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Consequent1y the muscles that are in a state of tonus sati&fy 
bettel' the indispensable conelition of rigor rnortis, namely &uffocat ion, 
than the atonie ones. The leg with tonus l1111sclcs also satisfies 
better the 2nd condition namely the conelition of beillg influenced 
by the nerves. 

For these muscles constantly receive' inc\eed stimulants by way 
of reflection, whel'eas t11e othe1' atonie leg rernains withont these 
stimulants. The consequence of both the more intense ~tlteration of 
the chemical state anel, the )nfluenee of the l'eflection is that the leg 
of which the tOllus-refleetion track l'emains nninjll1'ed, stiffens 800ne1' 
th.1n the leg of which this reflection-track is intel'rupted at the 

) 

posteriot' roots or neat' t11e garni eornmunicantes. We must t11)lS 

consider tlle rigor mortig of the skeleton musrles as ,t last vita!. 
demonstration of the muscles 11J1der tlle influence of suffocation, 
whilst stimnlants running along the ton Lls-ret~ection-track accelemte _ 
this pl'ocess. That rigor mortis is a last (tonical) cootraction of the 
mnscles is apparent from tlle fact that the muscles thai have lost 
their irritability in an atmosphere of oxygen, can no more stW'en 
or shorten under circumstances of suffocation. 

Chemistry. - "On t!te 1'ecluction of aromatic ketones". Il. Br 
Prof. J. BÖESEKl!!N anel W. D. COBEN. CCommuoic~tted by -

Prof'. A. F. HOLLE1\IAN). 

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

In our previous COITllnunication on this subject 1) we have assmnecl 
that by l'ec\uction of the ketones the half pinacone molecule is in a.ll 
cases the sole direct l'ednction product. 

If, in the position whel'e that parLial molecule is fOl'lneel, thel'e are 
practically no OH-ions it polymerises immediately to pinacone. 

In the pl'esence of OH', however, there was always fOllIlel benz
hyelrole and tlle question arose wlwther this was caused by direct 
reeluction Ol' by the transformation of the pl'eviously formeel pillacone 
into bellzophcnone alld benzhydl'ole by the OH-ions. 

These alternatives may be l'epresentecl by, the schemes 

(CaH5)2CO ~ (CaH5)2COH ~ (CaH5)/JHOH (I) 

(C6H5)2CO ~ (Cr,H\)2COH ~ L(CaH6)2COHJz ~ (CaH6)2CHOH + 
+ cCaH5)2CO . (II\ 

1) Proc. XVI, 91 (1913). 

--======~-~---_. ~- - --
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If ihe latter is the case, tlle pinacones helonging to the ketones 
which, in a neutral Ol' yCI''y fn,inLly all,aline medium, give mucll 
bych'ole must be clecomposecl by alkalis into a mixtllre of hyclrole anel 
ketone mnch mOl'e ntpicUy tl1/:1,n those which in tl18 same cÏrcum
stances yield out little hyclI·ole. 

It may even be expectecl thai the fO['J1Hl,tion of hydl'ole anel tlle 
splitting of the pinacone by alkaJis wil! pl'oceeel in a stt'ongly 
parallel manner. 

This bas 110W incleecl pl'ovecl to be the ea,se. The gl'eater lbe 
cleeomposition, velority of the pinaconc by allmlis, tlle smaller tbe 
qnantities fOl'l11ecl in the l'ec!lIction witll ttluminium uiYJalgam. 

With this is also Pl'oved rlmt at tlle boundm'y layer of the amnlgam 
is present all excess of OH-iolls whieh is ollly accessible to the pinacone 
in its nascent state. It', 1'01' II1Rtallce, pinacone is exposecl to tbe action 
of aluminium amalgam allel 80°10 alcohol, it is )Jractically not attackecl, 
moreover the pl'oportion in whicl! pinacone and hydrole are formeel 
is nearly inclepenclen i of thc c!uration of rhp recluetion, (1 st eommu
nication p. !:J2). 

The pl'opol'tion of ihe quantities of pinacone anel benzhyc!role in 
whieh these are formed dl1l'ing the redllction of lhil'teen aromatic 
ketones wUh aluminium amalgam has been givell in tlle jst C0111-
111unication p. 98. 

