutazoue, hydrochlorothiazide, dehydrocholic acid,
and chlorpropamide were used as standards for comparing the
analgesic, antiinflammatory—antipyretic, diuretie, choleretic, and
hypoglycemic activities, respectively.
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b Formalin-induced edema, 2 hr after treatment.
7 Valies referred to basal glycemia, 2 hr after treatment.

¢ 5 hr of observation. ¢ Values at 1 and 2
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A program of synthesis of alkylating agents having
related carrier moieties but with a variety of alkylating
functions has been under way in our laboratories.
These compounds are being evaluated for their effect
on reproduction in the housefly (M usca domestia L.),
mice, and Japanese quail. Previous studies have shown
that  N,N’-bis(aziridinylacetyl)-1,8-octamethylenedi-
amine! inhibits reproduction in the housefly at 1 and
0.19; concentration when added to their feed. It was
of interest to see whether similar compounds derived
from «,w-alkanediols would also affect their re-
production,

The compounds synthesized (2-21) are shown in Table
I. The bisbromoacetyl esters (2, 6, 10, and 14) were
best prepared by the addition of diol to chilled bromo-
acetyl bromide. The iodo derivatives (3, 7, 11, and 15)
were prepared from the bromo compounds using Nal
in acetone. The aziridinyl derivatives (4, 8, and 12)
were derived from the bromo compounds by the addi-

(1) W. A. Skinner, H. C. Tong, T. E. Shellenberger, and G. W. Newell,
J. Med. Chem., 8, 647 (1965).



