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Historical Data

The scops of this thesis is limited to a small group
of condensationproducts of acetone which are odtained by
the action of alkali,From the latter we want to consider
mainly the primary compound diacetone aleohol and the two
unsaturated homologs mesityloxide and isophorone,

Isophorone was first isolated by Fittig (Annalen,llO,
23,1859) from the products of the alkaline condensation of
acetone,Previous to Fittig acetone had dbeen condensed by
means of potassium and potassium hydroxide by Weidmann and
Sochweizer (Poggendorffs Annalen,43,48,50,265),and b& Loevig
and Weldmann (Journ, f, pract, Chem,21,54),In these earlier
investigations the authors obtained mainly two products,a
resin and an oil,named "xylitocel",The latter was recognized
by Voelckel (Annalen $0,306,82,63) as a mixture of substan-
ces,Voelckel and Schweizer both obtained xylitoil by the
treatment of acetone with calcium oxide,and defined it as
an oil voiling at 200-220° ,with the composition Cy g, 40,

Fittig,working with calcium oxide as well as with
sodium,proved in his reacticn also the formation of mesityle
oxide and pinacone,For the substance boiling at 210-220°
he found the correct ocomposition CgH; O ,he suspected it
to be identical with campherphorone,

Liquid phorone was later isolated from the products
of the rcaction of zinkalkyls with acetone,by Rieth and
Beilstein (Annalen,l26,245--1836) and by Pawlow (Annalen,
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188.130«=1877) ,Louise observed it in the condensation of
acetone with aluminum chloride (3erichte,15,2732«-1882),
Freer obtained 1ijuid phorone when he investigated the reace
tion of sodium upon acetone (Annalen 278,130--1894),and
Bredt finally proved that identical products are obtained
whether sodium alcoholate or calcium oxide is used as a
oondensing agent, (Annalen,233,10-«1896)

The name of isophorone was given to the liquid phoe
rone CgHy 40 , which was obtained by condensation of acetone
with sodiun ethylate,dby Xerp in his article "Z2ur Kenntniss
des :{ampherphorons,des Isophorons und des Mesityloxyds®™
(Annalen,290,127-=1396)Kerp definitely proved that isophorone
and campherphorone are two different substances dy preparing
reductionproducts,oxydationproducts and derivatives,

The constitution of isophorone was established by
Knoevenagel (Annalen,297,185-«1397) as trimethylele3«3e
cyclohexenone<5

CHg

VAN

HC CHa
ot S
Clg
Knoevenagel synthesized isophorone by condensation of
mesityloxide and ethyl acetate with metallic sodium,This
product was identical with Xerp's isophorone from acetone,
However,while Xerp encountered considerable difficulties

in the purification of his substance,inoevenagel's syne



thesis yielded almost a pure product,Xerp and }Mueller,in a
later article (Annalen,2$9,211,--1898),starting from acetone,
purified their product by treatin: tne mixture with sodium
bisulphite which comdines more readily with mesityloxide
than with 1sophorone.bther investigstors isolated the isos
phorone from its oxime,

A good yleld of isophorone is obtained by treating
acetone with sodium amide (Hoechster Farbwerke,D.R.P,
134,982 4, C, 1902 II,1164) ,the biproducts in this case
are mesityloxideyand xylitone,in prescnce of benzene the
products ars mesityloxide,phorone and isophorone,

Diecetone aleotiol,the primary product in all alkse
line condensgtions of acetone ,was disoovered in 1873 dy
Heinte es an impurity in ocormsercial acetons of unknown soure
c¢e (Annalen,169,114),Shortly later Heintz synthesized diace.
tone alcohol from diacstone amine (Annalen 178,342--1875),
The oxalic acid salt of diacetone amine was dissolved in
water and the solution trsated with potassium nitrite,This
reaction gave a better yield,enabling Heintz to establish
the structure of diacetone alecohol,which was found to be
4emethyleqd~-hydroxy=pentanone«2

HOw "8 CH,-B-CH,
Gy

The compound was bdentiocal with the substance found
previously in the acetone,

Emmerling,prior to the work of Illeintg,claimed to



have discovered diacetdne alcohol (Berichte,6,24--1873),
His substance was obtained from the treatment of bromacetone
with silveroxide,The author found that he could not separate
the two substances obtained after steamdistillation of
the mixture,He states howsver that the aqueous solution
tantd; swaet,and reduced Fehling solution,whioch latter proe
perties he attributed to diacetone alocohol,As a matter of
faot,discetone aloohol does not taste sweet and,according
to later roloarch,haahgnly very slight reducing properties,
for which reasons the work of Emmerling is rather doudtful,
The condensation mechanism,and the eguilidbrium

existing between acetone and diacetone alcohol was studied
by Koelichen (Zeitschrift f, Phys, Chem, 33,129#-1900)_ The
latter prepared diacetone alocohol by allowing acetone to
react with alxali solutions for certain periods of time ,
then removing the alkali by passing in CO; gas,and distile
ling ,Distillation in the presence of alkali must be avoided
because it leads to the formation of mesityloxide,

Xoelichen found that the condensation of acetone and
the decomposition of the formed alcohol are reversible reace

tions which lead to an equilibrium between the two sudstances,
2 ClgCOCHyg < (CHy)gC(0OH)CHZCOCH,

Both reactions are catalysed by OH ions,The ejuili=

brium between acetone and the alcohosl ean be expressed by
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the following formula,provided that the solutions are

not too concentrated,

C _(diacetone alecohol ) K

C3( acetons )

The summary of the experimental data of formation and
decomposition of diacetone alcorod by means of aliali gives
direct proof for the law of the independance of a chemical
reaction from the quantity of the catalyst,The equilibrium
is greatly dependant upon the tempsrature,diacetone aloohol
Yeing favoured at lower temperatures,The spsed of reaction
is in either direction a function of trhe concentration of
the hydroxyl ions.Deviaticns in the case of weak bases oan
be traced to secord=ry reactions,

Joseph Zemaire (Reocueil des trav,chim,29,69,Chem,Zen=
traldblatt,19C9,1,1922) obtained diecetone alcokol and mesi-
tyloxide by treating betaeoxyeisovaleric acid nitrile with
magnesium methyl bromide 4, he quotes however that diacetoe
ne alcohol is easier to vrepare by the methcd of Iieintz,%When
diacetonc alcchol was allowed to react with magnesium methyl

bromide,it wans converted to 2-4-dimethylepantandiol-2-4
CHg §m, '

CI:’,-SH-CHa- :ICH,

The proparation of diacetone alocohol from acetone by
the action of alkalil was first describved by Xoelichen,and
modified by Kueater and Heberlein (Zeitschrift £, An, Chem,

43,67-=1905) ,The method consists in treating acetone with



s0lid alkalil and not enourh water to dissolve all the
8lkali,shaking for two days,allowing to stand for two days
in a freezing mixture,removins the allmali by COgsand finale
ly distilling the mixture of acetone and discetone alcohol,
A more efficient method is described by Hoffman
(Journ, Am.Chem,Soc, 31,723=-=1909),A round-bottomed flask
is oconnected with a soxhlet extractor,and the latter with
a reflux ocondenser in such a way that the sondensed acetone
flows continously through the extractoer back into the flask,
The thimble of the extractor is filled with calcium oxide,
and the aocetone drought to boil.,Since the condensationpro-
ducts of acetone boil considerably hicher than acetone ite
self,their vapors are thus prevented from coming in cone
tact with the condensingr agent,while the aectone circulates
until most of it 1s converted,The product in this case is al-
most entirely mesitylamide,with a trace of hisher condensa-
tionproducts and a tracs of diacetone alecohol,

Since tlre earlier work had shown that alkali hye
droxides form diacetone alecohol,the next experiments were
carried out with calcium hydroxide in the thimble,The proe
duct in this case was diacetone aloohdl with some unchanged
acetone,

To prove that diacetone alcohol was the primary proe
duot,chemically pure,dry calcium oxide ;;s heated in a sealed
tube with pure,dry acetone,Vhile there was no reaction in

the first case,a trace of calcium hydroxide caused a thick
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syrup of condensationproducts to bae formed,Thus Hoffizin
definitel; proved that diaceténe alcohol ie ths primary
condensationproduct of acetone upon treatment of the late
ter with alimli,

Heintz)e metrod of preparati:n of diacetone alcochol
from dilacetone amine was slightly irproved bty Zelinsky and
Zelikxow (B, 34,2857--1901),

Diacetons alcohol can be obtained by careful oxidation
0f 2e3«Setrimethylehexantriolel«3«5 with chromic oxide in
acctic acid solution. (Pouvenult and Iocquin,Anncles de chie

nie (8) 21,415+-1910)

