
Esters of 19-norlestosterorie with 4'-substituted arid I'-uusubst,ituted hicyclo[P.2.2joctarie and -oct-2'-ene- 
carboxylic acids have beeii prepared and t,ested as anabolic ageiita. Several of these esters having either 1 1 0  

4' substituents or relatively small 4' subutit'uents show exceptionally lorig-acting myotrophic activity arid 
very low androgenic activity. Extremely biilky ester3 are inactive. AIL aid t o  comparing injectable anabolic 
candidates having prolonged activity has been devised; called the integrated myogenic mclrgin, it is a function 
of both separation of myogenic activity from aridrogeriic sctivit,y a i d  diiratiori of activity. 

Anabolic steroids muy be defined from the therapvu- 
tic point of view as steroids which stimulate the syn- 
thesis of cellular protein. Experimentally the anabolic 
effect is best indicated by increased nitrogen retention.'!" 

The ideal anabolic agent' would, first of all, be fret. 
of androgenic properties, but despite much research in 
this area, no effective anabolic agent free of masculiniz- 
ing side effects is yet available to the physician.? 
Secondly, a case can be made that the ideal anabolic 
agent should have characteristics which permit eatab- 
lishment of a steady concentration of drug within t,lir> 
patient over a long period of time, thus mimicking t h t t  
steady secretion of the natural nnabolic agent testos- 
terone.lb Brown and Samuelsj have shown that :i 

prolonged, relatively low level of tcstosteronc pro- 
pionate, administered intramul;cularlj-, far more d f e c -  
tively causes nitrogen rtkention than does a brief intra- 
venous infusion of a high concentration of testosterone. 

Edgren6 found with a modified Hershberger7 t'rst 
that compounds related to 19-nortestosterone con- 
sistently produced significant niyot'rophic (anabolic) 
effects a t  dose levels below the threshold of androgenic 
rwponse as measured by the rat' ventra,] prostate. Thc 
effect seemed associated with the absence of thc C-l!) 
:tngular methyl group since :I s e k  of testosteronrs 
derivatives showed no such scIparntion of :tctivitie>. 
Overbwk. et d..* h:n-ct slio~vii t'h:it wlieii 1S-nortt.s- 
tosterone is esterified n-ith iwids of increasing chuiit 
Itxngths, both duration of action and ratio of anabolic t,o 
androgenic activity incrcnsr. Sunierous tAsters of 
19-nortwtosterone wit'h long-chain or bulk!, carboxylic 
:tcids have been prepared and evaluatedg~lo i n  rweii t 
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years. a i d  sweral such tAsters have beer1 used in thc 
clinic as injectable, long-acting, anabolic agent's. 
Insight into the action of some of these esters ,i~i, vivo has 
been gained recent'ly by :I study of van der Vies. l 1  For 
t'he phenylpropionate, decaiioatv, mid oleate wters of 
19-nortestosterone the ratio of :mabolic to androgenic 
nctivitj- in thr rat depends on the rate at which t'l~c. 
tisters art' released from the intramuscu1:tr depot. 
Though long-act'ing in their anabolic-androgenic cf- 
fret.<;. thest> A e r s  are rapidly hydrolysed oncc in thtL 
blood and free 19-nortestosterone is the ultimabc h t ' imu- 
lator of thr  target organs. l 2  The rate and concentra- 
tion :It which 19-nortestost'rroiie reaches target r+ 
ceptors are fully detrrmined by the rate of release of 
('hter from the depot, 

Though slow releast. ciin be :in advantageous con- 
scqurnce of esterification with bulk>- carboxylic acids, 

onable to expect that the best anabolic activity 
-\~ould residcx in esters in which lipophilicity and IYS- 

sistaiice t'o\vard hydrolysis'" are a t  :in optimum levr.1 
ixther t'hitii maximum level. For example, an t>ster 
with very high lipophilic character could be released too 
slon-l!- from its depot, to 1i:tve tsignificant activity, or 
onct' w1e:wd would be irreversably adsorbed in thtl 
first) lipophilic :trea with which it came in contact, l 4  

maliing it u ~ t i ~ ~ ~ ~ i l a b l t ~  to the ~ppropriatc  esterases or 
ot ht,r sites of act,ion. Similwl)., :t very hindered t!stcr 
might br. t'ittirely wsist:int to 11)-drolysis :mtl being 
iiiwtivri p e r  se \vould h:n-cB no ;iildrogenic or anabolic 
xt ivi ty .  

