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2BJ3P-epoxy steroids in the presence of BF3 or HC10,. 
This method has been extended for the purpose of the 
present synthesis. 

The starting epoxide, 6a,7a-epoxy-16-methylene- 
17a-hydroxy-4-pregnene-3,20-dione 17-acetate (3), was 
prepared by selective saponification of the chloro- 
dixcetate 4a7 with concomitant oxide formation. I n  a 
first experiment, the trans diaxial opening of the 6aJ7a- 
epoxide ring by NeCN was effected with the aid of 
SnCl4 as a Lewis acid. 6P-Acetamino-7a,l7a-di- 
hydroxy-16-methylene-4-pregnene-3,2O-dione 17-ace- 
tate (4c), was obtained in 40% yield. I n  addition to 
this compound, we also isolated 10% of the 60-chloro 
analog 4b, which upon acetylation (AcnO) in pyridine, 
gave the corresponding acetate 4a. Chlorhydrin 4b 
most likely arose from the presence of HC1 resulting 
from the partial hydrolysis of SnCL Acetylation of 
4c led to the acetamino acetate 4d. I n  order to ob- 
tain 4d in one step, and simultaneously, to circumvent 
the formation of 4b, the epoxide 3 was treated with a 
mixture of NeCK and ilczO in the presence of p-TSA at 
room temperature. The reaction was slower than that 
catalyzed by SnCl,, but afforded 4d smoothly, in 38Yc 
yield. When BF, etherate was used instead of p-TSA, 
no steroidal acetamide could be isolated. The assign- 
ment of configurations a t  c6 and c7 was made in 
accordance with the rule of diaxial opening of epoxidesJg 
and is supported by nmr data, namely the lack of any 
noticeable coupling of the c6 proton with the C4 vinylic 
proton, and the small coupling ( 2  Hz), between the C, 
and Cs protons. Elimination of the 7-acetate from 4d 
\\as more facile than in the 6P-chloro analog 4a. -4 
comparative experiment showed that under identical 
reaction conditions (p-TSA in CHC1, a t  SO0) ,  4d was 
transformed quantitatively to 6-acetamino-16-methyl- 
ene-17a-hydroxy-4,6-pregnadiene-3,20-dione 17-acetate 
( lb) ,  within 1 hr, whereas only 30% of 4a was trans- 
formed to la after 24 hr. This striking difference in 
reactivity is best explained by invoking the very 
favorable participation of the acetamino group in the 
acetate elimination, as represented by a possible inter- 
mediate species, such as 5.  

Experimental Sectionio,ll 

6~,7a-Epoxy-16-methylene-l7~-hydroxy-4-pregnene-3,20- 
dione 17-Acetate (3).-To a solution of 4a (5  g) in CHSC12 
(62.5 ml) and MeOH (75 ml) was added a solution of NaOH 
(1.6 g) in H2O (7.5 ml). The reaction mixture was left a t  25' for 
20 min. After the usual work-up (CHC13), crystallization from 
EtOAc-EtoO afforded 3: 2.45 g (57.37,); mp 2.50-254'; [ a ] D  
-104.7'; Amax 240 mp ( E  15,980); vmax 1735, 1720, 1680, and 

(9) A. Furst and PIA.  Plattner, Abstracts of Papers, 12th International 
Congress Pure and Applied Chemistry, Kew York, N. Y., 1951, p 409. 

(10) All melting points are uncorrected. Rotations are in dioxane a t  26O, 
uv spectra are of MeOH solutions and ir  spectra are in Sujol.  Nmr spectra 
were recorded in CDCla, using Mersi as internal standard. Mass spectra 
were determined on a CEC 21-103 spectrometer using a heated inlet a t  a 
temperature of 230-240' : elemental analyses were by the Physical Organic 
Chemistry Department of the Schering Corporation. Where analyses are 
indicated only by symbols, analytical results obtained for these elements 
were within +0.4% of the theoretical values. Although all other physical 
data  are :n excellent agreement with the proposed structures of the acetamino 
conpounds, C analyses were oonsistently low. This phenomenon was also 
observed in other N-containing steroids, L e . ,  D. Cheron and F. Winternitz, 
Thesis of D. Cheron, Montpellier, France, 1965. 

