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This work consisis essentially of & étu&y of aromatic
hydroxy aldehydes, commonliy referred to a8 oxysldehydes, and
of their oxidetions to the corresponding scids, Some work
has been done in this field, but oppsrtuniﬁiaé~for réseareh
are still svseileble. Among the piéﬁ@era in this wark we find(
such prominent men as ﬁﬁlbé,@iam&nﬁﬁamhmi%ﬁ@ﬁraftgk@ahgﬁtardg
Btard,friedel Guttermann, their aﬁ@iﬁtanta and aaﬁami&téss
The’%wi@&e1~$@ﬁftlr@&atiﬂn is now congidersd a type for the
graparati@ﬂ of srometie aldehydes, aud the Raimernﬁiamann?m@th@ﬁ
is the most important in the m&ﬂuf&a%uré of the ahydroxy alde=
hydes, which are under discussion in this thesis,To Kolbe3
belonge the credit for %ﬁe‘&avazapmgmt of the ssliocylic asid
method, used so exbensively in the preseal bechnical industry;
while ﬁehmi%ﬁi an agsociate of Kolbe, has gained prominence
by certain modificavion processes which were developed in his
work in salicylic scid. By the ccil&horatian of Gattermann
and Koahf‘a method was perfected for the menufacture of alde=-
hydes from sromstic hydrocarbons {which is uot applicable to
the pheriol ethers); and %he‘?r&nah\éhemiet Etard forms sromatic
aldehyées by tresting arometic hydrocsrbons with chromyl chlore
ide in carbon disulfide solution,

The wide applicaition cf the for@gaiﬁg research work,nade in
industrisl processes,show thal the i@ybr%aﬁaa of further inves
tigation is self evident.Furthermore,the oxyaldehydes are of

particulsr seleuntific interest on aceount of the marked effect

1. 0cmptl.rend, 84,1854 ‘ 4.Berichte vol.20,1622
2.Berichte Vol.9,423,824 81,1149

2 *r{o)1n KRQ.97 2Zg Annalen 347 347
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on the properties of the bezene nucleus caused by the hydroxyl

group.for these reasons this field was chosen.

| For the principel experimental work iﬁ‘this'stﬁ&y salioyl
aldehyde, the gftha hyﬁrcxywbenzaldehyd@ ()QH,' end para oxym
L. | , QHO | o
benzaldehyde (} were used.The resctions of benzaldehyde
furnish the magggx‘ type.as the substituted sldehydes do not
oxidize as readily as the beuzaldehyde, 2 close investigation
renders it apparent that the substituted nucleus differs in
resistance to certain resgents. An attemps has been made in
this experiment to Geltermine, if possible,more of the character-
isties of these substituted sldehydes and the navure of their
reactions. | |

 Por the greater ﬁart we have repested preperations for
whiéh methods are to be found,widely scattered, in the litera=
ture; the methods sare not in general use, nor are the reactions
run frequently; grouped together in this way they furnish the
experimenter a relisble insight inte the behavior'of & specific
group of organic compounds.The standard méthods"were extended

and modified wherever possibles

The exﬁension of ex@erim@nﬁal work will be Ffound under
XIV of Table of Contents, Lithium was used to influence tbe
entering‘hydréxy group snd aldehyde in the phenoal radialé&‘aﬂd'
proved a failure even as far as formation of any oxyaldehyde‘
was concerned,i rapid methed for the preparation of potessiunm

Phenolate was developed,which yields a good grade of product,



unlike ébe product made according té'therstaﬁdard directio@s.
A& method for bleaching salicylic acid erystals was used which
wad effective in yroducing white crysials, anﬁ‘@ara?aﬁ shown

;by tha'meltingyﬁaiﬁt. An atﬁem@t_was mgde'taveamvart salicylic
~acid to the pars oxy-benzolic acld by the ”usieg @f‘eryS%alliﬁ@
;salieylis zeid with KOH. This mx@er:zeﬁt was unsuecessful. N

Observations made during experimentation all tend %o show

“

that it is easy to intia&uc% an &Ldehyde or &@iﬂ\grﬁ&p in the
:benz@na nueleug, but the more numerous the substitn tlng groups,
‘the more &iffieult is the formation of these ﬁeriv&tiveﬁg The
‘intraductien of one aldehyde group 18 @omparativeiy eagy, but
;the iﬁtrcﬁuaticn of & second is difficult.The {first aldehyde

oup acts 28 a bharrier teo the entrance of the second.The sanme
reterding asction ig noticed when the hydroxy group is present
in the benzene nuclaus.Benzoic acid easily férms from benzalde~
hyde when mixed with caﬁsﬁici‘wﬁile the hy&rozynbeﬂzaldehyde |
‘haa to be fuseﬁ with caustic in order to e"&’ze the aldeﬂyda
‘groap,ﬁimilarlv in the creaols the presence of the methyl group
retards the reaction,Cne would agsume from reports in the litem~
tuzélthat the aldehyde enters the cresol molecmle with easé but
we hed coneiderable ﬁifficuﬁty in obtaining the oxytoluyl aldee
hyde. The Bame im@ressiaﬂ is given thet a gecond alﬂehyde greup
is essily iﬁﬁraduced inta aﬁlicgl aldehyﬁe gnd pure nymbenzal-
dehyde; it was found on experlmemtatlcﬁ that enly axybenzaldeu
hyde with pars structure geve tha‘ﬁlaldehyﬂ@@ 2 small yleldm
while the selicyl sldehyde gave none,

1. Gattermann“?ractical Methods of Qrganlc Qhemistry“ PeB4D2
2e L ‘ ‘ Paql}:é



-8

In his taxfbeﬁk?@ohen gsays thst carbén tetrachloride reacts'
in o menner similer teo chloroform in the Reimer=Tiemann reac-
“tiom,profducing pars oxybenzolice acid directly from phenole

Gﬁ refluxing we found thet the resetion did not take places
un,cﬁnsuiting'the‘arigiaﬁl article we Ffound that a bdmb tube
was necessary, snd not mere refluxing. ﬁhiS‘illﬁ&tratgs‘the
unreliability of textbooks in implying,by the gbsence, of
ceutionary remarks, thet a resction which tskes place readily

with the type substance of s series may aed be exlended at will,

[

with the same ease, to homologous and related substances.

1. Cohen " Organic Chemistry for Advanced Students"
' Part 1, page 195




TT. GENERAL REMARKS ON EXPERIMENTAL PART

Preparation of Mono
(zyaldehydes

Phenol%whiéh furnishes the simﬁlest hyﬂroxyaldehydek was
The material use&in‘thiS'exparimsnthhe aldehyde group had
,ﬁo be introducod into the phenol by special taatment@ namely
the Reimer-Tiemann method Ordinary ‘hydrocarbons take up the
aldehyda group very easily when treated with formyl chloride |
in the prssence of a catalytie agent (Frledelneraft Reaction)
bhut the presence ef the hydroxyl in the phenol randera such
Aaction imnOSS1ble.The Reimernmiemann reaction produces two
aldehydes frem the phenol one an ortho aldehyde and the other
a para &1dshyde@which on oxidation give the corraspondlng acidss

The Reimer=Tiemann reaction‘islpartieularly adapted to the '
treatgﬁnt of hydroxy phenols*bﬁt,during the experimentation, it
was observed that the presance of other substitution besides thg l
hydroxyl retarded the rapid roaction@When orﬁhagmeta and péra
eresols. were uged in place of phanol the Reimer-Tiemann reaction ‘
did not brlng about initisl reaction in the mixture without the
aid of heathhls is very unlike the phenol,where the reaction
was 8o violéht at times that a stream of cold water was necessary
to cool the flask and keap the tesmperature within the desired
renge.Another interesting result observed was the influence of t he
hydroxyl group on the entering aldehyde.fhe substitution group |
(methyl) in the cresol did not direct it,but the hydroxyl group

determined whether the aldehyde was to go ortho,mets or para.
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yreparavion of Dialdehydes |
The introduction of the second aldehyde group in the
‘phenel nucleus is not as readily accomylish@d a8 the first,
If it were readily 1ntr§&ua@d the Reimer;Tiemann reaction
would not cease on the introduction of the first,but would
continue on snd form a portion of,if not‘alladialdehyde@
Gattermann i stated that it was possible to tske either galicyl
aldehyde or paras oxybenzaldehyde at the mnd of the first syne
 thesis and repeat the process using the one or the other ine
stead of phenol. When we repeated this experiment,we obtained
some dialdehyde,but only =a agall amount.This conelusion may be
drewn, that the aldehyde slready present in the ring acts as
a barrier‘te the second,making its entrance more difficult;
the action suggests steric hindrance.

