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17-Alkyl-19-Nortestosterones and their Preparation We, G. D. SEARLE & Co.
of Skokie, State  an effect which is not shared by 19-nortesto- of
Illinois, United States of America, a cor-  sterone or its 17-methyl
derivative. The com- poration formed under the laws of the State  pounds of
this invention are particularly effec- 40 of Illinois, United States of
America, do here-  tive in overcoming the hypertension produced 5 by
declare the invention, for which we pray  by the hormone desoxy that a
patent may be granted to us, and the  corticosterone. method by which it is
to be performed, to be    Intermediates useful in the manufacture of
particularly described in and by the following  these 17-alkyl substitution
products of 19- 45 statement: -
nortestosterone  are  described  in  U.S.A. 10    The present invention
relates to a new group  Specifications  Nos. 2,655,518,  2,666,769, of
hypotensive and anabolic agents with low   2,691,028, 2,702,811 and
2,704,768. androgenic activity and, more particularly, to    In accordance
with the invention the pre- 19-nortestosterone derivatives substituted in
ferred process for the manufacture of these  50 the 17-position by a lower
alkyl radical con-  compounds is the isomerization of a 3-oxo- 15  taining
2-8 carbon atoms.                  17-alkyl-5(10)-estren-17-ol under  the
in- These compounds can be represented by  fluence of a basic isomerization
agent such as the general structural formula             sodium  hydroxide
in aqueous methanol, or an acidic isomerization agent, such as hydro-  55
chloric acid  or p-toluenesulphonic acid in [err]                  aqueous
methanol, whereby the double bond migrates from the 5-10 position into the
4- 5 position to give a compound of the desired composition. A
3-oxo-17[err]-alkyl-5(10)-estren-  60 17-ol is conveniently prepared by the
reac- tion sequence which comprises the ethynyla- tion with acetylene of a
lower alkyl ether of estrone, catalytic hydrogenation of the 17[err]-
wherein R is a lower alkyl radical containing  ethynyl group to a
17[err]-ethyl group, and a  65 20  2-8 carbon atoms such as ethyl, straight
and  Birch type of reduction of the resulting 17[err]- branched propyl,
butyl, pentyl, hexyl, heptyl,  alkylestradiol ether with lithium/ and
octyl.                                 and ammonia, followed by a mild
acidic hydro- The compounds of the present invention  lysis. It should be
understood that this is a are valuable anabolic agents, i.e. they promote
particular illustration of a general process. In  70 25  nitrogen
retention. They produce this effect  a useful modification of this process,
the pro- at a dosage which causes only a very low   duct of the Birch
reduction, a 17[err]-alkyl-3- degree of androgenic activity. It is well
known  alkoxy-2,5(10)-estradien-17-ol, is subjected to that testosterone
propionate is an effective  a more vigorous acidic hydrolysis whereby
anabolic agent but its clinical utility for that  cleavage of the enol
ether function at posi-  75 30   purpose is greatly limited because in many
tion 3, ketonization of the resulting 3 - enol patients the androgenic
effects are undesir-  and rearrangement of the 5-10 double bond able  In
the case of the claimed compounds  into conjugation with the 3-ketone take
place the effective anabolic doses are so small that  as a single operation
in a single reaction vessel prolonged administration becomes practical
without the necessity of isolating the 3-oxo-  80 35   without undesirable
side effects.          17a-alkyl-5(10)-estren-17-ol which is formed Another
important field of utility of these  as an intermediate product. It will be
appar- compounds is their anti-hypertensive effect  ent that the direct
conversion of a 17[err]-alkyl-    2
789,065 3-alkoxy-2,5(10)-estradien-17-ol  to  a  17-  is  attached  a
hydrocarbon  residue, said alkyl-19-nortestosterone is equivalent to  the
nuclear unsaturation  being  exclusive of a isomerization  of  a  3 -
oxo-17[err]-alkyl-5(10)-  homoannular  unconjugated  diene, and in
estren-17-ol to a 17-alkyl-19-nortestosterone,  which said nuclear
unsaturation and the group 5   and that these are alternative modifications
of  substituted at position 3 jointly result in an  70 a single process,
involving an optional selec-  atomic arrangement which is convertible to a 



tion of operating details. In the direct con-  [err]-3-ketone by acidic
hydrolysis. version of  the  homoannular  unconjugated      The word
"hetero" as used in the ex- diene, 17[err]-alkyl-3-alkoxy-2,5(10) -
estradien-  pression " hetero atom " is defined herein to 10  17-ol,
3-oxo-17[err]-alkyl-5(10)-estren - 17 - ol  include elements of Groups 5
and 6 of the  75 appears in the reaction mixture as an uniso-  Periodic
Table of Elements, such as oxygen, lated intermediate which is isomerized
to the  sulphur and nitrogen. A group substituted at
17-a1kyl-19-nortestosterone.                  position 3 can therefore be,
illustratively, an A second process for the manufacture of a  ethoxyl or
other alkoxyl group an ethylthio 15  17-alkyl-19-nortestosterone is the
hydrogena-  or  other  alkylthio   group,  benzylthio, 80 tion of a
17[err]-substitution product of 19- nortestosterone in which  the
17[err]-substituent is an unsaturated aliphatic hydrocarbon radi- cal. Some
of these substitution products form                  [err] 20  the subject
matter of our Application  No. 24589/56 (Serial No. 789,066). Such radicals
can incorporate unsaturated linkages of either the ethylene or acetylene
type and include, illustratively, ethynyl, propynyl, butynyl, pen- 25
tynyl, hexynyl, heptynyl and octynyl as well as vinyl, propenyl, allyl, and
higher homologs thereof. As an example of a method for carry- ing out such
a hydrogenation, 17[err]-erhynyl-19- 30  nortestosterone, in a solution or
suspension,                      [err] is shaken in a hydrogen atmosphere
in the presence of a suitable catalyst, for example a noble metal catalyst
such as palladium on charcoal. This compound is reduced in stages 35  to
17[err]-vinyl-19-nortestosterone and  then to 17-ethyl-19-nortestosterone.