Iircent, availability'"--'9 of :t number of new 4-sub- 
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TABLE I 
CHARACTERIZATION OF THE 19-NOKTESTOSTERONE B I C Y C L O [ ~ . ~ . ~ ]  OCTINE- .\ND -0CT-2-EN~C.\RBOXYLl’rES“ 

Method 
of pre- 

MP, paring 
NO. 19-Nortestosterone ‘ C b  [.ID. de& Formula Analysesd acide 

1 Bicyclo [2.2.2] octane-1 ’-carboxylate 149-150 +56 CtiH3803 c, H f 
2 4’-?*Zethylbicyclo [2.2.2] octane-1’-carboxylate 196-201 C28H4003 Cl H f 
3 4‘-Trifluoromethylbicyclo[2.2.2]octane-l’-carbo?;~l~ta 199-204 +44 C28H37F303 C, H,  F 9 

J 4’-Bromobicyclo[ 2.2.21 octane-1 ’-carboxylate 215-219 + j 8  CziHsiBrO3 C, H,  R r  h 
6 4’-n-Propylbicyclo[2.2.2]octane-l’-carboxylate 191-194 +64 C3oHarO3 C, H f 
7 4 ‘-Isopropylbicyclo [ 2.2.21 octane-1 ’-carboxylate 204-207 +<57 C30H4403 Cl €3 f 
8 4’-Phenylbicyclo[ 2.223 oct,ane-l ’-carboxylate 203-212 +64 C33H4203 C, H B 
9 Bicycle[ 2.223 oct-2’-ene-l ‘-carboxylate 143-147 CnHaeOa C, H f 

10 4’-~\let~h~lbicyclo[2.2.2]oct-2’-e1ie-1‘-c~rbox~late 179-183 +66 Ct8H380~ Cl H f 
11 4’-Trifluorobicyclo [ 2.2.21 oct-2’-ene-l ’-carboxylate 178-179 +49 C~8H3zFaOa C, H, F B 
13 Bid 19-nortestosterone) bicyclo[2.2.2] octane-l’,4’-dicarboxylate 200-210j + 8 i  Cd6HetOa Cl H i 

4 4’-C~anobicycl0[2.2.2]octane-l‘-carboxylate 193-200 +57 C Y S H ~ ~ S ~ ~  C, H, N h 

a Ir, uv, and pmr spect,ra were consistent with assigned structures. Melting points are uncorrected. They were taken with a 
Kofler hot stage microscope on samples that had been purified by chromatography on  neutral, activity I11 alumina and recrystallized 
from 31e2CO-hexane. Analytical 
results obtained for these elements were within 2 ~ 0 . 3 %  of the theoretical values. e We are indebted to Drs. J. C. Kauer, J. G. Whitney, 
and W. A. Gregory of the Du Pont Central Research and Industrial and Biochemicals Departmmts for supplying many of these bicyclo- 
[2.2.2]octane- and -oct,-2-enecarboxylic acids. f See Ref 16. Ref 15. Ref 17 and 19. Ref 17. j Crystallized from MenCO. 

Measured in CHC13 at  c 1.0-1.275. d Analyses are indicated only by symbols of the elements. 

stituted bicyclo [2.2.2]octane- and -oct-Zenecarboxylic 
acids made it possible to  synthesize a number of esters 
of these acids with 19-nortestosterone and to evaluate 
them as potential anabolic agents. Most of these 
esters are represented by structures 1 through 11 and 
are characterized in Table I. The rationale behind 
this study was that i t  might be possible to optimize 

0 

9-C-R 
11 

1, X =H; 2, X 
4, X = C S N ;  5, X = Br; 6, X = n-C,H, 

CH,; 3, X = CF, 

7. X = i-C iH;: 8, X = CsHB 
X 

I 
X 

lipophilicity and esterase susceptibility of esters 1-11 
by varying the electronic, l8 steric, and hydrophob i~ l~  
character of the substituents X. 

Chemistry.-The bicyclo[2.2.2]octane- and -0ct-2- 
ene-1-carboxylic acids used to prepare esters 1-11 were 
prepared according to published procedures involving 
either high pressure addition of ethylene to alkyl a-py- 
rone-3-carbo~ylates’~~~~ or by conventional reactions 
using 4-ethoxycarbonyl bicyclooctane-1-carboxylic acid 
as the progenitor. 17,19 The bicyclooctane carboxylic 
acids thus obtained were converted into the correspond- 
ing acid chlorides by soclz in C6He containing a catalytic 
amount of DJ4F. 

