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PAMT I
A STUDY OF THE COIDHSATIOI OF 
ALDEHYDES 1ITH AMQMATIC HIMGS

XMtBO&trcnoi

Til® reaction of aldehydes with aromatic compounds to
form substituted di- or triphenyloethanes have been known 
for m n y  years* la lSf£ and 187$ Adolf Baeyer reported 
that formaldehyde, chloral, or brestal could be condensed 
with aromatic compounds such as benzene, toluene, mesitylwno^ 
diphenyl, ehlorobeasene, and bromobensene in the presence 
of concentrated sulfuric acid and glacial acetic acid#****
The condensation of aowtaldehyde and benzene, chloral and 
thymol, chloral and phenol, formaldehyde and anisol© were 
also described* The products were well-defined crystalline 
solid® whose compositions indicated that :they were formed 
by the elimination of a molecule of water fro® one molecule 
of the aldehyde and two molecules of the aromatic compound* 
Thus formaldehyde and benzene yielded diphenyl methanej 
chloral and toluene gave l-trichloro*El£-‘ditolyl©thane* A 
generalized equation may be written for the react ions

RCHO ♦ SC6%2i ---) »CH(C6H4Z)g + % Q  .
may be on© of a wide variety of aliphatic or aromatic 

groups and Z- may be a hydrogen or halogen atom, or an alkyl, 
aryl, alkoxy, hydroxy, amino, or substituted amino group* 
Bisubatituted aromatic compounds have also been used*

The reaction is generally carried out by letting the
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reactants stand at room temperature tn the presence of $ul» 
turle acid, or other eat&lyat* la so.®# cases aft tat ion and 
boat are necessary* Du# to the pioneering work of Bmeyer 
the reaction now hears his name*

It la of Interest to note that in this early research 
of Baeyer, published geweaty«flwe years ago* the preparation, 
of 1* trickier o»£,£~bla(p^h&areplgexiyl) ethane wag described* 
Many years were to pass before the high inseelicl&sl actIt* 
ity of this substance, now known ms nW T *f was discovered* 

Soon after the first publication by Bmeyer many other 
lures tig a tors ms well as Beeper himself explored further 
the scope of this condensation reaction* thus GoMsehniedt 
in IS?3 described the sulfuric acid catalysed reactions of 
chloral and feroami with feensene to give substituted diphenyl 
ethanes* and in 1878 it was reported that meetsldehyde would 
condense with phenol to give the expected dihydroxydiphenyl* 
ethane*®

fo indicate further the scope of the Sawyer Reaction* 
many more examples can be cited fro®, the later literature* 
the fallowing paragraphs will summarise some of the typical 
applications*

The condensation of paraldehyde and thymol has been 
studied by Steiner*® Otto Fischer* using sine chloride as 
a catalyst* condensed ealleylaldehyde, vanillin* p-hydroxy- 
bensaldehy&e* and p^nitrobeasaldehyde with dimethylanillne

7 f*and obtained the expected trlphenylmetbanes in all cases*'* 
Beessaeck described the sine chloride catalysed condensation
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of p-dimetbylamlnobei^aldehyde with dime thy l&ziillne yielding 
erjBtal violet,® In 1886 the condensation of p-chlorobenz- 
aldehyde with dimethyl&nillce and dlethylanlllne was des­
cribed,^® In the same year. It was reported that benr-aldehyd© 
could be condensed with even such unre&ctive ©rom&tics as 
bans one and toluene by carrying out the reactions In a 
sealed tube at- temperature* ranging from £60*400°♦

In 1888 Tschacher observed that a nltro group substi­
tuted mete to the carbonyl group of benaaldehyde increased 
the reactivity of the aldehyde t© such an extent that it
would condense quite readily with bensene and toluene in an

IEopen vessel in the presence of concentrated sulfuric acid,
That the p-nitr© substituted benaaldehyde was also quit© 
active, was demonstrated by Baeyer and Bohr who reacted this 
aldehyde with bense&e in the presence of concentrated sul­
furic acid,*3 the condensations of bensaldehyde with phenol 
and thymol were described in 1888,** Haxulicfc and Blanch! 
have eondaased .p-mathylbenz aldehyde with dimathylamlllne In 
in the- presence of" sInc chloride to give the."expected sub­
stituted trlphenylmetbaae,*3 ’

Baeyer in 1888 described the condensation of be&a&ldehyde
and p-metboxybensaldeftyde with anisele in glacial acetic

16acid using concentrated sulfuric acid ©s a catalyst. The
expected products %-ere obtained in each ease. In the same
year Feuerstein described the condensation of beaxaldehyde
with the disubstituted aromatic compounds? para- and ortho-

IVmettaoxy toluene, and p-hydroxy toluene. The expected tri­
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phenyl methanes were obtained la all three of these reactions#
la 1906 it was reported that o-t m~, and p*sethylbeaft~

aldehydes would condense with dimethylanillne in the presence
ISof aqueous hydrochloric acid and sine chloride# ' The o-t 

m-f and p-chlcro substituted bezueldehydes wore also success* 
fully condensed with dimethylaailins under the same conditions* 
A series of substituted malachite greens hare been prepared
by the sine chloride catalysed condensations of anisaldehyde,

10p-eiheaqrbeas aldehyde* end piperenai with dlmethylaailine* * 
Frankfurter found that aluminum ehloride could he used 

as an,effective catalyst in condensing chloral with phenolt 
maleole, and phenetole*^ hater Harris and Frankfurter ex­
tended these studies and found that chloral could he satis­
factorily condensed with beasene, toluene, and p-cresyl

eimethyl ether using the same catalyst* x Brumal was also 
condensed with these aromatic compounds* Baeklaad has con­
densed butyraldehyde mud phenol to gi¥© 1t1-bia(p-hydroxy- 

©©phenyl)butane* " Butyraldehyde has also been condensed with 
dimethylaniline in the presence of aqueous hydrochloric acid 
to yield 1, i-bis {p-dime thylamimophenyl) butane * ̂

ttany ketones have also been found to undergo condensa­
tion in a manner analogous to the lawyer aldehyde condensa­
tions* Thus ^®n Braun found that eyolohexanone reacted with 
aniline ih the presence of concentrated .hydrochloric acid to 
glw<§ l,l«bls(p~emin0phenyl)Gyclobex&ae«*4 As a by-product 
there was also obtained l*p*aminophenylcyelohexene* Acetone 
also reacted with aniline under the same conditions to give
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8 t £~bta(aminophenyi} propane« Some of the corresponding un- 
saturated amine was again found, Aeetophenone, when reacted 
with dlmethylanlline under the influence of zinc - chloride, 
gave a £0# yield of crude lfl«bl*(dimethyl&minophenyl}-l'*’ 
pbenyletfc&ne. Again some of the uns&turated compound, formed

2bby splitting out ©f a molecule of amine, w*s found# The 
reaction of acetophenone with phenol was cult# analogous to 
the dims thy leadline reaction yielding 19# of 1, 1-bi* (hydroxy* 
phenyl) ~l~pheityletlmn@ and also some of the u&saturated com­
pound 1-hydroxy phenyl-l-phenylethylexie.̂

The synthetic valu® of most of the Baeyer reaction pro­
cedures given in the literature 1® difficult to evaluate 
due to the failure of the investigators to state their yields# 
The products obtained on condensing chloral with ehloroben- 
m m  have, however, been investigated In some detail because

gfof their remarkable insecticidal activity. The crude 
mixture of reaction products was found to contain upward® of 
VO# of l~trlchl0ro*£j£~bis(ip-chlorephsnyl)eth&ne» which 
proved to be the most potent insecticidal component* The 
principal impurity was the isomeric l-trlahlore-B-o-ehloro- 
phenyl-S-p-chlorophenyleth&ne# Much smaller amounts of 
twelve other organic substances were .found and their presence 
explained on the basis of side reactions and reactant impur­
ities.

