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TaBLE 1
FORMATION OF PERHYDRO-S-TRIAZINES IN VARIOUS SOL-

VENTS

Perhydro-s-triazine yield, %

Temp., Propio- Acrylo- Benzo-

Solvent °C. nitrile nitrile nitrile
Carbon tetrachloride 77 86 89 95
Carbon disulfide 46 66 64 8
Chlorobenzene 100 64 37 78
Nitromethane 102 64 21 79
Trichloroethylene 87 63 38 56
Methyl chloroform 74 53 9 56
Ethylene dichloride 84 45 69 73
s-Tetrachloroethane 100 42 76 81

class are insoluble in this solvent and precipitate
from solution as they are formed. Consequently,
the quality of the crude perhydro-s-triazine ob-
tained with carbon tetrachloride has been in every
case superior to that obtained under any other
conditions. It is interesting to note that Gresham
and Steadman® reported that commercial acrylo-
nitrile was a superior reactant for perhydro-s-
triazine formation, while we have observed that
freshly distilled acrylonitrile gives much better
and more reproducible yields in carbon tetrachlo-
ride. Carbon disulfide is also of considerable in-
terest since with this solvent the reaction may be
carried out at relatively low temperatures and under
mild conditions. Solvents in which the perhydro-
s-triazines were obtained in low yield were nitro-
benzene, dioxane, chloroacetic acid, trichloroacetic
acid, and acetic acid. In ethyl acetate, formic acid
and ethyl ether, no perhydrotriazine was isolated.

In order to test further the excellence of carbon
tetrachloride as a solvent for this reaction, p-
chlorobenzonitrile and p-methoxybenzonitrile (both
solids) were converted to the previously unknown
perhydro-s-triazines in yields of 88 and 989,
respectively. Vinylacetonitrile failed to react in
carbon tetrachloride, probably due to the fact that
it is relatively insoluble in this solvent.

Experimental®?

Typical procedures for the experiments summarized in
Table I are given below. Formaldehyde was introduced
in every case as s-trioxane, and the experimental conditions
were standardized insofar as was conveniently possible.
The products were identified by infrared spectra and by
melting point and mixed melting point where applicable.
The procedures for preparation of tris-p-chlorobenzoylper-
hydro-s-triazine and tris-p-methoxybenzoylperhydro-s-tria-
zine are also described.

1,3,5-Triacrylylperhydro-s-triazine.—A solution of 13.2
g. of freshly distilled acrylonitrile, 0.65 g. of sulfuric acid
and 50 ml. of dry carbon tetrachloride was brought to reflux.
A solution of 13.3 g. of acrylonitrile and 15.0 g. of s-trioxane
in 50 ml. of carbon tetrachloride was then added dropwise
with stirring over a 15-minute period. A white solid sepa-
rated out before addition was complete. The mixture was
then stirred one hour under reflux. After cooling to room
temperature, the white amorphous solid was collected on a
filter and washed with carbon tetrachloride, vield 37.0 g.
(89%). The product did not melt before polvmerization
but its infrared spectrum was identical to that previously
reported.?

1,3,5-Tripropionylperhydro-s-triazine.—To a boiling solu-
tion of 5.5 g. of propionitrile, 0.20 g. of sulfuric acid and 20
ml. of carbon disulfide was added over a 10-minute period
5.5 g. of propionitrile and 6.0 g. of s-trioxane in 20 ml. of

(6) All melting points are uncorrected.
(7) We are indebted to Dr. Keith S. McCallum for infrared inter-
pretations and to Mr. Al Kennedy for microcombustion data.
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carbon disulfide. The solution was stirred under reflux for
two hours and then cooled to room temperature. The
product was washed with carbon tetrachloride and 11.3 g.
(669%) of white crystalline material was obtained. After
recrystallization from ethyl acetate the perhydro-s-triazine
melted at 170-173°. A melting point of 169-171° has been
reported.? The infrared spectrum was identical to that re-
ported in the literature.?