1. Gattermann, page 343

Oxidation of Oxyaldehydes to Acids

a=0xidation by Pusion

In studying the reaction of the unsubstituted benzal-
dehyde it was noticed.khat gimultaneous oxidation and reduction
occure&.?hié,known 88 Cannizaro's reaction,is brought about by
simply emulsifying benzaldehyde with strong eausﬁic potaah_solu-
tion at room temperature.ifter the mixture hes been allowed to
gtand for 12 hours, the benzaldehyde will be found changed to

benzole acid,benzyl alcohol being formed as a by-product.In faet,
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v beﬁzaidéhyde oxidizes somréadiiyvﬁhatva'cfﬁéﬁwa benzoidwaciﬁ
will form around the stepper of a bottle containing benzaldehyde
as it stands in the air. |

Such rapid ozidstion was not found to be true of the
substituted aldehydes.On disseclving bthem in concentrated caustic
‘soda, a sodium salt is formed from‘th@sevalaehydas end this salt,
’which pxecipitateﬁ at once, praéluﬁsﬂ the r@acﬁidm‘whiehfis ob-
tained in the benzaldehyde emulsion. On neutralizing the salt,it
gave back the same sldehyds in an unchanged conditioﬂ@U@leSS’
high:heat is applied,such &g when fusion is resorted‘foéanbtbxi-
dation t&kes\plageawhe more gomplex the structure@ﬁhe slower the
oxidgti@ﬁ“Paraoxybenzaldehyd@ easily oxidizes by fusibﬁ, but it
tékésmore time to axidiﬁe the toluyl al&ahydesbobtainea from
the’crésolé,into,the‘carresyanding agids.All the hydroxy sacids
turned purple with ferric chloride test solution,except para
oﬁyh@nzoiqraeid, and. ip was in this menner that ﬁh@ para oxybenz=
oic acid Wés first brought to the attention of the chemists whén
working with saliecylic acids /

B-Other Oxidizing Agents o
The action of such ex;dlzing agents as KMmOﬂ solution@

chromate snd diehromate soJutlons Eentons Reag@nt (hyﬁrogen per=

oxide with a trace of ferrous sulfate) were tried The attempt

to oxidize the al&ehydes with varylng strengths Qf these solutions

prdveﬂ.uﬁsuééeséful;’anﬁ'né’0xida£ionv§roducﬁs weré found in the

ether axtraetions of the salutlons@ In his book1 Cohn stated

1. Lesssx Cohn- "Arbeits Methoden",paue 593
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that Peuntons Heagent introduced a hydroxyl group insteund of
oxidizing the aldehyde, but to date that evidence has not been

verified in ny experimental work,

Prepnration of Oxy ﬂ@iﬂ&-ﬁi?&ﬁﬁly from Phenol
d Hie sode ama phenol are treated with csrbon dioxide

and heoted to s temversture of 190 degrees for ¢ hours) sslioyle
ic aeid 1s produced. Foteesium hydroxyide @md vhenol ,when -
treated with carbon dioxide,and hested to the sape tempersture
for © hours slsc give salieylie aeid; however, 1f potassium
hydroxide and vheriol sre heated an aﬁditiﬁn@l - hours in &
streen of osrbon dioxide ot e temperature of 220 degrees, the
salioylic is completely chonged to para oxybenzoic seid. This
i8 & renarkeble fagt, which has been kmown for some tim@loﬁ@ating
coustic scds ond phenol in cerbon dloxide to 220 degrees C for
an,sﬁditiomﬁl 2 heoure i of no aveilino para oxybenzoice acid is
formed., .

e sre thue lesd to believe that sodium and potasgium
ih some way determine the plaaa in which the hydroxyl and acid
zroups enter the ring.le desired te know what directing igflﬁaneo
8 third alkelil metal,lithium, might exert,sc 1ith1um.phen@iata
was prepared and trested with earbon ﬁiaxmﬁanﬁfter three attempts
at verying temperstures,we found thot no oxyacid formed.Instesad
1ithium carbonete had been formed each time, sud all the phornol
had éiﬂtilled unchanged .iie have offered sn explanation under part

AlX.

l.Journel fdr praktische Chemie (2); 10,89;27,39;31 507
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PRELIMINARY %X???IMEE?%TI@& o ORUDE PARA OXYBENZALDEHYDE
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 Grude yars uxv»@nvmlé@h rae 'j:j'ﬁgﬁ ) W&ﬁ bmu@h% and
‘?@0@@& ) d@uidaﬁy impure ﬂreﬁué£~ §£< melting » »@imﬁ‘being :
'1@5:ﬁ&grnéa'@,.w%3uh is 11 d@wvaea o0 law. In the pure shate
it is g white "rvat%ilxm@ ﬁ@%db?i With L) W3@ﬁ%&ﬁ” W&ﬂillﬂ like“

ada*;%he srude product wes a deep @Aﬁmga solor.

QQLD 3@%?%%?%-
001@ solvenis,such ag carbon tety reahlari w carbon di-

anlfmaﬁ,gwﬁvaiaum other mnﬂ h@rza? ‘had ne effect on the parn

@xyhﬁméai&@hgﬁﬁgi is Slighﬁij m@lﬁbl@ in @hl@re¢ﬁrm and reade

ily am¢ub£9 iﬁ sleohol snd ethew, @4&ﬁﬁ1?lm? with a a@mp @ra&g ‘
golor. |

In amidwater it is soluble te a~$1igh@ mmt@mn. in soids
it @a‘in@@lu%le; but in @l&%l&@@, sapseially smﬁ&am,@atasﬁium
am@:amma@@mm it is very solvble, d4lssolving with a deep red
a@lﬁrs | | | " ‘

‘ h*her is the solvent used throughout my @Eperim@ﬂﬁal
‘wovw wh@r@ eold solution 13 ﬂw@iw@ﬂ, sepeelally 1m extraction
F?aaesa&m and @vywtﬂ?lizﬁtimn e

