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TaBLE IV
PRODUCTS FROM p-SUBSTITUTED BENZOPHENONES

R@—COOH

R—< />——~NH—-COCH|

Crude Mixed . Mized
Substituent amides, g. acids, g. Wt. M. p., °C. acetanilides, g. Wt. M. p., °C.
Cl- 2.17 0.98 0.48 225-230 1.35 0.90 166-170
NO.- 2.26 1.07 . 4§" 117-119° 0.55 .57¢ 140-143°
CH,~ 1.87 0.96 .50? 3007 1.18 *
CeHe— 2.67 1.01 .59 222-224 1.58 .88 166-168
CH,0~ 2.06 1.10 .40 204-207 0.42°

* Benzoic acid isolated. °® Acetanilide isolated.
of anilim;. and p-toluidine could be found.
111-115°,

neutralized with ammonium hydroxide, and filtered.
The crude amides were washed on the filter with water and
petroleum ether, and then hydrolyzed by refluxing for 24
to 48 hours with a mixture of glacial acetic and coned.
hydrochloric acids.

The acidic products of hydrolysis were isolated and
weighed, after separation from any neutral material by
solution in sodium bicarbonate and reprecipitation with
hydrochloric acid. Several of the substituted benzoic
acids are insoluble in water; mixtures containing them
were therefore separated by extraction with warm water,
the insoluble acid being identified and weighed. The ex-
ceptions were: p-nitrobenzoic acid, which was hydrogen-
ated to p-aminobenzoic acid for separations; p-toluic
acid, which was first oxidized! to water-insoluble tere-
phthalic acid; and the products from p-methoxybenzo-
phenone, which are given separate treatment in the follow-
ing paragraph. The basic products of the hydrolysis were
isolated as their acetyl derivatives obtained by treatment
with acetic anhydride. The acetanilide was extracted
from each mixture by warm water, and the residual sub-
stituted acetanilide identified and weighed. p-Nitro-
aniline was isolated without acetylation, however, since
its feeble basicity makes it insoluble in dilute acid.

The amides from p-methoxybenzophenone were hydro-
lyzed and simultaneously demethylated by heating with a
30% solution of hydrogen bromide in glacial acetic acid in

(19) Footnote b in Table I,

¢ p-Nitroaniline.
! p-Hydroxybenzoic acid. There was also isolated 0.59 g. benzoic acid, m. p.

4 Terephthalic acid. * No satisfactory separation

a sealed tube at 100° for twenty-four hours. The mixture
of benzoic and p-hydroxybenzoic acids obtained from this
was separated by extraction with benzene or carbon di-
sulfide, in which only benzoic acid is soluble. This pro-
cedure was tested by subjecting a mixture of equal parts of
p-anisic acid and benzoic acid first to the hydrolysis pro-
cedure, and then to the separation. A 919, recovery of
p-hydroxybenzoic acid and 969, of benzoic acid was ob-
tained. From the basic products of hydrolysis the aniline
was recovered by extraction with benzene from the alka-
lized agueous solution, and was converted to acetanilide
for identification and weighing.

The detailed results of these procedures are given in
Table IV.

Summary

A study has been made of the Schmidt reaction
on a series of para-substituted benzophenones, a
series of phenyl alkyl ketones, and two unsatu-
rated aralkyl ketones. The ratios of the two iso-
meric amides formed in each case are nearly inde-
pendent of para-substituents, but are greatly af-
fected by changes in the steric environment of the
carbonyl group. These observations are corre-
lated with existing theory.

ANN ARBOR, MICHIGAN RECEIVED OCTOBER 21, 1949

[ CONTRIBUTION FROM THE CHEMICAL LLABORATORY OF NORTHWESTERN UNIVERSITY}

The Reaqtion of Ketones with Iodine and Thiourea’

Bv L. CarroLL KING AND ROBERT J. HLAVACEK

Recent papers from this Laboratory? have de-
scribed the formation of aminothiazoles by means
of the reaction.