(11) The term "usual work-up" denotes: the reaction mixture was 
poured into H20. extracted with either CH,Cl, or CHCla (as indicated in 
parentheses). The organic layer was washed with dilute acid or base. as 
the case may be, dried (MgS03, and taken to  dryness. 

1625 cm-1; nmr, 6 3.34 and 3.50 (J = 3.5 Hz, 6-H, 7-H) and 
6.14 (s, 1, 4-H) ppm. Anal .  (C%4H&5) C, H. 

6~-Acetamino-7~,17a-dihydroxy-16-met~lene-4-pregnene- 
3,20-dione 17-Acetate (4c).-To a solution of 2 (398 mg) in 
CH$X (26 ml), SnCla (1.1 ml) was added. After 15 min a t  
25', the reaction mixture was worked up in the usual manner 
(CH2C12). Separation by preparative tlc afforded 4c: 160 mg 
(41%); mp 230-231"; [ a ] ~  -36"; Amax 239 mp ( e  13,560); 
u , , ~ ~ ~  : M O ,  3230, 1740, 1715, 1680, 1665, 1650, and 1635 cm-1; 
nmr, 6 1.98 (s, 3, NHCOCH,), 3.22 (7-OH), 4..58 (6-H), 6.00 (s, 
1, 4-H), and 6.19 (m, 1, NHCOCHs) ppm; m l e  (C26H3506X) 457. 

In  addition to 4c, chlorhydrin 4b, 41 mg (10%) was isolated 
and characterized by comparison with an authentic sample. 

6p-Acetamino-7~u,l7~u-dihydroxy-l6-methylene-4-pre~ene- 
3,20-dione 7,l'l-Diacetate (4d). A. From 3.-Epoxide 3 (2.45 
g)  was added to a solution of p-TSA (2.4 g) in Ac2O (60 ml) and 
MeCX (120 ml). The reaction mixture was kept a t  room tem- 
perattire for 3.5 hr. After work-up in the usual way (CHCl,), 
crystallization in Et20 afforded the acetamino acetate 4d: 1.16 g 
(38%); mp 238-241"; [ a ] D  -82.7"; A,,, 237 mp ( E  13,100); 
vmnx 3350, 1745, 1720, 1680, 1660, and 1520 cm-l; nmr, 6 1.95 
(s, 3, "COCK3), 4.50 (6-H), 5.00 (7-H) ppm; m / e  (C18H37O7?J) 
499. 

B. From 4c.-To a solittion of 4c (80 mg) in pyridine (2  ml), 
Ac20 (0.4 ml) was added. After 2 days at room temperature, 
extraction with CR2C12 afforded 89 mg of crude material, which 
upon recrystallization in z-Pr20 yielded pure 4d (50 mg). 

6-Acetamino-16-methylene-l7~-hydroxy-4,6-pregnadiene-3,20- 
dione 17-Acetate (lb).-A solution of 4d (1.0 g) and p-TSA 
(20 mg) in CHCL previously shaken with CaC12 (30 ml), was 
kept a t  60" for 1 hr. The solution was then washed (NaHC03),  
dried, and evaporated to a residiie. Crystallization from EtOAc- 
EtnO, afforded lb ,  783 mg (fig%). One more crystallization, 
IIeOH, gave the analytical sample: mp 191-193"; [ a ] ~  
-124.9'; A,,,, 258 mp (E 16,9.50): umsx 3350, 1720, 1705, 1665, 
1645, 13U.i and 1520 m-'; nmr, 6 2.10 (s, 3, NHCOCHS), 6.00 
(s. 1, 4-H), 6.4.5 (d, 1, 7-H), 7.03 (m, 1, NHCOCH3). Anal .  
(CofiH3aO;X) C, I f ,  X, !?I,'(' (439). 

