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Until now the following acrylic acid esters have acquired technical
importance: methyl acrylic acid ester, ethyl acrylic acid ester and nommal
butyl acrylic acid ester. Of these one produces at present .about 310 tonnes
for artificial matorials per month. The ethyl-acrylic ester is the most
important ona. - . L o S
* Since the - polyacrylic acid esters are considered particuiarly
“valuable in the artificial material field because of their good £ilm -
- setting capacity, we have tsken the task to seek systematically for further
. usable acrylic acicd esters. o Ite_polymerizationof these is being investigated..
. by Dr. Fikentscher and Dr. Holscher. o : : N .

. -

' .. -At first we prepared acrylic esters ageotropic with the technically-
formed 50-607 acrylic acid. But it was found by us that it is much mors -...
advantageous 'to woik with the 90<100% acrylic- acid which has been prepared

by Pre Fikentscher and Dr. Runkel. Thereby, cne obtains better ylelds of
‘esters in the esterization of less witer-goluble alcohols because of better. -
misoibility and shorter reaction time.. Also, the, processing is much -easier ..
because of the elinination of large amounts of: polyacrylic’ acids, The
polydecalolvinyl ether-showed interesting solubility and furnished particularly
hard products. We prepared first the. decalolacrylic ester ",(boilin'g_wpoint—B—»»
118-322°). It yielded, after polymerization also hard and very ‘soluble -
products which were considered interssting for various purposes. . - - - :

T The ;"décaJSfidarbihol:_,prepared by Dr. Schuster by the Oxo synthesis
from octaline yielded also hard polymerizates after esterifying.‘’ These were
§t1ll more-soluble in naphtha than is-the case with the” decalolacrylic ‘ester. .
e ‘The -isobutyl acrylic ester (boiling point 55-60%) did not show t111
now eny particular advantage over the normal butyl acxylig'estgr., LA

2. Also the nonyl alcohol acrylic acid ester (nonyl aleohol from di~
isobutylene ‘sfter the Oxo process) -showed ‘also very favorable-properties. .-
This polymerizate yields a very viscous oil and it may be interesting above
all as softener for polyacrylie esters because of its good compatability.

. We converted also ethyl hexanol into -the acrylic ester (boiling -

point, 60-689), since it is yielded as a by-product. of: the butadiens synthesis.

It'}‘las_ similarly interesting oroperties as the ester -of nonyl alcohol. T
- Nothing can be said at present about thafollowmg other _z}ono‘a;éfylic

déia esters which we have also prepareds - .
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Bonzyl actylic ester, topo)s 100--105o
Cyclohexanol acrylic ester, bop.gs 76-79°
Secondary butyl alcchol acrylic ester, beps)g: 18-53°
Oxy ethyl cyclohexanolic acrylic ester, b.po 70-1.10°
Oxy othyl isopropyl acrylic ester, b.p.ogs ha- o
Tetra oxy ethyl - decalolacrylic ester, b-poh! 115-170
‘Oxy ethyl beta naphthol acrylic ester, mepos 62° . °
- Glysol monomethyl ether acrylic ester, be.peyp: 60-62
. Glycol monobutyl ether acrylic ester, b.pep: 85-90° .

We prepared another series of acrylic esters wh:lch may be oonaidered
for fatty components because. of the mmber of their double bonds.

== Allyl acrylic 'acid ester, bepes 104-110°
" lyh-butendiol diacrylic acid ester; b.p.as 97-100°:
~ 1,4-butanediol diacrylic acid oster, bopogs 10‘)'"-110
Trimethylol propane triacrylic acid ester; cannot be dist!.'l.led
‘ Because of two reactive dpuble bonda that a.re distributed on a small
molecule in the allyl acrylic acid ester, it ylelds extremely short and :
crumbly polymérizates. - The butenediol diacrylic. ester- showed the sams R
properties, while the butanediol diaoryl:l.c estor was evaluatod nore favorably
as usable wetting oompone:tse -
. The tr:l.metiwlol pro. pane:tria.crylio estor polymerizes very well am:l
vieXds extremely hard polymerizates. But these are insoluble_in all solvents
because of the extreme wetting, = Therefore, the ester. can .only- be conaidered
for mixture polymerization and molding polymerization.

' S F‘urther, we have prepa.red interesting diacrylic ecid esters from
polyethylene oxide which are water scluble in, . the monomeric fom_similarly
to the divinyl ethitr, - They-are easily. polymerized also in. aqueocus solution
‘hydrogen percoxide or persulfates into insoluble strongly swelling :
pr ts which glve up their water in drying and form brittle (friable); .
substances. - If one uses in the. ester:.fication nethyl. polyglycol with longer .
ethylene oxide residues {for instance: 10-60 molecules), one can pr@are -
polymerizates which -are-water-soluble and which can be diluted with h
-up bo a certain derree, They could: possibly be used as thickening a_gent
or fortextﬂe purposese L e P .
\)U”Mm o By

o lhis :I.s report about new monomeric acrylic ac:!.d esters whose )
‘polymerizates are st:lll being testedo : _ , ,

\_ RS B -1fj" /s/ micka.ngerm Krzika.'l.'la

: .f‘lk'ansh ‘bed—Octu 31, 19h6 Rochella Ho Bondy
: Checked = Nov. 15, aeM" = -
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About New Vinyl Ether 11. .
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|
In our last Zetko report of April:2k, 1940 we 1isted new vinyl
ethers. Of these only decalolvinyl sther is used much in the form of pure
or mizxed block polymerizates. At present-10-20 tonnes 2er month are manufactured
and 1t will probably- be soon increased by a further 10 tonnes per month.

5 ""the total mamifacturing of vinyl ether was increased within the )
last year £rom -about 210 tonnes per month to 300-320 tomes per month. %this
is distributed to 7 vinyl ethers altogether. o < ,

In-thé meanmhile a number of new vinyl ethers have been prepared,
for vhich we use partly new-incidentally formed alcohola, ‘md partly alse
compounds which have been chosen for special reasons. " These-shall be. - —-
named briefly in the following. ‘At present they are being tested in detai_'l.
for polymerization by Dr. Fikentscher and Dr. Holscheruv - o

...Vimrl ethers of aliphatic -and cycloaliphatic alcohols s
"Nanyl alcohol vinyl ether, bepe1ps- 72-75 c ’
. I‘thyl hexanol v:uvl ether, bopcn- 61—-63 c

-,Vixvl ether of the alcohol rrom Michael syn%hesis naphtha, s
bopo15= 35-55 S : . o

Deca.lyl carbinol vinyl sther, .p.lh: 115-12200
SRR ¢ o these vinyl ethers those made from nowlalcohol, !‘rom decalyl
carbinol ‘and from.the alcohol fiom the Michael synthesis naphtha are of
special interest., These aloohols may possibly be prepaced-om a Commercially
.favorable basis. These three alcchols were obtained after the Oxo' process
" from-olefins with carbon monoxide and l\ydropen by Dr.: ‘S::huster and
Dra Eilbra.cht, .

_ e , iha nonyl alcohol can be easily pu-eparad from the. commerc:tally
-available. diisdutylene, 'the decalylcarbinol is prépared from octylens, "’
"and the -alcohol: from ‘the Michael synthesls naphtha fronm the corresponding
»naphtha (compa.re report of Dr. Schuater in’ the same Zetko report). . -
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Ethyl hexanol is formed as & by-product of the butadiono synthesis
in the 1.3 process and in the Y.L process, .Jt ropresents a favorable besis
for the proparation of vinyl ether. The first thrée vinyl ethers that are
mentioned above are mush branched and may be of particular interest for

this reason.
frem branched

According to oxperience polymsrization products of vinyl ether
aloochols are harder than those from corresponding straight .

‘chain alcohols. For this Feéason, also the polymerization product of vinyl
ether from secondary and tertiary alcchols may be interesting. O0f these

the following

has been prepared so fars

_Secondary butyl alcohol vimyl ether, bepeggs -30-35°
Methylphenyl carbinol vinyl ether, b'p’lh‘ 70-73°
Cyclohexyl mathyl carbinol vinyl ether, b.peygr 68-69°

The

following are still being worked on: -

Naphthyl mathwl caz'binol vitvl ether

Isopropyl methyl carbinol v:l.nyl ether :

Fimetlvl carbinol virwl ether
'Iriphaw' carbinol vinyl ather —

: In general, it can be said. tha.t seconda.ry and. tertiary alconols -
- -are somewhat harde: to vinylate. Therefore, the prepa.ration conditions -
. have to.be tried for each 03360 Furthér the following vimrl ethera ware =

prepared' n

Butyl ¢y<-1ohexan§1 vixwlkether, b‘,peé‘é '8049o° -

"Diox-etmrlraeorcindivixwl ether > bupcgs- 21;-2250

Tetraox—amyl decalol vinyl ether, bep063 160-220

'lhe

\
largexr boiling mterv&'l:s in the last two vlnyl et.hers can be'.

explained by the féct that in the oxo-ethylation one never obtains a um.form
product. but always a mixing o.f‘ lowex and higher oxyeﬁhylated products. :

) . We also v.hvlated polyether oxides, for example P Plo, on, mto
-divinyl etherso- ‘These vinyl.ethers are water-soluble but they are

un fortunatel;
. pure: prepara}

not eagily: distilled and ‘cannot be orystallized so that their -

%ion which 1s important for later polymerization causes first
difficulties.

In polymar:lzation these pror.’ucts become water-inscluble o
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vhich nay make then promisiag for toxtile purposes.. Further we have .obtained
wator asoluble monovinyl ethers through addition of longer othyl oxide residues
to monovalent alcoiols, for instance to methyl alcohol, and through following
vinylization. These monovinyl ethers cause similar difficulties in purifice-
tion of the divinyl ethers. They yield soluble polymerizates, More work
will be done about all these vinyl ethers. = .. L -

Vinyl etners from heterocyclic alcohols K L=

The following vinyl ethers were prepared from heterocyclic »
alcoholss L - .

