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pure 2 was treated with dilute methanolic HCIl, 3 was
obtained in quantitative yields.

Biological Data.—The progestational activity of 2
and 3 was determined by the Clauberg test® and the
endometrial response was scored according to the index
of McPhail® Compound 2 at dose levels of 0.5 and
1.0 mg/kg exhibited a McPhail index of 1.9 and 2.8,
respectively, whereas the corresponding diene 3
showed a McPhail index score of 1.0 at 0.5 mg/kg.

Experimental Section’

3£,17a-Dihydroxy-3¢,6 «-dimethylpregn-4-en-20-one 17-Acetate
(2).—A solution containing 3.0 g of 17«-acetoxy-6a-methyl-
progesterone (1) in 50 ml of dry THF was added dropwise to a
cooled solution of 15 ml of MeMgBr (Arapahoe Chemicals) in
15 ml of dry THF. The mixture was stirred at 20-25° for 0.5
hr and the excess Grignard reagent was decomposed with 100 ml
of cold H:O. The mixture was extracted with 100 ml of ether
and the etheral solution was washed several times (H:0), dried
(Na,80,), and evaporated to dryness. Repeated recrystallization
of the residue from ether gave 900 mg (299) of 2: mp 195-197°;
[a]p +48.2°; AKPr 284, 5.76, and 5.85 u; no uv absorptiou be-
tween 200-300 mu. Anal. (C:HyiO4) C,) H.

17 «-Acetoxy-3,6-dimethylpregn-3,5-dien-20-one (3).—Com-
pound 2 (700 mg) was treated with 5.0 ml of dilute methanolic
HCI at room temperature for 24-36 hr. The mixture was then
poured into a large amount of ice and water and the solid ma-
terial thus separated was filtered off. Recrystallization from
MeOH gave 3 iu quautitative yield, mp 153-154°, [a]p —44.5°,
Aer 5,77 aud 5.84 p, NIOT 243 mu.  Anal. (CxHseOs) C, H.
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for biological evaluations,

(5) C. Clauberg, Zentr. Gynaekol., 54, 2757 (1930).

(6) M. K. McPhail, J. Physiol. (London), 83, 145 (1935).

(7) All melting points were taken on a Fisher-Jolins melting point appa-
ratus and are uncorrected. The uv and ir data were obtained on Cary Model
11 and Beckman IR-5 spectrophotometers, respectively. Microanalyses
were performed hy Midwest Microlaly, Ine., Indianapolis, Ind. Where
analyses are indicated only by symbols of the elements, analytical results
obtained for those elements were within =0.49% of the theoretical values.
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Esterification of steroid hormones has frequently re-

sulted in the intensification and prolongation of the
hormonal response. Several reviews have been pub-
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lished on steroid esters and their pharmacology.! A
recent study from these laboratories has indicated the
utility of the highly symmetrical cagelike adamantane
molecule in the form of adamantoic acid in the ester
portion of anabolic steroid derivatives.?

The utility of cycloalkyl or bicycloalkyl as alkyl
substituents has been studied in several pharmacologi-
cal areas.® We wish to report the preparation and
evaluation of several cyvcloalkyl esters of the anabolic
steroid, 19-nortestosterone, in a duration myotrophic
assay.

The nortestosterone 178-esters were prepared via the
acid chlorides as previously described.? The cyclo-
heptane- and eycloundecanecarboxylic and cyclooctane-
acetic acids are now available commercially, while the
homoadamantoic and adamantaneacetic acids were
prepared from adamantoic acid by the procedure de-
scribed by Stetter and Rauscher.t The exo-2-nor-
bornene-5-carboxylic acid was obtained by purification
of a commercial sample utilizing the procedure of Ver-
Nooy and Rondestvedt.?

Treatment of the above acids with thionyvl chloride
produced the respective acid chlorides. The a-chloro-
substituted acid chlorides were prepared by prolonged
treatment with aged thionyl chloride.®

Evaluation of potency and duration of effect was
established by the myotrophic-androgenic assay me-
thod of Hershberger, Shipley, and Meyer’ in imma-
ture castrate male rats. The data are reported in Table
L.

