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of saturated aqueous Rochelle salt solution was added, and the
mixture was steam distilled to remove nonaqueous solvents.
The solid precipitate was collected, washed with water, dried,
and recrystallized from ethyl acetate to yield 620 mg of 21b:
mp 129-134°; 292 6.00, 6.19 u.

Anal. Caled for CoHgOs:
C, 80.15: H, 9.48,

Following the above procedure identically, 1.0 g of 17 was
oxidized and the crude reaction product was recrystallized from
ethyl acetate to yield 480 mg of 16b: mp 144-150°; nmr, 68
(17-CHjy), 72 (19-CHy), 225 (multiplet, 21-CHa), 344 (4-H) cps.

Anal. Caled for CyHzO,: C, 80.21; H, 9.62. Found:
C,80.21; H,9.37.

17 «~(3-Hydroxypropy!)-3-methoxy-175-methylgona-1,3,5(10),~
13-tetraene (9b) and 13,173-Epoxy-3-methoxy-178-methyl-17a-
propyl-13«-gona-1,3,5(10)-triene (13b).—A reaction mixture of
25 g of 17a-(3-hydroxypropyl)-3-methoxy-1,3,5(10)-estratrien-
178-o0l (6d),"1 100 ml of ethauol, and 25 ml of concentrated HCI
was stirred and refluxed for 45 min with solution being complete
after 10 min. It was cooled and stirred, and 350 nil of cold H,O
wax added producing an oil which congealed when cooled to 5°.
The oil wax collected, washed with H-O, dried, and recrvstallized
from ethyl acetate to give 8.0 g of 9b. A sample was recrystal-
lized froni acetone for analysis: mp 85-90°; A" 2.76 u; nmr,
61 (17-CHj), 216 (triplet, 22-CH,). 226 (OCHj;) cps.

Anal. Caled for CeHs0.: C, 80.93; H, 9.26.
80.74; H, 8.92.

The mother liquors from 9b were chromatographed and the
first fractions eluted with 19 ethyl acetate-benzenhe were com-
bined and recrystallized twice from ethyl acetate to yield 1.1 g
of 13b: mp93-95°; umr, 44 (17-CH;), ca. 225 (multiplet, 22-CH,),
227 (OCH3) cps.

Anal. Caled for CeeHgOs:
C, 81.23; H, 9.22.

17a-(3-Hydroxypropy!)-3-methoxy-173-methylgona-2,5(10),-
13-triene (11) and 17a-~(3)-Hydroxypropy!)-173-methylgona-4,-
13-dien-3-one (10b).—Lithium wire (1.6 g) was added over a
10-min period to a stirved solution of 2.5 g of 9b in 75 m! of THF,
753 ml of t-butyl aleohol, and 150 ml of liquid NH; After 2.5
hr, 6 ml of methanol was added dropwise over 15 min with de-
colorization of solntion after 3 hr. NH; was allowed to evaporate
for 2 hr and then 150 ml of H:O was added. Nonaqueous sol-
vehits were removed by vacuum distillation and the precipitate
was collected, washed with H,O, dried, and recrystallized from
ethyl acetate containing 1 drop of pyridine to yield 1.3 g of
11: mp 83-89°; AhT 2,74, 5.88, 6.00 u.

C, 80.21; H, 9.62. Found:

Found: C,

C, 80.93; H, 9.26. Found:
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Anal. Caled for CeeHs0.:
C, 80.69; H, 10.00.

A solution of 800 mg of 11 in 8 ml of methanol with 0.6 ml of
concentrated HCl, and 0.6 ml of H,O was held at room tempera-
ture for 2 hr and then diluted with 40 ml of H,O. The pre-
cipitate was collected, washed with H,O, dried, and recrystal-
lized from ethyl acetate to yield 10b (5350 mg): mp 135-141°;
An22.74, 6.00, 6.18 14 Amax 238.5 mu (e 16,000).

Anal. Caled for CuHyO.: C, 80.21; H, 9.62.
C, 80.15; H,9.59.

13,17:-Epoxy-10,173-dimethyl-17 o-propyl-13«-gon-4-en-3-one
(16¢) and 17-~(3-Hydroxypropyl)-10,173-dimethylgona-4,3-dien-
3-one (10c¢c).—A reaction mixture of 15 g of 17a-(3-hydroxy-
propyl)-4-androsteni-178-0l-3-one,® 60 ml of ethanol, and 15 ml
of coucentrated HCl was stirred and refluxed for 50 min during
which time solution became complete. Water (300 ml) was
added and the precipitate was extracted with benzene and
chromatographed. The fraction eluted with 1597 ethyl acetate-
benzene was recrystallized from hexane to vield 2.35 g of 16ec.
An analytical sample was obtained by a second recrystallization
from hexaie; mp 100-105°; A\na® 5.98, 6.18 x; nmr, 45 (17-
CHs), 72 (19-CHjy), 222 (nmltiplet, 22-CHa), 343 (4-H) ¢ps.

Anal. Caled for C»HpO,: C, 80.44; H, 9.83. Fonud:
C, 80.63; H, 9.89.

The oily peak fractions eluted with 4097 ethyl acetate-benzene
(8.44 g) were crude 10c¢ contaminated with a small amonut of the
acetate ester of the C-22 hydroxyl group (from trausesterification
with ethyl acetate). A 2-g sample was dissolved in 20 ml of
warm methanol, 5 ml of 29 aqueons KHCO; was added, aud
after 5 hr at room temperature 100 mi of H,O was added. The
separated oll was extracted with ether and the ether solution was
washed with H.O, dried (Na:80;), and evaporated to yield 1.7 g
of 10c: AZET® 2,73, 2,88 5.98, 6.18 i Amax 239 mu (e 17,100);
nmr, 49 (17-CH;), 59 (19-CHj), 216 (triplet 22-CH,), 345 (4-H)
cps.

Anal. Caled for CgHj30,:
C,80.33; H,9.72.