Baeyer and other early investigators did not indicate 
the exact structure of their products since they did not 
know if the condensation involved the ortho, nets, or para
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hydrogen of monosubstltuted aromatic compounds, Different 
methods of synthesis later showed, however, that the conden­
sation occurs principally at the perm positions. Thus 
Bhrlich in 1903 showed that the addition of p-dlmethylasiino- 
phcnylMgncslum bromide to p, $-dlmcthyla»imobcnzophenone 
yielded the color base of crystal Tloltt, a dye that is also 
obtained by the oxidation of the Sawyer reaction product

gnfrom p-dlmwthylamlnobwnsaldwhydw and dimethyl&niline *
Ihrlich also determined the positions of the dlmethylamino 
groups in malachite green by the addition of Z moles of 
f-dlM#thylamiiioph#Bylmegn#sii» bromide to methyl benzoate*
The resulting substituted trtphemylearbinoX was the seme as 
the product obtained on oxidation, of the leuco base- obtained 
in the Baeyer reaction of bwnaaldwhydw and diawthylanilinc* 
Two years later Kllegl reported that addition of p-tolyi- 
magnesium bromide to methyl bensoat® and subsequent reduc­
tion of the earblnol gave the sm m  product as the Baeytr 
resetion of be&galdehydw and toluene In concentrated sulfuric 
acid*®* The condensation of bwxualdwbydw with anlsola has 
been shown to fire the di-para substituted triphwaylmwthane* 
This fact was demonstrated by Kauffman and Pamxwit* who 
showed that the product was identical to one obtained by 
addition of p-aethoxyphwnylmagneeium bromide to p-methoxy- 
benzophenone and subsequent reduction*^ Ywtoeelc prepared 
the isomeric met.hoxy malachite greens by condensation of 
P-, ®-» and s-methoxybanjraldehytiee with dimethyUnliine.31- 
These three products were the a shown to be Identical with the
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products produced by the addition of o~s and m-methoxy* 
phenylmagnesiua bromides to Miehlers ketone and subsequent 
reduction* Votocek. further characterised the positions of 
the dimetbyl&isin© groups by degradation of the leuco bs««

<xpobtained from p~^thoxyben&aldehyde arid di&ethylanlllne*
fha degradation, carried out with concentrated hydrochloric
acid'In a sealed tube at 140°, gave a mixture of methyl
chloride* phenol* and 4$4£4im®tbyrlmtn®b&m®pb®n®m+' The
forsatlon1 of this latter substance offers further evidence
that the Baeyer condensation involved the par®, positions of
the diuathyXantlino*

More recant work on the condensation products of chloral
with ehXorobensene indicates again that the condensation

27occurs predominately at the para position* This fact was 
established by dehydrohalogenatlnjg the l~iFiehl©r©-£,£ 
bis(p-ehlorophenyl)ethane with alcoholic potassium hydroxide 
to Itl*diehloro-£f£*hle(p~ehldrophenyl)ethylene* This latter
compound was then oxidised to p,p*«diehlorobenzophexMme, a
known compound. The chloral condensation also yielded a 
smaller amount of a lower-melting isomer which on dehydro- 
halogenatlon and oxidation gave p,o’-diehlorobeaeephenone 
indicating that the isomer was l-triehloro-E- o-ehlorophenyl' - 
g-.p~chlorephenyl' ethane*

In view of all these investigations, it 1s evident that 
condensation in the Baeyer reaction results predominately 
in the formation of e&frben-earbon bonds, joining the carbonyl 
carbon of the aldehyde and the para carbon atoms of the



aromatic component* Thus the general equation may be written
In the more specific for at

m  ♦ < T >  *

t

The more Important applications of the Baeyer reaction 
are the preparation of W T  and the related insecticide, 
l~trlehlere*&*&~bl*(p«aurt)MHOTtomyl) ethane* U s e  of great 
Importance are the reactions of aromatic aldehydes with 
aromatic amines yielding substituted triphenylmethanes, 
which on oxidation give valuable dyes and indicators* 
Xel&ehlte green and crystal violet are typical examples of 
dyes that are readily obtained by the Baeyer reaction*

A sureey of the literature has shown, that no systematic 
study has been made of the relative reactivity of various 
aldehyde® and aromatic compounds In the lawyer reaction* 
this deficiency is understandable, however, when it is con* 
sldered that the Baeyer reaction, as ordinarily carried out 
with large amounts of sulfuric acid or other acid catalyst, 
does not readily lend Itself to studies of reaction rates* 

The main objective of this investigation was to study 
the factor® influencing the Baeyer reaction in. order to gain 
an insight into the reaction mechanism.* In order to accemp«» 
11th this objective a series of rate studies was proposed 
employing a wide variety of aldehydes and aromatic compounds.
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The purpose of those rat# studies was twofold! first, to
establish the effect on the reaction rate of the substitution 
of various groups on both the aldehyde and aromatic compo­
nents, and second, to obtain the data necessary to calculate 
the kinetic order of the reaction*. It' was also hoped that 
the reaction could be improved- fro® the synthetic standpoint*

Jk possible experimental method of following these reac­
tion* was '.suggested...by same investigations'7 of Deeper* , fee 
found that acid catalysed etheriflestion reaction® could be
conveniently followed by carrying out the reaction in. bensene

3Sat the reflux temperature* A® the water wm  formed in the 
reaction# it was readily removed since it forms a minimum 
boiling aseotrope with bensene* The water was collected in 
a graduated moisture trap so that the rate at which it col­
lected measured the rat© of the reaction.

Preliminary experiments showed that & similar procedure 
could be used in carrying out a wide variety of Baeyer reac­
tions in which organic groups were substituted in both the 
aldehyde and aromatic components. In addition, an accurate 
comparison of the ehsnges in reaction rates due to these 
substituents has been possible. This information has proved 
of great value in postulating & mechanism for the reaction* 
The synthetic method, in Itself# is of considerable interest 
a® it offer® a simple and convenient procedure for carrying 
out many Baeyer condensation® with good yields of pin?® pro­
duct®.
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The Baeyer reactions curried out 1» the c&wtm of IMi 
research were r m  in an Inort solvent in the presenae of an 
aei# catalyst# A constant temperature was maintained through­
out the eonfit of a given reaction %  maintaining the solu­
tion of reactants at the refluxtemperature• In addition 
the refluxtng solvent effect## a continuous removal of the 
water generate# during the reaction interval and also pro­
tect.## the aldehyde in the reaction flask t r m  air oxidation# 
lota# bottom flasks fitted with thermometer wells and with 
capacities double that of the total solution volumes were 
employed in all reactions#. Graduate# Dean-Stark moisture 
traps were Inserted between the reaction vessels and the 
reflux condenser®. All pieces of glass apparatus were fitted 
with standard taper Joints*

Reactant and catalyst, concentrations were chosen so that 
the rates of reaction could be conveniently follow##* Ex­
cessive catalyst concentration* caused water to he formed at 
such a rapid rate that the refluxing solvent could not re­
move it as rapidly m  formed making it impossible to obtain 
accurate rate data. With too little catalyst, on the other

hand# m m f  days wore reguired to effect complete reaction,
Done of the slower reactions, ae carried out, did require
excessive reaction times due to the desirability of com-
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par log them with other faster reactions under the same condi­
tions of concentration and temperature#

