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PART I
A STUDY OF THE CONDENSATION OF
ALDEHYDES WITH AROMATIC RIHGE

INTRODUCTION

The reaction of sldehydes with asrometic compounds to
form substituted di~ or triphenylmethanes have been known
for many years, In 1872 and 1873 Adolf Baeyer reported
thet formaldehyde, chlorel, or bromasl could be condensed
with sromatlc compounds such as bengene, toluene, mesitylemne,
diphenyl, chlorobenzene, and bromobenzene in the presence
of concentreted sulfuric zeld snd glecial aeetic &eiﬂ.lig
The condensation of scetsldehyde snd benzene, chlorsl and
thymol, ehlorsl snd phenol, férm&ldahyde and anisole were
also deacribed.s The produets were wellwdefined crystulline
solids whose compositions indicsted that they were formed
by the elimination of & molecule of water from one molecule
of the sldehyde and two wmolecules of the aromstlc compound,
Thus formzldehyde and benzene yielded diphenyl methane;
ehloral end toluene gave l-trichloro~2,2-ditolylethsne. A
generslized equation may be written for the reactions

ECHO + 2CgHgZ ——) RCH(CgHyZ)y + Hp0
R- may be one of & wide variety of aliphestic or arometic
groups and Z- may be & hydrogen or halogen atom or an alkyl,

aryl, slkoxy, hydroxy, smino, or substituted amino group,
Disubstituted aromatic compounds have zlso been used,

The reasction is generslly carried out by letting the



reactants stand at room tempersture in the presence of sule
furie seld or other estalyst., In some ceses sgltation and
heat are necessary., Due to the ploneering work of Baeyer
the resction now bears his nume,

It 18 of interest to note th:t in this early resesrch
of Bseyer, published seventy<five years ago, the prepsrstion
of l-trichloro-2,2-bis{p-chlorophenyl)ethane was described,
Many years were to pass before the high insecticidsl active
ity of this substance, now known as "DDI®, was discovered,

Soon after the first publication by Bseyer many other
investigators as well as Baeyer himself explored further
the scope of this condensstion reasction, Thus Goldschmiedt
in 1873 descrived the sulfuric acid catalyszed reactions of
¢hloral and browmal with benzene to glve substituted diphenyl
ethanes? and in 1878 it was reported th:t acetaldehyde would
condense with phenol to give the expected dihydroxydiphenyl-
ethana.ﬁ

To indicete further the scope of the Baeyer Hesctiion,
many more examples cun be cited from the later literature.
The following parsgraphs wili summarize some of the typlesl
applications,

The condensation of psraldehyde and thymol has been
studied by Stein&r.a Otto Fischer, using gzinc chloride &as
a estalyst, condensed salicylaldehyde, vanilliin, p~-hydroxy-
bsnzaldehyé@, and p-nitrobenraldehyde with dimethylaniline
and obtained the expected triphenyimethanes in sll 0&3&5’7,8

Boessneck deseribed the zine chloride catalyrzed condensation



of p-dimethylaminobenzaldehyde with dimethylaniline ylelding
erystel violet.® 1In 1888 the condensetion of p=chlorobenze
aldehyde with dimethylanilire and diethylaniline was desg-
crihe&.lﬁ In the same year, it was reported that benzaldehyde
could be condensed with even such unresctive sromatlces es
benzene and toluene by cerrying out the resctlons in &
sealed tube st temjerstures ranging from £50-400°,+%

In 1888 Tschacher observed that & nitro group sub:tie
tuted mets to the carbonyl group of benzeldehyde lncreased
the resctivity of the zldehyde to such an extent that it
would condense quite resdiiy with benzene and toluene in an
open vessel in the pr&senc% of concentrated sulfuric acid.lg
That the p-nitro substituted benzaldehyde was slso quite
sctive, was demonstrated by Baeyer and Lohr who reacted this
aldehyde with benzene in the presence of concentrsted sule
furle acié.15 The eondensetlions of benzaldehyde with phenol
and thymol were described in l&ﬁﬁ.lﬁ Hanzlick snd Blanchi
have condensed p-methylbenzaldehyde with dimethylaniline in
in the presenee'af'sinc chloride to give tka"ex;#atéé sub-
stituted triphenylmethcne,>®’

Baeyer in 1902 described the condemsation of benzaldehyde
and p-methoxybenzaldehyde with anisole in glaclsl acetic

16

acid using concentrated sulfurlie secid as & catalyst. The

expected products vere obtained in esch ease, In the same
year Feuerstein described the condenssation of benzaldehyde
wlth the disubstituted aromatic compoundss para- and ortho-

17

methoxy toluene, and p~hydroxy toluene, The expected tri-



phenyl methanes were obtained in &ll three of ihese reactions,
In 1906 it was reported thet o=, m-, and pwmethylbenz-
aldehydes would condense wlth dimethyleniline in the presence

8 The o=,

of agueous hydrochlorie acld snd zine chloride,
g-, snd p~chloro substituted benzaldehydes were slso success~
fully condénsed with dimethylaniline under the sazme conditions.
A series of substituted melachlite greens have bLeen prepared
by the gzinc chlorlde catulyszed condensations of anisaldehyde,
p-~ethoxybenzaldenyde, and piperonal with dim@ahylaniline.lg

Frankforter found that aluminuwm ehloride could be used
as en, effective catalyst in condensing chloral with pghenol,
enisole, and phaastale.ﬁe Later Harris and Frankforter ex~
tended these studies and found that chioral could be satis«
factorily condensed with benzene, toluene, &nd p-cresyl
methyl ether using the same eatalyat.%l Eromal was slso
condensed with these aromatic compounds,., Baexland has con-
densed butyraldehyde and phenol to give 1,l-bis(p~hydroxy-
phﬁﬁﬁl)bu&&ne.aa Butyraldehyde has also been condensed with
dimethylaniline In the presence of aguecus hydrochlorie acid
to yield 1,1-bis(p-dimethyleminophenyl)butane,®

Many ketones have z2l1ls0 been found to undergo condensa=~
tion in & menner enalogous te hhﬁlﬁaeyer aldehyde condensa=
tions. Thus von Braun found thst cyéiehex&nan@ reacted with
aniline in the pr#seﬂ¢e of concentreted hydrochlorie acid to
give 1,l~bia(pwaﬁiﬁmphanyl)eyclohaxan§.24 Az a bynprbéumt
there was also obtained l~p~aminophenylcyclohexene. Acetone

also reacted with eniline under the same conditions to give



2,%wbia(aminaphenyl)prapan@‘ Some of the corresponding un-
saturated smine was again found. Acetophenone, when reacted
with dimethylaniline under the influence of 2zine chleoride,
gave a 20% yleld of crude 1;lwbis(éim&thylaminaphenyl)~l~
phenylethane, Agalin some of the unssturated compound, formed
by splitting out of & molecule of smine, w.s fouﬂﬂ.aﬁ The
resction of scetophenone with phenol was gulte analogous to
the dimethylsniline reaction ylelding 10% of 1,l-bis(hydroxy=
phenyl)-l-phenylethsne and elso some of the umsaturated come
pound 1—hyﬁroxypnanyl~l~ph&nylethyiene.35

The synthetlc vealue of nmost of the Baeyer resction pro-
cedures given in the literature is difficult to evaluste
due to the failure of the investigotors to stets their yilelds,
The products obtained on condensing chlorel with chlorobene
rene have, however, been investigated Iin some detell because
of their remarkable insecticidal aetivity.g? The craée
mixture of resction products waes found to contsin vpwards of
708 of l-trichloro-:,i-bis({p~chlorophenyl)ethzsne, which
proved to be the most potent insectieidzl comvonent, The
prineipal impurity was the isomeric l-trichloro-g-o~chloro-
phenyl-2-p-chlorophenylethane, Much smaller smounts of
twelve other orgsnle substances vwere found and thelr presence
explained on the bisis of side reaecticns znd resctent impur-
ities.

Bezeyer snd other early investigetors did not indicste

the exmct structure of their produets since they d4id not

know if the econdensztion involved the ortho, mets, or pars



hydrogen of monosubstituted aromatie compounds, Different
methods of synthesi:z lster showed, however, that the conden=
sation ogeurs principally 2t the psre positions., Thus
Ehrlieh in 1903 showed th:st the sddition of pedimethylsmino-
phenylmagnesium bromide to p,p~dimethylaminobenzophenone
yielded the color bese of crystsl viclet, a dye that is slso
obtained by the oxidation of the Baeyer resction product
from p-dimethyleminobenzaldehyde and dimethylaniline.gg
Ehrlich elso determined the poszitlions of the dimethylamino
groups in malachite green by the addition of 2 moles of
p=dimethylaminophenylmegnesiuvm dbromide to methyl benzoate,
The resulting substituted triphemnylecarbinol wes the same as
the product obtained on oxidation of the leucc base cbtained
in the Baeyer reaction of benzaldehyde and dimethylaniline,
Two years later Kliegl reported that addition of p-tolyle
magnesium bromide to methyl bengoeste and subsecguent reduc~
tion of the carbinol gave the same product a2s the Baeyer
reaction of benzaldehyde znd toluene in concentrated zulfuric
ecid.2? The condensation of benzaldehyde with snisole has
been shown to give the di~§ara substituted triphenylmethane,
This fact was demonstrsted by Kauffman and Pannwitz who
ghowed thet the product was identical to one obteined by
eddition of p»methaxyphanylmagnegium bromide to p-methoxy~
benzophenone aﬁd subseguent r&&uétian.39 Votocek prepared
tha 1ﬁem@mic methoxy mal&chiﬁa pre&ﬂw by eondensation of

P, a«, and ﬁ»m@thoxyhenzalﬁahyﬁae witm éimethylaniline.él

These three products were then shown to be identicazl with the



produsts produced by the addition of p-, o-, and m-methoxye-
phenylmsgnesive bromides to Miehlers ketone and subgecuent
reduction, Votocew further charscteriged the posgltions of
the dimetbylamino groups by degradection of the leuco base
obtained frowm p-methoxybenzeldehyde =nd dimﬁthylanilia@.ﬁg
The degradation, curried out with concentrsted hydrochlorie
scid in & sealed tube at 1409, gave & mixture of methyl
chloride, phencl, and 4,@4&1m®thyl&m&nmhan&oyh&n&n&.‘ The
formation of this latter substsnce offers further evidence
that the Baeyer condensation involved the psrs positions of
the diwethylaniline, |

xﬂré regent work on the condensation products of chloral
with chlorobengene indicstes agsin thst the condensation

27 Tpis faet wes

occurs predominately at the para position,
established by dehydrohslogensting the l-trichloro-2,%
bis{p-chlorophenyl)ethane with aleoholic potassium hydroxide
to 1,1-dichloro~2,2«bis(p~chlorophenyl)ethylene., This latter
-eompound was then oxidized to p,p’-dichlorobenzophenocne, 8
known compound. The chloral condensstlion sl:zo yielded &
smellier amount of 2 lower-melting isomer which on dehydro-
halogenation and oxidetion gave p,o'=dichlorobengophenone
indiecating that the isomer wes letrichloro-2- o-chlorophenyl =
2~ pechlorophenyl ethane,

In view of all these investigetions, it is evident thst
condensation in the Baeyer reaction results predominetely

in the formation of cabbon~carbon bonds, joiniug the carbonyl

carbon of the sldehyde and the pars caerbon stoms of the



aromatic component, Thus the genersl ejustion mey be writiten

in the more snecifie Torms

BCHO + 2@25) ;iz + HO ,

Z

The more ilmportasnt zpplicstiors of the Bseyer reaction
sre the preparation of DDT and the related insecticide,
i-trichloro-g,2-bis(p~methoxyphenyl)ethene., Also of great
importance are the resctions of aromstic aldehydes with
eromatic amines yielding substituted triphenylmethanes,
which on oxidation give valuasble dyes &nd indicstors.
Melachite green and crystal violet are typical examples of
dyes that are readily cbtained by the Eaayer reaction,

& survey of the litersture has shown that no systematic
gtudy has been made of the relative resctivity of various
sldehydes and arometic compounds in the Baeyer resction.
This deficiency is understandable, however, when it is cone
sidered that the Baeyer reaction, as ordinerily cerried out
with large amounts of sulfurie aeld or other acid eatslyst,
does not readily lend itself to studies of resetion rates,

The main objective of this investigation was to study
the factors influencing the Baeyer resction in order to gszin
an 1naight into the reaction mechanism., In order to asccompe
lish this objective e series of rate gtudies was propesed

employing & wide veriety of aldehydes &nd sromatic compounds.



The purpose of these rate studies waz twofolds first, to
establish the effect on the reaction rate of the substitution
of various groups on both the eldehyde and aromatic compo-
nents, and second, to obtain the data necessary to calculate
the kinetlc order of the reazctions. It wes also hoped that
the resction could be 1mprévad from tﬁé synthetic standpoint,

A possibie experimentul method of followlng these reac~
tions was aﬂgéaﬁiadﬂbi some iﬁvéﬁﬁig&tiﬂnﬁF0? §?&§§?.ﬁ‘ﬁﬁ
found that scid catalyzed etherifieation resctions émulé be
conveniently falléwéd by carrying ocut the resction in bengene
at the reflux temparatura.aﬁ As the water was formed in the
reaction, it was resdily removed since it forms sz minimum
bolling sgzeotrope with bengzene, The water was collected in
a graduated molsture trap 8o that the rate at which it col-
lected measured the rate of the reaction,

Preliminary experiments showed that & similar procedure
could be used in cerrying out & wide variety of Bsever reac~
tiong in whiceh organiec groups were substituted in both the
aldehyde and aromatic components, In addition, an eccurate
comparison of the changes in reaction rates due to these
substituents has been possible, This informetion has proved
of great value in postulating & mechenism for the resction.
The synthetiec method, in 1itself, is of considerazble interest
a8 it offers a simple and convenient procedure for carrying
out many Bseyer condensations with good ylelds of pure pro-

duets,
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DISCUSSION
PRELIMINARY S8TUDY OF THE SCOPE AND
LIMITATIONS OF THE AZEOTROPIC METHOD

The Baeyer resctions carried out in the ecourse of this
regsearch were run in an inert solvent in the presemee of an
aecid catalyst, 4 constant temperature wes meintained through-
out the eourse of & given reeetion by maintaining the solu=
tion of reactants at the refluxtempersturs., In sddition
the refluxing solvent effected a continuous removal of the
water generated during the rezction interval and also pro-
tected the aldehyde in the reactlion flesk from slr oxidetion.
Round bottom flasks fitted with thermometer wells and with
capacities double that of the totzl solution volumes were
employed in all reactions, Graduated Desn~Stark molsture
traps were lnserted betwesn the resction vessels and the
reflux condensers, All pleces of glass apparatus were fitted
with standsrd taper jolnts.

Reactunt and catalyst concentrations were chosen o0 that
the rates of resction could be conveniently followed., Ex-
cessive catalyst concentratlons caused water to be formed et
such & rapld rate thet the refluxing solvent could not re-
move it as rapldly as formed making 1t imgpasikle to obtain
acourste rate data, With too little eataxysﬁ,wen the other
hand, many days were reguired to effect complete resction,
fome of the sl@ﬁ&g\ra@cﬁl&ﬂa, a5 carried out, éid reguire

gxcessive ra&ctiaﬁ‘%imea due to the desireblility of come-
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paring them with other faster reactions under the same condi-
tions of concentration snd tempersture,

By use of the procsedure outlined above it was possible
to compare the effect on the recc ion rate of & wide variety
of substituents on both the sldehyde and arometic components,
The rate observetions aleso supplied the dutez needed in calcue
lsting the order of the rexcions.

