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TABLE I 
hip, O C  [ a l D ,  deb. 

170 
154 +9 
122-1 24 +9.Ba 
180-181 -4.ga 
193-196 -24.6' 
80-82 -6 .7  

143-144 +lli.Y 

144-143 
165-167 

133-137 

201-203 
160-161 
4219 
197-198 
169-170 
212-213 

74-73 
64-65 

+13.1'L 
-16.2' 

+ 130 

-4;3.0a 
+14.9 
f 1 1 . 8  
-442.8 
-42 .2  
-4.0" 

-42.ga 
-25.8" 

a Measured in CHCL. C: cnlcd, 79.95; found, 79.53. C: calcd, 80.44; found, 79.97. Due to difficulties in desolvating these 
compounds, no better results could be obtained. e All compounds were analyzed for C, H. 

v VIa, R = CH3 
b, R = C s C H  
c, R = C,H, 

The latter gave IVb after ethynylatiori a t  C-2. 
Compound IVk was the major isomer obtained upon 

KaBH4 reduction of ketol VIb. Compound IV1 was 
prepared as shown above, from I, and the two isomeric 
diols IV1 and m separated at this point. Stereochemical 
assignments follow from the data shown in Tables I1 
and 111. Since oxidation and subsequent C-17 ethy- 
nylatiori were performed separately on both IV1 and m, 
structures IVri arid o are unambiguously established 
and nicely confirmed by  the nmr data. 

HO & ;;& 
CH; 

IVI, R' = H IVm, R'= H 
n, R' = CECH o, R = C=CH 

Compound IVp was obtained directly from A-nor-&- 
aiidro~t:tne-2,17-diorie~ with the isomer shomri being 
formed almost exclusively. To avoid any ambiguities, 
IVq was prepared by  first partially hydrogenating I1 
(R = C=CH)' to the corresponding vinyl analog I1 
(R = CH=CH)2 and then proceeding according to I1 
+ I11 +. IV. A modified Reformatzky reaction on 
ketol I gave a mixture of isomeric carbinols I1 (R = 
CH2C=CH). On chroniatography the major com- 
ponent was conclusively identified as the 2p-hydroxy 
isomer from it.; nmr data. 

TABLE I1 
KMR INCRLMENTS OF SLISTIT~TED , ~ - N O R - . ~ ~ ~ - . \ N I ) K O ~ ~ . ~ N I : S "  

Substituent CIS Cl3 

,------Increment, Hz--- 

2p-OH S l 5 . 5  + 0 . *-) 
2a-OH $1.5  0 

2-=0 S l l . 3  + 1 , ,-, 
17-=O + l . 5  +lO.5 
2a-C=CH -0 .3  -1.5 
26-C=CH +10.5 0 
~ L Y - C ~ H ~ '  + 3 . 5  +0.5  

a Increments were previously established.2 111 t,he parent, 

17p-0 TI +l +3.. i  

il-nor-5a-androstane, C13 = 39 Hz and C18 = 41.5 He. 

TABLE I11 

A - N ~ R - ~ L Y - . ~ N D R ~ s ~ ~ ~ E ~  I N  THI: PRl;sr:xr Woruia 
N M R  INCRl~;Ml2NTS OBTAINED OS SLJ14S'l'lTLTTI:D 

7c18,  €12- Y C I ~ ,  HL-- 
Substituents Obsd Increment Obsd Increment 

23.17p-(OH)z-Za-C~CH-17a-CHa 

2 P ,  lip-(OHjz-bor-CHs (IVI) 56 + 0 . 5  44 
(IVa) 56 +1 5 1  + i  

2a,li(3-(OHj?-~p-ClZ3 (IVm) 43 + l . 5  43 - 2  
2-Keto-lip-OH-2 7 a - C s C H  (VIb)  5 1 . 5  0 5 1 . 5  + 5  

- 1 . 5  

17-Keto-2p-OH-ba-propargyl  

Zp, 1 i@-(OHj2-da-CH=CH? 
5 2 . 5  0 (111, R = propargyl) 59 + 3  

(11, R = vinyl) 5 9 . 5  +4 45.5 0 

a New substituents are italicized. 

The last step in this, as well as in the previous se- 
quence, failed to yield appreciable amounts of C-17 
ethynylcarbinols under the usual Stavely conditionh7 
used in the previous papers. After some experimenta- 
tion i t  was found that  good yields of IVq and r could be 
obtained with an "inverse addition" technique that  
also proved to be the method of choice for obtaining 
compound IVn. 