Totrahydrofurfuralcotd vinyl ether, b.pigs 58-6°
Oxytetrahydrofurane vinyl ether, b.peigs L6-U8°
n-beta oxyethyl pyrrolidon vinyl etﬁer,“.b.p‘.y _ 125:1359.'

Particularly the heterocyclenes which contains oxygen in the
ring are interesting, because of their favorable solubility properties
since their polymerizates have very desirable compatibility with many.
gitificial materials. . C i ’ B ' T o
e tetrahydrofurfural alcohol can be easily obtained through -
hydrogenation from furfural. The oxytetrahydrofurane can be cbtained easily
from trioxybutanes by way of butindiol. Thus they both have favorable
‘naterdal foundations. : The.vinyl ether of. the oxytetrahydrofurane is
_difficult to dissolve in water, while the polymerizate is-water-soluble.,
It has the .same -properties as the. polymathyl vinyl ether, namely, it is
insolublé in hot waters - R

s . e

‘M————‘» i . i ) vin ' ¥w~ - E ‘ .. : :"' f [ R .
' " This is a‘report about further newly prepared vinyl ethers from -
aliphatic cycloaliphatic and heterocyclic alcohols. - T

“/s/ Flickinger and Krzikalle

“-Translated Oct. 11; 1946 - Rochells H, Bordy

Checked Nove 15,1946 = CCM
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, The four year plan ordered Ty ,he Flrrer at the end of 193%
first of =11 brought Chemistry the egpeciul odvligations not only in the
direction of en antomomous large- scale technmigue, but alse new problems
in the foreground ~f interest.and research. The office for German rew
and industriul materisl, or the Réichsumf for economic developmant pro-
ceeding therefrom, have from 1937 till now carried on with aupecial em-
phasis in a cooperative work substitute "resin-free paper ui#tbﬁ" for
colophony; which*in the o0ld Reich was used iIn &n amount of adout 25,000
tonnes per year. E.=motivating the accomplishu.ent of the Four Year
Plan, tnere particirated in this cooperative werk sevsral chamlcal pro -
fessional aolleagues of the of five, universitiy professors, mex from ths
paper indugtry, and several experts of Gerden ,ndustries buezed in ths -
sphere of synthesis of resine and high polymer,n B .
The first meeting on the project ochrred 34 Hovember 32, Qu(
The difficulty of the.problem of -finding.a chéep useble substitute for
céolophony seemed insurmountable to many presant. ngerding the possi-
bility to bring. paper “into commerce only unsuffieienfly gized, or un-
sized, it could bé used only in a few cases. “Theréfore the first.line
prospect of an especially-intensive use of the resins of the German
forests was discussed'l*b : 8y , e _ .

(a) by the labor. servicen _ '
‘(b) following Professor Kessenland“s etimulation lirritation?i
prooesso Regarding this, Prof. Hessenland was indeed 33&&
: monetary consideration throush the I. G but- decl;ne&
- a transfer of his domestie:and foreign patents:
(c) An extensive recovery of colo mory by extraction of csmmin~
“uted spruce woodﬁ"fﬂer the proocss reeommended by Drc‘ e
Asser in. the menner mgich can be followedo S

will remain continua11y very slenderou In consequence of. 'this; the
jadulteration pousibilities of.colashony were .discussed a) by montan -
wax, b} by water-soluble cellulose: derivatives, o) By phenol resiss,’
whose instability. toward light was irmmediately. obJected to. - “The. ' S
addition of a) or b) to colojhony sizing. ‘ean—be- done only in,oertain :
~1imits, because. tney give the sized paper a different and insufficiently

’ plzable cheractero v

B T It is reoalled for comparison that-in the adhesive industry

any thousand tonnes of graln ars- sSpared. through advantageous sub-
“gtitution of the gluten oontained therein by 1200 tonnes cellulose 1n

the form. of Tyloseo v ,
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Ludwigshufen in its Luresin-iarken, the condensation pro-
dust of ammonium sulfate formaldehyde and mcetaldehyds, has achieved
a very remarkable progress in the searoh to £ind a suitaole.extender
for oolo shony for the paper sizing. THis achieves a 50% extending
and ‘large seles of its resin.extender, whioh ceme at the right time.
In between, other firms beside the I. G. have offered new extender
products, for example the followers of ths Mitoherlioh 0ellulose
chemists. These extenders lost their original importence in that

coloyhony ‘was offered ewen less on the market o

{ ) .
, It was therefore espeq%ally. of velue to produce a fully -
synthetio paper sisipg instead of the cologhony, In following out -
this pressing problem, the limits are. drawn Very narrow, for starting
matorfals must be chosen which are available in large amounts and - -
sufflclently oheap. First, one starts with orude anthracene. It is —
a nixture of three~pring systems, and indeed next to anthracene and N
phenanthrene constitution seems to be a sultable basis for a gubstitute
for abietic acid. ' (1) - e TR - .

- Also the use of anthracene has been decrease@ considerably -
thru the competition of naplthol as dye.and other azo dyes. - Frevlously
-1t has begen prepared in considerable amounts from orude anthracens for
aligarine and other important dyes of the anthrachinone serles. The
avallable separeiion and purification plahnts for crude anthracene are .

‘therefore not_ belng used by the I. Ge S P TR A

. .~ gmily one uses crude anthracene again as valuable, but = .
poorly-yielding utilized crude materials of techni cal manufaoture of . -
lemp black for Fune. . Thus, the crude anthracene as starting material |
is now gquite.short. .But the lamp blaock manufacture can be directed into .
other channels vhich. is very probable. One found the Nirosans {tetran-~ ,.
“itrocarbazol) as Vinyar( . demsge combatting agent in Fesent years,. wiioh:
‘shifted the coniitions in.the orude anthracene field entirely, - Previcus-
1y carbazol and phenanthrene were the waste produots ofithe anthraceme -
purification,- Put it will soon:be the anthracené~phenenthrene mixture =
will be formed :.in thée future preparation of. carbazol from the-crude '
anthracene. ~Sejurally, these will be. considerable amounts whioh will —
Sve formed more expensively in their enriched state than a orude anth- .
“racene. -The anthracene-phenanthrene mixture, which has been freed of
carbazol and has been ‘conoentrated, is formed in .a ratio of at least
3.1 %o earbagol, and must be burdened with-a considerable portion-of—
the separation costs in order ‘to make oarbagol cheapers’ -Therefore,.
1t would be too expensive for the lémp black preparation. Therefore,
1t. must be the goal. to use the two waste components: by chemicel Byn-.-
'thesis. Tor a différent pufposes- "~ .. = . .0 R PR BT

(1) Weé would not want to miss in our investigations ‘the three ring - -
-gystem of-the-oérbazol and its derivatives, We shall investigate the .
earbazol, the n-alkyl carbazol, end the ~. .~ ~ 7" ~tetrahydrocarbezol
which is prepared from cyclohexanon-or its derivatives ‘and phenylhydras=:
ines o PEIRRREE AL . , varv |
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- In the minutes of the discussion about "Rasinless paper
81zing” on April 4, 1938, at the govermment agongy for economlc de-
velopment in Berlin the following has been notec: "Dr. Erdnzlein
¢f I.G. Farven reports about interesting experiments wnich are in “
progress at pres:nt to bulld up new artifical resin combinationswhich
are to.bé suitable esnecially for purposes of ttre paper sizing. The
constitution of ebietic acid is the basis for these synthetic 1nves=
tigations. He i: striving for products which approach in their pro-
perties abietic ocid as close as possible. This synthesis goes out
from orude anthrecene, therefore, one has reason to expect that these
produots can be produced at economically tolerable prices. “hese in-
vegtigations are stil) ip progress and nothing further can be said ubout
them at present™. - I Bhall point out that the irnvestigation direction
which has been indicated has been granted priority. Thereby undis-.
‘turbed progréss of the work was assured. Thus, new products could be
syntnesized which are valuable substitute products for the colophony -

L Kany wore of the opinion tha% the substitute pdper sizing
substituting for colophony would have to show similar thermoplastic
properties as for: instance the aluminum abietate must show in the hot
calender. In the syntheais of :. resin sizing ore was concerned in the
beginning paiiticularly to approach the chemical constitution ¢f abietic
acld of colophony as. closely as possible. Acccrding .to Ruzicka the
constitution of abietic acid of. the colophony is-as follows:

5 MO0 - =

. Thus,-it is a oaiboxylié;adid"ofla"hyé:dgenatédks‘hholeat
system with-alkyl- or endo-alkyl fragments. In: crder to attain some=
thiag simila’?, anthraoene was copverted with maleio acid anhydrtiWu

or ordtonic a01631ﬁﬁogthe_folldWng addition preduets:. ..

L _eGOOR . oo [ o GOOH
o C : >5H"',"” : S R , 1iE;.
~_ o008
NE
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L was ulready 1o e oonufdéred in Lts proporties for paper sizing
but not sufficicent.. One wust be grateful to Dr. vwolfram for re-
cognizing ths= mich better properties of the crotonic acid-anthracemns
addition products [I1) compared with the additlion product #I. This
orotonic asoid-arthrecene addition produot forms the busic -carrlier
of the pluing ir the papger size A, B, and C which is being s0ld.
strangely the acul 'erations of this addition product have only etout
-a third of the sizing action of the colophony. No improvement could
be obtained shru cutalytic hydrogenation of the aduitlion produoct.