4 golvent suitable for carrying out the Baseyer gonden~
sations, as outlined iﬁ;hai@réviaas sec¥lon, wust fulfill a
nuaber of requiéﬁ&aﬁtm, vaieﬁslﬁ %ﬁ& golééﬂﬁ must not un&arm
g0 any side reactionwith elfher of the remctants or the cata-
lyst under the axgarimsn&ai éanﬁitiansaaspiﬂyedﬁ In sddition’
the water solubility of the solvent wust be very limited in
order that the water lormed during the rezc¢tion may bes effiw
ciently separated in the Dean-Btark moisture trap., The sole
vent should also dissolve & sufficlent guentity of catalyst
80 that the reaction time will not be unduly prolonged. It
18 mlso desirsble that the boiling poiant of the solvent
be well below thet of elther of the reactants so thst they
do not distill from the reaction vessel, If & zolvent whieh
boils below 100° i3 to be use: it must be one which forms a
pinimum boiling azeotrope with water zo that the warer will
be rapidly and completely removed, And finully, one :zolvent
should be suibable for & wide varlety cof aldehydes znd sro-
matic compounds, Preliminary experimentis showed that benzene
fulfilled sdmirebly a1l of these requirements for most of

the resctions coneldered here., Benzene forms an ageotrope
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with water which boils 11V below benzene Lltself,

The ecatulysts which huve been used most commonly in cone
ventional Baeyer resctions are sulfurie aeld, zine chloride,
and aguesocus hydroehlorie scid, 4 sultable catalyst for use
in %he proposed research, however, must sztisfy s number of
reguirements in addition to being = stromg acld., Thus it is
¢ssential that the cét&lyat be non-volatile to prevent losses
fromths refluxing mixture during the period of reaction,

Since the rate of the reactions are to be messured, any such
losses would invelidate the dats obtsined, In adiition the
catelyst must be pure end of such & pature that definite,
reproducible amounts zre svailable f{or 8ll reactions, Sinece
the reszetions are to be carried out ip benzene it is necessary
that the catalyst have s conslderable solubility in this
solvant, Ghvianaly the eatalyﬁt aheuld cause & minimum of
charring and cthar side reactiang. The only readily avasilable
B&talyst that ae&ta all of th@ae razuiremaﬂ%ﬁ 13 p-toluene=
suifamie scid, This aéid is @vailahla in & yur@ form ns the
mcnohydrate and h@s yroved to ba mnost satisfaetory for carry-
ing out the Baey@r resctions in this investigation,

In order to study the changes in reaction rate: caused
by substitution in the srometle component it was necessary
to select s standard aldehyde for use in sll the reactions,
The seleciion was limited somewh.t by the low bolling point
of many sldehvdes, Fortunately, however, & varlety of im-
portant sldehydes, both slishatic and sromatic, were available

having bolling points above 100°, Benzaldehyde proved to be
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very satisfactory, reacting readily with sniszole and dimethyl=
eniline, The faet thet thie sldehyde is resdily avsilable
and has beern widely used in the conventions. Baeyer resctions
reported in the litersziture made it sn especlally desirable

aldehyde with which to meke the rate studies.
The selection of a standard avomatic compound to be used

for comparing different aldehydes, on the other hand, was not
80 easily mada Preliminary exveriments were performed in
which benzaldehyde was rezcted with snilire, methylaniline,
phenol, anisole, snd dimethylaniline, A1l of these resctions
with the exception of the one with anlline went smoothly to
completion with the formetion of the theoretical amount of
water, Benzaldehyde and aniline reacted repidly to give an
anil with very repid liberation of water, The substituted tri-
phenylmethane obtained from benzeldehyde and metnylanliline

i & non-crystallizable oll, difficult to purify, The con=-
densation with phenol procesded smoothly but gave & 4issap-
pointingly small yield of erystelline resction product. By
thorough investigsiion of resctlion conditions znd product isoe
lation the yield of produet could possibly have been increased,
but further work with phenol was discontinued when dimethyle
aniline was found to be very satisfactory. The condensation
with anisole proceeded smoothly to give p,p ~dimethoxytri-
phenylmethane in good yleld. The product was contaminited,
however, with & smaller smount of lower melting isomer which
was probably the ilsomeric g.é'~dim®thaxytriyhenyimath&n&,

Anisole waulé probably have served satisfactorily as the stun=-

dard aromatic compound for the study of verious aldehydes
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but was not used becsuse dimethylaniline wus found to te
superior in several respects. The greatest advantsge that this
gmine had over the other substances tried wzs the consistently
excellent yields th.t could be obtuined, ranging from 7:t% to
90% of ~ure products after recrystallization.

The use of an smine his the further sdvantazge of main-
taining & constant effective secild concentrstion throughout the
reaction. Thus the ability of arn scid to cutaivze & resction
1s dependent on the concentration of any other basic substances
present.which will tie up the acid a. & salt. If, during
the course of such & reacition, any of ths basic components
are removed the eilective seldity will lncrease. Thie effeet
was very pronounced in some clkylotion rescltlons carried out
in this leborstory by ??@Stﬂﬁ.34 He found that when benzene
was alkylated with benzyl aicohivl with excess boiling bernzene
&5 the solvent vna with p-toluenesulfonic scid &8 the cutulyst,
the rate of resction did not fell off appreciably over the
first pirt of the recction as the concentration of benzyl
glcohol decressed. This effect is plausible when it is
considered that at the beginning 7 the resction the only
&toms present with»basie tendenclez are the oxyyen atome in
the benzyl zlcohol. As the rezction proceeds thexe oxygen
atoms are removed from the system combined in the form of water
80 thet, &t the completlion of the re ction, there will be
present nothing but hydrocsrbons and catalyst, These consider-
ations indicste that 1t is desirable to have & guwntity of

basic meterisl present In the resction mixture at all times
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so that the removal of the water will not siter the effective
acidity of the estelyst.
THE EFFECT OF VARYIHG THE GROUP
SUBSTITUTED I8 THE PARL POSITIOR OF BENZALDEHYDE

Preliminary experiments showed thet & specific set of
reaction conditions could most profitably be used in studying
the various substituted benzaldehydes.

The standard gmount of sldehyde used wes 0,125 mole, This
emount of aldehyde ylelded, on couplete reszction, 2.25 ml.
of wuter, a volume thst could be reed with sufficlent aecursey
in a2 5 ml. gr:dusted Dezn~Stark molsture trap. & 1504 excess
of dimethyleniline was used since the zmine should be preszent
in twice the molar amount of alﬁeh&de »lus enough to convart
the catalyst to the amine sclt, The excess smine also cansed
the resction to procesd in shorter ime. &4 much more important
resson for selecting this concentration of amine was the fzet
that only &t this concentration were first order censtants
obtained for the rezctions. Higher or lower concenirations
caused the Yconstants® to drift to higher and lower values
respectively, as the reactic. proeeeded,

The lowest azmount of catalyst whieh could be used without
decressing the rates too mueh was 0,064 mole (12;;&5.} The
reactants were diluted to a volume of only 2850 ml. with ben-
gene because laerger smounts of solvent were found to decrecse
the concentration of reazctants to such an extent that the

resction proceeded too slowly. Smaller amounts, on the other

hand, cansed too grest s difference in boiling points of thue
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various rezction mixtures in which different aldehydes vwere
employed. After the reszections wers completed the benzene
solutions were extracted with a 5% potassium hydroxide solu=-
tion to remove the acld catalyst and then washed several
times., The benzene was distilled off at atmospheric pressure
and the dimethylaniline wes distilled off in vacuo. The reacw~
tion products were then either distilled or erystellized,

Under the standard conditions given above, the benz-
alﬁehydesvw;th tﬁe"féllawingtgaia auhgtituantafsére'r@ae?@d!
Opl~, Cl~; CHy~y casan, MegH~, 5&& Kﬁi In all cases the‘
volume of water evolved was betwecn 98 snd 102% of theory,
The half-resction times véfiéd from lys'minutéﬁ to 4 days.
The ylelds of pure substituted triphenylmethanes ranges from
77% to 89%, The melting points of the products were in
sgreement with the values reported in litersture,

The temperctures of the recction mixtures were recorded
whenever resdings of the volume of water were msde., It was
found that the temperatures dropped about two degrees over
the first 80% of the reaction., This temperzture drop is not
surprising when it is considered that the total concentration
decreases from 3.46 molar to B,.48 molsr over the same range
of remction, The average tempersture for each reasction was
92,27 0.49,

The ylelds could not be compared to those obtsined by

the conventional methods of carrying out the Beeyer rsectlon

because of the failure of previous workers to state their

vields., OSome ides of ihe efficlency of the method can be
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geined, however, by compering the yleld of malachlite green
obtained to thet found in & laborstory procedure given in
*The Fundamentzl Processes of Dye Ch@miatry'.aﬁ This manual
deseribes & synthesis of leuco malschite green by reaction of
bvenzgeldehyde, dimethylaniline, &nd agueous hydrochioric acid
with vigorous mechanical stirring at the rellux temperzture,
After 12 hours sodium csrbonate was added to neutralize the
apid, the excess dimethylaniline blown off with steam, and
the residual leuco bazse sepsrsted by eocoling., The residue
ves washed with water and dried. The crude yield of leuco
malachite green was 72%, This ssme leuco base, when prepared
by the azeotropic method, was distilled in 958 yield end
cfter recrystallizstion was obtained as pure white crystals
in an 885% yield, It seems probeble that the ylelds obteined
by methods in the literature for compounds other than mala-
chite green were often condidersbly below 72%,

The detalls concerning this series of condengstions snd
the corresponding rete tables are given in the experiment:l
part of this thesis,

The experimentel razte dats obtained for the reaction of
the six subgtituted benzaldehydes with dipethylaniline were
found to fit the first order rate equation very satisfsctor-
1ly. The integrated form of this aquatioﬁ can be writteng

£,303 log _&
k = % a*x
For the application of this egustion to the work reported

here, a wiss the originsl number of moles of the benzaldehyde

and g-x was the number of moles of sldenhyde remaining after



the reaction time t had elapsed.

In order to treat the experimentsl data from all the
reactions in & uniform menner, the following caleculation
meéthod was edopted., Flrst, a graph was mede for each experi=-
ment in which resction tiwe versus per cent of resction com-
pletion was plotted., Then & smooth curve was drawn 1n sueh &
manner thet any deviations of polnts fron the curve were
averaged, Over the 20% to 80% portion of these plots, however,
none of the points were off wore than 1%, end only & very few
showed even this much deviation, 1In fact, the experimental
readings taken direetly from the rzte chert without graphing,
gave substantially the same rate constants as those obtained
from the curve, All runs were repeated to ascertain repro-
ducibility of results with the exception of the one with p-
methylbénznlﬁehydé. vﬁa more ﬁf'this aldehyde wae\aVailéﬁlc
and begause of the satisfactgry checks obtezined with the
other five aldehydes it was not é@eméd pegessary to prepare
more of this aldehyde for use .n & check run,

From the graphs the rezctlion times were resd et 10 per
cent intervals over the 20% to 80% portion of the reactioh,
Caleulations for the first and last 20% of reasctior were omite
ted because the experimentzl error is relstively large in
these ranges, These reaction times including those for the

duplicate runs are summarized in Table I

L4
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T4BLE 1

Rezctior Time in Hlnutes at
10 Per Cent Intervals

206 304 404 504 ok 0% 808

p~N0gC,H, CHO
1 B2 88 124 170 2BE 295 383
4 87 a8 127 171 289 302 400
p=ClCgH,CHO
prtree 1 145 230 325  4BG 800 790 1050
2 1450 231 340 475 640 840 1120
p~HC H,CHO
1l 188 00 438 600 803 1045 1380
2 180 290 415 BYS 775 1020 1360
1l 270 430 630 880 1140 1480 2020

pmGHgﬁcaﬁ*ﬂHO _
¥ 1 450 740 1070 1470 1950 2550 5300
2 430 730 1070 1800 2000 2620 3380
pu(csta) gNC,H,CHO
‘ 1610 2600 3900 D420 7300 9550 12400
b3 1800 2800 4300 5900 7750 9900 12600
In the course of 211 these reactions there is produced
0,125 mole or 2,25 ml, of water, At any stage of resction
completion, therefere, the corresponding smwount of water is
known. This informstion at the different intervals is sum-
marized i Table II. Bince the rate of zipearance of the
weter 1s equal to the rate of digappearsance of the azldelyde
the mdesg of the aldehyde prevent at any time is eguel to the
originel number of moles of aldehyde minus the moles of water
formed by that time. This informetion and values for the
appropriate econcentratlon funetion, log .&. &re also glven

a~x
in Table 1iI,



TeabLk LI
HStandard Data for Hate Cslenlations

Per cent
Resetion LA, log _a
Complsted X, ax xR

20% LOBS0 L1000 1,250 099
305 LOE78 L0876 1,489 L1558
40% 0800 L0750 1.687 +EEE

50%  .0625 L0825 2,00 +301
604 0760 L0800 £,50 . 398
704 0875 L0376 3,33 BES

60% L1000 0850 5,00 699

The first order reametion rate constants were then deterw/
mined by use of the data given in Tables I snd IXI., These |
values, calculated st 10% intervals, sre listed in Table III,
An exsminetion of this latter table shows thet, in any run,
the deviation from the mean is less then 4% with the excep=
tion of the dimethylaminobenzaldehyde run where the deviation
is somewhet larger., If the values are omitted at 20% resctiom,
where experi&&ﬁtﬂk‘arrar is tha'l&rg@st, the deviations from
the mean are even amxllarw"ﬁaanluza were discerded, however,
in determining the averages.

It must be“‘pﬂiﬁmﬂ: out st mg time thot these first
order rate vslues, although remarkably con tant over a wide
renge of resction, are not true comstants since they are not
obtained at different reactant concentrstions, Experiments

showing the drift in these constents will be discussed later



TABLE III

Effect of Varying the Pars Subatituent
on the First Order Reate Constants?

Yield of
, Aive, Pure
20% 305 400 50% 805 70% 805 Ave, Iwo Runs Products
p~NOCgH4CHO
1 392 401 403 408 400 398 402 400 408 39%
2 429 415 412 408 413 411 420 415
p~ClCsECHO
‘ 1 154 155 158 154 1853 18¢ 15% 154 151 8%%
2 154 154 150 146 143 143 144 148
1 121 119 117 115 114 115 118 117 119 85%
3 124 123 123 120 118 118 118 121
p-CHzCgH,CHO
3%l 1 82,7 83,0 81.0 80.5 80.3 8l.3 79%.7 81.2 8l.2 80%
p~CHROCHCHO
30Cella 1 49,7 48.2 47,7 4T7.1  47.0 47.2 48.8 48,0 47.9 85%
2 51,9 48,9 47,7 46.2 45.8 45,9 47.9 47.8
p-HesHCgHCHO )
1 14,8 13.7 13.1 12.8 12.5 1l2.6 13.0 13,2 12.8 79%
2 13.9 12,7 1.9 1i.8 11,8 12,2 12.8 12.4
&

Constants given in min™* x 10°

™
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under the section on the rescilun mechanism., Under the
standard conditions &éapﬁﬁ& for toe aiéﬁy~of é&r& substitution,
however, constant: were obtaiced, and they have proved 1o

be of éansiderabla value 1o comparing the effect of substie
tuent groups on the rate of reaction.

By examinution of the rate sonstants i« Table III, it
iz observed thst electron-atiracting groups, i.e, groups
whieh withdraw electrons from the benzene ring, speed up the
reaction. Elee¢tron-releasing groups, on the otuer hend,
slow down the reaction, It is of interest to net@:that this
effect of the pare substituents 1s the exact opposite of
that found in thé alkyletion of eromatie rings by para sube
stituted benzyl alcohols.*

The rate date obtained from ithils series of experiments
shows thet the ability of the pers substituent to slter the
reazction rete is & quantitetive function of the electron
attracting power of thst group, 1Ihis relstionshi» can be
most easily ex;ressed by the method of Hammett in which the
lJogarithme of the reate constents of a series of reactions in~
volving side chains of aromatic compounds differing only in
the para substituent are plotted sguinst « funetlon qf the
logarithms of the ionization constants of the corresponding
para substituted benzolc aciﬁs.gﬁ Plots wade in this msiner
have been shown by Haprmett to show o linesr reletionship for
a large number of side~chaln resctions of para substituted
benzene derivatives, As a result of these observations

Hammett hag concluded that the gubstituents exert their ine
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fluence by &n intermal electron displacement, The values
reguired for making u greph of this type, utilizing the data
obteined in this investigation can be found in Table IV,
The corresponding plot 1s given in Figure I,
TABLE IV
Functions Plotted in Figure 1

E legk Kiiz10T® [ M8
p~HO,CqH (CHO 408 8,611  37.8 8,00 40,778
p=C1CqH,CHO 181 2,179 10.5 1.67 +0,228
p~HC g 4CHO s 2,078 6.27 1 o
p~CHyCy B, CHO 81,2 1,909 4,84 0.676 -0,170
p=CHg0CqH4CEO 47,9 1.681 5,58 0.539 0,268
p~(CHyg) pNCgH,CHO 12,8 1,107 0.85 0.135 =0,870

K% is the ionization constant of Benzoic feid

a, Ionization constant of corresponding Benzolc Acid,

The lonizstion constants of the substituted benzoic
acids were obtalned by Dippy et &&,39 gnd are the same &s
those used by Hammett, Dippy did not deterdtne an lonigation
constant for p-dimethyl:minobenzoic wecid, horever, und the
value given in Table IV wa:. obtained from the Internationsl
Critical Tables,

The linear relationship shown in Figure I is by no means
perfect but is not inferior to many of those discussed by
Haamett.aﬁ It 18 of interest to note that the relastionship

found by Hammett holds true for these Baeyer resction rate
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Figure 1 - A Comparison of the Reaction Rates of Para Substituted
Benzaldehydes with Dimethylaniline to the Ionization Constants of
the Corresponding Benzoic Acids.



constents even though these constants are known to drlft at
other regcisznt concentrztions.

