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Summary

A series of quaternary ammonium salts has been
made for examination as potential curare sub-
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stitutes. These were all derived from the
Hantzsch pyridine synthesis employing aromatic

_ aldehydes containing basic salt-forming groups

or containing other substituents readily convert-
ible to salt-forming groups.
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The 2-Aminothiazoles

By CHARLES D. HUurD aND H. L. WEHRMEISTER!

Some relationships were developed in the thio-
phene series, in particular with aceto-2-thio-
phenamide (I) and its derivatives, which were of
an unexpected nature.? The 3,5-dibromo deriva-
tive (II), for example, underwent nitration to
vield the same 3,5-dinitro derivative that was
obtained by nitration of I. This substitution
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—NHCOCH; Br—{ s)—NH COCH;
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of bromine atoms by nitro groups is most unusual.
Then again, II was found to couple readily with
p-nitrobenzenediazonium chloride to form a dye
with replacement of the 5-bromo group by azo.
Coupling of I even occurred while the solution
was strongly acidic. It is remarkable, as a
matter of fact, that either I or II should yield
azo dyes, since an amine group (not amide) is
usually required to activate an aromatic molecule
sufficiently for coupling.

The study of substitution reactions of amino
and acetamido heterocyclic compounds now has
been extended to the thiazoles. The 4-methyl-
and 4-phenyl-2-aminothiazoles (III) were pre-
pared by the reaction of thiourea with either the
chloro ketone (RCOCH.CI) or with a mixture of
the ketone (RCOCHj;) and iodine.® A similar pro-
cedure, using cyclohexanone, thiourea and iodine,
was developed for the preparation of 2-amino-
4,5,6,7-tetrahydrobenzothiazole (IV). The prepa-
ration of IV from 2-chlorocyclohexanone has been

reported.*
Te (Y
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5-Phenyi-2-amin0thiazole was prepared from
phenylacetaldehyde as outlined
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The conventional procedure in the first step is to
add the hydrogen chloride gas slowly with as
little agitation as possible to avoid mixing of the
water layer (formed in the reaction) with the
organic layer. In the present work emulsions
always were encountered, probably because of
nearly identical densities of the two phases.
Very dark products resulted. Some investi-
gators® have designed special apparatus to per-
form this type of reaction so as to avoid the dif-
ficulty mentioned. In the present work, the
addition of anhydrous sodium sulfate to the re-
action mixture was found to be a simple solution
to the problem. With this modification light
colored products were obtained even when
hydrogen chloride was introduced rapidly and
with stirring.

Nitration of 2-acetamidothiazole is known®
to yield 5-nitro-2-acetamidothiazole. The same
compound was obtained in the present study by
nitration of 5-bromo-2-acetamidothiazole, thus
demonstrating that replacement of halogen does
occur in the thiazole as in the thiophene series.
Since the structure of the 5-bromo-2-acetamido-
thiazole is known,” the replacement reaction
serves to establish the structure of the nitro
compound as 5-nitro-2-acetamidothiazole.

Monomercuration of 2-acetamidothiazole oc-
curred in position 5 with mercuric chloride in
water, whereas 4,5-dimercuration took place with
mercuric acetate in acetic acid. The position
of the chloromercuri group in the first of these
compounds (V) was established by cleavage with
bromine to the known 5-bromo-2-acetamido-
thiazole. Conversion of V into 5-iodo-2-acetami-
dothiazole by reaction with iodine also proceeded
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readily.® Similar cleavage with thiocyanogen
(sodium thiocyanate and bromine) yielded 5-
thiocyanato-2-acetamidothiazole (VI). 4,5-Di-
iodo-2-acetamidothiazole was prepared from VII
by use of iodine.

Direct thiocyanation of the 2-aminothiazoles
(III, R = H, CH;, or C¢Hj;) or the corresponding
acetamidothiazoles was readily achieved. Yields
were highest for the 4-phenyl derivative.

That thiocyanation occurred in position 5 was
established, since the compound from 2-acetami-
dothiazole was identical to that obtained from
V. As might be expected, no product was ob-
tained on attempted thiocyanation of 2-amino-4,
5,6,7-tetrahydrobenzothiazole.

