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MODIFIED STEROID HORMONES—XXXIII!
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Abstract—Reaction between steroidal 3-alkoxy-3,5-dienes and the Vilsmeier reagent leads to high
yields of the corresponding 6-formyl derivatives. These intermediates are reduced to 3-alkoxy-6-
hydroxymethyl-3,5-dienes which undergo dehydration with acids to 6-methylene-4-en-3-ones.

SEVERAL methods for introducing a carbon substituent at Cg in the steroid molecule
have been reported. These include reaction of (i) 5x,6a-epoxy®?® derivatives and of
6-ketones? with a Grignard reagent, (ii) 3f-hydroxypregn-5-enes with carbon mon-
oxide and hydrogen in the presence of dicobalt octacarbonyl (the “oxo reaction™)*
and (iii) 3-enol ethers of 4-en-3-ketones with a carbon tetrahalide.® Subsequent
transformations of the initially-formed products have been directed in each case
towards the preparation of 6x-methyl-4-en-3-ketones.

As the foregoing procedures are often inefficient and of doubtful reproducibility,
we sought an alternative route and now report upon a new procedure which is both
convenient and highly effective.

During the past few years, 6-hydroxy, nitro? and halo-4-en-3-ketones® have been
prepared by reaction of enolic derivatives of 4-en-3-ketones with electrophilic reagents
such as per-acids, nitric acid and sources of “positive” halogen (e.g. N-chlorosuc-
cinimide, perchloryl fluoride). These transformations may be rationalized by assuming
that the enolic derivative (I) functions in a polarized form (Il) in which C; is electro-

Joots ,x/@fl Qf)/

negative. Application of the concept of electrophilic attack upon enol derivatives to
the preparation of Cg-carbon substituted steroids clearly necessitates the provision of
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a suitable electrophilic reagent in which the reactive centre is a carbon atom. To
this end we examined several reagents which have been successfully employed for
aromatic and heterocyclic electrophilic substituents, but only one of these, the
Vilsmeier reagent,® gave encouraging results. The 3-enol ethers, acylates and enamines
of 4-en-3-ketones were all examined but only the enol ethers gave the desired con-
versions.

The Vilsmeier reagent is a cationic species regarded by Arnold!® as having the
structure @ ®
RyN=CHX +«— R;N—CHX
where X is halogen (Cl or Br) atom or other electronegative group such as —O-PO-Cl,.
It is prepared by treating a formamide, generally dimethyl formamide, with phosgene
or phosphoryl chloride, when reactions are thought to occur as follows:

- @
(@) Me,NXCH-CO - COCI, — Me,;N~CH—O—CO.Cl + CI-

Me,Fii=CH_\o —» Me,N—CHCI -+ CO,
|
clco
@
(b) Me,N CHLO + POCI, — Me;N—=CH—O—POCI, + CI-

Its application to aliphatic ketomethylene systems has been studied by Arnold et al.!!

We have found that the Vilsmeier reagent, formed from dimethyl formamide
and phosgene, reacts with 3-alkoxy-3,5-dienes in an anhydrous medium to give an
iminium intermediate, regarded as (III), which passes on hydrolysis into the cor-
responding 6-formyl 3-enol ether (IV). The transformations may be interpreted as
follows:

I |

+H®

ey + Cle
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RO H
CHCI CH )
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NHMe, +
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éHO
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General methods for the preparation of the Vilsmeier reagent and for its reaction
with 3-enol ethers of a wide variety of steroidal 4-en-3-ketones are described in the
Experimental Section.

The high-order efficiency of the 6-formylation reaction proved to be independent
of the nature of the ether grouping at C;. Considerations based upon solubilities and
other properties of the formylation products, however, pointed to the use of methyl

? See H. H. Bosshard and Heh. Zollinger, Helv. Chim. Acta 42, 1659 (1959) and references there cited.
10 Z. Amold, Coll. Czech. Chem. Comm. 24, 4048 (1959).
1 See e.g. Z. Amnold and J. Zemlicka, Coll. Czech. Chem. Comm. 24, 786 (1959).
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enol ethers as the starting materials of choice. The Vilsmeier reagent, employed in
the ratio of 1-1 to 1-3 molar proportions per molar proportion of steroid under the
conditions defined in the Experimental Section, had little effect upon most functional
groups except epoxy and some hydroxyl groups. 16x,17x-Epoxypregnan-20-ones
were converted into chlorohydrins from which the epoxide ring could be regenerated
by mild alkali treatment of the product. 16f-Methyl-16x,17x-epoxypregnan-20-ones
were converted into 17a-hydroxy-16-methylene-20-ones. A molar excess of reagent
was required for optimum yields of 6-formylated products in both the foregoing
circumstances and in most cases in which an hydroxyl group was initially present.
The behaviour of the last grouping depended upon character and position. Thus,
whereas secondary 178- and some tertiary 178-hydroxyl groups (as in 17z-alkyl
testosterone 3-enol ethers) underwent formylation, the 17«-hydroxy group of the
cortical side-chain emerged unchanged from the reaction. 3,3-Ethylenedioxy-5-ene ster-
oids were converted by the Vilsmeier reagent into 6-formyl derivatives of the corre-
sponding 3-(8-hydroxy ethoxy)-3,5-dienes. Worthy of note is the observation* that
the reagent promoted isomerization of the 3-methoxy estra-2,5(10)-diene system, when
the 6-formyl derivative of the corresponding 3-methoxy estra-3,5-diene was obtained.