HgOH 8&, Hs Hg
Cli’“ - .C};’a. ‘C'ﬂ.s + 03 —> CHSQ + ‘Cxla. - Hs
H CHy OH Hy H

Diacetone =2lcokol is also formed in smnll amounts by the
action of sodiur ecetylens upon acetone,along with Jemethyle
butinol,mesityloxide,iscphorone and isophorone acetylena,
(ess and Munderloh,B, 51,352«~1913),by the action of magne=-
siun amalzem on acetone in ths presence of waterfree ether
or benzene (Bouveault and ILocquin),and by the reduction of
benzoylecetone with sodium and alechol (Bauer,Comptes rene
dus 145,1093««1907),3auer proved the diascetone alcohol by
converting it into the oxime which reacted with phenylisoe
oyanate to give a carbanilide oxime CygaH;g04lig + 1130,

which melts at 104 « 1056°C,

ecH-c(CH = NOH + CqllgeNC=0
CHy=C- O 8 (Cla) 3 slls
CHg
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H :
cn,-§ «CHz=C(CHg) = }r-o-g-zm-c,z{,
Hy
The oxime of diacetone alcohol was first prepared by
Kohn and Lindauer ( lonatehefte f, Chemie,23,755-=1902)
The oxime,2-methylepentanole2«oxime«4 was found to melt at

57,5«58,5°,Upon reduction it ylelded beta«oxy-isohexyleamine,

CHy ,OH CHy OH
)¢ —=Cii3=C(CHy) = NOH + 4H — ¥ -cx,-cg(czz,).mza
CHg CHy ;

Kyriakides improved the preparation of diacetone alco=
hol oR lHoffman by using barium hydroxide instead ocalcium
hydroxide,s small amount of tartaric acid was added to the
acetone in order to neutralize any barium hydroxide which
might be carried down (Am,Chem,Soo, 36,534«1915) <Hoffe
mans prooess is protected b®y D,R,P, 229,678,The patent is
referred to in C, 1911,I,275)

A new separation of diacetone alcohol is covered by
th

4]

British patent 402,788 of Ernest E, Conolly (1933),

The inventor claims the addition of water (about 103) to
the mixture,sudbsequent distillation of the mixture under
atmospheric pressure,and final distillation under vacuum,

A modification of the Koelichen method of preparation

of the alcohol was &sed by Oestling (Soo, 101,469--1912),
The reaction mixture was kept eold (in an ice chest) cau-
ging the alimli to solidify,The acetons solution was pou=
red off,neutralized,the acetone distilled off,and poured
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baock on the solid maes, The alcohol thus obtained was redue
ced with 3 4 sodiun amalgam to give 2-methylepentandiole2-4,
This same reduction product was also odbtained by Zelinsiy

and Zelikow (B, 34,2853-1901),

i q H
CH" OCHQOCO-CHS + Ha" CI‘I’. —.CHQ- -CHs
CHy [0): 8 a

The patents of the French Sooiete des Destk;leriea des
deux Sevres s Henri Guinot inventor,claim the preparation
of diacetone alcohol by the action of alkali in aléohol
solution (several patents).,Other patents require a certain

pH for this reaction,

rrope acetone cohcl.
Diacetone alcohol is a colorless and almost odorless lijuid,
Bp = 163,52164,5° Bpgg ® 77=809 Bpyy = 63-64°
Bpyg = 75-80° (different investigators)
D% = 0,955% D?*% = 0,9306
It is misoible in all proportions with water,aloohol,

and ether,It decomposes slightly upon boiling under atmos-
pheric pressure,From the aqueous solution it is separated
by means of XOH,NaOH or I3COg.7ith alxali it is partially
8plit into acetone,the resm tion being reversible,WVhen heated
with a 1little alkali hydroxids solution or alkali ecarbonate,
it decomposes even below 100®* into acetone,

Diacetons alcohol 18 oxidized by NaOBr to give betae
oxy-valeric acid (Xohn,Y4,24,767=«1903),The latter acid,being
a beta hydroxy acid,splits off water with the form.tion of
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beta-dimethyleacrylic acid acoording to the following

equationg

H H Cilg,
CH.-§ «CHg=C0-CHy — cx,-%_-cnz-coon C = CHCOOM
Tig iy CHg
The electroreducsion of diacetone alcohol was oarried
out by R.R.Read and F.A, Fletsher (trans, Am, Electrochem,
Soo, 47,--1925),.Their investigations show that e:ficient
reduction tgkes place when the alocohol is reduced with lead
electrodes ;&u dilute sulfuric acid at a low current dene
gity.The products of such reduction are 2emethylepentandiol
«2=4 and 2emethylepentanole2
H OH
cn,,%-%,-?-cszs CH.-g «Cliz=CHg=Cily
Hy OH Hg
The work of Bacon and Freer (Am,Chem,Journ, 38/374-e
1907) shows that diacetone alcohol may be partially reconvere
ted into acetone by the action of sodium,which i3 due to
the primary formation of sodium hydroxide Yy dehydration
of the alcohol,In an atmosphere of nitrocen a yellow sodium

salt could be isolated ,in both cases, howsever,the bulk of
tn} Produots consisted of condensationproducts,

Upon dissolving in concentrated sulfurioc acid diacetone-
alcokol decomposes into water and mesityloxide (Heimtz),
This same reaction is brought about by small amounts of cone
cehntrated or even 20 %‘aglfurio acid,phosphorus pentoxide,

zinc chloride,or iodine,on heating, (Ref, Kohn,D,R,P,
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208,635 , C, 1509,1,1282,Hivbert,Am,So0, 37,1755-«1915),
Treatment of dlacetone alcohol with one mole each of the
follwypg,ethylone diamine hydrochloride,XKCXN and XOH at 60°
and toiloving concentration with fuming hydrochloric acid,
gives the anhydride of the compound (Clg),C(OI)CH,C(CHy)=
(COOH)NIICHgCHgXNTl;, (ohn and Ostersetzer I, 34,783==1393),
The authors did not decide for either one of the two more

probable structures,

CHy, OH _s CHy OH
PN Mg Cli, CH, Wi, X H
CHy” “CHaCOC!g XKCN CHy = CHge(wNHCHgCHgNH,
Hy
CHg  _OH
~c{  gooH
CHG C H‘ "g OMICIIQ cHg }mg
Hg
CHy. O NH CHg
‘o =0 ey “Xop.eq CHs
cEg | | \ | CHazf\cy
CHg—CeNHCHg CHgH, Cl;  _C=0
CHg YH

The reducing power of diacetone alcohol,glycols and a
number of similar compounds wae studied quantitatively by
Mylius ad Schoorl (R, 36,360-1917,C, 1916,11,896)

A series of common reagents was used,and the amount of reduo-
tion determined by iocdometric titrﬂfion.Diaoetonc aleohol
had the smalle st reducing power from all substances tested,
and from all reggents tested only Fehling solution was re-

duced,The experiments were carried out in order to find the
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groupys responsible for the reducing power of sugars,

Goesta Akerloef studied the velocity of the decompo=
sition of diacetone alcohol in & number of different salt
solutions,He concludes that the veloclity of a catzlysed
reaction in ecid-salt solution and in alkaline solution
is always a funotion of the activity of the ion catalysing
the reaction,The veloscity curves plotted for the different
salt solutions are nearly all of the same form,independantly
of the nature of the anion of the salt,

The ethers of diacetone alcohol were discovered Yy
Alfred Hoffman in 1927 (J.Ar ,Chem,500,49,530),They were e=-
xeptionally prepared by the aoction of the corresponding ale
ocohol dpon mesityloxide,

cn,-g - c;z,,-co-cns + ROH R-0-§H:CH2-CO«-CH8

Hg Hy

The mixture of th alcohol and mesityloxide was allowed
to stand with sulfurioc acid for ten days,the yield being
20«25 %,In this way the methyl,ethyl,propyl,butpl,isobdbutyl,
isoamyl and benzyl ethers were prepared,The oxim: was prepa-
red from the ethyl ether,end the semicarbagone from all ee
thers,Upon reductionwith sodium in aleohol containing dorio
acid the ethyl ether gave 4eethoxy~4-methylepentan=2-ol,
which gave 4emethyle2<4epentadiene with sulfuric acid,

CilyCHgw0=C «CIl;=CO=CHy CaCH = Ci=CHg
Hy CHgq
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Oxidation of the butylether with sodium hypobromide
. 8lves beta=butoxy-isovaleric acid
!

cnsc.rz,,cnzcxz,-o-g,_ «Clg=CO0H

4

Acoording to U,5,¥atent 1,823,704 (1923) the ethers of
discetone alcohol can ai%o be preparad by the gotion of
alkali on a mixture of mesityloxide and th= ocorresponding
alcohol,

D.R,P, 246,967 (Doerfflinger C,1912,I,-=1928) protects
the use of diacetone alcohol as a solvent for acetyl-cellu-
lose,It is also uscsd as a solvent for-nitro cellulose,

