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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 ethvl acetate to yield 620 mg of 21b: 
mp 129-134°; X^ c '3 6.00, 6.19 M-

Anal. Calcd for C2iH30O2: C, 80.21; H, 9.62. Found: 
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-CHj), 72 (19-CH3), 225 (multiplet, 21-CH2), 344 (4-H) cps. 

Anal. Calcd for C2iH30O2: C, 80.21; H, 9.62. Found: 
C, 80.21; H, 9.37. 

17a-(3-Hydroxypropyl)-3-methoxy-17/3-methylgona-l,3,5(10),-
13-tetraene (9b) and 13,173-Epoxy-3-methoxy-17/3-methyI-17a-
propyl-13a-gona-l,3,5(10)-triene (13b).—A reaction mixture of 
25 g of 17a-(3-hydroxypropyl)-3-methoxy-l,3,5(10)-estratrien-
17|3-ol (6d) , u 100 ml of ethanol, and 25 ml of concentrated HC1 
was stirred and refluxed for 45 min with solution being complete 
after 10 min. I t was cooled and stirred, and 350 ml of cold H 2 0 
was added producing an oil which congealed when cooled to 5°. 
The oil was collected, washed with H 20, dried, and recrystallized 
from ethyl acetate to give 8.0 g of 9b. A sample was recrystal
lized from acetone for analysis: mp 85-90°: X™x

clJ 2.76 ju; nmr, 
61 (17-CHa), 216 (triplet, 22-CH2), 226 (OCH3) cps. 

Anal. Calcd for C22H30O2: C, 80.93; H, 9.26. Found: C, 
80.74; H, 8.92. 

The mother liquors from 9b were chromatographed and the 
first fractions eluted with 1% ethyl acetate-benzene were com
bined and recrystallized twice from ethyl acetate to yield 1.1 g 
of 13b: mp 93-95°; nmr, 44 (17-CH3), ca. 225 (multiplet, 22-CH2), 
227 (OCH3) cps. 

Anal. Calcd for C22H30O2: C, 80.93; H, 9.26. Found: 
C, 81.23; H, 9.22. 

17a-(3-Hydroxypropyl)-3-methoxy-17/3-methylgona-2,5(10),-
13-triene (11) and 17a-(3)-Hydroxypropyl)-17(3-methylgona-4,-
13-dien-3-one (10b).—Lithium wire (1.6 g) was added over a 
10-min period to a stirred solution of 2.5 g of 9b in 75 ml of THF, 
75 ml of i-butyl alcohol, and 150 ml of liquid NH3. After 2.5 
hr, 6 ml of methanol was added dropwise over 15 min with de-
colorization of solution after 3 hr. NH3 was allowed to evaporate 
for 2 hr and then 150 ml of H20 was added. Nonaqueous sol
vents were removed by vacuum distillation and the precipitate 
was collected, washed with H 20, dried, and recrystallized from 
ethyl acetate containing 1 drop of pyridine to yield 1.3 g of 
11: mp 83-89°; xS«C13 2.74, 5.88, 6.00 n" 

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 (l)1 does not exhibit progestational prop
erties but is a potent antiandrogenic compound;2 

A-nortestosterone (2)1 is weakly androgenic,3 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. Soe. Exptl. Biol. Med., 
103, 172 (1960). 

Anal. Calcd for C22H3202: C, 80.44; H, 9.83. Found: 
C, 80.69; H, 10.00. 

A solution of 800 mg of 11 in 8 ml of methanol with 0.6 ml of 
concentrated HC1, and 0.6 ml of H 2 0 was held at room tempera
ture for 2 hr and then diluted with 40 ml of H 20. The pre
cipitate was collected, washed with H20, dried, and recrystal
lized from ethvl acetate to yield 10b (550 mg): mp 135-141°; 
X™cu 2.74, 6.00, 6.18 n; Xraax 238.5 mM (* 16,000). 

Anal. Calcd for C2iH30O2: C, 80.21; H, 9.62. Found: 
C, 80.15; H, 9.59. 

13,173-Epoxy-10,17/3-dimethyl-17a-propyl-13o!-gon-4-en-3-one 
(16c) and 17a-(3-Hydroxypropyl)-10,17/3-dimethylgona-4,3-dien-
3-one (10c).—A reaction mixture of 15 g of 17«-(3-hydroxy-
propyl)-4-androsten-17/J-ol-3-one,3 60 ml of ethanol, and 15 ml 
of concentrated HC1 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 15% ethyl acetate-
benzene was recrystallized from hexane to yield 2.35 g of 16c. 
An analytical sample was obtained by a second recrystallization 
from hexane: mp 100-105°; X™ 3 5.98, 6.18 M; nmr, 45 (17-
CH3), 72 (19-CH3), 222 (multiplet, 22-CH2), 343 (4-H) cps. 

Anal. Calcd for C22H3202: C, 80.44; H, 9.83. Found: 
C, 80.63; H, 9.89. 

The oily peak fractions eluted with 40% ethyl acetate-benzene 
(8.44 g) were crude 10c contaminated with a small amount of the 
acetate ester of the C-22 hydroxyl group (from transesterification 
with ethyl acetate). A 2-g sample was dissolved in 20 ml of 
warm methanol, 5 ml of 2% aqueous K H C 0 3 was added, and 
after 5 hr at room temperature 100 ml of H20 was added. The 
separated oil was extracted with ether and the ether solution was 
washed with H20, dried (NaoSOn), and evaporated to yield 1.7 g 
of 10c: X™„C13 2.73, 2.88, 5.98, 6.18 ?; Am„ 239 irux (e 17,100); 
nmr, 49 (17-CH3), 59 (19-CH3), 216 (triplet 22-CH,), 345 (4-H) 
cps. 