Under the reac-                        [err] tion conditions described
herein, hydrogena- tion of the nuclear double bond is a relatively minor
side reaction. A useful, and obviously 40  equivalent modification of this
procedure for  The nuclear  unsaturation  is  restricted  to  85 the
manufacture of 17-ethyl-19-nortestosterone  rings A and B of the steroid
molecule, and can is the catalytic  reduction  of 17a-vinyl-19-  consist of
a single double bond having a ter- nortestosterone. The
17[err]-substitution products  minus at position 5, or a conjugated system
of 19-nortestosterone in which the 17[err]-sub-  of two double bonds, one
of which has a ter- 45  stituent is an unsaturated aliphatic hydrocar-
minus at position 5. The hydrolysis of a homo-  90 bon radical are
conveniently prepared by a  annular unconjugated diene, such as a 17[err]-
variety of procedures which involve the addi-
alkyl-3-alkoxy-2,5(10)-estradien-17-ol, is out- tion of acetylene, a
homologue of acetylene,  side the scope of this process, as such an oper-
or an organo-metallic compound to a steroidal  ation proceeds through and
is the equivalent 50  17-ketone. For example, 17[err] - ethynyl - 19-  of
the isomerization  of a  3-oxo-17[err]-alkyl-  95 nortestosterone can be
prepared by the addi-  5(10) - estren-17 - ol.  Compounds compre- tion  of
acetylene to 3-methoxy-2,5(l0)-  hended as starting materials for the
hydrolytic estradien- 17-one, followed by acid catalyzed  operations of
this process consequently in- hydrolysis and isomerization of the resulting
clude compounds  having  a single nuclear 55  product.  The addition  of
allylmagnesium  double bond with a terminus at position 5     100 bromide
to 3-methoxy-2,5(10) - estradien-17-  such as 3-ketals, 3-mercaptoles, and
3-hemi- one followed by acidic hydrolysis and isomer-  thioketals, as well
as compounds having  2 ization affords 17-allyl-19-nortestosterone.
conjugated double bonds of which one has a A  third process for the
manufacture of a  terminus at position 5, such as enol ethers, 60
17-alkyl-19-nortestosterone   comprises  the  enol thioethers, and 3-N  -
pyrrolidyl dienes. 105 treatment with acid  in the presence of a  However,
because of the relatively good yields hydroxylic medium of a nuclearly
unsaturated  involved in their preparation and  hydrolysis, derivative of a
17[err]-alkyl- 19-norandrostan-  and because of the relative freedom from
un- 17[err]-ol which is further substituted at posi-  wanted side
reactions, use of enol alkyl ethers 65  tion 3 by at least one hetero atom
to which  and ethylene ketals is preferred in the hydro-  110    789,065
3 lytic operations of this process. The enol  dioxane a stream of hydrogen
is passed for ethers, enol thioethers, ketals, mercaptoles,  60 minutes.
Then 86 parts of 17-ethynyl-19- hemithioketals and tertiary amine
derivatives  nortestosterone in 1500 parts of dioxane are 



comprehended for use in this process can be  added and the mixture is
hydrogenated until 5  prepared, as described hereinafter, by the in-  2
moles of are absorbed. The catalyst 70 troduction of the appropriate group
at posi-  is then removed by filtration and the solvent tion 3 of
19-nortestosterone or 19-norandro-  is evaporated under vacuum. The
crystalline stenedione, followed by introduction of the  residue is
dissolved in 2700 parts of benzene 17[err]-alkyl substituent by reaction
with an or-  and thus applied to a chromatography column 10  gano-metallic
reagent, such as an alkylmag-  containing 5000 parts of silica gel.  The
75 nesium halide or an alkyllithium.  A typical  column  is  washed  with
2700  parts  of product of such as reaction sequence is 17[err]-  benzene,
4500 parts of a 10% solution of ethyl-3-ethoxy-19-nor-3,5-androstadien -
17-  ethyl acetate in benzene and 27,000 parts of d, formed as described
hereinafter by the ad-  a 20% solution of ethyl acetate in benzene 15
dition  of ethylmagnesium  bromide to  3-  and is then eluted with 30,000
parts of a 30%   80 ethoxy-19-nor-3,5 -androstadien - 17 - one.  solution
of ethyl acetate in benzene. The re- Hydrolysis of the protecting group at
posi-  sulting eluate is concentrated under vacuum tion 3 is then achieved
by treatment with an  and the residue is recrystallized from methanol acid
in the presence of a hydroxylic medium.  and dried to constant weight at
75[err] C. The 20  This hydroxylic medium can include water, as
17-ethyl-19-nortestosterone thus  obtained  85 well as such materials as
alcohols and car-  melts at about 140-141[err] C. Its ultraviolet boxylic
acids, and can even include such  absorption spectrum  shows a maximum  at
materials as ketones which are in equilibrium   240 millimicrons with a
molecular extinction with a tautomer containing a hydroxyl group.