C, 8044; H, 9.83. Found:

Found:

C, 80.44; H, 9.83. Found:
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The synthesis of several 6-chloro-6-dehydro-A-nor steroids is described. Two of these compounds, 6-chloro-
6-dehydro-17a-acetoxy-A-norprogesterone (16) and 6-chloro-6-dehydro-16«,17 a-dimethylmethylenedioxy-A-nor-

progesterone (14), are potent progestational agents.
this hormonal activity.

this reaction is discussed.

Previously reported A-nor analogs of sterodial hor-
mones have shown little or none of the biological
properties of the parent hormones. Thus A-nor-
progesterone (1)! does not exhibit progestational prop-
erties but is a poteut antiandrogenic compound;?
A-nortestosterone (2)! is weakly androgenic,® and A-

(1} F. L. Weisenborn and H. E. Applegate, J. Am. Chem. Soc., 81, 1960
(1959).

(2) L.J. Lerner, A. Bianchi, and A. Borman, Proc. Soc, Ezptl. Biol. Med.,
103, 172 (1960).

These represent the first examples of A-nor steroids having
Reaction of A3-2-keto-A-nor steroids with 2,3-dichloro-3,6-dicyanobenzoquinone and
HCI results in the formation of 7a-chloro compounds as well as the 6-dehydro derivatives.

The mechanism of

norhydrocortisone and A-norcortisone* do not show
the glucocorticoid or antiinflammatory properties of
hydrocortisone or cortisone.

The chemical modification of steroid structures de-
signed to enhance progestational activity has been the
subject of much interest in recent vears. In certain

(3) L. J. Lerrer, A. Bianchi, M. Dzelzkalns, and A. Borman, Proc. Soc.
Ezxpil. Btol. Med., 115, 924 (1964).

(4) R. Hirschmann, G. \A. Baiey, R. Walker, and J. M. Cliemerda, J. dm.
Chem. Soc., 81, 2822 (1959).
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listances, the esterification of 17a-hydroxyprogester-
oue,’ the formation of acetals and ketals of 16«,17«-
dihvdroxyprogesterone,® aud the introduction of chlo-
rine and/or unsaturation at position 6,7 as well as the
ethyuylation of testosterone® have been aniong the
modifieations leading to conipounds with poteutiated
progestational activity.  Our objeet was to incorporate
these structural features into A-nor steroids to de-
termiine whether this hornonal aetivity could be
observed.

We  therefore set out to synthesize 6-chloro-6-
dehydro-A-norprogesterone  (12), 6-chloro-6-dehydro-
16e, 17 @-dimethyimethylettedioxy-A-norprogesteroue
(14), 6-chloro-6-dehyvdro-17 a-acctoxy-A-norprogester-
ote (16), and 6G-chloro-6-dehydro-17 g-etliyviiyvl-A-nor-
testosteroue (18).

The syuthesis of 17a-acetoxy-A-norprogesterone (5)
from A-norprogesterone (1) required as the initial step
selective enol acetvlation at C-20 in preference to C-2.
[t wus citeouraging to us that the preparation of the
cno] aeetate of A-uorcholestenone had not been realized
even wnder forcing conditions.”  Room temperature
enol acetvlation' of 1 afforded a mixture of geometric
17(20)-cvol acetate isomers which could not be sepa-
rated by chromatography. raetional eryvstallization
from tsopropyl ether gave a small amount of otte isonier,
whose analysis and spectral properties were in agree-
ment with an cnol acetate structure (3). The mixture
of enol acetate isomers wax used in subsequent re-
aetians.

) K. Jnnkmann, Aceh. Erptl. Itwthol. Uhiemeckol., 228, 244 (1054); M. L,
Davies aud (. Wied, J. Clin. Endocrinel. Metob,, 15, 923 (1455).

6) 1. Friedd, A, Dorman, W. I Kessler, P, Grabowiell, and E. I, 8alo,
J. dm. Chem. Soc., 80, 2338 (1438),

(7Y 11. J. Ringold, 15, Ratres, A. Bowers, [, Kdwards, and J. Zderic, ihiii.,
81, 3185 11050,

(8) 11. 1. Iuholfen, \W. Logemann, W, Hollweyg, and A. Serini, Ber., 71,
1024 (1938,

0y W, G, Danben and G. AL Boswell {J. Am. Chem. Soc., 83, 5003 (1961)]
obgwined an oily produec (be ultraviolet spectruim of which sbowed the pres-
enee of the A2 sdienol acetate containinated witly starting material.

«10) D, 11, R. Barton, R. M. Evans, J. C. Hamnlet, P. G. Jonex, and T
Witikee, J. Chene. Sovo, TAT 11054).
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Sinee the next step required peracid treatment of 3
to form the 17.20-oxide, the susceptibility of ring A
to peracid oxidation was determined by treatient of
A-uortestosterone (2} with we-ehloroperbenzoie weid.
Lven after 1 day. no reaction had taken place ax
evideuced by tle and the ultraviolet spectrum of the
reaction mixture.  Thus treatment of 3 with peraeid
in CHCLy at room temperature for 2-3 hr followed hy
methantolic KOH solution gave 17a-hydroxy-A-nor-
progesterone  (4).  Acetyvlation of 4 afforded 17a-
acctoxy-A-uorprogesterone (5).

The preparation of the 6-chloro-6-deliydro-A-nor
sterolds was then earried out by the sequencee of re-
actions showi below (Schenie 1) starting fronr 1, 2, 5,
16,17 a-dintethylmethylenedioxy-A-norprogesterone
(6)'"" and 17a-cthyuyvl-A-nortestosterone (7).

ScHEME 1
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Treatment of 1 with 2,3-dichloro-3,6-dicyanobenzo-
quinone (DDQ) and HCIE in dioxaune at room tem-
perature for 16 hr gave a crude product whose ultra-
violet spectrum indicated the preseuce of a 6-dehydro
compound (A 277 mu) and material with a maximum at
232 mu. Chromatography of tlie resultaut mixture
followed by fractional erystallization ufforded =«
halogen-containing compound (Beilstein) whieh has
beetr assigiied the 7a-chloro strueture (8) ou the hasis of
its elemental analysis and the following. The ultra-
violet spectrum [A&% 232 mu (e 16.900) ] aud iufrared
speetrunt (A 5.84 and 6.12 u) indicated an a,3-
unsaturated ketone system. Tle minr spectrum showed
o multiplet at 7.5.59 (W7, ~ 7 ¢ps) which could be
assigned to the 7g-proton sinee there was no large
coupling coustant ax would be expected for a 7ae-
{axial) proton.'®  IPurthermore, thie multiplet which
appeared at 7 7.03 (W, ~ € eps) could be assigned to
the protous at C-6 and likewise shiowed uo lurge coupling
constant.