B. Miscellaneous A-Nor Steroids.-Although A- 
nortestosterone and X-norpregnanedione have been 
prepared before,6 i t  was of interest to examine the in- 

( T I  H. E. Stavely, ibid., 62, 48!) (1940) 



fluetire of a11 ethynyl group 011 tlic 1)iologic:il wtivitieis 
of t l m c  molecule-. 

111 view of the previously observed8 wlectivity 111 :t 
Ion-temperature chloroethyiiylatioii~ it seemed pruniih- 
irig to  attempt the bame reaction o t i  the readily :tv:iil- 
h l e h  ,~-iioriiiidro~tetiedioiie VII.  S o t  only T\ gootl 
selectlvlty obhe r~~ed ,  but, 5 1 1 1 ~  1 1  \v:I\ :ilia foulid" 
t h i t  :I halocthyriyl halogeii could be liydrogciiolizctl 
wioothly \\ ith Zn 111 -IcOH, the chii.cd l'ia-ethyiiyl- 
.l-llorte.tosteroIlc (IX) 
( i i i o i i w  :tis sliowii i i i  Scheme 11 

ohtaiiictl i i i  ;L ti\ o-step Y- 
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shown that some $-androstenes shorn antihormonal 
activities, me have also prepared structure XIX. The 
intermediate ketone XVIII was obtained by  acid treat- 
ment of keto1 VIa. 

oQH~ H:eHj 

HC=C 

XVII I  XIX 

Biological Activities.-The estrogepic and implanta- 
tion-inhibiting activities of most of the compounds 
listed in Table I have been described by  Steelman and 
Patanelli.13 It can be stated in general that a t  least 
one ethynyl group is needed for good activity, but the 
2a-ethynyl derivatives allow a greater variation of sub- 
stituents a t  C-IT. I n  fact, substituents other than 
ethynyl a t  C-2 show a marked decrease in estrogenicity 
which is paralleled by  a decrease in antiimplantation 
activity. A more favorable ratio of these activities is 
shown by IVi and IYj. A general decrease in activity 
i i  noted when R' is other than ethynyl with the excep- 
tion of trifluorovinyl (IVg) which is a potent inhibitor 
of implantation. This latter compound is also a good 
estrogen. 

The compounds described in section B do not possess 
activities that would make them of interest for fertility 
control. 

Experimental Section 
Unless otherwise noted, melting points were taken on a Kofler 

block and are corrected, optical rotations, unless otherwise in- 
dicated, were measured in dioxane at  the concentration indicated 
in parentheses, nmr spectra were run a t  60 AIHz in CDC13 with 
TAIS as an internal standard, arid Analtech 2t50-g silica plates were 
iised for tlc. Where analyses are indicated only by symbols of the 
elements or functions, analytical r e s u h  obtained for those ele- 
ments or functions were within 10.47'  of the theoretical values. 
We thank Dr. N. R. Trenrier and his associates (Rahway) and 
11rs. L. Lacombe (Paris) for the instrumental analyses, Alr. R. X. 
Boos and his aRsociates (Rahway) and the Service Central de 
Alicroanalyse du C.N.R.S. (Paris) for the elemental analyses. 

Tetrahydropyranyl Ether of 2a-Ethynyl-A-nor-5a-androstan- 
2pol-17-one (111, R = CECH ; 2-THP).-A 6-g sample of 201- 
ethynyl-A-nor-5a-androstan-2P-ol-17-one was suspended in 30 
ml of dihydropyran, freshly distilled from NaH. After adding 
0.3 g of TsC1, the mixture was stirred overnight at  room tempera- 
ture under Na. The clear solution obtained was porired into ice 
water containing sufficient ?r'a2C03 to keep the pH at 9.5. After 
repeated extractions with EttO, the combined organic phase was 
washed (HaO), dried (&IgSO4), and concentrated in vacuo. The 
oily residue obtained (8.52 g)  showed no OH group in the ir and 
no starting material on tlc. The excess weight represents some 
pol ynieri .dropyran derivative that did not interfere with 
tiirther re 

