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Isoperthiocyanic acid, or 3-amino-5-thione-1,2,4-
dithiazole (1), was first isolated by Wohler,? but its
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structure was proven only recently.®* The literature’
contains many examples illustrating the ‘‘acid’’ charac-
ter of 1; it reacts with amines and hydroxide ion
to give ring-opening products. However, there is only
one questionable example®’ relating to the expected
basic properties of 1. In this note, we provide evidence
for the basicity of 1 via reactions at the exocyclic amino
group.

The addition of gaseous HCI to a solution of isoper-
thioeyanic acid (1) in acetonitrile gave the hydrochlo-
ride (2) in 469, yield. Compound 1 can berecovered in
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809 yield by adding 2 to agueous sodium bicarbonate.
Attempts to dissolve 2 for recrystallization or nmr
measurements led to 1. However, the ir spectrum
showed broad multiple NH absorption at 3200-3090
cem~! and a strong NH deformation frequency at 1615
em™L characteristic of primary amine hydrochlorides.?

An acetyl derivative of 1 was reported,’” but its
structure was not proven. We have treated 1 with
acetic anhydride, and isolated a compound to which we
assign structure 3. Acid hydrolysis of 3 regenerated 1
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in 719, yield. The nmr spectrum (acetone-ds) of 3
showed methyl and NH proton absorptions, in the
correct ratio, at 2.41 and 3.62 ppm, respectively. The
ir spectrum showed the amide I band at 1695 em ™%,
NH stretching frequency for secondary amides at 3110
and 3220 cm 8 an amide II band at 1510 em—1,° and
imine absorpmon at 1500 em —10
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The acetyl derivative (3) is soluble in 6 N aqueous
ammonia and can be recovered unchanged on acidifica-
tion with aqueous hydrochloric acid. However, we
have confirmed Hantzsch’s observation that 3 under-
goes a ring-opening reaction with 109, aqueous sodium
hydroxide; sulfur was isolated. Isoperthiocyanic acid
(1) undergoes ring-opening reactions with hydroxide ion
and ammonia. Thus hydrolysis of the amide linkage is
undoubtedly required for the opening of the dithiazole
ringin 3,

A urea derivative (4) of isoperthiocyanic acid was
prepared in 539, yield by allowing a mixture of 1 and
phenyl isocyanate to react in refluxing dioxane. At-
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tempts to hydrolyze 4 to 1 led to decomposition of the
dithiazole ring. Sulfur was the only product isolated.
This result is not surprising in view of the vigorous con-
ditions required for the hydrolysis of a urea linkage.
The infrared spectrum of 4 is consistent with the as-
signed structure; it showed broad NH stretching ab-
sorption in the 3120-3000-cm~! region and carbonyl
absorption at 1680 em™.. The nmr spectrum (di-
methyl sulfoxide-ds) shows multiple absorption at 7.10~
7.60 ppm, characteristic of the phenyl protons, and
additional absorption at 8.10 and 9.50 ppm, consistent
with the two amide protons. The absorptions were in
the appropriate ratio.

In contrast to the amide derivative 3, the urea deriv-
ative 4 can be recovered unchanged from 109, aqueous
sodium hydroxide solution, demonstrating the stability
of the urea linkage. Thus we have additional evidence
that substitution at the exocyeclic amino group in iso-
perthiocyanic acid stabilizes the dithiazole nucleus to
ring-opening reactions.

Experimental Section

The infrared spectra were determined on a Beckman IR-8
spectrophotometer in Nujol and Fluorolube. The nmr spectra
were determined on a Varian A-60 spectrometer using tetramethyl-
silane as the internal standard. The spectrum of 4 was de-
termined at 70° for solubility reasons.

Isoperthiocyanic Acid (1).—Klason’s! procedure was used to
prepare 1. To a solution of 1000.0 g (13.2 mol) of ammonium
thiocyanate in 400 ml of water was added dropwise 1000 ml
(11.8 mol) of 369 hydrochloric acid. A solid deposited during
the addition which turned yellow on standing. Gas evolution
was observed after the addition was complete, and the reaction
mixture was allowed to stand at room temperature for 3 days.
The latter step was taken as a precaution, as hydrogen cyanide is
liberated in the reaction. The reaction mixture was filtered, and
the residue was washed with water until chloride free. Air drying
gave 317.0 g (549,), mp 200° dec. Recrystallization from a di-
methyl sulfoxide-water solution gave an analytical sample, mp
202° dec.

Anal. Caled for C:HeNSs: N, 18.6; 8, 64.0. Found: N,
18.3; S, 63.9.