In any casge, however, 1t haos been clearly demonstrated
that the rate of the Baeyer recction is directly related to
the internzl electron displacements brought arout by substitue
ents in the pars position. This fact, demonstreted experi-
mentally for six c¢ifferent pars substituted benzaldehydes,
hes be=n most useful in the discus:zlon of & rezction mechan~
iam whiahyia given in a leter seetion,

The re&ction,of di@ethylaailihe and benzaldehyde wég
also carried out is sn ;gual volume of toluene in order to
qb#@}n an qsﬁ&ma%a of the tﬁmger@zurgmeﬁﬁffaggmnt of the
régéiiéai ‘For this ﬁgﬁﬁyfé‘lﬁﬁ”méle”Gféﬁéniﬁidéhyda, 0,625
nole of @imethylaniline, snd 9,&&& mole of pwﬁoluﬁnesulfmnié
acid in ﬁﬁé*ml;-ﬁf tolucne solution were vezcted In the usual
mann@r; The half-time of reiction was 135 minutes us compared
to 800 minutes for the slmilar run in benzene at the same
concentrations., The yisld of pure mzlschite green was 855,

The first order reaction rate constants caleulated
over the £20% to 803 portion of the resction were found to
be constent within %3% of the mean as were the constents for
the previously described reaction in benzene, The zverage
rate eonstant was 505 x 1@'5 reciprocal minutes, 4 repeat
run geve & constant of 483 x lﬂ”s. The aversage first order

rate constsnt was 494 x 107> at & temperature of 123,8 + 0,7°

whereas the ssme run in bensene showed an average rate conw

stant of 119 x 16™° at & temperature of 91,8° + 1.0,
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If 1t iz assumed that any solvent effects of toluene
znd banzene sre the zame, 1t 15 po0ssible to estimete the
energy of sctlvatlon for the reaction by means of the Arrhenius
eguetion, This relation ean be expresced in the integrated

form,
‘ e = L TeeT
g g T I rin

where & is the reaction rate constant and I the zbsolute
temperature ¢t which that rate was obszerved, (On substlitutlion
of the values of X found &t the two temperatures, a value

of 14 kxcal., 18 obtzined for the asctivstlon emergy. Since the
resctlon rate “constints® have been shown to vary on changing
the concentrstion of the sldehyde, this value oﬁtained for
the mctivgtiem energy cannot be considered asbsolute, Iﬁ is,
however, probably sufflclently accurste to ﬁh@WAﬁh&t this
reactlion has wn esctivation energy within the normal range,

In order to determine ths effect of acid catalyst con~
centr-tion on the reaection rate, the run in toluene was ree-
peated using one-helf the amount of p-toluene sulfonic ascid,
Toluene was chosen ag the solvent instesd of benzene because
of the shorter resction time reculred o cowplete the run,
This regetion, employing 0,125 mole bengaldehyde, 0,8F5 mole
direthylaniline, and 0,03Z nole of catalyst in 2850 ml toluene
solutior, waaffﬁunﬁ aé have a half-reaction time of 200 mine
utes as a@mwﬁrad to 136 Qiﬁnt&% for the run in the presence
, 0£ 0,084 mhxwgaatalyat*;Uﬂ@M@ariapn of thésgﬂhalfnraaetimn

timt§2530W$“%h&ﬁ the reaction rate is n@tJdifwctly Propare
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tlopnal to scid concentration, but instesd, doubling the amount
of catalyst increases the rate about 50%

In order to sscertain whether eny of the catalyst reacted
with the solvent or either of the reactants an excess of
standard alkell was added to the mixture after completion of
one of the sbove experiments cerried out im toluene, The
solution was sheken thoroughly in & sepzratory funnel, the
agueous layer separated, snd the benzene extracted once with
water, The excess alkelil was then back titrated with standerd
aeid, and it wus found that 99% of the eatalyst originally
added could be accounted for, It follows, therefore, that
since the catslyst did not resct with toluene or the resctants
it zlso would not gilve sny :ide rezetions in the runs carried

out in benzene at lower temperstures,

P

THE EFFEQT OF OTHER CHAKGES IN THE
CARBONYL CONSTITUENRT

In sddition to the para substituted benszeldehydes, s
number of other carbonyl ewmpounds were studied to further
determine the scope and applicability of the szeotrople
method,

The two sliphatic sldehydes, n-heptaldehyde &znd E-ethyl~
butyraldehyde, were condehsed with dimethylaniline under
exsctly the szme conditions of resctant and cutalyst concen-
tration as were the substituted benzaldehydes previously
discussed, The n-heptzldehyde reacted smoothly giving the

theoreticsl smount of water. The rate date obteined d4ié not
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fit the first order rate egua lon bub the "oonstants™ drifted
rapidly to lowsr vslues. 1he rete of the recctlon was conwe
siderably slower than that of the corresponding benzaldehyde
run., The hail-reactlioa tilmes were 330 snd 600 minutes
respeetively. The rsac:ion produet, 1,l-bis(p-Cimethyleminoe
phanyl)heptane, wus Cistilled in a 7948 yield and after re-
erystallizaticn gave 654 of pure materisl,

With the £~sthylbutyralﬁ@hydﬁ the tlme reguired for the
reaction was eovnsidersbly increesed. Iu faci, thue rsection
was only 504 eoapliste «itar & pericd of 8 days, UTue to the
excessive bLime regqulred tue resction was zhut down sfter 60k
completicn and the product worked up. A search of thg 1ite-
erature revesled that the product, l,lwbi${dimethylamina?
phenyl) é~ctaylbutane, had not beea previously reported, The
yield of this compownd was 506 of impure erystalline products
A purilied sample . ave the proper analyses. Some more volaw
$ile material was obteined suggesting that sldocl-type come
densation products of the aldebyde were also lermea. This
reaction was repeaied ut double the catalyst conecentration,
Unfortunately, however, there was Oaly & slight inecresse in
resciion rate, the tiwe for hall reaction belng reduced from
3 days to & days. <“he cruwie produet wes isolated in 704
yield.,

In another attemo>t to speed up the rewzction it was
garried out in toluene as the solvent, thus raising the
temparature., The higher bPoiling point of toluene also nade

it desirable to switeh to an aldehyde with & higher boiling
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point, For this experiment Z-ethylhexzzldehyde was used and,

as expected, the recction proceeded at a considersbly fester
rate, Unfortunately, however, the higher temperzture increased
the rate of the side resctlion even more, and very little of
desired reaction product was obtalned,

The observetion thet these zldehydes branched on the
alphse carbon resct mueh slower than the streight chain alde~
hydes is consistent with the relative Pates of resction found
for the series of para substituted benzeldehydes., It is a
well known fact that aluyl groups exert s positive inductive
effect, i.,e. they have a greater tendéncy to relesse elsctrons
to 2 neighboring group then do hydrogen atoms, One manifese
tation of this inductive effect is the necessity of using
especizlly strong bases as condensing agents for Claisen
resctions involving alphu-brenched sldehydes, Since electron~
relessing groups ﬁuhﬁiitut&d in benzaldehyde have been shown
to rﬁtaré the rate of reaetiaa,,tﬁa alpha &lkyl reugs of
aliphatia sldehydes would be expected to show & similar effect.

Lttempts were also mede ga aan&enﬁg chloral and cimmanw
aldehyde with aiaﬁthylanilina under ths‘st&nﬁ&rd reaction
conditions, 4lthough 90% of the theoretical smount of water
was removed in both ¢ases, the experiments fulled because of
predosinance of side reactlions. IThe mixture containing the
ehloral turned very dark and, as the resction proceeded,
considerable amounts of bleck, tarry meterisl separated from
the benzene solution., The resetion involving the cinnem-

aldehyde, on the other hand, appesred to proceed guite normally,



30

but apparently the high dc¢id concentrutions casused polymeri-
gation et the double bonds as no product could be erystallized
or distilled from the reaction residues.

Preliminsry experiments showed that the application of
the szeotroplic method to simllar condensations invelving ke~
tones would not be feasible, Thus methyl n-amyl ketone, when
treated with dimethylaniline under the standard resction
conditions, reacted only very =sluggishly., The amount of water
rexoved indicated that only 1l&# reaction had oceurred after
three days. KNo attempt wa:s made to isolate any resction

product,

THE EFFECT OF YARIATIOHD I# THE
AROEATIC CONSTITUENT

. In ordérﬁté ébtaiaumd}é 1ﬁfarﬁagiqﬁ concerning the
scope of the Boeyer reuction a variety of mono- and di-
ﬁﬂbStiﬁﬂﬁﬁ@‘ﬁﬂhg@nﬁﬁ was reagted with a standard sldehyde,
For ressons already set forth in the seetion @ Preliminary
Study benzaldehyde was selected ss the stundard with which
to make this investigation. The sromatic compounds employed
can most profitably be diaeuss@ﬁ.by dividing them into three
classest (1) sromatlc aminest aniline, methyl :niline, and
dimethyleniline (2) =lkyl -henylL etherst znisole, nhenetole,
and n-butyl phenyl ether (3) other srowmstic comsoundss:
phenol, toluens, mesitylene, p-xylene, and hydroaulnone di-
methyl ether,

¥hen 0,125 mole benzaldehyde was added to 0,685 mole



of s¢niline and 0,008 mole catalyst in 850 ml, of boiling
benzene, there resulted & vigorous reaction with the rapid
evolution of water. On working up the resction mixture no
triphenylmethene derivative was found. 4 364 yield of purse
benzelaniline was isoleted, Apparently the anil will not
resrrange and react further to give 2 triphenylimeth:ne
derivetive under the conditions employed. BEven if it did,
however, the rate study would be meaningless because of the
Initisl rapid formatlon of weter.

The condenzation of methylaniline under exsctly the
game conditions &s used for aniline proceeded half way to
completion in 105 minutes, This resction wa:s very rapid
compared to the corresponding disethylaniline resction dese
cribed in the preceding section which showed s half-time of
800 minutes under the same conditions except thet the concen=
tration of eatalyst -as eight Hwes &s high. On workiuz up
the product from the methylanlline reazction there wes obtained
& very viscous brewniﬁh»r&dfail. It could not be mude to
eryst:lliize by trituratibu witin solvents. This compound is
described in the litersture &s & viscous mon~arys£allizable
ail.ag & nitrozo derivaetive wes prepered which on recrystale
lization from alcohol melied at 180-184%; the literiture
value, however, is 149° with,dﬁcampésiticn, Possibly in one
case an Ne-nitroso compound &nd in the other case & ring
nitroso compound wes obtalpned., Anslyses for carbon, nydrogen,
and nitrogesn asgrecd with that ecalculeted {or the expected

product, 4,4 ~bis(methylamino)tri henylmethene. In view of



the poorly defined product no furtner rete studies were mpade
on this resction,.

The standard amounts of re . ctants selected for the
study of the three phenyl alkyl ethers wery 0,1E5 uole benz-
aldehyde, 0,045 mole of ether, and 0,064 mole of p-toluene-
sulfonic scid. Tnere was & much larger veriation in the
greuws of resctants added in the different runs then for the
series of experiments in which the aldehyde cowmponent was
veried, In order to maintain the tempersture approvimetely
the same in the three runs 1t was necessary to lnecrease the
amount of benzene solutic: {rom £850 to 500 ml.

Aniscole and benzzldehyde were found to reasct smoothly
with the liberation of the theoretiecal szmount of water.

The half-time for this resction was 365 minutes., &ftsr
working up the reaction mixture the product was distilled in
70% yield. Crystallization of this distillete gave 604

of p,p’~dimethoxytriphenylmetnsne. From the mother liguor
there wss obtained & smaller emount of lower melting crys-
talline product thet could not be purified by reerystsllirzaw
tion., This sub tance melting from 82-87°2 is, no doubt, the
isomeric p,0'~dimethoxytriphenylmethone (lit. m.p. 94°)

The reacction of znisole with benzaldehyde was slso
studlied when excess sulsole was used gs the szolvent, The
yield of pure product obtained was significantly higner (76%).
When anisole and benzaldehyde were reascted in egulvelent
amounts in bengene solution, the yield of pure product was

much smeller (£85%)., 4 lurge smount of non-distilleble
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residue was formed,

?hen&tal& wang found to aet in a manner very similar to
anisala when trected with bunaaldehyua in bsnzane solution.
The rm&etiun was igniiiﬁ&ntly fas tef, h@wevaﬁ, shovwing o
ﬂalf*tiaﬁ of 250 wiﬁuﬁes cogpared to 365 for anlsole. The
sroduct was dlstilled in u 77% yield but couid not be made
to crystallize. A litersture search showed that the expected
product, diethoxyiriphenylmethane, had not been previously
reported, To pake sure that the reaction conditions employed
éid n@t gplit the ether linkeges the product was extracted
with hot alcoholie potassium hydroxide., The agueousz layer
on sepuration snd neubtralization was found to contain no
phenolic compound. It is possible thet this compound would
not crystallize because of comtewminstion with the isomeric
pyor~diethoxytriphenylimethune, The product anslyzed satise-
factorily,

Ihe third sromatic ether studled, butyl phenyl ekher,
reacted even more repidly with benmzaldehyde then dld phenetole
under the seme conditions of reactant gnd catealyst concen~
tretions., The half-time for this resctlion was 179 minutes,
The rezction product was distilled in &« 7ok yield, but, like
the produet from the phenetole run, could not dbe crystallized,
This compound which has nol been reported in the llterstwe
wag found to enzlyze satisfactorily.

The first order rate constants for all three of these
alkyl phenyl ethers drifted somewhat toward higher values,
This drift never amounted to more than 20% for the 20% to 80p



$4

portion of the reactlions,

Phenol was raﬁad to reset much wmore readily with denz-
aldehyde in bengene solution than zny other asromatic compound
studied, After the theoreticsl smount of water had form@ﬁ;
further reaction ceased, The first order rsate constants
drifted to shout the ssme extent zs 4id thosge for the alkyle
phenyl ethers. On working up the product, however, it was
not possible to obtain more than about 10% of c¢rude erystale
line reaction produet. In viéw of the discouragingly small
ylelds, further work with phenol was &bsndoned in favor of
other eromstie compounds,

Toluene will undergo the Baseyer type of condensation but
with not near the vigour of the sromatic zmines und the
alkyl phenyl ethers, In order to make the resction fessible
with respect to the time requlred it was necessary tc maxe
the run using an excess of taiu&ne &s & solvent, The benze
aldehyde (0,125 mole) was sdded to E.57 moles of bolling
toluene eaataihiﬂg“eala$ &@l&iaijntaluan& sulfonle acid.
v‘?ha raamtiam er@ceadaﬁ very slmwlt avan under t&age conditions,
'freacmag the halfewsy me ohly ofter 60 hdurs of refluxing.
A plot of time versus per cent recchtion gsve & straight line
over 90% of the reactlon. The yleld of oroduct, which dis-
tilled over & ons degree renge us & water-white viscous liguid,
emounted to 74% of theory. Only one~hslf of this materisl
could be erystollized, however, as p,p ~dimethyltrishenyl-
methane, The kalance of the produst was probebly the iso-

merie p,o ~dimethyltriphenylmethane.
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The condenssiion reactlon with mesltylene was complica=~
ted by the fact thet some decompozitlon ovourred merely on
heating the mesitylene with the catalyst before the sldehyde
was &dﬁéd,i Eaé&use éf thiﬂkabaﬁrvatian, pius the feet that
no definite reactlon product was obteined, no further lnves-
;‘tiééﬁiag&wwﬁréfmﬁéa gitﬁgﬁﬁéitéL§ﬂa;»a?h§.raigéima with
p-xylene was n#lso unsatisfactory «s this hydroearbon also
turned bl&é%fih,aoloffaﬁlnéaﬁin&‘%i%h.tha catalyst. The
resction resulted in the formation of 1855 of the theoretiesl
emount of wate:., Apparently thke catelyst had reacted, On
trestment of the distilled product with ligroin white c¢ryse
tals formec, These crystals were fo.nd to conmtaiu sulfur,

L smell second crop of large, well Tormed crysitsls which cone
tained ne sulfur apparently wey not the exyae%&ﬁ resction
produet, £,5,2',5"-tetramethyltriphenylmethene, &lthough
p~toluenesulionie acld reccted in this rum to give & product
copteining sulfur it was found thrt this acld would not resct
apprecisbly with boiling p~xylene when the sldehyde wac onite
ted,

Hydroquinone dimethyl ether, wes found to recct much
glover thah the monosubstituted znisole. The resction
did not lesd to the expected £,5,2',5 -tetrsmethoxytriphenyle-
methane, but geve instesd s smsll amount of emerphous -olid
materisl with & wide runge in melting point,

The foregeolng experiments show that close comparison of
the retes of reaction of benzeldehyde with all sromatlc com=

pounds csnnot be mede beczuse of the widely dirfferent reat=
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tivity of the sromatic constituents which made it imprec~
tical to carry out the resctions under identiczal conditions.
inother important factor thit sust be born in asind in making
compsrison iz that the deactiviting eifect of the various
sromatic compounds on the cetalyst will wvary widely., In
spite of these drawbacks, & guslitetive comparison may be
made in the rates, In general 1t has been observed thst the
rates are proportionsl to the ability of the substituent in
the aromatic ring to release electrons by an inductive 6r
by an sl&e%xéﬁerie shift. It will be noted that this effect
is the exact'@bavaysa'aigiha.effact found for substitutents
iz the para position of benszaldehyde, where electron reless-
ﬁig&:gréu@su%$93adfﬁa%ﬁ %ﬁ%?faé%f@iif&mﬁti@m, Thus a methoxy
group when suﬁatituteé for the pars hydrogen in bengaldehyde
reterdaed the resction considerably, but when substituted for
hydrogen .a the aromstie component (enisole) a much faster
rezetion rate was observed, With phenetole, there 1s sn gd=
ditional positive inductive eifeet over thst of aniscle due
to the extra ~CHp= in the alkoxy side echain which cazuses &
somewhat grester eleotron release to the ring and s correse
pondingly faster resction. Butyl phenyl ether likewi:ze
rezcts faster than phenetels, Phenol can lonize to some éxe
tent and exist in part as the phenolate ion. Thig ion ean
then undergo a shift of electroms giving & relatively high
electron density &t the para position resulting in & mueh

faster rate of reaction., Aromatic compounds sueh as toluene,
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on the other hand, in which the alectron release of the sub-
stituent group is much smaller, undergo the Beseyer condenssa~

tion very slowly.

THE BREACTION MECHANIGM

The mechanism t¢ be presented for the Baeyer resctlon
will indicate that a benzhydrol is formed as sn intermediste,
‘hus, benzaldehyde and snisole would give p-methoxybenzhydrols

| ‘. H,
CgHgCHO + cm% — Caist @%ﬁa
| H

Adocording to & previous disclosure lr the literature by
Julius von Braun & benszhydrol cannot be an intermedlate in
this condensation., DBefore going on #ith s more detalled
discussion of the mechanism, it will be necessary to examine
in some detail this work of von Braun,%0 Te support his
contention he pointed out that the reasction of one mole of
benzaldehyde with two moles of dimethylaniline was zignifi-
cantly faster than the reaction of one mole of p-dimethylamino-
benghydrol with one mole of dimethylsniline under the same
conditions of catalyst concentration and tempersture,

This observatlion is rather surprising, especially in
view of the great reactivity of benzhydrols in Friedel-

Craft types of r&&&ﬁien.él The aminohydrol used by von Brsun
should be even more resctive than benzhydrol due to the

greater ease of carbonlum ion formetion as discussed below,
These anomalous results are clarified, however, when it is



@

congldered that von Braun carried out the rezctions In agueous
golution using one molecule of acid catzlyst for esch amine
group present in the resetion mixture, Under these conditions
the sleow ra&atian of s~dimethyleminobenzhydrol with dimethyls
aailine is nat ﬁur@riaing glnee the hyﬁral is &ﬂtﬂﬁll? present
as the smine s&lt: and not as ﬁe sctive free mmﬁhydmi.