By use of the procedure outlined above it was possible 
to compere the effect on the reaction rat# of a wide variety 
of substituent* on both- the aldehyde and aromatic components* 
The rate observations also supplied the data needed in Galen** 
la ting the order of the reaction**

A solvent suitable for carrying out the Baeyer conden- 
t&iioBS,./« outlined lath® previous section* suit fulfill a 
number of requirements* Obviously the solvent must :.not under* 
go any side reactionetth 'either of the. reactants or the cate* 
lyst under tbe experimental condition's employed. In addition'’ 
the water solubility of the solvent must be very limited in 
order that the water formed during the reset Ion stay be effi­
ciently separated in the Dean*$tark moisture trap* the sol­
vent should also dissolve a sufficient quantity ©f catalyst 
so that the reaction time will not be unduly prolonged* It 
is also desirable that the boiling point of the solvent 
be well below that of either of the reactants so that they 
do not distill from the reaction vessel* If a solvent which 
bolls below 100° is to be used it must be one which forms a 
minimum- boiling aseetrope with water so that the water will 
be rapidly and completely removed* And finally, one solvent 
should be suitable for a wide variety of aldehydes m d  aro­
matic compounds* Preliminary experiments showed that benzene 
fulfilled admirably all of these requirements for most of 
the reactions considered here. Benzene forms mn aneotrope
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with water which holla 11® below beaiene Itself.
The catalysts which have been used most commonly in eon* 

veatioaal Sawyer reactions are sulfuric acid, sine chloride, 
and aqueous hydrochloric acid, & suitable catalyst for use
in the proposed research, however, must satisfy a number of 
requirements in addition to being a strong acid* thus it is 
essential that the catalyst be non-volatile to. prevent losses 
froe the refluxiug mixture during the period of reaction*
Since the rate of the reactions are to he measured, any such 
losses would Invalidate the data obtained* In addition the 
catalyst vast be pure end of such a nature that definite, 
reproducible amounts are available for all reactions* Sines 
the reactions are to be carried out in benzene it is .necessary 
that the catalyst have a considerable solubility in this 
solvent* Obviously the. catalyst should cause a minimum of 
charring and other side reactions* ¥&e only readily available 
dattiyft that- meets., all, of these requirements Is p-teluene* 
sulfonic acid* Thfs'&bld it a Via liable i in.. a -pure for©, at the 
monohydrate and has proved to fee most satisfactory for carry* 
Ing out the Baeytr reactions id this investigation*

In order to study the changes In reaction rates caused 
fey substitution In the urm&tic component it was necessary 
to select a stand®rd aldehyde for 'xm@ in all the reactions,
The selection was limited somewhat by the low boiling point 
of many aldehydes* Fortunately, however, a variety off im­
portant aldehydes f both aliphatic and aromatic, were available 
having boiling points above 100®, Beas&ldehyde proved to fee
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very satisfactory» reacting readily with anisolc and dimethyl* 
aniline, The fact thei this aldehyde la readily available 
and has been widely meed in the conventional B&eyer reactions
reported in the literature made it on especially desirable
aldehyde with which to male# the rate stud let*

The selection of a standard aromatic compound te be used
for comparing different aldehydes» on the other baad, wee not
go easily m&du Preliminary experiments were performed 1 n 
which hesuE&ldehyde was reacted with aniline, methylaniline, 
phenol, anise!#, and dime thylasdllae, ill of the## reactions 
with the exception ©f the o m  with aniline went smoothly to 
completion with the formation of the theoretical amount of 
water* Benxaldehyde and .aniline reacted rapidly to give an 
anil with very rapid liberation of water* The substituted trl- 
phenylm© thane obtained from benseldehyde and methylaniline 
Is a non^eryetellls&ble oil, difficult to purify* The con­
densation with phenol proceeded smoothly but g&v# a dissap- 
pointing ly small yield @f crystalline reaction product* By 
thorough lnre@tiga.tion of reaction conditions and product iso­
lation the yield of product could possibly hare been increased* 
but further work with phenol w m  discontinued when dimethyl* 
aniline was found to be very satisfactory* The condensation 
with anisol# proceeded smoothly to giro p9p' -dlmethoxytri- 
phenylmeth&n# in good yield* The product was eorit&mimted, 
however, with a smaller amount of lower melting Isomer which 
was probably the Isomeric pfo' -dime thoxytrlphenylme thane, 
Amlaele would probably hare served satisfactorily as the stan­
dard aromatic compound for the study of various aldehydes



14

but was not used because diaethylanlline was found to be 
superior in several respects. The greatest advantage that this 
amine had over the other substances tried was the consistently 
excellent yields that could be obtained, ranging fro.® to 
90% of oure products after recrystallization.

The use of an amine ha© the further advantage of main­
taining a constant effective acid concentration throughout the 
reaction. Thus the ability of an acid to catalyze a reaction 
is dependent on the concentration of any other Isa sic substances 
present.which will tie up the acid an a salt. If, during 
the course of such a reaction, any of the basic components 
are removed the effective acidity will increase. This effect
was very pronounced in some alkylstion reactions carried out

34In this laboratory by Preston. Me found that when benzene 
was alkylated with benzyl alcohol with excess boiling benzene 
as the solvent and with p-toluenesulfonic acid as the catalyst, 
the rate of reaction did not fall off appreciably over the 
first ptrt of the reaction as the concentration of benzyl 
alcohol decreased. This effect is plausible when it is 
considered that at the beginning of the reaction the only 
atoms present with basic tendencies are the oxygen atoms in 
the benzyl alcohol* As the reaction proceeds these oxygen 
atoms are removed from the system combined in the form of water 
so that, at the completion of the re ction, there will be 
present nothing but hydrocarbons and catalyst. These consider­
ations indicate that it is desirable to have a quantity of 
basic material present in the reaction mixture at all times
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so that the removal of the water will not alter the effective 
acidity of the catalyst*

fill EFFECT Of TMfliO Til GBOUP 
SOBSTITOTED II THE ? M k  FOSXTXOB OF BE8ZALDEm>M

Preliminary experiments showed that a specific set of 
reaction conditions could most profitably he used in studying 
the various substituted bensaldehydes*

The standard amount of aldehyde used was 0.1B5 mole* This 
amount of aldehyde yielded, on complete reaction, £.25 ml* 
of mater, a volume that could he read with sufficient accuracy 
in. a 5 ml. graduated Bean-Stark moisture trap* A 150$ excess 
of dimethylanillne was used since the amine should he present 
in twice the molar amount of aldehyde plus enough to convert 
the catalyst to the amine salt* The excess amine also caused 
the reaction to proceed in shorter ttae* A much more Important 
reason for selecting this concentration of amine was the fact 
that only at this concentration were first order constants 
obtained for the reactions* Higher or lower concentrations 
caused the •constants* to drift to higher and lower values 
respectively, as the reaction proceeded*

The lowest amount of catalyst which could be used without 
decreasing ..the rates too much W&s 0*054 mole (lB*l5g*) The 
reactants were diluted to a volume of only £50 ml* with ben- 
sen# because larger amounts- of solvent were found to decree so 
the concentration of reactants to such an extent that the 
reaction proceeded too slowly. Smaller amounts, on the other
hand, caused too great a difference in boiling- points of the
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various reaction mixtures in which different aldehydes were 
employed* After the reactions were complete*! the feeaxeae 
solutions were extracted with a 5# potassium hydroxide solasŝ  
tioa to remoire the acid catalyst and then washed several 
times* The henxene was distilled off at atmospheric pressure 
and the dimethylanllin# was distilled off in vacuo* the re&e* 
tioa products were then either distilled1 or bryftn Hired*.

fader the. standard conditions given abovet the b*nx~ 
aldehydes ■ with the 'following - para substituents"were ' reacted! 