The cyclic esters IS-III show an early strong
androgenic response as measured by the seminal vesicles
while the cycloundecanecarboxylate ester V does not,
and this response begins to diminish after the third
week. Significantly increasing levator ani responses
are shown also by the ¢-Cys-carboxylate esters.
While ester I begins to diminish in myotrophic activity
about the sixth week, it is noteworthy that the
cyclooctanecarboxylate ester (III) continues to be ac-
tive to the eighth week. This potency and duration of
activity is also seen in the adamantoate ester.?

While ester VIII shows a good ratio of myotrophic
activity »s. androgenic activity at the four- and six-
week levels, the over-all potency is lower compared to
the other esters. Similarly, the ecyclooctaneacetate
ester VI has good separation of activity but the ana-
bolic potency is only half that of the cyclooctane ester
III. Both of the a-chloro-substituted esters IV and
VII were of weaker activity.

Two variations on the adamantane molecule were

(1) B. Camerino and G. Rala, Progr. Drug. Res., 2. 71 (1960); K. Junk-
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(1965).

(3) W, R. Boelime, E. A. Siegmund, W. G. Scharpf, and E. Schipper,
ibid., 8. 451, 769 (1962): T. H. Porter, R. M. Gipson, and W, Shive, tbid.,
11, 263 (1968); C. W, Whitelead, J. W. Traverso, F. J. Marshall, and D.
E. Morrison, J. Org. Chem., 26, 2809, 2814 (1961); W. Oldfield and C. H.
Cashin, J. Med. Chem., 8, 239 (1965).
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(6) a-Substituted carboxylic acids have also been prepared readily by use
of sulfuryvl chloride: M. 8. Kharasch and H. C. Brown, J. Am. Chem. Soc.,
62, 925 (1940); see also B, Halpern and J. W. Westley, Chem. Commun.,
246 (1965).

(7) L. Hershberger, E. Shipley, and R. Meyer, Proc. Soc. Ezptl. Biol.
Med., 83, 175 (1953).

(8) J. A. Hartman, A.J. Tomasewski, and A. 8. Dreiding, J. 4m. Chem.
Soc,, 78, 5662 (1956).
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studied. While the degrec of separation of myotrophie
and androgenic activities in [X and X is very good. and
the androgenie response is quite low at the fourth and
sixth week, the anabolie potencey is less than that ve-
ported for the adamantoate ester.

Experimental Section®

Acids. - The eveloheptane- and eyveloundecancearboxylie, mnl
rvelooetancacctic aeids arve available trom Aldrich Chemical Co.
Homoadamantoie and adamantaucacetie acids were prepared
from adnmantoie acid by the procedure of Stetter and Ranscher.?
The ero-2-uorbarnene->-rarbexyvlie acid was obtained by the
indolactonization purification procedure.?  Cyelooctauecarboxylic
aeid was prepared by carbonation of the evelooetyl bhromide,
albeit in low yvield.w

Acid Chleride.--The above carboxylie acids were converted to
their respective acid ehlorides by means of purified SOCL.©
A more convenient proeedure which gave the evelooctanecarbonyl
cliloride direetly utilizing peroxide-catalyzed carboxylation with
oxalvl chloride®® iic the presence of evelonetane is  described
beluw,

Cyclooctanecarbonyl Chloride.~—A solution of 100 g of evelo-
octane (1.14 moles), 94 1wl of redistilled oxalyl ehlorvide (0.52 wole),
and 6.6 g of reervstallized benzoyl peroxide (0.027 mole) was
hented under reflnx for 24 hr. Fractionation of the solution
vielded 23,75 ¢ of evelooctancearbonyl chloride, bp 105-115°
(9 nun), vield 125, The rerninder of material recovered by
distillation consisted ot oxalvl cehloride (66 1) and evelooetane
(77 ). The yield based on recovered bydrocarbon was 674,

a=Chlorocyclooctaneacetyl Chloride.-—-"T'o 3500 1wmg of evelo-
ortanercetic neid was added 7.5 ud of aged undistilled SOCL.
The solution was refluxed on the steam bath for 7 hr aud then
lowed to remain at room temperature overnight,  Kxeess
SOCL was evaporated under vacuum, leaving a lightly colored
residue. nal. Caled for CooHisClO: Cl, 31.77. Found: Cl, 30.65.