coefficient of 16,500. 25  Acids employed can be either mineral or or-
EXAMPLE 2.                  90 ganic acids/or mixtures thereof. In general,
To a stirred mixture of 8.5 parts of the rate of hydrolysis increases with
the  magnesium  in 140 parts of ether there are strength of the acid and
the reaction tem-  added 5 parts of allyl bromide in 15 parts of perature,
and it is convenient to choose acidic  ether. Then, in the course of 45
minutes, a 30  reagents and reaction temperatures which will  mixture of 20
parts of the methyl ether of  95 complete the hydrolysis reaction in a
reason-  estrone and 95 parts of allyl bromide in 630 ably short period of
time, while causing only  parts of ether are added. After 3 hours of a
minimum amount of dehydration of the 17-  refluxing the mixture is cooled
to  0[err] C., hydroxyl group.  The hydrolysis of com-  washed repeatedly
with  10%  ammonium 35  pounds such as 3-mercaptoles and 3 - hemi-
chloride solution and then with water, dried 100 thioketals by mixtures
which generate acid  over anhydrous sodium sulphate, filtered and during
the course of the reaction, such as a  evaporated. The residue is taken up
in ether. mixture of acetone, cadmium carbonate and  The ether solution is
partially concentrated mercuric chloride, is also included within the  and
diluted with petroleum ether. The crystal- 40  scope of this process.
line  17-allyl-3-methoxy-1,3,5(10)-estratrien- 105 The compounds and
methods of manufac-  17-ol thus obtained melts at about 91-91.5[err] ture
which constitute this invention will appear  C. more fully from the
following examples. In    A mixture of 11.5 parts of 17[err]-allyl-3- these
examples quantities are given in parts by
methoxy-1,3,5(10)-estratrien-17-ol, 3 parts of 45  weight and temperatures
in degrees Centi-  charcoal containing 5%  palladium  and 160 110 grade ('
C.).                              parts of ethanol is hydrogenated until
one mole   e. EXAMPLE 1.                  of hydrogen has been absorbed.
The mixture To a refluxing solution of 47.5 parts of 3-  is then filtered
through filter aid and the fil-
methoxy-13-methyl-17[err]-ethynyl-1,4,6,7,8,9,11,  trate is evaporated
under vacuum. The resi- 50  12,13,14,16,17 - dodecahydro - 15H - cyclo-
due is crystallized from a mixture of ether and  115
penta[a]phenanthren-17-ol in 3200 parts of  methanol to  yield
17[err]-propyl-3 - methoxy- methanol and 1000 parts of water are added
1,3,5(10)-estratrien-17-ol  melting  at about 240 parts of concentrated
hydrochloric acid.  93-94[err] C. Refluxing is continued for an additional
5    To a stirred mixture of 6 parts of 17[err]- 55  minutes after which
the solution is maintained  propyl-3-methoxy-1,3,5(10)-estratrien-17-ol in
120 at room temperature for 15 minutes. Then  500 parts of liquid ammonia
and 140 parts of 13,000 parts of water are added and the mix-  ether, 7
parts of lithium  are added in the ture is cooled to 0[err] C.  After
standing for  course of 20 minutes. The mixture is stirred several hours at
that temperature, the mix-  for 30 minutes after which 46 parts of ethanol
60  ture is filtered and the precipitate is dried and  are added dropwise
in the course of an hour. 125 crystallized from  ethyl acetate.  The  17-
Stirring is continued until all of the ammonia ethynyl-19-nortestosterone
thus obtained melts  has disappeared. Then water is added and the at about
202-204[err] C.                       ether layer is separated, washed with
water, Through a mixture of 11 parts of charcoal  dried over anhydrous
sodium sulphate, filtered 65  containing 5%  palladium and 2000 parts of
and evaporated. Crystallization from  a mix- 130    4
789,065 



ture of ether in methanol yields 17[err]-propyl-  parts of benzene and then
with 3000 parts of 3-methoxy-2,5(10)- extradien-17-ol melting at  a 10%
solution of ethyl acetate in benzene. about 150-152[err] C.
Elution with 2000 parts of a 20% solution of A mixture of 18 parts of
17[err]-propyl-3-  ethyl acetate in benzene, concentration of the 5
methoxy-2,5(10)-estradien-17-ol, 320 parts of  eluate and crystallization
from aqueous meth- 70 methanol, 80 parts of water, and 18 parts of  anol
then yields 17-butyl-19-nortestosterone concentrated hydrochloric acid is
refluxed for  which melts at about 127-128[err] C. 5 minutes and then
permitted to stand for                  EXAMPLE 4. 15 minutes in hot water.
A sufficient amount    Substitution of an equivalent amount of 1- 10  of
hot water is added until the mixture be-  bromooctane for the 1-bromobutane
in the  75 comes turbid. Upon standing 17-propyl-19-  process of the
preceding example yields 17- nortestosterone  precipitates which, crystal-
octyl-19-nortestosterone. The infrared absorp- lized from a mixture of
acetone and petroleum   tion  spectrum  of  that compound  shows ether,
melts at 120-122[err] C.                 maxima at 2.8 and 6.05 microns.
The ultra- EXAMPLE 3.                   violet absorption spectrum shows a
maximum  80 To a stirred suspension of 16.5 parts of  at 240.5 millimicrons
with a molecular ex- the methyl ether of estrone in  300 parts  tinction
coefficient of 17,000. of ether there is added a solution of butyl
EXAMPLE 5. lithium prepared from 115 parts of 1-bromo-    A mixture of 10
parts of 17[err]-ethynyl-3- 20  butane and 6.7 parts of lithium in 600
parts  methoxy-1,3,5(10)-estratrien-17-ol, 2.5  parts  85 of ether.