HOE HOLVERTS
ﬂ@t salvwnts of *hm @rgani@ graup,ﬁﬁaﬁ ag c&rbon taﬁra-
'ahlariaa sarbon diau&fiﬂ@ and banxe&, hﬂ?& 1o mare effe@t th&m
the a@lﬁ awlvemtm.ﬁoﬁ e@larafarm ﬁi%ﬁ@lV&ﬁ 1t %iig&tly,but nﬁ*
mmfficien$ te warrent i%s use.
zn hot Wﬁt@f it ie very aalnble o &11 wwrk weas earriedi

on Wi%h hat agusecus selutions,if at all ;a&&ible,@he erude
1. Be1lste1n vol.111, page 81
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o

aldehvde diasolves in this solvent with o é@ep,orange color
and on the surface of the liculd an Niln cun appesrs, later

found to be the impuriiies,

SWILLATIOH
negative)

e
Tie first step in purification was té by di@%illatien.@ﬂ
hsating the paracxyvenzaldehyde beyound 108 &@gre@ﬁ G, the aldg-
hyde decomposed, becsuse the heat nessssary to vaporize was
sufficient to char the wass.Then I bried daist illiﬂa in a8 vacuum
ant lowered the teupersture 1o D&-54 degrees G, That also faile
@a;s%mmg the gensitivity of the aidehbyde to heat. On the sides
cf the flask sfter docomposition I found a so0lid deposite of
phenclja decomposition product-reasvnably to be exﬁacteﬁ° and in
addition, & flulfy,while crystalliine layer.a mnlnimg point was
ebtained on ths whive ceystslline product.lt was 116 degrees(,

"

and corresponded to the vure aldehyds &eamyﬁanm,Jn dailstein.l
: "

H H
# H
B

Phenol
f&hows i&gs Of

BUBLIAATION
‘mﬁ search through Beilstein for information on this
aldehyde,i found that one of the @raﬁﬁrﬁiag of pars oxybenzalde-
hyde was sublimation.:so I tried To deviss a method Ifor the preps
aration of a considerable yield of ths purified product.l used
a sandbath,sc Shat I eould regulate‘%h&rhaaﬁ efficiantly.In it

I placed a watchglass conteining a definite amonnt of aldehyde,
1. Beilstein vel.111l, page 81
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Overvthis 1 suspended é funnel, On subliming the material 1 got
a feirly good yield, but 1 conld uot get definite caleulations
on the erude =2ldehyde,beceause,on subliming,pert of the eldehyde
. was converted inte & resin by the high heat.If the sublimation
process wasg coneluded rapidly,i found léss of this red material,
h than when the sublimation wag interrupted too freguently. The
i pure sublimate is perfectly white snd dissolves in its solvents
with & weter-white colorwmhe red resinous material dissolved in
caustic with a2 brilliasnt red color, smd it is this red substance
which i8 the main decomposgition. impurity.

1 put a portion of the sublimed meterisl in two bottles
and pleced one in the sunlight near the window and the other in
e dark cupbosrd.In & few months 1 noticed & decided pink colorae
tion in the one exposea to the light,while that in the dark cupe
board was still verfectly white.Thus 1 heve sssumed that the crude
mat@rial which wes bought had originally'a wnite colorgbut that,in
the large cuantity of production jthere were more organic impurities
hastening the process of decomposition.ilethyl orange shows slight
acidity with the decomposed(pink) produet but ﬂOﬁVWith the pure, .
white sldehyde,when first sublimed.This shows that there is some
acticn going on in the material due to ligh%‘and air, which is

ﬂ particulsrly charscteristic of the phenol derivativess
PURIFPICATION WITH POTAS3IUM HYDROXIDE

The crude materisl was found to be very soluble in caustic

gsoda solutions.One day while experimenting with a2 1:1 NaOH s0luw=

. tion I found,after diésolving the material,that crystals began to
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form when the liqvi& was sllowed o Stand for & few hours,Thie
was found to be the pobsesium salt,which,on digsclving in waber
snd guha uvent neutralizetion with HOl,gave & fairly pure semple
of the‘pﬁﬂa oxybenzaldehyde with whish 1 starvted.
 Method: Dissolve the desired quantity of drude‘aldehyde‘in
2 131 solution of NaOH or KOH, using the nmglleht guantity of solv-
+ nossiuuﬂiﬁeat the mizture gentlv, The aldehyde dissolves with
2 deen,red color,The cerystals which form on cooling have a faint
pink or yellowish color. The impurity gives this deepwred color
t0 the solution and the sldehyde gives only erystal formation: in

this way it is possible to sevarste the aldehyde from the impurity.

Subseqguent weshing of the crystals with 1:1 2lkeli solution gives

fairly clean erystals with whiech one czn experiment.On exposure to
air these crystels form s white,amorphous powder, which turns a

decided pink eolor,.

osEC +xom = eousOlenno
(R GHE
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Iv. Palts CAYBERZALY G BY THRE

RETUER~TIBMANN REACTION 1

Tid ueimur-miemamn renction 1g used extensively in the
preparation of sromstic ﬂlﬁmhyd@a,?hm setion of ohlowvoform
on phenolates in the presencs of wmuw%&a gsode golution rields
both the @rﬁh@\aﬁa the pera hydroxy aldehydes.The gynthesie
takes place iz secovdanse with these rﬁ%ﬂt*@na:

1. amﬁk% Cl.CHUIZ = mwwm(
2HCL 40614 &K

“Xii’h '

n% Sy

2 ok s

Prowm 28 growe of phenol the theor vieid of orthe sidew
= , I R B Y SO BT P PR ¥ o PO I S vt i 4y AL T ey ;
hyde or geliicyl sidehyde iz 10-18 grang; end from 2-3 granps of
O T L T VWY . [P eupupey Ty FOAE o LR K o
the pere form should pesult,
EECT R IR PR l"!"‘)"’i:'-l
LASBCRATORY ZHOUEBSS

In & round bottousd flask of 11%?@\aa@aaiﬁy'l-@iﬁaalv@ﬂ 80
gr&mﬁ of coustic potash in 80 oo wabter. Then 2B groms 0f phenol
were added.A refiur condsusey waé‘aﬁﬁmchaﬁ to this, and,gradusle
1y &&diﬁ@‘ﬁ@‘@r@ms of okhloroform, 15 co at a time, 1 refluxed the
golubion two hours.tt turned a fushsine red and 1&ﬁer an orangs
yellow solor a8 the rescbion ﬂraenmﬁ&ﬁ,ﬁ censtant temperature

range betwesn 55«70 Jegress U wae necesssry throughout the ayne

=

ﬁhasia,@havr@ﬁ@ﬁi@m pvolved heat and &‘atw@ﬂm of aal&‘wat@r WELES
uged to conmtently cool the flask. |

Vhen the resction was complete, th@ @ycem@ ahl Qﬁ@férm wag
dlﬁtl&i@ﬁ witL atesn end tha goiution remaimimg in the fleak wes

aoidified with dilute amlfuric acid.It turned from dark ovanze to

light yellow.When this solutlion was egein distilled with steam an

@11y~1igui§ wos obtained,This ia~th¢-§alicyiuﬂ1&&hﬁﬁe. [jrw%
- - ' . SHO

l.Berichte vol.9, pages 423,824 ortho form
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satieyl aldehyde
ihis divtlllete coulalniuz the oll was cloudy,becsuse of
the vaspencion of nlaate zicbulew of oiiy alieﬁyﬂ@ in the water.
On standivg 1% cleared wp and two distinet leyers up ueaﬁedo-he
theoreticsl yield 0Y uldehyde 18 10«12 grems. Jrou the first

experiment ,l recelived 17 grems and Irom o seecnd,l received ¢

et

grams;ﬁy‘auﬁking the salicyl sldebydes with a sslursted solution
of sodium bisulfite, = double 3al% is formed.This may be filter-
ed¢ from the 1iguid ifwvvuritien and,on acidifying it with Bulfaric,
&g&in)yialdﬁ whe aiﬁﬁhyﬁe,Thiﬁ is the best wethod of purifica ?

