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If the oxidation occurred in this manner at the
dropping electrode, the equation of the wave
would be given by

x = m/ — 0.0591 log /44 — 1
Actually the following relation was found to hold

0.0591
2

T =Ty — log i/ia — ¢

The validity of this expression lends support to the
mechanism proposed by Smith, Kolthoff, Waw-
zonek and Ruoff? for the oxidation of p-hydroxy-
chromans at the dropping mercury electrode.
Applied to a-tocopherol it is written as follows

(|)H
CH, O
CH,
VAV + 2H* + 2¢
I+ HO ¢ > ‘CisHas (1
Va
0% ¢u,
III

III —> IV (2)

The reversible reaction (1) involves a change in
the half-wave potential of 0.0591 volt per unit
change of pH. The experimentally determined
value is in reasonable agreement with the calcu-
lated one. If the half-wave potential of a-toco-
pherol in buffer I is extrapolated to a pH of zero,
a value of +0.77 volt is found (vs. normal hydro-
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gen electrode). This is about 0.16 volt more
positive than the “apparent oxidation potential”
reported by Golumbic and Mattill. According
to Adkins and Franklin' there is, in general, no
relation between an ‘‘apparent oxidation poten-
tial” and the half-wave potential.

Summary

1. «-Tocopherol, and three isomeric dimethyl-
ethyltocols, are oxidized at the dropping mercury
anode in 75%, ethanol solutions containing aniline—~
anilinium perchlorate, or perchloric acid, as buf-
fers and supporting electrolytes. In acetate
buffers, however, the mercury is oxidized before a
limiting current is reached.

2. B- and #y-tocopherols are oxidized at the
dropping mercury electrode at more positive po-
tentials than is a-tocopherol.

3. The equation of the waves for the oxidation
of a-tocopherol and 5,7-dimethyl-8-ethyltocol
supports the mechanism proposed by Smith,
Kolthoff, Wawzonek and Ruoff for the oxidation
of p-hydroxy-chromans and -coumarans.

4. a-Tocopherol and the three dimethylethyl-
tocols can be determined polarographically. The
accuracy is of the order of 59,. In an aniline-
anilinium perchlorate buffer of given composition
the diffusion current (corrected for 4,) is found to
be proportional to the concentration. Within
certain limits it is possible to determine polaro-
graphically a-tocopherol in the presence of 8-
and «y-tocopherols.

(15) Adkins and Franklin, THIS JOURNAL, 68, 2381 (1941),
MINNEAPOLIS, MINN. RECEIVED DECEMBER 13, 1941
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The Preparation of s-Keto Amines by the Mannich Reaction

By F. F. BLICKE aND J. H. BURCKHALTER!?

Tertiary amines of the type RCOCH,CH,NR’,
(R = aryl, R’ = alkyl) can be obtained readily
by means of the Mannich reaction
RCOCH; + CH;0 4+ HNR','HCl =

RCOCH,CH:NR';-HCl + H,0O

The extent to which this reaction might be

serviceable for the preparation of corresponding

(1) This paper represents part of a dissertation to be submitted to
the Horace H. Rackham School of Graduate Studies by J. H, Burck-
halter in partial fulfilment of the requirements for the degree of Doc-
tor of Philosophy in the University of Michigan.

(2) Parke, Davis and Company Research Assistant, 1940,

secondary amines, RCOCH;CH;NHR/’, has hardly
been investigated. It might be predicted, how-
ever, that its usefulness for this purpose would be
a very limited one.

Mannich and Heilner®? found that acetophe-
none, formaldehyde and methylamine hydrochlo-
ride react readily, when mixed in the proportions
shown in equation A, to yield methyldi-(8-ben-
zoylethyl)-amine hydrochloride (I), in 819, yield,

(8) Mannich and Heilner, Ber., 558, 362 (1922).



