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The Reaction between S-Propiolac-
tone and Selenium-containing
Reagents

LARS-BORGE AGENAS and
BJORN PERSSON

Chemical Institute, University of Uppsala,
Uppsala, Sweden

The reaction between some y- and 4-
lactones and sodium benzyl selenolate
has earlier been studied by one of us,.?
among other things for the purpose of
preparing the corresponding seleno-sub-
stituted carboxylic acids through a simple
and convenient method of synthesis. The
corresponding y- and J-benzylseleno-sub-
stituted carboxylic acids were obtained in
this way in satisfactory yield. As a conse-
quence of these experiments, it was quite
obvious to extend this investigation also
to B-lactones. From the investigation of
the reactivity of p-propiolactone by
Gresham et al® it is known that this
compound easily reacts with potassium
thiocyanate along with many other
reagents. The reaction was performed in a
water solution and in this way an almost
quantitative yield of g-thiocyanato-
propionic acid was obtained. The corre-
sponding f-selenocyanatopropionic acid
was earlier prepared by Fredga,* who
reacted potassium selenocyanate with an
aqueous solution of neutralized p-chlo-
ropropionic acid. The method gives a good
yield but always an amount of elemental
selenium is obtained as a by-product,
arising from the acidic decomposition of
unreacted potassium selenocyanate. Fol-
lowing the method by Gresham et al. for
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the preparation of g-thiocyanatopropionic
acid, an improved method of synthesis of
the corresponding §-selenocyanatopropionic
acid (I) has now been developed. :

CH2—CHa
1) Hy0
kseeh +| | T
0—Ccy,

NCSe—CHz— CH~COOH

I

Scheme 1

Thus, an aqueous solution of potassium
selenocyanate was prepared and f-propio-
lactone was added at room temperature.
After acidifying the reaction mixture, a
quantitative yield of I was obtained after
extraction.

For a comparison with the earlier ex-
eriments performed with - and §-
actones, an attempt to react p-propio-
lactone with potassium selenocyanate in a
dimethyl formamide solution was also
made. However, the potassium seleno-
cyanate is only slightly soluble in this
solvent and no ‘reaction was observed
after a reasonable time.

Another reagent frequently used for the
introduction of a selenium substituent into
an organic molecule, is benzyl selenol. In
this investigation, sodium benzyl selenolate

was prepared by adding the selenol to a
solution of sodium_ methanolate. After
evaporating the resulting solution almost
to dryness, a dimethyl formamide solution
of p-propiolactone was added at room
temperature. After acidifying the resulting
mixture, an almost quantitative yield of
p-benzylselenopropionic acid (II) was ob-
tained.

CH2 —CHap
s I 1) DMF
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Scheme 2



838

This substance (II) has earlier been
described by Fredga,® who prepared it
through the reaction of benzyl chloride
with an aqueous solution of neutralized -
hydroselenopropionic acid. The method of
preparation described in this paper is very
rq;)li(cii and gives an almost quantitative
eld.

YIBy the experiments described above it is
shown, that pg-propiolactone reacts, as
expected, very fast also with selenium-
containing nucleophilic reagents and in this
way & simple method for the preparation
of fB-selenosubstituted propionic acids has
been obtained. The reaoction is equally well
performed in water as well as in dimethyl
formamide solutions, provided the reagent
in question is soluble in the solvent.

Ezxperimental. The infrared spectra were
recorded using & Perkin-Elmer model 237
Infracord spectrophotometer. The selenium
analyses were performed according to a micro-
method developed by Bengtsson.® This method
is very similar to that of Gould.” The melting-
points are uncorrected.

B-Selenocyanatopropionic acid (I). A solu-
tion of 21.6 g (0.15 mole) of potassium seleno-
cyanate ® in 76 ml of water was prepared and
placed in a three-necked flask fitted with a
dropping funnel, a mechanical stirrer, and a
reflux condenser. To this solution 10.8 g (0.15
mole) of commercial B-propiolactone were
added. The rate of the addition was maintained
8o that the reaction temperature did not
exceed 25°. When all the lactone was added,
the reaction mixture was acidified with con-
centrated hydrochlorio acid and diluted with
50 ml of water. The mixture was thoroughly
extracted with ether and the ether extracts
were dried over magnesium sulfate. After
evaporating the ether under vacuum, a
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Fig. 1. Infrared spectrum of f-selenocyanato-
propionic acid (I) in KBr-phase.
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Fig. 2. Infrared spectrum of B-benzylseleno-
propionic acid (II) in KBr-phase.