0g»~, Cl~f CHs-t 0%0~, **£**• Bn& E~* ln aX1 the
Volume of water evolved wae botwoen §8 and. 10t# of theory* 
the balf*ro&ctlon times varied fro® If5'minutes to 4 days.
The,, yields of pure substituted trlpbeoylmetii&nex ranges from, 
ff# to S9## The melting points of the products were in 
agreement with the values reported in literature*

The temperatures of the reaction mixtures were recorded 
whenever readings of the volume of water were made* It was 
found that the temperatures dropped about two degrees over 
the first 80# of the reaction. This temperature drop is not 
surprising when It is considered, that the total concentration 
decreases fro© B.46 molar to B* 48 molar over the same range 
of reaction* The average temperature for each reaction was 
92.1* 0.4®.

The yields could not be compared to those obtained by 
the conventional methods of carrying out the Baeyer reaction
because of the failure of previous workers to state their 
yields* Some ides, of the efficiency of the method can be
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gained, however, by comparing the yield of malachite green 
obtained to that found in a laboratory procedure given in 
•The Fundamental Processes of Dye Chemistry**^6 This manual 
describes a synthesis of leueo malachite green by reaction of 
beasaldehyde, dimethyl&alllne, and aqueous hydrochloric acid 
with vigorous mechanical stirring at the reflux temperature* 
After If hours sodium carbonate was added to neutralise' the 
acid, the excess dime thy i&niltae blown, off with steam, and 
the residues.! leuco base separated by cooling. The residue 
was washed with water and dried* The crude yield of leuco 
malachite green was This same leuco base, when prepared
by the ageotropic method, m m  distilled in 954 yield and 
after recrystftlULgation was obtained as pure white crystals 
in an 85f£ yield# It seems probable that the yields obtained 
by methods in the literature for compound® other than mala- 
chite green were often considerably below

The details concerning this series of condensations and 
the corresponding rat© tables are given in the experimental 
part of this thesis.

The experimental rate data obtained for the reaction of 
the six substituted bengftldehydftg with dimethylaai 1 in® were 
found to fit the first order rate equation very satisfactor­
ily. The integrated form of this equation can be written!

V , Stjga i08 JL.* * t a*x
For the application of this equation to the work reported 

here, £ was the original number of moles of the bengftldefcyde 
and a-x was the number of moles of. aldehyde remaining after
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the reaction time t had elapsed*
In order to treat the experimental data from all the 

reactions in a uniform manner, the following calculation 
method was adopted. First* a graph was made for each expert* 
M n t  In which reaction time versus per cent of reaction com­
pletion was plotted, Then a smooth curve was drawn in such a 
manner that any deviations of points from, the curve were 
averaged. Over the £0$ to 80$ portion of these plots, however, 
none of the points were off more than 1$, and only a very few 
showed even, this much deviation* In fact, the experimental 
readings taken directly from the rat© chart without graphing, 
gave substantially the same irate...constants m  those obtained 
from the curve. All runs were repeated to ascertain repro­
ducibility; of ̂ results with the /exception of the one with ;p- 
ttethylbensaldeftyde. So more of this aldehyde was available 
and because of the satisfactory-checks, obtained with the 
other five aldehydes it -Was not deemed necessary to prepare 
more of this aldehyde for use in a check run*

From the graphs the reaction, time# were read at 10 per 
cent Intervals over the £0$ to 80$ portion of the reactioh# 
Calculations for the first and last 20$ of reaction were omit­
ted because the experimental error is relatively large in 
these ranges. These reaction times Including those for the 
duplicate runs &r© summarised in Table I
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TABLE 1
Reaction Time In Haute 3 at 

10 Per Cent Intervals

jg£ 4$A S M I M S0.£
SH»QEC6H4CH0

£ 5? 86St 164Uf 170171
BB2££9 £95

80*
503
400

f-0106l4CS0
1£ 14©140 £80mt

3E5840 450475 000640 790848 1050U£0
p-lCeM4CH0

.£
IS5180 mo£90 436415 600 gz*m «sPTC 803770 1040 10 £0 13601360

P-CE50$M40HG £70 430 630 800 1140 1488 SOSO
p-CHi?GCaH,CBO 

0 6 4iz 450430 740730 10701070 1470
1500 1950£000 mm £6 .£8 33003360

M ch^ c h4chd
£ 15101600 £600£800 mm4300 54186900 73087750 95589900 1240012600

In the course of all these reactions there is produced 
0,11$ mole oar £*£5 ml* of water* At any stage of reaction 
completion* therefore, the corresponding amount of water is 
known* This information at the different intervals is sub* 
mrised in Table II* Sine# the rate of appearance of the 
water is equal to the rate of disappearance of the aldehyde 
the mdfes of the aldehyde present at any tine is equal to the 
original number of moles of aldehyde minus the moles of water 
formed by that time* This Information and values for the 
appropriate concentration function, xog a r are also given

& -3 I
in Table XX,
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urns n
Standard Data, for Eat® Calculations 

Per cent
Beactlon

awa;. leg j l *

80$ .0800 *1000 . 1*£5§ *097
se$ ,0S7S ,§@75 1*419 *155

40$ .0003 ,0750 1.607
60$ .0680 ,§M * 1*00 *501
60$ .0780 *0500 1,50 .398

70$ .0878 3*53 *515

80$ .1000 *Q£5Q 5,00 ,699

the first order reaction, mtm constants were then deter-
/•

mined by us® of the data given in fables I and II* these 
values* calculated at 10# intervals, are listed in fable III* 
JUa examination of this letter table shows that, in any run, 
the deviation from the mean is less than 4$ with the excep­
tion of the dimethyiaffiinobenE&ltehyd© run where the deviation 
Is somewhat larger* If the- values are omitted at re&etloti*. 
where experimental error Is the large at, the deviations- from 
the mean are ‘even tamll©i% - I© values were discarded* however, 
in determining the averages*

It must be'plated out .at this tin#-that these first 
order rate values, although remarkably eon; tant over a wide 
range of reaction, are'not true - constants sine® they are not 
■obtained at different reactant concentrations* Experiments 
showing the drift in these constants will be discussed later



fmu*, i n
Effect of Varying the Pare Substituent 

on the First 3rd or Bate Constants8
field of

BO# M 40#JSSUmm 50immSSm 30# 70# m i Am.*
I’ve. Two Buna PureFrodiic

p-M02CsH4Ca0
12 392429 401415 403

412
405408 400418 59©411 402

420 4m413 40# m i

p~cic6M4cao
£

154154 155154 158150 154144 153145 152143 158
144

154148 151 33)5

p~BC6H4CB0
£ 1£1124 119125 117

123 1151B0 114
11# 118 110 11©11© 11?121 119 BSi

p~CH3C6H4aiO 82.7 83,0 81.0 80.5 80*3 81.3 79.7 SI. 2 SI. 2 m%

p-CHgOCgHgCHO
2

49*751*9
48. £ 48,9 47*747*7 47*146.2 47*045,0 47* £ 

45.9 48*847*9 48.047.0 47.9 85,6

sHie#%H4CiO
Ia 14*818,9 13*?12.7

15*111.9 I2.a11*8 12.511*8 11*6
h u b

18,012.8 13*2 IB. 4 12.0 ?f.6

a |»Constants given in mim x 10



under the section on the reaction mechanism, Under the 
standard conditions adopted far-the study :ot p&m substitution, 
however, constants %©re obtained,, and they have proved to 
be of considerable value in comparing the effect of'substi­
tuent groups'on the rate of reaction*