Anal. Calcd for C22H3202: C, 80.44; H, 9.83. Found: 
C, 80.33; H, 9.72. 
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norhydrocortisone and A-norcortisone4 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 years. In certain 

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

(4) R. Hirschmann, G. A. Bailey, R. Walker, and J. M. Chemerda, J. Am. 
Chem. Soc, 81, 2822 (1959). 
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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-16a,17a-dimethylmethylenedioxy-A-nor-
progesterone (14), are potent progestational agents. These represent the first examples of A-nor steroids having 
this hormonal activity. Reaction of A3-2-keto-A-nor steroids with 2,3-dichloro-5,6-dicyanobenzoquinone and 
HC1 results in the formation of 7a-chloro compounds as well as the 6-dehydro derivatives. The mechanism of 
this reaction is discussed. 
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instances, the esterification of 17a-hydroxyprogester-
one,3 the formation of acetals and ketals of 16a, 17a-
dihydroxyprogesterone,6 and the introduction of chlo
rine and/or unsaturation at position b\7 as well as the 
ethynylation of testosterone8 have been among the 
modifications leading to compounds with potentiated 
progestational activity. Our object was to incorporate 
these structural features into A-nor steroids to de
termine whether this hormonal activity could be 
observed. 

We therefore set out to synthesize 6-chloro-G-
dehydro-A-norprogesterone (12), 6-chloro-6-dehydro-
Kia, 17a-dimethylmethylenedioxy-A-iiorprogesteron e 
(14), ()-ehloro-6-dehydro-17a-acetoxy-A-norprogester-
oue (16), and 6-chloro-6-dehydro-17a-ethynyl-A-nor-
testosterone (18). 

The synthesis of 17a-acetoxy-A-norprogesterone (5) 
from A-norprogesterone (1) required as the initial step 
selective enol acetylation at C-20 in preference to C-2. 
It was encouraging to us that the preparation of the 
enol acetate of A-norcholestenone had not been realized 
even under forcing conditions.9 Room temperature 
enol acetylation1" of 1 afforded a mixture of geometric 
17(20)-eno] acetate isomers which could not be sepa
rated by chromatography. Fractional crystallization 
from isopropyl ether gave a small amount of one isomer, 
whose analysis and spectral properties were in agree
ment with an enol acetate structure (3). The mixture 
of enol acetate isomers was used in subsequent re
lictions. 

(5) K. J u n k m a n n , Arch. Kxptl. l'athol. I'hiirmnkol., 223 , 244 (1954); M . E. 
Dav ies and G. Wied, ./. Clin. Endocrinol. Metob., 15, 923 (1955). 

(6) J. Fried, A. Borinan, W. K. K e l l e r , P . Grabowich , and E. F . Sabo , 
./. .Ira. Chem. Hoc., 80, 2338 (1958). 

(7) II. .1. R inso ld , 1-:. Batres , A. Rowers, .1. E d w a r d s , and J. Zderic, iind.. 
8 1 , 3485 (1959). 

(8) II. II. InholTen, \V. Logemann , W. Hohlwefi, and A. Serini, Ber.. 7 1 , 
1024 i lU38). 

'9) \\ . G. I l a u b e n and G. A. ISoswell (./. , l»i . Chem. Hoe., 83 , 5003 (1961)1 
ob ta ined an oils' p roduc t the u l t raviole t spec t rum of which showed the pres
ence of the A-"')-dienol a c e t a t e c o n t a m i n a t e d with s t a r t ing ma te r i a l . 

(19) I). II. H. Har ton . R. M . E v a n s , J. C. Hamle t , P . G. Jones , ami T. 
Walker , ./. Chem. Sac. 7 17 (1954). 

Since 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 treatment of 
A-iiortestosteronc (2) with m-chloroperbenzoic acid. 
Even after 1 day, no reaction had taken place as 
evidenced by tic and the ultraviolet spectrum of the 
reaction mixture. Thus treatment of 3 with peracid 
in CHCla at room temperature for 2-3 hr followed by 
methanolic KOH solution gave 17a-hydroxy-A-nor-
progesterone (4). Acetylation of 4 afforded 17a-
acetoxy-A-norprogesterone (5). 

The preparation of the (i-chloro-G-dehydro-A-nor 
steroids was then carried out by the sequence of re
actions shown below (Scheme I) starting from 1, 2, 5, 
l()a,17a-diniethylmethylenedioxy-A-norprogest erone 
(6)" and 17a-ethynyl-A-nortestosterone (7).1'-' 

DDQ, H + . 

peracid 

HCI 
CHCI3 

Treatment of 1 with 2,3-dichloro-5,6-dicyanobenzo-
quinone (DDQ) and HCI13 in dioxane at room tem
perature for 10 hr gave a crude product whose ultra
violet spectrum indicated the presence of a 6-dehydro 
compound (X 277 m/i) and material with a maximum at 
232 m/i. Chromatography of the resultant mixture 
followed by fractional crystallization afforded a 
halogen-containing compound (Beilsteiii) which has 
been assigned the 7a-ehloro structure (8) on the basis of 
its elemental analysis and the following. The ultra
violet spectrum [Am£x 232 van (« 10,900)] and infrared 
spectrum (XmS0' -̂<s4 and (5.12 n) indicated an a,j3-
unsaturated ketone system. The nnir spectrum showed 
a multiplet at r 5.59 ( lb , . ~~ 7 cps) which could be 
assigned to the 7/3-proton since there was no large 
coupling constant as would be expected for a 7a-
(axial) proton.14 Furthermore, the multiplet which 
appeared at r 7.03 (IF.... — 6 cps) could be assigned to 
the protons at C-6 and likewise showed no large coupling 
constant. 