Stirring is continued for an hour  of 5% palladium on charcoal catalyst and
50 after which the mixture is decomposed with  parts of dioxan is shaken
in contact with a methanol and dilute sulphuric acid and ex-  hydrogen
atmosphere  until  2  molecular tracted with ether. This extract is washed
equivalents of hydrogen have been consumed. 25  with saturated sodium
chloride solution, dried  The catalyst is removed by filtration, and the
90 over anhydrous sodium sulphate, filtered and  residue remaining after
concentration of the evaporated under nitrogen.  The residue is  filtrate
is purified by recrystallization from  a crystallized from methanol and
water and  mixture of ether and petroleum ether. In this then applied in
benzene solution to a chrom-  manner there is obtained 17[err]-ethyl-3 -
meth- 30  atography column containing  1000 parts of
oxy-1,3,5(10)-estratrien-l7-ol melting at about 95 alumina. The column is
washed with 1800  88-89[err] C. ts of a 10%  solution of petroleum  ether
A solution of 50 parts of 17[err]-ethyl-3-meth- in benzene and then eluted
with 9000 parts  oxy-1,3,5(10)-estratrien-17-ol in 710 parts of of a 10%
solution of petroleum  ether in  ether is diluted with 2500 parts of liquid
35  benzene. This eluate is evaporated and the  ammonia.  Throughout the
following opera- 100 residue is recrystallized from aqueous meth-  tions,
until the reaction mixture is diluted anol to yield 3 -
methoxy-17[err]-butyl-1,3,5(10)-  with water, it is constantly  stirred and
is estratrien-17[err]-ol.                      maintained  at an
approximately  constant To a solution of 37.2 parts of this com- volume by
the addition of a total of 2100 pound in 500 parts of ether and 500 parts
of  parts of ether in portions, to  replace  the  105 liquid aqmonia are
added 3.5 parts of short  ammonia  which  is  continuously  lost by strips
of lithium wire with stirring. The dark  vaporization.  The solution of
17[err]-ethyl-3- blue solution is stirred for 10 minutes after
methoxy-1,3,5(10)-estratien-27-ol in ether and which 32 parts of methanol
are added drop-  liquid ammonia is treated over a period of 35 45  wise in
the course of 15 minutes to decolor   minutes by the addition of a total of
35 parts  110 ize the solution. Then 56 additional parts of of lithium in
small portions. After an addi- methanol are slowly added and, after most of
tional hour, 240 parts of ethanol is added in the ammonia has been
evaporated, 1100 parts  small portions over a period of 3 hours, and of
ether and 700 parts of water are added with  stirring is continued for
several hours more. 50  stirring.  The organic  layer is  separated,  Water
(1000 parts) is added, and the ethereal 115 washed with saturated sodium
chloride solu-  phase is washed  with several portions of tion, dried over
sodium sulphate, filtered and  water, dried and concentrated. The residue
concentrated under vacuum. To the oily resi-  obtained by evaporation of
the ethereal solu- due are added  1110  parts  of methanol  tion is stirred
with a mixture of 200 parts of 55  and 500 parts of water and the mixture
is  methanol and 1 part of pyridine, and the re-     120 heated to reflux.
Then 240 parts of concen-  suiting suspension is refrigerated for several
- trated hydrochloric acid are added and re-  hours. The crystalline
product is collected on fluxing is continued for 6 minutes. The mix-  a
filter and washed with 120 parts of cold- ture is then extracted with
ether. The ether  methanol. This compound  is 17[err]-ethyl-3- 60  solution
is washed with a saturated solution   methoxy-2,5(10)-estradiem-17-ol
melting  at 125 of sodium  chloride, dried over sodium  sul-  about
127-128[err] C. phate, filtered and evaporated under vacuum.    A mixture
of 1.25 parts of 17[err]-ethyl-3- The  residue is applied  in benzene to a
methoxy-2,5(10)estradi-17-ol, 24 parts of chromatography column containing
350 parts  methanol and 4 parts of acetic acid is heated 65  of silica gel.
The column is washed with 500  under reflux for 5 minutes, Water (150
parts) 130  



789,065                                     5 is added and the mixture is
refrigerated for  nortestosterone, 1500 parts of dioxane, 1000 several
hours. The precipitated product is col-  parts of pyridine and 30 parts of
a [err] lected on a filter and dried. Recrystallization  palladium  on
calcium  carbonate catalyst is from a mixture of acetone and petroleum
ether  shaken in contact with a hydrogen atmosphere 5  affords
17[err]-ethyl-3-oxo-5(10)-estren - 17 -ol   until approximately 1 molecular
equivalent of 70 melting at about 134-136[err] C.               hydrogen
has been consumed. At this point A mixture of 10 parts of
17[err]-ethyl-3-oxo-  the hydrogenation is stopped and the catalyst
5(10)-estren-17-ol, 160 parts of methanol, 20  is removed by filtration.
The filtrate is con- parts of water and 7 parts of concentrated  centrated
under vacuum to about 500 parts, 10  hydrochloric acid is stirred for 2
hours at  diluted with 3000 parts of ether and washed  75 room  temperature
and is then  chilled  and  with normal hydrochloric acid until a Congo
allowed to stand at 0[err] C. for 2 hours. The  Red test shows an acidic
reaction. The solu- mixture is filtered from a small amount of  tion is
washed successively with water, with insoluble material, and the filtrate
is diluted,  5%  sodium bicarbonate solution, again with 15  with constant
stirring with 500 parts of water.  water and with  saturated sodium
chloride  80 The mixture is then cooled to about 0-5[err]   solution. The
ethereal phase is dried  over C. and filtered. The crystalline product can
sodium sulphate, concentrated on a steam bath be purified by
recrystallization from aqueous  to about 500 parts and diluted with 500
parts methanol, or from a mixture of acetone and  of petroleum  ether.