This amine selt; in direct gontrast to the free smine, would
hinder carboni:m lon formation and greatly decresse the rate
of reaction., The condensation of benzaldehyde with dimethyl-
aniline would also be expected to proceed very slowly, if

st 811, in the presence of acid eatalyst eguivalent to the
smine, In earrylng out either of these resctions, however,

if slightly less than an egulvalent amount of aeid catalyst
was present there would be at all times some free amine

groups present mllawing & much grester rate of resction, If
von Braun had used more diwmethylanlline or less zeid castalyst
in hls two runs, the relatlive retes he reported would un~
doubtedly have been reversed,

Direct evidence th:t the benzhydrol alxylation proceeds
more rapidly then the corrssponding sldehyde condensstion is
obteined by & comparison of some slkylation studies of
Prestanﬁé with studlies of the Baeyer resctions reported here,
The reuction of benzaldehyde with anisole wis found to re-
guire considerably more c¢ztalyst then the simller reaction
carried out by Preston in which benzhydrol was resctéed with
anisole, HMethoxybenszhydrol, the probable intermediste in

the benzaldehyde resction, should be even more resctive than
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the unsubstituted benzhydrol studlied by Preston,

In order to obtain still further evidence rerarding the
rates of these two resctions, p-methoxybenszhydrol, the active
intermediate of the benzaldehyde-snisole condensation, was
syathesized,

This hydroel (0.125 mole) wa: then rercted with 0,500
mole of anisole and the rate of resction comp red to thst of
0.125 mole of benzguldehyde with 0,885 mole of anisole under
the same conditions., The hydrol resction wss half-completed
within 5 minutes whereas the corresponding benzaldehyde reac~
tion required 385 minutes to rezehl the same stzge of comple=~
tion, The yields anﬁ resction products obtained from these
two run& proved to b& identical in ell r@spectw. hese
expa*imsat% ah@w ceﬂaiuaivwly kh&t the r@ta of r&@aaiau of
penmethoxybenzhydrol with aniwale is mueh mer& rapid th
the overall resctlon of benzaldehyde with anisole., There is
no reason to belleve thet ﬁhe$@‘relat1v& retes would be
reversed by the use of any other aromntle compound, It is
apparent, therefore, that controry to the findings of von
Braun an intermediaste hydrol muy be formed in the Baseyer
resction,

Further evidence that & hydrol is the intermudiate is
indicated by the fact that benzaldehyde and dimethylaniline
raact in & twenty-fold excess of aguecus hydroghloric seid
te give pudimethylaainobenzhydral‘ég The excess acid present
ties up this hydrol ss the amine s&lt and apparently retards

its further resction,



The first step of the Bueyer condersatlion has heen

sxpressed by Hewzett e he Forsstiosn of an lon by the

sldehyde snd seid amtaly&txﬁa
ﬂ s e L ﬁ -p R o +
Gtep I %HBG G o+ H —\——?[{:aﬁﬁc ::ﬁ:ﬁf—)%iig"tg'.ﬂ]

The ion Yorsed i3 o rexonence hybrid between the oxonlum
end esrboniom Sfong wa shown, Elnce the next swep in the
regetion will involve the esrbonlup ion way fectors which
affect the stebillity of this fon wili »lso heve ar influence
on the rete ¢t ehileh the resction oroceeds, 1, o3 iy indl-
catad fe the dizeussion below, the carbonius ios s involved
iz the rete controlling step. Thus, & substituent on the
pers position of the phenyl groas that con relesse or stiruet
electrons Irow the ring sould be exnected to exert ah {n-
fluence on the stedility of tne ¢erboni o ion, QConsider,
fo: execmple, the carbonium fon osreduceéd in the eape of

gnizscldehyde.

g ) 8itin <> ongn () oBiin |

The electrons from the pethoxyl oxygen cen UnGergo on eleotrdw
werie shift to give still snother resonunce atructure s= shown,
decreczing the econtribution of the curboniun ilon To the repgw
onance hybrid, In other words, groupe Of the slectron re-
lensing type might be expectsd Lo slow up the rote of

resctiion, Conversely, substituents that witndriw electrons
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fron the ring, such 28 the pitro group, should inerecse the
contributicn of the carbonium ion to the resonance hybrid

and lead to » more rapid rate of re:cction., Inductive electron
shiftes of substituents suchn asalkyl groups will similerly
affect the stebility of the e¢srbonium ilon end the resction
rete,

The effsct of substituents in the pars position of
benzaldehyde on the rates of resction discussed in an earlier
section have been found to fit this pleture exsctly. The six
substituents tested carn be arrasnged in the following order
according to their tendency to relesse electronss (CHgz) N-)
CHzO0~ ) CHg= ) H= ) Cl= ) NOp=. This is the same order s: experi-
mantelly found for these groups in gecressing the rate of the
Baeyer resction. The very slow rate of reaction shown by
alrhe branched eliphatlic aldehydes 13z unother exsmple of the
retardation of raste brought sbout by the positive inductive
effect of alkyl grouns.

sfter the casrbenium lon has been formed it may resct
with certain sromatie compounds, such e&s dimethylaniline,
to give an intermediate benzhydrol. The egquation for this

gecond step mey be writtent

H. -+ H +
Step I1  CegC:0:H + @n(wg}g—%cﬁﬁs{:Dx(cﬁg)g + H
0

H
The rate at which this step occur:s will derend on the
effective concentrations of the carbonlum ion znd 2lszo on the

electron density of the curbon satom pare to e dimethylsmino



group, 8ubstitutsd arom:tilc compounds whiech heve o high den-
gity at the nars position due to electrometic or Ilnductive
shifts will, of course, bhe eupected to show the fzstest ratse
of resction, Lxperimentslly 1t has been found, as discussed
garlier, thet tolunene 18 relstively inactive. Compounds in
whieh electromeric shifts sre possible, on the other hznd,
such e&s anisole, phenetole, and dimethylaniline, resct :t &
much faster raote,

The intermedisate benzhydrol formed in Etep II is &« very
resotive type of ezrbinol and under the zeid conditions euw

ployed will give & cadbbonlum loni

H . i
Step III cgﬁﬁg@u(cﬁ&)g ¢ H= caﬁﬁg@y(cag)gg + HO
H

The zetive carboniuom ion then rescte with more of the diwmethyle

aniline %o give the finsl product es in 3tep IV,

H
Step IV Csﬁﬁsﬁ_@ﬂ(ﬂﬁg)g . @x(cﬁs)g —
B +

This four step meshanism 1:s essentizlly the same &g thst
given in an incomplete form by Hammett.4$ This author, however,
does not give any experimentzl evidence but has inferred the
mechanism from his inowledge of other cerbonium lon resctions,

The comparztive rate studles made during the course of
this research have also mesde 1t posslible to suggest which step

in the sbove mechanism iz rate controlling. &s slresdy ex-
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plained, electron releasing substituents on the benzalde-~
hyde should decresse the effective concentrotion of the
czarbonium ion formed in Btep I, and camse Step Il to proceed
st & slower rate. These same electron releasing substituents
are known to greatly incréase the tendency of benzhydrols te
form esrbonium ions (8tep III) resulting in very rapid
alkylations (Etep IV).41 Experiment has shown that electron
relessing substituents in the carbonyl constituent decresse
the rate of the overzll reaction, i,e., ftep I through IV,
and that furthermore, this retardafion is & function of the
electron releasing power of the substituent. On the bhasis
of these considerations it can be steted that Btep II is the
most probhable rate controlling step in the reszction under
the experiments]l conditicns used. Since Step I 18 z simple
acid-base resetlion iavolving no rupture of bonds it appears
to he & repld one, but the posslbility that 1t also is zlow
encurh to affect the oversll rste has not been eliminuted,
The rate da'c obtained in this research hes a&lrfo made
possible the caleunlation of the kinetie order of the warious
reactions, As pointed out earlier in the discussion, first
order rate constants with respect to the aldehyde were obtzined
for the condensation of benzldehyde with dimethylaniline
under one get of resctant concentrations throughout the 204
to 804 portion of resetion, These constanks apparently
do not have any zbhzolute aignitic&ncﬁ for ss was discussed
above the nature of the aromatic compound greatly affects

the rate of resction,
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It was found furthermore, that the first order rate
constants Arifted markedly on earrying out the reactions at
different sldehyde concentrztions., Three runs were carried
out in which 0,0625, 0.125, and 0,250 mole of benzaldehyde
were rescted with 0,888 mole of dinmethylsniline in the
pregence of 0,032 mole of p-toluenesulfonie acid, All three
resctions were run in 500 ml, of toluene solution. Tables
showing the rates at whieh these runs proceeded sre given
in the experimental seetion, From the data in these tables
the moles of sldehyde present st verious times were czlecu~
lated and these values substituted in the first order rute
equation, The 0.125 mole benzaldehyde run, in rhich the
reactant fatio iz the same as that in the etendsrd runs,
gave firsgt order ganst&nta that did not vary from the mesn
more than 3% over the 20% to 80% portion of the reaction,
¥hen the aldehyde concentratlon was doubled to 0,280 mole,
however, the rate constente ealoulated in the same manner
were found to Arift markedly towsrd lover values indiesting
a higher order. On the other hand, the lower ualdehyde con-
centrztion (00,0625 mole) gave constants whieh drifted to a
higher value over the same portion of the resetion,

Az discussed above Step 1l appears to he rate-control-
ling so0 thst it becomes posszihle to ealeulste second
order constants, The ordinary second order equestion mpst be
modified somewhat because the smine is comzumed in both
rate and non-rete controlling steps. The rate of Step II

may be expresseds
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%% = k (cone. esrbonium ion)(eonc. amine)

The concentration of the carbonium ion is proportional to
a-x, the asmount of zldehyde present st cny time t. Yhere

b is the originsl amine concentiratlion, the concentrztion of
the emine will be b-2x at any time i since for every umole of
amine used in Step Il there will be znother mole umed in the
rapld 8tep IV, The differsntial rate equation may then be

writtent
%% = k(a-x){(b-8x)

It should be pointed out that this k incorporates the
equilibrium constant from ftep I. Upon integration the sbove
equation takes the forms

k = 3

% it BX
a»b)lagaéﬁnﬁx)

¥hen the datz from the three runs were substituted into
thie expression and the rate conzt:ntsg caleulated over the
various reaction intervals for the runs with 0,0885 and 0,125
mole of aldehyde the constants were found to drift to higher
values, The constants for the 0,250 mole run, however, were
falrly pood showing some change toward a higher order.

To complete the pleture zubstitution of the rate data
into z third order equation wag alzo carried out, The
egcuation used expresses the time~coneentration relaztlionship
in whieh the rate is proporticnzl to the concentration of the
aldehyde and the scuare of the ¢oncentration of the dimethyl-
aniline, The integrated form of thls equation isg
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ke« __ 1 P [ 2x(2s-b) ¢+ 1n a%b—&x} ]
t{b«2e {b=2x, bla=-x
¥hen the data from the three runs vere substituted into this
eguation the rate congtants were found in all eases to drift
considerzbly towsrd higher values. The rate date celcula~-
tions for the three different orders sre summarized in
Table V.
TABLE V

Effeet of Changes in tldehyde Concentration
on First, “econd, end Third Order Constants

Run éigggggg First Order Second Order Third Ordér
1 0.0825 30% inecrease 50% increase 55% increase
2 0,128 constant 25% increase 40% increzse

within ¥3%
3 0.250 50% decrezse 137 decrease 55% inerezse

Three more runs were made in which the concentrations
of the reactants were varie’, These experiments werc carried
out in 250 ml, of benrene instead of 500 =zl, toluene and
twice as much catalyst (0.064 mole) was used, Calculstion
of the rate constants for the different orders showed the
same sort of drifts zs 4ld the corresponding rung in toluene
just discussed,

These experiments on the condensation of benzaldehydé
with dimethylaniline have ghown thst none of the common
kinetic eguations will express the rate szt which the reactlon
proceeds under varying conditions of aldehyde concentration,

This failure to obtsin en integral order might indicate that
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there is no single rate eontrolling step in the rei.ction. It
must be remembered, however, that all of these order caleu-
lations were made by the substitution of molar concentra-
tions into the different rate ecuations. Aetuslly, of course,
the rate of the various steps zre proporticmel to the
sctivities of the reszctants snd not the molar eoncentrations,
The aetivities sre dependent on the activity coceffielents and
these ecefficlients in turn are dependent on the lonic sztrength
of the solution,

The actual rate ecuation that should he used to express

the rate of this resetion 1f Ztep II controles the rate iss

- L
%% E18(cprbonium ion) 2(smine)

Eguilibrium in 8tep I can be expressed by
K =

srhonlus ion
8(21dehyde) Bg*
On substitution into the above rate egquation we obtaing

%% - klxtfaléehy&9) “(aminﬁ) aﬂ*

and since the zetivity is equasl to the molar concentration

times the activity coeffieient {J) this mey be converted tot
%% = K1KC(a1denyde) ®(amine) Cp* times
Ak%ﬁlﬁehyﬁa) J}&mine) it
Unfortunctely there is no wey in which these activity
coefficients can be evaiuat@d, partieunlerly at the relatively

high ecncentration of reasctante end catalyst employed experi-

mentally., An inspection of this differential rete equation
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doez show, however, that even emell changes in the activity
coaffielent during the course of the experiment could ceunse
considerable drifts in the rate constent,

£1lthough the rate studles have not been very helpful
in the determination of sn integral order for the reaction
they have been instrumental in determining the ef’ect on the
reaction rate of substituent: in beoth the sldenyde and
aromatic components. The resction mechanism wes postulated
on congilderstions srising from these relative reaction rates
end not from the kinetic orderz. The zimilariiy of the
kinetie date obtained for the various para substituted alde-
hydes indieates that these resetions proceeded by the same
mechanisme and thanofore the determinaticn of relative

reactivities has a sound basis,
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EXPRRINPYPALS

ETANDARD PROCFDURE

After preliminary erperiments showed that benzaldehyde
eould be condensed with & varlety of uromatic compounds a
uniform method of earrying out the resations wae adaptad,
Thisz stendard procedure was used unless otherwise stated,

First, the desired amount of p-toluenesulfonie acid
monohydrate was welghed out to 0.02 g, and plaeed in & round
bottom flask fitted with a thermometer well, The aromatic
compound wzs then welghed out to the nearest declgram snd
sufficient solvent added to bring the golutlion tc a standard
volume of 250 ml, or 500 ml, minug the volume of the aldehyde
to be added., The flagk was then heated by means of a
#Glas Col" eleetric heating mentle, A4 "Variae" azdjustable
transforser wzs used to gontrol the tempersture of the mautle
"and eanme a rapid reflux of solvent. After all the water
from the catalyst had been driven off and cocllected 1in the
molsture trap, the reszection vessel was opened momentarily
and a glsgs visl containing the licuid sldehyde wes droppes
in, The so0lid zldehydes were simply brushed in from = plece
of glazed paper, In all @xpmrimgntsrth@ sldehyde was weighed
out to the nesrest centigram, After the addition of the
al&ehyﬂé to the refluxing benzene solution, the flask was
swirled manually to insure & rapid and thorough mixing of

the resctents, This whole operation from the time the {lask

&, Microanalyses by Mrs, Mury Aldridge and ¥r. Byron Baer,
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was opened was accomplished within 10 to 15 seeonds insuring
an accurate zero-time ifor the resciions,

Before each run the molsture traps were treated with
zulfuri§ aeid-potessium dichromate clesning solution and then
thoroughly washed, Vhen this clesning wars omitted the water
forwed in the reactiocn had a tendenecy to cling tenaclously
to the walle of the woleture trap making sccurets resdings
impossible, V¥hen the trops wers ¢lean it »as found thet
the water elinging to the walls and in the condenser could
be readily shaken looce by agitotion of the liguid in the
trap with & length of copper wire operatasd from the top of
the e¢ondensger, In an effort to obtain & clesner water sepa-
ration one of the traps wes treated with a silicone vater-
proofing compound, 4 trial experiment usinr this trap
was then carried out., The water geparating in the trap
had no tendency to cling to the walls but unfortunstely the
meniscus curvature varied s¢ much that aeeurate resdings
were impossible, Hecause of the feailure of the zilieone
treatment, the trap wes treated with alecheolic potaszium
hydroxide to remove the water proofing layer and conventiocnsl
cleaning methods were adopted,

In prectieally all the runs mede, benzene or toluene
was used as the solvent, Both of these compounds sre useful
golvents for the reaction beeruze they fors minimue bolling
azeotropic mixturesvith water resulting in & rapid end
effielent removal of water from the reaction mixture, The

benzens used was the thiophene-free product of the Jones and
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Leughlin Steel Corporatiovn., It was distilled belore use,
t1seerding the Cirst acd last 183, The {racticn colleeted
3lstilled st 20,0-80.1°P(11t., 80,1%); nf5= 1.4982, (1it.,
ngaw 1,4981), 4 purifies grade of tolusne obtsined from the
J. T, Bsker Chemlesl Compsny was used. I vas also distilled
hefore use, and the eut boiling st 109.9-110.2° (1it, 110,8%)
was collected; m§o= 1,4930 (11t., ni’= 1.4937).

