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A lengthy series of steroid sulfate triethylammonium salts has
been prepared using triethylamine-sulfur trioxide in pyridine as
the sulfating agent. In addition to the expected sulfating capacity
of the reagent, selective sulfation was observed in those cases where
rate factors greatly differentiated between the reaction of various
hydroxyl groups. Modifications of the general reaction conditions
have allowed the sulfation of hindered hydroxyl groups, and the
preparation of several disulfate salts. A simple procedure for the
conversion of triethylammonium salts to the corresponding ammonium
salts has been outlined.

The sulfation of alcohols with tertiary amine-sulfur trioxide
complexes presents a process which has found ever increasing utility
in synthetic organic chemistry.2 Thus in the preparation of steroid
sulfate conjugates, pyridine-sulfur trioxide3 has been widely employed
for this purpose. In this report we wish to present our experiences
with triethylamine-sulfur trioxide.e’h We feel that this reagent
offers some distinct advantages for the preparation of a wide variety
of steroidal mono- and di-sulfates.

In the Table are outlined a number of representative steroid

sulfates which have been prepared in this study. The triethylammonium

sulfatesu’5 are generally highly crystalline derivatives which can

be readily recrystallized. Analytical data indicate the salts are
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non-hydrated, appear to be non-hygroscopic and stable under normal
storage conditions.6 An advantage of the triethylammonium salts is
their solubility in methylene chloride which conveniently allows
their recrystallization from methylene chloride-anhydrous ether.
This solubility also aids in their purification since passage of
a methylene chloride solution of the salt through a pad of an
adsorbent such as Magnesol  removes colored impurities and, in
some cases, unreacted starting material. The adsorbent also removes
traces of water which would hamper recrystallization. The triethyl-
ammonium salts can easily be converted to their corresponding ammonium
salts by passage of a stream of gaseous ammonia into a methylene
chloride or methylene chloride-anhydrous ether (2:1) solution of the
former. The precipitated ammonium salt can be recovered by filtration.
The preparation of the sulfates I through VIII listed in the
Table was easily accomplished at room temperature (2 hr) in dry
pyridine employing 1.1 equivalents of the sulfating agent. No
difficulties arose in sulfation of the 17f-hydroxy group in III; in
fact, 17p-sulfooxyaendrost-4-en-3-one triethylemmonium salt (III)
was isolated in at least 80% yield (recrystallized-anslytical quality).
A base-labile hydroxyl group was successfully sulfated in the prepa-
ration of 6p-sulfooxypregn-l-ene-3,20-dione triethylammonium salt

(X1). The latter was recrystallized without noticeable decomposition.
The use of the reagent for selective hydroxyl group sulfation

was next investigated. Employing 1.1 equivalents of the reagent
and normel reaction conditions (room temperature 2 hr) allowed
A the preparation of l7a-hydroxy-3B-sulfooxypregn-5-en-20-one tri-

ethylammonium salt (IX). When the quantity of the reagent was
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increased to 5.0 equivelents and the reaction time extended to

17 hr, thin layer chromatography indicated the presence of a mixture
of IX and the 3,17-disulfate. An increase in the reaction tempera-
ture to 90-950 (3 hr) brought about complete conversion to the
disulfate. The ditriethylammonium salt appeared to be a low melting
compound, and therefore, the disulfate in methylene chloride-ether
solution was treated with gaseous ammonia, being converted to and
characterized as the diammonium salt X. 17a-Sulfooxypregn-li-ene-
3,20-dione triethylammonium salt (XII) was prepared, albeit in low
yield (13%), using the reaction conditions triethylamine-sulfur
trioxide (1.1 eq.) - room temperature - overnight reaction time.
When the reaction conditions were made more vigorous, (70-950 for

3 hr), a 70% yield of XII was obtained.

Concerning the sulfation of the 21-hydroxyl group in the corticoid
series, selective reaction has yielded the following triethylammonium
salts, 2l-sulfooxypregn-i-ene-3,20-dione (XIII), l7a-hydroxy-2l-sulfo-
oxypregn-4-ene-3,20-dione (XIV), l7a-hydroxy-2l-sulfooxypregn-4-ene-
3,11,20-trione (XVI) and 11B,l7a-dihydroxy-21-sulfooxypregn-4-ene-
3,20-dione7 (XVIII). 1In addition, XVI was converted to its ammonium
salt XVII with gaseous ammonia to illustrate the salt exchange in
this series. The preparation of l?a,21-disulfooxypregn-k—ene-3,20-
dione - reaction conditions: sulfating agent (5.0 eq.) - 70-90° -

3 hr - was successful with the ditriethylammonium salt XV being
conveniently characterized in this instance.