Indeed, collidine dehydrohalogenation of 8 gave the
known  6-dehydro-A-norprogesterone  (9).'*  Sinilar
treatment of 2 aud 5-7 also gave mixtures (ultraviolet,
nmr, and Beilstein) of 7a-chloro and 6-dehydro prod-
ucts. However, ouly in the cases of 2 aud 7 could the
7a-chloro products 10 and 11 be isolated i pure forn.
I subsequent experiments the crude reaction products
from the DDQ-HCI reaction were treated with collidine
to obtain the 6-dehvdro compounds exclusively.

J

(1) 1. L. Weisenboru. 7. 8, Patenc 3,213,142 (1965).

(12) 8. 1). Levine, Stecodds, T, 477 {1066),

{13) H.J. Ringold and A, Turner, Chem. Hrdd. tLondom, 211 y1062),

(14) Y. Kawazoa, V. Sato, I, Okamoiga, and K. T'suda {Chene Jthaen, Bull,
sTokyo), 11, 328 {1062)] repourted a W, - of > (6 cps for the Te-proton in a
series of 78-bydroxy steroids and a Wi, 0 of <12 eps for the 78-proton of the
epilerie 7a-hydroxyl componnds.

15) F. L. Wetsenborn, U7 8, Pacene 3,140,044 710645,
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It was apparent that the rate of dehydrogenation of
A-nor steroids was slower than that of normal steroids
as evidenced by the delayed precipitation of the 2,3-
dichloro-3,6-dicyanohydroquinone during the reaction.
With normal steroids this hydroquinone begins to
separate as HCI is bubbled into the solution,® while in
the case of A-nor steroids, precipitation does not begin
for ca. 15 min. That this is a reflection of the difficulty
of enolization of A%-2-keto-A-nor steroids as compared
to A*3-keto normal steroids is supported by the failure
to obtain a A??-dienol acetate? and the failure of forma-
tion of the A%-2-ketal during ketalization.’® TUnder
similar conditionts the A®3-dienol acetate!” and A3-3-
ketal form readily in the normal series.’® Although
formation of the A?3-dienol in the A-nor series is not
as facile a process as in the normal series, once any
dienol forms, the 7a-proton is irreversibly removed by
the DDQ and the 6-dehydro product accumulates.

The unique formation of a 7«-chloro compound from
the DDQ-HCI reaction is postulated to oceur by
Michael addition of HCI! to the 6-dehydro derivative

(16) 8. D. Levine and P. A. Diassi, J. Org. Chem.. 30, 1325 (1965).

(17) See J. F. W. Keana in *'Steroid Reactions,'' C. Djerassi, Ed., Holden
Day, Inc., San Francisco, Calif., 1963, pp 37—42, for references in this area.

{18) (a) E. F. Fernlholz and H. E. Stavely, Abstracts, 102nd National
Meeting of thie American Chemical Society, Atlantic City, N. J., Sept 1941, p
39M: (b) R. Antonocei, S. Bernstein, R. Littel, K. J. Sax, and J. H. Wil-
liams, J. Org. Chem., 17, 1341 (1952); (¢) G. 1. Poos. G. E. Arth, R. E.
Beyler, and L. H. Sarett, J. Am. Chem. Soc., T8, 422 (1953).

(19) R. T. Rapala and M. F, Morray, Jr. {J. Med. Chem., 5, 1049 (1862)1,
have reported on the Michael addition of HCI to a Al5-20-one steroid to give
the 16a-chloro derivative.
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and, indeed, reaction of 9 with HCI in dioxane gave an
equilibrium mixture of 8 and 9 in approximately the
same ratio as had been observed i the DDQ-HCI
reaction. No 7a-chloro compounds have beeu reported
to be obtained by either DDQ-HCI treatment of A%-3-
ketounes or by Michael addition of HCI to A*5-3-ones.
Reaction of testosterone or 16a,17a-dimethyimethyl-
enedioxyprogesterone® with BECQ and HCI gave the 6-
dehydro derivatives as the only isolable products.
That some 1:6 addition of HCI actually does occur in
the reaction mixture under these conditions is suggested
by the ultraviolet spectrum of 6-dehydrotestosterone?!
in dioxane containing HCI which indicated an equilib-
rium mixture of 7a-chloro (A 258 mu, ~409) and 6-
dehydro (A 277 my, ~609.) compouents.?® The
ultraviolet spectrum of 11 taken int dioxane coutaining
HCI showed just the presence of the 7a-chloro deriva-
tive (A 235 mu). We attribute the fact that the 7a-
chloro compound can be isolated in the A-uor series to
the difficulty of formation of the 7a-chloro-2,5-dienol b
from ¢, while in the normal serics the 7a-chloro-3,5-
dienol b’ forms easily from ¢’ and leads to dehydro-
chlorination upon work-up of the reaction mixture
(Scheme II).

ScHEME 11

HO “Cl HO ~Cl

Epoxidation of the 6-dehydro compounds with m-
chloroperbenzoic acid gave the 6«,7«-oxides which on
treatment with excess HCI in CHCl; were converted to
the desired 6-chloro-6-dehydro derivatives.

Biological Activity.—Table I lists the approximate
oral and subcutaueous progestational activity in the
Clauberg assay of several of these A-nor steroids and
the corresponding normal steroids. Compounds 14 and
16 represent the first examples of A-nor steroids having
this hormonal activity. Compounds 8 and 15 have no
significant activity in this assay by both the oral and
subcutaneous routes.

(20) G. Cooley, B, Elis, F. Hartley, and V. Petrow, J. Chem. Soc., 1373
(1955).