The ncid catalyst used throughout this resesrch was
p=tolusnegulfonic acid, This compound is supplied in a pure
form by the Eastmen Kodak Co. &z & monchydrate}; m.p. 105-
108% (1it,, 106-107%), In order to ascertain the purity of
the seld, two welghed samples rere taken direetly from the
hottle without drying, dissolved in water, and titrated with
stenderd elkali, WMeutrsl eguivelents of 190.5 and 190,1
were obtained. The theoreticel value for p~CHuC H 8UH*id 0
is 190,.2

THE BEACTIGNZ OF PARL SUBBTITUTED
BFNZALDEEYDES WITE DIMETHYLANILINE

Ueing the stonderd procedure deseribed in the previous
section, 0,125 mole of variocus pera substituted aldehydes
war rescted mith 0,625 mols dimethylaniline in the presence
of 0,084 mole catalyst in 250 ml, of benzene soluticn, The
dimethyleniline used was Eastmen’s pure grade, It was dig~
tilled before use, b.p., 85.0-85.1°/13 mms® nf %= 1.3898,

b, 211 melting points and holling polnts given in this thesi:s
except those messured in vaeuo are coreected,

e, A1)l distillistione in wvecuo carried out ig thiz resesrch
were conducted in & nitrogen atmosphere,.
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(11t., ngaﬂ 1.5702), Aifter the rezctions resched completion
they were zll worked up in & similar menner, First, the benzene
solutions were extracted with 100 ml, of 5% potassiur hydroxe
ide solution to remove the cutalyst ss the potassium s=lt,
The benzene layer was then washed with 100 ml. portions of
water until the washings showed no slkelinlity, Three washings
were generally required, The benzene -us then distilled off
and finally the excess dimethyleniline ws. removed under re-
duced pressure. The resction products were then either
erystallized from the residue or distilled under reduced
pressure.,
Condensation of Benszaldehydes Paragon's chlorine free benz-
aldehyde was washed with 5% sodium carbonste solution, dried
over @galclum chloride, and distilled just before use, Later,
however, a titrstion of the acid in the benzeldehyde showed
thet the cazrbonate washing was unnecessary. Thereafter,
the aldehyde was distilled directly, b.p. 178,0-179,0°
(11t., 179°); % = 1.5488, (1tt., aag = 1,5480). Within
three minutes after the distillation of the benzsldehyde it
was welghed out and sdded to the resetion mizxture. The
rate dats for the reaction ere given in Tuble VI. £ check run
shoved substentielly the same rate of reaction, The tempera=
ture of the resc:ion mixture dropped from 92.9% to 90.9°
over the first 80% of the resctio:, The preduct was worked
up in the standard fachion. The dark eolored reaction
residue remaining after removal of the bengzene and excess amine

was dissdlved in 400 ml, of hot ethanol and permitted to cool
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TABLE VI

TISE_  VOLUME TIME  VOLUME
(miﬁ.) (ml.ﬂ;ﬁ) (Miﬁﬁj (ml.h.O)

128 8.3 28 bt

190 Q.44 770 1,33
£60 0,88 850 1,40
310 0,67 1025 1.57
386 g.82 1210 1.68
430 0.88 1390 1,81
485 B8.94 1670 1.9
560 1.08 3070 .23

slowly, After stending overnight, & copious yleld of white
erystalline materizl had formed, Thess crystals were filtered,
washed and dried., There was obtalned 27,0 g. of product,
m.p, 98.5-94,12(1it., m.p. for leucomalzchite green is 93%?),
From the mother liguor there was obtained 5.8 g. of a crys-
talline materisl which melted &t 97-101,8%., This substance
proved to be an allotropie form of leucomzlachite green,
(1it., m.p. 108%), When this higher melting form was recryse
taellized raplidly from hot alcohol, it was converted to the
lower melting form, The total yield was 32,6 g. or 795 of
theory., In subseguent rung it wes found that the leucomale
schite green could be more efficiently isolsted by distillation
from the resction residues, b,.p, £38-250°/1,5~2,0 mm. On
recrystallizstion of the 97% yleld of distillate frox 200 ml,
ethanol, there wes obtuined an 85% yield of pure product, m.p.
99,5-101%, The mother liquors were not worked up.

In order to gain some idee of the temper:ture coefficient
of resction, the benzeldenyde~-dimethylaniline recction wes

repeated zt the sszme concentration using toluene instesd of
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benzene as & solvent., The resctlon was corried out using
the standerd experimental procedure. The rute wt which the
water collected im given in Table VII,

TaBLE VII

RATE RATE
TIME ~ VOLUKE  CONSTLKT TIME ~ VOLUME CONSTANT
(min,) (ml.H,0) (1st ORDER) (min,) (=1.H,0) (1st OHDER

x 107E) x 1075)

10 0.07 193 1.37 487
£0 0,16 283 1.57 473
30 0,29 283 1,67 478
40 0,59 513 1.77 492
50 0,47 470 343 1.84 496
80 0,85 468 385 1.98
78 0,70 476 448 2,02
93 0,82 488 543 2.1

108 0.92 486 873 2,20

128 1.08 478 1083 £.21

148 1.14 480 1413 2421

168 1.28 483

The tempersture decrezsed from 124.0° to 122,49 over the

first 80% of reuction. This product wes worked up in & manner
identicsl to that described for leuco malachite green in the
section of the resctions of psra substituted benzaldehyde.

The yield of pure er stelline product was 85%, m.p. 99,6~
101,1°, 4 repeat experiment showed approximstely this sume
rate of reaction, glving &n sverage rete constant of 5056 x
10”5 reciprocal minutes, After this duplicate run hud reasched
completion, BO ml., of a 1,471 N sodium hydroxide solution
(0.0735 mole) wss added to the resction mixture and the solution
ghaken in a separatory funnel for severazl minutes. The
agueous layer was withdrawn and the benzene solution extracted

once with 40 ml, water, ‘The excess zlkali in the combined
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weter layers wgs then titrsted using phenolphthaleln sz an
indiestor with 1 N hydrochloric seid solution, 10,1 ml. being
required to reach the end point, This titration accounted for
0.,0735 minus 0,0101 or 0.0834 mole, 8ince 00,0640 mole of
catalyst had been zdded originally, the titration showed

thet 9984 of this seld was still present at the end of the
reaction,

In order to determine the effect of ¢atulyst concentra=
tion on the resetion rste, the sbove experiment was repested
using one-helf s& much cetalyst, The re:ction was carrled out
ir the stenderd fashlion by adding 0,185 mole of benzaldehyde
to 0,625 mole of dimethylenlline in the presence of 0,032 mole
catalyst in £80 ml. of benzene, The rate tste sre given in

Table VIII. The first order rate constants are slseo included,

T4BLE VIII
| R&T & RATE
TIME VOLUME CONSTANT TIME VOLUME CONETANT
(min,) (ml. He0) (1st aangﬁ (min,) (ml.Hs0) (lst ORDER
' x 107°) x 1075)
20 0.09 350 1.59 361
50 0.30 288 595 1.67 347
75 0.45 297 440 1.78 334
115 0,66 302 815 1.87 545
148 0.82 518 590 1.98
170 0.98 336 785 2.8
200 1.11 340 1325 2,27
245 1,86 331 1460 2.87
290 1.40 344

Condensation of p~Chlorobenzaldehydet The purified product of
the Paragon Testing Leboratories was used directly in this
resction, m.p. 46,5~47,5%,(Lit., ®w.p, 47.5%), The standsrd
emount of aldehyde waz welghed out and sdded to the refluxing

resction mixture., An exsmination of Table 1X shows thut 8
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more rapid rate was obtained then in themse of benzazldehyde

itselfl,
TABLE IX

TIME VOLUME TIME VOLUME
(min,) (ml.H,a0) (min.)} (ml.H,O0)
80 0.15 800 1.35¢
100 0,30 820 1.60
145 0,44 1090 1.83
190 0,68 1378 2,03
2386 Q.70 1815 2,13
£90 0,.82 2030 2.21
480 1.06 2290 2.28
430 1.10 2780 2.E7

& check run showed thet this experiment was closely reppro-
dueible. Over the first 804 of resction, the temper:ture of
.refluxing mixture decressed from 23,19 to 91.0°, on eompletion
of reasction, the mixture was worked up in the standard

feshion end the leuco bgse distiiled in vacuo, The product
distilled at £235-245°/0.5 mm giving 40.9 g. of & light yellow
distillate., This o1} was crystallized by dissolving it in

400 ml. of hot ethanol followed by slow cooling. There wes
obtuined (7,8 g, of white erystelline p-chloromsalechite

green m.p. 105-108% (1it., 9$~99°).4& The yleld was 8358

of theory., It was found thst when the lewnecc base was crys-
tellized direetly from the resicdues, omitting the distiliation
step, the m.p. of the product was 97-239,

uydet Eastman Kodek’s

Condensstion of p-bimethylsmincbenzalde

pure grade of p-dimethylaminobenzaldehyde was found to have
a melting point of 7£,0-74,0° (lit., m.p. 74°), TIhis pro=
duet, however, wss yellowlsh in color and wuas rsther amorphous

in eppesrance, Ta further purify this sldehyde, 100 g.
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wes dlgsolved in 700 ml, of 5% hydrochloric acid giving &
dark colored solution. This solution wes filtered, diluted
with an equel volume of water and = 1b% solution ol sodlum
hydroxide was edded :slowly with vigorous mechanicul stirring,
The precipltated aldehyde wes flltered, wached thoroughly
and driesc, The dried wateriul we: distilled [row & %50 ml,
Claizen type flask, b.p. 151-152%/5 mm. The distiilute was
dissolved in 100 ml, ethurol end then 400 ml. of water addé&
slowly with stirring. The product came down &5 whlte granue
lar erystals with a melting point of 73,5-74,5%, Fifty-five
grems was obtained,

The stenderd amount of this aldehyde was weighed out and
sdded to the refluting mixture of estalyst, dimethylaniliine
and bengene in the standerd fashion. This sldehyde snowed
the slowest resction time of all the psre substituted benze

aldehydes studied, The rate dete is given in Tuble X.

TiBLE X

TIHE VOLUKE TINE VOLUME

(ﬁiﬂ‘) (Hloﬁ‘G) (miﬂ.) (ml»ﬁgO)
80 0.10 8,680  1.4%
190 0.17 10,020  1.58
720 0.28 11,480 1,72
1,470 0,42 12,780  1.82
£,250 0.57 14,040 1.93
2,910 0.69 15,480  £.01
3,800 0.80 16,980  2.11
4,290 0.69 18,780  f.f1
51790 1.10 £0,220  ©.28
7140 1,27 £1,900 2,83

A repeat experiment duplica'ed the one subove very sgetisfacw

torily. The tempersture of the reaction mixture decre:sed



from 93,6? to 91.8% over the rirst 8045 of resction. Ou com=
pletion of the reactlion, the mixture was worked up in the use
ual manner, No attempt weas uade to distill this product,
howeve:, Instesd, Y00 ml., >f hot toluene was cdded to the
residue after the excess dimethylanilinme had been distiiled
off under redueced pressure, Ta this taluene salution was
added 250 ml, of hot absolute zleconhol. £s the solution
cooled 2 coplous yleld of erystals was obtained, &sftar
standing in the refrigerator for 24 hourz, the golution was
filterad ziving %8.1 z. (77% of thaory) of white erystuls
with a purplish tint, Melting polnt of product 165-1719,
(1it., m.p. for leucocrystal violet 172-173°}.% Thnis leuco
base oxldlized raplidly In alr taking on a purplish color,
Condensation of Anissldehyde: A purified grsde of product of
the Paragon Testing Luboratories wes distilled in wacuo just
before use, b.p, 91.0-91.4/17 mu; nE0= 1,6721 (1it., nilw
1.5731).

The reaction with this rldehyde was fomd to proceed
considersbly slower than the sinller regetlon with bensze
eldehyde, The rate of reuction observed for this experiment
is shown i» Teble XI. The rate dat. for & dupliczte run were
substantizlly the same, The teaperature of the resction
mixture decressed frow 92,92 to 9£,09, The solution efter
reaction completion was worked up in the standard feshion
snd distilled in vacuo from the residue., There wes obtalned
42.5 g. of distillate, b.p, 246-265°/0,5 mm, The light yellow
distillete was crystallized froz 200 ml, of hol ethenol and
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Téauhi XX

TIME VOLUKRE TIkE VOLUME
(ﬁin‘v) (MQH‘Q} (miﬁ.) (ml«ﬂ,@)
80 0,08 1818 1.9
95 0,11 E1E6 1,432
188 0.20 £28B 1,48
280 0.28 £708 1.82
386 0,38 30785 1.74
550 0.8 k3.151.] 1.88
78 0.69 4245 2.00
1185 0.95 8065 2,13
1408 1,09 5868 2.12
1595 1.£0 7108 .21

gave 88,2 g., 86% yleld, af'white erystelline leuvco~p~methoxy=
malachite green, m,p. 1@4.6~l06.1°, {1it., m.p. 105°}.19
Condersation of §°T¢1Hﬁﬁde§1dtf This aldehydc wasz prepsred by

R, Erickson, & student st this University. He synthezsized
it by & Gattermen-Koch gynthesis from toluene, eurbon monoxide,
and hydrogen chloride in the presence of cuprous chloride
and alumimm chloride.%® Before this product wWes used, 1t
was necessary to purify it vis the bisulfite additlon product,
which was then thoroughly wazhed znd decomposed with a suse
pension of sodium carponzte. The eldehyde wis extraoted with
ether, dried and distilled just before use, b.p. 94.3-95,09/
80 mm, nﬁeﬂ 1.5448 (lit,, mggﬂ 1,6454), The p~toluszldehyde
condensed with dimethylaniline under the stendsrd conditions
at & rate shown in Tuble XII, The temperature decreased
uniformly from 93,19 to 91,1°% over the first 80% of the
resction.

The produet was worked up in the usual fashion end re-

erystellized from 450 ml, of ethancl, There was obteined
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The temperzture decressed uniformly from 92,6% to 91,1°,

The product was worked uwp in the usual geaner, The
erude reaction ixture was takern upr in 100 wl., of tnluene
and 123 ml. of hot ethanol sdded. On eocling & coplous yield
of brillisnt golden~yellow crystsls formed., The produgt
wasfiltered and dried ziving & £89% vield (41.% 2.), ®.p.
182-183%, (11t., m.p. 176-1779),7

THE REACTIOKS OF OTHEE ALDEHYDES
WITu DIgATHYLANILINE

In addition to the psrs substituted benzaldehydsz -
nuaber of other zldehydes were reccted with disethylaniline
under the same stendard rezetion eonditions,

Condensation of n-Heptsidehydetr 4 practlesl grede of hept-

aldehyde suppiied by Parsgon Testing Laborztories was frac~-
tioneted through a 40 enm. column packed with zlsss helices

at & reflux ratio of § to 1, The cut éistilling from 152,0%
153° was collected (1it., b.p. 152,8%); nf¥~ 1,4125, (11t.,
nZ0- 1,4131). The stands & smount of sldehyle (0,125 mole)
was sdded to g reflu&ing solutisn of dimethylaniline and
cat&lyﬁt in benzene, *hﬁ resction ¢ tazted t &Laut the same
rate as the sisilar banxaldehyée ruri but ﬁﬁcre&teé appre-
¢lably as the resetion progressed, The rate gt which the
water calie«te& is ﬁhawn:iﬂ Table XIV. Values for the first
and second order rate constants are alse given, The reaction
mixture was worked up in the usuzl menper snd distiiled in

vecuo., An 80% yleld of light yellow distillate was obtained,
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TABLE XIV
TINE VOLUME RATE CONSTANTS
(min.) (m1,Hg0) 1st ORDER  2nd ORDER
10 0.1%
15 0.19
30 0.26
90 0.5 194 321
160 0.48 144 241
285 0.59 118 194
575 0.72 108 177
440 0.77 95 164
570 0,88 87 183
780 1.0} 77 138
930 1.12 74 133
1245 1.27 87 123
1600 1.38 58 10
1810 1,45 57 108
2238 1.55 52 102
£820 1.66 47 73
3300 1.72 44 87
4280 1.77
5700 1.83
7140 1.87
8580 1.88

b.p. 206~218%/0,5 mm, On trituration with 40 ml, of ethanol
erystallization started, The white erystalline 1,l<bis~
(p=dimethylaminophenyl)heptane obtained cmounted to 89%

of theory, m.p. 58,5-59,0°, (1it., 59.5°),46

The Condensstion of Alph:-Brenched Aliphatic Aldehydest
4 prectical grzde of E-ethylbutyrazldehyde (Eastman Kodak

Co.) was distilled slowly through a column packed %ith

8 inches of glass helices. The cut boillng at 11648-116,4°
was collected (1it., b.p, 116-117°); NE'= 1.4010, (lit.,
ﬁgo' 1.4085), The standard amount of sldehyde was welghed
out and the resction with dimethylaniline carried out in the
usual menner. The rate of collection of water was much

slower than that in the corresponding n-heptaldehyde exreris-
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ment, The rate zt which the resction proceeded is shown

in Table XV. The first order rate constsnts are zlso included,

TABLE XV

TILE VOLUME RATE caﬁgrﬁuwﬁnﬁ
(min.) (m1.H,0) 1st ORDER x 10

15 0.06
75 0.15
205 020
440 0.24
1800 0.39 118
2E3H 0,45 86.8
2820 0.50 90.6
4280 0.83 76,9
5700 0.74 70,3
7140 0.85 66.8
8580 0.93 62,4
10,460 1.06 59,8
11,940 1.12 5746
13,140 1.18 86,4
15,780 1.29 54,0
17,4458 1.34 £1.8

The resction was shut down after resching 60% completion bee
eause of excessive time reguirements., The resulting reszction
mizture was worked up in the stendard fushion and the crude
product distilled, There wus obtéined a 6 g. forerun,

be.p. 95-103°/0,6 um., This substance could not be any of the
sterting materiszls or the expected Bseyer condensstion pro-
duct, In all probebility it is an sldol condensatlion produet
of the E-ethylbutyraldehyde. It wss not further identified.
The main fraction smounted to 20.3 g., bp. 175-805%/0.5 mm
end distilled as & pale yellow liguid, It erystallized
readily fros ethanol gliving 20,0 g, of white crystalline
solid, m,p. 60-85°%, Recrystellizstion from 70 ml, of ethanol
geve 13,0 g. of product whic: melted st 88-97°, Five grams
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of the meterisl was recrystellized three times to a con:tant
melting point ylelding 3.7 :. of pure product, m.p. 105.1«

104,6%, 4 litersture sesrch revecled thst this product 1,le
bls(p-dimethylsminophenyl)=i-athylbutyraldehyde was & new
compound,

snal, Caled, for CopHyoNet C, BL.43; H, 9,9%; K, 8,84,
Founds C, 81.70; H, 10,213 N, 9,07,

The condensation with Z-sthylbutyraldehyde was repeated
using 0.128 mole of catulyst, double that used in the experie
ment above, lu sn attempt Lo speed uwp the rate of resction.