3-Acetamido-5-thione-1,2,4-dithiazole (3).—A mixture of 150.0
g (1.0 mol) of isoperthiocyanic acid and 1500 ml of acetic anhy-
dride was heated with stirring at 110° for 2 hr. After cooling,
the mixture was filtered and the residue was washed with metha-
nol and dried to give 141.0 g (739,) of a yellow solid, mp 211~

(9) Reference 8, pp 205-208.
(10) Emeléus assigned the band at 1515 ¢em ~1in 1 to the imine linkage.
(11) P, Klason, J. Prakt. Chem., 38 (2), 366 (1883),
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213° dec. Recrystallization of a sample from acetonitrile gave
pure 3, mp 212-213° dec.

Anal. Caled for C;HN,OS;: N, 14.6; 8, 49.9. Found: N,
14.6; S, 49.4.

Hydrolysis of 3.—A mixture of 4.5 g (0.023 mol) of 3, 10 ml of
concentrated HCI, and 20 ml of ethanol was heated to the reflux
temperature. The mixture turned homogeneous, but solids
deposited on continued reaction at the reflux temperature. After
heating for 2.5 hr, the mixture was cooled and filtered. The
residue was washed chloride free with water and dried, yield 2.5
g, mp 200° dec. A mixture melting point with an analytical
sample of 1 was not depressed. The ir spectrum was identical
with that of 1. Therefore, a 719, yield of isoperthiocyanic acid
was recovered.

3-Amino-8-thione-1,2 4-dithiazole Hydrochloride (2).—A mix-
ture of 20.0 g of isoperthiocyanic acid (1) and 2 1. of acetonitrile
was refluxed for 2 hr and allowed to cool overnight. The mixture
was filtered; 5.3 g (0.035 mol) of 1 remained in solution. To the
solution, at room temperature, was added HCI gas for 40 min.
Solids precipitated which were filtered, washed with acetonitrile,
and dried, yield of 2 3.0 g (46%), mp 190° dec. Attempts 1o
recrystallize 2 regenerated 1.

Anal. Caled for C;H3;CIN.S;: Cl, 18.9; N, 15.0; S, 51.5.
Found: CI, 184; N, 15.2; 8, 51.0.

To a solution of 0.08 g (0.01 mol) of sodium bicarbonate in
10 ml of water was added in small portions 0.18 g (0.01 mol) of
2. Immediate gas evolution occurred, and the mixture was
stirred at room temperature for 30 min. The mixture was filtered,
and the residue was washed with water and then air-dried to give
0.12 g (80%) of 1, mp 200° dec. A mixture melting point with
an analytical sample of 1 was not depressed. The ir spectra of
the two samples of 1 were identical.

N-Phenyl-N'-(5-thione-1,2,4-dithiazyl-3)urea (4).—A mix-
ture of 75.0 g (0.50 mol) of 1 and 59.5 g (0.50 mol) of phenyl
isocyanate in 3 1. of dioxane was refluxed for 3.5 hr. After cool-
ing, the mixture was filtered, and the residue was washed with
dioxane until the filtrate was colorless. Drying the product at
100° under vacuum gave 105.0 g of a yellow solid, mp 227-229°
dec. Recrystallization from dimethylformamide followed by
washing the product with ethyl ether gave 61.0 g (459,) of pure
4, mp 220-221° dec.!? An additional recrystallization did not
change the melting point. Cooling the mother liquor gave an
additional 10.0 g (8%) of pure 4, mp 220-221° dec.

Anal. Caled for C;H/NOS;: C, 40.2; H, 2.6; N, 15.6; S,
35.7. Found: C, 40.3; H, 2.7; N, 15.7; S, 35.2.

Registry No.—1, 14453-20-3: 2, 23405-39-2; 3,
23405-40-5; 4, 23405-41-6.
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(12) The higher melting point of the crude produect is undoubtedly due to

the presence of unreacted isoperthiocyanic acid (1), Compound I melts with
decomposition at 202°.
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In a previous paper, we reported the reaction of
triethylindium with an equimolar amount of phenyl
isocyanate to give N-diethylindium-N-phenylpropion-
amide (I, 899%,) and a small amount of unknown com-
pounds.*
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In this paper we describe the reaction of triethylin-
dium with an excess of phenyl isocyanate to give
2,4-dioxo-6~ethylidene-1,3,5-triphenylhexahydro-1,3,5-
triazine (II), N,N’,N’’-triphenylbiuret (III), N-
phenylpropionamide (IV), and 24-dioxo-6,6-diethyl-
1,3,5-triphenylhexahydro-1,3,5-triazine (V). Although
many organometallic compounds have been known
to catalyze the trimerization of isocyanates,® the
type of reaction described here has never been observed
for other organometallic compounds. The results are
shown in Table I and the probable reaction scheme is
presented below (Scheme I).
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In the reaction of triethylindium and phenyl isocya-
nate in a 1:3 molar ratio, the yields of II and IIT were
low and that of IV was moderate, but, in the case of a
1:6.3 molar ratio, the yields of IT and III increased and
that of IV decreased remarkably. These changes in
the yield of produets with different molar ratios can be
reasonably explained by assuming that I is formed at
first and is then consumed by the successive insertion of
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