(21) C. Djerassi, G. Rosenkranz, J. Ronio, ®%t. Kantfmann, and J. Pataki.
J. Am. Chem. Soc., T2, 4534 (1950).

(22) The spectra of 6-dehydrotestosterone in dioxane containing either
0.5 ¥ H:804 or concentrated HC! only exhibited absorption at 277 my indi-
cating the exclusive presence of the At6-3-gne system.
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Progestational activity
(Clauberg assay)

Re Rs Oral? set
COCH,
---R,
“R,
0
Cl
11 1 0.125-0.25
16e, 1 7a-Dimethylmethylenedioxy 0.5-1  0.5-1
OAc I 1 4
COCH,
----R,
“R,
0
Cl
16,17 a-Dimethylmethylenedioxy 2.4 B
OAe I 64 64

= 16a, 17a-(8-Methyl-a-phenylmethvlenedioxy )progesterone =
f. * Progesterone = 1.

Experimental Section

Meltiug points are nueolrected.  Valies of [«]p have been
approximated to the nearest degree. Ultraviolet spectra were
deternined on a Cary II spectrometer 1 957, ethanol, fufrared
spectra on o Perkiun-Elner 21 spectrometer (KBr pellets), and
umr spectra on o Variant A-60 spectrometer (CDCls, MeSi as
lternal standard).  All evaporations were carried ont n vacuo
on a rotatory evaporator and Nas80; was used as the drying
agent.

20-Acetoxy-A-norpregna-3,17(20)-dien-2-one (3).——Au ice-cold
solution of acetic anhydride (1.5 ml) coutaining 3 drops of
perchloric acid was added to a solution of 1 (250 mg) in CCly (8
nml) aud beuzene (20 ml) and left at room teniperature for 1 day.
The reaction niixtire was poured into ice-water and additional
CClL was added. The organic layer was separated, washed with
2 saturated NaHCO; solution and 897 salt solution, dried, aud
evaporated to give 280 ing of residue. Plate chlumat,ogl aphy of
the residue using silica gel as the adsorbent and CHCl; containiug
147 methanol as the developing solvent gave a major band at
about R¢ 0.4, which was detectable by ultraviolet, Elution with
ethyl acetate and evaporation gave a 232-mig residue. Cryutal-
lization of the residue from ether-hexane gave 3 (21 mg, mp
151-132°).  Recrystallization from isopropyl ether gave the
analytical sample: mp 131-132°; [«]20 —5° (EtOH); X 5.75,

2, 6.17 ui N 234 mu (e 19,400); 7 9.11 (3, 18-Me), 8.89 (
19-Me), 8.21 (3, 21-)Me), 7.90 (s, 20-OCOCHj3), and 4.27 (s, 3-H).

Anal. Caled for CuHyOs: C, 77.15: H, 883, Found: C,
77.20; H, 8.79.

17a-Hydroxy-A-norpregn-3-ene-2,20-dione (4).—A mixturc
ol m-chloroperbenzoie acid (150 mg) and 3 (225 mg) in CHCL
(4 ml) was stirred at room temperature for 2 hr, The CHCl;
sohition was washed wih 59 NaOH solution, 8¢ salt solution,
dried, and evaporated to give a g, The gun! was treated with
1 hot solution of KOH (280 nig) in methanol (3 ml) and stirred
at room temperature for 35 min and diluted with H,O. The
precipitute was collected by filtration and washed with H:O aud
dried overnight at 45° in vacuo to afford 4 (100 mg mp 210-212°).
The analytical sanmple was prepared by recrystallation from
CHClL—ether; mp 233-234°; [o]%p +5° (EtOH); X 2.90,
587, 5.95, 617 m A 234 e (e 15,800), 300 (143): 7 9.24 (%,
.\-\Ie) 882 (s, 19-Me), 7.72 (5, 21-Me): 7.15 (s, 17-OH), aud
4.25 (¢ 3-11).

Anal. Calcd for CoHwOy C, 75.01;
76.00; H, 8.74.

17 a-Acetoxy-A-norpregn-3-ene-2,20-dione (5). A.—A mixture
of 4 (61 mg) and p-toluenesulfouic acid monohyvdrate (61 nig) in
acetic anhydride (0.6 ml) and glacial acetic acid (3 ml) was left

H, 8.92. Found: C,
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at ropm temperatitre for 22 hr, dilnted with FHLO, wnd nentralized
(KyCOys). The reaction mi\tulewm extracted with ether, and the
extraets were washed with 877 salt solution, dried, and evapo-
rated.  Crystallization of the resichle from 15(;1)1'.',1»_\‘1 ether gave 5
(50 mg, mp I82-184°). The analytical ample was 1»»'(11»:1»'(-(1 by
recrystallization from i\upl()p\l ether: mp 186.5-187.5° {a ¥ ‘(
—47°(EtOH): A5.75,5.85, 594 (Gshy, 617 w0 N 234 mip i e l 6,350
202 (154 7 031 I8, ls-\le) 551 <, 19-Me), O3 e, 1700
CHy), 00 (s, 21-Mes, and 4.26 (5, 3-11),

hull Caled for CuHaOy: ('. 7 T HL S
3. T' H, 8.34.

B.—A solution of 00 HCIOs 11 ueetie auhyedride (1100, 33

ml) was added to a stirred suspension of 4 {4.79 gj in acetice
anhydride (110 mli  The renction wmixtire was stivred at room
temmperature for 30 min, and then poured uto ice-warer and
stitred nutil the oil, which separated initiallv, solidified. The
precipitate wias collected by filtration, and dried overmght ut
43° in vacuo 1y give 5 (4.76 g, mip 186-187°).