19-Nortestosterone esters 1-11 were prepared by 
reaction of 1 equiv of the appropriate acid chloride with 
the dteroid alcohol, either in pyridine solvent at room 

temperature for several days or in refluxing C6H6Z0 
with a small excess of pyridine for 2 0 4 0  hr. The 
latter procedure gave better yields of ester, but even 
after several crystallizations the product contained 
several per cent of an impurity detected by tlc on silica 
gel as a component less polar than the major component. 
From crude ester 10 this impurity was isolated by 
column chromatography and identified as the dienol 
diester 12 on the basis of nmr and uv spectra [A,,, 234 
mp (e lS,SOO)]. Ester 12 could be prepared in good 
yield by treatment of 19-nortestosterone with excess 
4-methylbicyclo [2.2.2]0ct-Z-ene-l-carbonyl chloride in 
boiling toluene for 72 hr in the presence of pyridine. 

Under forcing conditions analogous to  those used to 
prepare 12, diester 13 was prepared from 19-nortestos- 
terone and bic yclo [2.2.2 ]octane- 1,4-bis (carbonyl chlo- 
ride).l7lZ1 Ester 13 represents an extremely bulky 
bridgehead carboxylic acid ester. I n  a sense the steroid 
itself contributes to the bulk of the carboxylic moiety. 
It is interesting to note in the context of the previous 
discussion that this very bulky ester shows little or no 
androgenic or anabolic activity when administered to 
rats by subcutaneous injection. 

Anabolic-Androgenic Activity. A. 14-Day Hersh- 
berger Assayzza (Daily Treatment.)-Preliminary evalu- 
tion of anabolic and androgenic potencies of five esters 
(1, 2, 7, 9, 10) was carried out using a Hershberger 
assay.7 Male ratszzb were castrated a t  21 days of age 
and, beginning on the day of surgery, received the test 
compound dissolved in sesame oil subcutaneously once 
daily for 14 days. On the day after the last injection, 
the animals were sacrificed and the levator ani (LA), 
ventral prostate (VI’), and seminal vesicles (SV) were 
removed and weighed. The end-point used was the 
tissue:body wt ratio (mg of tissue/g of body wt . 

(20) A. Kukis and J. M. R. Beveridge, J. Om. Chem., 16, 1219 (1!i33 ; 
see also ref 10. 

(21) Enol esters probably were formed under tlie forcing oondit’ons u e 1 
t o  prepare 13, hut being polymeric they ware readily removed h i  column 
cliromatography. 

(22) (a) Tests carried out at  the Endocrine Laboratories of Madison. 
\Vis., under tlie direction of Dr. E. 0.  Siiipley: (b) Holtzman Co. 
Madison. Wis.: (01 Simonsen Laboratories, Gilroy, (‘alif,; (d) Badger Rat 
C o . ,  Madison, JI’is. 



l ~ k h  compound \vai teyted ut 3 doye levelr. u\it)g 5 r:it\ 
per dme. Testosterone propionate (TP) w:ia teytetl 
concurrently a t  4 doze level, and served the standard 
tor (:omparibon of the tcit material,. Stxiidurd 
-tnti<tictil for detrrmining the potencie. of 
th(1 matrrials relatirr to TI' \ w r e  L I ~ .  

:mdrogenic ratio* \vew ca1cul:rtcd b) dividing tht) ma- 
bolic potency (IJ.4) by the androgenic potriicj (aver:igta 
ot SI- :ind TI)). Table I1 co inpt rw thfi actiritit.. of thv 
.i l+tc~r-. 

JIyogenic. 