The clecomposition veloeity of the pilJacones was cleterll1illecl IJy 
clissolving quantities of 0.5 gram in a mixture of 75 cc. of ether 
ttucl 5 cc. of alcohol cliluting this SOllltiul1 to j 05 cc. with alcohol ie 
solntions of potassium hydroxide or lV/0.42, Nlo.042 ancl NiO.0042 
strength, respectively. The norma,lities of the solution tlms become 
0.1, 0.01, ancl O.OOL 

These mixtl1l'es were kept for clefillite pel'iods at 25°, then dilnted 
with cold water, agitatecl a few times with etber, tbe ethereal solution 
was evapol'atecl down rapiclly ancl the l'esidue digested with 80°/0 
alcohol at 25° in the l1lanner c1escl'ibed previously (1. c. p, 9) in 
order to get to l~no\V the quantities uf nnclecomposecl pinacone. 

The snbjoinecl table anc! gntphie repl'esentations give a survey of 
the l'esults' obtainecl. 

The numbers of the lincs in the graphic repl'esentations a.ppel'tain 
to the munbers with which the pinacones ~re inclicated in the tabIe; 
the pcrcentages llext to Ol' beJo\y. those numbcl's in the graphic 
repl'esentation incliea.te the quanlities of pimtcone formeel from the 
l'espective kelones by recluction wiLb aluminum anmlgam in 80010 a.leohol. 

Fl'om the gl'a.phie repl'esentation of UlO pinacone decomposition, 
wh ere, a.s obsel'ved ttbove, are inclicateel tlle percentages of pinacone 
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which are formeel in tGe l'eelurtion wIth alul1nnillITl amalga,m, iL 
follows that these two phenomenn pl'oceocl lI1c1eecl 111 a completély 
paeallel mannel. 

Plnacone 

1) pmacone from benzophenone 

2) pJl1acone fro~ 2.chlorobenzophen 

3) pJllacone fro~; 3 chlorobenzophen 
11 

4) pJllacone from 4 chlorobenzophen 

" 5) pJllacone trom 4.bromobenzophen 

6) pinacone frol~ 44'chloroben.wphen 

7) pinacone fr. 4 methoxybenzophen 

" 8) pmacone from4 methylbenzophen 
11 

9) pinacone f1. 44' dimethylbeJlzoph. 

11 

10) pinacone fr.Z}C14methylbenloph. 

11) pmaconefr.4'CI4methylbenzoph. 

I a~;~~f~~~ Tllne of actJon I U~decomposed 
I concentratJOn. m J11lJlutes. rlJlaconc m mgr. 

o 1 
0.01 
0.01 
0.01 
0.001 
o 001 
0.001 
o 1 
o Ol 
0.01 
o 001 
0.001 
o 001 
0.001 
0.001 
0.01 
o 01 
o 01 
o 01 
o 001 
o 001 
0.01 
0.01 
O.iH 
0.001 
0.001 
o 01 
0.01 
0.001 
0.001 
0.001 
o Ol 
0.01 
0.01 
0.001 
0.001 
0.01 
o 01 
0.01 
0.001 
0.001 
0.001 
0.01 
0.01 
0.01 
0.001 
0.001 
0.1 
o 01 
0.01 
0.01 
0.001 
0.001 
0.001 
0.001 

120 
15 
30 
60 
15 
30 
60 

120 
15 
30 
15 
20 
30 
15 
25 
10 
15 
23 
30 
30 
60 
10 
15 
30 
30 
60 
10 
15 
10 
15 
25 
15 
30 
60 
30 
60 
15 
30 
60 
15 -
30 
60 
30 
60 
90 
60 

120 
90 
10 
15 
30 
30 
60 
15 
25 

o 
370 
270 

60 
500 
498 
488 

o 
o 
o 

280 
210 

90 
o 
o 

280 
200 
80 
o 

430 
370 
270 
190 

o 
440 
380 

IJ 
o 

300 
200 

o 
440 
390 
270 

11 ot attack ed 

480 
450 
370 

not attacked 

475 
450 
430 

not altacked 

o 
260 
180 

o 
430 
370 

o 
-a 
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Percentage of unspht pInacone 
Fig. 1. 

Decomposlhon of the pinacones In 0.01 n NaOC2H5 • 

Percentage of unsplit pinacone. 
Fig. 2. 