No sulfonate was obtained on oxidation of VI
with either dilute nitric acid or hydrogen peroxide.
Sulfate ion was identified.

Reduction of the thiocyanato group to the
mercapto group (RSCN — RSH) was achieved by
use of zinc and acetic acid, or of potassium sulfite.
The melting point of the 5-mercapto-2-acetamido-
thiazole so produced differed from that reported
by Faith? for the reduction product of the com-
pound obtained by the action of chlorosulfonic
acid on 2-acetamidothiazole. The assumption
that this latter reaction yielded 2-acetamido-5-
thiazolesulfonyl chloride evidently is not war-
ranted. The similar reaction of chlorosulfonic
acid with 4-methyl-2-acetamidothiazole is stated
in one report¥® to yield N-acetyl-4-methyl-2-
thiazolylsulfamyl chloride, while inanother report!!
the product is described as 2-acetamido-4-methyl-
5-thiazolesulfonyl chloride. The reported melting
points are 156-157° and 159-160°, respectively.
It seems possible that these two substances are
identical and that the assignment of structure
was in error in one of the papers. The assign-
ment of a sulfamyl chloride was based on the
hydrolysis of the compound to the known 4-
methyl-2-thiazolylsulfamic acid. The assignment
of the sulfonyl chloride structure was based on
analogy with other electrophilic reactions (bromi-
nation, chlorination) and is probably in error.

Experimental

2-Amino-4,5,6,7-tetrahydrobenzothiazole (IV).—A mix-
ture of 39 g. of cyclohexanone, 61 g. of thiourea and 102 g.

(8) The preparation of several monomercurated 2-acetamidothi-
azoles and their conversion to iodo compounds has been reported
recently by Travagli, Gazz. chim. ital., T8, 592 (1948).
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(11) Backer and Jonge, Rec. trav. chim., 63, 163 (1943).
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of iodine was heated overnight at 100°, then dissolved in
200 ml. of hot water and filtered through Celite. The
filter cake was rinsed with 100 ml. of boiling water. Chill-
ing of the combined filtrates in an ice-bath yielded 63 g. of
the hydrojodide of IV. Twenty grams of this salt was
heated with 150 ml. of water and the mixture was filtered
through Celite. The filtrate was cooled and 20 ml. of
aqueous 28% ammonia was added. The precipitated
solid, after recrystallization from ligroin, appeared as white
needles, m. p. 90~90.5°. It was shown to be 1V by analy-
sis, The reported¢ m. p. is 87.5-88.5°.

lsfénal. Caled. for C/HypN.S: N, 18.2. Found: N,

2-Acetamido-4,5,6,7-tetrahydrobenzothiazole.—Five
grams of acetic anhydride and 1.7 g. of IV, after heating
for twenty minutes at 100° and diluting with 50 ml, of
water, yielded a solid of m. p. 141-142°, Repeated crys-
tliléiczation from ligroin yielded a product melting at 144.5—
Anal.
14.28,.

2-Phenyl-1-chloroethyl Ethyl Ether.—Dry hydrogen
chloride (11.5 g.) was introduced rapidly into a chilled,
stirred mixture of phenylacetaldehyde (32.5 g.), ethanol
(12.5 g.) and anhydrous sodium sulfate (30 g.). The
liquid product was decanted from the solid and calcium
chloride (16 g.) was added. The mixture was then main-
tained at 20 mm. pressure for forty-five minutes to remove
excess hydrogen chloride. The yield of crude chloro ether
was 47 g., or 949,.

Bromination.—Thirty-five grams of the crude ether was
cooled and stirred while 30.4 g. of bromine was added dur-
ing twenty minutes. The yellow crystalline solid which
formed was 2-phenyl-1,2-dibromoethyl ethyl ether.