This incressed estalyst concentration, however, resulted in

only & slight incresse in the ri:te of reaction, ths halfl
time being reduced from & to 6 days. After two weeks the
reaction reached 90% eqmﬁlﬁtimﬁ and was a£11£ proceeding
very slowly, At this point, however, the reaction wes shut
down and produet worked up as before giving £9.8 g. of dis~
tillete, b.p., 180-21£°/0,8 mm, This crude product smovnted
to 78% of theory and was not further purified,

Since the rete of condensaticn of Ze-ethylbutyraldehyde
in benzene solution was so slow, & higher boiling zolvent,
toluene, was substituted. It wag also necessary to usge an
alphs-brenched aliphatic aldehyde with a higher bolling
point because the aldehyde used in the above experiment would
distill from the resction wvessel in which toluene was the
golvent, For this purpose, S-ethylhexaldehyde was selected,

bop. 162,5-163%; nf+8= 1 4154, (1it., b.p, 1839, n§°~ 1,4160),
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The experiment was cérried out usimg O,1E5 mole of
eldehyde, 0,825 mole dimethylaniiine, und 0,064 mole catalyst
in 280 wl. of toluene soiution. As expected, the resction
proceeded much more reasdily resching the half-way point in 24
bhours, The resction resched 94% completion in 4 feys. Un~
fortunately, it wes found on working up the produet in the
ususl menne and distililng the product, that no sharply di-
fined fraction could be obtained. The distillsztiorn tempera-
ture rose steadily from 97 to 200%/0.6 mm, Crystelllsation
¢ould not be induced by trituration with ethsncl, Apparently
the higher tempersture has increaszed the rete of the zldol-con-
densation side resction wore than 1t has the desired Baeyer
condensation.

Comdensatlion of Chlorals The use of chloral in carrying out
the Baeyer rezction by the azeotrepic method d4id not sesr to
be very promising in view of the low bolling pnoint of chloral,
its solubility in water, and the instebility of many of the
condensati~n products in presence of higher teaperstures and
seid concentrations. An experiment was mede, however, in which
¢hlorsl was reacted with dimethylaniline under the standard
conditions uged Iin studying ths p-substituted benzeldehydes,
The cnlorzl, b.p. 96.7-97.2°(1it., b.p. 98%); ni2« 1,451,
(11t., nf% 1,4557), wes added to the refluxing reactlon mix-
ture and within s hour water had begun to collect in the
molsture trap, The resction proceeded smoothly for seversl
hours acgquiring & deep blue color, &Soon after rezching the

B0% completior mark, however, extensive decomposition begun
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to ceceur and & purplish-bleck ter deposited ir the rezction
vessel, Aftor ten hours of resction, s lurge swmount of this
viscous black tur hud formed. No attempt was made to isolite

any product.

The fondens:ztion of Cinnemzldehydet The cinn:maldehyde we.
digtiiled Jjust bafore use, b,p. 135;0~15555?/3?.mm..gagﬁﬂ 1,6193,

(11, ﬁﬁ”* 1.8195), The reactlion, cerried out in the ususl
menner, apparentily procoeded in & novmel feshion with libera=
tion of 946 of the theoretical amount of water sfter 8 days,
The reaciion wes halfl complete in about 2Q hours but there~
gfter the rete fell off muech more resdily than for the similar
experiment using benzaldehyde, The renction mixture wes worked
up in the usucl manner, No erystelline produet could be obe-
tained from the residue. On heating the residue to 310%/0,5«
1,0 mm & smell amount of blacik viscous distillate was ob-
telned that could not be e¢rystzlliszed. The bulk of material,
however, wxs not volatlile even at this high temperature,

Lpparently polymerlzation had ocecurred,

THE REAGTIORS OF VARIOUS AROMATIC
CONMPOUNDE WITE DEHZALDEHYDE
Because of the wide varistion In sctivity of variocus
srometic compounds in the Beeyer resctior, it was not poszible
to select one standard set of reactent snd estilyst councen-
trations for #11 the reactlons carried out, The same standsrd

experimental procedure was used, however,

Condensetion of Apiline with Benzzldehydes Mallinckrodt's
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pure grade of aniline was ulstliiled ln vacuo just before use,
b.p. 90,0-90,8%/29 mm, nfF= 1.5840, (1it., ufl= 1,5863).

The resction was carried out by a2dding 0,125 moie of benzale
dehyde to 0.6£b mole of rniline end 0,008 mole of cutelyst in
250 ml, of refluxing benrene soiution. A repid evolutliocn of
water occurred indiceting anil form:tion. The rescitlion wes

0% complete in less thin © minutes, The reaction proceeded

to 60% completion and stopped after & period of 8 hours., The
product wes woriked up in the standsrd fashiomn. On distill:tien
of the crude reaction ;reﬁuét tnere was dﬁtaiued 10.2 g. of
yellow distilistc b.p. 1£4-125%/1,8 mm. This distillats
erystallized on cooling and on recrystallizstion from 20 ml,
ethanol gave 8,0 g. (a 45% yleld) of white erystalline benz-
glzniline, m.p. 52,0-52,8%, {1it., 51.0-52,0°), There weas

ne higher boiling frsetion and practicelly no distilletion
rgeidue,

Londensewion of B-Methyisniline snd Benzeldehydes 4 pure

grade of methylaniline (Eactmen Kodak Co.) wes distilled

before use, b.p, 196.5-197,0° (1it., b.p. 195.7°); nfleR 1 s5sge,

(1it., ngl‘at 1.,8702), The reaction was carried out by adding
0,125 mole of benzaldehyde to 0,888 wole methylenilire and
0.008 mole catulyst in IZ50 ml. benzene solution, The resaotion
procecded resdi.y eve: wlth this spall amount of eatelyst,

The rate wl vhieh water collected Ls shown in Teble XVI, The
first order rate constants baused on the zldenyde are glco
given, The temperature of the rezction mixture decressed

uniforuly from 90.6° to 838,8° over the first 80% of reaction.



*i2'6 'N fgcts ‘H foveee ‘D %p%8y13n uo3 cpoven ctwuy
‘a18
-£T0Us 03 POlITWANS Pue W §*0/,627-932 ‘€°q ‘POTITISTIPAI wem
sunyisstiusydiIioutEn syl Jo aTdmes ¥ ucli1FOImOdsp ULTIA 8%l
ges ‘aasescy ‘orTmA 8aNIBISSTT OUJ * BET~0ET 1T DB3TEW UOTUM
PAUTRICO BJan £TBIELID ROTTOX °*TOoUT1 70J] DORTITRIefIdag
snpIged oyl PUZ pojeiodnas Jouqe suy ‘JIoUle UlTA POIORBIGXS
g9 pUnOoduod 030I3TU U2BIFLSTROTTISE 2] A3 TUTTWEE® 0% AY
~ROTH PADDR S UOTINTOS BpIXeIpdy MNIPos 8nYTg ‘UG AOT uw
Ul J89Re JO $UMOWS TTwHE ¥ YjTA PaxIw pum ‘paussa ‘peIesTll
R POWJIC] U TTTIRGEM PITOS SUI  *SINIXTH HuTzema) ¥ uy
9 1I3TU BMIPOS Yl SUTHE Ul JO UOTINTOS PIOR DIJIOTYOSOIDAY =

JC quamaeedy £q paJRdald $TUM BATLIVATJISP OSOI4TU ¥ *YT0 ROYTSL

aYqBZTTT?354JI0UsT SNODYTA AJPA T 8w .@:xawmﬁwmmmmmﬁmumwgmaﬁ
-fhujem)s1q-d¢d ‘punodmed syul S8QTYOTEP AMINIBATY SYY *TIO
w0784 2y3TT Jo (4LI08u% JO 404)° % gtez 03 pejunowe a3 I3
-S1P oul ‘WW g*0/,3%2-923 *d*q ‘onowa uy pPayTTISIP 3onpod

8pNa0 SU3 PUT UOTUSRJ PJIUPULRYS ByY3 dn PINIOL FRA SJINIXTW oy

43'3 028T 14 62°1 341
gz*3 EL 02¢ 92°1 $31
03°3 gag 088 31'1 021
L0°3 o0% 826 96°0 80T
203 0%8 0Ly 29°0 04
819 161 g09 90% 23'0 8g
869 64°1 693 %0 ag
298 go°T ges 62°0 0z
895 28°1 608 80°0 ot
(g.0T X (g-0T X
a0 381y  (o*r°1w) (“uim) EHN0 3ST)  (o*m°Tm) (‘uim)
INYIANCD THNTOA IWIL INYIEHOD FAATOA AWIL
ERA L RLTH
TAY TGV

ee



69

Found: C, 83.74; H, 7.45; N, 9,51,

The Condensatior of Anisole with Benzaldehydst 4 pure grade

of anisole obtained from Peregon Testing Laborstoriszs wmo
distilled throuelh ¢n £ inch column packed with gless helices,
The eut diztilling at 1%“-154“ woi collected, aﬁﬁn 1.5180
(1it,, b,p. 153-1549; nm = 1,5179), The condensztion was
cerried out by sdding C.1808 mole of benzaldehyde to 0,838 wmole
enisole znd 0,084 mole p-toluenesulfonic scid in & total
volume of &00 ml. of relluxing benzene. The rate gt which
the water collected is shown in Table XVII. The first orvder
constants on the zldehyde cre zlso glven,

TABLE XVII

: ) RATE | KATE
TIME  VOLUME  CONSTANT TIME VOLUNE CONETANT
(min.,) (ml,Hs0) (1st Qhuu& (min.) (ml.H,0) (1st ORDER
x 10+9) ‘ x 10-%)
£0 0.08 330 1.04 189
40 0.18 375 1.18 192
80 0.19 148 438 1.29 197
100 0.35 159 518 1,48 208
125 0,44 178 520 1.80 210
185 0.58 175 880 1.7% 221
195 0.67 180 720 1.80 283
240 0.81 186 1380 2.18
285 0.94 190 1875 2,85
1950 FLED

£ repeat experiment gave substéntizlly the same reacti n rate.
The tempe sture of the reaction wmixture decreased from 83,89
to 85,8% over the first 80% of the resetion, The aeid erta-
lyst wes then removed by extrazction with potassiuw hydroxide
gclution in the standard menner. The crude product wes dis-
tilled in vacuo, b,p. 181-205°/0.8 mm., giving £6.5 g. (70%4)
ef thecry) of = light pink distilizts, There was left 8,0 g.

&
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of a non-distilieble residue, Tue distillete wee crystallized
from &5 wi.of & methunolechloroform (li1l) mixture, The white
erystelline material amounted to 23 ;. (604) of p,p'-dimethoxy~
triphenylmethene, m.p. Q@olﬂﬂ,ﬁ“, (1it,., 139*161“),17 ¥From
the mother liguor there was obtalned 8 g, of white crystals
which melted at 74-88°, kecrystslilzation of this mete:risl
gave 1.5 g, of crystul, m.p, 85-96°, From the mother liquor
of this latter crystallirzation there was obtained 1,1 z. of
materdial which melted &t 78~83%, This impurity is no doubt
the isomeric p,o’-dimetnoxytriphenylmethane, (1it., m.p. 949),30
The repest experiment gave 28 g. (74% yleld) of dlstillsté,

The anisole~benzaldehyde condensation was zlso curried
out usiry equivalent smounts of resctants, i.e,, 0.1725 mole
of veazeldehyde znd 0,2:0 mole of anisole, with 0.03% mole
of cstalyst ia 280 wml, of benzene solution., This resction
resched 5&% of eémpl&tign in &G_hayrﬁ and was complete in 3
deys, Only « 3504 yield of yu%é ?ré&u@% was obtsiaed upon
distlillation of the crude product. About one-half of the cndde
product was non-volstile refusing to distill =t temperstures
up to £50% st 0.5 wmm., oince tue yisla of product was lowered
by decreasing the concentrsa-ion of solsole in the resciion
mizture, neother run was mede urling & lerge excess of snisole
to asscertuin the effect on the yleld, This experiment wss
periormed omitting the benzene snd using excess acisole es the
solvent. The sldehyde (0.125 mole) was added to 2,50 woles of
enisole (838 g,) containiny 0.0%2 wmole of cstalyst. This gave

& totcl volume of L850 wl. exclusive of catalyst, The rete st
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wnleh the reasction proceedad 1: piven 1n Teble XVIIIL, The
first order rete eonstenia cre slro glven.

TABLE XVIII

RLTE RATE

TIKE VO UME CONGTART TIME  VOLUME  CONBTANT

(min.) (21.B.0) (1st OrOER (min,) (m1.H,0) {(Lst ORDER

x 16-5) x 107°)
& o 1 211 7 1.19 443
; g:42 §28 1% 1039 480
50 0,37 360 £10 1.40 B4
80 0.46 451 230 1.50 478
70 0,64 394 280 1.89 501
80 0.61 137 280 1.88 491
90 0.68 405 310 1.78 506
100 0,76 417 540 1.87 523
110 0.84 426 400 1.98 53%
130 0,97 435 430 2,03 542
150 1,08 486 520 £418 560

1346 2,20

It was found on distillietion of the produet that the yvield
weo significantly incressed over the reactions in which
smeller amownts of snisvle were used, There wus obitunined a
77% yield of p,p’~dimethoxytriphenylmethane, m.p., 99,8~
101.1°,

Condengatlon of Phenetole with benzaldehydet A purified

graéé of phenetol&j(ﬁ&stman Kodak Co.) was Cistilled before

use, b.p, 169.5-160,6 (lit., b.p, 172°) nf¥e 1.5082 (11t.,

ngﬁw 1.5080), This reczotion weo esrried oubt by the sddition

of 0,1&8H mole of benzaldebyde Lo 0,680 pole of phernctole

and 0,084 npok of cotalyst 1r EOO nl, of bvenrene, The rete

st which the water €ollected is shown in Teble XIX., 4 com=-
parison of tals table with Table AVII shows thet phenetole
reacts more rupldly then does eniscle under the same conditions,

The temperuture decreased from 87.1% to £86,3% over the firet
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TaBLh XIX

RATE RATE
TIME VOLUNE CONSTANT TIME VOLUKE CONSTANT
(min,) (ml.H,0) (1=t 6§m§§ (min.) (ml.H,0) (1lst OKDER
x 107%

x 1075)
10 0,08 238 1.06 270
20 0.18 Bé5 1.18 273
30 Q.18 £98 1.E7 281
50 0.%0 286 338 1,37 279
78 0.42 276 388 1,50 £85
100 0,88 274 440 1.85 300
130 0.68 267 525 1.77 £94
170 0.80 257 590 1.86
£00 Q.92 283 L 315] 1,80
1£30 2,21

80% of reaction, 4 duplicate experiment gave substantislly
the same rate of reaction,

The resction mixture w:s worked up in the usual manner
and the crude product distilled at reduced pressure, There
was obtained 32,0 g, (77% of theory) of a light orange distile
lzte, b.p. 196-204%/0,5 mm, The distillotion residue was
5.9 £« ©The distillate could not be made to cryst&ilixe by
tritutation with methsnol-ehloroform mixture. This same sol-
vent pixture had brought about the rapld crystsllizeti-n of
the corresponding :nisole econdensation product, Treatment
with other solvents such as ethanol, bengene, and ligroin
elso falled to bring sbout crystelliszstion, The expected
product p,p’-diethoxytriphenylmethane has not beenprevicusly
reported in the litersture, About 5 g, of the distillzte
was thoroughly shaken with hot B0% slcoholic potassium hydrox-

ide solution, Apparently none of the oll dissolved, The
agueous layer was then withdrawn and divided intoc two parts,

One of these solutions was neutralized by slow sddition of
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dilute hydrochioric zeid and the other by saturstion with
cirbon dioxide., In neither ecase did any organic meterisl
separste. Apparently none of the ethoxy groups split off under
the acid conditions used to give phenolic type compounds,
Another sample of distillate wes redistilled for snalyses,

b.p. 196,0-196,1°/0.5 am,

Anal, Caled, for CpaipgOgt C, 83,103 H, 7,28, Founds
¢, 83.01, 83,113 H, 7,37, 7,83,