Indeed, collidine dehydrohalogenation of 8 gave the 
known G-dehydro-A-norprogesterone (9).1'"' Similar 
treatment of 2 and 5-7 also gave mixtures (ultraviolet, 
nmr, and Beilsteiii) of 7a-chloro and (i-dehydro prod
ucts. However, only in the cases of 2 and 7 could the 
7a-chloro products 10 and 11 be isolated in pure form. 
In subsequent experiments the crude reaction products 
from the DDQ-HC1 reaction were treated with collidine 
to obtain the (i-dehydro compounds exclusively. 

( U ) F. L. Weisenborn . I ' . S. Pa ten t 3,213.112 (1905). 
(12) S. I) . Levine. Steroid*, 7, 477 (1966), 
•113) H. J. Ringold and A. Turne r , Chem. hoi. (London) , 211 i 11)02). 
(14) Y. Kawazoa , V. Sato . [. O k a m o t a , and K. Tst ida {Chem. 1'horm. Ball. 

(Tokyo) , 11 , 328 (1963) ] repor ted a H'i •_• of > 16 cps for the 7a -p ro ton in a 
series of ".^-hydroxy s teroids and a IT;,,- of < 1 2 cps for the 7#-proton of t he 
epimeric 7a -hydroxy l c o m p o u n d s . 

(15) V. L, Weisenborn , T' S. P a t e n t 3,1-11,044 (1964], 
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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-5,6-dicyanohydroquinone during the reaction. 
With normal steroids this hydroquinone begins to 
separate as HCl is bubbled into the solution,13 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 A3-2-keto-A-nor steroids as compared 
to A4-3-keto normal steroids is supported by the failure 
to obtain a A2'5-dienol acetate9 and the failure of forma
tion of the A3-2-ketal during ketalization.16 Under 
similar conditions the A3i5-dienol acetate17 and A°-3-
ketal form readily in the normal series.18 Although 
formation of the A2,5-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 7a-chloro compound from 
the DDQ-HC1 reaction is postulated to occur by 
Michael addition of HCl19 to the 6-dehydro derivative 

(16) S. 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. Fernholz and H. E. Stavely, Abstracts, 102nd National 

Meeting of the American Chemical Society, Atlantic City, N. J.. Sept 1941, p 
39M; (b) R. Antonocci, S. Bernstein, R. Littel, K. J. Sax, and J. H. Wil
liams, J . Org. Chem., 17, 1341 (1952); (c) G. I. Poos, G. E. Arth, R. E. 
Beyler, and L. H. Sarett, J. Am. Chem. Soc, 75, 422 (1953). 

(19) R. T. Rapala and M. F. Morray, Jr. [J. Med. Chem., 5, 1049 (1962)], 
have reported on the Michael addition of HCl to a A16-20-one steroid to give 
the 16c*-chloro derivative. 

and, indeed, reaction of 9 with HCl in dioxane gave an 
equilibrium mixture of 8 and 9 in approximately the 
same ratio as had been observed in the DDQ-HC1 
reaction. Xo 7a-chloro compounds have been reported 
to be obtained by either DDQ-HC1 treatment of A4-3-
ketones or by Michael addition of HCl to A4,6-3-ones. 
Reaction of testosterone or 16a,17a:-dimethylmetliyl-
enedioxyprogesterone20 with DEQ and HCl gave the 6-
dehydro derivatives as the only isolable products. 
That some 1:6 addition of HCl actually does occur in 
the reaction mixture under these conditions is suggested 
by the ultraviolet spectrum of 6-dehydrotestosterone21 

in dioxane containing HCl which indicated an equilib
rium mixture of 7a-chloro (X 2'aS ir/i, ~40%) and 6-
dehydro (X 277 m,u, ~60%) components.22 The 
ultraviolet spectrum of 11 taken in dioxane containing 
HCl showed just the presence of the 7a-chloro deriva
tive (X 238 m/x). We attribute the fact that the 7 a-
chloro compound can be isolated in the A-nor series to 
the difficulty of formation of the 7a-chloro-2,5-dienol b 
from c, while in the normal series the 7a-chloro-3,5-
dienol b ' forms easily from c' and leads to dehydro-
chlorination upon work-up of the reaction mixture 
(Scheme II). 

SCHEME II 

Epoxidation of the 6-dehydro compounds with m-
chloroperbenzoic acid gave the 6a,7a-oxides which on 
treatment with excess HCl in CHC13 were converted to 
the desired 6-chloro-6-dehydro derivatives. 

Biological Activity.—Table I lists the approximate 
oral and subcutaneous 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. Ellis, F. Hartley, and V. Petrow, ,/. Chem. Soc, 4373 
(1955). 

(21) C. Djerassi, G. Rosenkranz, J. Romo, St. Kaufmann, and J. Pataki. 
J. Am. Chem. Soc, 72, 4534 (1950). 