yellowish oil was obtained, which solidified
upon cooling. The yield of crude material was
26.7 g (100 %), m.p. 48— 54°. Three recrystalli-
zations from benzene (norite) gave the
analytical pure substance, m.p. 55—56°.
(Found: C 26.98; H 2.91; Se 44.20; equiv. wt.
177.7. Cale. for CHNO,Se: C 26.97; H 2.83;
Se 44.34; equiv. wt. 178.05).
B-Benzylselenopropionic acid (II). In a three-
necked flagk, fitted with a dropping funnel, a
mechanical stirrer, and a reflux condenser, a
sodium methanolate solution was prepared
from 1.25 g (0.055 atom) of sodium and 20 ml
of absolute methanol. To this solution 9 g
(0.055 mole) of benzyl selenol ® were added
with stirring. The reddish-brown solution was
evaporated almost to dryness with stirring
under reduced pressure and to the remaining
yellowish brown solid, a solution of 3.6 g
(0.05 mole) of S-propiolactone in 50 ml of
dimethyl formamide was added. An exothermic
reaction immediately started and the lactone
solution was added at such a rate, that the
temperature did not exceed 35°. If necessary,
cooling with an ice-bath was used. The reaction
mixture was allowed to stand at room tem-
perature with stirring for 2 h and finally 500
ml of water was added. The alkaline solution
was extracted with ether to remove impurities,
and acidified with dilute sulfuric acid. An
emulsion was obtained, which was thoroughly
extracted with ether. The combined ether
extracts were washed with water to remove
dimethyl formamide. After drying the ether
golution over sodium sulfate, the ether was
removed by distillation and the remaining oil
solidified upon cooling. The yield of crude
material was 12.0 g (98 %), m.p. 69—-73°.
Repeated recrystallizations from light petro-
leum (norite) gave the analytically pure acid
as colorless leaves, m.p. 73.56—75°. (Found:
C 49.46; H 4.95; Se 32.37; equiv. wt. 242.3.
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Cale. for C,;H,,0,8e: C 49.38; H 4.98; Se
32.46; equiv. wt. 243.17).
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Some Properties of a Ternary
Sulfide Mo-Sn-S
ARNE W. ESPELUND

Metallurgisk Institutt, Norges tekniske
hggskole, Trondheim, Norway

Metallic tin has been suggested as a
reducing agent for molybdenite, MoS,.t
The sulfur can be volatilized mainly as
SnS, giving a metallic residue of molyb-
denum. In an attempt in our laboratory
to measure the vapour pressures of the
various univariant equilibria involved
with subsequent examination of the prod-
ucts, the X-ray pattern of a new phase
was obtained.
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This compound could not be isolated
by any conventional method from the
other phases in the sample, and synthesis
in quartz ampoules was resolved upon:
Finely powdered molybdenum, sulfur, and
tin were mixed together in certain propor-
tions and sealed off under vacuum. When
a certain temperature gradient was main-
tained along the ampoule — about 900 to
400°C — the highly exothermic reaction
could take place without establishing an
internal pressure causing destruction of
the ampoule. The mixture was ground
and given a second homogenizing treat-
ment.

Upon microscopic examination black
crystals with rectangular crystal faces
were found.

Debye-Scherrer photographs showed the
pattern of a single phase for a mixture
with an atomic ratio Mo:Sn:S close to
6:1:7. It conjugated with the other
substances MoS; —Mo,S;—Mo—S8n, so that
straight lines emerge from the ternary
compound to each of these phases in a
conventional ternary diagram. There was
no variation in the 0-values from one
three-phase combination to another, in-
dicating a limited homogeneity range.

The pattern obtained, supplemented
with electron diffraction suggests a unit
cell of orthogonal symmetry. The observed
lines are fairly well explained by assuming
a pseudocubic unit cell with @ = 6.53 A,
as shown in Table 1. Cubic unit cells with
a = 6.53¢/2, 6.63 X 2 and 6.53+43 were
tried without complete resolution of all
lines. Application of a Bunn chart for
tetragonal crystals gives satisfactory index-
ing of the first lines with ¢ = b = 6.53,
¢ = 9.23 A, i.e. ¢c = ay/2, but some lines
at high 6-values could not be resolved.

Several attempts to produce single
crystals of a suitable size failed.

Measurement of the specific gravity by
means of pycnometer gave as result
5.69 4+ 0.03 g/cm?. The stoichiometric
proportion referred to above (6 Mo:1 Sn:7 S)
renders as formula weight 919. The calcu-
lated formula weight of the content of a
pseudocubic unit cell with a = 6.53 A is
950, — in reasonable agreement with the
former value.

This new compound with a metal to
sulfur ratio apparently 1:1 appears to be
interesting because the presence of tin
stabilizes a monosulfide, which has not
been obtained in the binary system
Mo—S. A further investigation of its