After storage at 0[err] C. 20  petroleum ether. In this manner there is ob-
for 16 hours the product is collected on a  85 tained
17-ethyl-19-nortestosterone melting at  filter, dried and crystallized from
a mixture about 140-141[err] C.                          of ethyl acetate
and petroleum ether. In this EXAMPLE 6.                  manner there is
obtained 17-vinyl-19-nortest- A mixture of 36 parts of 17[err]-ethyl-3-
melting at about 169-171[err] C. 25  methoxy-2,5(10)-estradien-17-ol, 475
parts of    A mixture of 10 parts of 17-vinyl-19- 90 methanol, 70 parts of
water and 25 parts of  nortestosterone, 80 parts of dioxane and 3
concentrated hydrochloric acid is stirred for 2    parts of a 5% palladium
on charcoal catalyst hours at room temperature and is then allowed  is
shaken in contact with a hydrogen atmo- to stand at 0-10[err] C. for about
2 hours. The  sphere  until  approximately  1  molecular 30  mixture is
filtered from a small amount of in-  equivalent of hydrogen has been
consumed. 95 soluble material, and the filtrate is diluted,  The catalyst
is removed by filtration, and the with constant stirring, with 2000 parts
of  filtrate is concentrated to dryness under re- water. The mixture is
then cooled to about  duced pressure. Recrystallization of the resi-
0-5[err] C., and the crystalline product is col-  due from  methanol
affords 17-ethyl-19-nor- 35  lected  on  a filter. Recrystallisation  from
testosterone melting at about 140-141[err] C.  100 aqueous methanol or from
a mixture of acetone             EXAMPLE 9. and petroleum ether yields
purified 17-ethyl-    Potassium (7.8 parts), washed with toluene,
19-nortesrosterone melting at about 140-  tertiary amyl alcohol and ether,
is added to 141[err] C                                     125 parts of
tertiary amyl alcohol, and the 40    In the same manner,
17[err]-ethyl-3-ethoxy-  stirred reaction mixture is heated under re- 105
2,5(10)-estradien-17-ol (obtained by ethynyla-  flux in a nitrogen
atmosphere for 2 hours. It tion of estrone ethyl ether followed by hydro -
is then cooled to about 0[err] C., and a solution genation of the ethynyl
group and reduction   of 24 parts of 1-octyne in 90 parts of ether of the
resulting product with lithium and  is added. After the mixture is stirred
for an 45  ammonia) yields  17-ethyl-19-nortestosterone  additional hour, a
suspension of 5.7 parts of 110 by treatment with mineral acid as described
estrone methyl ether in ether is added rapidly. above.
The reaction mixture is stirred in a nitrogen EXAMPLE 7.
atmosphere at about 0[err] C. for 5 more hours, A mixture of 5 parts of
17-allyl-19-nortesto-  after which it is allowed to warm  to room 50
sterone (prepared as described in our Speci-  temperature and is stirred
for an additional 16  115 fication No. 24589/56 (Serial No. 789,066)),
hours. It is again cooled to 0[err] C., and mixed 100 parts of dioxan and
1.5 parts of 5%   well with a solution of 15 parts of ammonium palladium on
charcoal catalyst is shaken in  chloride in 150 parts of water. The
ethereal contact with a hydrogen  atmosphere until  phase is separated,
washed with several por- 55  approximately  1  molecular equivalent of
tions of ammonium chloride solution and with  120 hydrogen has been
consumed. The catalyst is  water, dried, and concentrated to a residual
removed by filtration and the fitrate is con-  brown oil. A mixture of 4
parts of this crude centrated under reduced pressure. When the  product
(which is predominantly 17[err]-octynyl- residue obtained by vaporization
of the sol-  3-methoxy-1,3,(10)-estratrien-17-ol), 1 part 60  vent is
recrystallized repeatedly from a mix-  of 5% palladium on charcoal catalyst
and 75 125 ture of acetone and petroleum ether, there is  parts of dioxane
is shaken in contact with a obtained  17-propyl-19-nortestosterone  melt-
hydrogen atmosphere until the absorption of ing at about 120-122[err] C.
hydrogen, which is initially quite rapid, has 



EXAMPLE 8.                  become very slow. Up to approximately 2 65    A
mixture of 53.7 parts of 17-ethynyl 19-  molecular equivalents of hydrogen
will have 130    6                                      789,065 been
consumed at this point. The catalyst is  by vaporization of the ether is
recrystallized removed by filtration, and the residue remain-  from  a
mixture of acetone and  petroleum ihg after concentration of the filtrate
is puri-  ether, there is obtained 17-ethyl-19-nortesto- fied by
chromatographic fractionation on a  sterone melting at about 140-141[err]
C. 5   silica gel column or by recrystallization from  By the substitution
of 60 parts of propyl- 70 methanol. In this manner there is obtained
magnesium bromide for the ethylmagnesium
17[err]-octyl-3-methoxy-1,3,5(10)-estratrien - 17-  bromide in this
procedure, there is obtained ol melting at about 80-81  C.
17-propyl - 19 - nortestosterone   melting  at A solution of 2.5  parts of
17[err]-octyl-3-  about 120-122[err] C. 10  methoxy-
1,3,5(10)-estratrien-17 - ol in 70               EXAMPLE 11.
75 parts of ether is diluted with 205 parts of    As far as possible, all
of the following liquid ammonia. This stirred solution is treated
operations up to the isolation of the final pro- over a period of 30
minutes by the addition  duct are carried out in a nitrogen atmosphere of a
total of 2.5 parts of lithium  in small  to minimize decomposition of the
sensitive 15  portions. After an additional hour, 20 parts  intermediates.