Peter Maritland and Atanley Tucker condens=d fluorene
with acetone and aliali,and obtained C4¢H;00.0n the basis
of this experiment they condensed diacetone aloohol with
9«fluorenylemaznesium-dbromide,The following compounds were
isolated:s fluorene,difluorenyl,CygH;es9=~130=propylidene=
fluorehe,alpha-Q-tluorenyl-alpha,gamma,gamma.trimethyl-tri-
methylene glyocol,
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Definition of Prodblenm

The present problem was the isolation and identifi-
cation of a mixture of high-bolling compounds obtained along
with the unsaponifiadble fracti-n of vegetable oils,The oils,
such a8 cottoneseed o0il were scponified with alcoholic XKOH
in the presence of an equal amount of acetone by refluxing
for three hours,

Another method to obtain the unsaponifiadble matter cone
sistedin s.ponifying the oil with alcoholic potassium hye
er;ido.rem0°al of the alcohol,and extracting the soap with
acetone,

In both cases a higheboiling fraotion remQ@ned after
evaporation of the solvent,which could be separated from the
unsaponifiable matter by distillat?gn under vaouum,

Extracting the soap with acetoﬁé by the soxhlet prine
ciple resulted in the formation of diacetone alcohol,This
reaction can be explained by the catalytic effeot of the
free alxall in the soap, |

Saponification in the presence of hot acetone results
in the formation of a mixture of compounds,The extraction
of the uns:ponifiable matter in this case being more come
pletesthe obtained mixture may contain volatile substances
which are known to occur in the unsecponifiable fraction,
Substances of that kind are ketones,and their isolation
would meet difficulties since the acetone condensation=

products which are also formed in this case are also ketones,



®©]lf=

The simplest way for the separation seemed to be ths frace
tional distillation although earlisr research on this field
shows that such separation is extremely difficult and une
satisfactory, ,

This separation was succesafully acoomplished.waever.
there was no indication of ketones originating in the unsae
ponifiable matter,

Aamong the products was diacetone alcohol,Upon expe=
rimenting with it,the acetylester was discovered by chance,
Research in this direction showed that other esters could
be prepgred.The sscond part of this thesis deals with the se

esters and their derivatives,
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I, Separation and identification of mesityloxide,diacetone

aloeohol and isoplorone,

The mixture of compounds obtained alons with the
unsaponifiable matter of vegetable o0ils by saponification
with alcoholic ¥O0H in the presence of mcetone constitutes
en amber colored oil of peppermint-like odor,Vhen distile
led,even under vaocuum,it darkens indicating oxidation,It
dissolves rubbery,thus makin; the distillation still more
difficult,Only in the presence of insrt gases can the mixe
ture be heated without decomposition,

To meet all these requirements the distilling apparae
tus for its separation must contalin no rubdber stoppers on
rlaces where they may come in contact with the vapors,It
must be free from leaks to prevent air from oxidizing the
sudbstance,and it must separate with a high efficiency,rure
trermore it must nave ddvices to introduee inert gas ;hto
the apparatus,free from air and impurities, i

Zxperiments in this line showed that alleglass oonnece
tions are advisable to maintain a good vacuum,A distillinge
column according to Podbialniak is the most efficient,its
hight and diameter oan be found by experiment and analogy,

Diffioculties were encountered only in the introduotion
of the inert gas,%Vhen the vacuum inside the apparatus is
allowed to draw the gas from the tank by suoction,there is
alwvays a danger of air coming in,because valves and oonnecs

tions cannot be made entirely leak-proof,Therefore the ras
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was filled directly from the tanz through a membrane ree
ducing valve into a container,which was first swept sevee
ral times with the gas,under a suitable pressure,From this
container the gas ceould te druyn without danger of contamie
nation by air,the only preoaution necessary being to keep
the container under pressure,which can easily be observed
on a double gauge (see blue print),

For continous distillation a fractionating device was
built in,vhich allows the withdrawal of fractions during
the distiliation,The substances are introduced and the re-
8ildues are emptied by vacuum since the distilling flask is
not removable,

The inert gas is introduced through a oapillary into
the bolling flask,heated in an 0il Yath,Another line en=
ters the fractionating device to allow removal of the frace
tions under inert gas,The gas i3 first washed by sulfuriec
acid or another appropriate adaorbant,

It was found difficult to trap all the vapors,especiale
ly with low-boiiing substances,therefore a apecial condene
sor was inserted in behkind the fractionating part,The watere
cooled trap delivers its cordensate to a bulb,A stopcocxk
allows to shut off the bulb,when the lowesboiling subdances
&re all reroved,because its content,havinz a hich vapor prese
sure would otherwigs lower the vacuun,

To read the temperature an Anschuetz thermom?ter is

susperded from a ground stopper on a platinum wire,
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Distilling Apparatus
(later modifications are given in the blue-print)
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A photograph of thz apparatus in the experimental staze
i3 shown on page 13,7°he drawin~ of the apparatus after cone
pletion is attached in the dack,

The distilling column offp;ed another problem because
the 1hner and outer jackets have different temperatures ,
and due to the different expansion ,crack at the joints ,To
eliminate this troubie an elastic seal was used,+hich was
first applied by Helmut Gootemoot (1{.S.C.),conesisting of

asbestos,liquid rudbver and De !lotansiy cement,

Directions for the use of the distilling apperatus (referred
to ths blue~print)

To introduce the sample close 2,4,3,10 and open 14,9
and 12,Start pump 1l,Draw the sample through 3.Then slowly
heat the o0il bath in which the distilling flask C is immer-
sed,Open 5,0l0se 1,6 and 7,and start pump 2,

Close 13,0pen 7 and 11,Through 13 flood with nitrogen,
evacuats again,znd keep the reservoir Q under a pressure
of about 200 rm of meroury,isdjust 4 so thit a slow dut stea-
dy stream of gis enters the distilling flasi,thiroush thse
capillary,Open 8 and 10 and close 9,Then ti.e cooling water
is turmed onysand the beaker T may be filled with ice,

According to the materi#l handled the flasks Il and N
may be filled with some washing liquid,to remove impurities
from the inert gas,

J is only an expansion flask,A and O are traps to pre-

vent {1 from sucking back into the apparatus,
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P 18 a marometer arnd vacuiunm gauge for tlhe gas system,

When the apparatus 18 in operation the temperature
of the oil bath is slowly raised,in such a way that the dif-
ference in temperature between the o0il bath and the distile
ling colurin is not more than 2C°,

To remove 2 fraction,stopcocis 8 and 10 are cloeed,
9 18 opened and the pressure {8 equalized by opening 11
slowly,Inert gus is then added through 13 to maintain the
pressure,vhem atmospherio pressure is reachedy1l and 13 are
c¢losed,and tﬁo recaeiver 1s taken off.,During this procedure
the distillete collects {n G,a ner receiver i3 attached,an
evacuated by opening 7 while 5 is closed,"hen equal prese
sure is reached 7 is closed,3 and 1C are opened,ard 9 is
closed,

When the last fraction i1s to be mmoved,the flame 1is
taten off,14 18 closed,and the pressure equaliged tlrouzh
11,The residue i3 removed by opening 1 and then 2,7hrough
7,11 and 1 the {lask B can also be filled with inert cas,

R and S are the maﬂametor bulbs,filled with mercury,
the precsure is read by means of adjustable scales,The pumps
used are Cenco Hyvac pumps,whioh produce in the desoribed

apparatus a vacuum better than 1 mm,The glass used was pyrex,
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Vaguunr fracticnation of the mixture,
After two distillations the mixture could be sepa-

rated into three main fractions;

Nzo
1, 22«3C° / lmm 1,4418
2, 30=40° / lmm ‘ 1,4290
3. 50=60° / 1mm 1,4630

ITraction 1 18 a volatile compound of stirong,honey-like
odor,It was converted into the oxime which was identical
with mesityloxims (prepasrations and constants see later),
Therefore fraction 1 consists largely of mesityloxide,The
fraction wass accordingly distilled under atmospheric pres
gure,and gave in one distillation pure mesityloxideysboiling
at 123129°(atm,pressure) Bp,; = 22«22,5°

nag = 11,4439
Fraotion2 was found to be water=goluble,and was therefors
suzpected to be diacetons alcohol,the odor indicated mesityle
oxide as an impurity,The liquid was diluted with one fourth
of {ts volume of wateryand then distilled under vacuun,lesi-
tylo;}do and water coms over first,and finally the pure dia-
¢atone alcorol was dbtained boilinz at 36«37°/1lmm
n‘g = 1,4240

The last fraction was examined by treating a small frace

tion with semisarbvazide hydrochloride and sodium acetate,

The product upon reorystallization was found to be a pure

substance and not a mixture,lf,P. 193«194°,Hence the third



fraction must be considered as one substance with suall
amounts oi impurities present,rraction 3 was tien redistile
led under high vacuum until a bonstant voiling fraction was
obtained,boiling at 55-56° / lmm,This substance,a yellow
oll of agreeadble odorswas anzlysed as follows;