1,3,5-Tris-p-chlorobenzoylperhydro-s-triazine.—p-Chloro-
benzonitrile (17.2 g.) was dissolved in 50 ml. of carbon tetra-
chloride containing 0.85 g. of sulfuric acid. To this solution
under reflux was added with stirring over a 20-minute period
17.2 g. of p-chlorobenzonitrile and 7.5 g. of s-trioxane in 50
ml. of carbon tetrachloride. The resulting mixture was
boiled for 75 minutes. No product separated out during
this period. The solution was then cooled to —15° and
40.8 g. (989, yield) of light yellow solid separated, m.p. 208
213°. The product was recrystallized from a mixture of
carbon tetrachloride and ether. After recrystallization, the
melting point increased to 216-217°. The infrared spec-
trum of the compound was in agreement with the proposed
structure and showed an amide carbonyl band at 1652 cm. 1.

Anal. Caled. for C24H20N303C131 C, 5729, H, 361,
N, 8.35. Found: C, 57.74; H, 3.88; N, 8.16.

1,3,5-Tris-p-methoxybenzoylperhydro-s-triazine.—To 20

ml. of carbon tetrachloride was added 6.7 g. of p-methoxy-
benzonitrile and 0.20 g. of sulfuric acid. A solution of 6.6
g. of p-methoxybenzonitrile and 3.0 g. of trioxane in 20 ml.
of carbon tetrachloride was added to this hot mixture over
a 15-minute period. The solution was heated under reflux
for one additional hour and was then cooled to —15°. The
white crystalline material was collected on a funnel and
washed with carbon tetrachloride; yield 14.3 g. (87%).
The material was recrystallized from ethyl acetate, m.p.
216-217°. Infrared examination of the compound showed
a typical spectruin for a 1,3,5-triacylperhydro-s-triazine
with a carbonyl frequency at 1656-1659 cm. 1,

Anal. Caled. for Cz’]Hz’]NaOeZ C, 6620, H, 5‘55; N,
8.59. Found: C, 65.95; H, 5.74; N, 8.61.
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The Extent of Dimerization of Sulfur Monoxide!

By ErseL A. Evans, ALLEN B. ScoTtt aND JouN L. Husron
RECEIVED MaAv 19, 1952

Since the first reported preparation of a “‘mon-
oxide” of sulfur by Schenk? a considerable body of
controversial literature has been published?® regard-
ing the formula of the molecule in the vapor state.
Kondrat’ev and Kondrat’eva*® concluded that
within a few seconds after sulfur monoxide was
formed during the oxidation of H.,S, it exists en-
tirely in the form of the dimer, S;0., at room tem-
perature. On the other hand, Schenk® found the
molecular weight of the monoxide from the con-
densed electrical discharge through SO, to be about
70; from data of Kondrat’ev he also calculated?® the
molecular weight to be 435.3 for monoxide from the
discharge; further he noted a volume decrease of
about 25%, when the gas was condensed with liquid
air and decomposed to sulfur and SO, by warming.

(1) Published with the approval of the Oregon State College Momno-
graph Committee, Research Paper No. 207, Department of Chemis-
try. School of Science.

(2) P. W. Schenk, Z. anorg. aligesn. Chem., 211, 150 (1933).

(3) See P. W. Schenk, Chem. Z., 67, 273 (1943), for an extensive
bibliography.

(4) V. Kondrat'ev and E. Kondrat'eva, J. Phys. Chem. U. S. S. R.,
21, 1251 (1948).

(6) E. Kondrat'eva and V. Kondrat'ev, ibid., 14, 1528 (1940).

(6) P. W. Schenk, Z. anorg. aligem. Chem., 248, 297 (1941),
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The process
250 = Ssonia + SO;

would thus result in a 509 contraction, while
the same process for S;0, would result in none.
Schenk concluded that the gas was either a mixture
of SO and S,0; or of S;0 and SO,. The latter possi-
bility is ruled out by Kondrat’ev’s observation that
the gas other than SO, has the formula S,O,..

Jones’ showed that diatomic SO cannot be re-
sponsible for the ultraviolet absorption of sulfur
monoxide and presented evidence that the absorb-
ing species was probably S.0., an opinion previ-
ously shared by both Schenk and Kondrat'ev. The
presence of SO in addition to S;0; was not entirely
excluded; however, an infrared absorption band
expected for SO (calculated from its emission spec-
trum) did not appear.