The aromstic sulfates XIX through XXI have been included to
illustrate examples in the estrogen series. The conversions are

extremely facile and actually represent nearly ideal reaction



52

STEROIDS

conditions for the preparation of estrogen sulfates. We have
investigated the synthesis of estrogen sulfate conjugates in greater

depth, which will be the subject of a future publication.

Experimental
Melting Points. - All melting points are uncorrected.

Optical Rotations. - The rotations are for chloroform solution or
as otherwise stated, and were carried out at 25°.

Absorption Spectra. - The ultraviolet spectra were determined in
methanol. The infrared spectra are for a pressed potassium bromide

disc or as otherwise stated. NMR data were obtained on a Varian A-60

spectrometer using TMS as internal standard.

Petroleum Ether. - The fraction used had bp 30—750°

Celitégz - (Johns-Manville Company), a diatomaceous silica product.

Florisilgg - (Floridin Corporation), a synthetic magnesium silicate
adsorbent.

Mesol®. - (Food Machinery Chemical Corp.), a hydrous megnesium
sllicate.

Thin Iayer Chromatography Solvent System. - Benzene:acetone:water
(2:1:2) upper phase 70%, methanol 30%.

Thin Layer Chromatography. - The thin layer chromatograms were
carried out at room temperature on glass plates coated with
approximately 0.25 mm of Silica Gel G (Merck, Darmstadt ) prepared
according to E. Stahl, CHEM. ZTG. 82, 323 (1958) with approximately
0.3% Radelin Phosphor GS-115 (United States Radium Corporation,
Morristown, N.J.), added. After developing the chromstogram, the
plates were viewed under a Mineraligh UVS.11 (Ultra Violet
Products Inc., Sen Gabriel, California) ultraviolet source and then
sprayed with a 10% phosphomolybdic acid-methanol solution (slight
heating of plates to develop spots).

Purification of Triethylamine-Sulfur Trioxide.

Commercial grade triethylamine-sulfur trioxide (30 g) was
dissolved in methylene chloride (50 ml) and this solution was
passed through a 35 mm column of thnesolgb (packed in a 35 mm
sintered glass funnel) followed by additional methylene chloride
(250 ml). The clear effluent was heated to reflux on a steam bath,
and anhydrous diethyl ether was added slowly with continued reflux
until a heavy cerystalline precipitate was evident. This suspension

12:1
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was cooled and tﬂe reagent was recovered by filtration, 25.5 g, mp
92-93°, reported* mp 91.5°.

General Procedure for the Monosulfation of a Steroid.

The steroid was dissolved in the minimum volume of dry pyridine
required to effect complete solution. To this_solution was added
solid triethylamine-sulfur trioxide (1.1 eq.).8 After standing
approximately 2 hr at room temperature the reaction mixture was
poured into anhydrous ether (approximately 10 to 20 times the volume
of the reaction mixture). The precipitated salt was filtered,
washed several times with anhydrous ether, and then dissolved in a
minimum volume of methylene chloride. This solution (usually colored)
was added to the top of a_sintered glass funnel which had previously
been packed with Magnesol® (approximately 10 g/l g of steroid).
Additional methylene chloride was passed through the column under
reduced pressure and the effluent stream was monitored for the
termination of the steroid flow. The methylene chloride effluent
was refluxed on a steam bath and anhydrous ether was continuously
added until the precipitation of the salt was noted. The solution
was then cooled and the crystals were collected by filtration.
Additional compound could be obtained by the addition of more anhy-
drous ether to the initial mother liquor. The purity of the salt
was established by thin layer chromatography using the system
outlined in the introduction to the Experimental.. Recrystallization
of salts was accomplished from the same solvent pair, methylene
chloride-anhydrous ether.

For the monosulfation of steroids having a hindered hydroxyl
group (g,g.XII)the most favorable reaction conditions were 1.1
equivalents of reagent at 70-95° for 3 hr.

General Procedure for the Disulfation of Steroids.

The experimental conditions for the disulfation of steroids
were egsentially those outlined for monosulfation with the exception
that the molar quantity of triethylamine-sulfur trioxide was increased
from 1.1 to 5.0 equivalents, and the temperature of the reaction mixture
was increased from room temperature to 90-95°. Product isolation has
been detailed in the monosulfate section. :

General Procedure for the Conversion of Triethylammonium Salts to
the Corresponding Ammonium Salts.

A solution of the triethylammonium salt in methylene chloride
or methylene chloride-anhydrous ether (2:1) was treated with a stream
of gaseous ammonia with the immediate appearance of a precipitate.
This process was continued for 2 min and then the product was recovered
by filtration. Recrystallization of the ammonium salt was accomplished
from methanol-aphydrous ether.
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