201- 1-17~-trifluorovinyl-A-nor-5~-androstane-2,17~- 
diol (IVg).-A 2.84-g sample of the above tetrahydropyranyl 
ether was dissolved in 37 ml of dry T H F  and added during 30 min 
at  -23" to a Grignard reagent which was prepared as follows. 
An ice-cold solution of 17 g of bromotrifluoroethylene in 30 ml of 
TNF was slowly added to a flask containing 2.95 g of Mg turnings 
and a few crystals of I?. After the reaction was started, addition 
was continued but the reaction flask was kept a t  -25'. When 
all of the bromide was added, the mixture was stirred for another 
2-2.5 hr a t  -23' a t  which point the Mg had practically all d i sap  

ter addition of the steroid solution, the reaction mix- 
rred for another 2 hr a t  -25' and then allowed to 

come to room temperature overnight. It was worked up with ice 
water containing "4C1, repeatedly extracted (EtaO), washed 
(satiirated NHdCl), dried ( A I g s o 4 ) ,  and concentrated in vacuo to 3 
g of a bi,own foam. 

A 2.5-g sample of this crude product was chromatographed on 
80 g of neutral alumina. From the fractions eluted with C6H6 
containing 30% of EtZO, there was obtained 4.58 mg of the desired 
product, and from the other fractions, 941 mg of product with the 
tetrahydropyranyl group partially hydrolyzed. 

These two crops were combined and the protecting group was 
hydrolyzed by stirring for 4 hr a t  room temperature in 85 ml of 
MeOH, containing 2 ml of concentrated HCl. After conventional 
work-up, the product (927 mg) was chromatographed on 32 g of 
acid-washed alumina. Elution with 1045% C6H6 gave 574 mg 
of crude product; crystallization from ether-petroleum ether 
gave 432 mg of IVg, mp 140-143". The analytical sample had 
mp 143-144'. Anal. (C22HpgF302) C, H. 

2~-Ethynyl-17~-cyclopropyl-A-nor-5~-androstane-2,17~-d~ol 
(IVj).-A solution of cyclopropyllithirim was prepared by adding 
9 g of bromocyclopropane in 20 ml of dry ether to a suspension of 1 
g of Li (cut into small pieces) in 27 ml of ether. The reaction was 
first allowed to proceed a t  room temperature; after addition was 
complete, the mixture was refluxed for 2 hr under N,. This solu- 
tion was added dropwise to 1 g of 2a-ethynyl-A-nor-5a-andro- 
stan-2P-ol-17-one dissolved in 100 ml of dry C6H6. After the 
addition was completed (30 min) the mixture was refluxed for 16 
hr. Work-up consisted of quenching with ice water containing 
NaHCO,, repeated extraction (EtZO), washing (HZO), drying, and 
concentrating in vacuo to an orange oil, 1.47 g. This crude prod- 
uct still showed the presence of starting material by t l c  and ir. 

Half of the total crude was chromatographed on 23 g of acid- 
washed alumina and the fractions eluted with C6H6 and 35-60C;, 
ether were combined to  yield 270 mg of product that was homoge- 
neoiis by tlc and did not show any residual carbonyl. Crystal- 
lization from ether-petroleum ether gave 178 mg of IVj ,  mp 136- 

17a-Ethynyl-A-nor-5~-androstane-2P,17P-diol (IVk).-After 
dissolving 400 mg of 17a-ethynyl-A-norda-androstan-2-one in 12 
ml of dry THF, a solution of 400 mg of NaBH4 in 4 ml of ice water 
was added dropwise with stirring and ice cooling. The mixture 
was then allowed to come to room temperature, stirred for an- 
other hour, ice-cooled again, and brought to pH 6.5 with satu- 
rated NaHPPOd. The resultant precipitate showed no ir C=O 
absorption. Chromatography on 34 g of A1& gave material 
homogeneous by tlc from the early CsH6 fractions containing 10% 
ether and amounted to 475 mg after crystallization from pe- 
troleum ether (bp 30-60"). No other product was obtained pure. 
The analytical sample had mp201-203" and [ a ] ~  -43.0' (CHCI,). 
The 19-CHa protons were found a t  55.9 Hz in the nmr spectrum 
ilnal. (CIOH3OO2) C, H. 
2a-Methyl-A-nor-5a-androstane-2,17p-diol (IVl).-To a solri- 

tion of AIeLi, prepared by reaction of 75 ml (1.2 moles) of RleI in 
Et20 (400 ml) with 14 g (2 g-atoms) of Li in 400 ml of EtzO, was 
added a solution of 55 g (0.2 mole) of A-nor-5a-androstanolone in 
400 ml of dry THF. Bfter heating under reflux for 4 hr, the mix- 
ture was cooled, poured onto ice, and extracted (EtpO). The 
extracts, after washing (HzO), drying (MgSO,), and evaporation, 
afforded 70 g of crude product; crystallization from 160 ml of 
i-Pr20 gave a first crop of 40 g of pure product, mp 160-161", 