R;—CO—CH,—R: + I + 2NH,—CS—NH; —>
R—C—N + NH;—CSH==NH;* I~

I
R—C

C—NH;-HI
S

This reaction has now been examined as a
preparative method for aminothiazoles. The 2-
aminothiazoles and the corresponding 2-acetami-
nothiazoles prepared from a variety of ketones

(1) This investigation was partially supported by a grant from the
Abbott Fund of Northwestern University.

(2) Dodson and King, Turs JournNar, 67, 2242 (1944); ibid., 68,
871 (1946); King and Ryden, ibid., 69, 1813 (1947).

where R, and R, are separate groups, are listed in
Table I. Thiazoles and acetaminothiazoles pre-
pared from ketones where R;CO-CHsR: is a
cyclic ketone are listed on Table II.

The method described was not found to be use-
ful for preparation of thiazoles from aldehydes or
from certain ketones such as o-nitroacetophe-
none, 2-methyleyclohexanone, cyclopentanone and
acetomesitylene. In the case of acetomesitylene
the reaction gives the isothiuronium salt II, but
this compound will not cyclize to form the thia-
zole.?

In the case of 3-methylcyclohexanone a poor
yield of a single product was obtained. It was

(3) This is in line with-other reactions of acetomesitylene wherein

normal ketone reactions are absent; see Kadesch, Tuis JourNar,
66, 1206 (1944).
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CH,
/NHz

O CHy—8—
I v, +
CH;—! —CH; O

11

Found

14.25

57.79 6.34
57.12 6.64
57.07 6.81
62.65 4.34
11.49

67.23 3.87

not determined whether this substance was 2-
amino-5-methyl-4,5,6,7 - tetrahydrobenzothiazole,
or the corresponding 7-methyl derivative. In all
other cases reported, the structure of the thiazole
is apparent from the method of preparation.

¢ Kucherovaand Kochesch.-

Calculated

N, 14.28
C, 67.65 H, 3.79

C, 62.59 H, 4.38
From this substance either 2-amino-5-methyl-4,5,6,7-

C, 57.07 H, 6.71
C, 57.07 H,6.71
N, 11.47

C, 57.07 H,6.71
ishing between the two substances.

Experimental

Preparation of Starting Materials.—The thiourea was
White Labe! Grade obtained from Eastman Kodak Com-
pany. The iodine was U.S.P. resublimed crystals.
Many of the ketones were obtained from commercial
sources. The others were prepared by known methods.
The homogeneity of each ketone was established by con-
ventional methods (b.p., m.p., ete.), before using it in the
reaction. In all cases the physical constants of the ke-
tones were in good agreement with values given in the
literature.

Preparation of the Substituted 2-Aminothiazoles.—
General Procedure: A mixture consisting of 0.1 mole of
ketone, 0.2 mole of thiourea and 0.1 mole of iodine was
heated overnight on the steam-bath. This crude reaction
mixture was cooled and extracted with ether to remove un-
reacted ketone and iodine. The residue was then dis-
solved in boiling water®® and filtered to remove sulfur.
The solution was then cooled somewhat and made basic
with concentrated ammonium hydroxide. The amino-
thiazole which separated was recrystallized from water—
alcohol.

If the free aminothiazole separated from the aqueous
solution as an uncrystallizable oil, a characteristic of those
compounds finally melting below 100°, the oil was sepa-
rated and taken up in hot Skellysolve C. Most of the low
melting thiazoles crystallized from the Skellysolve C
solution as it cooled.

The 2-acetamido derivative of each of the thiazoles was
obtained by heating the thiazole with acetic anhydride and
crystallizing the product from alcohol-water.

Preparation of 2-Aminothiazoles from Hydroxyaceto-
phenones.—The reactions were carried out as described
above. The crude reaction mixture after extraction with
ether was taken up in hot water, filtered to remove sul-
fur, and cooled. The 2-amino-(hydroxyphenyl)-thiazole
hydriodide crystallized as slender needles. The yield
data given in Table I are based on the amount of this hy-
driodide isolated. Analytical samples of these mat‘erials
were prepared by crystallization from acetone-water (1-2)
(see notes ¢, j, and &, Table II).

The free aminothiazoles were prepared from the pure
hydriodides by adding concentrated ammonia to a con-
centrated solution of the hydriodide salt until the solution
was neutral. The aminothiazole separated on cooling,
and was recrystallized from water.