Biological Data.12-Iii the progettational assay carried out by 
the method of lIcPhail,l3 l b  was foinid to have less activity than 
progesterone, whereas l a  is 77 time3 as active as progesterone. 
In the intact rat antiandrogenic scieen14 l b  was also inactive. 
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(13) 11. K. McPhail, J. Physzol. (London), 83, 145 (1934) 
(14) R. 0. Neri, &I. D. Monahan, J. G .  Meyer, B. A. i fonso,  and I. 1. 

rarrkinp out the biological tests. 

Tabachnick. Eur. J. Pharmacol., 1, 438 (1967). 

Ring-D-Bridged Steroid Analogs. VIII. 
Testosterone Analogs1 

A .  J. SOLO, J. N.  KAPOOR, 
Department of Medicinal Chemistry 

A N D  P. HEBBORX 
Department of Biochemical Pharmacology, 

School of Pharmacy, 
State Cniversi!y of 9 e w  York at Buf-falo, 

B u f a l o ,  .\-ew York 14214 

Receiaerl A\-ovenzbe, 29, 1969 

Recently, there has been considerable interest in 
determining the details of the structural requirements 
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for androgenic and anabolic activity.2 I t  seems nell 
established that the presence of a lia-;\Ie groupq 1. 

compatible with high androgenic irnd anabolic activ- 
ity.2a \'Chile the presence of a 17a-Et group Peem4 not 
to decrease mgotropic responqe. it, effect on androgenic. 
actir-it{. i,i variable, nnrl Irirger or mort' rigid Iia-:ilk\ I 
g r o u p  >ippcrr to  4arp l \  decreaw bot 11 :ict i\ i tic 
Thew cffecti h:ii e Icd irvcr:tl groups to  postiilatc t1i:rt 
:iridrogeiib must complex ni th  their receptors (at least 
i i i  part) uin the CY f:tcc of the D-riiig.? 

*Ail ex:iniinatiori of nioleculiw niodeli reveals that 
17cu-:dkj 1 g r o u p  should he preferentially oriented 40 

: t i  to estend the bull; of the group a\my from the undtv. 
side of the I>-ring. Rigid Iia-alkyl groups, wch ii' 
ethinyl, of iiecesPity project in just such a direction. 
Therefore, i t  would seem that the deleterious effect ot 
bulky or rigid 17a-dkyl group3 011 arinbolic or :mho- 
genic activitj could be esplained h \  n 1:ich of bulk toler- 
ance in the  receptor tither in a region directly below the 
II-ri11g,~ or adjacciit (in the viciiiitj of C-16 and -17) t o  
the edge of the D - ~ i n g , ~ ~  or both. T o  di>tinguish be- 

11 these possibilities, \\ e decided to s~ nthesize ant1 
17a-alkyltestobterone derivatix es in n hich thc 

subctituent \vas tied back to :I pmition benentli 
the D-ring. 

Introduction of a 1-ia,17a-propano bridge IT oultl 
appear to be >in ideal approncli to this problem sii i(~i 

such a bridge I\ ould manifeit it 5 hullL u1mo.t cxclu.ivcl\ 
in the area directly belon t l i r  1)-ling :ind n ould 
form a ring large enough to  avoid cauying angular de- 
formation of C-17, or of other portions of tlie norninl 
ring-D system. Hon ever, for reasoiib of agrithctic 
simplicity, we decided to attempt initiallj the \J I I -  

tlieqis of 14a, 17a-ethenote-t o.terone derivntir-c\ :tiid 

i o  revrr-c' the option of 1:Ltci cxpaiiding t l i c  ethciio 
bridge to  a tlirec carbon unit. 

K e  hoped initiallj to  obtain tlie tle4retl te.tozteroiir 
derivatives by degr:tdatioii of the met! 1 .idc c h i n  of 
suittiblc l~cu, l ' ia-et l~et~oproge~tero~ie  derivative*. 
HOU ever, lack of hucceis on atteniptcd 13,ieyer Yilligri 
re:iction of 3P-acetosy-1Ga-carbomethoxy-l4a, 
ethenopregii-j-en-i20-0rle' and fnilurc to effect 
factory Bec1;m:tnn rcarrangeineiit of the oxime o 
compound caused u': to abandon t hi 
thrn decidrd to attempt thci ntlie 
pound3 by Diel.-Alder ndditloit t 1) 
criol eztcr derived from a l4-deh;r dro-17-keto iteroid. 