(22) The spectra of 6-dehydrotestosterone in dioxane containing either 
0.5 A* H'jSOa or concentrated HCl only exhibited absorption at 277 in*/ indi
cating the exclusive presence of the A*,6-3-one system. 
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T A B L E I 

B I O L O G I C A L A C T I V I T Y 

Progestational aetivity 
(Clauberg assay) 

II II 0 . 1 2 5 - 0 . 2 5 

IGa, ITa-Dimethylmethylcnedioxy 0.5-1 0.5-1 
OAc II ' 4 4 

C0CH3 

—R2 

16a,l7«-J)imethylmethylenedioxy 2--4 2 
OAc II 64 64 

11 16a, 17a-((3-Methyl-a-phenylmethylenedioxy)progesterone = 
I. '' Progesterone = 1. 

Experimental Section 
Melting points are uncorrected. Values of [ « ] D have been 

approximated to the nearest degree. Ultraviolet spectra were 
determined on a Cary II spectrometer in 95r:c ethanol, infrared 
spectra on a Perkin-Elmer 21 spectrometer (KBr pellets), and 
nmr spectra on a Yarian A-60 spectrometer (CI)C13, YIe4Si as 
internal standard). All evaporations were carried out in vacuo 
on a rotatory evaporator and Na^SO.! was used as the drying 
agent. 

20-Acetoxy-A-norpregna-3,17(20)-dien-2-one (3).—An ice-cold 
solution of acetic anhydride (1.5 ml) containing 3 drops of 
perchloric acid was added to a solution of 1 (250 mg) in CC14 (8 
ml) and benzene (20 ml) and left at room temperature for 1 day. 
The reaction mixture was poured into ice-water and additional 
CCIi was added. The organic layer was separated, washed with 
a saturated NaHC0 3 solution and 8/< salt solution, dried, and 
evaporated to give 280 mg of residue. Plate chromatography of 
the residue using silica gel as the adsorbent and CHC13 containing 
V"i methanol as the developing solvent gave a major band at 
about Ri 0.4, which was detectable by ultraviolet. Elution with 
ethyl acetate and evaporation gave a 232-mg residue. Crystal
lization of the residue from ether-hexane gave 3 (21 mg, mp 
131-132°). Recrystallization from isopropvl ether gave the 
analytical sample: mp 131-132°; [a]^D - 5 ° (EtOH); X 5.75, 
5.92, 6.17 M; A 234 niM (e 19,400); T 9.11 (s, 18-Me), 8.83 (s, 
19-Me), 8.21 (s, 21-Me), 7.90 (s, 20-OCOCH3), and 4.27 (s, 3-H). 

Anal. Calcd for C sH30O3: C, 77.15; H, 8.83. Found; C, 
77.20; If, 8.79. 

17a-Hydroxy-A-norpregn-3-ene-2,20-dione (4).—A mixture 
of m-chloroperbeuzoic acid (150 mg) and 3 (225 mg) in CHCI3 

(4 ml) was stirred at room temperature for 2 hr. The CHC13 

solution was washed wih 5% NaOH solution, 8% salt solution, 
dried, and evaporated to give a gum. The gum was treated with 
a hot solution of KOII (280 mg) in methanol (5 ml) and stirred 
at room temperature for 35 min and diluted with H 20. The 
precipitate was collected by filtration and washed with H 2 0 and 
dried overnight at 45° in vacuo to afford 4 (100 mg mp 210-212°). 
The analytical sample was prepared by recrystallation from 
CHCl3-ether; mp 233-234°; [«]2 6D + 5 ° (EtOH); X 2.90, 
5.87, 5.95, 6 . 1 7 M: X 234 MM (e 15,800), 300 (143): r 9.24 (s, 
18-Me), 8.82 (s, 19-Me), 7.72 (s, 21-Me); 7.15 (s, 17-OH), and 
4.25 (s 3-11). 

Anal. Calcd for C20H,sO3: C, 75.91; H, 8.92. Found: C, 
76.09; II, 8.74. 

17a-Acetoxy-A-norpregn-3-ene-2,20-dione (5). A.—A mixture 
of 4 (61 mg) and p-toluenesulfonic acid monohydrate (61 mg) in 
acetic anhydride (0-6 ml) and glacial acetic acid (3 ml) was left 

at room temperature for 22 hr, diluted with H20, and neutralized 
(K2C03). The reaction mixture was extracted with ether, and t he 
extracts were washed with S% salt solution, dried, and evapo
rated. Crystallization of the residue from isopropvl ether gave 5 
(50 mg, mp 182-184°). The analytical sample was prepared by 
recrystallization from isopropvl ether; mp 186.5-187.5°; j;i+;"n 
- 4 7 ° (EtOH): X5.78, 5.85, 5.94(sh), 0.17/x: X 234 mM ; <- 16.300), 
292 (154); r 9.31 is, 18-Me). 8.81 :s, 19-Me). 7.95 is. 17-OCO-
0H3) , 7.90 (s, 21-Me), and 4.26 (s, 3-H 1. 

Anal. Calcd for (',.,113,0,: C, 73.71; II, s 44. Found: (', 
73.75; H, 8,34. 

B.—A solution of 70 ' , 1IC104 in acetic anhydride (1:100, 3 
ml) was added to a stirred suspension of 4 (4.79 g) in acetic 
anhydride (110 ml). The reaction mixture wa.s stirred at room 
temperature for 30 min, and then poured into ice-water and 
stirred until the oil, which separated initially, solidified. The 
precipitate was collected by filtration, and dried overnight at 
45° in vacuo to give 5 (4.76 g, mp 186-187°). 