By examination .of the rate constants in Table XII, it 
is observed that electron-attracting groups, i.e* groups 
which withdraw electrons from the bem-em ring, speed up the 
■reaction* Electron-releasing groups, on the'Other hand, 
slow down the reaction* It is of interest to note that this 
effect of the para substituents is the exact-opposite of 
that found in th* aifeyXatlon of aroma tie .rings by para sub** 
atituted bez&syl alcohols,®*

the rat# data obtained from this series of experiments 
shows that the ability of the 'para .substituent to alter the 
reaction rate is & Quantitative function of the electron 
attracting power of that group, This relationship can be 
most easily expressed by the method of Hammett in which the 
logarithms of the rate senstanta of a series of reactions in~ 
volvixig side chains of aromatic compounds differing only in 
the para substituent are plotted against a function of the 
logarithms of the ionisation constant® of the corresponding 
para substituted bensoic acids# •" Idiots made in this manner 
have been shown by Bannstt to show a linear relationship for 
a large number of aide-chain reactions of para substituted 
bensene derivatives* As a result of these observations 
Hammett ha® concluded that the substituents exert their in**
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i X m m • by an internal^ electron displacement* the values 
required for making a graph of this type* utilising the data 
obtained 1b this investigation can be found In fable I?*
The corresponding plot is given in Figure I*

TABU I?
Functions Plotted in Figure 1

1 hm  k K. E X I©*5 * Bog g®
p»iagc$M4ci0 408 8*611 37*6 6*00 ♦0*77©
P~C1CsH4CI0 151 8*179 10*5 :; 1*67 ♦0*883

119 8*§fe 6*87 1 0
p**CIgC6H4CiiG ©1*8 i*9 m 4*84 0*676 -0*170
p-CHgOCg^CHQ 47*9 l*e@l 3*38 0*639 -0*16©

18#© 1*107 0*85 0*135 -0*870

K® is the ionisation constant of Benzoic Acid 
&« Ionisation constant of corresponding Benzoic Acid*

The ionization constants of the substituted benzoic
37acids were obtained by Bippy at al9 mad are the sane a® 

those used by Hammett* Bippy did not determine an ionisation 
constant for p-Alaet fey laminobenzoic acid, however, and the
value given in t&fele IV wa* obtained fm m  the International
Critical fables*

The linear relationship shown in figure I is by no means
perfect but is not inferior to many of those discussed by 

58Hammett« It is of interest to note that the relationship 
found by Hammett hold® true for these Baeyer reaction 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.



constants even though these constants art known to drift at
other reactant concentrations *

In any case, however, It has been clearly demonstrated
that the rate of the B&eyer reaction is directly related to
the internal electron displacements brought about by gubstlttt*
cuts in the pars position* This fact* demonstrated expert*
mentally for six different para substituted bensaldehydies,
he a been most useful in the discussion of a reaction mech&n*
tm which is given in a later section*

The reaction-of dimethyi&nilinc and btimaldehyde was
also carried out is an equal volume of toluene in order to
obtain an fablm&te of the t«pe^turt... coefficient of the
reiiction* For" this' study 0*lrS mole of benyj&dehyde, 0*6S5
mole of €  true thylmmi line, and 9 * 0 0 4  mole of p*t oluene aulf ordO
acid in *50 -"mlV of toluene solution, were reacted in the usual
manner* The half*time of reaction was ISO minutes mb compared
to 000 minutes for the similar run la bens.one at the same
concentrations * The yield of 'pure malachite green was 88*.

The first order reaction rats constants calculated
over the £0$ to QQ$ portion of the reaction .were found to
be constant within of the mean as were the constant a for
the previously described reaction in bensene* The average
rate constant was §05 x 10 reciprocal minutes* A repeat

■«*g§run gave a constant of 485 x 10 . The average first order
rate constant was 494 at 10“® at a temperature of lB3*i ♦ D*T°

whereas the same run in benaene showed an average rate con* 
stant of 119 x 10“® at a temperature of 91« 8° ♦ 1*0*



If It is assumed that any solvent effects of toluene
and. hensene are the sane* it is possible to estimate the 
energy of activation for the reaction by means of the Arrhenius 
©fuatton* this relation can be expressed in 'the integrated 
form*

where M is the reaction rate constant and f the absolutemm* w»

temperature at which that rata was observed, On substitution 
of the values of &  found at the. two temperatures* a value 
Of 14 fceal, is obtained for the activation energy. Since the 
reaction rat# •constants* have been shown to vary on changing 
the concentration of the aldehyde* this value obtained for 
the activation energy cannot be considered absolute* It is* 
however, probably -sufficiently accurst# to show that this 
reaction 1ms an activation energy within the normal range,

In order to determine the effect of acid catalyst con* 
emtration on the reaction rat#* the run in toluene was rev 
pea ted using one-half the amount of p-tolucne sulfonic acid* 
Toluene was chosen m  the solvent Instead of benzene because 
of the shorter reaction time required to complete the run* 
This reaction, employing 0.1£5 mole bensaldehyd®* 0,5£5 mole 
dieatbylaiilllne * and 0*03£ mole of catalyst in £00 ml toluene 
solution* was "fpund to have a MIf-r©action time of £00 ml*** 
utes ms compared to 130 minutes for the run in the presence 
of 0,064 mole.catalyst*, .Comparison of these half«r*aetIon 
timed shows'' that the reaction.' rat®- is met’ directly proper**
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tlomal to acid concentration, tat instead, doubling the amount 
of catalyst increases tha rate about 50#

In order to ascertain whether any of the catalyst reacted 
with the solvent or either of the reactants an excess of 
standard alkali was added to the mixture after completion of 
one of the abofo experiments carried out in toluene, the 
solution was shaken thoroughly in a separatory funnel, the 
aqueous layer separated, and the taaxeme extracted once with 
water, the excess alkali was then back titrated with standard 
acid, and it was found that 99# of the catalyst originally 
added could be accounted for* it'follows, therefore, that 
since the catalyst did not react with toluene or the reactants 
it also would not give any side reactions in the runs carried 
out in bensen# at lower- temperatures*

THE EFFECT OF QtEM CHAMOIS II THE CABBOMTL COMSTIIOBW

In addition to the para substituted btat&ldebydes, a. 
number of other carbonyl compounds were studied to further 
determine the scope and applicability the aaaotropie 
method*.

The two aliphatic aldehydes, m^heptaldefcyde and £-ethyl- 
butyraldehyde, were eoadehsed with dime thy lanlline under 
exactly the same conditions of reactant and catalyst concen­
tration ms were the substituted benzaldehydes previously 
discussed. The n-heptaldehyde reacted smoothly giving the 
theoretical amount of water. The rate data obtained did not



fit til# first order rat# equation but tm  *constants* drifted 
rapidly %q lower values, Tm rats of the reaction was con­
siderably slower than that of the corresponding bcnxaldehyd# 
run* Tb# half-resetion times ware 930 and 600 minutes 
respectively* Tim react Ion product, 1 1 i-bis(p-dimeth^l&aiin©* 
phenyl)heptane, wee distilled in a 79$ yield' i*ad after re- 
eryetelllsetica gave &9$ of pure material*

With the f-sthylbutyr&ldshyd* the time required for the 
reaction was considerably increased. In fact, the reaction 
was onl> 50# complete after a period of 3 days. Due to the 
excessive tine required toe reaction was shut down after 50$ 
completion end the product wor ed up, A. search of the lit­
erature revealed that the product, lfl-bi&(dimetbylamino- 
phenyl)&* e t&ylbtttane# had not been previously reported,, The 
yield of this compound was 50$ of impure crystalline product* 
A purified sample gave the proper analyses, Some more vola­
tile material was obtained suggesting that aldol-type con­
densation products of the aldehyde were also formed, This 
reaction was repeated at' double the catalyst concentration* 
Unfortunately, however, there was only a slight increase In 
reaction, rate* the time for half - reaction being reduced from 
3 days to 6 days, The crude product ess isolated in 70$ 
yield.