.\I : .I 
rat io  

1 (i 
> 3 .i 

B. Long-Term Anabolic-Androgenic Assays (Single 
Treatment). (1) 4-Week Studies. Ester,. 3 through 
8 avid 10 through 12 nere tested for prolonged andro- 
genic and anabolic activity. .I \ingle \iibcutxneoiih 
injection of the test compound \v:i\ admini-tcred on da? 
1 to castrate immature malr r:iti22c in a vehicle c o n h t -  
iiig of 110% vsame oil :ind 10TC benzjl alcohol. Thr  
r.it. werp -acrihced on clnr 29. Table I11 list- d:tt:i 

' ; increase oi mean tissue ratio" 

\ 'entral  Seminal Levator 
jirrjstatr !-esicles ani 

m e r  control after 28 days-- 

M i  :<ti0 I S  
?Oil 80 127 
"00 200 XB 
:i:i -10 .i9 

I t i l l  171 1 0  
f i l l  43 71 

P 2 a :120 ( I  
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( 1  i l  0 
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:ix ) 17.5 0 
t i l )  1 . i O  l l  
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from 5 separate experiments in which one or more of 
these esters were studied at  equimolar doses. 

The low activity of dienol diester 12 (Table 111) was 
confirmed in additional tehts in which the compound 

(23) L). J. Finner, "Statistical Methods in Biological .\way." l lafner 
Publishing Co.,  New York, Pi. Y., 1964. 
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IV:I,\ :tdministerrd c1:ul~- in :MI : ~ q i i ( ~ o ~ i ~  vc~hiclc to im- 
matiire castrate malt> rats siibcutaneouslv for 7 days 
uhing R total dose of 10 mg, or orally by gavage for 10 
davi using a total doie of 20 mg. 

12-Week Studies.??"--Esters 1 , 2 , 9 ,  and 13 aere  
tested in assays modeled after one used by Rapala, et 
a/.'" Each ester was administered subcutaneously in 
wsame oil on the day of surgery only to castrate 21-day- 
old male rats.22d Organ weights were determined using 
groups of 6 rath at  weekly or biweekly intervals follon- 
ing the injection, with the last autopsy at  the beginning 
of the 12th week. The results, except for those of ester 
13 which showed little or no activity, are summarized in 
Table IV. S o t e  from Table IV that the levator ani in 
the untreated castrate controls continued to grow in the 
abience of te\ticular hormone and reached maximum 

To facilitate com- 
parison, the data for similarly tezted testosterone 
propionate and 14nortestoiterone phenylpropionate 
:tre also shown in Table IT'. 

For each of these 5 esters, tissue weights of the treated 
animals were plotted as mg increase over the weights of 
the corresponding tissue5 of the untreated castrate 

in the comparison of esters we 
devised a relationship termed the integrated myogenic 
margin ( I l I X )  exprezsed in mg-week. The values for 
11111 were calculated by integrating the area lying 
under the LA curve and subtracting from this the area 
lying under the corresponding SV curve. This was 
emily done gravimetrically. I1111 values (Table V) 

(2) 

eight in approximately S weeks. 

Test material 

Testosterone pro- 
pionate 

19-h'ortestosterone 
phenylpropionate 

T IBLI. v 
~ I ~ R G I X S  (IRIM) FROX LONG-TERM 
ASSIY (CILCULITLD FROM TIBLE I V )  

Dose -1hIhI at week indicated- 
mg 8 12 

2 0 - 270 - 380 

7 , .i + 23 +I10 

7 . 2  +%0 + 740 
7 8  + 3.30 + 730 
7 2  + 360 + 880 

thus reflect not only separation of myotrophic (anabolic) 
from androgenic activity but also duration of the myo- 
trophic response. il high positive value for 11111 is thuh 
desirable for an anabolic candidate. Kote that testos- 
terone propionate has a negative IMM value because the 
area under the curve for the androgen indicator (SV) is 
greater than the area under the curve for the myogenic 
indicator (LA). In  assessing the significance of the 
11111 values, it should be recognized that for a given 
compound IXIAI will be dose dependent unless the 
dohe-response curves for ST7 and LA happen to be 
parallel. The 19-nortestosterone eiters in this set of 
:~s\avs were tebted using equimolar dose 1evel.s. 

(3) 18-Week Studies.-Eighteen-week studies simi- 
lar to the 12-n eek studies were performed using a differ- 
ent vehicle (90% sesame oil, 10% PhCH,OH), rats 
from a different supplier,22c and lower equimolar doses of 
esters 1 , 9 ,  and 10 with an equimolar dose of testosterone 
propionate. Usually 6 rats per group were sacrificed 
at  each time period. The test data are summarized in 
Txble VI and the corresponding 11[11 values cdculntc.1 
;it tht ,  vn(1 of r w h  p r i o t l  givcii i i i  T:ihlr V I I .  