Digs = 049156

B, P = 200«201°
n3® = 1,4300

Ilenentcry analysis

Carbdbon Hydrogen
found 7756% 104345
found 77.61% 10,31%
ocalgulated for 78,2673 10,147

CoHpeO
lolecular weight by boilinz point elevation

found 151,0 146,11
caloulated for CgH,; (O 138,1

Qualitative tests indicated thet the substance was unsatue
rat:d,It adde&rapidly bromine,The bromide however was very

unstabla, « Analysis of the bromide

found 44,47 5 44,01 >
caloulated for
CgHy (OBrg 53,66 %
Addition of bromine oorresponding to two and more equie
valents saused decomposition of the suvstance,hydrogen broe
mide being given off.,Analysis of the resulting compounds

revealed even lower bromino~content of the residues,
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It is obvious therefore that bromine zdded in excozs of
one molecular ewuivalent does not add.but decomposes the
compound,The brogido obtained is so unstable that it de-
oomposes when in contact with the air only for a short tie-
me,This acoounts for the low values obtained by the parr bomb
determination,The result seems to indicate that the come
pound bhad only one double bond,w}ich allows the conclusion
that the compound contains one ring,

Comperison vwith Beilstein revealed tiat tiie come
pound was isophorone,corresponding with its properties in

all details,
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II,Diacctons Alcokhol,
l, Preparation,

In a two liter round bottomed flask are placed
1560 c¢ of commercial acetone with a few boiling chips.
The flasX is fitted with a rubder stoppef carryinz a soxhe
let extractor,Two puaper thinbles are placed in the extrad-
tor,one abovs the other,The lower one is filled nearly full,
the top one is filled three quarter full of barium hydro-
xideyand the rentinder of the space is filled with glass .
wool,

The flasx 1o heated on & stecn bath or in an 0il bath ,

The heat is 80 rsguleted that the acetone refluxes back ine
to the extractor r§ther rapidly.As the re.ctisn proceeds the
temperature {n the bath has to be raised,After 954100 hours
the reaction is finished,The crude discetons elcshsl is di.-
sti1lled first under ztmospheric pressure until all the ace-
tone {8 removed,the t-:nperature on top of the solumn being
7¢® when the process i3 complete,Thse 1r.sidval 1lijuid is transe
foerred to a Claisen flask and distilled under reduced prese
sure,Y1eld &80 g,
ref, yriakides,J.Am,Chcp.Soc, 36,534,

The pure diaoetona‘nlcohol is colliected at 60 to
63° / 6 mn, The refractive index of ihis product is

n33 = 1,4240 |

Tha diacetone aleohol thus obtained was used for

all of the following experiments,

Agcording to the literature,diacetone alcohol can
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bs dehydrated by means of small amounts of sulfuric acid,
ioding,phospliorus pentoxide or ziac chloride at hizh teme
peratures,

It was interesting to ses whether also IICl gas would
give that dehydratinz reaction,One hundred gramg of diace~
tone aloohol were placed in a round~bottomed flasi,immersed
in on 108 Yath,lydrochloric acid gas,dried over sulfurie
acid,was passed into the cooled alcohol,The reaction mixture
turned yellow,and th2 ¢olor deepened as the reaction proqee-
ded,The deep rod esolution still absorhed HC1l gas with 1156-
ration of heat,After the rate of absorption decreased the
flask was removed,and allowed to stand for 24 hours,Then thé
mixture was poured into {ce water and washed thoroughly,The
raw 0il was neutralized with carbonate solution and finally
with some lead carbonate to remove the last traces of aoid,
Then 4t was dfred over night and distilled,The rezetion proe
ducad almost aﬂquantitative yield of mesityloxide,The;yleld
of pure product was 80 Z and better,

Constants of the mesityloxide obtained:

found literature
Boilinz point Bpges = 126-127 129«130 (oorr,)
Density D3: = 0,8560 D3} = 0,8548
Refractive index nig = 1,4433 nif = 1,4439

In order to prove the identdty of the mesityloxide it

was oconverted to the oxime as followss



Cne hundred zrzms of mesityloxzide were dissolved in
one liter of aloohsl,and to this solution was added a 80lue-
tion of 70 g hydroxylamine hydrochlorideyin the sm:zllest
possidble amount of wuter,The solutlion was made alialine by
adding 50l11d crystalline sodium cerbonate in srall pore
tiong to av-id increzse in termperzture.,Afteor 5«3 days the
elcohol was renoved by dlstilling from the water bath,
and the scparatsd oil was washed vwitlh twice its volune of
vitleryestractad with ether and fractionmated,

Tho 01l obtained agreed ia all prepriies with the dae

ta given in the literature,.(lerrles,innzlen $350,192),

Uesityloxime,2-methyl=pentene«2-oxine«4d,

found literature
Boiling point 133-.190°(dce,) 180=190°(dec,)
Bpzs 1¢0°C
Density D33 = Q.9443 D3t = 0,9417

Refractive index n“ﬁ = 1,4910 n3%} = 1,4003

A jualitative test chowed that dlacetone alcohol can
al3o bo dehydrated by the action of acetic anhydride,In a
quantitative study of tiis readtion it was found that tlere
vas & hizh boiling fraction although a1l unreacted diacetone
alcoliol had been removed by washing,This latter traction had
a definite boiling point and properties different from those
of either mesityloxide or dizcetons alcohol,The qualitative

an2lysis showed trat the compound must be an ester singe it



hydrolysed in the presence of ggueous allali,The saponle
fisatisn nuwidber provad it to be an ester of diacetone al-
cohol,The gencral rexction for this esterification,yhich

vas found to take place also with other fautty acid anhye
drides,is as follows:

CHa CHg
c:«za-gﬂ-czz,-co-c:fs + ReC0=0=C0=R czzs.ga-cnz-cg-cn, + RCOOH
The mesityloxide obtained &s main product in this reage

tion 1s a rather pure product and doed not darken in contrast

with the product ohtained by other dehydrntinr azendg,

Zoters of Diacotons Alcohol,
1, Preparation,
The acetylesiasr of diacetone alcohol can be prepared
by the action of acetis anhydrid:?Sn diacetohe alcohol,
I, Acetic acid,

Two hundred and thirtye-iwo grene of diacetone aleohol
freshly distilled and vwater-fres,are mixed with 120 g of
giaclal acetioc acid,boiling chips are added,and the mixture
is8 refluxed for three hours,Then the liquid is allowed to
cool to room tempersture,The cold substance is poured inbo
an eyual volume of ice water and snaken thoruvoghlye.in a see
paretory funnel,vhereby unreacted diacetons alcol.sl and eces
tic acid are removed,

Both the wulerelayer and th- oily layer are then neue
tralized against litmus with sodium carbonate or better bdi-

csrbonéto solution,The o0ily layers are combined,and washed



azain with watereTue noutral o0il st this stage is around
170 g,it is axmber colored,the odor being maninly that of
mesityloxide,vith & 3CC«42C mm fractionating column or moe
dified Clalscn fluskx the latier compound can dbe r=moved
z1lmoct quantitatively,Pure mesityloxlde comes over at 20-40°
at 2«56 mm,a 8u:ll amouat of = mixiture distils at 40-50°

at 5 m,and the pure ester is obtalned at 60e62° / 5 mm,

Thd yleld of 12 g can ba slisl:tly increaszd by ine
ereasliiag the time of heating,.

Whea 164 z of anhydrous sodiua acelats is udded tQ
the mlctyre of 252 g dlacetone aleoshol and 120 g acetio
acid,ani thea refluxed,and treated in the enms manner as
2hove,only 60 «55 g of the erude 0il =zre obtainad which

yiold 50-85 g of meaityloxids and 10 g of ths acetate,

iI1, Acetlc anhydride,

The best method for the preparation or the new acetylester
is tho acetylation by mcane of acetic anhydride,

Four hundred and sixtyefour groms of diacetone aloohol
are mixed with 2C4 7z of acetlc anhydride in a tiires liter
roundebottomed flasik,Boilins stones are addedyand the mixture
r:fluxed for tiree hours,cooled to room temperatu:cggeutru-
lized,separated and dried as directed as ahove, ’

Around 350 g of eruds 0il are obtained in this manner
end yleld upon distillation about 270 gz of mesityloxide
and 30 g of the ester,
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Froperties of' the ester,

The acctylester of discetone zlcoiol is a colorless
l1iguid with sli:ht but agrecavle oder,It is inscluble in
vater,soluble in Btlerybengzzne end uaceténe,It boils at
171-173° / 742 £m, Bps ™ €0=62° DTpyp = 72=73°
»t atmospherio pressurc the compcund boils with only a
enall znount of decoripositioen,

Density: Dgg = 0,9E11
Teiractive index: n‘§ a 1,40229

The saponification numver gives tla following resultss

pergent acetic acid}ﬁ found 37,52 = 35,07 %
caleulated for CpaHy,.Cp 37487 5

Trne ester reaots with ph'nflhyur&ZLCe and sexicarbagide,
Ireparstion of the samloarbmzo.a.