In another attempt to.speed up the reaction it was 
carried out in toluene as the solvent, thus raising the 
temperature, The higher boiling point of toluene also saade 
it desirable to switch to an aldehyde with a higher boiling



If

point* tor this oxpariment 2-ethylhexaldehyde was used and, 
m  expected, the reaction proceeded at a considerably faster 
rate* infer tmattly, however, the higher temperature Increased 
the rate of the aide reaction even more, and vary little of 
desired reaction product was obtained*

fhe observation that these aldehydes branched, on the 
alpha, carbon react mteh slower than the straight chain aide* 
hydes is eons1stent with the relative fates of reaction found 
for the .series of para substituted bensaldehydes* It is a 
well known fact that alkyl groups exert a positive inductive 
effect, l«e* they have a greater tendency to release electrons, 
to & neighboring group than do hydrogen atoms* One nanlfes* 
tatIon of this inductive effect is the necessity of using 
especially strong bases as condensing agents for Olaisen 
reactions Involving alpha'**branched aldehydes.* Since electron* 
releasing groups substituted in bensalde-hyde have been shown 
to retard the 'rate' of: reaction, the- alpha alkyl groups of 
aliphatic aldehydes would be expected to show'a similar effect* 

Attempts were also made to condense chloral and eism&am* 
aldehyde with dime t by lani line under the standard react ion 
conditions* Although 90$ of the theoretical amount ©f water 
was removed is both case#, the experiments failed because of 
predominance of side reactions* fhe mixture containing the 
chloral turned very dark: and, as the reaction proceeded, 
considerable amounts of black, tarry material separated from 
the bensene solution, the reaction involving the cinruua- 
aldehyde, on the other hand, appeared t© proceed quite normally,
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but apparently the high acid concentrations caused polymeri- 
nation at the double bonds as no product could be crystallised 
or distilled fro® the reaction residues.

Preliminary experiments showed that the application of 
the aseotropic method to similar condensations involving ke­
tones would not be feasible* Thus methyl n-ssiyl ketone, when 
treated with dimethyl&niline under the standard reaction 
conditions, reacted only very sluggishly* The amount of water 
removed indicated that only 12$ reaction had occurred after 
three d&yg. Ho attempt was made to isolate any reaction 
product *

M E SFFE&t OF VjUtUXIOIB I I  TUB 
AROMATIC COiSTITBBHT

; In order ■ to obtain .more IniormatlcRh'. concerning the 
scope of the lawyer reaction a variety of mono- and dl- 
substltmte^ heBico.es was reacted with a standard aldehyde,.
For reasons already set forth in the section m  Preliminary 
Study bensaldehyde was selected as the standard with which 
to make this investigation* Ihe aromatic compounds employed 
can most profitably be dlaeusced by dividing them into three 
classes# (l) aromatic amines# aniline, methyl aniline, and 
dtmethy lealline (&) alkyl phenyl ethers# anisole, phenetole, 
and n-butyl phenyl ether (S) other aromatic compoundsi 
phenol, toluene, mesltyleae, p-xyl% m f and hydroqulnone di­
methyl ether,

then 0,125 mole bensaldehyde was added to 0*6E5 mole
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of outline and 0,008 mol© catalyst in E50 ml* of boiling 
bensene, there resulted & vigorous reaction with the rapid 
evolution of water. On working up the reaction mixture no 
triphenylm©thane derivative was found* A 36,1 yield of pure 
bexusftX&niline was isolated. Apparently the anil will not 
rearrange and react further to give a trlphenylmetbi ne 
derivative under the conditions employed, Sven if it did, 
however, the rate study would be meaningless because of the 
initial rapid formation of water.

The condensation of methyl&nillne under exactly the 
same conditions as used fox* aniline proceeded half way to 
completion in 105 minutes. This reaction was very rapid 
compared to the corresponding dlmethyl&nilin© reaction des­
cribed in the pr®c%ding section which showed & half-time of 
600 minutes under the same conditions except that the concen­
tration of catalyst was eight times as high* On working up 
the product from the methylanliin# reaction there was obtained 
& very viscous brownish-red oil. It could not be mad# to 
erystolltssf by trituration with solvents. This compound is 
described in -the -literature ■ m  a viscous noxi-orystalllsable 
oil* A nitroso derivative was prepared which on recrystal­
lisation from alcohol melted at 180-104°j the literature 
value, however, is 149° with decomposition* Possibly in one 
case an l-nitroso compound and in the other case & ring 
nitroso compound was obtained. Analyses Ibr carbon* hydrogen, 
and nitrogen agreed with that calculated for the expected 
product, 4,4" -bis(methylamtno)triphenylm©thane* In view of
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the poorly defined product no further ret© studies wore mad® 
on this reaction.

file standard amounts of reactants selected for the 
study of the three phenyl alkyl ethers ware G.IES mole benz- 
aldehyde, sole of ether, and 0.064 mole of p-toluene-
sulfonic acid, fliers was a much larger variation in the 
grams of reactants added in the different runs than for the 
series of experiments in which the aldehyde component was 
varied* In order to maintain the temperature approximately 
the same in the three runs it was necessary to increase the 
amount of benzene solution from 230 to 800 ml.

Anisole and feenz&ldehyde were found to react smoothly 
with the liberation of the theoretical amount of water*
The half-time for this reaction was 366 minutes* After 
working up the reaction mixture the product was distilled in 
70$ yield. Crystallization of this distillate gave 60$ 
of pfp*Miimethoxytriphenylmethane. from the mother liquor 
there was obtained a smaller amount of lower me1ting crys­
talline product that could not fee purified fey r©crystalliza­
tion. This sub.:-i&ac# melting from 68-87° is, no doubt, the 
isomeric pt0 *-dimethoxytriphenylmethan® (lit. m.p. 94°)

The reaction of anisole with beazeldehyde was also 
studied when excess uaisole was used as the solvent. The 
yield of pure product obtained was significantly feigner (76$). 
When anisole and bensaldehyde were reacted in equivalent 
amounts in benzene solution, the yield of pure product wm 
much smaller (28$), A large amount of non-distillable



33

residue was formal*
Phe&etole m m  found to act in a wanner very similar to 

attieol# when:; treated with bensaldehyde in-bmmme solution*
She reaction w m  ^igmiflo&mtly faster, however, showing & 
half^tl&e of 23Q minutes compared to 305 for m i  sole. T m  
product was distilled in a ??#'yield but could not be mad® 
to crystalline* A literature aearoh showed that the expected 
product, aiethoxytriphenyli&ethane, had not been previously 
reported* To sake sure that the react ion conditions employe# 
did mot split the ether linkages the product was extracted 
with hot alcoholic potass t m  hgrdrexlde* The aqueous layer 
on .separation and neutralisation was found to contain m  
phenolic compound* It is possible that this compound would 
mot crystallise because of ccsttasam tion with the isomeric 
pfe*~#lethevyt?iphenylmethame. The product analyse# satis* 
f&ctorlly*

The third aromatic ether studied, butyl phenyl ether, 
react## even more rapidly with bensaidehyde than did phenetele 
under' the same conditions of rose taut am# catalyst coiieen* 
tratlons* The half*time for this reaction was 175 minutes*
The reaction product was distilled in a ?eg6 yield, but, Ilk# 
the product from the pheaetole rum, could act be crystallised. 
This compound which has mot beta reported in the literature 
was foam# to analyse satisfactorily*