7«-ChIoro-A-norpregn-3-ene-2,20-dione (8). — 1lydrogen chlo
ride was passed into a solution of 1 (305 mg) and I)1)Q (254 mg) 
in dioxane (10 ml) for 30 sec. The reaction mixture was then 
left tit room temperature for lOhr. The mixture was filtered and 
washed with dioxane, and the filtrate was evaporated. The 
residue was dissolved in OHCh and plate ehromatographed 
using neutral alumina (activity V) as adsorbent and CllCb 
as the developing solvent. Detection of the band tit about 
lit 0.6 by ultraviolet light and elution with ethyl acetate 
followed by evaporation gave it residue which on crystallization 
from acetone--bexane yielded 8 (108 mg): mp 124-126°: [«j2:'i> 
+ 36° (CIICl ; ii; X 232 my. (e 16,900); T 9.30 is, 18-Mei. S..S1 
(s, 19-Me), 7.87 (s, 21-Me), 7.72 Cs, 1-CU2), 7.03 (m, 11'./. - 6 
cps, 6-CIF), 5.59 (m, ll'i .: - 7 eps, 7ii-H). 4.12 (s. 3-H ). 

Anal. Calcd for Ca.IT.vClO,: C. 71.65: II. s.12. Found: 
C, 71.62; K, 8.16. 

A-Norpregna-3,6-diene-2,20-dione (9). - A solution of 8 (1.15 gi 
in collidine (25 ml) was refluxed for 1 hr. cooled, dilute:! with 
CHOI,, and washed with 2 .V IIC1, IFO, 5('< XallC'O:, solution, 
and IFO again. It was evaporated and the residue was plate 
ehromatographed on neutral alumina (activity Y) using OHCh 
as the developing solvent. The ultraviolet-absorbing band ai 
about R- 0.2 was elated with ethyl acetate and evaporated, and 
the residue crystallized from acetone-hexane to give 9 (540 
mg): mp 153-154°; [aj2in +89° (0HC13): X 277 mM (e 22,100): 
r 9.26 (s, 18-Me), s.NS is, 19-Me), 7.86 (s. 21-Me), 7.76 fs, 1-
CH,), 4.28 (s, 3-H), 3.S5 (d, d, ./ = 10, 2 cps, 0-FI.i, 3.50 (d, d, 
J = 10, 2 cps, 7-H). 

7a-C'hloro-A-norandrost-3-en-17/3-oI-2-one (10). IICI was 
bubbled into a solution of 2 (271 mg) and 1)1)Q (250 mg) in 
dioxane (10 mil for 30 sec and the reaction mixture was left at 
room temperature for 3.5 hr. The mixture was filtered, and the 
filtrate was evaporated. Plate chromatography of the residue 
on neutral alumina using CIICI3 as the developing solvent gave 
six bands. Elution of the two major bands (lit MI.3 and 0.4) 
gave a residue ( I 76 mg) which was a mixture of 1 lie 7a-chloro and 
A:l>8 components (uv). Retreatment as above with DIX^ and 
HC1 gave after chromatography on alumina a major band which 
was eluted with ethyl acetate and evaporated. Several recrys-
tallizations from acetone-hexane gave 10: mp 212-214°: j+ l i 2n 
- 3 4 ° (CHCh): X 232 mA (t 16,400); r 9.19 +, 18-Me). 8.81 
(s, 19-Me), 7.03 1111, 17- , --7 cps, 6-CH2). 6.33 (in, 17«-1I), 5.62 
1111. II'i « ^ 9 cps, ~ji-\l), 4.10 (s. 3-H i. 

Anal. Calcd for 0,JT2i,C10,.: C. 70.00; 11, X. 1(5; CI, 11.4.S. 
Found: C, 70.65; H, 8.39; CI, 12.0. 

7a-Chloro-17«-ethynyl-A-norandrost-3-en-17tf-ol-2-one i l l ;•. 
HC1 was bubbled into a solution of 7 (490 mg) and DDQ 

(750 mg) in dioxane (25 ml) for 10 min and the reaction mixture 
was left at room temperature for 67 hr. The precipitate was 
removed by filtration, and the filtrate was evaporated. Plate 
chromatography of the residue on neutral alumina (activity V) 
using CHCU .as the developing solvent gave three bands detect
able in the ultraviolet. The least polar band was elute.l with 
ethyl acetate and evaporated, and the residue was crystallized 
from ethyl acetate i-Mpropyl ether to give 11 (140 mg, mp 
166-167° (effervescent i). The analytical sample was prepare I 
by recrystallization from ethyl acetate-isopropyl ether; mp 172 
173° (effervescent.1; X 2.97, 3.07, 5.97, and 6.13 M: X 233 mji u 
14,500); r 9.08 (s, 18-Me), 8.80 is, 19-Me), 7.41 (s, l 7 a - C ^ C I I i. 
5.62 Cm, 11"' . - 6 cps, 7/S-H) and 4.10 (s. 3-H). 

Anal. Calcd for (\ lH,„CKb: C, 72.19; II, 7.57. Found: 
C, 72.16; H, 7,51. 
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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 2 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 
fit 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]22D + 9 8 ° (CHCL); X 279 mM (« 
20,400); T 9.26 (s, 18-Me), 8.86 (s, 19-Me), 7.87 (s, 21-Me), 7.67 
(s, 1-CH2), 3.95 (s, 3-H), 3.78 (d, / = 2.5 cps, 7-H). 