Dis30lve one part of semicarbvazide Lydrochloride in
tie exnllest pocoivle amount of dictilled vatcr,Tiisn add
one part of the ester,To briag aboul ths rescticnyadd slowe
ly,v«ith stirria; & saturated aldokolic solution of potassium
(cerranats] untii a honogensous solution results,The semlicare
bazone crystallizes in a short tims in bundles of needles,
I{ potassium chloride should erycstulliza out,it is necessa~
ry to filter,

The semicarb&;pne erystallizes in colorless needles
melting at 127,5«103°C,It is8 insolutle in waler but soluble
in alcohol,A 50 % alcoholie aolution is used for {ts reorye
stallization,



«30-

Hitrogen in the semicarbaszone:

found calculated for Cglj4.0gXs
19.49 % 19,53 %
19,33 %

giving it the structures
CHyCQC(CHy ) 3CHy (CHy) = N=lTi=CO=3Hg
The acetylester of diacetone alcohol undercoes Claie
sens condensation by treatment with sodium,This reaction

will be discussed later in detail,

Yields of the acetylester of diacetone aleohol obtained by

different acetylatingz acents,

l, Glacial acetic acid
diacetone alcohol used  Yield ing  Yield in ¥ of

the theory
232 g acetate 12 g 3.7 %
mesityloxide 1538 g 73,7 4

2, Glacial acetioc acid plus sodium acetate

diacetone alcohol used Yield inp Yield in # of

the theory
222 g acetate 10 g 3,1 %
mesityloxide 52 g 24,3 %
3. Acetio aa dride
diaceténe aloohol used Yield in g Yield in % of
the theory
464 g acetate 90 g 14,2 %

mesityloxide 300 g 70,1 %
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Influence of mesityloxida on the esterification

%¥hen & small amount of mesityloxide is present in
the diacetone aloohol used for the preparation of the ester,
the resulting ester shows some difference in its prOper@iea.
There is for instance & marked difference in the reactivie-
ty toward sodium,%hile the product odtained from pure die
acetone aloohol reacts vigorously with freshly ocleaned,me~
tallic sodium,the ester odbtained from impure aloochol does
not reaot in the cold,Only when heated,a small amount of
hydrogen 1s generated,and the pieces of sodium are soon co-
vered with a reactionproduct which prevents it from fur-
ther reaption.Obviously the ester is impure,although it does
not change properties upon distillation,

In order to investigate the effect of mesityloxide
one tenth of a mole of mesityloxide was added to the reaction-
mixture as followss

Two hundred and thirtye-two grams of diacetone al=-
cohol are mixed with 204 g of acetic anhydride and 20 g me~
sityloxide,The mixture was refluxed fa six hours and trea-
ted as previously descrid:d,

The same experiment was repeated using an initial
quantity of one molecular equivalent of mesityloxide,

Two hundred and thirty«two grams of diacetone alco-
hol are mixed with 102 g acetis anhydride and 196 g of me-
sityloxide,The mixture was again refluxed and treated like
the abave,
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Resultss

Time of heating 3 hrs 6 hrs 6 hrs
YMesityloxide (initial) none 19,6 g 196 g

Yield of the ester 90 g $3 g 27 g

n30 1.4229 1,4232«1,4246 11,4253
percent acetic acid 37.8 % 34,60 7% ce-- .

W GURTUTR
The results indicate that mesityloxide enters the
reaction,forming a compound which hae a bYoiling point close
to that of the ester,In another experiment mesityloxide was
allowed to react with one molecular equivalent of acetio
anhydride,The product was a mixture of compounds which were

obtained in emall yield,The foliowing fraction were distil-

led offs nd9
1, 30=35° / 10 mm 1,4430
2, 35«45° / 10 mm 1,4465
3, 4557° / 10 mm 1,4542
4, 55¢60° / 10 mm 1,4482

The three last fractions constitute the wanted com-
pound (or mixture),however the yield is so small that the
identiy could not be establishsd,Possibly the mixture cone
tains acetylmesityloxide,which was prepared by Fittig
(Berichte,22,1013) by tl® action of sodium on a mixture of
mesityloxide and ethyl acetate,

Diacetone aloohol propionyl ester,
The propionyl ester of diacetone alcohol i@ odbtained
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analogous to the acetylester from the alcohol and propio=
nic anhydride,

Four hundred sixty-four grams of diacetone alcohol
are mixed with 260 g of propionic anhydride,and the mixe
ture is refluxed for 10 hours,After cooling to room teme
perature the solution 1g1ponred into an equal volume of ice-
wateryneutralized with sodium vicarbonatesand dried over
ocaloium chloride,

The propionylester,CoH;a0s boils at 182184° / 742 rm,

Bpgs = 30=81°
Density D3} = 0,9630
Refractive index n?] = 1,4256
Percent propionic aocid found 42,9943,20 %

ealo, 42,99 %

Diacetone propioniec eeter’reacja with semicarbazide
analogous to the acetyl ester,The semicarbazone is however
much more diffigult to prepare,The recrystallized compound
melts at 144,51«145 © It orystallizes in plates from alcoe
hol (95%) and in needles from 50 % aloohol,

Nitrogen fourd 13,62 Z ocaloulated for CyoH;p0sNg
18,40 % 18,34 %

The butyryl ester of dlacetone alecohol is obtained in the
same way as the above from dlacetone alecohol and butyrioe
anhydride,

Four hundred sixtyefour grams of diacetone alcchol and
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threc hundred sixtean grams of butyric anhydride yield
250 g erude o0il ,from which a 50 g yield of the ester oan
be obtained,

The propionylester and butyrylester both are more dife
fiocult to prepare than thes acetylester,because the sodium
salts of the acids are more insoludle and ocolude some of
the oily layer during neutralization,

Both the propionyl and the butyrylester are colorless
oils of agreeable odor,7hat is true for the acetylester in
regard to initially present mesityloxide 1s also true for
the higher esters,It is impossible to separate the impuri-
ties by distillation,

Properties of the butyrylester,

Boiling point 192#193° / 742 mm , Bpyga = 97-93°

Donsity D33 = 0,9536

Refraotive index n®d = 1,8270

Percent dutysic acid found | calculated for
47,31 % C10Hy a0g
47,43 % 47,28

The semicarbasone crystallizes in silky needles from 50 %
alcohol,It melts at 110,4 « 110,8 °

Nitrogen in t® semicarbezones

found 17,00 Z calculated for Cy,Hz,04Mg
found 16.82 % 17,24 %
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Following the preparation of ths above esters that
of the valeryl,caproyl and bengoyl esters was attempted,
In the case of the former two not sufficient chemicals weore
on hand to investigate them thoroughly,It was observed, how=
ever, that the difficulties during neutralization become
greater as the molecular weight of ths fatty acids increases,
The limit for this method of preparstion is rather olose
since the higher fatty acids cannot be oonverted into the
sodium salts anymore by eodiuﬁyéarbonate or even ¢éarbdonate,
stronger alkali however cannot be used since it would proe
bably hydrolyse the esters ,The benzoyl ester could not dbe
obtained by the above method from benzoic anhydrids,the proe
ducts being mesityloxide and benzole acid,

Dorivatives of tiz Isters,

Pure acetylester of dlacetone alcohol resacts with soe
dium metal vigorously with the libderation of hydrogen,The reac-
tion is analogous to Claisens Tster Condensation,which fole

lows the general scheme:
CiigeCO=O0R ¢+ H«CIljeCO=OR CligeCO=Cli3«CO0OR + ROH

Ag mentioned before this reaction does not take place
when the eater is impure,

lolecular equivalents of the ester and sodium are ale
lowed to react,either directly or in anhydroue ether,The reac-

tion mixture has to be cooled in the beginning,snd is finished
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by warming on the watsr bath,In order to convert ths enol
form of the resulting ester into the keto form,one eiuie
valent of concentrated HCl is addeds

Hy Meg H,
C}IS"G = CH.‘COO’ "'CHQOCOOCHS rd CIIs~8-C}33-CGO~ ’CHQ"CO‘CHS
OH He Hg

Then the mixture is poured into ieoyyater.acidified with
hydrochloric acid,The ether solution 1s Qashed with water,
dried over calcium chloride and distilled under diminished
pressure,The acasto«acétic ester obtained Yoils DdYetween
80 and 90 ©® at 6 « 8 mm,

Refractive index nfg . 1,4363

Bpsgs = 189,0° (mioro determ,)
Ths ester was saponified qualitatively with dilute ale
kali,and the solution was tested for aceto-acetic acid,The
color test with ferric ohloride was positive as well as

the lodo~-acstone test,

Saponification number:

one hour saponified 19,2 % ac=toacetioc acid
one * . 22,9 # J
24 v " 3643 % "
ocaloulated 55,4 % "