7a-Chloro-A-norpregn-3-ene-2,20- dione (8).—1lvdrogen e¢hlo-
ride was pd\\(’(l into asohition of 1 (305 mg) and DDHQ (254 mg)
v dioxane (1 ml; for 30 sec. T Ilo reaction mixture was then
left at roont tempernture for 16 he The mixtire was Altered and
washed with dioxmnie, and the Siltrate was evaporated.  The
residue was dissolved in CHCL and plate chromatographed
using neutral alumina (aerivity V) as 1(I~u1hel1l and CHCL
as the developing solvent. Detection of the band at abont
Ly 0.6 by ultraviolet light aud elution with ethyvl acetate
followed by evaporation gave n residie which on erystallization
from acetone-hexane yielded 8 1108 mg): mp 124-126°: [« i®D
+36° (CHCL; A 232 mu (e 16,90 7 .30 l\ [8-Mes, S.81
(%, 19-Me), [.57 C21-Me), 7072 (s, 1(,11; 7.03 G, B ~ 6

Found: ¢,

s, ('»-CII: . ) (1, By ~ Teps, (8-, 412 (s, 3-110.
Anal. Caled for CullxClOs ) 7165 11 120 Fonnd:
C,71.62; K, 816

A- Vorpregna 3, 6 diene-2,20-dione (9). -~ A solution of 8 (1. 15 g}
v ecollidine (25 ml) wux refluxed for 1 hy, esoled, dilnted with
CHCL, and washed with 2V HCL HLO, 5¢¢ NallCO, <olution,
and 1,0 again. Tt was evaporated aud the residue was plate
chiromatographed on uentral aliminn activity V) using CHCL
as the developing solvent. The ultraviolet-ubsorbing bawd w1
abont /: 0.2 was chited with ethyl acetate and evaporated, avd
the residue ervstallized from acetone-hexane to give 9 1540
mg):  mp 155-154° [ai¥p +80° ((‘H('I; AT mu(e 22, 1000;
7 926 (5, In-Me), 88N G 19-Me), T80 (s, 21-Me), 7706 0=, 1=
CHLY 4.28 (3, 3-100 885 0d, d, J = 10, 2 eps, G-TT), 3.50 ¢, d,
J o= 10, 2 epsoi-1ln

7-Chloro-A-norandrost-3-en- -178-01-2-one {10),-~11CI wax
bubbled into a1 solution of 2 (271 wg) and I)I)Q (200 mg) ne
dioxane (10 ml) for 30 sce and the renction mixture was left at
room temperature for 3.3 hr,  The mixture wus filtered, and the
filirate wus evapornied.  Plate chrommatography of the residue
ob neitral alnmina using CIICL as the developing =olvent gave
six bands.  Flution of the two major bands (£ ~0.3 and 0.4
gave o residue (176 mg) which was & mixture of the 7a-chloro and
A6 componeltts (uv), Retreatment as above with DD ad
HCI gave after chromatography on ahinina o major hand which
was eluted with ethyl acetate nud evaporated. Several recrys
tallizations from acetone-hexane gave 10:  1mp 212-214°: {2
—34° (CHCL); X 232 mu (e 16,400); 7 9.19 (5, 18-Me), 8.8
(=, 19-Me), 7.03 (m, W . ~7 eps, 6-ClH), 6.33 (1, 17~ 5.62
fm, Wy ~ 9 eps, 78-1), 4.10 13, 3-115.

cAnal. Caled for CulleClO. C, 70.00;
Found: €, 70.65; 1, 8.39; ClL 12.0.

7 «-Chloro-17x-ethynyl-A-norandrost-3-en-17g-ol-2-one (111,

HCE was bubbled into a sphition of 7 (490 myg) and DDHQ
(750 mg) in dioxane (20 ml) for 10 wmin and the reaction mixtinee
was left at room temperature for 67 hr. The precipitate was
removed by fiirarion, aud the filtrate was evaporated.  Plate
chromatography of the residue on neatral ahimina (activity V)
using CHCL ax the developing solvent gave three bands deteet-
able in the ultraviolet. The least polar band was elutel with
ethyl acetute wnd evaporated, and the residue was ervstallizel
from ethyl acetate 1sopropyl cther to give 11 (140 myz, mp
166-167° (effervescents).  The wnalvtical smmple was prepavel
by recrystallization 1‘1(»111 ethyl nce d‘[(’-i\O})l(bp\'I ether; mp 172
1732 (effervescenti: A 2.97, 3.07, 5.9¢, and 6.13 w0 N 285 mu (e
14,5000 7 0.081s, 1\-\Ie) R.80 18, 19-Me), 741 (3, 1Ta-Ca=Cl s,
5,62, B Lo~ 6 ([a\ 73-H) 11|(I 430 (s, 3-HD.

dnal. 11((1 for LIl Clo. 0 2019 H, 7507
¢, 26, 1L 7.8

I, S.16: CLo1LA4s.

Fonud:
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6-Chloro-A-norpregna-3,6-diene-2,20-dione (12).—A solution
of 19 (502 mg) in a CHCl; solution (25 ml) saturated with HCl
was kept at 40-45° for 22 hr. The mixture was washed with H,0
and evaporated. Plate chromatography of the residue on neutral
alumina (activity V) using ethyl acetate~-CHCl; (1:9) as the
developing solvent gave an ultraviolet-absorbing band at about
R; 0.1 which on elution with ethyl acetate, evaporation, and
crystallization of the residue from acetone-hexane gave 12 (195
mg): mp 138-140° [a]®p +08° (CHCL); N 279 ma (e
20,400);  9.26 (s, 18-Me), 8.86 (s, 19-Me), 7.87 (s, 21-Me), 7.67
(s, 1-CH,), 3.95 (s, 3-H), 3.78 (d, J = 2.5 cps, 7-H).

Anal. Caled for CmH%CI()gz C, 72.19; H, 7.57. Found:
C, 72.20; H, 7.70.