. Thus, one had to search for & better basis of the three-ring:
hydrocarbon, : o :

The following productis were prepared in following the consl-
deratisrt to this point, to approach the constituticnr vf whce abletle aeld:

1y

_ "This product was recognized as partiocularly valuablé for the
paper sizing. It is the expected and desired 8 system of bensol frag-
ments, 1t is hyorogendted, it has a carboxyl group and it has a .endec=
alkyl fragmeni.  Theu this syvatematic copylng of d constitution of the
abletlc asld one showed again that it is particularly .the chemical -
sonstitution o7 a natural product which ylelds. the desired effect, while
.the.arrangmen’ and ‘changing of moleoular aonfiguration is not important.
This result rhows that one can use & linear three ring system as 1t is -
present in tne anthracene to attaif a sizing effect which is at leas® "
as good as that of-the abletio acid of the colophony in which the 3 ring.
system 1& arranged angularly. Thils seems particularly surprising since.
the now ayrithetic resin glue substancesvwhich apparently 1s a mixture
of the formulas 3 .nd ¢,melts in pure state at 2259 ' and in technical
state at 205-210Y. The physical behavior of the synthetio anthracene
‘derivative cannot be compared with that of colophony. - The new. paper
sizing does not have the property of a resin milk wnigh is prepared ..
from the colophony . with o considerable excess of -2lkall in form of . -~
abcut a.30% dispersion and so brouzht into commerce: - The new paper glu-
“ing agent 1is the 100% dry sodium ‘salt of a mixture of the forhulas 111 -
‘and IV --I% ¢2fers a large saving-in-freight. shipp;l'n%.q: ~It 48 much
superior "in rimplicity of uee thru simply spraying 1% into-the paper . -
suspenalon’as-weﬁ%'ashits.greaser productivity as compg;ea‘uiﬁh-thp Qldy
colophony: d’apersion. = : IR , R
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The prnduots according to formula I11 and IV are prepared .
by condensing anthracone with phthdlid aofd anhydride according to the
Friedel-Orafts mithod. ind tho sodium salt of the so~obtaindd 9-anth-
raoeneoyl ~ O-beazolo acid is oatalytioally hydrogencted. It 1s pre-.
ferable to start from the octohydroanthracene hecause one obtains
better yinlds in he condensation with phthalic acid anbvdride.  .aAlso
the sodium salt of the octohydroanthraccnegyl-ortho-benzois acid is
more stable 1n the catalytic reduotion. It 13 not inclined to split-
ting off the phthaloyl fragment which ocourrs in the hydrogenation of -
~the sodium salt of ths 9-anthracenoyl omtho bensoisagcid. ‘ S

1% was s%111 tried to condense ooto hydroanthracene-directly
with pathalide, in order to save aluminum chloride and make the pre- ..
" paration-choaper., ThHe condengation product of phenanthrene witn-phthéiio
acld anhydride, She 9~phonanthraceneoyl-ortho-benzoic acid has the
following :onstidution: : ' o

. So:far this has-given-dlhydrophenanthrerioyl-bensyl-ortho-
- varboxylicancid in the hydrogenation of the sofilum salt . in aqueous
alkaline solution, which did not approach :the gluing effect of the -
‘Hydrogenated anthracehe derivatives .I11 and IV. For~“this reason one
prepared alse octohydrophenanthréne from ‘the phenanthrgne, aqg,coneuim
-densed with phthalic acid anhydride. *mhig p:gduc: hgdagimggtoggég:%q
ing action. -Therefore, one hydrogenated further 1ln or o ¢
‘tﬁg éarbonylfgroup'iitg a -methylene groups This phemanthrene; derivative.
with the following comstitution: - : -
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If onc oould prove that this phenanthrene derivative of ,
thins constituticn has a?so a good sizing effect, then. one would have
a Rarti cularly gocd hépe to get zo0d results in the investigations _ .
which are in prcgress. One reaches that way a sggaration method of the
oruds anthraceno which could be-worked out without solvent. The pro-
ces3ing of the uvrude anthracene would be done in such a manner that the
carbazol in the oruce antheacene would be converted by corresponding
amount of potash into cerbazol potassium and anthracene=phenanthrene
mixture. The curbazol potessium oan be eligminated g@s lower layer from
the fusion, and direotly hydrolysed by water into the carbazol and potas.
sium hydroxide. .This has been done already in large scale experiments
at H8chst. The.carbazol can be used without ‘urtaer processing for
- nitration, and the potesh is evaporated and ignited, and then used
for solution of the anthracenoyleortho-benzoic aocid which is to be .
hydrogenated. %hus nothing is lost from the separation medium. The -
molten anthracene-phenanthrens mixture which remained in the kettle can
be distilled out ‘in light color from a column with intermediate dephleg=
mators. If one can prove that the hydrogenated phenanthrene derivative
which has been cdegoribed in formula V is also suitable for the paper -~
' sizing then one has made available for a valuabtle:use.an excellent -
starting -mixturo-which is formed in large emounts, It is possible that
a accummulating aotion of the 'anthracene and phenanthrene derivatives Qf

thé formulas I1Z, IV, and V-will be present in the paper sizing.

_ ..~ We shall “continue our.invéstigétioné’ and the next time we
shall be ready fio make more detailed statements about the cost price.
and the existing practical results in the 'experimenta}. scale,

~~ - . The phthalic acid anhydride condensation with anthracene, .
. pespectively'; phenanthrene, or lis hydrogenation. products by getting
————— coptimum yields has been prepared: by Drs Langbein. HNumber Il and the-
~ hydxogenation produet has been prepared in known expertmess by Dr. . -
" Sehlichenmaler. ‘~Thbse men. either made or cooperated ln the-announce=—:
~merts in this new field. -~ . = N - ' L

R RS " .fs/ Krfnzlein
Ihfdjﬁgﬁioﬁ -Iﬁ'ﬁ.'svifoh ﬁrahélat_ion 1'46e=85 n -
Trans. Nove 5, 1946, Rochelle H. -Bondy -
Chaoked Dec. 5, 1946, G. Co Miller .-
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Exchange of Scientific Invesiigations in the Zetko Field in May 1941
- The Influencing of Isomer formation in tho Dichlorination of Metaxylol

‘ The chlorination of metaxylol into a mixture of 2,4 and 4,6
dichlorometaxylol has been described already in the literature. No -

conocrete number evists about the quantitative ratio of the various isomers in

the mixture. Also the indications about the 2,k diochlorometa-xylol seems
uncertain. Detailed investigation shows now that the dichlorination of

the metaxylol in the presence of the usual chlorine transfer agents, perticularly
by the use of sublimed iron chloride, there is formed an isomer mixture .
which. solidifies at about <-17°C, after fractionation in vacuwn in & colwmm.

The various isomers cannot-be obtained in pure form through fractional
distillation., Thelr boiling points.lie too close togsther. = Tere only

occurs the. separation of monochloroxylols that are formed, and of the
superchlorinated portion. The solidifying point of 17° indicates on the .
solidifying point curve that the isomer mixture contains about 65% 2,)i dichloro
and 35% 1,6 dichloroxylol. It can be.separated almosy_quantitatively according
to the nethod which we apnldied for in a patent. It consists of a gselective
sulfurization (sulfonation?) which is described in the report "Process for

the Separatlon of 2,k and l,6 dichlorexylol®. . I : AN

Cr In further chlorination investigations of the meta xylol the method
of reaction of a series of mixed catalyst was tested. ~It was found that
the use of antimony trisulfide as a chlorine carrier may cause & fundamental
shift of the isomer mixture. If meta xylol is chlorinated in the cold 4n -
presence of antimony sulfide, ‘one obtains an ‘isomer mixture of & solidifying -
point of about 119 . This is after the monochloroxylol ‘and ﬂsuparechlor'inate.d

portions had been separated in a column under vacuum. ' The isomers are - .
divided 'in"the mixture reversely according to their solidifying point curve.
About LOZ of 2,k dichloro~ and 60% of Ly6.dichlorometaxylol were formed, -
e separation of this mixture can be carried out easily according to the " 7.
method that was mertioned before. It was necessary to obtain the isomers in -
pure form in order to determine the quantitative amount of the various isomers.
The physical data for l;6 dichlorometa xylol seems convincing according to -
-indications in literature and could be confirmed. Those for the 2,k dis
chlorometa xylol seemed improbable and could not be confirmed. ' The. preparation
of the pure 2;l dichlorometa xylol was done in the following manner. The - -
~acetyl compound-of ‘the symmetric meta xylidine was dichlorinated. After -
“saponification of the dichloroacet-compound one cbtains dichloro xylidene.
This 'melts at 7U4=75° after repeated redissolving in changed’ solvents. The
1,3 dimethyl 2,k dichloro 5 amido benzol was Obtained, which yielded-a 2,4 -
- dichlorometa xylol of a solidifying point of U,9°C after the entamidation,'
According to indications in the literature; 2,4 dichlorometa xylol is -

‘suppased to. solidify at ~20%.

Ly ‘These Aviﬁ_\rzebsﬁiﬁati»onsv waraappliedfor ina patent. o
o ia T = [of Engelberg I
Translated Nov. 5,-1946 - R.H. Bondy
Checked Dec. 5, 1945 - COM .. = '~
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Report About: The Catalytic Uxidation with Atmoagher Oxygen in :g uid Fhase

I, The Oxidation of Bthylbenzol to_Acetophenons, (Dr, Pinkernelle, Dr. Kroning)

The catalytic reduction in liquid phase has been swcessfully used in .
various ways in the technique. But the corresponding reaction, the catalytic -
oxidation in 1iquid phase was technically used only in few cases. -The acetal~
dehyde oxidation to acetic acid-or acetic anhydride, and the analogous ‘oxidation
of croton~ or cinnamic-aldehyde to the corresponding asids aré such cases.