The obtained estor was a yellow liquid,and appareatly still
impure,There ﬁas not enough substance however to purify it

further or to run other determinations,The fact that it has
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a pronounced phorone odor wilech still perslsts after
saponification and that it is colored indicates that it
contains probably the latter compound as an impurity,
which would be sufficienly explained by the action of some
eodium on the diacetone aloohol formed during the condensae
tion,

Reuctions of the eaters with sldehydes,
leiones can only react with aldehydes when they contain
mabhyl or metlylene groups directly attached to tha sarboe
nyl group,Such condensations are effected by means of dilute
alkall,sodium ethylate or hydrochloric acid,The reaction
is Veing used as a qualitative test for methyl and methye
lene groups in poaitions such a8 the required,The reactione
products are benzylidine compounds or there may be ring oloe
sure with the formation of hydropyrones,

In ketones of the formula ReCHz«CO=~CHy the methyl
grou) is more reactive than the metlylene group when alkaline
condensing agents are used,%hen however hydrochloric acid
gas ic used,th: methylene group is more reactive,and bn this
case only the methylene group can react, 80 that only one
benzylidene group ocan be introduced,

References on these condensations are giveia tn Hans
lleyeryAnalyse und Xonstitutionsermittléng Org-nischer Vere
bindungen,

Aocording to the adove,it is obvious that diacetone esters
having the general formula

ReC00«C (CHg ) g=CHg=CO0=CHgq
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can react with only one moleoule of aldehyde when HCl1l is
us:d a8 condensing agent.Aqueous alkali cannot be used bee
ocause it would hydrolyss tle esters,After reaction w}th one
molecule of the aldehyde,which would enter the methylene
groupythere is a possidvility of 1ntroduqing another molee
cule of tihe aldehyde by means of alkalide condensation,

fho work of .‘ostanecki and G,Rossbuch hpwevor shows that
th: alknline gondensation does not always cgoneist of the
simple intefaotion of two molecules,but may lead to highe
molecular compounds,in example for this is the condensation
between bénzaldehyde and acetophenons,In the cold this reage
tion results in the formation of benzalacetophenone,¥hen hige
her t-mperatures are used,benzaldiacetophenone is formed,
Highar temperatures and stronger mlxali cause the formation
of dibenzaltrisocstophenone,

In the case of the benzalderivative of diacetone alcohol
acetylester the first product isdlated ,using weax allalil,
and room temperature was a compound contsaining one molscule
benzaldehyde and two molecules of the benzalderivative of
diacetone alcohol acetyl ester,

Condensations,

A mixture of 15,3 g of diacetons alcohol acetylester
and 10.6 g of benzaldehyde i1s cooled in an ice bathsand hy-
droohlorig aoid gas,dricd over sulfurioc acid passed in,

When the rate of absorbdbtion decre&aea|the solution has a

brillient red color,The mixture iz then allowed to stand for
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ten to twelve hours.,At the snd of this period it is pou=
red into des water,Then the oill is wushed with water'and
with carbonate solution,and dried over calcociunm 1]
The 0il 1is then distilled under the vascuum of a water e
pump (to keep coprosive vapors from the electric purp)
until all the unchanged aldehyde is removed,A heavy oil is
then collected at 143147° / 6 mm.Yield around 4 g,

One molaecular eyulivalent of dlaceione alcohol acetyle
eater is ocondensed with 13,2 g of cinnumio alderyde,The 00«
lor in this case ie blue~green,In this oondeasation however
the condensationproduct is difficult to isolate,The product
conaists of bright yellov orystals which appear on the neck
of the distilling flaek,The product coming over however is
phenyl ethylene indicating decomposition,

The ocondensation with benzaldshyde was carried out
with the acetyl.propionyl ard butyryl esters of diacetonec
alcohol,with modified quantities and duration of condensae
tion,In all cases the yleld was around 3,2«4,0 g per one
tenth of a mole,of the diacetone ester, (Better yiclds are
obtained with larger amounts of chemicals,)

The color formation in these reactions is explaie
ned by the research of Pfeiffer who found that color oacurs
among the oompound R«CO=A in which R = phenyl,oxypkeryl,
metnoxyphenyl,cinnamyl and furyl,and A = H,CHgyOH,0CgHg,NHg,
He found that all these compounds add tin tetrachloride

and tin tetradbromide to give compounds of the composition
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SnX4.2RCO«A ,The appearance of Halochromism is attriduted
by Pfeiffer to changes in the affinity relationships which
take place when the components add to each other,As the nume
ber of ethylene groups increases as for instance in the
cinnamyl derivative in comparison with the benzal derivae
tive the carbonyl carbon atom becomes more unsaturated,and
the color deenens,The salts of the particular compound which
we deal with can be expressed as
81!

Y "CHS
CQHBCCH .C\ -Cl

C(CHy )01

!
r gH

C =CHy
Cellg=CH = CH-CH =C C1
\C (CHg ) 5011

L

Ref, Pfeiffer,Organische olekuelverbindung:=n,

All com,.ounds obtained by the adove sondensations of
benzaldehyde with the three esters were found to be idene
tical,Furthermore upon saponification they were found to be,
not esters,but alcojold,

This however ocan ohly be the case if the fatty acid
groups were hydrolysed off during the procedure of the cone
sation,Thie assumption is confirmed by the faoct that the
fatty acids eould be proved in the water after the reactione
mixture had reacted for ten hours,The hydrolysis must take
place after the methylene group has reacted with the alde-
hyde because dimcetone alcohol with hydradchloric acid gas
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yields mesityloxide as shown previously,In these :'eactions

however no mesityloxide was formed,

o.g.cn o-g-cn
/s 8 AT / 3
(CHy)gC H (CHs)aC
o XH; + OnCeCely —» C = CHeCglly
8" ;
g CHa.g

g

= CHeCqlly

2=acetyle2«benzalelel-dimethyl-ethanol,
Boiling point 145-147° / 5 mm
D33 = 1,0099

Refraotive index naﬁ = 1,6128

The yellow oil orystallizes in the refrigerator but
is 1liquid at room tempetature,It insoluble in water,solu=-
ble in alocohol,ether and benzene,

Ts alcohol reacts rapidly with dbromine in carbon di=-
sulphide,The dibromide is obtained as a yellow oil which
darkens and decomposes on the air,It cannot be distilled
without decomposition,In the reofrigerator it orystallized
after three days,but it could not be reorystallized so far,
because & 18 too soluble in most solvents,or comes down
as an oil,

A solution of 10,2 g of the alcohol in carbondisule

phide is immersed in an ice bath and 8 g bromine are added
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slowly,with stirring from a dropping funnel,The carbon e
disulphide is removed under diminished pressure with very
little heat,The fiaooua yellow oil is analysed for bromine

by the parr bomd method,

bromine found 33,53 % caloulated for C,gH;¢0;Br,

33,31 % 43,92 %

lolecular weight determination in the alsoBol

by the boiling-point elevation method,

found 203,1 caloulated for OgaH;40;

found 200,0 204
The benzal derivative having a methyl group directly ate
tached to the ocarbonyl group,is still capable of reacting
with another molecule of benzaldehyde,

Sixteen grams of the benzalderivative and & g benzale
dehyde were dissolved in 100 e¢c of aloohol,To this solution
was added 20 g of 10 ¥ aOH with stirring.The reaction mixe
ture was then stirred for two hours,At the end of this time
& red colored 80lid mass had settled at the bottom of the
beaker,The substance was extrascted with ether,the ether exw
tract washed with water and dried,Ther the ether was distilled
off,The residue was purified by dissdlving in alcohol and
precipitating with water,The amprphous,orange«yellow conpound
melted at 98«10C° with decomposition,

Analyeis
found calculated for CggilgeQy
Carbon 81,23 % 50,23 %

Hydroren 6,87 % 7.03 %
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Yolecular weight determination

by boilinge-point elevation

found 497,5  510,2 calo,  490,0

| £or CegllseOe
Sinee in the above reaction some unreascted benzaldehyde
was found among the reactionproduct,there is an indication
that only one molecular equivalent of the benzaldehyde reac=-
ted with two molecular equivalents of tie bdenzal derivative,

Accordingly the structure of th: compound should des

2-lo-dimethylos-Q-Benzal-4-8-diketo-e-phenyl-nndeoandi01-2-10
The formation of the compound is given by the following

equations
OCHa + CGH°COH OCH = CHCGHu
CGHQ‘CH = Cﬁ C.H"CH = C(c
: C (CHy ) 30H C(CHg ) gOH
K0=CH = CICql, COCHg
CeligtCH = C + CeHp=CH = C_
\C (Clzg) 4011 C(CHg),0H

/

CgHgeCH = c-co-cnz-crx(c,}{.)-cn,-co-c‘: = CH-CgHg
C(CHg)g0H C(CHy ),0u

The oompound was not guite pure,however the rcsults

are sufficient to establish the above structure,
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Fhysiocal Constants,