The diacetyl derivatives were prepared by heating the
hydriodide salt with acetic anhydride. The reaction mix-
ture was poured into ice water and the product crystal-
lized from 959, alcohol.

2,4,6-Trimethylphenacylisothiuronium Bromide.—A
mixture consisting of 1.4 g. of thiourea and 4.6 g. of bromo-~
acetomesitylene® in ethanol was refluxed for several hours.
On concentrating and cooling, the salt crystallized; yield
3.8 g. m. p. 260-280°, After recrystallization three times
the melting point was 280-282°,

N, 12.75.

162-163

M. p., °C.
140-141
150-151
124-125
284-285
233-234
309-311

Found
The thiazole was also reported by Erlenmeyer and Schoenauer,

& This thiazole was converted to the hydrobromide,

-————— Acetaminothiazole- --
¢ 8-Aminoacenapktho-1,2-thiazole is a bright red crystalline substance.

Formula
CoH ;2 N,08*
CioHuN;08*
C]OI{I(NZOS
CI2H10NZOSa

CisH10N,0S
¢ Caled.: N, 13.32.

Found

18.03
15.74
56.27 7.14
63.75 4.28
13.7
69.76 3.63

57.25 7.31
Our experiments provide no method for distingu

TABLE 11*
¢ Caled.: N, 12.17. Found: N, 12.17.

¢ Based on the ketone.
Found: Br, 25.1.

, reported these compounds with identical melting points.

f Caled.: N, 14.88. Found: N, 13.50.

Anal.

Calculated

N, 18.16
N, 16.55

1

C, 57.10 H, 7.19
C, 57.10 H, 7.19
C, 63.75 H,4.28
N, 13.85

C, 69.62 H, 3.60

By Aminothia;

98- 99
110-11!
© 75— 76
213-214
133-134
205207

87— 88
Caled.: Br, 26.18.

Formula

CrH 1o NS
CgH;aNeS

CsHaN:S
CsHpNoS

CoHaN;S”
CysHsN.S*

C11H10N2S

(4) If this solution were appreciably colored it was treated with
norite A and filtered again.

(5) Some salts proved virtually water insoluble. In such cases,
the residue was treated directly with ammonium hydroxide.

(8) Jacobs and Heidelberger, J. Biol. Chem., 21, 459 (1915).

Yield, ¢
Starting ketone %

65
66
21
6
5
52
99

s The structure of the thiazole is apparent from the starting ketone, except in the case of 3-methylcyclohexanone.

tetrahydrobenzothiazole or the corresponding 7-methyl derivat‘ive could result.
b All melting points were observed on a Fisher—Johns melting point block.

kov, J. Gen. Chem. (U. S. S. R.), 16, 1701 (1946)

3-Methylcyclohexanone
Cycloheptanone

Helv. Chim. Acta, 24, 172 (1941).
C13HsN.S-HBr, m. p. 238-244°,

4-Methyleyclohexanone
Hydrindone

Acenaphthenoneh

Cyclohexanone
a-Tetralone
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Anal.
Br, 26.4.

Caled. for C;H7OBrN,S: Br, 27.09. Found:

Summary
The formation of 2-aminothiazoles by action of

REACTION OF B3-ALKOXYACRYLIC ESTERS WITH s-AMINES

3725
iodine and thiourea on ketones has been exainined
as a preparative method.

EvaAnsTtoN, ILLINOIS RECEIVED FEBRUARY 2, 1950)

[CoNTRIBUTION FROM RoHM AND Haas CoMPANY]

Reaction of g-Alkoxyacrylic Esters with Secondary Amines

By PETER L. DE BENNEVILLE AND JANE H. MACARTINEY

Replacement of an ether group with an amino
group requires a particularly favorable structural
condition in the molecule. Cook and Dixon!
have succeeded in so replacing the ether group by
heating B-alkoxypropionitriles with amines in an
autoclave to temperatures generally in the neigh-
borhood of 200°. This reaction can be attrib-
uted to the presence of the cyanide group in a
neighboring position to the alkoxy group, with
consequent weakening of the carbon-oxygen
bond. A very labile system which has been
known for some years is represented by the group

of compounds of the structure ROCH:C<Y,

where both X and Y are the customary labilizing
groups —COR, —COOR and —CN.%2?® Re-
placement of the alkoxy group with amino- and
anilino- groups is readily carried out in these cases
at temperatures ranging from room to 100°.