Also the paraffin oxidation which has been studied much recently should also
be mentioned hez'eo

-

‘The .catalytic oxidation in ‘the vapor phase (betause of the relatively

hipgh temperatures that have until® now been necessary) was successful only
when the end products were very resistant to further oxidation. This was
the case for phthalic-acld anhydride, for anthraqu:.none anmd somewhat less
for. ‘maleic acid. But the catalytic, oxldation in Iiquid phase (because cf
the considerably lower reaction temperatures) offers much greater opportunity for
. carrying out: partial oxidation of organic compounds. :Both of these methods

have the advantage of usi:ng the cheapest oxidizing agent, oxygen of the airy '
zwhich, in add:.t.ion, h'zs the advantace of fonning only water as by-producto

. Based on-this. knowledge_the catalytic oxidation 4n 1iguid p\hace has »
been studied for sometime at Uerdingen. . The results of the investigations
-of- Dr.. ‘Binapfl :and -Dr'-- Krey are to be pointed ‘out especially. These investiga-
- tions (so-far as they were put into writing in German applications, patents
_and Zetko reports) are sumnarized in Appendix. I-at the end of this report.. -
_Hydrocarbons' like paraffins, cycloparaffins, aromad.cs, alkylaromaties and
'grdroaromatics, and also aromatic. (hydroxy-compounds like: ahenol, cresol, ¢

~naphthol, benzylalcohol, etc. s were :l.nvestd.gatedo o

" The experiments o the ox:ldation \:l.n liquid phase of etlwlbenzol'

" Yo acetophenon which are tobe described here, were, progressing well even
upon transferring them to a teshnical.scale... This. motlivated Dr. Mittag in
,Uerdincen to take’ up again the studies about oxidation in:liquid phase by
means-of. axygen ‘or sxygen containing materials.on a ‘bréader” scope;“*"'lhls

" 1ed to: the gratifying results t.hat are described in the reports ‘thet .

follcw th:ls one° ‘ R R

Ihe o:d.dation of ethylbenzol with a:lr

. As ca:n/be seen :!.n Appemi:l.x I the :mvestigations about air oxidation
.of ethylbenaol at Uerdingen led already in 1936 to German Reich: Patent (DRP) v
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522255, It wac found then that alkyl benzol can bo oxidized easily at 100°
with addition of 1% cupric oxide as catalyst by blowlng in air. But the
roaction stops after about 30% of the charged ethylbensol is oxidized. The
rest remains unchanzed. Thus the catalyst loses its effectivensss after a
conversion of 30%. Also an.addition of fresh catalyst does nof start the
reaction again (Zetko report of Dec. 15, 1927), The oxidation product 1is
about 30% acetaphenon and the other 207 is mostly ;i:enyl—neﬂwl carbinol,
als» some benzolic acid and & small tar-li.ke residue. ,

‘ As is t: be seen from Zekto report of May 2, 1933, the oxidation
product which consists of acetophenon and phenol mothyl carbinol was oxidized
to pure acetaphenon in a fow experiments with potassium bishramate and sulfuric
acid. A much lower cost price was calculated than that for the old proparat:l.on
method from benzol, acetylchoride and alumixmm chloride.

: The acetoahenon that was prelnred only on & small scale acquired more
interest later; thus t.he o:d.dation of ethylbenzol was studied apain. i
The most. ra.vorable experiment carr:led ‘out :Ln 1936 ran apprmdmtely

_ as follows. -

In two vertical 12 1. iron p:lpes in series vthich could be heated from
the outside with stsam 20.8 kg ethylbenzol was oxidized by blowing in air.
The catalyst was 300 g freshly precipitated dry copper ‘oxide. The reaction "
towers are each provided with a reflux cooler which carries a water trapin

. order *a take the water out of the reaction immediately after its formatdon.
After about 50 hours, after about 6500 l.air were blomn: through, the oxygen
content of the waste gas rose quickly from 0.2% to 20%. The reacticn stops:
then, The catalyst was filtered off and the fil'brat-e was. dividod by

' fractional distillation under vacuum. . _

‘Tereby was obtainad e U

13 757 kgu recovered ethylbenzol (thus 7 0h6 kg have been uzed)
------ 6 210- n_---crude-ketone - (consists'of about-80% acetophenon andA——A
<2 about 20% phenyl methyl carbinol) T w

0,132 " benzoic acid : 0

0,361 " ° tar )
30,160 ® obtained -

0,343 "' ‘Lossin' opa-ation (not consi- ler:.ng the u:q‘gan take-up)
50303 ] charge ) S R

. In the pnavious experiments the folloning faetors were troublesom, the fact_
that the catalyst cannot be used more than onoe (therefoare, its po:soning)
the” relatively long reaction til.me, and the fact that the converaion only 1is
30%, - Begldes one had to try for a more Tavorable ratio of ket.one; carbinol. -
_in favor of\ketons in'the production of, acstophenon, - When the. experiments

_ were ta.kan up again the ma.:ln goal was to eliminate these four disadvantagea

. as much ‘as’ pos :lbleo : FA o _

AT
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In the first new experiment on a half-technical soale an apparatus
(Plant II Frame #LS7) was uged which consists of a shell tube which was put
together from two Jong drum.tubes RL and R2 which arc about two meters long
and 130 mm wide inside, They are Joined with a comnection pioce which 1s
provided with an opening for a thermometer. The pipes had separate heating
_casing which can alao be made into cooling Jadet and a liquid circulation
tube Fy which can be opened or shut as dosired. The lower tube is provided
with an inlet valve Al and -a gas introduction pipe E, The upper part :I.s cloaod
up with a reflux ccoler K, which has a water trap WA. The waste gases
pass tirough a gas meter and reach the outside from there., A branching vglvo
A2 makes it possible to undertake -gas analysis with an Orsat apparatus, to
determine the oxygen content of thc wasts gas froz time to time. The reuotion
pipe is ﬁ.'Lled by & pump and is emptied through an outlet valve Al.

A aeries of ohargeu of ea.ch 100 kg, eﬂvlbenzol were oxid‘.aod in

this experi.mental apparatus, the rollowing was determined.
~'A, 'he residence time yield wm "about 8 grams- per liter, and hour.

B, The circulation through the aide pass could be shut off

without conglderaile influence on.the. course of the reaction.
. C, The charges run regnlarl within 2% to 30 hours until a eonvereion

of about 308, when fresh copper oxide catalyst was uged. After that the, .
reaction sin ps, the. oxygen absorption and the water formation has stopoed also.

"D, me conper oxide that was recovered: thrcmgh cmtr:l.ﬁiging or
filtering off proved to be ineffective also for the next charge with fresh
. &thylbenzol.  In fact, a Charge. that- had been prepared with used catalyst
could hardly be brought to abasorb oxygen even after additicm of freeh Lo
cop}Eer oxidee Sl -r . i : . R
I'\n'ther oxperiments » carrded out partly ir ‘the laboratory and partly
- 4n experimental.operation, showed that used catalyst can be reactivated through
‘various treatments -such as bl. afing out-with steam, drying and grinding, or .
stirring up with dilube sodium hydroxide and washing with water. Admixtures
" of " the basic. or acid agents to the catalyst or to the total charge, like MgO,
Bao, Agy0, organic bases, benzoic acid;: acetic acid, acetid acid anhydride,
showed In many cases an: simpa:l.ring influence, but did not bx'ing notemx'tlw ‘
. progress in any caseo . ; ‘ ; 3 _ -

CIn the meamvhile wa started bo operaue a sha.ft tube of ‘about 1.5
meters 1eng1'.h and 30 cm, inside width, with a total volume of 'about 320 liters-
which could be filled in operation with 250 kg. For 'safety reasons the pipe was
closed above with a.cover of 5 mm of" sheet lead. First the charges ran like o
" deseribed above, whereby the catalyst amount was reduced from 1% to 0.05% .
gradually. After sbout 30 charges had: been run in. the pipe a violent exploaion
:occurred. in: the operation of a charge. The'lsad safety cover was torn open.

- and. the greater part of the reaction materidl was thrown out of the pipe. The
‘peroxide determination which was undertaken afterwards showed still acontent
of 0 13 go of Oy which equals 0,56 flo of . ethylbenzol peroxide in 100 cc. of
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oxidation liquid. In this oxperiment vhich exploded after L hour running
t‘.'.me, the oxygen of' the waste gas was 0.2 to 0.3% in the first hour,- the
water that split off per hour amounted only to 100 cc, while it normally
was between SO0 and~600 cc. Thus a great saccumilation of peroxide must
have taken place. . A :

. It is kncwn from other oxidation processes that dissolved heavy
metal salts requirc care for a similar peroxide decomposition. - In oxrder
not to introduce foreign metal and a foreign acid in the process, we :
decided to add small amounts of copper benzoate to the coppr oxide., Such
a catalyzing mixture actually c auses regular oxidation. Therefore, no
peroxi-e accumulations were obsgerved again, sither in the laboratory or
in the half-technical scale, experiments.- (320 liter tube). We determined
the peroxide content repeatedly in the oxidation liquid according o the
faorro~thiocyanate method. Ve always found valués between 0.05 and 2,07 ‘g.
05 in 100 cc. We ran one éxperiment on purposs with copper oxide alone.-
nha experiments (270 kg.) ran for 5 hours and yielded only 250 cc. o
reaction water. Then we added 25 g. of coppor benzoate and imdediately -
a violent water splitting occurred which amounted to 1,400 cc. in the next
hour. The following hours show a'normal formation of 509-600 cc, - Hers am
accumulation of peroxide had taken place, wiich decomposes normally upon
addition of copper benzoata. By the use of this cata];vst m:l.xmre a aafe
technical operation was assured. <

‘ . NN
: Tha, p'voblem of the 1ncreased reaction had tobe found yet. Zlhe
experiment carried.-out w:lthout\ resilt with copper oxide and copper-oxide~
- copper benzoate-urged us-on-to try other cat.alysba_pant:.cularly -other . .
‘metals for their effdctiveness. In our German patent 522,255 one describes
-besgides copper oxida, dlso the oxide, hydroxide and salts of iron, mang@nese, ;
“cobalt and silver as suitable , ~Yellow iron oxide is samewhat-ocatalytic
.. in-the air oxidation’ of et.hjlbenzol but. the oxidation runs Jower than
Twith ccpper catalyste - ! — )

%

. : At the Huls plant one found at that 't.ime that considerable
reaction increase could be obtained when the he&vy metal scligenk was uaed

7 as catalyst; which ‘are knom from the Oppau paraffin oxidation. A .lead=-

manganese-cobalt-so*igen is supoosed to be part:(cularlx effectiveo

Further experiments shows us, -Somevhat later than in Huls, ‘independent

from. .one another, that ‘cobalt:-was the most effective ‘catalyst metals It

By practical to use such compounds which are soluble in organic solvents,

as salts of organic acids (naphthenate, palmitate) but also-as-more difiicultly

soluble compounds -mch as benzoa:l;eT acetyl acetonate and phthalocyanine

*Tmnslator- - "So‘lagen" is defined ln HcAa Gurtis' Glo.,sary B #h75 -
_as "A dryer for oils. 'The manganese oy cobalt. salt(s of higher fatty
- acids from the Figcher ‘I'ropsch "Kogasin"
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by the solubility in '0-65% sulfuric acid. Pure acetophenone dissolves in

it with 1ipht yellow color and it is clear. ITraces of ¢ arbinol cause more

or less turbi’ity. In Aprendix III a sories of mixtire solidifying points

and the corresponding.solubilities in 0% sulfuric acid arc summarized, In
this table one can soe that the carbinol content can be determined exactly

on basis of the gsolidifyliny point. The following para;'rapha deal with various
processes which we have-worked out for the preparation of piire acotophenons,

The following have to be considered here; ' ‘. —

. The oxidation of the ketons-carbinol mixture in such a manner that
only carbinolis oxidized into katone.

