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Consequently the muscles that are in a state of tonus satisfly
better the indispensable condition of rigor mortis, namely suffocation,
than the atonic ones. The leg with tonus muscles also satisfies
better the 2vd condition namely the condition of being influenced
by the nerves. -

For these muscles constantly receive indeed stimulants by way
of reflection, wheveas the other atonic leg remains without these
stimulants. The consequence of both the more intense alteration of
the chemical state and: the influence of the veflection is that the leg
of which the tonus-reflection track remains uninjured, stiffens sooner
than the leg of which this reflection-track is interrupted at the
posterior roots or near the Rami communicantes. We must thns
consider the rigor mortis of the skeleton musecles as a last vital
demonstration of the muscles under the influence of suffocation,
whilst stinnlants running along the tonus-reflection-track accelerate
this process. That rigor mortis is a last (tonical) contraction of the
munscles is apparent from the fact that the muscles that have lost
their irritability in an atmosphere of oxygen, can no move stillen
or shorten under cireumstances of suffocation.

Chemistry. — “On the reduction of aromatic ketones”. II. By
Prof. J. BéusekeN and W. D. ComeN. (Communicated by
Prof. A. F. HOLLEMAN).

(Communicated in the Mecting of February 28, 1914).

In our previous communication on this subject ') we have assumed
that by reduction of the ketones the half pinacone molecule isin all
cases the sole direct reduction product.

If, in the position where that partial molecule is formed, there are
practically no OH-ions it polymerises immediately to pinacone.

In the presence of OH’, however, there was always found benz-
hydrole and the question arose whether this was caused by direct
reduction or by the transformation of the previously formed pinacone
into benzophenone and benzhydrole by the OH-ions.

These alternatives may be represented by the schemes

(C,H),C0 — (C,H,),00H — (C,H,,CHOH . . . (I
(C.H),C0 > (€,H),00H ~ [(C,H),C0H], — (GH),CHOR +
F(CHLCO . . . . . . . . D

1) Proc. XVI, 91 (1913).
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If the latter is the case, the pinacones belonging to the ketones
which, in a neulral or very faintly alkaline medium, give much
hydrole must be decomposed by alkalis into a mixture of hydrole and
ketone much more rapidly than those which in the same circum-
stances yield but little hydrole. .

It may even be expected thai the formation of hydrole and the
splitting of the pinacone by alkalis will proceed in a strongly
parallel manner.

This has now indeed proved to be the case. The greater ihe
decomposition, velocity of the pinacone by alkalis, the smaller the
qnantities formed in the rednction with aluminium amalgam.

With this is also proved that at the boundary layer of the amalgam
is present an excess of OH-ions which is only accessible to the pinacone
in its nascent state. If, for instance, pinacone is exposed to the action
of aluminium amalgam and 80°/,alcohol, it is practically not attacked,
moreover the proportion in which pinacone and hydrole are formed
is nearly independeni of the duration of the reduction. (1st commu-
nication p. 92).

The proportion of the quantities of pinacone and benzhydrole in
which these are formed dnring the reduction of thirteen aromaiic
ketones wilth aluminium amalgam has been given in the 1% com-
munication p. 98.

The decomposition velocity of the pinacones was delermined by
dissolving quantities of 0.5 gram in a mixture of 75 cc. of ether
and 5 ce. of alcohol diluting this solution to 105 ce. with aleoholic
solntions of potassium hydroxide of N/0.42, N/0.042 and NV;0.0042
strength, respectively. The normalities of the solution thus become
0.4, 0.01, and 0.001.

These mixtures were kept for defiuite periods at 25°, then diluted
with cold water, agitated a few times with ether, the ethereal solution
was evaporated down rapidly and the residue digested with 80°/,
alcoliol at 25° in the manner described previously (I.c. p. 9) in
ovder to get to know the quantities of undecomposed pinacone.

" The subjoined table and graphic representalions give a survey of
the results: obtained.

The numbers of the lines in the graphic representations appertain
to the numbers with which the pinacones are indicated in the table ;
the percenlages next to or beloew those numbers in the graphic
representation indicale the quantities of pinacone formed from the
respective kelones by reduction with aluminum amalgam in 80°/, alcohol.

From the graphic represeniation of the pinacone decomposition,
where, as observed above, are indicated the percentages of pinacone

3
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which are formed in tae reduction with aluminium amalgam, it
follows that these two phenomena procecd indeed mn a completély

parallel mannet.
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One gets the impression that in the reduction of benzophenone
and its derivatives, the oxygen only is aitacked and that on gentle
reduction there takes place an exclusive addition ofa hydrogen atom
to the oxygen. Whatever happens afterwards has nothing more to
do with that reduoction. -

If there are no OH-ons, pinacone?) is formed, but if these are
present a splitting into hydrole and ketone takes place and the latter
can be again attacked by the hydrogen. 1f the hydroxyl-ions are
exclusively present m the boundary layer, we shall obtain a definite
proportion of pinacone and hydrole; if they are found also in the
solation in a sufficient concentration all the ketone is converted
into hydrole.

In the case of a very violent reduction, for instance, with zinc amalgamn and
strong hydrochlotic acid?) the oxygen seems also to he attached by preference

and becomes appatently completely detached; the residual wolecular pait now,
however, also absorbs hydrogen and is convetled inlo hydrocaibon.

2. The progressive change of the genlle reduction is herewith
explained in general traits, al least in so far purely aromatic ketones
are concerned.