A mixture of 10 parts of 19- 80 of ethanol is added in small portions over
a  nor-4-androstene-3,17 - dione, 880 parts of period of 3 hours, and
stirring is continued  of benzene and  10 parts of pyrrolidine is for
several hours more. Throughout the pre-  heated at the boiling point for 1
hour in a re- ceding operations, an additional 70 parts of  action vessel
equipped with  a water trap 20  ether is gradually added to replace some of
the  which continuously removes water from the  85 ammonia which is lost by
vaporization. Water  condensed vapours and prevents it from re- (80 parts)
is added, and the ethereal phase is  turning to the reaction vessel. There
is then washed with several portions of water, dried  added about 0.1 part
of p-toluenesulphonic and concentrated.  The residue obtained by  acid
monohydrate and the mixture is main- 25  evaporation of the ethereal
solution is washed  tained under reflux until no more water col- 90 with a
small volume of cold methanol contain-  lects in the water trap. The
reaction mixture ing about 1% of pyridine, and it is then  is then washed
with 3 small portions of water purified by recrystallization from  a
mixture  containing a trace amount of pyridine, and the of ether and
methanol. In this manner there  organic phase is separated and concentrated
to 30  is obtained 17[err]-octyl-3 - methoxy - 2,5(10)  about 5%  of its
original volume under re- 95 estradien-17-ol melting at about 50  C. duced
pressure. The residue, which contains A mixture of 1.1 parts of this
compound, 24  a 3-(N - pyrrolidyl)-19-norandrostadiene-17- parts of
methanol, 6 parts of water and 1.2  one, is dissolved in anhydrous ether.
An parts of concentrated  hydrochloric acid is  ethereal solution of 75
parts of ethylmag- 35  heated under reflux for 10 minutes, cooled,  nesium
bromide is added, and the reaction 100 and diluted with several times its
volume of  mixture is heated under reflux for 2 hours. water. Purification
of the precipitated product  The mixture is then poured into ice water and
by  crystallization from  aqueous methanol  made distinctly acidic by the
addition of affords 17-octyl-19-nortestosterone melting at  hydrochloric
acid. It is stirred at room tem- 40  about 120-122[err]C.
perature for 16 hours, after which the ethereal 105 EXAMPLE 10.
phase is separated and combined with ether 19-Nor-4-androstene-3,17-dione
(Journal of  extracts of the remaining aqueous liquor. The the American
Chemical Society, 75, 5366  combined ethereal extracts are washed with 3
(1953)) is converted to 3-ethoxy-19-nor-3,5-  small portions of water and
concentrated to 45  androstadien-17-one (Journal of the American  dryness
under reduced pressure. Purification  110 Chemical Society, 76, 4093
(1954)). A stirred  of the residue by recrystallization from  a soliution
of 6 parts of this enol ether in 70  mixture of acetone and  petroleum
ether parts of anhydrous ether is treated by the  affords
17-ethyl-19-nortestosterone melting at gradual addition of an ethereal
solution of 50  about 140-141[err] C. 50  parts of ethyl-magnesium bromide.
The reac-               EXAMPLE 12.                 115 tion mixture is
maintained under reflux for    Ten parts of 19-nortestosterone is converted
2 hours by application of external heat as  into ethylene ketal by heating
it with 270 necessary, and it is then poured into ice water  parts of
benzene, 2.5 parts of ethylene glycol and made distinctly acidic by the
addition of  and 0.1  part of p-toluenesulphonic  acid 55  hyrochloric
acid.  Sufficient  methanol  is  monohydrate in a reaction vessel equipped
120 added to produce a single phase solution, and  with a water trap which
continuously removes this acidified solution is stirred at room tem-  water
from the condensed vapours and pre- perature for 4 hours, after which it is
concen-  vents it from returning to the reaction vessel. trate under
reduced pressure until most of the  The mixture is maintained under reflux
for 60  methanol and ether are removed. The aqueous  24 hours, after which
the benzene is removed 125 



suspension which remains is extracted  re-  by distillation under reduced
pressure and the peatedly  with  ether, and  the  combined  residue is
recrystallized from methanol con- ethereal extracts are washed with several
por-  taining about 1 %  of pyridine. Five parts of tions of water, dried,
and concentrated under  this purified ethylene ketal is dissolved by 65
reduced pressure. When the residue obtained  warming it with 150 parts of
pyridine. after 130    789,065                                     7 which
the solution is cooled to room  rem-  pound and 32 parts of ethylmagnesium
brom- perature and gradually added to an oxidizing  ide in anhydrous ether
is heated under reflux reagent prepared by the cautious addition in  for 3
hours, after which it is poured into small portions of 7 parts of chromium
trioxide  ice water and made distinctly acidic by the 5  to 70 parts of
pyridine. The reaction mixture  addition of hydrochloric acid. The
acidified  70 is shaken well and allowed to stand at room   mixture is
stirred for 2 hours at room tem- temperature for 4 hours. The reaction mix-
perature, an then the ethereal phase is separ- ture is then diluted with
about 10 times its  ated and combined with ether extracts of the volume of
water and extracted  repeatedly  remainder of the mixture. To insure
complete 10  with portions of a 50 volume per cent. solu-  hydrolysis of
the ethylene ketal, the residue  75 tion of benzene in ether. The material
which  remaining after distillation of the ether extract is insoluble in
either phase is removed by  is redissolved in 80%  acetic acid, and the
filtration and discarded, and the combined or-  solution is heated at
90-100[err] C. for one hour ganic extract is washed with 3 small portions
and concentrated to a small volume under re- 15  of water and concentrated
to dryness under re-  duced pressure. The residue is diluted with  80 duced
pressure. Purification of the residue by  water and extracted with several
portions of recrystallization from methanol containing a  ether. The
combined ether extract is washed small amount of pyridine affords a
norandro-  with dilute sodium bicarbonate solution and stenedione
3-ethylene monoketal. A solution  with several portions of water and
concen- 20  of 3 parts of this compound and 32 parts of  trated to dryness
under reduced pressure.  85 ethylmagnesium bromide in anhydrous ether
Purification of the residue by recrystallization is heated under reflux for
3 hours, after which  from a mixture of acetone and petroleum ether it is
poured into ice water and made dis-  affords 17-ethyl-19-nortestosterone
melting at tinctly acidic by the addition of hydrochloric  about
140-141[err] C. 25  acid. The acidified mixture is stirred for 2
EXAMPLE 14.                  90 hours at room  temperature, and  then the
A solution of 5 parts of 19-nortestosterone ethereal phase is separated and
combined with  in 88 parts of benzene is heated under re- ether extracts of
the remainder of the mixture.  flux for 8 hours with 10 parts of
[err]-mercapto- To insure complete hydrolysis of the ethylene  ethanol and
1 part of p-toluenesulphonic acid 30  ketal, the residue remaining after
distillation  monohydrate. The reaction mixture is then  95 of the ether
extract is redissolved in 80%   cooled and washed with dilute sodium  car-
acetic acid, and the solution is heated at 90-   bonate solution and with
several portions of 100[err] C. for one hour and concentrated to a  water.