Anal. Calcd for C2oH25C102: C, 72.19; H, 7.57. Found: 
C, 72.20; H, 7.70. 

16a,17a-DimethylmethyIenedioxy-A-norpregna-3,6-diene-2,20-
dione (13).—HCl 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 removed by filtration and the dioxane was evaporated. 
The residue was dissolved in CHCI3 (75 ml) and passed through 
a neutral alumina column (activity I, 90 g) to remove polar 
colored material. Elution with CHCI3 (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 CHCI3, washed with 2 Ar HCl and 8% salt solution, dried, 
and evaporated. The residue was dissolved in CHCL (50 ml) 
and passed through a neutral alumina column (activity I, 90 g) 
to remove polar colored material. Elution with CHCI3 (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]22D + 3 6 ° (CHC13); X 277 mM (« 
22,500); T 9.29 (s, 18-Me), 8.89 (s, 19-Me), 8.81 (s, 0-Me, ketal), 
8.53 (s, <*-Me, ketal), 7.76 (s, 1-CH2), 4.94 (d, / = 4 cps, 16/3-H), 
4.26 (s, 3-H), 3.89 (d, d, J = 10, 2 cps, 6-H), 3.47 (d, A, J = 
10, 2 cps, 7-H). 

Anal. Calcd for C23H30O4: C, 74.56; H, 8.16. Found: C, 
74.64; H, 8.10. 

6-Chloro-16o,17a-dimethylmethyIenedioxy-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 5 % NaHC0 3 solution and H 20, dried, and evapo
rated. Plate chromatography of the residue on neutral alumina 
(activity V) using CHCL 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°; [a] 2 2D+13° 
(CHCL); X 278 mM (<= 21,400); T 9.31 (s, 18-Me), 8.85 (s, 19-
Me), 8.81 (s, /3-Me, ketal), 8.52 (s, a-Me, ketal), 7.76 (s, 1-CH2), 
4.93 (d, / = 4 cps, 16/3-H), 3.92 (s, 4-H), 3.80 (d, J = 2 cps, 7-H). 

Anal. Calcd for C23H29CIO4: C, 68.21; H, 7.22; CI, 8.75. 
Found: C, 68.15; H, 7.15; CI, 8.97. 

17a-Acetoxy-A-norpregna-3,6-diene-2,20-dione (15).—HCl 
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 ml) for 75 min, cooled to room temperature, and 
diluted with CHCL. The CHCL solution was washed with 
2 A' HCl, saturated NaHC0 3 solution, and 8% salt solution, dried, 
and evaporated. Plate chromatography of the residue using neu
tral alumina (activity V) as the adsorbent and CHCL containing 
10% hexane as the developing solvent gave a major band at about 
fit 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°; H 2 6 D - 4 5 ° (EtOH); X 5.78, 5.87, 6.18, and 6.35 M; 
X 277 mM U 22,600); 7- 9.31 (s, 18-Me), 8.88 (s, 19-Me), 7.94 (s, 
17-OCOCH3), 7.92 (s, 21-Me), 4.25 (s, 3-H), 3.83 (d, d, / ~ 1, 
9.5 cps, 6-H), 3.46 (d, d, J = 2-3, 9.5 cps, 7-H). 

Anal. Calcd for C22H2804: C, 74.13; H, 7.92. Found: C, 
74.09; H, 7.83. 

6-Chloro-17-a-acetoxy-A-norpregna-3,6-diene-2,20-dione (16). 
—HCl was passed into a solution of 21 (335 mg) in CHCL (30 

ml) for 3 min. The reaction mixture was left at room temperature 
for 2 hr, and then at 45° for 1 day. I t was washed (H20, satu
rated NaHCCL, and 8% salt solution), dried, and evaporated. 
Plate chromatography of the residue using neutral alumina 
(activity V) as the adsorbent and CHCL containing 20% hexane 
as the developing solvent gave a major band at about Rf 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 195.5-196.5°, [a]28D —75° 
(EtOH); X 5.78 (sh), 5.87, 6.18, and 6.33 A; X 280 m/* ( t 19,700); 
r 9.26 (s, 18-Me), 8.84 (s, 19-Me), 7.95 (s, 17-OCOCH3), 7.91 
(s, 21-Me), 3.95 (s, 3-H), 3.78 (d, J = 2 cps, 7-H). 

Anal. Calcd for C22H27C104: C, 67.66; H, 6.96; CI, 9.07. 
Found: C, 67.42; H, 7.00; CI, 9.09. 

17a-Ethynyl-A-norandrosta-3,6-dien-17/3-ol-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 N HCl, 
saturated NaHC0 3 , and 8% salt solution), dried, and evaporated. 
Plate chromatography of the residue on neutral alumina (activity 
V) using CHCL as the developing solvent gave a major band 
detectable by ultraviolet light. Elution with ethyl acetate, 
evaporation, and crystallization from acetone-hexane afforded 
17 (58 mg, mp 206-208°). The analytical sample was prepared 
by recrystallization from CHCL-isopropyl ether; mp 206-208°; 
[a]25D - 1 4 1 ° (EtOH); X 2.97, 3.05, 5.88, 6.00, 6.22, and 6.33 M; 
\ 278 mM (e 22,600); T 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. Calcd for C2oH2402: C, 81.04; H, 8.16. Found: C, 
81.04; H, 8.14. 