5-Phenyl-2-aminothiazole.—The . above yellow solid,
stirred with 50 ml. of absolute alcohol, gradually dissolved
to a homogeneous, dark green solution. A suspension of
14.5 g. of thiourea in 200 ml. of absolute alcohol contain-
ing 10.3 g. of sodium methoxide was then added. The
mixture was stirred for two hours and set aside overnight.
Most of the solvent was distilled off, it being replaced by
200 g. of water and 20 ml. of concd. hydrochloric acid.
The mixture was heated. A green oily layer appeared
which was separated and further removed by extraction
with ether. The aqueous layer, containing the desired
thiazole salt, was cooled in an ice-bath and 100 ml. of aque-
ous 289, ammonia was added. The precipitate was col-
lected, washed with water and dried; yield, 9.5 g. This
crude 5-phenyl-2-aminothiazole was recrystallized thrice
from dilute alcohol to yield 6 to 7 g. of product of m. p.
207.5-208.5°.

Anal. Caled. for CyHsN.S: N, 15.9.
15.4.

5-Phenyl-2-acetamidothiazole.—Acetylation of the
amino compound with acetic anhydride produced the
amide, m. p. 244-244.5° after crystallization from alcohol.
Anal. Caled. for CnH1eN,0S: N, 12.8. Found: N,
12.6.

5-Nitro-2-acetamidothiazole.—2-Aminothiazole was

brominated and acetylated, forming 5-bromo-2-acetamido-
thiazole.” A mixture of 1.2 ml. of red fuming nitric acid
(sp. gr. 1.6) and 5 g. of acetic anhydride was added to a
cold solution of 3.2 g. of 5-bromo-2-acetamidothiazole in
55 g. of glacial acetic acid. A 0.3-g. precipitate was sepa-
rated after ten minutes. The yellow filtrate was evapo-
rated to dryness, taken up in 100 ml. of hot absolute alco-
hol, decolorized (Norit), filtered and cooled to —~10°.
After several hours, 0.7 g. of solid was collected, m. p.
260-262°, Recrystallization from alcohol brought the
m. p. to 264-265°. Halogen was absent by test.

Anal. Caled. for CsH;N;0;S: C, 32.08; H, 2.69.
Found: C, 32.13; H, 2.73.

5-Nitro-2-acetamidothiazole, m. p. 262-265°, was made
for purposes of comparison, by nitration® of 2-acetamido-
thiazole. The mixed m. p. was 262-265°.

Caled. for C3H,,N,OS: N, 14.27. Found: N,

Found: N,
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2-Acetamido-5-thiazolemercuric Chloride8 (V).—To a
hot solution of 7.1 g. of 2-acetamidothiazole in 200 ml. of
water there was added 250 ml. of an aqueous solution con-
taining 16 g. of mercuric chloride and 32 g. of sodium ace-
tate trihydrate., The mixture was boiled for fifteen min-
utes, cooled and filtered. The filter cake was washed with
100 ml, of water, 50 ml. of methanol and 50 ml. of ether;
yield, 16.7 g. or 88%. The material did not melt below
300°.

Anal. Caled. for C;H;CIHgN,0S: N, 7.43. Found:
N, 8.09.

5-Bromo-2-acetamidothiazole.—A mixture of 1 g. of V
in 20 ml. of methanol saturated with sodium bromide was
treated with 1 g. of bromine. After fifteen minutes some
sodium sulfite was added and the mixture was heated to
boiling and filtered. The filtrate was diluted with an
equal volume of water and concentrated to about 5 ml.
Water was added and the solid which separated was recrys-
tallized from dilute acetic acid; yield, 0.24 g. (42%), m. p.
210-212°, Recrystallization from dilute acetic acid
brought the m. p. up to 218-220°. A mixture of this
product and an authentic sample of 5-bromo-2-acetamido-
thiazole, m. p. 225-226°, melted at 218-220°.

The authentic sample was prepared both by bromination
of 2-aminothiazole’ and of 2-acetamidothiazole.’? The
once recrystallized product melted at 218-220°. Re-
ported melting points are 224-225°7 and 229-231°.12
Our samples melted at 225-226°.

2-Acetamido-4,5-thiazolebis-(mercuric Acetate) (VII).
—TForty grams of mercuric acetate, 7.1 g. of 2-acetamido-
thiazole and 170 ml. of glacial acetic acid were heated to-
gether at 100° for eighteen hours. The hot mixture was
filtered and the solid product was washed with acetic acid,

water, methanol and acetone; yield 23.4 g. (74%,). This
material did not melt.

Anal. Caled, for CoHoHgoN2O:S: N, 4.24. Found:
N, 3.46.