The densities of diacetone aloohol and tize three
esters were cgloulated'for 20°C referred to yater of 4°C,
These caloulations were based on the change in molecular
volume,which amounts to 0,11 ¢c per degree change,vith
the values thus obtained and ths refractive index taken at
20°C the molecular raefraocti.ns were calculated acoording

to the formula

s
¥ e SHo=l_ @
n®+2 4d

and the values obtained were compared with those c¢ale

culated according to Eisenlohr,

1, Diacetone aleohol, |
- e R SR
Dzo = 0,9347 ('&AQ.L‘L.L.«,«\ oL mu‘r\ )
n3® = 1,4242
M= 31,68

calc, gbn 31,56

2., Acetylester
3% = 0,9883
nﬂg = 11,4229
M= 40,85
cale, M= 40,80
3s Propionylester
D3°% = 0,9698
n®? = 1,4256
D
Hp = 45,42
calo, Np = 45.42



«{bw

8. Butyrylester,

calo,

3% 0,95681
nﬂg = 1,8270
U= 50,04
U= 50,04



oifa

Summ.ry

1, Isophorone was sepurated from mesityloxide and
diacetone alcohol by distillation and the compounds
were ldentified,

2, Diacetons alcohol was dehydrated by hydrochlorie
acld,fatty acids and their anhydrides,

3+ Three esters of diacetone aleohol were prepared and
definitely proven,

4, The esters wé;o condensed with aldehydes and the proe
ducts identified,

5, Some physical constants were determined and cal-

oculated,
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Minneapoils , LnNnesota
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APrl O EQS50%

< o . 7 ~T1TaA 3 o ~ 4o - 1 - o w -
I was very glad to hear about the progress on the

= : 3 N -3 . e e Al ' N Py L ; S A A % .,
subject of my former problem , According to your letter

ake it that you carried out the alkaline condensation

Pa— ~ <. - ~ ~c 3 - ~ " b P ot SV 2 o &1
rithout gett the desired product , or else were in doubt
about the procedure .

T a 7 L - "X M I = L= - oL Y 1 i T e T 9 [= T ol

I looked up my original notebook on the particular

reaction as well as the literature , and found that the:
procedure a8 outlined in the
, the discrepancy being in the strength
of the alkali , The error is due to the fact that I obtained
the compound the first time by means of 10 % al:ali,wws hoW=
ever unable to reproduce the reaction, and thus had to use
stroncer alkali ., The correct procedure is as follows :
Dissolve 16 & of the benzalderivative and 8 g benzaldehyde
in 100 cc of ethyl alcohol ., To this solution add 20}g of
10 % NaOH ( aqueous ) , slowly,with stirring , The reactiﬁn'
is carried out in a Dbeaker at room temperature , the stirring
‘is best accomplished by means of a motor . The product sepa-
rates out afier 10 or 20 minutes , Stirring is continued for
a while , and then the orange precipitate separated by de-

~-canting . The substance is insoluble in most solvents , It




can be purified by dissolvin
and precip tating with water

chloroform
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Herbert H,Ungnade

School of Chemistry

University of llinre sota

Minneapolils,Minn. Novembef,15, 1934,

Thank you very much for your letter and for sending the
sample of my compound,l guess you have received the sample back
by this time,I have written down the analysgés together with other
data which I collected and which I believed to be necessary 1in
order to make the work complete,As you see the compound you sent
did not quite correspond to the structure that I assumed 1t to be,

This fact,of course lead me to an investigation of the next
higher product using the above as a starting materdal,

The compound you sent uy here pow is an isomer of Claisens
benzal-mesityloxide,I prepared a small amount of the latter com-
pound and I am sending it to you in the near future.I wonder if

it misht be possible for one of your prep, students to prepare a

larger amount of the substance and determine its constants which
Claisen did not determine,The values could then be compared with
the values which I found for my substance,

The preparation is relatively easy,the reference is given at
the end of the enclosed supplement of the thesis,

I am very glad that your research is coming fine,and I hope
that you are all through by now with your prelims.

Please excusc typing and other errors which are due to the fact
that I have to hurry because I have still much to do this evening.

Remember me to your wife please and receive best wishes and
good luck for your research and otherwise

Hebe K .

your
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CONDENSATI® NPRODUCTS OF ACETONE

AYD SOME OF THEIR DERIVATIVES

by

Herbert Ernst Ungnade




The compound assumed to be 2-acetyl-2-benzal-l-l-dimethyl-
b

ethanol was analysed for Carbon and Hydrogen and the following

values were obtained: H C
found 7 .60% 83,95%

calculated for ClgH;,O0 7.58% 83.82%

calculated for C;gH;¢0, 7.84% 76.47%

Accordingly we deal not as assumed with C;gH;505; but with
Ci13H140.In agrecment with the latter formula are the molecular
weight determinations,which are within 10% of the theory.

Assuming that the primary step in the synthesis of the com-
pound C43Hy,0 is the combination of one molecule of benzaldehyde
with one molecule of the acetylester of diacetone alcohol the
structure of the compound would Dbe:

(Mmgk=c%

7% FT. n /
i v

=
\8-0}.{3

If however,we assume that the ester is first decomposed

(1)

with the formation of mesityloxide,the resulting compound should

be benzal-mesityloxide,which is isomeric with the above,
= CH-CO-CH = CH-CgHs (I1)

It is obvious that the physical properties of the two possi-
ble structures cannot be very different,Their odor,color,B.P. etc
would most likely not allow a differentiation,It should,however,
be possible to differentiate them by their reactivity towards
benzaldehyde, Structure (I) has a methyl group adjacent to the
carbonyl group which is capable to react with one molecule of benz-

aldehyde,while the structure (II) does not have any such group,
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/ In the previous work the obtained compound C4yaH; 0 was

submitted to alkaline condensation with benzaldehyde,and the iso=-

(]

ated product analysed,On the basis of this analysis and the assump-
tion of the 2-acetlyl-2-benzal-l-l-dimethyl-etrnanol structure
its formuda was found to be"CggHzgO,".

Difficulties were encountered in the analysis though in as

far as little substance was available,and the latter in an amor-
phous siate,
A new preparation of the compound,subsequent purification and

analysis showed contradicting values

found H 3 C : M, W,

cale, for CgaHga0,  .08°% 80,23% 496
calc, for:CasHasls, 695 % 86,08 % 460
gale, Lor(Casliplla. 6e5 1 2 87.59 % 548

The mere fact that a higher condensationproduct with benzalde-
hyde was formed would indicate that we deal with structure (1)
as mentioned above,

As to the structure of the condensationproduct tae analytical
results exclude a simple condensation of two molecules,one each
of the ketone and the aldehyde,The molecular weight of that par-
ticular compound would be 274 (C,0H;g0) Its dimer does no¥y agree
with the results of the C,H analysis,

The previously assumed CggHggO, is out of question because
the assumption of the ketone-alcohol structure of the starting -
material did not verify,Therefore we must assume the structure

to be(’333H3202) H

3-9-benzal-z—lO-methylene-4-8-diketo-6-phenyl-undecan.




The final proof cannot be brought until the compound can be
crystallized from some suitable solvent,or purified by some othe
method than precipitation,

The proof forwarded for the structure (L) of C45H;,0 would
be unsufficient,however,unless it were proven that the structure
(IT) does not react with benzaldehyde,

Correspondingly the benzal-mesityloxide was prepared according
to Claisen by treating a mixture of benzaldehyde and mesityloxide
in an ice bath with dry HC1l gas,The product formed as in the case
of the product from diacetone alcohol acetylester forms a molecular

4

compound with hydrod loric acid,giving rise to a deep red color,

(&}

L |

The pure yellow liquid was treated in the cold with benzaldehyde

e

and 10% alkali,There was no reaction in the cold.On prolonged hea-
ting the liquid droplets darkened but remained liquid,

It might be interesting to compare the two isomers as far as
physical properties and derivatives are concerned,Claisen gives
only the boiling point and the C,H, analysis,

Ref., Claisen, =52 Beriente. L4, 34Y

Sy




Melting - Point of

2-Acetyl-2-benzylidene-l-l-dimethyl-ethanol.
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Synthesis of Isophorone
(Mesityloxide, Biacetone alcohol and Xylitone)

Raw material
Acetone 800cc.
Methanol 200 cc.
Sod.hydroxide 25 gma

Reflux 1 hour per day for 10 days

Neutralize with €Oy and filter the sodium bicabbonate off,

Distil the filtrate under atmospheric pressure, About 650 cc. of acetone
and 200 cc. of alcohol are obtained before the temp. reaches 66,6° at

which point the distillation is stopped.