tione accordinr o Bollst ib "the boilix 0 podut is 196 degrees U,

“ith tedpersture gorrectliong,ny u“my&a polled from 180 .4=-190 .4

Fare OXybong ald@n«de
The solutlom remeirdng in the &istilling g flasi,nfler the
salicyl aldeh*de ig removed,containg the pera oxybenzeldebyde. A
Thig solution is saturated with salt.Uver night it will throw QHO
out the small crystels of para Qxyh@nzﬁidehyde.nhen thege sare
filtered,washed and recrystallized {rom dilute water sclution of
JCg( sulfur dioxide}, white monoclinic cyretale sre obtained,
beving B welting point of 1i6 degrees O, a8 Beilstein at&tasgg
The yield compured favorably with the theoretiosl yield of
3 grans.
The pars oxybenzaldehyde,beught for experimental use, wag
grude vroduct.lt hed & deep red color,and a melting point 11

B
l.Beilstein vol,2 o
2 Beilstein-vol "2’ Pege f1



~]lO=

?433@ £ %‘& 1 {39:4 t?ﬁ‘ﬁ lig’,ﬂ»‘hﬁ

g@ﬁfﬂ@ﬁ too 1ow.The ewnperipent,shouing
cn the pure white aldehyde znd the absencs of that setion when

the product ia placed in the derik, vroves thet the cclor change

are s8ipiler to phonol ﬂﬁlﬁw glwnues
Ty ail.a%&gma of ﬁe@émgm@itiaﬂnhawaver, the ezlt roteins
itﬁvplwﬁéing cdor.it mmﬁila'lﬁae vanille, aud,on sowparing the
structursl Porual‘& of the two,it ieg Tound thet the atruosture
- of V&mzliu ig very like our mlﬂ@hyﬁwqﬁmnilliﬂ ig = mothoxy selt
of parc osybensaidohyde snd 1t 1o evident that thoe »lessant odor
18 charactoristic of this viructure. |
It may be that the success of the Deimer-Tiemenn resclion .
 .w£th‘ﬁha phenols 15 merely that, owing %o the forsation of the
i godivm phenolsate, the phenolliﬁ brought drito v hBonosoneous system
" with the chloroform and esuetic.hs introduction of the aldehyde
2 g&mup is ivvosaidle ir sropmatie hpdrocerbons, it must be the
Qnr@memeo of the ONa in the ring reducine the repistenee to T@&Q»
?tien or attack,and belences the system,£8 200D 28 the pﬁﬁh@lﬁt@
has ehloreforn added to it,2 red aml@r‘d%veiapeﬁaxt~m&y be that
;ﬁh@ godium phenolate,fissolving in the erloroform,oxidizes to |
:ﬁh@ guinotd.such structuve might be %hiﬂQ:f%Zr thiﬁl{ﬁ—g, and ve
the asuse of the eolor changzo,but then o%h&r-&ml@anﬁa ought to
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PHENOL ETHERS

The phenol ethers are caid to uwndergo the HeimereTiomann
reaction, but apisol did not respond to us.anisol is represem e
ed by this formuls 06HE.OCH3. It sesms that polystomic phenols
when etherized must heve at lesst one free hydroﬁyl‘left,if the y
are to undergo the Relmer-Tiemsnn reaction.If there is no Lree
hydroxyl, the ezxperiment will be a fﬁilur@@My own experience
showed that it would nbt rezet, as 1 reclaimed the unchanged
anisol at the wnd of the experiment.Thig evidence should render
the alkali pheﬁwlﬂte agtructure still more impwr@ante ’

In order %o introduce the aldehyde grau@ in phenol ethers,
we must use the modified Gatlermanueiioch wrocese {in.whimh HEL
and Hydrocyanic Acids aie uﬁedlwith & datalytic egent instead
of carbon monoxzide and HC1l in the presence of suprous chlori&e).
The modificetion process provideg for such giructure as anisoly
while the unmodified process will res ily attacksuch structures

&8 benzene and toluene,

DIALDEHYDES PREPARED BY THE REIMER=-TIEMaNN 1
‘ PLOCESS

The introduction of one aldehyde group in phenol is a simple
matter,but it is not so essy to introduce as the second grouv. It

perfactly obvious that if a second grous went in with the

o
[®
o

is ;
same éa@e ag the first,the ordinery Reimer-Tiemann,run theifirsﬁ
time,waald‘@faduce some dialdehyde at least.it the end of the
first reaction, produatﬁ of saliayi aldehyde and pars oxybenzalée~
hyde areA@btaiﬁed@whieh are puré and sh@w\né eantaﬁination;

le Beilstein vol,l page 106
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V. IHE DIALDEHYDES

From ssllcyl alﬁéﬂjia,uhe ortho aldehyde, is formed a dislde=
' ' O ‘

nyds,cailed phenoldimethylel l:jit%xt is made by the setion of
additional caustic sods and chloroform soting on thé snlicyl
sldehyde oll.Pine neodles should separate from the sclution_
‘et the ond of the reagtion, snd should melt ét 88 degrees O,
form a bisulfite salt,give a red-violet color with ferriec
chloride tect solution,realily dissclve in water and in petrod
guil ethers
Prom paracxybenzaldehyde, by the action of aaumuxc and ehlor o=
form, we get fine needles similar to the others; but these melt

at 108 deg“aes Gs They do not readlily dissolve in sleohol or

- b -
: g X

water, but are soluble in ether and chloroform.They give the same

color change with ferrice chloride test solution and form bisule
fite salts. It forms s-owylisophthzlic acid on fu?ion with causte

“ic potash., This dialdehyde way bhe separated from,the Bthur formed
above by petrolsum mthar method. This disldehyde is in&olubla

in petroleun ether,while the other will go inte ﬁg%ytion. The
structure of this diszldehbyde is fﬁpresente& thus (jrﬂén& &

larger yield forms from para ovaewbdld avhyde, althou h salicyl

aldehyde mey be used to prepave it,if desired.

Laboratory Process
I used both salicyl aldehyde snd peraoxybenzaldehyde to prepare
the ¢isldehydes,but could get no result from salieyl sldehyde.
Pars oxybenzaldehyde gave g small prﬁaipitat@,melting at 106

degrees C, but the yield was very unsstisfactory.

LI, 1
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VI. STUDY OF THE HOMOLOGUES OF OXYBENZALDEHYDE
- THE CRESOLS=-

Reimer-Tiemenn Reaetion on Orth, Meta and Para Oresol
The experiment was nmade in order to study the ease with

which %he aldehyde groups enter the cresol compounds,Although
most refersnces required the formation of ceresol ether,before
the iﬂfr@dueticn of the aldehyde group,l tried it on the cresol
directlye. &&mf&“maﬂnlsai@ that it could be =zeceemplished in the
same manner and ae esasily as sldebyde introduction in phenol,
but 1 Tound the synthesis slow and dif?icult.HQWQver,l obtained
fairly good yields and the boiling points of nmy products compare

. (7]
ed Taverably with those listed in Beilstein,®

ha barato;y Process for Pr@paratlon of l £ Oxytoluyl
Aldehyde

L 5

‘—\!n

To & solution of 80 gv&ns caustic soda in 80 cc water
added 27 grams of orthe srssel; ther 80 grams of chloroform are
added,in three portions, whils refluxing for 5 per od of 2 hoursg.
The tempersture must be carefully combrelled so that it is just
& trifle higher than the boiliﬂg peint of the chloroform. _

On the agaition of the first pertion of the chloroform, the
miztore sssumes a Jdeep megenta color,which turns %o a blood red
later as the resction proceeds. Onm the addition of the second POr=-
tion the ealer turng a dsep brawnvand & neavy,curdy mess begins to

-

he 12

w0
r,, 5

praclp1tat®. thenn & 8t portion of the chlorcform is added the
formation of two distinet precipitaltes becomes apparent; one is &

straw cclor.