5-Iodo-2-acetamidothiazole.—A mixture of 1 g. of V,
1.5 g. of potassium iodide, 10 g. of water and 0.5 g. of
iodine was triturated and filtered. The solid was rinsed
with water and treated with 30 ml. of alcohol. The mix-
ture was filtered and the filtrate evaporated to 15 ml. On
cooling, 0.4 g. (569, yield) of crystals separated; m. p.
210-212°, A constant melting point of 225-226° was
achieved after five recrystallizations from dilute alcohol.
The recorded m. p. for the 5-iodo-2-acetamidothiazole ob-
tained? by a similar approach is 228°.

Anal. Caled. for C:H;IN,0S: C, 22.36;
Found: C, 22.42; H, 1.90.

2-Acetamido-5-thiocyanatothiazole (VI).—To a mixture
of 1.2 g. of Vand 0.65 g. of sodium thiocyanate in 20 ml. of
acetic acid, there was added a solution of 0.58 g. of bro-
mine in 10 ml. of acetic acid. After standing at room
temperature overnight, the mixture was filtered and the
solid was washed with 10 ml. of acetic acid. Approxi-
mately 35 ml. of water was added to the filtrate, and the
mixture was evaporated to dryness. The solid residue was
recrystallized from methanol. The product weighed 0.32
g. (809, yield) and melted at 195-198°. This material
was twice recrystallized from methanol yielding 0.2 g. of a
product melting at 212-214°, A mixture of this material
and the product of direct thiocyanation of 2-acetamido-
thiazole melted at 212-214°,

2-Acetamido-4,5-diiodothiazole.—To 20.5 g. of VII
there was added a solution of 15 g. of sodium chloride in
150 ml. of water. The stirred mixture was heated at 100°
for five hours, cooled and filtered. The solid obtained was
washed with 1 1. of water, 50 ml. of methanol and 50 ml. of
acetone. The dried product weighed 18.5 g.

A mixture of 3.1 g. of this material, 7 g. of potassium
iodide, 2.9 g. of iodine and 25 ml. of water was triturated
for a few minutes. The solid obtained was washed with
potassium iodide solution until free of iodine. This prod-
uct was washed with water and dried; yield 1.6 g. A 1.2-
g. portion of this material was heated with 60 ml. of 959,

H, 1.88.

112) Backer and Buisman, ibid., 68, 226 (1944).
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alcohol, decolorizing carbon was added, and the mixture
was filtered through Celite. The filtrate was concen-
trated to 30 ml. and 20 ml. of water was added to yield a
nearly saturated hot solution. On cooling, there was de-
posited 0.5 g. of crystalline material. This material de-
composed at 222-232° when heated from 100°. When
heated from 230°, the sample decomposed at 239-240°.
The product was recrystallized from dilute alcohol yielding
a sample which decomposed at 240° when inserted in an
oil-bath at an initial temperature of 239°. Violet vapors
were observed when the sample decomposed.

Anal. Caled. for C:HJN,0S: C, 15.24; H, 1.02.
Found: C, 15.20, 15.22; H, 1.08, 1.00.

5-Thiocyanato-4-phenyl-2-aminothiazole.—To a cooled
(ice-bath) and stirred mixture of 2-amino-4-phenylthia-
zole (19 g.), sodium thiocyanate (27 g.) and methanol
(100 ml.), there was added a solution of 17.3 g. of bromine
in 25 ml. of methanol saturated with sodium bromide.
The addition time was twelve minutes. After stirring the
reaction mixture for two and one-quarter hours, it was
poured onto 200 g. of crushed ice. Approximately 100 ml.
of water was used to complete the transfer. A yellow solid
was present, Twenty milliliters of coned. ammonium hy-
droxide was added and the solid was collected by suction
filtration, washed with water and dried; weight 24.8 g.,
m. p. 168-173°.