452

and an undetermined amount of methyl-8-ben-
zoylethylamine hydrochloride (IT).*
2CH,COCH; + 2CH,0 4+ H,NCH,;-HCl =

(CeHsCOCH,CH,),NCHy-HCl} + 2H,0
I

(+ CsH,COCH,CH,NHCH,-HCI) (A)
I

We repeated the experiment with the use of
equimolecular amounts of the ketone and alde-
hyde, quantities which naturally would favor the
formation of the secondary amine, and obtained
compounds I and II in yields of 84 and 299, re-
spectively. In spite of the fact that the tertiary
amine is produced in such a relatively large
amount, equation A indicates a fairly satisfactory
preparation of this secondary amine salt, since
Mannich and Heilner® showed that the tertiary
amine hydrochloride is transformed quite readily
by steam distillation into phenyl vinyl ketone and
methyl-3-benzoylethylamine hydrochloride. TUn-
(CeH;COCH,CH,),NCHyHCl = CyH:COCH==CH, +

C:H,COCH,CH.NHCH;-HCl (B)
11
fortunately, the extent to which the change takes
place was not mentioned by these investigators.
In one experiment we found the yield of compound
11 (eq. B) to be 78%,.

It was observed that when compound II is
treated with alkali at ordinary temperature, the
liberated base loses methylamine and is converted
spontaneously into the base of compound I (eq.
C). This is caused undoubtedly, by the interme-
diate formation of phenyl vinyl ketone® and
methylamine (eq. D); the unsaturated ketone
can react with methylamine (eq. E)® or with un-
changed methyl-3-benzoylethylamine (eq. F) to
form methyldi-(8-benzoylethyl)-amine.
2C:H;:COCH:CH,NHCH; =

(CeH;COCH,CH,),NCH; + H.NCH; (C)
2CH-COCH,CH,.NHCH; =
2CH;COCH==CH, + ZH,NCH,
2CH:COCH==CH. + H.NCH; =
(CeH;COCH,CH,);NCH; (E)

D)

(4) Compound 1I seems to be the only monoalkylamino ketone
salt of this type which has been prepared hitherto by the Magmnich
reaction. The conversion of this product into a pyrazoline and into a
ketotetrahydropyrimidine offer support for its structure (Mannich
and Heilner, Ber., 88, 3656 (1922)).

(5) Others have observed that certain basic ketones obtained by
the Mannich reaction, for example g-dimethylaminoethyl 2-nitro-
phenyl ketone. are stable only in the form of a salt {Mannich and
Dannehl, Arch. Pharm., 276, 206 (1938)).

(6) Bodendorf and Koralewski (¢bid., 871, 115 (1933)) found that
phenyl vinyl ketone and 50% aqueous dimethylamine react at ordi-
nary temperature to give S-dimethylaminoethyl phenyl ketone in
729, yield.
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CeH,COCH==CH, + CsH,COCH,CH,NHCH, =
(CeH;COCH,CH,),NCH; (F)

In a separate experiment equimolecular
amounts of phenyl vinyl ketone and methylamine
were mixed, in alcoholic solution, at ordinary tem-
perature; the reaction product was not methyl-3-
benzoylethylamine but methyldi-(8-benzoylethyl)-
amine.

When equimolecular quantities of a-acetyl-
thiophene,” paraformaldehyde and methylamine
hydrochloride, amounts which should favor the
formation of the secondary amine, methyl-2-(a-
thenoyl)-ethylamine, were allowed to react, we
were able to isolate only the tertiary amine, meth-
yldi-[2-(a-thenoyl)-ethyl] -amine, in 619, yield.
The latter was subjected to steam distillation
under the same conditions as the phenyl analog,
but in this case no evidence could be obtained
that the secondary amine was formed, although
in several experiments small quantities of a-
thienyl vinyl ketone were obtained.

It seemed that if the hydrochloride of methyl-
acetamide were employed in place of methyl-
amine hydrochloride, it might be possible to obtain
a secondary amine in the form of its acetyl deriva-
tive. ‘We studied the interaction of acetophenone,
RCOCH; + CH,O + HN(COCH;)CH;-HCI =

RCOCH.CH,N (COCH;)CH;3-HCl + H,0
paraformaldehyde and methylacetamide hydro-
chloride, but the only product we were able to
isolate from this reaction was methyldi-(3-ben-
zoylethyl)-amine hydrochloride.

Contrary to the statement in the literature®
that the typical condensation does not take place
between acetophenone, formaldehyde and di-
ethylamine hydrochloride, we found that these
compounds do react to yield diethyl-3-benzoyl-
ethvlamine hydrochloride. When a-acetylthio-
phenone was substituted for acetophenone, di-
ethyl-2-(a-thenovl)-ethylamine hydrochloride was
nbtained.

a-Propionylthiophene,!® formaldehyde and di-
methylamine hydrochloride react to form the salt
of dimethyl-2-(a-thenoyl)-propylamine, (CHg)oN-
CH,CH(COCH;S)CHs-HCI.