Ring-D uiisaturatcd 17-lieto steroid5 havr been p 1 ( ' -  

pired b j  bromination- dehydrobrominatiori of derir - 
:Itirri ot 17-keto steroids7 arid by de11ydr:itiuri of 14- 
Iiydrosy-1i-keto steroid\.' Hecau~c~ of the prcseiii 

1) 1 or 'L sumurar) uf recent tiieimes see (ai J I. \ I (  

anl l  iiiabolic \gent. '  \cndeinic Press \ e n  York 3 1 , 1' 
\\ I I I ~ F  a n d  ( 7  Zanati J .  Zled. PAcm 12, 1129 (196q) (11 Z 
1'6 1 ,  

iu,ierr,ne d ~ r i \  atires  as  progestational agrnt9 

( \ Tillee and I, L. Engel ,  h d  , €'ergninon Presa Oxford 1961 p 200 
(111 AX I I T  r i l f f  I\ 110, and I1 k u u k ,  I Ifed Chem 7, 5 i i  ( I l l G l '  I 

5t fT f l?d , ,  8, LO9 (196b) 
3 )  '1he latter fact has IlPen \ \ idc lb  e \ 1 ~ ~ l l l L c ~ i i  111 tile 11.e uf 17a-alh\ l tes-  

I )  (a] 11 J. Itingold in  AIeohanism of \I tion iif Steroid Hurlnones 

i) \ J Solo  a i d  13 Sii lgh,  rbld 9, 17'1 (106b). 
j) 11 Singti and J ?i. l i spoor ,  unpublished \ \or6 in this laboratorl. 

n a n d  TV F Johns J .  .4mer. Chem. Soc 79, 2006 (1957). 
\ndre €I. 13 .MarPhillomb, J. A. Kelson, .I. C. Shabics 

ad , 7 4 ,  5506 (1952), (b) F o r a  \ariant see T3 XI. Bloom, 
\ J. 4gneflo and (1. D Laubach Ezpfrzentza. 12, 27 (1956), (c) 5 .  I1 
I ppstein P 1) hleister D I1 Peterson, H. C Murra,, H 11 Leigh Osborn, 

t%eintraub. L M Reineke, and R. C. Meeks. J .  Amer. Chem SOC., 80,  
182 (19581 r d )  \I Tanabeand I) F , r r o \ i e  J.Or0. Chem ,30,27iB (1965 
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\'I R = ( IVH 
s K =  

1 

0- 

II 
VII. R = C ~ H  

not unexpectedly, proved to be very labile. It, \vas 
therefore not purified, but was characterized by spec- 
(e) L. hlamlok, A. Iloreau, and J .  Jacques, B d .  SOC. Chim. Pr.. 275!)  
(1969). 

(9) F. Sondheimer, LY. McCrae, \\'. G. Salmond, J .  Amer. Chem. So?.. 91, 
1228 (1969). 

, 'IO) G. A. Hughes and 11. Smith, Stero ids ,  8, 517 (1966). 



NOTES 

Dose, KO. of - -Mean  body weight (g)- 
Coinpd a d d a y  rats Initial Final 

Controls 14 59.9 93.5 
Teatosterone 10 14 61.0 98.7 
\'I 1000 10 59.7 96.1 
Tebtosterone 10 8 62.6 99.0 
1'1 1000 

hlean wt, Mean wt, 
levator ani, seminal vesicles, 

mg h std dev mg i std dev 

21.4 i 5.7  11.7 i 2.7 
28.7 i 4 . 3  16.1 i l . g a  
23.9 i 4.5  12.3 i 2 . 5  
27.5 i 3.0" 16.8 3= 3.3a 

11 P < 0.05, cignificaiice of diffeieiice between treated animals and oil-treated control>. 

TABLE I1 

Ilose, 
(.'o1npd a d d w  

(lontrol 
,j 0 1 estosterone 
10 

\.I11 1000 
I S  1000 

100 
*-I ( 

Test oaleroiic 30 
1 s  + 1000 

r .  