The first order rate constants for all three of these 
alkyl phenyl ethers drifted somewhat toward higher value®.
This drift never amounted to more than 20# for the 10# to 60#
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portion of the reactions*
Phenol was found to react much more readily with bona- 

aldehyde in benaene solution than any other aromatic compound 
studied* Ifter the theoretical amount of water had formed, 
further react Ion ceased'* The first order rate eons t ante 
drifted to about the same extent as did those for the alkyl** 
phenyl ethers* On working up the product, however, it was 
not possible to obtain more than about 10# of crude crystal* 
line reaction product* In viiw of the dleeouragtiagly small 
yields, further work with phenol was abandoned in favor of 
other aromatic compounds*

Toluene will undergo the Baeyer type of condensation but 
with not near the vigour of the. aromatic amines and the 
alkyl phenyl ethers* In order to make the reaction feasible 
with respect to the time required it was necessary to make 
the run using an excess of toluene as a solvent* The bens* 
aldehyde (0tIBStmole) f&s added to £.57 moles of boiling

V:. ' • „ i '

toluene centsthing H*l£9 met 14 of 'p-toluene sulfonic acid*
The. reaction proceeded very -tlowlfE- even^under these conditions, 
.reaching'' th© half~way ■ m&j^'qnly- fifier 60 hours of r©fluxing*
& plot of time versus per cent reaction gave a straight line 
over 90jt of the reaotiomiv Th# yield of product, which die* 
tilled over a one degree range as a weter-white viscous liquid, 
amounted to 74$ of theory. Only one*h&lf of this material 
could be crystallised, however, as'g>tp#«dittethyltriphenyl* 
methane* The balance of the product was probably the iso* 
merle p,o' *dimethyltriphenylmethane«
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The condensation reaction with mesitylone was compiles* 
ted by the fact that some decomposition occurred merely on 
heating the mesityienc vlth the e&talyst before the aldehyde 
w m  added.' Because'of this observation, plus the feet that 
no definitepre&etlon product was obtained* ao further invm*> 
tigatloo#. were /made with AOsitylen#*.,, 'the reaction with 
P^mylexie was also unsatisfactory m  this.hydro**?bon also 
turned bl&ch :iu. color -on. heating' with the catalyst* The 
reaction resulted in the formation of l£5jt of the theoretical 
amount of water, Apparently the catalyst had reacted* On 
treatment of the distilled product with ligroln' white erye« 
tale formed, these crystals were found to contain sulfur*
A snail second crop of Xsrfe, wall, formed crystals which con* 
taimad no. sulfur apparently was not the expected resetion 
product, BtifZ*, 5**tetramethyltriphexiyla*th*net Although 
prteluenesulfoiiie acid reacted in this run to give a product 
containing sulfur it was found tli-ri this acid' would not react 
appreciably with boiling p~xylene when the aldehyde was omit* 
ted*

Hydro^ulnone dimethyl ether, was found to react much 
slower thah the monosubstituted an!sole, the reaction 
did not lead to the expected £,&,£' ,6 #-tetram#-thexytriphenyl* 
methane, but gave instead a small amount of amorphous .solid 
material with a wit#' range in melting point.*

The foregoing experiments show that close comparison of 
the ratet of reaction of bensaldehyde with all aromatic com* 
pounds cannot be mud# because of the widely different reac*
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tivity of the aromatic constituents which made it imprac­
tical to carry out the reactions under Identical conditions. 
Another important factor that must he horn in mind in making 
comparison is that the deactivating effect of the various 
aromatic compounds os the catalyst will vary widely. In 
spite of these drawbacks, a qualitative comparison may fee 
made in the rates* In general it has been observed that the 
rates are proportional to the ability of the substituent in 
the aromatic ring to release electrons by an inductive or 
by m, electroaeric shift* It will be noted that this 'effect 
is the erect 'converse of the effect found for substltutents 
In the para- position of hanaaldahyde,. where electron relent- 
•'ihR-; group* slewed down the ratej'of. re^etieru 'thus a mthosy 
group when substituted for the para hydrogen in bendaldefcyd* 
retarded the reaction considerably, but when substituted for 
hydrogen in the aromatic component (anlsale) a much fester 
reaction rate was observed* With pfaenetole, there is an ad­
ditional positive Inductive effect over that of anisole due 
to the extra -Clg- in the alkoxy aide chain which causes a 
iOMwhat greater electron release to the ring and a corre®- 
pondingXy faster reaction*. Butyl phenyl ether likewise 
reacts faster than phenetole* Phenol can ionise to some ex­
tent and exist in part as the phenolste ion* This ion can 
then undergo a shift of electrons giving a relatively high 
electron density at the para position resulting in a much 
faster rate of reactioa. Aromatic compounds such as toluene*.
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on the other hand, in which the electron release of the sub~ 
stituent group is much smaller, undergo the Baeyer condense* 
tion very slowly*

flU RBAOTX0H XBCHAKISlf

The mechanism to he presented for the Bmymr reaction 
will Indicate that a beaghydrol is .formed ms m  Intermediate* 
thus, bensmldehyd© and anisole would give p~mothoxybensfcydrolt

According to a previous disclosure In the literature by 
Julius won Braun a hens hydro 1 cannot he an Intermediate in 
this eoadeneation* Before going on with a mere detailed 
discussion of the mechanism, it will he necessary to examine 
in seme detail this work of von B r a u n t o  support his 
contention he pointed out that the reset Ion of one mole of 
bezualdehyde with two moles of dlmethylaaillns was signifi* 
eantly faster than the reaction of one sole of p^dimethylamino- 
benshydrol with one mol# of dimethylanllixie under the smm 
conditions ©f catalyst concentration and temperature*

This observation Is rather surprising* especially in
view of the great reactivity of benshydrols in Frie&el*

41Graft types of reaction* ' the aminohydrol used by von Braun
should be even sort reactive than bensfcydrel due to tbs
greater ease of earbonium ion formation as discussed below* 
T$bse anomalous results are clarified,'however* when it is
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considered that von Braun carried out the reactions in aqueous
solution using one molecule of acid catalyst for each amine
group present in the reaction mixture* Under these conditions
the 'slew reaction of p^dlmetbylamlnobenshydrol with dimethyl*
aniline is not surprising: sthjfce' %he hydrol is actually present
as the amine salt and not as fee active free' amiaohydrol*
This amine salt, ■ in direct contrast to the fret amine» would
hinder carbonim ion formation and greatly decrease the rat#
©f reaction* The condensation of be&saldehyde with dimethyl*
aniline would also he expected to proceed very slowly, if
at all, in the presence of acid catalyst equivalent t© the
amine* In carrying out either of these reactions, however,
if slightly less than an equivalent amount of acid, catalyst
was pro sent there would he at all times some free amine
groups present allowing & mvmh greater rat# of reaction* If
von Braun had used more diaethylanillne or less m i d  catalyst
in his two runs, the relative rates he reported would un*
doubted!y have been reversed*

Direct evidence that the benrhydrol alkylation proceeds
more rapidly than the corresponding aldehyde condensation is
obtained by a comparison of some alky 1st ion studies of 

34Preston with studies of the Baeyer reactions reported here* 
The reaction of bensaldehyde with anlsole was found to re* 
quire considerably more catalyst than the similar reaction
carried out by Preston in which bens hydro 1 was reacted with 
anlsole* Methoxybenshydrol* the probable intermediate In
the bensaldehyde reaction, should be m m n  more reactive than
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tli® unsubstituted bens hydrol staled fey Preston#
In order to obtain still further evidence regarding the 

rates of these two reactions, p~Mthoxybembydrol, the active
intermediate of the bensaldehyde^snlseXe' condensationf was 
synthesised*