When submitted to steam distillation, this prod-
uct yielded an oil which undoubtedly was 2-(«-

(3) “Organic Syntheses,” 18, 1 (1038).

(8) Actually the half hydrochloride (HN(COCHz) CHi)2*HCI1 was
employed.

(9) Levvy and Nisbet, J. Chem. Soc., 1053 (1938).

(10) Scheibler and Schmidt, Ber., §4, 149 (1921). We prepared
the ketone in 799, yield according to the method described in “Or-
ganic Syntheses’’ for a-acetylthiophene,
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thenoyl)-propene. The latter reacted rapidly
with phenylhydrazine to form a crystalline mate-
rial; in all probability this was l-phenyl-3-(a-
thienyl)-4-methylpyrazoline.

It seems that dicyclohexylamine hydrochlo-
ride!! is unsuitable for use in the Mannich reac-
tion since condensation could not be effected be-
tween this salt, formaldehyde and acetophenone.

Experimental

General Procedures: (a) (Compounds 1, 2, 5, 6 and 8).
—A mixture of 0.10 mole of the ketone, 0.10 mole of the
amine hydrochloride, 0.12 mole of paraformaldehyde and
about 20 cc. of absolute alcohol was heated on a steam-
bath for two to three hours. The mixture was cooled, the
precipitated material filtered and the filtrate concentrated
to recover more of the desired compound.

(b) (Compounds 3, 4 and 7).—The reaction mixture
was cooled and any precipitated product removed by fil-
tration. To obtain the dissolved product, the solvent was
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Conversion of Methyldi-(8-benzoylethyl)-amine Hydro-
chloride into Methyl-g8-benzoylethylamine Hydrochioride.
—Steam was passed into 15 g. of the tertiary amine hydro-
chloride until no more oily phenyl vinyl ketone distilled.
The distillation flask was heated with a Bunsen burner in
order to keep the volume of water as low as possible.
When the aqueous solution in the distillation flask was
evaporated to dryness 7 g. (78%) of the secondary amine
hydrochloride was obtained.

Spontaneous Decomposition of Methyl-g-benzoylethyl-
amine into Methyldi-(3-benzoylethyl)-amine.—A solution
of 2 g. of sodium hydroxide in 10 cc. of water was dropped
slowly into 3.0 g. of methyl-B-benzoylethylamine hydro-
chloride, dissolved in 10 cc. of water, while the tempera-
ture of the amine solution was maintained at about 30°.
‘The oily precipitate, which soon crystallized, weighed 2.15
g (97%) and melted at 139-142°; m. p. 141-142°, after
recrystallization from alcohol; mixed m. p. 141--142°,

A portion of the methylamine produced was removed
from the reaction mixture by a stream of air and passed
into hydrochloric acid; the imethylamine hydrochloride
obtained melted at 224-226°,

B-KETO AMINES

Compounds 1 and 4 were recrystallized from a mixture of acetone and alcohol; compounds 2 and 5, as well as the
base of 5, from alcohol; compounds 3 and 7 from a mixture of acetone and ether; compound 6 from acetone; and com-

pound 8 from water.

Chlorine, %

Hydrochloride Yield, % M. p., °C. Formula Caled. Found

1 CH,SCOCH,CH,N(CHa,), 47 178-179" CyH,;sONSC1 16.14 16.25

2 C.H;SCOCH,CH.NCsHj, 74 201-202°¢ C12H;sONSCI 13.65 13.63

3 C4H:;SCOCH,CH,;N(C,H,), 39 116-117 CuH :ONSCI 14.31 14.36

4 C.H;SCOCH(CH,;)CH.N(CHa). 60 154-156 C1H1sONSCl 15.17 15.16

5 (CH;SCOCH,CH,),NCH; 61 185-186 CisH1:0,NS:Cl 10.31 10.35

Base 146-148 Ci:H10.N'S; N, 4.56 4.36

6 CsH:COCH;CH,NHCH, 29 140-142° C1oH1:ONCI 17.76 17.65

7 CsH;COCH,CH,N(C:Hs)z 45 108-110 Ci3HONCl 14.67 14.67
8 (C¢H;COCH,CH,).NCH; 34 161-162°

¢ Levvy and Nisbet (J. Chem. Soc., 1053 (1938)) stated that compound 1 melted at 172° and compound 2 at 199°;

the yield was not reported in either instance.
¢ Ibid., m. p. 162°.