6-Formyl-3-enol ethers (IV) are, with few exceptions, well-defined crystalline
solids with melting points often somewhat higher than those of the parent enol ethers.
The UV absorption spectra show 4, 219-221 my (10,000 to 12,000) and 2,
319-323 myu (14,000 to 16,000), and in the infrared spectra, bands (in Nujol) appear
at 1639-1645 (medium intensity), 1604-1606 (very intense) and 1572-1577 cm™!
(weak). The 3-alkoxy-6-formyl-3,5-diene system proved unexpectedly stable to hot
acetic acid and to other conditions of acidity which normally cause rapid regeneration
of 4-en-3-ketones from unsubstituted 3-alkoxy-3,5-dienes. Surprisingly, simple
crystallization of a 6-formyl enol ezhy! ether from methanol often resulted in partial
or even complete conversion to the corresponding methy! enol ether. Ether inter-
change may therefore occur with great facility, and caution must be exercised during
crystallization of 6-formyl derivatives of higher enol ethers from lower alkanolic
solvents.

The 6-formyl group present in compounds (IV) was readily reduced to a 6-
hydroxymethyl group (see V) by catalytic hydrogenation, and by a variety of reagents
including sodium and lithium borohydrides, and diborane, the method of choice

T RO/ K)\I) _>o/ k'/l\lg
vi

CH,OH CH,
v

being dictated by the presence or absence of interfering groups in the derivative (IV).
Thus, sodium borohydride in methanol, or lithium borohydride in tetrahydrofuran,
could be employed for the reduction of certain derivatives such as the 17«-acetoxy-
pregnan-20-ones in which the ketonic function is difficulty reducible. Careful use of
the last reagent also avoided attack upon ester linkages. In contrast, the 6-formyl
and 20-oxo functions of 6-formyl cortisone 21-acetate 3-enol ether were reduced by
the borohydrides at comparable rates, but a hydrogenation procedure (see Experi-
mental) employing a platinum-charcoal catalyst in a slightly basic medium permitted

* By Mr, C. Burgess of this Dept.
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selective reduction of the formyl group at C4. In this way, the 6-hydroxymethyl 3-enol
ethers (V) derived from cortisone acetate, desoxycorticosterone acetate and androst-
4-ene-3,17-dione were prepared in good yield. Hydrogenation in the presence of
Raney nickel also proved useful.

Compounds of type V are sometimes difficult to obtain in crystalline condition.
They have UV spectra with A,,, 248-251 mu (16,000 to 20,000); the IR spectra
show the principal features of the parent enol ethers. Unlike their 6-formyl pre-
cursors, 6-hydroxymethyl 3-enol ethers proved extremely sensitive to acids, and for
this reason were crystallized best from solvents rendered slightly basic by the addition,
for example, of a trace of pyridine. Brief treatment with aqueous acetic or methanolic
mineral acids resulted in hydrolysis of the 3-enol ether systems with concomitant
dehydration of the 6-hydroxymethyl groups, to give the corresponding 6-methylene-
4-en-3-ketones (VI), generally in excellent yield.

Most 6-methylene derivatives (VI) crystallize well. They are strongly dextro-
rotatory, and have IR absorption with maxima (in methylene dichloride) at circa
1644, 1623 (poorly resolved) and 1599 cm~!. The UV absorption spectra show a
characteristic gradual and continuous increase in intensity with increase in wave-
length from 220 my (e ca. 3,400) to 260 my (11,500 to 14,000), after which the curves
decline abruptly.

The 6-formyl derivative (IV) of testosterone acetate 3-enol methyl ether readily
formed an oxime. Treatment of the 6-hydroxymethyl derivative (V) of testosterone
acetate 3-enol methyl ether with acetic anhydride-pyridine gave an amorphous
acetate, which, on attempted purification by recrystallization, passed into 6-methylene
testosterone acetate (V1). Hydrogenation of the last compound, employing a palladium
on charcoal catalyst, furnished 6f-methyl testosterone acetate,'* from which the
6a-methyl isomer may be obtained by epimerization procedures.!?