@

dark brown,the othe:x
In this axperiment no chloroform conld he distilled with

steam when the reaction was complete.In the phenol synthesis there
l.Gatterman ,page 342. 2.Beilstein vol.3,p.88-89



was on exesss after the resction.

I seidified this solution with dllute sulfuric seid snd i‘
turned s light yellow, with a hesvy tar-like mass fioaling in
large Qiubﬁ&&a.“me pizture weg fildered ang dis 110& with steam
until no nere oll separated fron 1t.7The ﬁiatiilatic wos & Slow
Procacy tgﬁ ing nesely throe honrs.the solution reme %%iﬁ? in the
fiask was salted out, but nothing sppes .red s 80 it wos disearded,

This experinent wag reponted three times and with each oper-
abion an olly vroduct ,welghing between ﬁwgvgraﬁﬁ, wae obtained,
The bolling woint wes 206 ﬁﬁgﬁ@@@ G, a5 listsd in H@iiﬁtﬁimlawith
t@mﬁ~raﬁur@ sorrectione ny product bolled uu 198,7-208.7 Qegrses C.

The bolling point of the origingl ortho croesol wes 191 Gegreen G.

Prepersticn of 1;8 Cxytcluyl sldohyde
{Using Mets Crescl)

Meta crescl was treated in the ssme manney a8 the ortho gresol,
with wimilar results.in thig exreriment, howover,l noticed more |
violent resction:it frothed ,burped and very nearly foamed over into
the recelver,luring the stean distillation whils attempting to
drive oid the excese chlorofori.

After the reacticn the mizture was ﬁﬁiﬁﬂl@ﬁ@@ with dilute
salfuric scid sud,on digtilling a segond tinme with stsam,on oily
liquid passed into the receiver.It was eimiler to that in ortho
erc3ol.The ylold was & graws.@he boillng polint wes 210-286 deproes
Coltellutein zives 22“~223 degracs ualﬁh@ hmi&iﬂg ?ﬁinﬁ af the ori-

ginal mets cresol was £08 degress O.

l.Boilatein Vol 3,puges DE8%



?raparaﬁion_of 1:4 Oxytoluyl Aldehyde
{Using Pars Crescl}

This,likewise,was trested in o manuner similar to the forse
going cresocls.The resulis were similer.ihe oily liguid veceived
hed & boiling point of 215-224 aeg;ees ¢. Beilstein records that
it shouvld be 228-P228 degrees Uok The originsl psrs crescl boiled

st 202 degrees §,

o

Properties Qf‘ihﬁ O@VL"UV? Aldebhydss

o

Aceording %o Bel Bhel ul, the aldehydes shcul&‘be.salid&
crysﬁ&liime substances; the only oue which 1 obtained in the
solid form was para cresol derivative, and that was not stable,
The oxytolyul sldehyde made from the ortho crescl ﬁurne& a deep
fuchsine red on standing; and uow alfter standing sbout 4 months
1 notiee‘that it is forming a precipitate and that this precipie-
tate ig ineréasing every day.fhis may be due to the pure salt |
separating from the rroduct obtained,and thus showing thet en
impurity ?revented immeﬁiate farmatisn.cf 2 selid at the time of
the experiment.lhe qzyteluyl aldehyde obteined from the meta
eresol was & liguid,likewise, and has become s0 dark on $tending
that light will not penetrate.l notice no precipifation here,
¥ % .

From my experimentel work, 1 have founé thet the sldehyde
group enters the phenol group ortho to the hydroxyl if causﬁic
soda is used.,l may assume,thersfore,ths 5t in tbe cresolsythe alde-

hyde enters the molecule in like manner,ortho, %o the hydroxyI&

and 1 should have the following formulse representing my products:

1.Beilstein vol.3,pages 88-89
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ous g s

18 OBy~

or or
1:3 oxytoluyl

CHO
OHO
1:4 oxytoluyl

toluyl eldehydes(from aldehyde
aldehyde mota cresol) (pars dee
{ortho rivetive!

derivative)

I aas&ma that only one form results from tﬁe meta cresol,
ﬁlﬁhough two other Zorms mre vossible.l assume ﬁarﬁbar thet
1o ners was formed, %éaauﬂ@;th@ boiling paim%g Qflmy @;c&uat
W@re’wiﬁhiﬁ pomparatively nerrov limits, | |

My wurvose, now, is to perform and study oxidsiion of
the sldenyde groups to the corvesponding orvesotinic acids, as

1 3id 4in the vprevious oxysldehydes,



YRIRIC allln

48 the parsoxybenzaldehyie wes resdily oxidized by fusion
with kOE,1 declded to apply the ssme treostuwent to the oxytoluyl
sldehydes which were obtuined from the three srencls.

Op fosion with csustic potash and,on subsbouent neutrelizae
tion of the solution obtained,s Fluffy,white erystullive muss
wag found,which proved by its meliing poirt to be cresotinio
sclds. The melting point wae 181 degreeg O,

| Laborstory Method
To 10 eesss of the ozmyboluyl sldehyde,obteired from ﬁh@

pars croscolf{uged becamuse it was more nesrly crystolline than any

other formed),l added © grans uf csuntic potesh.this wss placed

in o porcelaine dish and fused over & f@irzy hot flame,while being
stirred constantly..fter beating for na1# an hour,l tested it

to see if it haed oxidised,vut reclaimed the unchanged oresol
aluonyde. Two hours of fusicn wers nocessary to oxidizes the oxy

toluyl aldehyde, slthough 1% sppesred to oxidige wore repidly than

pora oxybenzsldelyde. cfter the fusion, the wmews wss dlssolved
in water and Piltered.hll neutrolised the slieline sclution end then

i . P o 5 o e W A5 i ST g 7y
the precinitase uvupoared:

CHHS wHS Ul G+ 2400 = UoHS JUHS L Oie U =il

GO « SHS o UKo COUE +2HUL = C6UB 4 CHS o Ofl4 COOH 4 R&0L

the first rouction shows the fasion with caustie potedh.Tho sesond

showe aeld neutrslizstion and formation of the ¢rosotinic seid.
The erystals are soluble in water(hot) and,sfter filtering

from the scid solution, & cleaxr hot m@ﬁaaﬁﬁr&%@ﬁ solution ﬁf‘ﬁh@

e#eld may be obtained,which will recryetallice on stendinr. A



i
¢

27

white jamorphous muss,with crescl-like odor sepsrated.lt had

& melting point of 1Bl degress C. Boilstein liste 1t at 155 03l

the maxinum yileld is 11 grams and 1 Gﬁt&iﬁ&é}bﬁt 6 graus,

1.Beilsteln vol. ¥ pages 1544,1546,1546
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VIII. BENZ0IC ACID AND BRNZYL ALOOHOL L

In & thick welled ehrlemmeyer flask I poured a solutibnﬁof
36 grams~0f‘KOH iﬁ 24 grams of water,. @o thi3 I added 40 gma of
benzeldehyde, éﬁd@ stoppering the conteiner, shook vigorously
until a2 thick, »white,pagty emulsion formaﬁ This was allowed to
stend for 12 hours, | v | |

In‘the moraing & cuf&y mags,potas )ium‘benzcateﬁ had separated,
leaving a clear liguid, I filtered the ourdy nass and redissolved
it im‘watergﬂheu'%y extracting the'soluﬁion'with ether and later
-evaporétibn,'benzjll&1cohol wos obtained. It weighed‘lV grams, the
theoreticul yx@ld balnv 18 gramnse It 13 8 clear spale yellow liquid
‘having a strong odor of benzaldahyde.acaor&ing to Beilstein the
boiling poiﬂt is 206 degrees O Wlﬁh tempera ture correcticns my
product boiled from 202 to 209 degrees C.