A part of this product was dissolved in 550 ml. of boil-
ing absolute alcohol to yield an almost saturated solution.
The solution was cooled to room temperature and the pre-
cipitated solid was collected by filtration. The filtrate was
used to dissolve a further portion of the product. This
process was repeated a total of five times until all the ma-
terial had been recrystallized. The recrystallized material
weighed 19.5 g. (789, yield) and melted at 171-174°, A
sample for analysis was recrystallized repeatedly from
absolute alcohol to yield a product with a melting point of
186-187°,

Anal. Caled. for CioH7N;Ss:
Found: C, 51.51; H, 3.11.

This identical procedure was used in the thiocyanation
of the other 2-aminothiazoles and 2-acetamidothiazoles.
Pertinent data are assembled in Table I. Yields refer to
once-crystallized material. The m. p. listed in the table is
for material which was crystallized two or more times to
constancy. Crystallization was from ethanol, 2-propanol
or benzene.

C, 51.48; H, 3.08.

TABLE I

THIOCYANATION EXPERIMENTS

Compound formed: Nitrogen,
L7,

5-thiocyanato Yield, M. p, o
deriv, of %% °C. Formula Caled, Found

2-Aminothiazole 32 142.5-143.5 CH:N:S: 26.7 27.5
4-Methyl-2-amino-

thiazole 47 164.0-164.5 CiHsN3Se 24.5 24.3
4-Phenyl-2-acet-

amidothiazole 100 198-199 CiHpN:08:  15.2 15.0
4-Methyl-2-acet-

amidothiazole 73 176-176.5 C1HrN;08: 19.7 19.9
2-Acetamidothi-

azole 49 212-214 CeH:N3OS:  21.1 21.1

The acetylation of the thiocyanated 2-aminothiazoles
with acetic anhydride gave the same products as were ob-
tained by thiocyanation of the analogous 2-acetamidothia-
zkollgs. These acetamido compounds were soluble in al-

ali.

§-Mercapto-2-acetamidothiazole.—One and a half grams
of zinc dust was added to a filtered solution of 2 g. of 5-
thiocyanato-2-acetamidothiazole in 20-30 ml. of glacial
acetic acid. The mixture was heated at 100° for an hour
with stirring, then was cooled, poured into 100 ml. of
water and evaporated to 40 ml. Then 100 ml. of glacial
acetic acid and 20 ml. of water were added and the mixture
was heated to 100° and filtered. The gray insoluble ma-
terial was dissolved in 40 ml. of water and 10 ml. of coned.
hydrochloric acid. After filtration, 40 ml. of concd. am-
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monium hydroxide was added to the filtrate.  The ini-
tially-formed precipitate redissolved. After several hours
1.42 g. of solid separated. It wasrecrystallized from dilute
acetic acid, using Norit, to yield 0.70 g. of 5-mercapto-2-
acetamidothiazole, m. p. 255-257°. It decolorized iodine
in warm acetic acid solution.
Anal. Caled. for C:HeN20S:: C, 34.46; H, 3.47; N,
16.08. Found: C, 34.61; H, 3.17; N, 16.11.
S5-Mercapto-4-methyl-2-acetamidothiazole.—The syn-
thesis was essentially by the above procedure. The yield
of crude product was 1.15 g. from 2 g. It melted at 252-
253° (dec.) after several crystallizations from acetic acid.
It also decolorized iodine. Reduction with hot aqueous
potassium sulfite also yielded the same product.
Anal. Caled. for CeHgNzOSz! C, 38.07;
Found: C, 38.15; H, 3.94.
S-p-Chlorobenzylisothiuronium Sulfate.—This com-
pound was obtained by adding an excess of an alcoholic
solution of S-p-chlorobenzylisothiuronium chloride to
aqueous sulfuric acid. The sulfate crystallized readily on

H, 4.26.

cooling. It may be crystallized from water; m. p. 223-
224° (dec.).

Anal. Caled. for CisH2Cl:N,O,S;: N, 11.22, Found:
N, 11.20.

Oxidation of the Thiocyanates to Sulfate Ion.—Heating
of 2 g. of 5-thiocyanato-4-methyl-2-acetamidothiazole for
one hour at 100° with 50 ml. of water and 10 ml. of coned.
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nitric acid produced a clear yellow solution. It was evap-
orated to dryness. A yellow oil remained. A test por-
tion precipitated strongly with barium chloride solution.
The bulk of the oil, dissolved in 15 ml. of water, was
filtered and treated with 15 ml. of a 15%, solution of S-p-
chlorobenzylisothiuronium chloride in alcohol. There was
formed 0.7 g. of S-p-chlorobenzylisothiuronium sulfate,
m. p. 221-223°, or 223-224° after recrystallization from
water. The mixed m. p. was also 223-224°,

Acknowledgments.—The several combustion
analyses were performed by Misses J. Anderson,
N. Mold, V. Hobbs and M. Hines.