6-Chloro-17a-ethynyI-A-norandrosta-3,6-dien-17/3-ol-2-one 
(18).—HCl 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 NaHC0 3 , 8% salt solution), dried, and 
evaporated. Crystallization of the residue from CHCL-isopropvl 
ether gave 18 (122 mg, mp 214.5-216.5°). The analytical 
sample was prepared by recrystallization from CHCL-isopropyl 
ether; mp 227.5-228.5°; H 2 4 D - 1 2 2 ° (CHCL); X 2.88, 3.00, 
5.93, 6.22, and 6.35 M; X 280 mM (e 20,200); r 9.05 (s, 18-Me), 
8.86 (s, 19-Me), 7.43 (s, 17a-C=CH) , 3.80 (d, / = 2 cps, 7-H), 
and 3.94 (s, 3-H). 

Anal. Calcd for C20H23ClO2: C, 72.63; H, 7.08; CI, 10.72. 
Found: C, 72.67; H, 7.03; CI, 10.94. 

6c*,7a-Oxido-A-norpregn-3-ene-2,20-dione (19).—A solution 
of 9 (400 mg) in CH2C12 (50 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 ( 5 % NaHC0 3 , 5 % Na2S03, H20) 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 Rt 0.5 detectable 
by uv light. Elution with ethyl acetate followed by evapora
tion and crystallization from acetone-hexane gave 19 (151 mg): 
mp 168-170°; [a]22D + 9 5 ° (CHCL); X 234 m^ (« 13,100); 
T 9.27 (s, 18-Me), 8.89 (s, 19-Me), 7.86 (s, 21-Me), 7.78 (s, 1-
CH2), 6.57 (d, d, / = 3.5, < 1 cps, 7/S-H), 6.14 (d, J = 3.5 cps, 
6/3-H), 3.73 (s, 3-H). 

Anal. Calcd for C20H26O3: C, 76.40; H, 8.34. Found: C, 
76.37; H, 8.34. 

6a,7a-Oxido-16a,17a-dimethylmethylenedioxy-A-norpregn-3-
ene-2,20-dione (20).—A solution of 13 (500 mg) and m-chloro-
perbenzoic acid (1 g) in CH2C12 (50 ml) was left at room tem
perature for 20 hr. The reaction mixture was washed (saturated 
XaHC03 , 5 % Na2S03, 8% salt solution), dried, and evaporated. 
Plate chromatography of the residue on neutral alumina (activity 
V) using CHCL-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]*<D + 4 1 ° (CHCL); X 233 nut (e 16,300); r 9.31 (s, 
18-Me), 8.89 (s, 19-Me), 8.81 (s, (3-Me, ketal), 8.50 (s, a-Me, 
ketal), 7.76 (s, 21-Me), 6.63 (d, / = 3.5 cps, 7/3-H), 6.19 (d, / = , 
3.5 cps, 6/3-H), 4.93 (d, / = 4.5 cps, 16/3-H), 3.78 (s, 3-H). 

Anal. Calcd for C23H30O5: C, 71.48; H, 7.82. Found: C, 
71.76; H, 8.02. 
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6a,7a-Oxido-17a-acetoxy-A-norpregn-3-ene-2,20-dione (21). 
A mixture of 15 (320 mg) and m-chloroperbenzoic acid (6(10 

mg) in CiT2Cl2 (40 ml) was left at room temperature for 60 hr. 
The CH2Cl. solution was washed (saturated NaI!0O3 , 5',; 
Xa2S()3, H(/0 salt solution), dried, and evaporated. Crystalliza
tion of the residue from ether-CIIOs gave 21 (101 nig, mp 
202-204°). The analytical sample was prepared by recryst al
ligation from acetone-hexane; mp 232-233°; [«]mn —1.1° 
(EtOII); X 5.7S, 5.86, and 6.13 n: X 235 mn (e 11,700); T 0.2S 
(s, 18-Me), 8.88 (s, 19-Me), 7.04 fs, 17-OCOCH;,), 7.S8 (s, 21-
Me), 6.61 (d, d, J < 1, 3.5 cps, 7,3-11). 6.18 (d.,/ = ;!.;, cpS, Ort-H ). 
3.78 (s, 3-It). 

Anal. Calcd for CElIok()i: C, 70.04; 11,7.58. Found: ('. 
70.97; II, 7.57. 

6a,7a-Oxido-17a-ethynyl-A-norandrost-3-en-17f3-oI-2-one 
(22).—A mixture of 17 (1.8 g) and »i-chloroperbenzoic acid 
(3.1 g) in CA\-2Cl> (150 ml) was left at room temperature for 65 
hr. The CII2CL> solution was washed (saturated NaIICO ; i, 
'>'", Na2S()a, 8 r

( , salt solution), dried, and evaporated. Plate 

The biological and pharmacological properties of a 
large variety of hydroxylamine derivatives have been 
evaluated in the past. Discovery of the antibacterial 
properties of canavanine1 and of cycloserine2 stimulated 
the search for antimicrobials containing the oxyamino 
group. Hydroxylamine derivatives have been reported 
to possess antibacterial, herbicidal, enzyme inhibiting, 
and antitumor activities and to have anticonvulsant, 
analgesic, antirheumatic, diuretic, local anesthetic, 
hypoglycemic, and CXS stimulating and depressing 
properties. 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 hydroxyl
amine function seems to be essentia] for biological 
activity. In many investigations these aminooxy com
pounds have been found to bear little, if any, biological 
resemblance to their amine counterparts.3 

We now wish to report the preparation and the re
sults of preliminary pharmacological evaluation of a 
number of hydroxylamine derivatives that significantly 
lower the serum cholesterol concentration of warm 
blooded animals.4 These compounds consist of aralk-
oxyamines (I, X = aralkyl; Y = Z = H), X-aralkyl-
aralkoxyamines (I, X = Y = aralkyl; Z = H), a 

(1) B. E. Volcani and E. E. Snell, J. Biol. Chem.. 174, 893 (1048). 
(2) (a) V. A. Kuehl, F. J. Wolf, N. R. Trenner, R. L. Peck, E. Hone. 