The organic phase is separated and small volume under reduced pressure. The
concentrated to dryness under reduced pres- 35  residue is diluted with
water and extracted  sure. Purification of the residue by repeated 100 with
several portions of ether.  The com-  crystallization  from  methanol
containing a bine ether extract is washed with dilute sodium  trace amount
of pyridine affords 19-nortesto- bicarbonate solution and with several
portions  sterone 3-ethylene hemithioketal. Two parts of water and
concentrated to dryness under  of this ethylene hemithioketal is dissolved
in 40  reduced pressure. Purification of the residue  70 parts of warm
pyridine. The solution is 105 by recrystallization from a mixture of
acetone  cooled to room temperature and gradually and  petroleum  ether
affords 17-ethyl-19-  added to an oxidizing reagent prepared by the
nortestosterone melting at about 140-141[err]  cautious addition in small
portions of 2 parts C.                                         of chromium
trioxide to 20 parts of pyridine. 45                EXAMPLE 13.
The  reaction mixture is shaken well and 110 19-Nor-4-androstene-3,17-dione
(8  parts)  allowed to stand at room temperature for 4 is converted into a
3-ethylene ketal by heat-  hours. The reaction mixture is then diluted ing
it under partial reflux for 5 hours with  with about 10 times its volume of
water and 150 parts of purified 2-methyl-2-ethyl-1,3-di-  extracted
repeatedly with portions of a 50 50  oxolane (the ethylene ketal of
butanone) which  volume per cent. solution of benzene in ether. 115 has
been freed of ethylene glycol by efficient  The material which is insoluble
in either fractionation. and 0.2 part of p-toluene-sul-  phase is removed
by filtration and discarded, phonic acid monohydrate. During the period
and the combined organic extract is washed of partial reflux, a distillate
fraction  of  with 3 small portions of water and concen- 55  approximately
100 parts is collected and dis-  trated to dryness under reduced  pressure.
120 carded. The reaction mixture is then cooled  Purification of the
residue by recrystallization and diluted with benzene, after which it is
from methanol containing a small amount of 



washed with dilute sodium bicarbonate solu-  pyridine  affords  a
norandrostenedione 3- tion and with several portions of water. The
ethylene monohemithioketal. A solution of 1 60  organic phase is separated
and concentrated  part of this compound and 10 parts of ethyl- 125 to
dryness under reduced pressure. Purifica-  magnesium bromide in anhydrous
ether is tion of the residue by crystallization from   heated under reflux
for 3 hours, after which methanol containing a trace amount of pyri-  it is
poured into ice water and made distinctly dine affords a norandrostenedione
3-ethylene  acidic by the addition of hydrochloric acid. 65  monoketal. A
solution of 3 parts of this com-  The acidified mixture is stirred for 2
hours at 130    8                                          789,065 room
temperature, an/then the ethereal phase  alkyl group contains 2 to 8 carbon
atoms is separated and combined with ether extracts  which comprises the
treatment of a 3-oxo-17[err]- of the remainder of the mixture. The residue
alkyl-5(10)-estren-17-ol with an  acidic iso-  35 remaining after
distillation of the ether extract  merization  agent or a  basic
isomerization 5  is redissolved in a mixture of 125 parts of  agent.
ethanol and 15 parts of water, and 3 parts of    6. An isomerization
process for preparing concentrated hydrochloric acid is added. The
17[err]-ethyl-19-nortestosterone which comprises mixture is heated under
reflux for 10 minutes  treatment of 3-oxo-17[err]-ethyl-5(10)-estren-17-
40 and stirred at room temperature for an addi-  ol with an acidic
isomerization agent. 10  tional 6 hours.   It is then neutralized with
7. An isomerization process for preparing sodium   bicarbonate and
concentrated to  a  17[err]-ethyl 19-nortestosterone  which comprises small
volume  under  reduced   pressure.     treatment of
3-oxo-17[err]-ethyl-5(10)-estren-17- The   residue   is   diluted   with
water  ol with a mineral acidic isomerization agent.  45 and   extracted
with   several   portions      8. A process as claimed in Claim 5 where- 15
of ether.  The combined ether extract  is  in the
3-oxo-17[err]-alkyl-5(10)-estren-17-ol is washed with several portions of
water and is  present as an unisolated intermediate in the concentrated to
dryness under reduced pres-  conversion of a  17a-alkyl-3-alkoxy-2,5(10)-
sure. Purification of the residue by recrystal-  estradien-17-ol to a
17-alkyl-19-nortestoster-  50 lization  from  a  mixture of  acetone and
one. 20  petroleum  ether affords 17-ethyl-19-nortesto-   9. A process as
claimed in Claim  6 or 7 sterone melting at about 140-141[err] C.
wherein the 3-oxo-17-ethyl-5(10)-estren-17- What we claim is:-
ol is present as an unisolated intermediate in 1.     pounds  of the
general structural  the  conversion  of  a  17[err]-ethyl-3-alkoxy-  55
formula:                                       2,5(10)-estradien-17-ol to
17 - ethyl - 19- nortestosterone. 10. An isomerization process for
preparing CH                    17[err]-n-propyl-19-nortestosterone which
com- prises treatment of 3-oxo-17[err]-n-propyl-5(10)- 60 25
[err]                         estren-17-ol with  an  acidic  isomerization
agent. 11. An isomerization process for prepar- ing  17[err]-n-propyl
19-nortestosterone   which comprises treatment of 3-oxo-17-n-propyl-  65
5(10)-estren-17-ol with a mineral acidic iso- wherein R is a lower alkyl
radical containing   merization agent. 2-8 carbon atoms.