To the clear alkaline solution,which separated from the curdy
mass on filtering,Ag suffieient quantity of Hal‘was added t0o neue-
tralize the mixture.‘mhi@ precipitated the benzoic &eid with the
formation of”potaséium chloride, It was not as white and pure Aas
desired, so it was reprecipitated. The following reactions show
the formation of both aelﬂ and alcohol°.

2 CBHB,CHO +KOH = 06HB. LGGL+06F5.‘GHEOH(benzy1 aleohol)
C6H5, 00K +HCL ”b@HJ.bOLH(ﬂ@ﬂZOlG acld)1-

In thls_experlmeup blmulﬁaneoug oxidation and reduction occur,
AS shown the beunzaldebyde readily oxidizes to the ben2010 on mere
contact with KOH solutioneit is more difficult,however, te obtain
this same oxidation if an OH radicle is present ,88 in the pera-
oxy behzaldehyde¢ In that case it is necessary to fuse for two

hours before the resction with KOH is complete.
1. Berichte 14, psge 2397
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IX. PARAOXYBENZOIC ACID FROM THE ALDEHEYDE BY FUSION WITH CAUSTIC

If oxidation 1s %o be obtained Ly this method, it isvadvis-
able to use the pursat forn OL DE /3 o*ybenzal&ehyﬁe‘ﬁhich can
be procured .4s slready 111u3tratea, tké Dnare qubenzaldehyde
undergoes a change on exposure to light and sir, and turns
from a white to a deep red Bolbred matarialashewihg the prese
enca of ﬂGuO ition broduets, These separate out as oily,

tarlike scum when the aldehyde is dissolved in hot water.lt

goes through filter papars, when the sgolutions are hot and

[

clings to the crgstals on gooling in a hard resinous mass,

making it almost impossible to separate clean crystals of the

or this resson a pobtassium salt or a sublimed nars oxybens

i

zaldehyde is best for uss. To 25 grams of the potassium salt
I added 8 grams of eoustic potash and fﬂéed them iﬁ & porcelsin
- dish over a hét'flamemlt is neecessary to‘alldw gufficient time
for the oxidation.3everal times during the éxperiments I notice
ed thel I obteained the original melting point 116 degrees C
instead of 210 degreesl,showing am oxidized product.Thus I
natiee&‘that it was necessary to heat the pass for at least
2 hours befoie the action was @ampleteaﬁﬁile fusing it was
stirred constantly to prevent decampesi€§nn, which oceured
very easily with the high heat, The reaction is as follows:
H2

csaagg,m + KOH = caz14<cm .

l.Beilstein Vol Z2,page 1523
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This mags ig then dissolved in Wﬁ%ar and the sglutimn ig filter- .
ed 0N néu@ralizimg the solution with ¥C1 acid until slightly = 1id,
8 fine,white precipitate should ayyaa;;whiah'is'yara oxybenzoic
acid.  CBHAOK,COOK + ZHCL = CGHAOH,COON +2KC1

This precipitate is carefulley separasted by filtration té
rid'if ef $he 01 iﬂ‘the solution and then it is redissolved in
wateresI have found thet animsl chercoal is very effective in
d@eolorizing the solutions anﬁ.the reaaiﬁimg erystallization is
very'sa;i@factnry»?ur@ pararsxybenzﬁie seid with a melting point

of 210 deprees C is thus obtained,

Por every 25 prans of para oxybenzuldechyde,the theoretical
yield of ascid is 22 grams.l received 20 grams of seid,s feirly

the mcid is difficult to sccomplish,

PROPERTIES OF SsR4 OXYBBHZOLC alIDb

Para oxybenzoic mcid forms in cleer  monoclinic aryatals
or in neeiles,if there is suffiecient aalvém?; in concentrated
solutions it is precipitated as en amorphous powderelt is ine
‘soluble in most orgunic solvents,with The excepiion of sleohol
i&m& etherein hot water it is very soluble, slso in wernm ether
‘and aleohol solutions. It does not turn purple with ferriec
:chlariae test solution.in ﬁhiﬁ manner it was originally ié@l&ﬁe&
jfrém'@he salicylic seid with which it forms in the Holbe ?r@cesa;
jﬂna%ﬁer distinguishing characteristic is that it does not form

an oxime like sslicyliec scid.



It‘fdrma the nitro body resadily wher a aoliution of the zeid

ig boiled with goncenirsisd nitric seid. AY 180 dogrees ¢ the
sryvials offioresse wnd become opaque.iney contalned aboub

1348 5 woler of ecrystallization, accovding to my determinstion,

5% wvery high temperstures the paran oxybsuzoic decomposes into

U2 and phenol,

P%mféxﬂ?l@ﬂ 0@ HITRO PARA CXYRENZOIC ACID
ihile exwerimenting with the oxidizinﬁ agente,l accidentale
1y nade nitro para oxy benzal&ehyﬁe when boiling & concentrate
ed nitrie acid sulutiom with some puare oxybeuzeldshyde , An

orenge-yellow precipitate formed which hed 8 melting point of
\ i

>

138 degrees U.0That specified in Beilsteln™ nad a melting point

of 139 -140.6 dezrees C, Qs

o

Lofl
{ applied the same treatment to maras oxvbenzole noid in on

F\}‘

<

attemnt %o oBiain & nitro body in the same unenner. It reacted
ntly with the niiris soi ﬁccamﬁM1 ad by effervescence and

liberation of anitrogen peroxide fumes, £8 the soluwtlion cooled

& henvy, orange-vellow precipitate apﬁear@ﬂ,eimilﬁr_to the

EX

nitro body prepared In ths previous exparviment, 'This product
hag 8 meliing polnt of180 degrees G, %5’1 in gives 185 degress
Ge A conbustion detertiinetion will he run on this nitre body

o determine the ouantities of ssrbon,hvdrozen,onyreh and

1.Beilstein Vol. 11 ,page 83
2,Beilstein Vol, 11, page 1538
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mpestment of Alkelil fhenolates with Cerbon Dioxide

Ime of the technlcal methods exteunsively used in the
preperation of sallicylic acid is the Lolbe process. Dried
godiun vhenolate is prepared and heated to & tenpersture

of 1¢0 degress ¢ with & streon of corbon digxide for ¥ or 8

£

hours.s sodium salt of salicylic seid is formed and sone
uﬁ@bﬁﬁﬂeﬁ n%@rel remeing,

A au*iau; roaction 18 noticed, however, when potassium
vhenclate is uped instead of scdium rhenolets.The sodium
salt r@actgbﬁ& give ortho forma,which is @ﬁziﬁﬂ ém&iay}ia

acid,while the potassiunm phenclelts zives pars oxybenszoin

aeid:
, COOR

S00H

Ol
. , on
{ortho form] ,
Selicrlic acid {pare form)
Hede with HaQH Fara oxybengolc

Hade with KOH

The mechanism of the resction,for the potassium salt, i3 ss
follewa: firat,the potessium phenclate absorbs carbdn dioxide
and potessiun phenyl carbonate is formed. On sddlitionsl treat-
ment with csrbon dioxide asbove 100 degrees ¢, the pera v&riety
results.Beiow thiﬁvt@mp@rﬁtur@ the @ftha form may appesr, 80
groat care should be token to ragulate the temperaturse, ihen
220 degrees U 18 reashed the potespsium oxybenzoste sslt is the
oﬂly product left in the retort,the phenol having distilled.

l.dournsl fdr praktische Chemie(2) 10,89;87,30,31,397.
Lehrbuch der drganisehem Chemie (We§@r~3$cobaen) Vol 2
%1 pages 517-518
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Reactions in four steps as proposed by Gattermanns 1
1. @6H50ﬂ1—KOH-—06H50K-+H20