2P-Methyl-A-nor-5a-androstane-2,17p-diol (IVm).-On an- 
other occasion, reaction of 66 g of A-nor-sa-androstanolone in the 
above fashion had given directly 58.7 g of IVl. Treatment of the 
mother liquors with Girard's T reagent gave 2.3 g of starting 
ketone. Chromatography of the nonketonic mother liquors on 
silica gave, upon elution with 357, hexane in EtOAc, 1.2 g of 
IVm which was recrystallized from acetone-pentane; mp 219", 

2a-Methyl-A-nor-5a-androstan-2~-ol-17-one (111, R = CHI). 
-A solution of 26 g of IV1 in 700 ml of CeHs was treated dropwise, 
with stirring, with 80 ml of a solution of 16 g of Na&rp07 in 68 ml 
of HZO and 12 ml of concentrated HzSOd, added over 0.5 hr. After 
standing overnight, the organic phase was decanted, washed 
(Na2S203, H,O), and dried, and the resultant clear yellow solution 
evaporated. The residue was crystallized from 220 ml of MeOH 
and 50 ml of H20, giving 23.1 g of ketone, mp 1 9 4 O ,  [ a ] ~  87.2" 

2p-Methyl-A-nor-5~-androstan-2a-ol-17-one.-By the above 
procedure, IVm was oxidized to  2p-methyl-A-iior-5a-androstan- 
2a-ol-17-one and recrystallized from i-Pr20, mp 202", [ a ] ~  

2~-Methyl-17~-ethynyl-A-nor-5a-androstane-2,17~-diol 
(IVn) (Inverse Ethynylation).-Dry acetylene was bubbled into 
a soliition of 1 g of 2a-methyl-A-nor-5a-androstan-2p-ol-17-one 

137". And .  (C23H~aOz) C, H. 

[a]D +14.9', [a1364 +48.5' ( C  0.5). Anal. (C19H3202) C, H. 

[ a ] D  +11.8", [CY1364 +33.4" ( C  0.7). Ana/. (CI~H&) c, H. 

( C  0.4). Anal. (clc,H1001) C, H. 

+84.9 ( C  1.0). Anal. (C19H1002) C, H. 
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obtained which solidifled. A CHC13 solution, upon standing for 
a few hours, afforded 300 mg of a crystalline product, mp 151- 
154'. Chromatography of the mother liquors (400 mg) on 12 
g of alumina with eliients ranging from 307, Et20 in C6He to pure 
EtnO furnished an additional 230 mg of the same material, 
heavily solvated with CHCla; yield SOC,,, mp l . i 4 O ,  [ a ] ~ ~ ~  +9" 
(c 1.3). Anal. (CZPHBIOP) C, H.  
17,17-DimethyI-18-nor-A-nor-5a-androst-l3-en-2-one (XVIII). 

-A solution of 8 g of Was in 80 ml of HCOZH was allowed to 
stand overnight a t  room temperature. After addition of a little 
H20, the solution was heated for 15 min on the steam bath. 
Addition of more H?O precipitated 3.43 g of product which was 
rerrystallized from hexane, giving a first crop of 1.4 g, mp 113'. 
The mot,her liquors were filtered through a short alumina column 
and the crystalline material obtained was recrystallized from 
hexane; mp 1lSjo, [ a I P 2 a 7 8  +127.6", [ ~ Y ] ~ ' 3 6 4  +9%" (c 1.03). 
Ana/ .  (C1YHPgO) C, H. 