ELKINGTON  & FIFE, 2. 17-Ethyl-19-nortestosterone.
Consulting Chemists and 3. 17-n-Propyl-19-nortestosterone.
Chartered Patent Agents, 30    4. 17-n-Butyl-19-nortestosterone.
Bank Chambers, 329, High Holborn, London, 5. An isomerization process for
preparing                         W.C.1, a 17-alkyl-19-nortestosterone,
wherein  said            Agents for the Applicants. Leamington Spa: Printed
for Her Majesty's Stationery Office, by the Courier Press-1958. Published
at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained.    789,065 room temperature, an then the ethereal
phase   alkyl group contains 2 to 8 carbon atoms, is separated and combined
with ether extracts  which comprises the treatment of a 3-oxo 17[err]- of
the remainder of the mixture. The residue   alkyl-5(10)-estren-17-ol with
an  acidic iso-  35 remaining after distillation of the ether extract
merization  agent or  a  basic isomerization 5   is redissolved in a
mixture of 125 parts of  agent. ethanol and 15 parts of water, and 3 parts
of     6. An isomerization process for preparing 



concentrated hydrochloric acid is added. The
17[err]-ethyl-19-nortestosterone which comprises mixture is heated under
reflux for 10 minutes  treatment of 3-oxo-17[err]-ethyl-5(10)-estren-17-
40 and stirred at room temperature for an addi-  ol with an acidic
isomerization agent. 10  tional 6 hours. It is then neutralized with    7.
An isomerization process for preparing sodium   bicarbonate and
concentrated to  a   17[err]-ethyl-19-nortestosterone  which comprises
small volume  under  reduced   pressure.  treatment of
3-oxo-17[err]-ethyl-5(10)-estren-17- The   residue   is   diluted   with
water  ol with a mineral acidic isomerization agent    45 and   extracted
with   several   portions       8. A process as claimed in Claim 5 where-
15  of ether.  The combined ether extract is  in the
3-oxo-17[err]-alkyl-5(10)-estren-17-ol is washed with several portions of
water and is  present as an unisolated intermediate in the concentrated to
dryness under reduced pres-  conversion of a  17a-alkyl-3-alkoxy-2,5(10)-
sure. Purification of the residue by recrystal-  estradien-17-ol to a
17-alkyl-19-nortestoster-  50 lization  from  a  mixture  of  acetone  and
one. 20  petroleum  ether affords 17-ethyl-19-nortesto-    9. A process as
claimed in Claim  6 or 7 sterone melting at about 140-141[err] C.
wherein the 3-oxo-17[err]-ethyl-5(10)-estren-17- What we claim  is:-
ol is present as an unisolated intermediate in 1. Compounds of the general
structural  the  conversion   of  a  17[err]-ethyl-3-alkoxy-  55 formula:
2,5(10)-estradien-17-ol to  17 - ethyl - 19- nortestosterone. 10. An
isomerization process for preparing [err]
17[err]-n-propyl-19-nortestosrerone which com- [err]             prises
treatment of 3-oxo-17[err]-n-propyl-5(10)- 60 25
estren-17-ol with an acidic isomerization agent. 11. An isomerization
process for prepar- ing  17[err]-n-propyl-19-nortestosterone   which
comprises treatment of 3-oxo-17[err]-n-propyl-  65 5(10)-estren-17-ol with
a mineral acidic iso- wherein R is a lower alkyl radical containing
merization agent. 2-8  carbon atoms.
ELKINGTON  & FIFE, 2. 17-Ethyl-19-nortestosterone.
Consulting Chemists and 3. 17-n-Propyl-19-nortestosterone.
Chartered Patent Agents, 30    4. 17-n-Butyl-19-nortestosterone.
Bank Chambers, 329, High Holborn, London, 5. An isomerization process for
preparing                          W.C.1, a
17[err]-alkyl-19-nortestosterone, wherein  said             Agents for the
Applicants. Leamington Spa: Printed for Her Majesty's Stationery Office, by
the Courier Press-1958. Published at The Patent Office, 25, Southampton
Buildings, London, W.C.2, from which copies may be obtained    ERRATA
SPECIFICATION NO. 789,065 Page 1, line 42, for "mineral corticoid" read
"mineralocorticold". Page 1, line 67, for "3-monoakyl" read "3-monoalkyl".
Page 2, line 79, after "group" insert ",". Page 2, line 84, for "N
pyrrolidyl" read "N-pyrrolidyl" Page 3, line 70, for "hydrogen" read
"hydrogen". Page 3, line iii, for "hydrognated" read "hydrogenated", Page
4, line 108, for "27" read "17". Page a, line 31, for "60-50[err]C." read
"50-55[err]C". Page 7, lines 30-37, for "combine" read "Combined". Page 8,
line 1, for "an" read "and". Page 8, line 43, for "ethyl 19" read
"ethyl-19". THE PATENT OFFI CE, 13th May, 1958    