Kn, of 
rats 

12 
1% 
12 

12 
I 2  
12 
0 

) 

Mean body ueight (9) 
Initial Final 

58 92 
,i 2 92 
-53 94 
.-I4 94 
.i 4 93 
,54 91 
.i 2 90 
3 7 9 4 

;\lean wt, 
levator ani, 

mg i std dev 

2 1 . 5  =t 2.7 
27.6 i 2 . 4 a  
26.0 =t 4.1b 
21.8 i 4 .3  
22.3 i 2 . 0  
23.8 i 3 .8  
23.0 rt 3.1  
25.5 i 1.30  

I' < 0.OU1; significance of differeuce between treated aiiirnals and oil-treated coiitrola. 

trowopic methods, and it was then used directly in the 
Diels-Alder reaction. Methyl acrylate and hexa- 
fluorobutyne-2 were each found to add to  V to form 
adducts VI and VI11 in yields of 34 and 2S%, respec- 
tively. The  stereochemistry of adducts VI and T'III 
is assigned by analogy to  the proven structure of the 
products resulting from Diels-Alder addition of methyl 
ncrylate to 3P-acetoxypregn-5,14,16-trien-20-0ne.~~ 
Mild base hydrolysis of VI11 produced 17-hydroxy 
compound IX, but  similar treatment of VI resulted 
in a complex mixture, prebumably caused, a t  least in 
part, by a retro-aldol type of ring opening. 

Biological Results.-Compound VI, the first of this 
wrie. t o  be synthesized, n as tested by the method of 
Hersliberger.'2 It n a b  found to be devoid of anabolic, 
:mdrogenic, antiandrogenic, and antianabolic activity 
under the conditions specified in Table I. It has been 
hypothesized that androgens must have free 17p- 
11)droxyl groups, Z H  vivo, in order to  exert their activ- 
i t ~ 7 . I ~  To  test the possibility that the lack of activity 
of TI nas mainly the result of an  abnormally slow in 
i ico rate of hydrolysis of VI to  the corresponding 17- 
alcohol, an  attempt i tas  made to syrithebize arid tebt 
the alcohol. Hooever, all attempts to  convert VI 
into the alcohol failed, because of ring-opening of the 
intermediate anion X LZU a retro-aldol reaction. 

Compounds VI11 :md IX n ere found to be devoid of 
:tiidrogenic and aiiabolic activity and IX v a s  also 
found to lack aiitiandrogenic and antianabolic activity 
under the conditions shoun in Table II.14 Thebe addi- 
tioiial data appear to  indicate that the inactivity of 
1-1, 1-111, 1X aii\c\ either from the presence of the 

(11) A .  J. Solo, D. Singli, E. Sliefter, and A .  Cooper, Steroids ,  11,637 (1968). 
(12) L. G. Hershberger, E. G. Siiipley. and K. E;. Meyer, Proc.  Soc. 

(13) J. van der Vies. Acta Endocrinol.. 49, 271 (1965). 
(14) Compounds VI1  and I X  were also tested in the Clauberg assay 

(subcutaneous administration) and were found to  be inactive a t  a total dose 
level of 2.0 mg." This result was as  expected in view of the known in- 
activity of 14a ,  l i a - e t l i e 1 i o - 1 8 , 1 6 - d i ( t r i H u o r o l n t . t i l y 0 -  
dione under virtuallj- identical conditions.16 

(15) This assay was performed a t  the Endrocrine Laboratory, Madison, 
\\ is. 
(16) A. J. Solo and B. Singh, J .  M e d .  Chem., 10, 1048 (1967). 

Ezp.  B i d .  M e d . ,  83,  175-180 (1953). 

Mean n t ,  
seminal vesicles, 
mg f std dev 

10.3 f 0 . 8  
22.3 rt 3,6' 
14.9 i 1.4& 
11.4 =t 1 .6  
10.8 i 1.7  
10.7 rt 1 .2  
lO..i i 1.3 
19.9 i 2 . P  

D P < 0.01. 