The residue is distilled under a reduced pressure of 15 mm, (aspirator)
and the folowing obtained: :

Diacetone alcohol n = 1,427
Mesityloxide n = 1.446
Water

The residue is distilled under high vacuum in the presence of an

inert gas after drying with CaClz. The following are obtained:

Mesityl oxide n=1,4389 B.p. 60-90/4 mm,
Isophorone n = 1.4780 B.ps 90-100/4mm.,198/atmos,
D= ,09228 at 20°
Xylitone n = 1,5 B.p. 120/4mm,
CH3-C@-CH3 Acetone
CH3~c( 0H)# CHow CO- CH jacetone alcohol
CHy” & Tl AN LS Diacetone coho
CH3» g = CH-CO- CH. Mesityloxide
CHy’ 3 y
oHs gH
C =
K o, Hfi/ \fllﬂz
|-CH CH
0= < 6HS 5 ¢CHg
!!\ _G~CH3 0=C __ /°\0H3
CHg
GH, “CH,
Isophorone Xylitone

2 acetone - 1 HOH ——» Mesityl oxide
3 acetone - 2 HOH —» Isophorone
4 acetone - 3 HOH —» Xylitone
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Esters of Diacetone Alcohol and Some Derivatives,

by Ralph C,Huston and Hedrbert E,Ungnade

The lower esters of diacetone alcohol were discovered as bi=-
products in the dehydration of diacetone alcohol by fatty-
acid anhydrides,

A yield of 80 % (of the theory) of mesityloxide was
obtained by treating with anhydrous hydrochloric acid,.When
fatty acid anhydrides were used the yield dropped to 70 %,
with a 15 % of ester as biproduct,

The esters obtained by treatment with acetic,propionic
and butyric anhydride were isolated and identified,

The acetylester upon treatment with sodium underwent
Claisens condensation,

All three esters could be condensed with benzaldehyde
by hydrochloric acid,The esters were hydrolysed during this
reaction,giving rise to only one alcohol:

2=benzal=-2-acetyl-l-l-dimethyl-ethanol

The latter alcohol was again condensed with benzalde=-
hyde by cold,aqueous alkali,The reax tion product was found
to be

2-10-dimethyl-3-9=benzal-4-8-diketo-6-phenyl-undecandiol-2-10

Experimental,
Diacetone alcohol esters,
The acetylester of diacetone alcohol was prepared refluxing

a mixture of 464 g of diacetone alcohol and 204 g acetic anhy-




wardud wdl #,0,

EY

B

dride for three hours on a sand bath,The reaction mixture
after cooling was poured into an equal volume of ice water
and neutralized with sodium bicarbonate,The oily layer was
separated,dried and fractionated under reduced pressure,
Three hundred and fifty grams of the crude oil gave 270 g

of mesityloxide and 80 g of the ester,The ester was obtained

as an oil boiliing at 171-173° / 742 mm,

Bpg: = 60=-62° Bpio = 72=73°

Density D%g = 0,9811

Refrac tive index n%S = 1,4229

Saponification percent HAc found 37.82-38,07 %
calculated for CgHj; 403 37.97 %

The propionyl and butyryl esters were obtained analogously
from the alcohol and the corresponding anhydrides,
Constants:

1, propionylester:

Bpogsz = 182-184° Bpg = 80-81°
Density D32 = 0,9680
Refractive index  n32f§ = 1,4256
Saponification percent propionic acid
found 42,99-43,20 %
calculated for CgH;g0g 42,99 %

2. Butyrylester,

Bpggpz = 192-193° / Bpyp = 97-98°
Density D32 = 0,9536
Refractive index nzg = 1,4270
Saponification percent butyric acid
found 47.31-47.3 %
caleclaleel %w Cip Hip0O~ 47.28 %




Semicarbazones,

All three esters reachAwith semicarbazig; hydrochloride
giving crystalline semicarbazones,The semicarbazones were
obtained as follows:

Dissolve one part of semicarbazide hydrochloride in the
smallest possible amount of distilled water,Then add one part
of the ester,Add a saturated alcohoclic solutioh of KAc,until
a homogeneous solution results,

The semicarbazones of the three esters crystallize*best

from 50 % alcohol,

CoH; 7O3Ng M, P, 137,5-138 °©

@40Hs 505X M, P, 144,5-145°

Cy1Ha 10Ny M, P, 110,4-110,8 °

Nitrogen in semicarbazones calec, found

CoHy 70gNg 19,53 % 19,49 %
19,33 %

Cy0H;y 9gOgNg 18,34 % 18,52 %
18,40 7%

GadilizsOalls 12282 % 17.00 %
16.82 %

The dens&t%es of the esters were then calculated for 20°C

referred to water at 4°C,The following values were obtained:
(0]
2

Diacetone alcohol Dy = 0,9347
Acetylester LxastIx 00,9853
Propionylester 0.,9698

Butyrylester 0.9551




g

From these values the molecular refractions were calculated

according to the formula:

M =.n21 m
n2+ 2 d

and the obtained results were compared with those calculated

according to Eisenlohr s atomic figurs,

M (found) . M (calculated)

Diacetone alcohol 31,68 31,56
Acetylester 40,85 40,80
Propionylester 45,42 45,42
Butyrylester 50,04 50,04
Molecular volumes V (found) V(calculated)
Diacetone alcohol 124,14 152,00
Acetylester 160,45 197,20
Fropionylester 177,46 219,20
Butyrulester 193,80 241,20

Condensations of diacetone alcohol esters with benzaldelgde,
A mixture of 15.8 g of diacetone alcohl and lo,6 g of
benzaldehyde was cooled in an ice bath and hydrochlaéric acid
dried over H,S0, was passed in,The deep red colored solution
was allowed to stand for 10 hours,Then it was poured into
ice watver,washed with water and carbonate solution,driéd and
distilled under reduced pressure,A heavy yellow oil was col=-
lected at 145-147°C / 6 mm,The yield was 4 g.

Tdentical products were obtained with the homologous estess,



o B

When cinnamic aldehyde was used instead of benzaldehyde

a deep blue=-green color resulted upon condensation with HC1,
Thecwodor formation is due to the p;rticular structure of the
obtained keto-alcohols,their structure being identical with
those investigated by Pfeiffer,

The condensationproduct in the case of cinnamic aldehyde
could not be isolated becamse it decomposed upon distillation,
The obtained product was phenylethylene,

The benzaldehyde condensation product boiled at 145-147°/5 nm,

D%2 = 1,0099
Refractive index n%= 1,6128
Melting point P e
The compound added readily bromine,the dibromide however de-

composed on the air,giving off HBr,

Molecular weight determined in the benzalcompound

by boiling-point elevation method.
found 203,1 calcul ted for Cy,H;40,
found 200,0 204,0

The benzalderightive was condensed again with benzaldehyde

by dissolving 8 g benzaldehyde and 16 g of the benzalderiva-
tive in 100 cc of alcohol,To this solution was added 20 g
of 10 % NaOH,with stirting,The amorphous,orange yellow pro-
duct was @#ssolved in alcohol and reprecipitated by adding

water,The dry precipitate melted at 98-100°,

éévw// >
Carxbon 8l1.23 % 80.23 %

Hydrogen 6.37 % 75087 % C:éal
3
3’25g

« -
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Molecuf%’weight by boilingpoint elevation,
found 497,5 510,2 calc, 490,0
for Cz3Hg40,
formula
CegHs-CH = C~CO-CHy=-CH(CgHg)=CHy=CQ=-C = CH=CgHs

(CHg ) ;0H é(CH?,)2 OH




Molecular Volume of the diacetone alcohol esters,

v= &

d
Vy Va Vy=Va
Diacetone alcohol 152,00 124,14 27,86
Diacetone acetylester TR0 160,45 36,76
Diacetone propionylester 219,20 177.46 42,74
Diacetone butyrylester 241,20 193,80 47,40

Vi= molecular volume calculated from the atomic values,
Vz= molecular volume calculated from density and molecular

weight,

Constants used for the calculation:

Das M

Diacetone alcohol 0,9347 116,0
Diacetone acetylester 0,9853 158, %
Diacetone propionylester 0,9698 172,12
Diacetone butyrylester 0,.9551 186,1
Atomic values:

Carbonyl oxygen 12,2 ¢e¢

ether oxygen a8 ce

hydrogen Deoree

carbon s ONee




lMolecular Volume of the diacetone alcohol esters,

Vo= &

d
Vi Va Vi=Vy
Diacetone alcohol 152,00 124,14 27,86
Diacetone acetylester 197.20 160,45 DB
Diacetone propionylester 219,20 177,46 42,74
Diacetone butyrylester 241,20 193, 80 47,40

Vi= molecular volume calculated from the atomic values,
Vz= molecular volume calculated from density and molecular

weight,

Constants used for the calculation:

Dae M

Diacetone alcohol 0,9347 116.0
Diacetone acetylester 0,9853 Alisysial
Diacetone propionylester 00,9698 L At
Diacetone butyrylester 0, 9591 186,1
Atomic values:

Carbonyl oxygen les2ree

ether oxygen Yaonee

hydrogen Dol e

carbon 1,0 "ae
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