removed from the filtrate under reduced pressure, about
50 cc. of water added to the residue, and the mixture ex-
tracted three times with 50-cc. portions of ether. Any un-
changed ketone can be recovered from the ether extracts.
The aqueous layer was made alkaline, the precipitated base
extracted with ether, the ether solution dried and treated
with hydrogen chloride, whereupon the hydrochloride pre-
cipitated.

In the preparation of the hydrochlorides of methyldi-(8-
benzoylethyl)-amine and methyl-3-benzoylethylamine, a
mixture of the two compounds is obtained as a precipitate.
Since the latter is soluble in cold chloroform, it can be
separated from the former with the aid of this solvent.
Upon evaporation of the alcohol from the alcoholic filtrate,
a mixture of methylamine hydrochloride and methyl-3-
benzoylethylamine hydrochloride is obtained. Upon
extraction with cold chloroform, the methylamine hydro-
chloride remains undissolved.

(11) Burger and Bryant (Tr1s JOURNAL, 68, 1055 (1941)) observed
that dicyclohexylamine hydrochloride does not react with formalde-
hyde and 2- or 4-acetyldibenzothiophene.

® Mannich and Heilner (Ber., 55, 363 (1922)) report m. p. 189-141°.

Notes: Compound 1.—Nine grams of this substance was
submitted to steam distillation. The oil in the distillate
was extracted with ether, the extract dried with magnesium
sulfate, the ether removed and the residue distilled. There
was obtained 2.5 g. (449,) of a-thienyl vinyl ketone; b. p.
108-110° (12 mm.). Anal. Caled. for C/HQS: S,
23.20. Found: S, 23.40. The material rapidly became
very viscous. When the unsaturated ketone was heated
with phenylhydrazine on a steam-bath for a short time it
was converted into 1-phenyl-3-(a-thienyl)-pyrazoline
which melted at 102-103° (Harradence and Lions, J.
Proc. Roy. Soc. N. S. Wales., 72, 247 (1939), found 103°).

Compound 3.—Upon steam distillation a-thienyl vinyl
ketone was obtained.

Compound 4.——When 8.7 g. of the product was subjected
to steam distillation, 4.0 g. (71%) of an oily material was
obtained which boiled at 118-120° (19 mm.). Un-
doubtedly this substance was 2-(a-thenoyl)-propene.
Anal. Caled. for CiHsOS: S, 21.06. Found: S, 21.15.
One gram of the propene and 0.4 g. of phenylhydrazine
were heated on a steam-bath for a few minutes. The oily
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material crystallized when it was cooled and melted at
81-83° after recrystallization from alcchol. In ali prob-
ability the product was l-phenyl-3-(a-thienyl)-4-methyl-
pyrazoline, Awnal. Caled. for CyHgyN,S: S, 13.23.
Found: S, 13.34.

Compound 7.—Phenyl! vinyl ketone was obtained when
this compound was submitted to steam distillation and also
when an attempt was made to distill the base under 18 mm.
pressure; in the latter instance the yield of the unsaturated
ketone was 80%. - Phenyl vinyl ketone was identified by
its boiling point (114-116° (18 mm.)) and by its reaction
with phenylhydrazine to yield 1,3-diphenylpyrazoline
(m. p. 151-152°) (Kohler, Am. Chem. J., 42, 386 (1909));
Jacob and Madinaveitia, J. Chem. Soc., 1931 (1937).
The picrate was formed when 3 g. of the base and 3 g. of
picric acid, dissolved in 6 cc. of alcohol, were heated on a
steam-bath, The product melted at 115-116° after
recrystallization from alcohol which contained a small
amount of acetone. Anal. Caled. for CioHuQOsNy:
N, 12.90. Found: N, 12.756. Mannich (4rch. Pharm.,
273, 284 (1935)) mentioned that this picrate melted at
114-115°, but he failed to describe the base.