The scparation of kelone ani carbinol is done by fractional diatil- ‘
lation, by fractional crystallization, by the separa.tion of crystallized kat.one
complex oompounds (oxonium salts). . _

. - me—separation of the carbinol by convertinc it into styrol, and
adjoining fractional diqtﬂhtd.on. .

In order to decide which process is advantagesous economicauy, the
quantitative ratio o2 ketone to carbinol is of rreat- influem,e, begause . -
larger ¢arbinol amounts cannot firid utilization at present. Pure preparation
methods were of ‘little interest in the begimmning, when we still had 20% of
carbinol in our crude -ketone. Predominantly we worked on the after-oxidation
of the mixture with dichromate. In experiments_.torc atalytic_dehydrogenation -
of the. carbinol portion in the mixture by ‘means of air over coppsr ‘catalysts,
we found that carbinol can ea go over into styrol by splitting off water.

.Since this can easily be separated from ketone through-fractional distillation
‘and can be used in eny amoint,- this met.hod .was worked through technically o

Lol &fter acidation with’ dichrmate-sulﬁnc acid - me o:&dation
of the carbinol which is. contained in the distilled oxidation product to
acstophenone’ (named :in" the following "A.P.") with. dichromate-sulfurio v :

"acid was already carried out successfully in Uerdingen in 1926, ° therefore,. -
-the new investigations were mainly about comrerting the: dichromate oxidation
; into a technical styrol. - T L ;

. First the! method was tested once more in the laboratory and 3 kgso .
samples, with -sdli’ifying points of 18.05° (3% carbinol), 16.6° (7% carbinol)

_and 14s8% (129 carbinol), were oxidized. We worked with a 10% dichromate -
excess -and a reaction temperature of 50-60°, a reaction time of 6 hours.

“The geotophenone which was obtained in ‘the procass was always unobjeotiona.ble
a.nd it had-a solidlfying point of 19 2 to .5 Co L .

o In the .t‘ollowing a t.echnica.l cha.rge is, reprodmed which was cer;'ied
out with a- distilled oxidation product of & solidifying point, 1h.8° s thus with'
a:carbino) content of 12%. - The following oxidation was carried out dna
'masoned 12 cu.meter:. stirring kettle which was connected with a reflux eooler,

' a.\r:.sing tube ,themometer pockets, and supply veasel. .
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h,&‘iB tonnos of ketonc-carbinol mixture with a content of 554 kgs. of
- carbinol.

0,429 tonnes of nodium dichromate
0,6l tonnes of concentrated sulfuric acid

1.94 tonnes of water
reaction teumperaiure 50-60°C '
reaction times 7 hours running in of t.he oxidation nquid, and lh

hours of.‘ stirring. -

- . "After the chroms liquor is let out, the crude oil is washed r.l.th
water. The chromate liquids atill contain 0.8 kpgs. of sodium dichromate.
The crude oil is washed again with water and finally it is distilled in
‘vacutm., L4.636 tonnes of crude product were sucked into the retort (still

contained some water).

1. Pre-cub wa'ter.content A.P. vdth 'little ethbenzol and.etyrol
368 kESo - 7076po

2, Main i‘raetion (A.oPdnr-p- 19.2-19. h ) 3;889. kge. = 8L.2%.

‘3o After-cut (A.P. with 2% carbinol mep. 13.5%, 187 kgso h.osz).

: L Rogldue 191 kgs. = 3.9%. ' ‘hat adds to L,615 kgs. which equals
99.91%. Digtillation loss: 21 kgs. s di.sti.llation time, I hours. -

: " An_examination of the mre-cut’ shows ‘this consists of at least 70%
pure A.Po It ‘was necessary to rinse the ‘run~off absolutely water free so
. that about 90% pure A.Ps ani h:OS% with traces; (2») carbmol-contaminated

“Aq P,, was recovered., K N : o L

One ‘Astills ,the’ unchanged ~ethy1benzol and obtains a residue.
Finally the erude oxidation product which was obtained By the air oxidation .
- of ethylbenzol (which consists of ethylbenzol, acetophenone, phenyl methyl
carbinol, and benzoic acid and a small. tar-like residue) can be gubjected — -
directly to the dichromd. e oxidation. * But one has to use in “such cases
larger amounts of dichromate than correspond to the carbinol, becauee the
distillation residue uges up chromic acide . :

b) | Adr O:d.dation of the Ketone-Carbinol Mixture .

S lhe disti.mled ketoneacarbinol mixture was aerated with eir at
100-120 C.ina serles of experiments with admixture of varlous catalysts
\quch as copper oxide, copper benzoabe, cobalt.napht'-enate: and cobalt benzoa.te.
Part of the carbinol is oxidized thereby, Jbut pure acetophenone cannot. be :
prepared in this manner.. R -.—.“ cme

lhe ‘best catalyst was: eopner banzoateu. In a half technical charge
27o“kg .of distilled ketorie~carbinol -mixture with a solidifying point. of 9°
were ad.dized with ajr.in the presence of 100 grams: of-copper- b‘énzoa'beo ~In -
the‘c“om*ée of 17 haurs the solidifyin(r point rose from 9 to 16o50. wdhat -
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means the cu-binol content fell by a further air oxidation from 23 to 7%.
The last 7% could not be oxidized further through additional blowing in of air.

- ¢) The ATter-Oxidation with Diluted Nitric Acid

Pura phenyl methyl carbinol wag used for these oxidation expenmnta
which was oxidized at a mild condition with 14% nitric acid. Thereby, ore
obtains only oxidation products which 'waro only slightly nitrogen-containing
with a solidifying point of about 11.3°. No oxidation product which solidifies
higher could be obtained. Also, when this method was transferred to the ketons-
earbinol mixture, no unobjectionable A.P. could be prepared. '

d) Fractional Distl.llation -

’ " e ketono ca.rbiml mixture (about 20% carbinol) could not be
. separated in the laboratory in vacuwum with ordinary distillation instellations.
There was some accumulation of acetophencne in the pre-cut; but no- pure A.P.
"of a solidifyins peint of 19.5° could be prepared.. Also in the operation
-distillation one observed that the solidifyinz point of.the various fractions
decreased in the course of the distillation. In a distillation of a mixture
of a solidifying point of 9.9° (thus a content of about 21% carbinol) the :
solidifying point of the distillate decreased to from 15.3 to L.5%, thut is,
the first fraction contains only about 10%, the 1ast, 32.5% carb:!nol.

o After these obaa'vations wa. dcve].oped a distﬂlation apparacus :!.n
the lsboratory. which made it posaible to separate a ketone-carbinol mixture
(with 20% carbinol). It has a glass column of 1,950 mm length and LO mm.
diameter which could distill S0% .of a pure acetophenone with a speed of 100
grams per hour. (8olidifying point 19.2 to 19.5%).  The reflux ratio was not
measured. - - Also’ pure phenyl methyl earbinol with a solidifying po:lnt of 21.5°
could be obtained from the mixture of 953 carbinol and 5% ketone.

L One found in the hboratory ‘experiments that the porcelain Raschig
-rings are not-sulteble, Further one observes that. the solidifying points 1lile
too low although the sulfuric acid test was all right. We assume that the
porous porcelain Raschig: nngsmold the water which goes over first, and

only slowly give this wp again, so that the solidifying po:l.nt was depressed
vby the water’ that WaSs carried alongo TR

, In order to test the dist:!llation ona 1a.rger scale the £ollow:l.ng
distillation ‘apparatus was .builte An iron nickel-plated kettle of 150 liters .
content served as still, The column consisted of 8 iron rings with a total height
of 10 meters.. Bach ring was 1,250 mm. long and had a:diameter of 100 mm. and -
a £411ing height ‘of 1,100 mu.  Iron Baschig r:’mgs of 12 x 12 m. were usedv.~

‘.The dephlegmater ms a small pipe cooler. ‘

“One’ distilleri at a. vacuum of 10-15 sm. The pressnre drop in the
“¢olumn amoun'bed to 50 mm, and. rose. towards the end of thedistillation to
‘about 90 mm. The-reflux ratio was 3:1;74in which the nabural reflux which

-is relatively “large in small columns was not measured inclusively. The
oil bath tempe rature was 1550, and: 2-2.5 kg were - dist:llled over per hour,
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The acetophenone had a solidifyin;: point of 19. 3-19.5 « Jdowards the end

of the distillation the oil bath temperature was raised to 195°, The o

temperature in the still w.s 1320, towards the end of the distillation 150",

The boiling temperature is 79-37° at 10-15 mm,

Distillation resultss charge 120.0 k. acetop?enone—oarbin_ol mixture with
. a carbinol content of 20%,

1) 5.7 kg» = L.8% ethylbenzol and traces of styrol.