Alean n t ,  
ventral prostate, 

mg i std dev 

15.1 i 2.9 
28.4 i 8.3= 
16.1 i 2.1 
33.3 i 7.8' 

Mean ~ t .  
ventral prostate, 

mg i std dev 

10.3 i 1 .4  
36.7 rt 8.1a 
21.0 =I= 5 . 3 *  
12.0 i 1 . 9  
11.4 i 2 . 7  
10.0 i 1.6  
19.8 =t 1.8  
: : 3 ,  :3 i 3 , O C '  

extraneous polar function(s) a t  position 16 (and 15) 
or from the presence of the 14a,l7a-etheno bridge. 
Attempts to distinguish between these possibilities 
by synthesizing and testing analogs lacking the extra- 
neous polar substituents are currently in progress. 

Experimental Section17 

14a-Hydroxyandrost-4-ene-3,17-dione (II).-To a solution of 
10.0 g of I in 1'70 ml of HOAc and 30 ml of H20 was added 20 g of 
sodium bismuthate. The mixture was stirred 26 hr a t  room temp 
and then diluted to 300 ml by addition of ice. The cold mixture 
was partly neutralized by the addition of a cold solution of 104 g 
of KOH in 200 ml of HzO. Extensive extraction with C6H6 
afforded 6.0 g of I1 which crystallized from ?*IeOH as rods: mp 
250-254' (lit. mp 257-260°,8& 242-245.5",8c,d 261-263',8e 256- 
259'9); v C H C ~ ~  3470, 1740, and 1660 cm-1; 6 0.99 (s, C-lS-H's), 
1.22 (s, C-19-H's) and 5.74 (m, C-4 vinyl H). Anal. (CIgH2603) 
C,H. 
3,17-Diacetoxyandrosta-3,5,14,16-tetraene (V).  A.--A sohi- 

tion of 370 mg of 11, 200 mg of p-TsOH, and 15 ml of CeHe was 
heated under reflux for 3 hr. Standard work-up afforded 815 mg 
of a material which appeared by tlc aud spectroscopic criteria to 
consist mainly of aiidrosta-4,-14-diene-3,17-dioiie (111) plus a 
small amount of a~idrosta-4,15-diene-3,1i-dioiie (IV). 

A solution of 406 mg of the crude mixture of I11 and IV and 250 
mg of p-TsOH in 15 ml of isopropenyl acetate was heated under 
reflux for 24 hr. Then approx 5 ml of distillate was removed 
over 1 hr. The residue was diluted with 50 ml of EtnO, washed 
with cold SaHC08 and then with cold H20. After being dried 
(hlgSOa) and filtered, the E t 2 0  solution was evapd to dryness to 
give 509 mg of a residue which gave one major spot on tlc. This 
substance appeared to decompose on attempted crystallization or 
purification. On the basis of its transformation products and of 
the following spectroscopic data, the material is assumed to be 
crude V: vCc14 1745 (broad), 1663, 1612 and 1365 cm-l; 

234, 267 (sh). The nmr had a 6 H singlet at  6 1.08 
(C-18 and C-19-H's) 3-H+ singlets a t  2.09 and 2.17 (acetate-H's) 
and 1-€I+ multiplets at  5.4S, 5.70, 333, a i d  (3.15 (vinyl €1 '~ ) .  

B.--9 solution of 1.18 g of I1 aid 700 nig of p-TsOH in 25 ml of 
isopropenyl acetate was heated under reflux for 18 hr. Then 10 

(17) Melting points were determined in open capillary tubes on a blel- 
Temp apparatus and are uncorrected. Elemental analyses were performed 
by Galbraith hIicroanalytical Laboratories, Knoxville, Tenn. Nmr spectra 
nere deteriiiined on a Varian A-60 and are reported in ppin dorvufield from a 
TlLIS internal standard. The solvent designated as hexane is redistilled 
Fisher "hexanes." All analyses reported mere within zk 0.3% of t he  
theoretical values and are designated by the symbols of the elements an-  
alyzed for. 