B. D. Ifunnewell, G. Downing. E. Newstead, and K. Folkers, .7. Am. Chem. 
Soc, 77, 2344 (1955); (b) P. H. Hidy, E. B. Hodge. V. V. Young, R. I.. 
Ilarned, G. A. Brewer, W. F. Phillips, W. F. Runge, H. E. Slavery, A. Poh-
land, II. Boaz, and II. R. Sullivan, ibid., 77, 2348 (1955). 

(3) (a) For a comprehensive review of the literature on O-substituted 
oxyumines, see A. O. Ilvespaa and A. Marxer, Cliimia (Aarau), 18, 1 (1964); 
lb) P. Mamalis, L. Jeffries, S. A. Price, M. J. Rix, and D. J. Outred, J. 
Mt'l. Chem., 8, 684 (1965), have summarized tire literature dealing with the 
biological and pharmacological activities of these compounds. 

chromatography of the residue on neutral alumina (activity Y, 
using OTlCls as the developing solvent gave a major band de
tectable in the ultraviolet. Klulion with ethyl acetate, evapora
tion, and crystallization from ethyl acetate afforded 22 (302 mg, 
mp 222-224°). The analytical sample was prepared by recrys-
tallization from ethyl acetate; mp 241.5-243.5°; |al'-;'i> —7'.)" 
(CHCl:,): X 2.07, '.3.05, 5.82, 5.07 and 0.17 M; ,\ 234 inn 
u 14,300); r 0.06 Cs, IS-Me), 8.89 (s. 19-Me), 7.43 (s, 17«-C---II), 
6.63 id. ,/ = 3.5 cps, 7/3-11), 6.19 (d. ./ =- 3.5 cps, 6/3-11 ), and 3.70 
fs, 3-11). 

Anal. C'alcil for (;3,112.,03: (', Tli.sil: II, 7.74. Found: 
(', 76.43; II, 7.58. 
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number of the corresponding acyl- and aroylhydroxa-
mates (I, Z = RCO), carbalkoxy- and carbaryloxyhy-
droxamates (I, Z = ROCO), and urea derivatives (I. 
Z = CONH2. CONHR, CONHCOR). Also included 
in this study tire several related compounds of these 
types having aryloxyalkyl rather than aralkyl substitu
tion. 

Y OH, 

XON RO—XOR, RCOX 

Z OR, K, 
1 11 III 

The preparation of these compounds followed in 
general well-established routes of synthesis (Chart I). 
Aralkylation of X-hydroxyurethan A with the ap
propriate aralkyl halides3a,5'fl furnished good to excel
lent yields of the aralkyl carbethoxyhydroxamates B or 
of the corresponding aralkyl N-aralkylcarbethoxyhy-
droxamates C depending on the ratio of the reactants 
(reactions 1 and 2). These aralkylations were usually 
performed in anhydrous ethanol using sodium ethoxide 
or KOH as acid acceptors. The reactions were exo
thermic when substituted benzyl bromides were em
ployed, and it was usually possible to obtain good con-

(4) (a) The effect of one of these compounds, benzyl N-ben/.yk:arbeth-
oxyhydroxamate, on experimental atherosclerosis and hypercholesteremia 
lias been described: see F. M. Berger. J. F. Douglas, B. J. Ludwig, and S. 
Margolin, Pror. Sor. Exptl. Biol. Med.. Hi, 337 (1963); J. E. Douglas. B. 
J. Ludwig, S. Margolin, and F. M. Berger, ./. Atlieroselderoms Res., 6, 90 
(1966); J. F. Douglas, 1'ror. So,-. Exptl. Biol. Med., 117, 190 (1HH4). (b) 
F. M. Berger and B. J. Ludwig. F". S. Patents 3,245,878 (April 12, 1960) 
3,278,583 (Oct 11, 1966), 3,280,171 (Oct 18, 1966). 

(5) A. T. Fuller and II. King. ./. Chem. Sac, 963 (1947!. 
(6) (a) L. \V. Jones, Am. Chem. J., 20, 1 (1898): (In L. W. Jones anil 

E, E. Fleck, ,/. ,l«i. Chun. S'»'„ SO, 2018 (1928). 
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The preparation of a variety of O-aralkyl- and 0,X-diaralkylhydroxylaniine compounds is reported. 
These include, in addition to the amines, acyl- and aroylhydroxamates, carbalkoxy- and carbaryloxyhydroxa-
mates, and various urea compounds derived from the hydroxylamines. Many of these compounds show signifi
cant hypocholestereniic activity upon oral administration to nits. Aralkylation of acetohydroxamic acid is 
shown to lead to the Q,N-diaralkylated rather than O.O'-diaralkylated reaction product. (),X substitution 
(III) is therefore assumed for the series of analogous acyl- and aroylhydroxamates described. 