2) 77.h kg. = 64.5% pure acetophenone (sclidifying point 19. 3-19.5°).
3; 22,0 kgo = 18.3% acetophenone plus carbinol. -

L) 6.5 kg. = S.L residw .

5) - 8.k kg. = 7% loss (mostly in the ring packing).

’fms is a total of 120.0 ke. which = 1003. . - T
At the end the mixtures at #3 above consisted of 90% phenyl
methyl carbinol and 10% acetophenone. . :

~

e) Fractional ngstallization

- The fractional cryst&llization was oa.rried out first in the laboratory,
- later on half-technical scale and finally in a few technical experiments at
Oriesheim. It yielded better results on technical scale than in the laboratory.
. Pure acetophenone can be prepared by freezing out. It'is true’ the .processing .
of the m.ither liquors into pure carbinol and the further oxidation of these _ -
- 1iquids with air in order to convert. part of the ¢arbimol into ketone is still

aifficult. .

- it

r) Separation Thrgggl Complex Formation

o —In the course of experiments about the conversion of the carbinol.
which is contained in thie cxidation mixture into the relatively low-boiling
styrol by means of phoaphor:lo acid,it was observed that. acetorhenons: forms an -
addition compound " with concentratod phosphoric acid which crystallizes easily
and melt “at 80°; "It decomposaes upon heating with weter and yieldspure :

* @getophenone with a solidifying point of 19, “But this separation requires

- molar amounts of phosphoric acid, and the: carbinol carnot be isolated easily
. a8 such or in form of pure styrol. It 1s usually converted to polyst,yrena

T Therefore, this method was not studied further. & . .

s

g) Mtion"' of Carbinol \

U As e hm menuioned before, observed 1n experi,ments abtnt -
cata]ytd.o dehydration of ‘the. carbinol portioniby means of air with_conper
"-catalysts, that-carbinol goes into ‘styrol: easily by splitting off water,
It cen eas:u,y be separated from. aceto;i)enone 'by distmation.‘ lhus“ dehydra-

tion was: atud:led by us “in detail. - -
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* The first experlnenta were carried out in a tube of 3.5 cm.
diameter and about one meter of f£illing length. The catalyst spece was
about 0.0 to 1 litss, After various experiments we found the silica gel
B(L~6 mm) was the bist dehydration catalyst. Also for continuous use
ailioa gel is suitable. Besides pumice, punice :lmprematod with uzo3,
and molded alumirmm o:d.do ware tested.

250 ‘g. per hour could be put ﬂ:rough the tube nentioned above,
300-310 and 150 mm. pressure were -the most favorable conditions. The
reaction went, to be sure, at 250-280°, but the pertormance of the pipe
is lower at that temperature., At higher. temperatures like 330° decomposition
occurs,with more intensive brown color of the oil and 1light gas development
occurs. ‘The reaction product, wirich consists of acetophenone, styrol and
water, is separated by addition of concentrated sodium chloriie solution
in water. One kg. of ketorne-carbinol mixture (20% carbinol) yields dbout
27 r. of water in one throughput. The crude product is.separated by distil-"
lation 4n a column. Thereby one obtains about 903 of the charged kotone and
90% of the styrol that is toc be erpected. In addition to that one gets a |
few intermediate cuts which can be charged again in the nert distillations
The residue of 3=4% remains containiri; about 1% acetophenone, about 1% .
dypnone, 0.5-1% of 2, h—d:uphemylmrane, and 1.35% trimerxylbensol, and about
1% of reainous materials.—: -~ — _ o

'Ihe ot,her cata.lyata vhich were tested were lsas suitable, Thus -
pumice is almost ineffective at temperatures up-to 300" and alsoat 300-350
it-is ’insufficient. Solidifying point of the acetophenone.which is. obt.ainod ,
is below 17°% Pumice with alumimm oxide acts somewhat better but the .’
performance is still ‘insufficient. Molded a]amimm oxids (Ludwigshafen) .
is nearly ineffective up to tempera:ures of 200°, at 300-330°:it is satisfactory.
Above 330° by-products are formed such as hydrocarbon like benzol. ‘lhn ketnna
yield. decreases“thereby, a7 __ » S

TN

After t.hese investigations in laboratory, a few half-tachnioal -
apparatuaes were ‘designed but only:the last one 1s going to be ‘discussed here.
(Compare App. L) .~ Ketone-carbinol is charged omtinuously into a ocirculation
evaporator. The ketone-carbinol passes a mtametero Then it is evaporatod
~'4n vacuum abt L40=150 mm. 'The vapors-mss-over a superheater and thenenter-

["the catalyst apparatus. This consists of a tube .bundle of 1l pipes which
lead up and down in a chamber, and which are located in a statimary salt batho

e ‘pipes are  _ welded firmly to the bottom. On the ‘top they are free in
“‘order to avoid strain in the apparatuso ‘The hea.t:mg is ‘done either ﬂmmgh
heating colls, or better with gas. ~ The temperature did;ribution s ¢
satisfactory.” Te ]argest. difference in vertical: direct on i the salt bath
~gmounted to-about 3° ;-and in horizontal direction abo 10%, - The ‘.lndividual
pipes are 2,5 meters long and have a diameter of 4O mm.; this corresponds:

‘to & catalyst volume of 38 liters.” 15-15 kg. of the catalyst (silica ge:l.,
B, L-5 mm.)-are always in-filled at one time.’ 'me'a'pnaratua -gtands in-d@ roon
whase temperature is kept consta.nt at 250 through heating. : (wetophenom
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sol144ifying point 19.5°). The lifc span of the catalyst amounts to 10-19
‘days, with an avsrage of 1l days. This depends on the carbinol content of
the mixture put throurh. The less carbinol that is contained in a mixture,
the longer the catalyst can be operated. The catalyst can be regenerated
by burning off. The throuhput in this apparatus amounted to about, 30 kg.
per hour which is 1 kg. per tour and 1 liter of catalyst space, In the
experiments with the object to increase the capacity one observed much
sticking together. It is to be azsumed that liquid drops were carried along
by the vapor which formed tar at high temperatures and theraeby stopped up
the pipes. Neveértheless, one could operate --1j0~50 hours with? an hourly
“capacity of S5 kg It is probable that with the installation of an impingzment

sheet between evaporator and thé entrance into the catalyit rdpa.one could
_ opdrate. with greater performance. . ) .

The following number's serve for the evaluation of the process.

| 1;88%.6.kg. of a mixture were charged _ (the mixture hal a solidify-
ing point 15.2°;carbinol content 11%). The following werc run in 67 hours-. -
thus with a hourly averape of 23 kg. : R . c

1836.2 kg. acetophenone - styrol-water mixture z 97.48 -~ -
37.5 ke. of bottom (from the evaporator) = 2.0% -~ T
11.9 kp. loss = 0368 B .

 2he6 kg. of the mixture could be recovered from the distillation -
‘bottom, so that the total loss was 11.9 kr. plus 12.9 kg. which equals. 2l.8
kg. and ecarresponds/to 1.3%. ~The-acetophenone-styrol-vater mixture can be
_separatel easily vacuum digtillation. o Thereby one obtains pure aceto-
phenone with a solidifying point of 19.4% .. 1 .o '

‘ /- A number of processes have been worked ou% for the conversian of
the orude ketone into pure acetophenone. But only the dichromate after--
. oxidation, fractional distillation and the Jehydration is of technical -
‘interest. . When cobalt .compoun's are used asc atalysts for the air oxidation
of ethylbenzol, the carbinol content .of the crude ketone amounts to only
1-2%.  Therefore,: only the dichromate oxidation and the fractional distil-. .
1ation are the-only ones to- be considered for pure ketone manufacturing. -
" In the Jdehydration method all too large amounts &f acetophenone have to. be
used along with 1t. Because of the small’ carbinol content only relatively’
- faw chemicals are needed for the dichromate oxidation. . The chrome liguor-
which i3 forme? can be reconverted ‘through ‘precipitation with ldme and - . .
oxidation of the precipitates into technical dichromates. ‘herefore, Wwe C
prefer this method to frastional distillation at Uerdingen.  Iwo distillations
have to be carried out in the chromate method but in both cases they are only
driving over. Neither in the ketone-carbinol distillation nor in pure
distillation of the acetophenone. does one need. to fractionate careftlly.
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Acetophenone is a cheop intermadiate product on basis of the

desoribed investigation. It induces eyporiments to £ new £ields of
use for it. As first frult of this knowledge we shall t out tho aceto~

phenona resin that.was developed by s,

/s/ Pinkernelle and Kroning

~

Translated Nov. 1, 1946 = R.H. Bondy
- Checked Deg. 9, 1946 - CQU
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About Catalybic Oxidation with Atmospheric Oxygen in Liquid Fhase

II. mti.dation of Toluol and Chlorotoluenas

'mo prevlous roport showed that the new estigation of the
cata.]ytic oxidation of ethyl benzol. brought good prdgress. These induced
to take up the investigation about catalytic oxidation in 1liquid phase
on a broad basis. We shall report about the sclentific and technical
results in the following reports.

‘lhe autovoad.dation capacity of various oryanic substances, which

has been known for a long time, directed us in these investipations, Sub- .
stances that contain active centers in the molecule (phenyl, double bonds,
ether oxygen, ¢ arbonyl) are particularly easlly auto~oxidized. The
oxidation of such materials is deseribed in.numerous publications.