DecomposItion of the pmacones In 0.001 n NaOC2H5• 
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One gets tbe impre&sion thai in the l'eduction of benzophenone 
and its deriva,tives, tIJe oxygen ollly is atlacked allel that Oll gerltle 
reell1C'tion there takcs place all exclnsive acldition of a bydrogen atom 
to the oxygen. Whatevel' hap pens afterwaJ"Cls has nothing more to 
do with that redllction. 

If there are no OH-JOns, pinacone 1) is formed, but if these are 
present a splittillg into hyelrole and kotone takes place and the lattel' 
can be aga.in attarkeel by the hyclL'ogen. lf the hycll'OXJ l-ions are 
exclusively present III the bOllnelal'y layel', we shall obtain a clefinite 
pl'opol'tion of pinacone allel IJycll'ole; i f they are foune! al&o i,n tbe 
soilltion in a snfficient concentnltlOn all tIJe ketolIe is eonvel'teel 
into hye!role. 

In the C,lse of a vel y violen t reeluction, rOl installce, with ZIOC amfll gJ.tn anel 
stl'ong h)ell'ochlolie acid 2) the oxygen seems al"o to be attach.ed by prcfelence 
anel bCCOlnes appmpnlly completely elelacheel j thc resielual ll10lecular pal t now, 
however, also absorbs hyelrogen anel is cOl1vclleel inlo hyell'OCal bon, 

2. 'file pl'ogl'cssive change of tlle genlle L'edl1(·tioll is hel'ewith 
e)..plained in general trmts, at least 111 '30 far p1ll'ely al'omatic ketones 
are concern ed. 

The hydrole formation tIm& depends lil the th'st place on the 
facility with which pinacone gets resol ved anel this lS in a high degree 

promoted by allmlis. 
This action of bases, lul,S meanwhile been much clllC'iclated by the 

researche8 of W. Som,NuK, T, VVElCl\EL, anel A. TH AL (8. 44, 1J 83 
(1911) and 46, 2840 (1913), Thet'e it '" as sho,~n that pinacones 
form with the alkali metals compouncls of the trivalent carbon, fut, 
instance (06H5)2 OOK; we notice th at the delltl'al O-O-bond, whicb in 
the ketorles is not pal'ticularly Mrong, become& ml1ch loosel' still 
undel' the inflllence of these metals so th at tlle half pinacone mole
cules, under the influence of the metal atom, eau indeerl lead a 
free existence, 

In the compal'atively faint1y alkaline Soilltionsl l11atter~ \Vill not 
pl'oceed so fal', but here those central carbon atoms can detach 
themselves fl'om each othel' in rOllsequcnce of an intl'êtmolecular 
disphl,cement of atoms : 

~06H5)2 C-O H (06H5)2 00 
(0"H5)2 OllOH 

in which the moblle H-atonl& wiII' play <1, 1'01e. 

J) We have exposeel a whole series of kctones in absolutc alcohol lo Uwaclion 
of light anel never obtained a trace of hyelrole, 

2) E. OLEM1vIENSEN, B, 46, 1837. (1913). 
\ 
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MONTAGNJ': 1) fOllnd S01110 J oars ago thai a number of al'omatic 
ketolleb are already l'educeel by boiling with alcoholic pOlassium 
hydroxide; it is velT weU possible that the strongly alkaline reaction 
of the medium increaf,es the affillity of Ihe ketone oxygen for the 
hydrogan of the alcohol molecules, so that also here half pinacone 
mols. are formeel~) as follows: 

2 (OaHu)2 0-0 + O)~Ir.O = 02H40 + 2 (OnHá)2 OH etc. 

The phase of the entil'e pinacone mols. is very rapiclly gone through 
in th is case. 

It bpeaks for itself that th is powerfllI afihiity infll1ence of the 
medium wiJl also make its action felt on oLher bonds in tJle molecule, 
so th at The entire pbenylgroup inay be rebolved 01' halogeu atoms 
become "activated" as fOllnd by MONTAGNE, an action that ceases, or 
becOlnes le'ls, when the entire 0 = O-gruup is saillrated with hydl'ogen. 

Oonversely, this influence itself will be modified by the nature of 
the gronps in tbe ketone and tbis the more so as tbe character of 
that gronp differs more from thal of the hydrogen atomb. In fact, 
MONTAfTNE has found that the aminobenzophenones are absoIlltely not 
affected by strong alroho1iC' potassinm hydroxide. 

3. 'rh is intluonce of the snbstitllents on the stability of the central 
_pinacolle-U-U bond in regarcl to alkalis ean now be reaclily deelnced 
f!'Om Olll' meaSUI'CmenLS (sec gntphic l'epresentation A and B anel tabie). 