Condensation of n-Butyl Phenyl Ether: & pure grade of the
Bastmarn Kodsk Co.?'s n-butyl phenyl ether was distiiled before
use, b.p. 207,4-208,0° (l1t., b.p. 206°) nE0~ 1,4033 (11t.,
nﬁﬁ# l*ﬁﬂlQ)é?u Because of the wilde varistion of the observed
refractive index from the litersture velue, this ether was
&lso preparéd syntheticzlly. The synthesis wes carried out

by K. 8harpless, & student at this University, by the resetion
of esodlum phenolate with butyl bromide in agueous solution,
This produet had substantially the same physical eenstants

es for the ether given above., Thcy were b.p. 207,4-208,49,
np®= 1,4940,

The condensstion was carried ocut by the addition of 0,129
mole of benzaldehyde 10 0.625 mole of the synthetic n~butyl
phenyl ether and 0,084 mole catalyst in 800 ml., of benzens,
This rate data and first order rate constants are gilven in
Tuble XX, This rste was corroborsied by 2 similer run. &4
compurison of ths table with the eorrespondirg ones for anisole
and phenetol, XVII and XIX shows thsit n-butyl phenyl ether is

the most reactive,
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TABLE XX

HATE HATE
TINE VOLUKE COHSTLNT TiEL VO LUME CONBTANT

{min.) (m1.Ha0) (st ORDE: (min.) (ml.H,0) (1lst ORDEK
x 107%) x 107°)
10 0.05 176 .11 359
20 0.13 200 le24 412
30 0.81 330 £30 1.58 %98
40 0.30 357 260 1.48 413
50 0.38 341 290 1,81 433
60 0.45 372 320 1,74 463
80 0.58 359 350 1.83 488
100 0.89 368 490 2,07
120 0.80 368 598 2,18
150 0.98 382 640 £,22

The tempersture decressed from 87.8% to 86,8° over the Tirst
80% of the resction,

The resctlon mixture was worked up i3 the stendard manner
snd the crude product distilled., There was obtalned 3&,.7 g.
(704 of theory) of light orange distillste, b.p. £34-24869/
1.0 mm, Like the similar product from phenetole it couid not
be made to erystzllize by treztment with varlous solvents,
A iiteréture survey showed thatthis product, dibutoxytrishenyle
methane had not been previously reported., It wes redistiiled
for an analytical sample, D.p. 228-227°/0.%5 ma.

inal, Caled, for GB.;H&%% €, 83,463 H, 8,30, Founds
c, 85,39, 83,18; H, 8,31, 8,28,
Condensation of Phenol with Banzaldehydes 4 chemicaily purs
grade of phenol (Baker's) was distilled in vacuo before use,
bep. 72.0-72,6°/10 wm, After distill.tion it had e melting
point of 41,0-41,1°(1it., m.p. 41°), The resction wes carried
out by the addition of 0,185 mole of benzaldehyde to 0.625 mole
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of phenol and 0,008 mole of eatelyst in 500 ml, bengene. Phenol
wae found to resct much more reciily thzn any other sromablc
compound studied. The rate dats esre given in Table XXI, The

first order rate constant based on bengaldehyde asre zlso

given,
TABLE XXI
RETE ; HATE
TIME VOLU¥E CONETANT TIKE VOLUUE CONSTANT
(min.) (m1.H.0) {1st ORDER {min.) (m1.H,0) {(1lst ORDEK
x 10~B) x 10™9)
15 0.12 118 1.40 84,8
28 0,28 1286 1.52 80,2
35 0,40 136 1.63 96,4
40 0.47 58,8 145 1,71 98,5
45 0,63 58,4 156 1.81 108
88 0.67 64,5 185 1.90
75 0,93 71.3 196 £.10
85 1.06 75,1 £15 2.21
98 1.17 7.2 230 E.25
108 1.30 82.3 230 £,25

The resction mixture wes worked up in the usual manner,
To the residue, after removing excess phenol, wag added 40 ml,
of chloroform., Crystals formed slowly over the course of three
days. There wes obtained 3.5 g. of orange~white crystals,
®m.p. 138-143%°, From the mother liguor an sdditional £.5 g.
were obteined, No more solild pnroduct ecould be crystallized
from the mother licuors. The two solid fractions, were
recrystalliized from 10 al. ehloroform vielding 4.9 g. (14%
of theory) of white crystazls, m.p. 157-159,5° (1it., m.p.
160-1819), 14
zgg‘ggﬁéanﬁgtiem of Toluene with
low reactivity of this hydrocerbon in Bseyer type condensations

t Because of the

Benzalde
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the resctlon was carried out using excess toluene as & solvent,
The benzeldehyde (0,125 mole) was added to 2,57 mole of re-
fluxing boluene containing 0,128 mzole of cutalyst., The total
volume was 250 ml, The rate at which the water collected and

the first order rate constants wre given n Table XXII.

TABLE XXII
. T8 RATE
TIME  VOLUME  CONSTANT TIME ~ VOLUME  CONSTANT
(min.) (@l.H,0) (1sv ORDER  (min.) (ml.B:0) (lst ORDER
x 10-5) x 10
70 0.08 3130 0,98 178
130 0.10 4185 1.80 207
220 0.14 4615 1.44 221
340 0,18 50£0 1.56 233
460 0.21 5560 1,73 263
12885 0,45 174 8040 1.85 286
1540 0,53 173 5490 1.96
1750 0,59 176 7030 2,08
£740 0.84 170 7735 2,20

The tempersture decreased from 115,89 to ;15,%“ over the first
80% of the reasction. The produst wes worked up in the usual
fashion and distilled in vscuo, b.p. 156-157%/0,7 mm,

The yield amounted to 25.2 g, or 74% of the theo-
retiecal amauntfmf ﬁim&ﬁhyltriphanylﬁafﬁane3, Aftsé trying
many different solvents, the product was finally erystellized
from 180 ml, methanol, Ther: was obtsined 13 g; of pep’=
dimethyltriphenylmethzne, m.p. 48-48% (1it., m.p. 529, 54°%),
No more crystals could be obtsined from the mother liguor,

In &1l probability the rest of the product 1s the isomsr,
p,0’ =dimcthyltriphenylmethane.,

Condengation of Other Arometic Compounds. In zddition to the

condensation of the sromstic compounds slresdy discussed,
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geveral other resctions were carried out in which mesityliene,
p=xylene, and hydroguinone dimethyl ether were condensed with
benzaldehyde, HNone of these substances led to the expected
products when condensed by this szeotroplc method,

Mealtylene was reacted by adding 0,125 mole of benze
aldehyde to 1,67 moles of refluxing mesitylene conteaining
0,128 mole catalyst. The total volume was 250 ml. The reac-
tioﬁ was enmplicated by the fact that the c&talyst appareatly
rescted with the méait§léne aveunﬁeféra ghé_aidehyﬁe wes sdded,
turning the solution blaek in color. The reaction proceeded
to completion, however, liberating the theoretical smount of
water in 180 minutes. ”The mixture wgﬁ worked up in the usual
manner and the product distilled in vacuo., Only one fraction
was obtained, bep. 110-1279/0.6 mm., This amounted to about
10 g. of sulfur-free distilliste of unknown composition, The
rest of the product was non-distillable at temperatures up
to 250%/0,86 wm, Apparently none of the expected hexamethyl-
triphenylmethene was formed in the reaction.

The condensation of p~xylene with Eenzaldehyde whe
8ls0 complicated by an apparent resction of the cetalyst with
the p-xylene, The reaction was carried out by addition of
0,125 mole benzaldehyde to the black-colored solution of
0.123 wole of catalyst in 1.91 wnoles of p-xylene, The total
volume exclusive of catalyst wes 50 =ml,

The resctlion proceeded resdily giving 125% of the
theoretic:l smount of water after ¥ days. The scid catalyst

apparently has condensed to give the excess weter., The reuc~



tion mixture wes worked up the gstendard fashion and distillied
in vacuo giving 28,3 g. of viscous white distillicte, Db.p.
180-182%/0.5 nm, This distillate was crystallized frowm 30 ml,
of ligroin (90~-100°) and yielded 15.0 g. of white crystals,
BaPo aﬁ»&@a. A sodium fusion enalysls showed & strongly pos~
itive test for sulfur. HNo further work wus done on this frac-
tion. From the wmother llouor there wss cbilsined an additional
$ g, of crystalline product, whieh contained no sulfur compounds,
Bep. 88-99%, This product melts too high to be the expected
0,0' ,m,m’~tetramethyltriphenylmethane which melts at 92,8°,
The above experiment wes repeated omitting the mldebhyde, but
no appreciable reaction of cataly.t e&nd p-xylene occurred
within the period of 4 days, It seemed likely that a sulfone
could be syntheslzed in this manper, since one somewhet gimie
lar method reported in the litersture consists of blowing
hot sromatic hydrocarbon vapors into molten benzene or toluene
gulfonic scids at temperztures of 140~1&Qa.&3

The disubstituted aromatic cam;sand, hydroguinone
dimethyl ether, was also condensed with bengzsldehyde., The
resction was carried out by adding 0.0085 mole of benzaldehyde
to 0,3125 mole of hydroculnoune dimethylether snd 0,032 ﬁal@
catalyst in a total of 125 ml, of benzene sciution. The
reaction wa: much slower than¢tﬁg»a0?resgandima reaction with
anisole., The half-time of the resction was sbout 24 hours,
Thﬂ‘tnewratical agount of water was @ollﬁaiaé after & period
of 3 days. The resction wixture was worked up the usual man-

ner, The crude residue was taken wp in 70 mi., of methsnol-
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chloroform mixture giving a dirty green solution. The golution
wes evaporsted to 35 ml.,, permitted to c¢ool, and wss plec:d

in the refrigerator. After one day & smell smount of grec¢nish
white s0lié material had formed. This substance melted over

8 wide renge from 120-180°, The exzpected product, 0,0+ ,m,m’~
tetramethoxytriphenylmethane hes e melting poknt of 74°9,

The éubatsnee obtained in thls recction 1s obviously some

other product,

ADDITIONAL EXPERIMENTS USED LN
Iuk STUDY OF Thk KECHANIsH

Ihe Effect of Varving tie Ratio of Reactsntss Three
experiments were performed ir which different amounts of benze
aldehydes were coudensed with 6,623 mole dimethyleniline in
the preszence of 0,03Z nole catalyst in 500 ml, of toluene
aﬁ&mﬁiang The rate date Qér'tnagazthgaaﬁsmgerxm@ﬂﬁ@ &re
sammérizo&'ié Table XKIIiﬁ ”The t@méﬂraturé fof thé three
runs over the first 80% of the resction weres Run 1, 117,7°
to 116.7%; mm”:';, 118.8° to 116.9% Eun 3, 119,3° to 118,39,
The dats from this #ble was used in caleulating first snd
second order rate constants as deseribed in the discussion.,
The various order constants for sll three runs at varlous times
are given in Teble XXIV.

The intermediste, pemethoxybenzhydrol wes prep red
by N, Ehsrpless, a student st this University. He synthesized

it by a Friedel-Crafts reaction of anigsole and benzoyl chlor-
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TABLE XXIII

RUK 1 RUN 8 RUN &
0,08£5 0,126 54 250
mole mole nole

gldehyde aldehyde gldehyde

TIdE VOLUKE VOLUME VOLUME -

(min.) (ml.H,0) (ml,Ha0) (ml.Hqa0)
89 0.07 0,14 0.25
100 0.14 0.28 Q.38
145 0.21 Q.37 G656
1990 0,27 0,48 0,71
228 Q.34 Q.50 0.85
£95 0.41 0,68 1,06
365 0.60 0,79 1.80
430 Q.58 0.89 1.38
520 0.64 1.601 1.57
810 0.7 1.14 1.78
700 Q.88 %24 1.84
940 0,98 1.49 2.16
1120 0.98 1,88 2,38
1330 1.08 1.78 2.56
1B£6 1.08 1.89 EJ75
1786 1.09 £.00 . B.94
£140 1.11 2,10 .18
£770 1,12 2,82 5.47
4360 2,58 5,906
8016 L AeRR

7450 4,834

8770 4.3%8
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ide followed by & sodium am: lgrm reduction of the ketone
formed, The nroduct was obtiined es white erystsls which
melted at 66,5-87,5° (1it., m.p. 68°),

Alkyletion with pemethoxybenghydrols Ihe reaction was carried

out by adding 0,125 wole of p-methoxybenzhydrol tn 0.500 uole
anisole and 0,064 mole of catailyst in a tobtel volume of 500 ml,

benzene. & very rapid evelution of water ensued, 8ee Table

XXV,
TALLE XXV
TIME  VOLUME TIME  VOLUKL TIME  VOLUME
(min,) (m1,H;0) {min,) (ml.M,0) (min,) (wl.H,0)
£ 0.16 7 1.49 16 2,14
3 0.48 8 1.85 £0 £ 20
4 0.90 9 1,74 30 £.25
5 1.14 1l 1.88 45 £,.25
é 1.34 13 2,03 920 £.25

The temperature increwzced from 83 to 38% during the ccurse of
reaction, This table should be comnzred to Teble XVII where
the rate dete for the similer run with benzeldehyde 1ig given,
The mixture was worked up in the ususl manner and distilled
in vacuo, b.p. 170-198°/0.3 ms, On recrystallization from

40 ml. of & methanol~-chloroform mixture there was obtcined

28 g. (88% of theory) of p,p’-dimethoxytriphenylmetiane,

m.p. 99-100° (1it., m.p. 100-101%), From the mother lisuor
there was obtalned almost a gram of 3 lower melting solld
fraction, m.p. 79-89° which is prebebly the isomer, p,e'«di*

methoxyiriphenylmethane,
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conclusive results,

4fter concluding thet cldehydes and alecohols did reszet
rapldly end gusntitetively to form hemlacetals, Adkins was
eble to trest mcetel formation as » second order recction
involving the hemiscetsl and &1c@h01.51 The first rzpld step
wWas eXpressedt

RCHO + R OH == Rggﬁk

The second or rate controlling step was thens

RGHOR ¢ R 03 —-f:*—*- CH(OR ), » B,0

Y

By lettiny g equasl the originsl concentrztion of hemi-~
acetel, b the origlnel concentrstion of aleohol, znd x

the coneentrition of scetsl at any time t, & differentisal
egustion expressing the oversll rote for the rezction was
writtent

4x = k) (a-x) (b-x) - kpx

The equlllibrium constant for the above resction was 1 K = k,,

Ky
Substituting in the above @ifferentlal equetion gives:
dx = Xy(a=x)(b~x) -~ k x*
Y13 1 %&-

The coneentretion of aldehyde at the varlous resction
fatervale was determined by withdra»ing an aliguot portlon,
edding a 10% sclution of sodium sulfite, zad titrating the
elkalinity produced. The concentritlon o: aldehyde at
equilibrium wes &lso determined snd the egullibrium constant,
K, svaluated. In this menner second order rale constents were

determined for & verlety of resctions employing diffesrent

aldehydes snd slecohols,



8%

The "Constants® obtained in this menner, however, were
found to drift rupidly toward lover values as the reaction
progressed. Adkins wes not eble Lo satisfeclorily explein
these driits but geve as one possibiliity the polsoning
effect on the catalyst by the waier formed in the rewction,

By the use ol &n empiricel equation, however, Adkine wez able

to obtain falrly good rale comnstenisc snd thus was able to

meke rough comparisons of re:ctlon retes when primery, secon-
dary, end tertiery alecoholr were vescted with a given ﬁié@hyda,sz
In general, Adkins found thet secondary slcohols rezcted
faster than primery slcohols and that tertliesry alcohels

reacted even faster, Thug the reaction of n-butyl, sec-

butyi, anc tert-butvl slcohols with aceteldenhyde, gave
experimentszl second order rate constgnts of £,88, 4,84 and
11.34 respectively.

If the polsoning effect of vwater was responsible for
Adkins 4inability to obtezin rate constants, the areotropic
method used in Part I of this thesis should eliminete this
difficulty snd verhsps dewonstrate that the resetion 1s
actually second order., Certain cyelic scetuls have been
prepared by errying out the rescticns in refluxing henzene
and removing the water azeotroplcally but wpparently, no
attempt was msde to utilize the metbod in wmeling & compure
isen of resction retes,>®

The objeet of this pert of thly lnvestigetllon wes two-
fold: first, to compsrs the eftect of verious sleohols on

the rete of scetal formation, and second, to determine if
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the rate dutt obtéined would indicste thet the resetion ls
gsecond order,

Preliminary experiments showed that seetele coulé be
prepsred in reletively dilute benzene solution with very
smell amounts of acid cstalyst. Other experiments designed
to show the relative resctivity of various sleohols were then
earried out anéd are deszoribed in the following sectlon of

this thesis,
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DIECUSEION

& discussion of the gencral procedure and apparatus
used in carrylng out condensation resctions azeotropically
wes glven in Part 1 of this thesis. The precamtions that
must be obemerved in making reletive rete studlies witnh reg.rds
to solvents, reactants, snd catalysts were also diseussed,

In one uf the preliminary experiments carried out,
0.13 mole of benzsldehyde was sdded to 0,39 mole of n-butyl
eleohol in the presence of Q.1 g. of p-toluenesulfonic acid
in & total volume of 500 ml. of refluxing bengzene solution.
The initlal rate of reazction was very rapid reaehing the 50%
completion stage within 55 minutes, Thereafter ths reaction
slowed considerably and then cessed at 8l% resction comple-
ted. Appearently the wet Lenzene flowing bsck inte the resc-
tion vesgel from the molsture tray contained encough water to
reverse the reaction and stop it. 4n elght inch column packed
with poreelsain saddéles was then placed between the reactiion
filask and moisture trap to prevent the saturated benzene from
reentering the {lesk, The reaction thneu proceeded to comple=~
tion liberating the theoretical awmomnt of water. ALAfter the
reaction wuas coupleted, 1% ug. ol wetallic sodium was sdded
to neutrulize the scld catalyst. The benzene was distilled
off and the exeess butyl slcohol removed under reduced
pressure, ZThe &eetal was then distilled in vacuw glving e
$0% ydeld of product.