The oxldation of these materials and others compouwrds of almost all oxganic
substance classes vwith catalysts or activators has—shown that -nly .
increages in conveision and shortening of reaction time obtained in such

a manner makes it usable for technical purposes. The oxidation method is
very rich in the preparative .E'ield, which requires much care in thia
_catalytic reaction.. But it promises success, & number of factors are
available for reguiating the oxidation with molecular oxygen;_catalyat, —
temperature, prossura, irradiation, reaction time, amount of reaction, -
solvent etc. ' Thése factors must be gotten to agree with the influences

‘of the constitution of the particular’ ‘material on the oxidation. Thus
" one can find favorable reaction conditions for almost all substanoeso
Thus- the often-not uniform course of oxidation can be conducted into .
certain channels s0 that one obtains a preferentially des:lred oxidation

product. - . :
. - e L
1o Cat.a.]ytic Q:ddation of Toluol in Liquid Phase

‘ Benzom acid is now prepared on a technica.l scale from 'boluol
_‘and from naphthalene.r In the catalytic oxidation of naphthalene in the.
gas: phase- benzoic:&cid is formed as by-product. But it is actually
-prepared from the =xtable ‘oxidatiorni product of naphthalene, phthalic ‘acid’
:anhydride, .according to a method that was developed ‘simultaneously in .
“Germany and in the U.S:A, " In ‘this process one mixes the cruds’ phthal:lc
-acid. anhydride -vapors- from. the :naphthalene oxidata.on wit.h steam. me .
- phthalic-acid whick is formed mtemediately is decnrbo:quated vith
- suitable cate.lysisse . The benzoic ‘acid which™is prepa.red thus 1s not: yet -
pure,” The entire process is a waste of orsam.c “substances, but it is made -
economical by the low price of naphthalene, ‘The ideal method is the
conversion of -tolucl into-benzoic acid, . The benszoic acid is prepared that
way 4o a small extent by acid hydrolysis. of waste benzotrichloride. from
the benzoyl-chlorice production, but mostly ﬂzrouf:jl toluol. o:d.dation
according to (?) —\Halétrae S
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This leads primarily to benzoic acid sodium (sodium bonzoate?)
and chromoxidehydrate which is procossed into chromic oxide green, In -
normal times the sslling of both of these products causes no difficulties
at the rate in vhich they are formed. But prohibition arainst the
mamufacture of chromoxide pigments makes it nocessary to reoxidize chrom-
oxide hydrate into chromate. Thereby the economy of the process is
effected. In the course of ‘the investigation about the catalytic
" oxidatlons one found that one can easily prepare benzoic acid by oxidation
of toluens in liquid phase, also on a technical scale. This process '
deserves consideration because.of the reasons described, :

In principle the oxidation of toluol with molecular oxygen has
been known for a long tims. The auto-oxldation capacity of alkyl benzols ]
in the light and the acid formation was observed first by Weger .
Glemician and Silbsr (3) determined that after a reaction time of ona
Year in light and in presence of Ha0 and air one can obtain up to 1274
benzoic acid. Soon it was recognized that this process passes through
a peroxide stage. It can be accelerated by adding organic catalysts 1ike .
phenanthrenechinon: or anthrachinone o?also lime mater, carbon or possibly
metallic catalysts to the toluol (1,5,6,7). LT 4

- = _ Processes for the oxidation of toluolintlp liquid phase, in presence
of metal catalysts in the form as set down in patents (8,9,10,11) was R
not used technically for arious reasons. Walter (12) who first suggested.

. 8as phase oxidatlon of naphthalene with mstal catalysts describes also’

first the oxiddtion of toluens into benzoic acid under these conditiodiss =

‘There appeared anzbundance of patents (principally 13, 1k and 15) in America
and Germany frow which one can see that a stannoun vanadium catalyst-is best -
for this process which can easily be carried .out, But the. low naphthalens -
price and the quality of. the benzoic acid formed have contributed to
the fact that benzoic acid is not preduced by this method today. .-

. Our experiments have shown that benzoic acid can be prepared
with good yields and in satisfactory quelity by a aimple reaction throuph
oxidation of 'c.olm-,»gI in 1iquid phase.. Numerous triuls to oxidize goluol ~ -
in presence of a ¢ balt catalyst at normal pressure and about 100°C were
unsuccessful, also the a ture of substances(niirob_enzol, eshyibensol,
nitrotoluel, anthrachinone)which induce or speed ur; oxidation under certain
conditlons changed xiothi;xgo'_‘_Fina];l';r it 'was shown that a smsll’ sulfur = .
‘content in the toluol caused the trouble and that tie reaction can be - -
‘carried-out (although only slowly) under the: uenticaed conditions, -
By this.glethdd,;'~the_;mactibn-vglqc'ity -and the conversion- are too ‘=mall for
a technical process..  The relations are much more favorable with inoreased -
pz‘-essure»:and:tamperat’ure‘,"“a;xd ‘Wa have tested the process in'a small scale
in a great mumber of ‘experiments, . Dp.’ Krey has carried out an experimental”
series with"technical toluol in larger scale, and :t was shown .that these
experlments proceeced st111 ‘better and without difiiculties (see table).
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The reac~ion is carried out similarly to the oxidation of othyl
benzol, in such a way that a lively air stream is blomn throuch the toluol
pleced with tho ca:alyst in a tunnel tube at tenperatures. over 100°C and at
& progsure of a fow atmospheres. The start of the exothermic reaction shows
itself soon in the air analysis and by water evolution. The wator 1ig
condensed and separated, the toluene leaving with it is conducted further -
to the oxidation. A series of experiments is compiled in the. table below.

Notwiths'anding this reaction is so easily executed, still it
proceeds relatively slower than the 'oxidation of ethylbenzens, or the.
xylols to be mentioned later. This shows itself in the longer oxygen
absorption time, and in that the less effasctive catalysts, such as iron~
or copper salts, are entirely without effact, while on the other hand the
more effactive catalysts, manganese and cobalt salts, possess the sams _
effectiveness, and first of all make possible the carrying out of the ,
process., : : .

. -The_following scheme is probable for the course of the ~eactions

CoHoCH; > CqHgOR 00— CaHeORO + B0
> o

Celg ..cfzo : o+ C gD ——320¢R000H

These formulas demonstrate first the auto-oxidation of “toluol,
. by way of peroxide formation,  then they ars supported by our lnowledge
in the cyclohexans oxidation and ‘finally they allow recognition of the
reaction products resulting. The principal reastion product is benzoic -
acid into which 50-60% can be converted. without -difficulty. After the
. cooling of the reaction products, the acid is precipitated in thick scales.
The acid can be partially recovered by pressing but, and completely bty . -
alkaline extraction, also by distillation of- the crude effluent a colorless
quality is obtainec, .smelling somewhat of dibenzyl ether, however. To . .

toluol again recoveraed.is re-circulated to the oxidation without detriment.
If the aqueous solution of sodium benzoate is treated with a little . .
hypochlorite, or better with permanganate, g benzoic acid is obtained . -
whose quality is sstisfactory for all purposes. Benzaldehyde and benzyl
alcohol.can be - cbtained as by-products with this prodess, although these .-
exist in amounts of a few percent. ' Likewise, some benzyl benzoate forms
through a secondary reaction,. = . . e E R
i The process d escribed represonts the simplast way in which
‘benzolc acid can ba cbtained from—tolucl.and upwards. Its large scale
use is dependent upon toluol price, and deserves attention, besides for
‘bengoic acid production: from naphthalens, ‘also’'phthalic avhydride.

i ——ll
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. Toluene Cataly:t Temp, Atm, Time Benzoio acid content
" Charge Kg. Grams °C  Abs. Air/Ar. Hrs. B0 Product = on product

T’WWTWT ?;'W 16%
(o] n 1

2= 140 150 1 1750 g 29%

2.3 10 n » 158 S 1001 10 122 2072¢g 31%

2-3 10 # ® 165 7 - 150 1 8 179 20lp g L3%

2-3 100 " 7 168 -7 1501 7 132 2a04g 338

2-3 Mn-Sol 150 L 1501 6 7C 2200 g 20% broken off|

2l9 500 Co 135 L 9wl 2 20L 269 kg 53% .

251 s00 " 130 L 9m3 2y, 15.6 266 kg. 30% broken off
26 28 332 kg. Lo% broken off

300 500 " 135 5.5 10m3

II. Catalytic Oxidation of Chlortoluol

-Toluol is much less inclined to auto-oxidation than, for eéxample,

" ethylbenzol or the xyiols. _Such a property has not becoms known of chlor— ,
toluols or,for example,of methoxytoluol or acetyloresol. Accordingly, these
aubstances are oxidized with more difficulty than toluol. However the axida- -
tlon of chlortoluol proceeds smoothly at temperatures above 140°C, thus below
the boiling point of these materials. It is to be assumed from this that the
reaction here also runs by of the percxide siep, so we were surprised -
“that the oxidation took ‘in the 1liquid phase still at so high temperatures,

- Regarding the conversion of chlortoluol- to chlorbenszoic acid by

..catelytic oxldation, something is already known in the chemical literature.
For instance, a process 1s described ia which this siubstence is conducted

over highly heated metallic oxide, and so becames oxidized (16). As -~ -
catalysts this proc2ss names thallium exide, tin and: other metallic vanadates.!
The reaction was investigated by Charlot (17) in all particulars. Likewise
' an oxidation method 1s described in I.G. patents. (18)..  Te reaction is:
undertaken in autoclaves in:the presence of water and metal oxides and- -
hydroxides at temperatures over 200°C. and at pressures of 50-60 -atmospheres..

 ¥olecular oxygen ali:o scrves here as the oxidation means. -

" “T7 . Trough e presently conducted investigation it was shomn that
such an oxidation results from pure oxygen or through atmospheric oxygen
-if a suitable temperature is held, a sultable catalyst-is employed, and the
-gas 1s conducted.thrrough the substance. Cobalt cofipounds have proved: *

- especlally good as catalysts also here. = The réaction is appropriately
.carried out at temporatures between 1L0C and the boiling point (160°) "

of the substance, '™e water resulting from the oxidation is suitably . .
distilled off, sinco othérwise precipitation of the catalyst may result.