2. CbHBOArfLOS uGSHBO GOOK

B, C6HH0.C00K (anhydrous) _,06H4<OH
s CROK
4. 06HACCH . +OSHBOK = 06HACG0 oy +O6HB0H

GOOK QOK

The potassium salt of the pars oxybenzoic seid is then treated
with concentrated hy&rochlarie\ ecid:
06R4<GE . +EHCL = 614 <g§03+ 26013
and the pare oxybenzoic scid separates in long uneedles, whlch are
dark orange to brown in color.lihsn erystsllized from hot water
and slsokol & second bime, they appear perfectly white.The melts
ing point is 210 degrees (O, lieyer snd Jacobsen claim that the
foregoing changes sres due to different precipitates formed from
the alkalipe phenolate by the intermediste steps of the pheny;w
carbonate alkaliea; A neutral slkeline salicylate forms first,
which at higher temperatures is converted to a basic Séltﬁand
then the precipitatevrearranges itself to the para compound,while
the sodium remsins fixzed as theworthea
LABORATORY PROCESS
~ {(Details of Pr@cedure) '
Preparation of Potassium Phenolate
The first step in the preparation of para ozybenzoic asid is
the manufacture of perfectly dry potassium phenolate,To 30 grams

of erystalliized phenol, addfl735 graws of pure potassium hydroxide

1.Gattermann-Practical Hethods of Organic Chemistry,pe346=347.,



end dissolve in 20 oo of waﬁar; This is the prescribed process

in Sattermonn; but 1 found that the susntity of weter was nore

than sufficient end 1ts slow evaporation retorded the process,so

: that o large percent of decomposed phenol resulted. Im ovder teo
overcone this,l tock stick caustic potssh and dissolved it direct- .
ly in melted phenol orystals,regulating the temperature carsfully
by means of & somatantly moving,luminous flame; and stirred during
the oﬁtiro process.A caked mass,of bright pink color, formed Ffirst;
this grew darker ea8 it becsme dry.the finsl product waa =& dry,
brown,sandy granulstion.?his proocess took the greater purt of one
day,80 the selt was pilsced in a &asaicaﬁar over high% and the
carbon dioxide trestment was started the Toliowing wmorning.The
success of the experiment depends om the use of a perfectiy dry,
grainy phenolate.lf there is any iunping, a8 the treatment proceeds

it is advisable to discontinue the experiment,

Treatment with Onrbon Dioxide

The potzgsium nhenclate was pleced in e perfsctly dry’retort
inclined at such an ongle that nbisture and phenol passed into
the tube and run out o0f the retort.ssbeatos poper wes leid on
the bulb of the retort %o keen it warm enough td prevent conden-
gation of wmoisture in the retort; this would run down the sides
of the bulb into the salt and produce lumping.

The retort was paced in an oil bath, to regulate the temp-

srature more accurately, and a carbon dioxide penerator wes

then attached to it by means of s series of intervening drying



bottles.The tube conducting the carbon dioxide was sbout half

an inch above the surface of the potassium phenolate, when Titted

selt and continued for sn hourjthen the temperature was gradually
raised 20 degrees an hour during the course of 5 hours.When 210
degrees ¢ was resached, the mass was heated for 2 hours up to a
temperature riot exceeding 220 degrees C.During the process some
phenal hed distilled and condensed in the testtube.

Meyer and Jacobsen say that a high temperature is needed
for this reactioﬁ in order to obtain a good yield of pa&a OXY e
benzoic acid,because & low temperature will produce a quantity
of salicylic acid, which is converted at the higher temperature
into the pare oxybenzolc acid.likewise, care should be taken to
prevent e decompcsitiom of para‘oxybenzoie acid into phenol and

carbon dioxide at a temperature higher then 220 degrees C,

Treatment After the Uxidation
At the end of the B hour oxidation, the residue in ﬁhe
retort was dissolved in water and‘treated in en ice bath with
cdneentraﬁeﬁ HC1l acid until the soiution was $1ight1y.aei&.

A heavy precipitate resulted.This was cerude pars oxybenzolic acid.



| The preeipitat§ was then dissolved in hot water and refiltered

~ with animel charcoal in order to décolorize a8 much 88 possible
1 end purify,before setting aside to crystsllize.In 24 hours light
brown,monoclinic crystsls formed from the ascuaseous solution.

1 an alecholic mixture gives larger crystals

According to Belilatein

but 1 founé thet the erystals from the pure water solution were

- ¢learer snd more definite in form,The melting voint was 210 degrees
C, end showeﬁ an absolutely pure product, This proved that there

| wes no salicylic acid formation present,The melting point of

sellicylic 2¢id ig 156 éegrgés 3, and on crystellizing it forms

needle-like crystals in fluffy messes,very different frcm the

cryst&ls obteined here.One of the principle differences between

the two soids is the repction with ferric chloride test solutions

®elicylic weid solution turns s very deep purple when a drop of

ferric chloride solution is put into it,while para oxybenzoic acid

- solution remeins unchanged In color.iside from the melting point

this is the Lest test for purity,when obtaining yields of the two

acids,especinlly when potaessium phenolete is used, Accafding to

.Gattermann % ths moximum yield for 50 grame of phenol is sbout

10 grems of scld.ly product weighed 7.5 grame.

1.Beilatein voles 2, page 1523 v
2.Gattermen,Practical HMethods of Orgenic Chemistry,p.345
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11 the hove thet s third arrangement of hydroxyi ﬁn@
acid groupe might be obteined, another slkell wes used; nomely,
lithdum, which has alkslinity even prester then potassium or
godium. |

razs of 1ithiwm hydroxide were dimaolved in hot

water with 12 grams of phenol.s clear solution resulted,which,
on aoolingz, showad a pracinitation of pesrly flakes of the
salts The physical proverties of the naw compound wers unlike
those of aither tha lithiun hyﬂrﬁﬁid@ or the nhenol, showing
& naw comnound.he presence of phencl was dmﬁimit@ly dotmrmine
ed by pera spido phenol with aaﬁium,hyyaahlaﬁi%@; s beautiful
blue color of indo-phencl being formed,

“he Lolbe apparstus eimiler to that used with potassium
phenolate wans set up and the carbon dioxide gas sllowed to

snter thes retort,whisch wos ploce in the hot oil bath, ag

lithium i1g an slkell strongsr then potassium, it was suggested
that a lower temperature mipght suffice for the resction.do for

& hours ﬁﬁ@ tenperoture was allowed o range from 110 deprees ¢
to 190 degrees C, being raised 20 degrees su hour.The phenol
dietilled over in u monver similar to the foregoing experiments,
When the vesetion wans compiete and the mixzture wes dissolved in
water,a violent eflervescoencs ocoured when 1 tried to neutrsnl-
ize 1% with HUl.after the elffervescence hed cessed a clesr soln-
tion remained,no oxy sold was vigible; this showed the f@rmﬂt&wnw
of lithium carbonste end the 1iberation of yhan01 aur1mg the

resgtion,
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& pegond attenpt was made with & vefy low temperature, on -
deavouring to determine if high temperatures decouposed the
desired product sad socon ag formed.slthough the temperature was
not allowed to renge sbove 50-80 degrees ¢, the lithium still
formed the ocavrionate and geve up the unchenged phenol,

Finelily, a third attempt wes made in which very high temnper-
stuares were used, 190-240 degrees (, in order %o obtain sufficient
heatvfor the carbon dioxide vo attack the lithium phenolate while
tha'exeess phenol wss ﬁiﬁtilllﬁgg aﬂd'thu@ test the entrance of
the &cid and hydroxyl into the ring; but this also wes o failure,

A8 potassium and sodinm determine the position of the enter-
ing acid and hydroxyl groups under certsin temperature conditions,
lithiun,under sinilar conditions,should have given come results,
iﬁ &8 wuch 28 1t belonped tc the alkalil group and forned the
phenclate.