2~-Ethynyl-17,17-dimethyI-l8-nor-A-norandrost-l3-en-2~-ol 

(XIX).-To a solution of 1.4 g of lithiiim aretylide-ethylene- 
diamine complex in 10 ml of dry DMSO was added dropwise a 
solution of 0.8 g of 17,17-dimethyl-l8-nor-A-nor-3~~-androst-13- 
en-%one in 20 ml of dry THF, with stirring under N,. Stirring 
was maintained for 3.3 hr after addition was complete, and the  
reaction was theii worked lip in the usual manlier (vide supra) to 
give 0.86 g of resin which still possessed ketone. Treatment with 
Girard's T reagent removed the starting material and gave 400 
mg of ethynylcarbinol which was recrystallized twice from 
aqueous SIeOH to give 290 mg of XIX. Drying tinder reduced 
pressure removed solvent of crystallization to give an aiialytical 
sample, mp 8.io, [ C Y ] %  +1.4", [0112%4 + 1 i 0  (c 0 . 7 2 ) .  .4nrtl. 
( G I H ~ O )  C, H. 
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The synthesis of n group of steroids related t o  17or-hydroxy-15-dehydroprogesterone is descrihed. Several of 
these compounds exhibited moderate antiandrogenic activity by sul~cutaneous administration in castrate rats. 
A few l7a-acetoxy-15-dehydroprogesterones showed slight progestational activity when injected intramuscularly 
in rabbits. 

Although the great interest in enhancement of pro- 
gestational activity has led to numerous modifications 
of the steroid molecule,* relatively little is known about 
the effect of such structural modifications on the anti- 
androgenic activity. Introduction of a methyl or 
chloro substituent and or unsaturation at  C-6,3 as well 
as a 1,2a-cyclomethylene moiety4 in the 17-oxygenated 
progesterone molecule have been among the major 
structural changes leading to compounds with increased 
an tiandrogenic activity. 

The preparation of 16-unsubstituted 17a-hydroxy-15- 
premen-20-ones from the corresponding 16-pregnen-20- 
ones was recently reported from these laboratories.: 
Biological evaluation of several of the 17a-hydroxy-15- 
pregnen-20-ones revealed antiandrogenic activity in 
castrate rats treated with testosterone. The two most 
active compounds among the 16-unsubstituted 15-dehy- 
dropregnanes were found to be 1 and 2a. In an attempt 

1 2a. R = H  
b, R = COCH 

to prepare 16dehydro steroids with increased anti- 
androgenic activit'y, we set out to synthesize dehydro- 

( I )  Physiology and Biochemistry Department, Biological Research Diviuion. 
(2) Fora recent review see T.  Miyake and W. H. Rooks 11, M e t h o d s  H o m w n e  

(3) R .  I .  Dorfman, ibid., 4, 91 (1965). 
(4) (a) K.  Junkrnann and F. Neumann, A c t a  E n d o c r i n o l . ,  Suppl.. 90, 

139 (1964): (b) F. Neumann and 121. Kmmer, EndocrinologTi,  75, 428 (1964). 
( 5 )  J. N .  Gardner. T. L. Popper. F. E. Carlon, 0. Gnoj, and H. I,. Hrrfiox, 

.I. O r g .  C h ~ n t . .  33, 3695 (1968). 

A e s . ,  5 ,  59 (1066). 

genated derivatives of 2 as well as simple modified 
structures related to the 5a,l&dehydro steroid 1. 

Dehydrogenation of 2a with chloranil gave 3a, which 

3a, R = H 4a. R = H  
b, R =COCH b. R = COCH, 

0 
5 

was then converted with 2,3-dichloro-4,5-dicyanobenzo- 
quinone (DDQ) into 4a. \Then 2 was treated with DDQ 
directly, the 1,4,15-triene 5 was obtained. Similarly the 
17-acetate 2b was converted into 3b, which then afforded 
4b. When 4a was allowed to react with a large excess 
of diazomethane, the pyrazoline 6 was isolated in low 
yield. The conversion of the la,2a-(4',3',l'-pyrazolino)- 
4,6-dien-3-one system to the corresponding 1,2a-cyclo- 
methylene-4,6-dien-3-one has been effected by pyrolysis6 
or by treatment with acid.' When 6 was subjected to 
either of these procedures none of the desired 7 was 
obtained. Treatment of 4a with dimethylsulfoxoniuin 

(6) R. Wiecheit and E. Kaspar, Chem. Ber., 93, 1 i l O  (1060). 
( 7 )  G. W. Krnkower and 11. Ann Van Dine, J .  Otg. Chem , 31. 3407 ( l 9 G G ) .  