16,17 2-Dimethylmethylenedioxy-A-norpregna-3,6-diene-2,20-
dione (13).—HC! was bubbled into a mixture of 6 (2.0 g) and
DDQ (1.5 g) in dioxane (60 ml) for 10 min and the reaction
mixture was left overnight at room temperature. The precipitate
was renioved by filtration and the dioxane was evaporated.
The residue was dissolved in CHCI; (75 ml) and passed through
a neutral alumina column (activity I, 90 g) to remove polar
colored material. Elution with CHCI; (350 ml) gave upon evapo-
ration a slightly yellow residue (2 g). The residue was refluxed
in collidine (25 ml) for 1 hr. The reaction mixture was diluted
with CHCl;, washed with 2 N HCI and 89 salt solution, dried,
atld evaporated. The residue was dlssolved in CHCL (50 mI)
and passed through a neutral alumina column (activity I, 90 g)
to remove polar colored material. Elution with CHCL; (300
ml) gave after evaporation a residue which was crystallized
from acetone-hexane to give 13 (1.0 g, mp 211-213°). The
analytical sample was prepared by crystallization from acetone~
hexane; mp 213-215°; [a]?*p +36° (CHCL); N 277 mu (e
22,500); = 9.29 (s, 18- \Ie), 8.89 (s, 19-Me), 8.81 (s, 3-Me, ketal),
8. )3 (s, a-Me, ketal), 7.76 (s, 1-CHy), 4.94 (d, J = 4 cps, 166 H),
4.26 (s, 3-H), 3.89 (d, d, J = 10, 2 cps, -H), 347 d, d, J =
10, 2 cps, 7-H).

Anal. Caled for CoHygOy:
74.64; H, 8.10.

6-Chloro-16¢,17 a~dimethylmethylenedioxy-A-norpregna-3,6-
diene-2,20-dione (14).—A solution of 20 (200 mg) in CHCl;
(10 ml saturated with HCl at 0°) was left overnight at 45°.
The reaction mixture was diluted with additional CHCl; and
washed with 59, NaHCO; solution and H;0, dried, and evapo-
rated. Plate chromatography of the residue on neutral alumina
(activity V) using CHCIl; as the developing solvent and elution
of the least polar band with ethyl acetate gave after evaporation
14 (32 mg, mp 203-205°). The analytical sample was prepared
by recrystallization from methanol; mp 203-205°; [«]%?D +13°
(CHCL); X 278 mu (e 21,400); = 9.31 (s, 18-Me), 8.85 (s, 19-
Me), 8.81 (s, B-Me, ketal), 8.52 (s, a-Me, ketal), 7.76 (s, 1-CHsy),
4.93 (d, J = 4cps, 168-H), 3.92 (s, 4-H), 3.80 (d, J = 2 cps, 7-H).

Anal. Caled for CyHeeClOy: C, 68.21; H, 7.22; Cl, 8.75.

Found: C, 68.15; H, 7.15; Cl, 8.97.
17a-Acetoxy-A-norpregna-3,6-diene-2,20-dione (15).—HCI
was bubbled into a solution of 5 (1.40 g) and DDQ (1.0 g) in
dioxane (30 ml) for 5 min and the reaction mixture was left at
room temperature overnight. The precipitate was filtered and
the filtrate was evaporated. The residue was treated with CHCl;
and the additional precipitate was filtered. The filtrate was
diluted with additional CHCl; to a total volume of 80 ml and
passed through a 40-g neutral alumina (activity I) column. The
column was eluted with CHCl; (420 ml) and the eluate was
evaporated to give a residue (1.42 g), which was refluxed in
collidine (30 nil) for 75 min, cooled to room temperature, and
diluted with CHCL. The CHCl; solution was washed with
2 N HCI, saturated NaHCO; solution, and 8% salt solution, dried,
and evaporated. Plate chromatography of the residue using neu-
tral aliimina (activity V) as the adsorbent and CHCI; containing
109, hexatie as the developing solvent gave a major band at about
R¢ 0.5, which was detectable by ultraviolet. Elution with ethyl
acetate, afforded a residue which was crystallized from isopropyl
ether to give 15 (764 mg, mp 175-176°). The analytical sample
was prepared by recrystallization from isopropyl ether; mp 178-
179°; [a]®p —45° (EtOH); \ 5.78, 5.87, 6.18, and 6.35 u;
N 277 mu (e 22,600); 7 9.31 (s, 18-Me), 8.88 (s, 19- \Ie), 7.94 (s,

C, 74.56; H, 8.16. Found: C,

17-0COCH;), 7.92 (s, 21-Me), 4.25 (s, 3- H), 383, d, J ~1,
9.5 cps, 6-H), 3.46 (d, d, J = 2-3, 9.5 cps, 7-H).

Anal. Caled for ngH%O,;: C, 74.13; H, 7.92. Found: C,
74.09; H, 7.83.