Since the presence of monomeric SO in the gas
during discharge was demonstrated by Henri and
Wolff® and Martin,? it was of interest to determine
whether the dimerization occurs with a measurable
rate after withdrawal. Schenk explained the dif-
ference between his and the Russian data from
which he calculated molecular weights by the fact
that his samples were condensed ‘‘some minutes”
after withdrawal from the discharge while the Rus-
sians took ‘‘fresher’”” samples. Further, it ap-
peared that Schenk’s experiment on contraction
following decomposition offered no alternative to
the conclusion that the dimer comprises not more
than about 509, of the gas for an appreciable time
after withdrawal, and was worth repeating.

Experimental
Sulfur monoxide was prepared by means of a 5000 v.,
300 ma. discharge through a mixture of SO; and sulfur va-
por. The apparatus is shown in Fig. 1. The discharge
tube, A, contained hollow cylindrical aluminuin electrodes
of large area (9 cm. long and 6 cm. in diameter) so that no
auxiliary cooling was necessary. The stopcock D, of 10
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Fig. 1.—Apparatus for preparation of sulfur monoxide and
measuremnent of pressure changes.

/8) V. Henri and F. Wolff, J. Phys. Ra:l., [6i] 10, 81 (19201,
) LV NMurtin, Phys. Rec., 41, 167 (16321,
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mm. bore, permitted A or E to be evacuated independently,
by a mercury diffusion pump trapped with liquid Nz to pre-
vent decomposition of sulfur monoxide on the mercury.
Also A and E could be disconnected from the pumping sys-
tem and either connected or separated from each other.
The connection from A to D was 20 cm. long and 12 mm.,
bore. E was a 2-liter flask in which gas samples were col-
lected, F a condenser for the gas when immersed in liquid
Nz, B a bulb for sampling the gas stream, H a large capacity
liquid Ns trap to retain most of the monoxide, and G a sen-
sitive Bourdon gage. This type of gage was selected for
its sensitivity, low response time, and freedom from mate-
rials known to decompose sulfur monoxide.

Deflections of the gage were followed by means of a mir-
ror, lamp filament image, and scale. The gage was fre-
quently calibrated against the differential HySO; manome-
ter, J; four different Bourdon gages were used during this
investigation and the magnification was usually adjusted
so that 1 mm. on the scale represented a pressure difference
of about 0.005 mm. The gage deflections were linear with
pressure in the range 0—4 mm.

With A connected to the pumip and E evacuated, SO, was
admitted until its pressure in the tube almost quenched the
glow discharge. Sulfur was vaporized from C by meauns
of an electric heater and fromn the tube walls by a hand
torch. The exit gas stream was analyzed several tinies
during the discharge under these conditions by freezing out
a quantity in B, by means of liquid nitrogen and obtaining
the weight of S and SO; produced by decomposition of the
solid on warming. The ampoule was sealed off and weighed.
It was reopened and heated at 60° for several hours and the
resulting sulfur was then melted to drive off any remaining
850:. The ampoule was reweighed. Finally, the sulfur
was removed by vaporization and the empty ampoule was
weighed. Some loss of sulfur as the monoxide is possible
during the process, which would lower the reported propor-
tion of sulfur monoxide in the exit stream, but the elevated
temperature at which the decomposition was carried out
should minimize this error. Analyses made at four different
tines showed that the sulfur monoxide content was not very
reproducible, but lay between 62 and 959%,, averaging 75%.
The remainder may safely be assumed to be unconverted
S0:. The analytical method was insufficiently accurate to
permit analysis of each sample of gas taken for pressure
studies, due to the low pressure (1 mm.), though such ana-
lytical data would be desirable in obtaining a quantitative
value for the extent of dimerization.

Experiments to detect if polymerization occurred after
the gas left the discharge tube were made by admitting a
sample of the exit gas to the flask E and observing its pres-
sure by wmeans of the Bourdon gage. Initial readings were
made within three seconds in many cases, and observations
were continued for periods up to 45 minutes.

To ascertain if there were a pressure decrease during the
decomposition to sulfur and SO;, the procedure was the same
except that after obtaining the initial pressure in the flask E,
the contents were frozen in F, the pressure was noted, and
then the orange-red solid deposited in F was decomposed
by flaming until all of the sulfur had sublimed and was re-
deposited at new locations in the tube. There is uncer-
tainty in the completeness of this decomposition; at tem-
peratures between 0° and 100° some monoxide is resublimed
and some oxygen is retained by the sulfur.® The sublima-
tion of sulfur should avoid the latter possibility, but it is
likely some monoxide was returned to the flask which would
of course result in no over-all pressure change. The final
pressure, initial pressure and pressure when the gas was
solidified were used to compute the relative decrease in
pressure during the process.