EXPERIMENTAL

Optical rotations, UV (in ethanol solution) and IR absorption spectra were kindly determined by
Mr. M. T. Davies, B.Sc.

General procedures for the preparation of hitherto undescribed 3-enol ethers of 4-ene-3-ketosteroids

Method A. Methyl or ethyl orthoformate (1 part) and tofuene-p-sulphonic acid (1 {20 part) or
conc. H,SO, (1/50 part) were added to the 4-ene-3-ketosteroid (1 part) in “AnalaR” dioxan (10-15
parts), and the mixture stirred at room temp for 20 mins, or until a clear solution was obtained and
thereafter for a further 10 mins. After the addition of pyridine (1/5 part), the mixture was treated
with sufficient water to effect crystallization of the enol ether. The product was purified usually from
aqueous methanol containing a few drops of pyridine.

Method B. The 4-ene-3-ketosteroid (1 part) was suspended in a mixture of dry tetrahydrofuran
(10-12 parts), methyl- or ethyl orthoformate (1-2 parts) and the corresponding alcohol (1 part).
After the addition of toluene-p-sulphonic acid (1/50 part), the mixture was stirred until the steroid
had dissolved and thereafter for a further 30 min. Pyridine (1/10 part) was added, followed by water
and the product was isolated with ether. Excess orthoformate was removed under reduced pressure
and the residue purified as in Method A.

Method C. Higher enol ethers were prepared by procedures'® involving ether-exchange or azeo-
tropic distillation.

' M. Ackroyd, W. J. Adams, B. Ellis, V. Petrow and I. A. Stuart-Webb, J. Chem. Soc. 4099

(1957).
12 A Ercoli and R. Gardi, J. Amer. Chem. Soc. 82, 746 (1960).
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Method D (for cortisone 17,21-acetonide 3-enol methyl ether). Cortisone (15 g), dimethyl-
formamide (30 ml), dimethoxypropane (120 ml) and toluene-sulphonic acid (75 mg) were heated for
6 hr under reflux in an apparatus fitted with a variable take-off head. About 10 ml distillate were
removed hourly. Methylorthoformate (15 ml) was then added, followed 10 min later by pyridine
(5 ml). The mixture was concentrated under reduced pressure to about 40 ml, water added, and the
product collected and purified from methylene dichloride—ethanol to which a trace of pyridine had
been added.

General procedures for the 6-formylation of 3-enol ethers of 4-ene-3-ketosteroids

Method A. The Vilsmeier reagent was prepared as follows:

A freshly prepared solution of phosgene (2 parts) in ethylenedichloride (20-30 parts) was added
dropwise during 30 min to a stirred solution of freshly distilled dimethylformamide (3 parts) in an-
hydrous ethylenedichloride (10 parts) maintained between 0° and 5°. A white ppt appeared, accom-
panied by the evolution of carbon dioxide. After a further 10 min, the steroidal enol ether (6 parts)
in ethylene dichloride (30-60 parts) containing pyridine (} part) was added all at once to the reagent
slurry. Stirring was continued at 0°-20° for 1-2 hr, when a clear red solution was obtained. A 5%
aqueous solution of sodium acetate (4 parts) was added and the mixture stirred vigorously for 10 min,
then poured into water. Sufficient ether was added to produce an upper organic phase, and the two
phases were separated. Coloured impurities in the ether phase were removed by repeatedly washing
with water. After removal of the solvents from the dried extract, the residual crude 6-formyl derivative
was purified from methanol or other suitable solvent. Yields of 6-formyl 3-enol ethers approached
909%; in favourable cases.

Method B. The relative proportions of solvents and reactants were similar to those employed in
the foregoing procedure. The steroidal enol ether, however, was not added to the prepared Vilsmeier
reagent but was incorporated in the dimethylformamide-ethylenedichloride mixture prior to the
addition of the phosgene solution. The product was isolated as above.

Method C. The process differed from Method A in that twice as much phosgene and dimethyl-
formamide were employed.

Method D. As Method A, but three times as much phosgene and dimethylformamide were
employed.

Freshly distilled phosphoryl chloride could be used in place of phosgene in any of the foregoing
methods; successful reactions were carried out using, in place of dimethylformamide, the higher
formamides N-methylformanilide, N-formylpiperidine, N-formylmorpholine and N,N- diethyl-
formamide.