6-Chloro-17-«-acetoxy-A-norpregna-3,6-diene-2,20-dione (16).
—HCI was pussed into a solution of 21 (335 mg) in CHCl; (30
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ml) for 3 min. The reaction mixture was left at room temperature
for 2 hr, and then at 45° for 1 day. It was washed (H,0, satu-
rated NaHCO;, and 89, salt solution), dried, and evaporated.
Plate chromatography of the residue using neutral alumina
(activity V) as the adsorbent and CHCl; containing 209, hexane
as the developing solvent gave a major band at about R 0.8,
which was detectable by ultraviolet light. Elution with ethyl
acetate gave a residue which was crystallized from isopropyl
ether—ethyl acetate to give 16 (177 mg, mp 183-184°). The
analytical sample was prepared by recrystallization from iso-
propyl ether-ethyl acetate; mp 195.5-196.53°, [«]®D —75°
(EtOH); A 5.78 (sh), 5.87, 6.18, and 6.33 u; A 280 mu (e 19,700);
7 9.26 (s, 18-Me), 8.84 (s, 19-Me), 7.95 (s, 17-OCOCH,), 7.91
(s, 21-Me), 3.95 (s, 3-H), 3.78 (d, J = 2 cps, 7-H).
Anal, Caled for CHyClOs: C, 67.66; H, 6.96; Cl, 9.07.
Found: C, 67.42; H, 7.00; Cl, 9.09.
17«-Ethynyl-A-norandrosta-3,6-dien-173-0l-2-one (17).—A
mixture of 11 and 17 (375 mg) obtained as described for the
preparation of 11 was refluxed for 1 hr in collidine (8 ml), cooled,
and diluted (CHCL). The CHCl solution was washed (2 .V HCI,
saturated NaHCO;, and 89 salt solution), dried, and evaporated.
Plate chromatography of the residue on neutral alumina (activity
V) using CHClL as the developing solvent gave a major band
detectable by ultraviolet light. Elution with ethyl acetate,
evaporation, and crystallization from acetone-hexane afforded
7 (58 mg, mp 206-208°). The analytical sample was prepared
by recrystallization from CHCls-isopropyl ether; mp 206-208°;
[a]?p —141° (EtOH); X 2.97, 3.05, 5.88, 6.00, 6.22, and 6.33 u;
N 278 mu (e 22,600); 7 9.03 (s, 18-Me), 8.88 (s, 19-Me), 7.44
(s, 17a-C=CH), 4.27 (s, 3-H), 3.87 (d, d, J ~ 2, 10.5 cps, 6-H),
and 3.49 (d, d, J ~ 1, 10.5 cps, 7-H).
Anal. Caled for CoHaOs: C, 81.04; H, 8.16. Found: C,
81.04; H, 8.14.
6-Chloro-17«-ethynyl-A-norandrosta-3,6-dien-173-0l-2-one
(18).—HCI was passed into a solution of 22 (218 mg) in CHCl;
(20 ml) for 5 min. The reaction mixture was left at room tem-
perature for 2 hr and then at 45° for 19 hr. The reaction mixture
was washed (saturated NaHCO;, 8% salt solution), dried, and
evaporated. Crystallization of the residue from CHCl;-isopropyl
ether gave 18 (122 mg, mp 214.5-216.3°). The analytical
sample was prepared by recrystallization from CHCl;-isopropyl
ether; mp 227.5-228.5°; [«]?Dp —122° (CHCL); X 2.88, 3.00,
5.93, 6.22) and 6.35 u; X 280 mu (e 20,200); = 9.05 (s, 18-Me),
8.86 (s, 19-\Ie), 43 (s, 17a-C=CH), 3.80 (d, J = 2 cps, 7-H),
and 3.94 (s, 3-H).
Anal. Calcd for CoHysClOe: C, 72.63; H, 7.08; Cl, 10.72.
Found: C, 72.67; H, 7.03; Cl, 10.94.
6a,7a-Oxido-A-norpregn-3-ene-2,20-dione (19).—A solutiol
of 9 (400 mg) in CH,Cl; (30 ml) was cooled to 0° and m-chloro-
perbenzoic acid (900 mg) was added in small portions. The
reaction was then left at room temperature for 40 hr. The
solution was washed (59, NaHCOQ;, 59, Na,S0;, H,0) and then
evaporated. The residue on plate chromatography using
neutral alumina (activity V) as adsorbent and CHCl; as the de-
veloping solvent gave a major band at about R: 0.5 detectable
by uv light. Elution with ethy! acetate followed by evapora-
tion and crystallization from acetone-hexane gave 19 (151 mg):
mp 168-170°; [a]**p +95° (CHCL); N 234 mu (e 13,100);
7 9.27 (s, 18-Me), 8.89 (s, 19-Me), 7.86 (s, 21-Me), 7.78 (s, 1-
CH,), 6.57 (d, d, J = 3.5, <1 cps, 76-H), 6.14 (d, J = 3.5 cps,
66-H), 8.73 (s, 3-H).
Anal. Caled for C2oH2603:
76.37; H, 8.34.
6c,7¢-Oxido-16¢,17 ¢-dimethylmethylenedioxy-A-norpregn-3-
ene-2,20-dione (20).—A solution of 13 (500 mg) and m-chloro-
perbenzoic acid (1 g) in CH,Cl; (50 ml) was left at room tem-
perature for 20 hr. The reaction mixture was washed (saturated
NaHCOs, 5% NaS0;, 89 salt solution), dried, and evaporated.
Plate chromatography of the residue on neutral alumina (activity
V) using CHCls~hexane (2:1) as the developing solvent, gave a
major band detectable in the ultraviolet. Elution with ethyl
acetate gave after evaporation a residue which was crystallized
from methanol to give 20 (246 mg, mp 246-248°). Recrystal-
lization from methanol gave the analytical sample: mp 251~
252°; [a]®p 441° (CHCL); N 233 mu (e 16,300); + 9.31 (s,
18-Me), 8.89 (s, 19-Me), 8.81 (s, B-Me, ketal), 8.50 (s, a-Me,
ketal), 7.76 (s, 21-Me), 6.63 (d, J = 3.5 cps, 78-H), 6.19 (d, J =,
3.5 cps, 68-H), 4.93 (d, J = 4.5 cps, 168-H), 3:78 (s, 3-H).
dnal. Caled for CuHyO5: C, 71.48; H, 7.82. Found: C,
71.76; H, 8.02.

C, 76.40; H, 8.34. Found: C,
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60,7 -Oxldo-17x-acetoxy-A-norpregn-3-ene-2,20-dione (21).

mg) in CHyCly (40 ml) was left at room temperature for 66 .
The CH.Cl: solution was washed (saturated NallCO,, 5¢5
Nap80;, 87 salt solution), dried, aud evaporated. Crystalliza-
tion of the residue from ether-CHCl; gave 21 (191 mg, wp
202-204°). The analytical sample was prepared by reervstul-
lzation froni acetone-hexane; unlp 232-233°; [a]® —15°
(EtOH); X 5.78, 5.86, and 6.13 u; A 235 mg (e 11,700); 7 .28
(3, 18-Me), S.88 (x, 10-Me), 7.94 (x, 17-0COCIL), 7.85 (s, 21-
Me), 6.61 (d,d, J < 1, 3.5 ¢ps, 78-11), 6. 18 (1, J = 8.5 epx, 63-11),
3.78 (s, 3-).
Anal. Caled for CuellnO;: C, 70.94; H, 7.5,
70.97; I, 7.57.
6c,7a-0xido-17a-ethynyl-A-norandrost-3-en-178-0l-2-one
(22).—A mixture of 17 (1.8 g) and m-chloroperbenzoic acid
(3.1 g) in CHCly (150 ml) was left at roont temperature for 65
hr. The CH.Cl, solution was washed (saturated NuallCOy,
HUC NueS0;, 807 salt solution), dried, and evaporated., Plate
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chromatography of the residue on nentral ;dhunina (aetivity v
using CHCly as the developing =olvent gave o major buind de-
tectable in the ultraviolet.  Fhition with ethyl acetate, evapora-
tHon, and ervstallization from ethyl aeetate afforded 22 (3002 e,
wp 222-224°),  The analytical smmple wios prepated by reervs-
tallization from cthyl acetate: mp 241.5-243.5%: Jo]¥p -~ (9
(CHICLY: X 2,07, 305, 582, 507 and 617 w0 A 234 mp
(e 14,300) 7 7 0.00 {3, 18-y, 889 (s, 19-Me), 7.43 (s, Fe-Cazlly,
6.63 (b, S = 2.5 eps, i8-H), 6,10 ¢, J = 3.5 eps, 63-11), and 370
(s, 3-113.