Steroid 173-Cyclic Esters.——The preparation of the 17g-esters
essentially followed the previously published procedure.? The
physical constauts for these compouuds appear in Table I
The erystalline esters were isolated directly front the reaction
mixture and in some cases were purified by echromatography.

19-Nortestosterone 173-(a~Chlorocyclooctaneacetate).
Chromatograpley vver Florisil of the reaction residue resulting
[T eestetion ol 7.6 g of nortestosterone :owd 5 g of a-chloroeyeto-
octinencetyt chloride in bebzene and pyridine furnished 5.2 g
ol ester. Reervstallization frow ether gave two forms of erystal-
line produets, wp 159--160° and 123-125°.  The lower melting
torm had the proper analysis and the ideatical optical rotation
and N-ray pattern as the higher wielting form,  Nnur data reveal
54 (18-H, %), 283 (17-H, &), 351 (4-H. s), and 248.5 (-CHCO-, d,

Jo= T oepsteps,

OO A melding peints are aneorrected. The miicroanalyses were perlorined
Ly Messrs. W. T.. Brown, 1. L. Tancer, aud 13, 1., Cline. Wlere analyses
ave imbicwded only Ly symbols o 1he eleniends or I'inelions, analyieal resalis
vlittived (or those elements or (onetions were wichin 0.4 of (he theoreti-
cal vidhies.
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Synthesis of 6-Hydroxy-5,8-dioxo-7-(9-hydroxy-
9’-n-pentyltetradecyl)carbostyril!
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Proceeding from the weak activity shown by hydro
lapachol (Ia) against Plasmodium lophurae in ducks,
I'ieser and colleagues (during the period 1942-1945)
svstematically and very effectively prepared a number
of related napthoquinones with improved antimalarial
properties.*  Of these, the carefully designed lapinone
(Ib) offered most promise of not being casily trans-
formed to an inactive metabolic produet and inhibiting
parasite respiration.,  Shortly after World War II, o
brief clinical trial of lapinone against Plasnodiwm vivar
gave encouraging results.2"  The present and increasing
need for an effective chemotherapeutic treatiment of
Plasmodivwimn faleiparuwn infestations in man led us to
explore further the interesting lead provided by lapin-
one.  As the hportant metabolic products of certain
quinoline-type antimalarials appear to be quinoline-
quinones and earbostyrils,* synthesis and antimalarial
evaluation of carbostyril VIII seemed an important
objective.

The veady oxidation of evelohexyvl ketone 1T with
molecular oxygen in dimethyl sulfoxide containing
potassium -butoxide to hydroxyquinone IIT as re-
ported* carlier was selected as the starting point for the
synthesis of quinone VIII. Pyridone II was ecasily
obtained by a two-step reaction sequence from 1,3-
dioxocvelohexane.  Accovdingly, the preparation  of

(11 This sty received snppore Tran Lhe UL S0 Army Medical R and 1)
Command wunder Contraet 1).3-49-103-31D-3010 and the present manaseri
is Comribndon Ny, 319 yrom (he Army Rescarell Prograin on Malariic,

(2) (a) A most interesting review ol this subject has heen prepared l.w
L. I, VFieser, “The Scientific Method," Reinhold Publishing Corp., New
York, N. Y., 1964, p 163; see also, L. F. Fieser, J. P. Schirmer, 8. Archer,
R. R. Lorenz, and P. 1. Piaffenbach, /. Med. Chem., 10, 513 (1967): (b)
G. Fawaz and L. F Fieser, J. Am. Chem. Soc., T2, 996 (1950),

(3) Therapeutic activity o the important 6-inethoxy-8-aminoquinoline
antimalarials has heen attributed to their ¢n rivs conversion te quinoline-
qainones and rabbit liver was foand (o couvert qainine into the correspond-
ing carboscyril derivadive. Relerences pertinent to this subjeel and a swue-
mary of experiniencs concerned with preparation of 5,6-dioxocarbostyrils
will Le obeained Ly ceferring (o: R. R. Holmes, J. Conrady, J. Guchrie, and
R. MeRay, ibid., 76, 2400 {1451«
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