If we take the orrlinary bènzpinacone as the stal'ting point, it 
appears that thc metbyl- (9 nnd 8) anel the mcthoxylgronp (7) in tbe 
pttm-position render the molecule stabIe, OH the other hand the 
halogen ntoms will l'ender the sald bono looser and this in the ordel' 
pal'a (4), ol,tho (2), meta (tabIe N°. 3). The pal'tl.-placed bromine a.tom 
(5) .ioins the chJorine atom; also in the pinacone from 4.J' dichlOl'O
benzophenone (6) the bond is cOllsidel'ably looser titan in 1 he pinacone 
ft'om 4 chlorobenzophenone. 

Whel'eas in thc pinacone fr0111 2 014'-rnethylbenzophenone the two 
inflllences, ab ll1ight be expected,counteraC't e~ch othel' (10) it appears thai 
in the pinaconc rl'om 4 U14'-methylbenzophenonc (11) the methylgrollp 
11l1expecteclly pl'omoLcs the loobcning aelion of lh(' chlol'ine aLom. 

The method followed by us tilus indicates Ihe wa.)" 10 11111tllally 

1) MON1'AGNI:, Recueil 27, 327 (1908), 
M01:'l'AGNI: aud MOl.L VAN CUARENTI:, R, 31, 298 (1912). 

2) We mayalso express Lhis aS follows: lhe ox)'gen a6livaLed lJy the alkali 
melal wilhdtaws the hydrogen ftom lhe alcohol molecules, 
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éompal'ê the action of different substitue\lts in a molecule on a clefj.
nite bond of th at same molecule. Ir we choose the decomposition 
velocity of Ol1e of the pinacones as uuit, the ratio of the ye!ocIties 
of the othel' pinacones to 1.his unit i§ Ihen tIle measUl'e of 1.he 
l'elnti ve lnbili ty. 

I 

ThllS we obtain fol' the decomposition in NfO.01 sodinm ethoxide: 

for 4.4.4'.4'. tetramethylpinacone (9) = 0.1, 

4.4'. dimethylpinacone (8) = 0.18 

JA'. dirnethoxylpinacone (7) = 0.45 
[pinacone (1) = 1. ] 

2.2'. diC14.4'. ómethyl " (10) = 2.5 
/ 

4,4'. dibromo " 

4.4'. cliehlol'o " 

(5) = 2.4 

(4) = 2.3 

1\101'eover, owillg to tbe nature of the measurements we canno!. 
attnch !.o these figlll'CS more vnlne 1han to an app1'oximate doter
mination. 

4. With l'ega1'd to the relative l"eduction velocit)' of the ketones 
to pinacones those oÀpel'Ïmellts /ell us no/hing. In order 10 ge! to 
lmow something abollt thü; we must l'oc!llre the different ketones 
under lhe same ronclltiollS, pl'ef"el'übl.r in sneb a mannel' tllM nothll1g 
bnt the pinacone is formeel. 

rrhis 1I0W may be cffecled by oxposing to ligld, a solntion of thc 
ketones in absolute alcohol when IIldeccl a rcndy !l'al1sfol'mat ion inlo 
pinacone and aldehyde takes placo 1). 

As it concerns here the nctÏ\atioll of tItc O-O-bond it is 1.0 bo 
cxpected tlmt the l"olative extellt of (he inflllcnce of the 5ubstitncIlts 
in the benzcnc nnclens will show gnite a difI'C1'cnt ol'del' than in 
the pinacone resolllLion. We will 1'0fel' to this in a futme eom
munication. 

Lr/bol'. 01',1/. Cftem. 'D1cltn. UniveJ'sit,l/. 
Delft, Fobl'ual'y :1914. 

1) This was slaled long ago by C!AMlClAN Rml SILUCR; we have ]1oinlecl out in 
OUl' pl'eviou'l commutllcallOo lhal in lhis neu1ral, or at most vel'y fainLly aëid 
medium no ll'UllSfol'malion of pinacone inlo 11yc1l'010 is lo be expected nud lhnl, 
lberefol'e, tho absence of l1ydl'ole in lhi" case is again a plOOt' lhat Lhe I <,nclion 
ploper dops nol exLend furLher lh,m lo lhe 1)'111' piJ1'1C'one molecule. 