After it was demonstrated that scetals could be satise
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fectorily prepsred by the szeotropic m@thad,‘a stenderd

set of resction conditions wio zelected for e study of the
relative rates of resction of six alfferent «lcohols with
benzaldehyde, The stendsrd smounts of recctants selected
weres0.185 mole of beni&ldehyéa, 0.378 mole of zlcohol,
0.0008 mole of p-toluenesufonic scid catulyst all dissolved
in sufficlent benrene to give 1 liter of solution. This
large volume of benzene was used to insure a constant reaction
ter~erature in the different runs. The use of the excess
benzene slso geve more dilute solutions thus resulting in a
more sultable environment for a determinstion of the kinetie
order of reaction,

In all resctions an eight inch column, packed with por-
celain szeddles was used hetween the rezction flask znd the
moisture trep, Under the standsrd comditions given shove
the folleowing glcohols were rescied with benzaldehydet
n~butyl, n-hexyl, n-heptyl, n-deeyl, iszo-butyl end sec-~
butyl, It wes found thzt =11 of the primary slcohols rescted
at sbout the same rate throuchout the whole courge of reaction.
ine tempersture of 2ll of the refluxihg solutions was 89,1°
# 1.5% &t all steges of resetion., The yields of acetsl
ranged from 88% to 984, Secondary butyl sleohol, on the other
hand zhowed & much slower rate of resc.ion end gave only
a 35% yleld, This obeervation 4z the opuosite of that mude
by Adkins and discussed in the intrcduction, Tertiery butyl
slcocohol would not give &#n secetal under these conditions but

instead dehydreted yielding ilsohutylene. 4 comparison of the
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rates of reaction of sll these ulcohols {except tert-butyl)
is given in Figure &«

By assuming rspid hemlacetal Tormsition it was possible
to trest the resctlen es & second order reaction of hemi-
scetal &nci elcohol., ©&Since the water is removed s tnhe rece—
tion progresses, the reverse resction was lgnored in making
the rate calculations, The equation used in muking these

calculations in an integrated form iss

In this equation a is the original concentration of
aldenhyde, b thé origiaal euncéﬂtratian af hemiagef&l, agnd
X the conecentrstion of acetal at any time t. On substitu-
tion of the rete datas from the reactlen of the primary al-
eohols into the eguation, it waé fémnﬂ that the "constants®
drifted markedly toward lower valued. For a run with hexyl
alcohol, for example, the "conztants™ fell from 0,045 to
0.010 over the 20% to 50% portion of the resetion,

One possible exclanation of the feilure to obtzin better
ceonstants 1s that the reverse reactlon of acetel and »ater
iz exerting an influence on the oversll rate. In making the
caleulations, this reverse reaction was ignored, but if any
water remained in the refluxing benzene mixtury, an error
eould be Introduced. That the reverse reusction is very rapid
was demonstrated by sdding 2 definlte smell cuentity of water
to one of the refluxing resction mixtures after it had reached

99% completion, The water did not dis:ill over immedistely
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Figure 2 - Raete of Abc:til Formation: @ n-butyl, > n-hexyl, O n-heptyl, A n~decyl, 4 iso-butyl,
sec-butyl.
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but app@?gﬁtly rexzcted with the &cetal, The waler waz then
eulleetaéz$1awiy’a%eﬁsg;yﬁyiad_ofjgbmgtféa‘ﬁgﬁrﬁanﬂpiyaféée-
tal was agaio formed. This experiment indiecstss that the
reverse revcvion of acetsl end water cunnot Le ignored in
deteralning re.ction rate coastants by thiﬁ method.

&notiher possible reasocn i1or the fellure to obtuln rate
constants is Laat a hemiascelel may not be formed guantliia-
tively on mixing the aldehyde and slecohol as was postulated
by &dkins, The svidence for thiz sssumption, which was dige
cussed in the Introduction, is oot very conclusive. In ofder
to test the validity of this basic assumptlon an experiment
was carried out in which U,28 mole of benzaldehyde was rea-
ted with 0,285 nole of n~hexyl eleohol. If & hemliacetal is
formed quantitutively as postulated by adkins there should
be no alcohol left L0 react with the hemiacetsl snd no ree-
tion should occur, It is found, however, that wcetal forma=-
tior occurred recdily liberating 90% of the theoretical smount
of wate , The yield of acetul obtalned wes 604 of the theory,
The excess bengealdehyde was recovered ,

This experiment indicates thut s hemiacetxl 1s no¥
Tormed quentititively simply on mixing sn wldehyde and an
slcoholet & temperature of 65%, In view of this fact the
failure to obtuin second order constanls ls not gurprising.
The failure of Adkins to obtuin satlsfectory constant: may
well be sttributed to this seme beslc error. This compli-
cation together with the above demonstretion thet added wuter

was removed only very slowly made it scem inadviasble to pure
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sue further the study of the order of the rezction by this
method.

By means of the azeotropic method an ascetal from benz-
eldehyde and crotyl =lcohol was successfully prepared in an
82% yleld without azny polymerizstion, The rete wes about the
same &8 for the other primery sleohols., 48 attempt wes also
made tc prepire & n-butyl ketsl of scetophenone, Only =
srell smount of ketal wag formed, however, A4 side rezetion
oceurred in which the acetophenone condensed with itselfl to
give sym~triphenyl benzene. The existence of this :lde resc-
tion indiecates that the azeotropic method may prove of value
in earrying out wtill other types of condensation reactions.
A run was made in which acetophenons was condensed with it-
self in the presence of secid catalyst but in the sbsence of

any slcohol. A 68% yield of sym-triphenvl benzene was obtained,

o 2
Y
CeHgC C-Ceip CeHgm ~C gl
0
it
HC cff
Hy
0=C
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EXPERIMENTAL

In all the following scetzl experiments the szme type of
apparetus was used as that deseribed in Part I except that
& column, 8 inches in helght and one~half ineb in dismeter,
and which was packed with porecelsin saddles was inserted
batween the reaction vessel and the molsture trap, When this
column was not used the resction would not proceed more than
80% t& completion.
Ihe Resction of Primary snd Secondary Alcohols wilth Benzalde~-
hyde: In order to study the effect of chain lengtnh of the al-

eohol on the reaction rate, n-butyl, n-hexyl, n-heptyl and
n-decyl alcohol in concentrations of 0,378 meolar were rescted
with 0,125 molar benzaldehyde in the presence of 0,0008 molar
catalyzt in & total volume of 1000 ml, of bLenzene soclution,
See-butyl sleohol was also reacted under these conditions in
order %o compare the rate of secondary slecohols to that of
the primery alecohols, The rate at which the n~-hexyl ncetzl
wag formed is shown in Table XAVI, The szecond order rate
constants, ealeulasted &s.ﬁgscfib@d in the previous section
sre also glven, |

The other fo.r primary aledhols gave var$ $1m11ur rate
t&h&eé. A comparisen of th@‘f&tea has bae£ given in Figure 2,

£fter the resction of n-hexyl aleohol with benzuldehyde
had resched 935 completion, 0,987 g. of water wes welghed
out in & smell viel snd dropped into the refluxing resction

wixture, This water did not lmmedisztely distill into the
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TABLE XAVI
RATE RATE
TIEE VOLUME CONSTANT Tikk VOL Uk CONSTANT
(min,) (21.H,0) (2nd order) (min,) (ml.H,0) (2nd order)
10 0.1 380 1,50 0.015
15 0.31 gh 1.55 0.014
20 0,30 0,040 8006 1,89 0,012
30 0,55 0.045 850 173 0.010
40 0.83 0.035 1320 1,92 0,0084
75 0,88 0,030 2208 2,08 o
135 1.12 0.024 3288 2,13
180 WO 0.021 3685 £.15
240 1.35 0.018 56456 2,20
300 1,453 0,017 AABS 2,88

moisture trep. The only reasonsble explesnation of the disg~
appearznce of the water is tst it Bas readted rapidly with
the acetal to give the hemiszeetzl und alcohol, This sdded
water was then slowly removed by continued refluxing of the
solution for msny hours, At the end of 2& hours 80% of the
added water had been remaved &nd ir znother day 9%5% was
¢ollected., The product was then worked up by the standesrd
procedure given pelow, |

£11l of these acetsls were isolzted from the reaction
mixtures in the same fashion. First the benzene was dis-
tilied off to & residusl volume of £00 ml, at‘atmospherie
pressure, This polution wap then extracted once with 100 ml,
of 5k sodium carbonate solution., The acetsls were then sep=
arsted from the remaining venzene end excess alcohol by dise~
tillation. under reduced sressure,

A literature search revesled thet «ll of these scetals

were new compounds with the exception of the bengdldehyde
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dibutyl scetel, A sumzery of the physieal constants of the
five primary slcohols used, the ylelds obtained snd the
analyses is given in Table XXVII,

The resction with the sec~butyl alecohol wes only 67%
complete after & days, The rate curwe for the first 375
of reazetion 1s glven in Figure 2. The yleld of benzaldehyde
di-see~butyl acetal was only 394, b.p. 72°/0,5 mx. Because
of the poor yleld, the scetsl was not further charscterized
by anelysis,
The Reaction of Tertiary Butyl alcohol with Benzaldehydes
The hénsald@hyae (0.125 mole) was sdded to 0.375 mole of

tert~butyl alcohol and 0.00§ mole of cetalyst in 500 ml,

of benzene solution, In this experiment & dry lce trap wa:
connected to the top of the condenser to collect any volatile
reaction products. Practicaslly no resgtion had occurred after
& period of three hours, To speed up the raie of reaction,
therefore, sufficlent catalyst was added to give a totsel

of 0,00 mole, Within two hours & considerable amount of
weter started to colleet in the molsture trap and some vola-
til@‘materi&l wae found in the dry ige trap. After two days

a total of 6,53 ml. of water had collected. The theoretical
amount of water for seetul formation is only 2,85 mli, whereas
the denydration of the tert-butyl zleohol would give 3,785 uml,
of wster. In the dry ice trap there was found 18,5 g. (80%)
of isobutylene, Or working up the product in the usus Ll manner,
there wag recovered 91 of benzaldehyde. Ho acetel was found,

ol with Benzaldehyde in 1 to 1

The hesetion of n-iexyl Alco
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Holar Ratlos To 500 ml., of refluxing benszens solution cone
taining 0,0008 mole catszlyst and 0.280 mole n-hexyl sleohol
wes edded 0,280 wole of benzaldehbyds., The rete dets for this

resction is given in Table XXVIII.

TABLE XXVIII

TIME VOLUNE TIME VOLUME

(min,) (@1.H,0) (win.) {(ml.H,0)
5 0.23 280 1.53
10 0.38 418 1.68
£0 0,88 6258 1.75
35 G.76 1360 1.92
80 1.11 1840 1.96
100 1.19 2800 2,04
165 1.33 3040 £,05

The oroduct was worked up in the usual manner. Dis-
tillztion of the residues gave 19 g. of forerun which wues
mostly benzeldehyde, h.p. 100-112%/22 mm, Thers wes also
obtained 82% (29.2 g.) the di-n-hexyl benzal sncetzl, b.p.
130-1489/0,5 sm,

The Resction of Crotyl Aleohol with Benzaldehydeir This
resetion wze carried out by adding 0,125 mole benzaldehyde to
0,375 mole of erotyl alecohol and 9.0005 wmole catalyszt in
250 ml. bengene solution., The rate #t whleh the scetal
formed is shown in Table XXIX,

The produet was worked vp in the usual msnner wnd diz-
tilled in vacuo, b.p. 94.0-95,5%/0.7 mm.; this relativsly
low bolling ooint indicated that no polymerization had occurred,
The yield ws= 824, nng 1.4979. A literature searcn revealed

thet this ecetel hued not been previously reported.



THBLE XXIX
TIME VOLUME TI¥E VOLUME
(min,) (m1.8,0) {(min.) (m1.H,0)
5 0.28 145 1.58
10 0,48 175 1,67
20 0,75 £20 1.78
30 0.97 388 1.87
40 1.08 870 2,08
55 1,22 1375 2,23
70 1,54 1528 £.28
85 1.40 1845 2,58
115 1.48 1856 £,28

Aml‘ Gﬁled; f@r al‘aﬁﬁ@ﬁz* 3, ?7‘5%; a, &&wq ?am‘lﬂt
¢, 77.65, 77.%6; H, 8,88, 8,95,
The Resction of Acetophsnone with n-Hexyl Aslcoholt To 0,2 mole

of n-butyl alecohcl was &&dea.q‘l wole of acetophenone and § g,
of p-toluenesulfonle scid m&talyst; in 8 inch column pscked
with giass helices ingerted between the reactlon flask und
moisture tran was heeéaxwry}t& §rivauthé reszetion to wore
then 40% of completion., After & pericd of I days QE%‘of the
theoretical azmount of water wse rermcoved., On working un the
produet only & 35% yield was obtained of msterial distilling
in the range of the expected ketal, 180-170%/1.5 mm. The
pot residue on ¢ooling solidified to & yellow-colored cryste
alline mass., On recrystallization from sbsolute aleoheol,
lustrous needle~like ecrystals were obtuined. This substance
melted &t 171%, contained no sulfur, snd wss insgoluble in
eoncentrated sulfurie aeid. It proved to be sym-triphenyl-
benzens, {(lit., m,p, 171°).

Apparently the zeetophenone hssg condensed with itself,

eyeclizing to give this hydrocerbon., With s view to improving
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the yield of the sym-triphenylbenzene, 0,15 mole acetophencne
was condensed in B0 ml. of bengzene solution in the preszence
of £ g, p-toluenesulfoniec acid, After 2 days 988 of the
theoretical amount of water had Leen removed, This resction
ordinarily would heve tukea & longer time to resch completion
but the spperctus developed & slow-lsalk, some benzene was lost,
and the temperazture rose from 98° to 185%, The seld catalyst
wgs removed by extraction once with sodium carbonute solu-
tion, The benzene was distilled off and the residue recrys=
tallized from 150 ml. of ethanol., There wes obtained a 68%
yield of yellowish-white crystals, m.p., 168-1719,

157E?3



BURLATY

The first part of thic investigetion consisted of &

gtudy of the condensstion of sldehydes with aromatic rings.

p-X~OgHCEO + @& ~ p«xmﬁaégﬁDz
‘ 0 \=.
e T T 2

It wes found that these reactlons could be recdily carried
out in refluxing btenzence solutlon in the cresence of petole
usnesulfonic seld g2 & cetalyst, The rete of ths resctions
could be cecurately determined bty noting the rate st which
tine waler formed wes collected in a trap Inserted between the
resction mlxture end the condsucser,

When -7 in the sbove eguetion wes -N(CHz)g wnd =X
was O,N-, Cl-, H-, CHg-, CHg0-, or (Cﬁs)zﬂ*, the resctions
proceeded readily to completion and the expected products
were lsoleted In 77% to 0%% ylelds. The order of decresasing
reactivity &s X~ was verled was found to e thet given
&bove showing thai electron relewsing subsgtituentes in the
aldehyde retarded the rate of reactlion., Under the :ztandard
conditions used 1t wes found that the resctions followed
first order kKinetlex based on the aldehyde., 1. spite of the
fact that ehenges in the resctant ratioc frow the standsrd
camtsed drifis in tne constaents it wes found {hst the reletive
reactivities could be guuntitatlvely correlited by meuns of

& grephleal metnod develeoped by Hemmett., 4 linesr relation-
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ship was found when logarithms of the rate constants vere
plotted ag:inst the logesrithms of the lonizatlon constants
of the corresponding benzolc zcids.

2-Ethylbutyreldehnyde rescted less rspidly then hept-
eldehyde when these aldehydes replaced “he béna&laehyaes in
the asbove eguation. Both products were isolated in about
70% crude yields,

When «Z in the zbove equation was varied zmong ~H(Cﬁs)3,
~HEEE3,-0cﬁa.~662E5, »0€4Hg and -CHgy the corresponding
products were obtained in 70% to 85% yields. Seversl poly-
substituted benzenes did not reszct satisfectorily. In con-
trast to the effect noted sbove for X~ it was found that the
rate of the reaction incressed zz the electron-releasing zbil-
ity of «Z inereased,

The opposite effects of inecressing elecltron~-releasing
&bllity of the X« and Z~ groups together with the demoustra-
tion that the reazction probably proceeded via zn intermedi:te
hydrol &s chown in the asbove egustion made it possible to
show that the second step of & four step mechanism was
probably the rate-controllin omne,

The formation of scetsls was studied under the same
genersl conditions and by the sume methody

Cg,ﬁﬁc&iﬁ + ROH —™ CGEE,GEGB
< os
csaagaan + ROH —> CgHsCH(OR)p + HOH
H

Before & kinetic study could be made of the acetal

reaction, the equiiibrium constant of the first step must
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be k¥nown, Adkins hed previously postulated that this first
stey proceeded rapidly end qu&ﬂkiﬁ&tivaly. This assumption
was disproved, howsver, when 1% was szhown thel an seetsl gould
be prenered by using only one-half of the stelchemc¢triec amount
of EOH, showing thut the hemliacetzl underwent eonsidersble
reconversion into the &1dehgde :od zleohcl. When it was

algo found thst the scetal reacted very repidly with water
under these conditiona it sppeared %o be inadviesble to
attempt o determinatlon of the wmecharism bythis method,

& number of new postals of tengaldehyde and primary
aleohols, including erotyl slecohol, were readily prepared in
2z to 98% ylelds by this method, It wse found thet n-butyl,
n~-hexzyl, n-heptyl, n~decyl, lso-butyl, and crotyl alcohols
rescted ut sboul the szme rete, Secondary sleohols wers
found to reset much more glowly vhile terticry aleohols
underwent dehydration in praference to adetal formetion,

Lteetophenone, iastexd of formlpg the hetsl, underwens

self-condensation to give sym-triphenylhenzene in 68% yield,
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