Formation of Methyldi-(8-benzoylethyl)-amine from
Phenyl Vinyl Ketone and Methylamine.——When 7.9 g.
(0.06 mole) of phenyl vinyl ketone was added to 9.3 cc.
(0.06 1mole) of alcoholic methylamine the mixture became
warm. After two hours the latter was cooled with ice
whereupon 3.1 g. of the tertiary amine precipitated;
m. p. 140-141°, After twelve hours at ordinary tem-
perature, an additional 1.7 g. had separated and (.64 g.
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more was obtained after four days; total yield 619%,.

Formation of Methyldi-(3-benzoylethyl)-amine Hydro-
chloride from Acetophenone, Paraformaldehyde and the
Half Hydrochloride of Methylacetamide.—Methylacet-
amide,!? dissolved in absolute ether, was treated with
hydrogen chloride and the precipitated half hydrochloride!?
recrystallized from acetone; m. p. 87-89°.

Anal. Caled. for C¢H;;0:N,Cl: Cl,
Cl1, 19.55.

A mixture of 8.8 g. (0.073 mole) of acetophenone, 3.0 g.
(0.100 mole) of paraformaldehyde, 8.0 g. (0.044 mole) of
methylacetamide half hydrochloride and 10 cc. of absolute
alcohol was heated on a steam-bath for forty-five minutes.
The mixture was cooled and the precipitated material
(4.7 g.) recrystallized fromn alcohol. The product melted
at 160-162°, the melting point of methyldi-(3-benzoyl-
ethyl)-amine hydrochloride; mixed m. p. 160-162°.
After conversion of the salt into the free base, the latter
melted at 140-142°,

19.41. Found:

Summary
A study has been made of the interaction of
several amine hydrochlorides with formaldehyde
and acetophenone, a-acetylthiophene or a-pro-
pionylthiophene.

(12) Verley, Bull. soc. chim,, [3] 9, 691 (1893).
(13) This product was postulated but not described by D’Alelio
and Reid, TH1s JourNaL, 59, 110 (1937).

ANN ARBOR, MICHIGAN RECEIVED OCTOBER 7, 1941
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Anomalies in Conductivity Measurements in Presence of Hydrogen Peroxide

By M. BOBTELSKY AND A. E. SIMCHEN

1. Introduction..—For some years we have
studied with collaborators the problem of the
catalytic decomposition of hydrogen peroxide in
the presence of electrolytes,! including the phe-
nomena appearing in the presence of hydrogen
peroxide by conductometric measurements (e. g.,
during the catalytic action of cobalt citrate com-
plexes). In presence of increasing quantities of
hydrogen peroxide, conductometric curves were
obtained with pronounced maxima and minima
of conductivity that could not be accounted for
by simple chemical reactions. Therefore the only
explanation possible was to suppose that these
“anomalous” curves were due to specific conduc-
tivity phenomena in electrolytic solutions in pres-
ence of increasing quantities of hydrogen perox-

(1) M. Bobtelsky and B. Kirson, Compi. rend., 199, 573 (1934);
208, 1577 (1939); M. Bobtelsky and L. Bobtelsky-Chajkin, ibid., 201,
604 (1935); 208, 872 (1936); 208, 1158 (1936); M. Bobtelsky and

M. Rappoport, ibid., 208, 234 (1937); M. Bobtelsky and A. E.
Simchen, ibid., 208, 1646 (1939).

ide; we felt quite sure that there were no chemical
compounds formed between hydrogen peroxide
and the simple electrolytes.

A series of conductometric titrations of pure
electrolytic solutions with increasing quantities
of hydrogen peroxide were carried out. The
measurements were made by the visual method
by means of a “lyograph” (see below) at 50 cycles/
sec. Comparison experiments were carried out
with a Wheatstone bridge, at 1000 cycles/sec.
The experimental results reported here have
largely justified our previous assumption.

Neither the aim we had put before us in this
work, nor the apparatus used, admitted of a fur-
ther extension of the problem in the physical di-
rection, <. €., a study of alternating current po-
larization. In this respect we may mention the
work of Jones and Christian,? who investigated
this question with great thoroughness and suit-

(2) G. Jones and S. M. Christian, THIS JOURNAL, 57, 272 (19806).