" The working up of tlie reaction product proceeds like that desoribed-for .
benzoic acid. = Most appropristely the squscus solution of the. sodium chlor-
‘benzoate is treated with a iittle pemanaanate',\ thus obtaining a chlorbenzoic

acid which is equal to all, requirements; -



-

, The production of ortho chlorbenszoic acid by this process runs
especially smoothly, since this remainsd molten at the reaction temperature;
8o that the conversion can be brought to about 80%, ‘he para chlorbensoio
acid on the other hand crystallizes out from the mixturc at its saturation
point, during the reaction, since it has a freezing pcint of 243°C. It is
best then to cool, separate the mother liguor, and corduct-this again to the
oxidation. By this process aldehyde and benzyl alcchel and ester result
@3 by-products. Naturally meta chlortoluol and chlortoluocl mixtures can be
oxidized in the specified manner as well. = The oxidation of para chlortoluol

succeeds especially easily.

/ R, Mittag
4 N\

Translated by R.H. Bondy 11/l/46 and CCMiller 12/L/L5
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Avout Catalytic Ovddation in Liguid Phage with Atmospherdic Oxygen

ITI. Oxidation of Polymsthylbenzol

~ In the catalytic oxidation of the toluol or chlorotoluol an
aromatic-bound methyl group is converted into a carboxyl group in a smooth’
reaction. The cxidation in 1liquid phase of polymethylbensol is even easier
to be carried out than with these substances. In these materials one can
see cleerly that the catalytlic oxidation in the liquid phase can perfors
_somewhat different than the-gas phase. The axidation of xylol vapors on -
metal catalysts ylelds a mixture of various substances. But now we can
obtain in a nice menner monocarboxylic aclds from polymethylbensols. Also,
partial oxidation products which could sofar only be prepared with tedious
methods on a -technical scale by way of synthesized nitrile or aldehyde can
be easily obtained now. It is particularly surprising that the attack by
the oxygen stops ‘almosi completely after the oxidation of one mothyl group
in the oxidation of the xylol because in general tne introduction of & .
carboxyl group increases the reaction capacity of a methyl group.

.1, -Oxidation of the Xylol .. ,
‘ " From the isomeric xylol one can easily obtaln the various téluic
acids by air-oxidation in liquid phase, These substances were rather hard
to obtain until now, and the cost price made use on the broadest. scale -
impossible. 'The toluol acids were prepared-till now by careful nitric. acid
_oxidation of the xylol; through acid saponification of toluene nitdle or ' .
from the corresponding aldehydes: But Clamiciah and Silber(l) observe that
toluic. acid can be formed from xylol through™an auto oxidation process.. .-
From m-.and p-xyloli -iso- and tere-phthalic acid are formed. ' ‘They obtained .
‘about 30% of toluic acid in a ‘six months irradiation in presence of much - -
‘water. In thig process anthraquinone may act as accelerator (2). : The
oxidation of the xylol in the presence of heavy metal catalyst and much i
water at high pressures (3) which leads to toluic aldehydes:and acids cannot
‘be carried out technically. ~Charlot (L)-worked on the catalytic oxidation -
df xylol in ‘the vapor phase and obtained a mixture of predominantly’ toluic..
and phthalic acdds. .7 . LT Lm et

©. . .The pure isomers served as starting material for_the okidation -
experiment or a mixture of them or "Solvent naphtha". No difficulties were .
observed in the oxidation' of ‘pure ortho,-meta, or para-xylols.  The reactlon
started at once or within an hour, By the use of solvent:naphtha.the oxidatidn: " .
‘can be, entirely. eliminated,- but the solvent naphthé ‘can also be freed of disturbing
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‘srlfur by the treatment with aluminum.chloride and then it is oasily sUS=
coptible to the oxidation. The admixture of dissolved cobalt saltsare
advigsed to be used as catalyst. Manganése salis are also quite eflective.
Coo'aer, iron, or lead salts are hardly effective., Reaction is carried out
in such a manner as it is described in the oxidation of the ethylbenzol or in the
mono methylbenzol. A temperature of 110-130°C was found to be suitable, whereby
normal pressure is sufficient. The oxidation is finished faster at -higher
temperatures, but there usually forms larger amounts of more highly oxidized
products which are described below.  From one kg. charges, the reaction was
completed in general after 20-30 hours with an admixture of 1% of cobalt soligen
and air-stream velocity of 50 liters per hour at & temperature of 1159, .

: The correspond:.ng toluic acids are formed from xylol as pre=~
dominant oxidation products. From ortho xylol ortho toluic acid is formed,
the formation of phthalic acid was never observed. Te conversion can be
brought to about 60% but it is advisable to oxidize up to about }0%. From
meta-xylol, meta~ toluic acid is formeds In addition to it-there 1s always
formed some iso phthalic acid the amount qf which depends upon the reaction:
time and temperaturs. . In longer reaction and higher temperature its amount
goes up to 10% of the axidation product. Terefore it is practical -also in
.this directlon to break off the reactlon at about 30-40%. " Para xylol can
be oxidized even more easily than ortho and meta xylol.  Ortho or meta .
toluic acid remain in molten state during the reaction. The para toluic acid
crystallizes out at its saturation concentration. It is filtered off after
cooling of the soluc.ion and the mother liquor is broumt back into the reactiono

: .. The dange:r for terephthalic acid forma.tion ds. particula.rly great -
‘here, therefore, one oxidizes only to a reaction of 30%. The acids that are -
formed from the technical xylol mixture/melt at about 70-1oo°c, they—contain—
about 100% phthallc acid,. The by-products of the reaction are toluic aldehydes
and methyl benzyl alcohols (each about 2-3%), » as in the oxidation of: the toluol '
and also as" aecondary reaction products methyl benayl toluyla.te, '

‘ The processing oi‘ f.he chargea can-be- done in- various ways. i'ho o
substance sdlidifies soon after the running out from the reaction pipe by
crystallizing out- of the toluic acids, These are -taken out less p tically
vi:th aqueous alkali. The neutral parts are taken off, and the axidation is-

. carried out again. After that the toluic. acids are 1recip:|.t.ated by cﬁ.stﬂ.—-
lation at normal pressure or by the use of ‘a weak vacuum; -Thus “there obtained’
in a quality which.is sufficient for all chemical uses;” The. distillation: residue
contains the phthalic acid. It:is taken up in alkali-and treated with chlorine
and is then.obtained in a satisfactory quality. ~The processing can also be :
done by bleach:mg the alkaline solutdon of. the toluic ‘acid with oad.dation agents -
such as chlorine.water or chloriné gas.” . The acids which are precipitated then
are pure wh:.teu‘ They can $till be disiilled, or in the form in’ which theﬁ are
ob ..an.ned they can be worked for etxample, into acid chlorida. ‘

' S 1 this process the toluic acids, t-he closest rela.tive to benzo:l.c
~acid, has ‘become. easily available. ‘At the same time a new use for xylol has -
_been .found - Not .only’ the acid mixture ‘which is obtained .t‘rom the solvent
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naphtha is of groat interest because of its low cost price, but ‘also )
partioularly becauss its various isomers are now cheaply available in choaen
amount to synthosir which cannot be carried out with bengoic acid.

2. .Oxidation of Other Polymethylbenzols

Not only the xylols can be converted into carboxylic acid by this
method, but also other polymothylbengzols can be easily oxidized that way.
The mesitylene (1,3,5 trimethylbenzol) ylelds, for example, almost only
mesitylens acid in the catalytic oxidation (2,3 dimsthvlbenzois acid). When
500 gm. of mesitylene were uged one obtained 250 g of the acid. The oxida~
tion of thepseudocumol (1,2,5 trimethylbenzol) does not yield a umiform : .
reaction product. From 300 g of pseudoounmcl 160 g of carbaxylis acid mixtures
wors formed. If one fractionates this with steam, one obtains monocarboxylic
acld very easily from the distillate. From these cne isclatsd predominantly”
meta xylol acids (2,4 dimethylb nzoic acid) in addition to asmaymetric ortho
xylyl acids (3,4 dimethylbenzoic acid). From the distillation residus or also
" from.the crude acid mixture one can obtain a dicarboxylic acid mixture of a m.p.
of 300° by redissolving in glacial acetlc acid ar naphtha, In this ons could
detect the 2 ‘methyl tere phthalic and L methyl isophthalic acid. . o

3. Oxidation of the Chloro Xylol . R -

.~ " l-chloro 1,3 xylol is the only reaction product by chlorination. of.
meta xylol. Fram para xylol one obtains 2-chloro 1,k aylod. Now it has been
shown that these easily available sabstances can be oxidized readily by _the -
method d esoribed,  ‘Thereby. the chlorotoluic acids are cbtalned which were
nearly unavailable until that time. The oxidation of ohlorxylol runs easier
and also at lower Gemperatures than that of the chloro toluol. *From lt ehloro
1,3 xylol one obtains:the 4 chloro 3:methylbenzole acid, and. from 2 chlaro -

'1,4 xylol the 3 chloro li methylbenzoic acid. - = -
_ COOH. . . IR
“Q"”*ﬁ | —
A o oo

B " Here it 1s particularly advisable: to break off "the.'x:eé}:tion at an- .
-early stage becausa otherwise by-products are formed in larger-amounits, such as -
-chloro tere.phthalic acid or chloro'isophthalic acid. :Otherwise no ngw ‘problems
oceur as compared with the chloro tolucl or the xylol oxidation. 1.



el

Also theuse bxidation products have only been available by an
oxpensive method. Therefores their furthor reactions deserve atyention,
The aclis are partial oxidation products like the toluic acids apd thedr
further converslon into corresponding chlorophthalic acids throygh other
oxidation agents is easy. Thus, one has the advantapge, in the preparation
of phthalic acid from xylols and chloroxylols, that the intermediate stages
of the oxidation, “oluic acids, are alkali~socluble compounds. They are
casily attacked by other oxidation agents. Expariments are in progress
to carry out the air oxidation to the stage of the phthalic acid. ,

/s/ Mittag

Translated Nova li, 1946 = R.H. Bondy
Checked Dec: 5, 19L6 - CCM -~