Preparation of 6-hydroxymethyl 3-enol ethers

Method A. The 6-formyl 3-enol ether (10 parts) in methanol (100 parts) was treated with sodium
borohydride (1 part) and the mixture stirred for 15 mmn at room temp. The product was isolated by
addition of water and extraction with ether, and was purified from aqueous methanol containing a
trace of pyridine.

Method B. The 6-formyl derivative (20 parts) in anhydrous tetrahydrofuran (100-200 parts)
was treated with lithium borohydride (1 part) in tetrahydrofuran (20-30 parts). The mixture was
kept for 10 min at room temp then poured into water and the product isolated as above.

Method C. Raney nickel sludge (2 ml for each 1g of steroid) was repeatedly washed with methanol
by decantation until the washings were only weakly alkaline, then treated with a 1:1 mixture of
methanol and methyl acetate. The mixture was allowed to stand overnight, the solvents decanted,
and replaced by a fresh 3:1 mixture of methancl and methyl acetate (10 ml per 1g of steroid to be
used). The catalyst was hydrogenated to equilibrium at atm. press. a solution or suspension of the
6-formyl derivative in methanol (5-10 parts) was added, and hydrogenation allowed to proceed until
a molar proportion of hydrogen had been absorbed. The catalyst was removed, and the product
isolated and purified as above.

Method D. A 5% platinum on charcoal catalyst (1 part) was hydrogenated in methanol. The
6-formyl derivative (2 parts) and sodium acetate (2 parts) in methanol (10-30 parts) were added and
the mixture hydrogenated until one equivalent proportion of hydrogen had been absorbed. After
removal of the catalyst, water was added and the product purified as above.

Yields of 6-hydroxymethyl derivatives obtained by one or other of the foregoing methods
approached 959 in favourable cases.
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Preparation of 6-methylene-4-ene-3-ketosteroids

The 6-hydroxymethyl 3-enol ether (1 part) in 809, aqueous acetic acid (10 parts) was heated for
10-30 min at 85-100°. Addition of water gave a crystalline product which was purified from a suitable
solvent. Alternatively, and in the absence of other hydrolysable groups, the 6-hydroxymethyl
derivative (1 part) in methanol (10 parts) was treated with conc. HCl acid or 8N H,SO, (0.2 parts)
and the mixture stirred for 30 min at room temp. Yields were greater than 80 %; in favourable cases.

17«-Viny! testosterone propionate, prepared by heating 17x-vinyl testosterone (5 g) in propionic
anhydride (25 ml) and pyridine (25 ml) for 4 hr under reflux, crystallized from aqueous methanol,
in needles, m.p. 126-127°, [a]}* +104° (c, 1-1 in CHCly). (Found: C, 77-6; H, 9:1. C,H,0,
requires: C, 77'8; H, 9:2%).

17a-Prop-1-ynyl testosterone propionate, prepared similarly, crystallized from aqueous methanol,
in laths, m.p. 128-12%°, [«]F +9° (¢, 1-0 in CHCl,) (Found: C, 78:6; H, 9-0. CyH,,0, requires:
C, 78:5; H, 9:0%).

Oxime of 6-Formyl testosterone acetate 3-enol methyl ether, prepared by heating the 6-formyl
derivative (10 g) and hydroxylamine hydrochloride in abs. ethanol (200 ml) and pyridine for 20 min
under reflux crystallized from aqueous ethanol in prisms, m.p. 184-186°, [a]}} —204-5° (¢, 0-78 in
CHClL) Apex 216-218 (¢, 8,870) and 293 my (&, 21,580), vy, (in CCl) 3591, 1739, 1634 cm™!
(Found: C, 71:2; H, 8-6; N, 3-4, Cy,Hy,NO, requires: C, 71-3; H, 8:6; N, 3:6%).

68-Methyl testerone acetate. 6-Methylene testosterone acetate (2 g) in methanol (70ml) was hydro-
genated in the presence of a pre-hydrogenated 29, Pd—C catalyst (0-1 g). The reaction was stopped
when one equivalent proportion of hydrogen had been absorbed, the catalyst was removed, and the
product isolated with ether. Crystallization from aqueous methanol gave 68-methyl testosterone
acetate, m.p. 154-156°, not depressed in admixture with an authentic specimen.*

21-Acetoxy-6-formyl-3-methoxypregna-3,5-dien-20-one.  21-Acetoxy-3-ethoxypregna-3,5-dien-20-
one was formylated using procedure A. The crude product m.p. 100-106°, was recrystallized from
methanol to give 21-acetoxy-6-formyl-3-methoxypregna-3,5-dien-20-one, m.p. 128-130° identical
with an authentic sample prepared from 21-acetoxy-3-methoxypregna-3,5-dien-20-one. The nature
of the ether grouping in the crude and final products was clearly demonstrated by NMR spectra.