Summary

Several 2-aminothiazoles and 2-acetamidothia-
zoles were prepared. Reactions of mercuration,
halogenation, nitration and thiocyanation are
reported. The bromine in 5-bromo-2-acetamido-
thiazole is replaced by nitro during nitration.
Reduction of the 5-thiocyanato derivatives pro-
duces the 5-mercapto derivatives, but oxidation
caused cleavage to sulfuric acid. S-p-Chloro-
benzylisothiuronium sulfate is a new derivative
of sulfuric acid.
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Derivatives of Thianaphthene.

III!

By F. F. BLickE AND DoN G. SHEETs?

1t was reported in a previous communication?
that when thianaphthene-2-carboxylic, thianaph-
thene-2-acetic and thianaphthene-3-acetic acids
were heated, in sodium carbonate solution, with
Raney nickel for a short time, they were trans-
formed into B-phenylpropionic (93%), v¥-phenyl-
butyric (85%) and B-phenylbutyric acid (98%),
respectively. These conversions offer simple, di-
rect and conclusive proof of the structures of the
original acids.

During this investigation we determined the
suitability of this process for the determination of
the structures of other derivatives of thianaph-
thene, thiophene and dibenzothiophene. The
products obtained by the Raney nickel degrada-
tion are shown in Table I.

Compounds which contained a carboxyl group
were dissolved in sodium carbonate solution, and
then treated with Raney nickel. In other in-
stances, methanol or ethanol was found to be a sat-
isfactory solvent although methanol formed an
azeotrope with one degradation product, namely,
ethylbenzene.

The procedure was used to determine the struc-
ture of a product which had been obtained by
Ancizar-Sordo and Bistrzycki* from the conden-

(1) This paper represents part of a dissertation submitted in par-
tial fulfillment of the requirements for the degree of Doctor of Phil-
osophy in the University of Michigan.

(2) Monsanto Chemical Company Fellow.

(3) Blicke and Sheets, THIS JOURNAL, T0, 3768 (1948).

(4) Ancizar-Sordo and Bistrzycki, Hely. Chim. Acta, 14, 141
(1931).

TABLE 1

DEGRADATION PRODUCTS OF DERIVATIVES OF THIANAPH-
THENE, THIOPHENE AND DIBENZOTHIOPHENE

Yield,
Degradation product %

Thianaphthene Ethylbenzene 75.0
3-Hydroxythianaphthene Ethylbenzene 86.0
Thianaphthene-3-car-

boxylic acid a-Phenylpropionic acid 93.4
Diphenyl-(3-thianaph- a,a,B-Triphenylbutyric

thenyl)-acetic acid acid 82.5
Thiophene-2-carboxylic

acid Valeric acid 70.0
2-Benzoylthiophene Valerophenone 75.0
Dibenzothiophene Biphenyl 97.5
Methylphenylcarbinol Ethylbenzene 95.3
Acetophenone Ethylbenzene 93.0

sation of thianaphthene with benzilic acid. Al-
though it might be expected that a 3-thianaph-
thenyl derivative would have been formed, at
least one instance is known in which a substitu-
ent, other than a metal, entered the thianaph-
thene ring at the 2 position.> It was found that
the condensation product was diphenyl-(3-thia-
naphthenyl)-acetic acid since, after degradation,
a,a,B-triphenylbutyric acid was obtained.

From 3-hydroxythianaphthene (3-keto-2,3-di-
hydrothianaphthene) we expected to obtain either

(5) Thianaphthene and phthalic anhydride condense, in the pres-
ence of aluminum chloride, to form 2-(o-carboxybenzyl)-thianaph.
thene (Mayer, Mombour, Lassmann, Werner, Landmann and
Schneider, Ann., 488, 259 (1931)).