Results and Discussion

Forty-four attempts were made to detect a de-
crease in pressure following withdrawal of sulfur
monoxide from the discharge tube. The shortest
time for opening D, allowing sufficient gas to stream
into E, closing D and obtaining an initial pressure
reading was three seconds. The pressure was then
observed continually for several minutes, in most
cases from 3-15 minutes and in one case 45 minutes.
Total pressure of the admitted gas was varied from
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0.40 to 3.24 mm. In only three attempts was any
decrease in pressure whatsoever observed and the
average of these three decreases was only 0.02 mm.
It may be concluded that no rapid polymerization
occurs during the period 3 seconds-45 minutes after
the gas leaves the discharge. It was not possible
to detect any long-time (one or two days) pressure
changes arising from slow decomposition, because of
insufficient stability of the Bourdon gage over long
periods.

The results of several measurements of the pres-
sure change resulting from the decomposition of the
monoxide to sulfur and SO, are summarized in Ta-
bleI.

TABLE 1

PRESSURE DECREASE ON DECOMPOSING SULFUR MONOXIDE

Initial P(mm.) Final P(mm). Decrease, %

0.14 0.09 36
.26 .21 19
.44 .32 18
.56 .38 32
.63 .57 10
.64 .44 31
.70 .64 9
.70 .54 23
.71 .62 13
.94 .63 33

1.15 .48 58

Average 26

To ensure that the changes were really due to the
presence of sulfur monoxide, seven measurements
were made on SO;alone, three on SO; passed through
the discharge in the absence of sulfur vapor, and
one on SO, to which was added sulfur vapor in the
absence of the discharge. The average change for
these eleven experiments was a decrease of 0.19,
with a probable error of 1%,.

The large variation between samples in the ob-
served pressure changes is mainly the result of vari-
ation in sulfur monoxide content. Qualitatively it
was noted that when the deposit in F was more in-
tensely colored, the pressure decrease was greater.
Also the relative proportion of molecular species in
the gas might be quite variable in a mixture sud-
denly withdrawn from the reaction zone and
“frozen” in a metastable condition. Thus the av-
erage decrease of 269 has no quantitative signifi-
cance other than to show that the change is far
greater than the experimental error of the control
experiments and to demonstrate that a considerable
part of the gas is responsible for the effect. From
the average sulfur monoxide content it may be es-
timated that a typical gas sample contains about
70% monomeric SO, but a wide variation from this
typical value is probable.

It is strongly indicated by these experiments that
the product from the discharge is a mixture of SO
and S;0, which undergoes no appreciable further
dimerization after removal from the discharge tube
and holding at room temperature 45 minutes. Itis
not surprising that Kondrat’ev’'s contention of
complete dimerization is contradicted; his argu-
ments rest almost entirely upon experiments con-
ducted in the presence of H,S and O, at total pres-
sures as high as 100 mm. and catalysis of the dimer-
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ization may be very important. The existence of
monomeric SO should not be considered estab-
lished, however, until the uncertainties in the ana-
lytical methods for the gas mixture and decompo-
sition products are entirely removed and until the
question of the absence of a characteristic infrared
absorption is solved.

Experiments upon the paramagnetism of the gas
would be instructive, if such measurements could be
carried out on a compressed sample before it under-
went decomposition. Such experiments are pro-
jected for the near future.
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A New Approach to é-Phenylvaleric Acids

By PETE D. GARDNER, W. J. HorTON, GRANT THOMPSON!
AND ROBERT R. TWELVES?

RECEIVED JUNE 13, 1952

Investigations in progress in this Laboratory on
the synthesis of compounds having the carbon
ring system of colchicine have encouraged us to seek
a method for the preparation of 2,3,4-trimethoxy-
benzosuberone (I) a needed intermediate. The
original synthesis®* was found laborious and a more
recent method® gave us a mixture of products.
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Ethylidenemalonic ester (II) has previously been
condensed with several aromatic aldehydes by
means of concentrated sulfuric acid.® Saponifica-
tion of the condensation products gave cinnamyl-
idenemalonic acids. We have found that potas-
sium hydroxide in absolute alcohol, benzyltri-
methylammonium hydroxide in methanol or cho-
line in methanol may replace sulfuric acid in this
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