Prom the experimentsl evidence here, 1t is sssumed that the
1ithium wes too cotive en slksli, ite effinity for cerbon dioxide
too great to allow of mny other fornmation then lithium cartonate,
The phenol, liberated from lithium combination at the entrance
of the carbon dioxide, wes digtilled in the free state, ?egarélass

of tempeoruture condltions.
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PREPARATION OF PARA OXYBENZOIC ACID BY REIMER-TIEMANN BUMBI

METHOD

Para Qxybenz@ic ﬁCld may be prepareﬁ hy the Reimernmlemann ;
bomb metboﬁ in which esrbon t@trachloriﬂm 1g uae& irﬁtma& oF
‘uh16T0¢0“m in tma reacti en Wlth cau%tle soda ané phenolaa hard
bgiﬁﬁg cariua tube wes u&ﬂﬁg 8 nartﬁ @f eaustie sods ﬁ1sselv«
ed in thﬁ 5m&ﬁ@&st 3nt1tv of wat@w 17 %raww @f aﬂrbeﬁte%r&chlor»
ide were aﬁd@d and 10 gram% of ﬂysta111a@d ﬁﬁeﬂ@l Th@n enou h
alcohol was p@&reﬁ into the ﬂixuur& to ei@ar up thf turbi&;tJ |
caué@ﬁ by the carbon tetrac hlarz&@@ This mariusvtub@ was tﬁ@m put

in the furnace and hested at a 3@@@6?&@&?@ of 100 degrees © f&?

three days.hfter a few hours of hest gg godium echloride Lystalﬂ
b@gin t& geparste snd the ealar of the msss beconmes 8 br ght red

and remai ug 80 if the experiment is to be success fulglf the color
turns blaek, it mesns that ﬁh@r@‘ialaith@r t@@ strong alkali
present or that the tempersiure rose too highelf ﬁhis golor chauge
hag wceufﬁdy it ig useless to continue, b@@mas@ @GaﬁmﬁabltIGB has
slresdy set ineIf the @K@@rimawt is &uvq@saful a@a tsn velumee

of water to the mass in the tube at ﬁh& end of the 3 day reaction
and distili aff»th@ uﬁehaﬁg@d aleohol ¢ ﬂﬁ te%raeﬁlﬁrlde. fars will
new b@gincﬁ@ é%pafgﬁeﬁ a@@bgfar@ Pr ae@@dlng‘”ur?hef,filt&r the
S@lﬁblﬁﬁg?h@ﬁ ﬂautr ze this ﬁTLwlIH@ gsolution with HOl.How

digtill with

«wa

st&&m to volatilize the unchaunged phenolg and allow.
the sclubtion to emﬁl.ﬁhak@ it with ether.On evaporation, faint

f@d erystals of salicylic =cid should form.The pars oxybenzoic
erystals sre slso in this mass, and must be separated with chloroe
form by Ostts meﬁh@d.ﬁheﬂ the para oxyvenzeic acid is cmm@letely

1. perichte vol. 9, page 1285



s@pﬁra@eﬁ, there will be no purple colorstion with ferric chlors
ide test solublion{indicating selicylic) snd btrenaperent @riams,ﬁ
effloveseing ot loo degrees U, with a melting »oint of 210 deo-
gresg O should forn.

| When we preformed *this expeviment it was go 4iffisult to
keep a8 canﬁﬁant temperuture 2% 100 degrees 3 at night, when the
pressure increased or the gag wae shut off, thad the experiment

was a feilure.



LIV, ORIGINAL CONTRIBUPIONS 0 WHE SURBJECT

During the course of the

work, nulerous attempts have heen

iy b

mede at origined experdnmentation, either to facilitale ease and
rapidity of reaciion and production, oy to determine resulis
when spoplying type metbhods to homologous substances,

I. Yreparation of 0t¢;m1um Phenolate

I The Lolbe syuthesis, it was observed thal, if stiek

ed divectly with wmelted pheunol crystals, the
fusion develoved wore rapidly then if the usual method is fole
lowed; ﬂdmely,&fduﬂfbumﬁ 2 solution of phenol and caustic to
drynesssThe reaction without the waler is perfectly satisfactory,
and a lighter colored product resulis.ihs evaporation of the
water in the splutiOﬁ vakes 8o wuch time, aud the heat applied

is so constant, that a considerable colior change 1s caused,

even charring results; and yields an unsighvly product, for phenol

is ea&sily decomposed,

IT.Pusion of Selieylic fcid with Potassium Hydroxide {Negative)
Bodium and potussium phenolates when trected with carbon
diowxide form seliceylic scid and para oxybeunzoic sclds respectively,
depending on the tempersturs conditions. The sodium and potassium,
curiously, determine the positions assumed by the hydroxyl and
acid groups in the ring.Scdiws forms only the ortho body, gali-.
cylic acid, when treated with cerbon dioxide at 190 degrees C: while
potassiun forms first the ortho body and then is converted into the
para form ,if the temperature i3 allowed To go up to 220 degress C.
As the Ealicylie’dcid already had the nydroxyl én&»aeid groups

present in the ortho positions if fused at 2 higher temperature
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th paustie potagh, there ought to he a Tormation of para oxy-

hewia

senzoie noid. The experiment was unsuccosaful and &%@ﬂﬁl&ti@ﬂ
desmns Lt possible that,on additional heslbing, the hydroxyl an
acid grouwes are lost snd the carbon dloxide trestment is necege

L thoese take the pare position in

&

sary to revlace them; and ih
the presence of the potassiun.tr tuo, in order o convert the

ortho to the pers golth, heve Yo be continuous,

changing =« Treghly formed oritho inte & pars body) not an isolaet-

ed ettempt to convert salicylice selid Tormed in usere urnvzcu%

L

exzperizent.
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drogyl Bug acid groups, lithe

fan phenolats should sleo show interesiing resulis. Lithiam phofe

ar in struactiure;the lithium belongs Lo the aikaline

group Just s sodiuie sad pobtassiam, buv 1Y is o sironger base)

and 1t readily compines with prnenole.for these roasons,lithium

phenolate wes treated with carbon dioxide st various Temperatlures,
but all the experiments were unsuecess gml‘ueﬂgne% the hydroxyl
nnr the crrboxyl would enter the rins inm whole phonolate radiele

frow the 1ithium snd the czrbon dicoxide formed lithium
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1¥,.Blesching Selicylic ﬁci& Crystals | |

when salieylie scid is formed by Tasion of szlicyl sldew-
hyde and elther caustic sode or potash, vasightly cryotals
@r@éi@iﬁaﬁ@ the firet tive.Theoe cen be purified only by ro-
peaied reprecipitation,with a %asa of both time sud material,.
12, bowever, & few dropg of saifur dioxide aolution sre put in
the 1iquid bofore cryetellization, perfeactly white uorystals
wiil form the {irst time, Yhis methed not only %i@&éh@s the
oyystels, bub it pmrilies them. The samples obiasined in my
work showeod melling polnts of 156 degraes @,aorméswmmgtw~

the Theovetiocsul.




SUMMARY

Oxaldehydes of benzene have been prepared.and
studied;the benzene nucieus containing s hydroxyl
group is more easily attscked than the unsubstitut-
ed nucieus; the aldehyde and the methyl group in

the phenol interfere with further substitution,
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