reaction. This would indicate that highly hin-
dered bases or weak bases,* as in the aromatic se-
ries, would not react under such favorable condi-
tions. Since the g-alkoxyacrylic esters are avail-
able from the reaction of acetylene and dialkyl
carbonates,® this represents a superior method of
obtaining the 8-aminoacrylic esters.

The amination is readily carried out by heating
molecular equivalents of the 8-alkoxyacrylic ester
and the amine at reflux or steam-bath tempera-
ture, depending on boiling point of the amine.
A potassium carbonate catalyst was used in most
of the reactions, but since omission of the catalyst
gave only slightly lower yields in the one case
where it was tried, the necessity for this catalyst is
questionable. The alcohol may be removed by
distillation as the reaction progresses, but this is
unnecessary. The results of typical aminations
are given in the accompanying table.

TaBLE I
TRANSAMINATION REAcTIONS,” ROCH=CHCOOR’ — >NCH=CHCOOR'

Yield,

R R’ Amine % B. p., °C. uncor.
CH; CH; Morpholine 50° M. p. 76-78°
CHg CH; Morpholine 69 138-142
CH; C.H; Morpholine® 52 141-145
C.H; C:Hs (CH,).NH 53 84~-85
CH; CHy CyH 2 NHCH;, 64 164-165
C:Hs CH; Piperidine 79 123124
CHy GCH; (HOCH,CH;):NH 82 Decomposed®
CH, CHy; Morpholine 26 165-175

¢ Anhydrous potassium carbonate used as catalyst except when indicated.
4 Too weakly basic to titrate with indicator.
materials and stripping on the steam-bath under good water vacuum to remove low-hoiling products.

¢ No catalyst used.

almost glassy material at room temperature.

We have found that a single labilizing group, as
found in the B-alkoxyacrylic esters, is sufficiently
active to promote the replacement of the alkoxy
group by a number of secondary amino groups, at
temperatures generally no higher than 100°. At
these temperatures no replacement of the ester al-
koxy group was obtained; however, in reactions
requiring higher temperatures, such a replacement
might occur. The reaction did not take place
with all secondary amines. A notable exception
was the case of diisopropylamine, which gave no

(1) Cook and Dixon, U. S. Patent 2,425,693.

(2) Claisen, Ann., 297, 1 (1897).
(3) de Bollemont, Buli. soc. chim., (3] 28, 29 (1901).

Neutralization

Nitrogen, % equivalent Sp. gr.

at mm. Found Caled. Found Caled. 20/20 1w

8.20 8.18 174 171
0.8 7.67 7.57 185 185 1.1077 1.5309

1.2 .. .. 187 185
1.4 9.32 9.78 145 143 0.9947 1.5114
4.0 5.28 5.48 4 255 0.9196 1.4897
1.1 7.62 7.64 187 183 1.0293 1.5334
T30 7400 ¢ 208 ‘ 1.5021
2 5.94 6.59 230 213 1.0857 1. 5056

® Product recrystallized from methanol.
¢ Product isolated by water wash to remove unreacted
It was a thick

The @-dialkylaminoacrylic esters so produced
were stable but very weak bases. For example,
titration with hydrochloric acid to a brom phenol
blue end-point led to a disappearing end-point
which drifted back to the basic side until the neu-
tral point was reached, which in almost all cases
corresponded to the theoretical neutral equivalent
for the compound. This basicity distinguishes
these compounds from the other possible products
of the reaction, the alkoxyacrylamides. Cold
dilute hydrochloric acid slowly hydrolyzed ethyl

(4) Methylaniline also did not give the expected product in this

reaction (Dr. J. O. Van Hook, private communication),
(5) Croxall and Schneider, Tms Journar, 71, 1257 (1949).