Anal. Calad e

B Fomnd:
L, T6.43; T, 708,

CallsOs €, ToND: 1, 7.0
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The preparation of a varlety of O-aralkyl- aud O,N-diaralkvlhvdroxylamine compoands is reported.
These htchude, in addition to the amiues, acyl- und aroylhydroxamates, carbalkoxy- and carbaryloxyhydroxa-

mates, alid various urea compounds derived from the hydroxylamines.
calit hypocholestereniic activity upon oral administration to rats.
shown to lead to the O,N-diaralkvlated rather than O,0-diaralkylated reaction produet.

Many of these compounds show signifi-
Avalkyvlation of acetohyvdroxamie neid is
0N substitution

(II1) is therefore assumed for the seriex of analogons aeyl- and aroythydroxamates described.

The biological and pharmacological properties of
large variety of hydroxylamine derivatives have been
evaluated in the past. Discovery of the antibacterial
properties of canavanine! and of eycloserine® stimulated
the search for autiniicrobials containing the oxyamiuno
group. Hydroxylamine derivatives have beelt reported
to possess antibacterial, herbicidal, enzyme inhibiting,
aud auntitumor activities and to have anticonvulsant.
analgesie, autirheumatie, diuretie, local anesthetic,
hypoglveeniie, and CNS stimulating aud depressing
propertics.  These reported activities are apparently
not necessarily dependent on the hydroxylamine moiety
since the corresponding amino analogs frequently ex-
hibit similar activities. In other cases the hydroxyi-
aniine funetion seems to be essential for biological
activity,  Tn many mvestigations these ammooxy coni-
pounds have been found to bear little, if any. biological
resembliance to their amine counterparts.®

We now wish to report the preparation aud the re-
sults of preliminary pharmacological evaluation of a
number of hydroxylamine derivatives that signifieantly
lower the serum cholesterol eoncentration of wari
blooded animals.®  These compounds cousist of aralk-
oxyamines (I, X = aralkyl; Y = Z = H), N-aralkyl-
aralkoxyamines (I, X = Y = aralkyl; Z = H), a

(1) It, I Voleani and . E. Suell, J. Biol. Chem., 174, 893 (1048).

(2) {2y ¥. A, Kuell, F. J. Wolf, N. R. Trenner, R. L. Peck, T. Howe,
. D Hunnewell, G, Downing. E. Newstead, and IX. Folkers, J. Am. Chem.
Soc., TT, 2341 (1955); (b) P. 1L Hidy, F. 3. Hodge, V. V. Young, R. L.
1larned, G. A. Brewer, W. F. Phillips, W. I'. Riumnge, . E. Stavely, A. Poh-~
land, 1. Boaz, and H. R. Sallivan, ibid., 77, 2346 (1955).

(3) (a) For a comprehensive review of the literature on O-substituted
oxyamniues, sce A. O, Ilvespds and A. Marxer, Chipia (Aarau), 18, 1 (14645
iy P. Mamalis, L. Jeffries, 8. A, Price, M. J. Rix, and D). J. Outred, J.

Mead, Chem., 8, 684 (1963), iave suminarized chie literature dealing witly the
biolpgical and pharinacological netivities of these compounds.

number of the corresponding aeyl- and arovihyvdroxa-
mates (I, Z = RCO), carbalkoxy- and carbarvioxyhy-
droxamates (I. Z = ROCO), and urca derivatives (I,
Z = CONH, CONHR, CONHCOR). Also included
in this study are several related compounds of these
types having arvloxyalkyl rather than arulkyl substitu-
tion.

Y OR.
NON RC==NOR, 1{(:(,)N_’
’ OR. R.
1 I1 111

The preparation of these compounds followed In
general well-established routes of synthesis (Chart T).
Aralkylation of N-hvdroxyurethan A with the ap-
propriate aralkyl halides®#% furnished good to excel-
lent vields of the aralkyl ecarbethoxyvhydroxamates B or
of the corresponding aralkyl N-uralkyvlearbethoxyhy-
droxamates C depeuding on the rutio of the reactants
(reactions 1 and 2). These aralkylations were usually
performed i anhyvdrous cthanol using sodiunt ethoxide
or KOH as weid acceptors.  The reaections were exo-
thermic when substituted benzyl bromides were em-
ployed, and it was usually possible to obtain good con-

(1) (a) The elfeet of one of these compouwuds, benzyl N-beuzylearbed,-
oxyhydroxamate, on experimental atlierosclerosis and hypercholestecemia
has been describerl; see I, M. Berger, J. F. Douglas, I3. J. Ludwig, and 8.
Margolin, Proc. Sor. Exptl. Biol, Med., 114, 337 (1963); J. I'. Doiglas, B.
J. Ludwig, 2. Margolin, and . M. Derger, J. Atheroschlecosis Res., 6, Y0
(19866); J. . Donglas, I'roe. Spe. Kzptl. Biol. Med., 117, 190 (196H). ()
I, M. Berger and B. J. Ludwig, 1. S. Patents 3,245,878 (Apnl (2, 1066)
3,278,683 (Oct 11, 14966), 3,280,171 (Oct 18, 1966].

(5) A.T. Fuller and I, Kiag. J. Chem. See., 963 {10477,

(6) (a) L. W. Jones, .Ln. Chem. J., 20, 1 (183K8): 1y L. W, Jenes and
o KL Tleck, J. Am. Chene Soe., 50, 2018 11928).