The hydrole formation thus depends 1w the first place on the
facility with which pinacone gets resolved and thisisin a high degree
promoted by alkalis.

This action of bases, has meanwhile been much clucidated by the
researches of W. Scnusck, T. Wricker, and A. Trat (B. 44, 1183
(1911) and 46, 2840 (1913). There it was shown that pinacones
form with the alkali metals compounds of the trivalent carbon, for
instance (C,H;), COK; we notice that the dentral C—C-bond, which in
the ketones is not particularly strong, becomes much looser still
under the influence of these metals so that the half pinacone mole-
cules, under the influence of the metal atom, can indeed lead a
free existence.

In the comparatively faintly alkaline solutions: matters will not
proceed so far, but here those central carbon atoms can detach
themselves from each other in consequence of an intramolecular
displacement of atoms :

CoH) =0 B oy, 00 ’
(C.H,, Cj 0 H (C.H,), CIIOH

in which the mobile H-atoms will play a role.

1) We have exposed a whole series of ketones in absolute alcohol lo the action
of light and never obtained a trace of hydrole.
%) E. CLEMMENSEN, B. 46, 1837. (19183),
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Monraexi ') found some jears ago that a number of aromatic
ketones are already reduced by boiling with alcoholic potassium
hydroxide ; it is very well possible that the strongly alkaline reaction
of the medium increases the affinity of the ketone oxygen for the
hydrogen of the aleohol molecules, so that also here half pinacone
mols. are formed®) as follows:

2(C,H,),0—0 -+ C,H,0=0C,H,0 -+ 2(C,H,), OH etc.

The phase of the entire pinacone mols. is very rapidly gone through
in this case.

It speaks for itself that this powerful affinity influence of the
medinm will also make its action felt on other bonds in the molecule,
so that the entire phenylgroup may be resolved or halogen atoms
become ‘activated” as found by MonrtaeNE, an action that ceases, or
becomes less, when the entire C = O-group is saturated with hydrogen.

Conversely, this influence itself will be modified by the nature of
the groups in the ketone and this the more so as the character of
that group differs more from that of the hydrogen atoms. In fact,
MonTaeNe has found that the aminobenzophenones are absolutely not
affected by strong alcoholic potassinm hydroxide.

3. This influence of the snbstituents on the stability of the central
pinacone-C—C bond in regard to alkalis can now be readily deduced
from ounr measarements (sce graphic representation A and B and table).

If we {ake the ordinary bénzpinacone as the starting point, it
appears (hat the methyl- (9 and 8) and the methoxylgroup (7) in the
para-position render the molecule stable, on the other hand the
halogen atoms will render the said bond looser and this in the order
para (4), ortho (2), meta (table N°. 3). The para-placed bromine atom
(5) joins the chlorine atom; also in the pinacone from 4.4’ dichloro-
benzophenone (6) the bond is considerably looser than in the pinacone
from 4 chlorobenzophenone.

Whereas in the pinacone from 2 Cl 4’-methylbenzoplienone the two
influences, as might be expected,coanteract each other (10) it appears that
in the pinacone from 4 Cl 4-methylbenzophenone (11) the methylgroup
unexpectedly promotes the loosening action of the chlorine atom.

The method followed by us thus indicates the way to mutnally

1) Monrasyt, Recueil 27, 327 (1908).

Moxraeye and Monn van Cmarente, R. 81, 298 (1912).

%) We may also express this as follows: the oxygen aclivaled by the alkali
melal withdiaws the hydrogen ftom the alcohol molecules.
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comparg the action of different substituenis in a molecule on a defi-
nite bond of that same molecule. It we choose the decomposilion
velocity of one of the pinacones as unit, the ratio of the velocities
of the other pinacones to this unit is then the measure of the
relative lability.

Thus we obtain for the decomposition in N/0.01 sodium ethoxide:

for 4.4.4’.4’. tetramethylpinacone (9) = 0.1
4.4'. dimethylpinacone (8)—_—O.lé
4.4, dimethoxylpinacone (7) = 0.45

[pinacone (1)=1. ]
2.2/, diCl 4.4’ dimethyl ,, (10)=2.5
’ 14’ dibromo ,, (5) =24
1.4’. dichloro ,, ($ =23

Moreover, owing to the nature of the measurements we canno{
attach to these figures more value than {o an approximate deter-
mination.

4. With regard to the relative reduction velocity of the ketones
to pinacones these exaperiments fell us nothing. In order to get {o
kinow something about this we wmust reduce the different ketones
under the same conditions, preferably in such a manner that nothing
but the pinacone is formed.

This now may be effected by exposing to light a solnfion of the
ketones in wbsolute alcohol when mdeed a ready transformation info
pinacone and aldehyde takes place ).

As it concerns here the activation of the C-O-bond it is to be
cxpecled that the relative extent of the inllucnce of the substituenis
in the Dbenzene nuclens will show quite a different order than in
the pinacone resoluiion. We will refer to this in a fulure com-
munication.

Labor. Ory. Chem. Techn. University.

Delft, Tebruary 1914.

1) This was slated long ago by Cramician and Sweer; we have pointed out in
our previous communicalion hal in this new'ral, or ab most very faintly acid
medium no lransformation of pinacone inlo hydrole is lo he expeeled and thal,
therefore, the absence of hydrole in this case is again a proof that the 1eaclion
proper does nol extend further than to the hall pintcone molecule.