This hydrol (0*1£8 sole) wmt then reacted with 0,500 
mole of anisole and the rate of reaction compared to that of 
0*115 mole of bensaldehyde with 0,6 £5 mole of anisole under 
the seme conditions* T&# hydrol reaction. was half-completed 
within 5 minutes whereas the corresponding feenaaldehyde r#ae«* 
tion required 565 minutes to reach the same stage of comple­
tion, the yields and reaction products obtained from these 
two funs proved to be identical la all respects. These 
oxporlfLC&ts' sii#w_'efnelusively;' that" the rat# of prose,tion of 
p*Mthoxybon2hydrol with anisole is such more rapid than 
the overall reaction of be&xaldehyde with anlsole. There Is 
no reason to believe that these relative rates would fee 
reversed fey the use of any other aromatic compound# It is 
apparent, therefore, that contrary to the findings of von 
Braun an intermediate hydrol may fee formed in the Baeyer 
reaction*

Further evidence that a hydrol is the intermediate is 
indicated fey the fact that feensaldetiyde and dimethylaniline 
react in a twenty-fold excess of aqueous hydrochloric meld 

to give p^dlmethylaelnobenahydrol#' The esc eve acid present 
ties up this hydrol as the amine salt and. apparently retards 
its further reaction*
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the fir ft step of the Baeyer eortfienr&tlon has been

expressed by ia&i&ett as tie for&atlon of an Ion fey the
it

sldehyde end eeid eutnlysti

8 .. ♦ . < H -. H .. > +
st*p I c8h 6c :;o: * h Ic6e bc ::o;a^->c#H8c:oiH /

the l<m foreed Is it resonance hybrid between the oxo&liaK
and carbonic ions as shown* Since the next step ip the 
reaction will Involve the earboniar ion any feetom which 
affect the stability of this ion will *lt?o hart ar influence 
on tli# rate at which the rocction proceeds, ift at is lodl* 
eat ®4 in the <1 is once ion is# low, the eerbonl im ion is involved 
In the rate controlling 3top* Thus, a substituent on the 
para position of the phenyl group tH&t can re lea so or attract 
electrons fro® the rim would fee expected to exert ®n in* 
fluenc# on the stability of the cerfeoni m ion.* Consider, 
for example, the e@rhenium ion producer in the ease of 
*ni*aldehyde*

c ^ - o - ^
t

The electrons from the metnoxyi oxygon can undergo »n electro* 
eerie shift to glee still another resonance structure as shown* 
decreasing the contribution, nf the egrfeottluu ion to the res* 
cmenee hybrid* In other words, groups of the electron re* 
leasing type sight fee expected to slow up the rate of 
reaction* Conversely, substltuent* that withdrew electrons

£...;C.*0:1 >  CMg*CN^  ^-I': O: a j
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from the ring, such as the nitro group, should increase the 
contribution of the e&rboniui® ion to the resonance hybrid 
end lead to a more rapid rate of reaction* Inductive electron 
shifts of substituents such as alkyl groups will similarly 
affect the stability of the esrboniusi ion and the reaction 
rate*

*h*'eff4 et of substituents in the para position of 
bensaldehyde on the rates of reaction discussed in an earlier 
section have been found to fit this picture exactly* The six 
substituents tested m n  be arranged in the following order 
according to their tendency t© release electrons I (CHg^H**) 
€f%0- ) CH3- } H<* > C1-* > HO2** This is the same order as experi-* 
mentally found for these groups ind ©creasing the rate ©f the 
Baeyer reaction* The very slow rate of reaction shown by 
alpha branched aliphatic aldehydes is another example of the 
retardation of rat® brought about by the positive inductive 
effect of alkyl groups*

>.fter the carbonless Ion has been formed it may react 
with certain aromatic cospounds, such m  diaethylanlline# 
to give an intermediate benxhydrol* The equation for this 
second step may be written*

St*p II C9HsC.-0:H «• / ^ » < C H g ) g - ? C 6H8C ^ \ H ( C H g )2 ♦ H

H
The rat® at which this step occurs will depend on the 

effective concentrations of the ©arboniu® ion and also on the 
electron density of the carbon atom para to the dimethylamino



group* Substituted aromatic compounds- -which have a high den­
sity at the para position due to electromeiic or induetire 
shifts will, of course, be expected to show the fastest rate 
of reaction. %peri©eiitally it has beta found, as discussed 
earlier, that toluene is relatively inactive* Compound® in 
which eleetroiftorie shift© are possible, on the other hand, 
such as anisole, phenetole, end dimethylaniline, react it %
Btueh fester rate*

the intemiedlate beozhy&rol formed in Step IX is & very 
reactive type of eerbinol end under the acid conditions em­
ployed will give h catboniu® ion*

H -» * 1 __
Stag III C8HgCV _ 7 N(CIU)j; + H ̂  C,HgC^7 ^B(GHg)g ♦ Hg

H
The active carbonlun ion then reacts with sore of the dimethyl-
aniline to five the final product as in Step IT*

1
Step IV C6% C ^ H ( C H 3)£ ♦ ^ ^ * < C K 3)g

^ H ( C B 3)gj 2 ♦ B *
a

c6a5c

This four step meehenlsm is essentially the same as that 
given in an Incomplete for® by Harnett*^ This author, however, 
does not give any experimental- evidence but has inferred the 
mechealea fro® hi© knowledg© of other carbonlum ion reactions* 

The comparative rate studies made during the course of 
this research have also made it possible to suggest which step 
in the- above mechanism is rate controlling* Is already ex­
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plained* electron releasing substituents'on the bens&lde- 
byde should decrease the effective concentration of the 
carbomium ion formed In Step I* and earns# Step IX to proceed 
st a slower rate, these same electron releasing substituents 
are known to greatly incrd&s® the tendency of benshy&rols to 
fora earbcmlum ions (Step III) resulting in very rapid 
alkylations (Step I?).41 Experiment has shown that electron 
releasing substituents in the carbonyl constituent decrease 
the rate of the overall reaction* i.e.* Step X through IV* 
and that furthermore* this retardation is a function of the 
electron releasing power of the substituent. On the basis 
of these considerations It m u  be stated that Stop II is the 
most probable rat© controlling step in the reaction under 
the experiment®! conditions used. Since Step I Is i simple 
acid-base reaction involving no rupture of bonds it appears 
to fee a rapid one, but the possibility that it also is slow 
•aowh to affect th# overall rate has not been eliminated.

the rat© data obtained in this research has also made 
possible the calculation of th® kinetic order of the various 
reactions. As pointed out earlier in the discussion, first 
order rate constants with respect to the aldehyde were obtained 
for the condensation of benaldehyde with dlmcthylanllln# 
under one set of reactant concentrations throughout the £0$ 
to 80^ portion of reaction. These constsnfes apparently 
do not have any absolute significance for as was discussed 
above the nature of the aromatic compound greatly affects 
the rate of reaction.
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It was found furthermore, that the first order rate 
©onetints drifted markedly on carrying out the reactions at 
different aldehyde concent rat ions. Three m i  were tarried 
out in which 0.0625, 0.125, and 0,250 mole of bamaaldahyda 
wart reacted with 0.625 mol# of dlmathylanlline in the 
presence of 0,032 mole of p-toluene sulfonic acid. All three 
reactions were run in 500 ml, of toluene solution. Tables 
showing the rates at which these runs proceeded are given 
in the experimental section, From the data in these tables 
the moles of aldehyde present at various times were calcu­
lated and these values substituted in the first order ret# 
equation. The 0,125 mole benzaldehyde run, in which the 
reactant ratio is the same as that in the standard runs, 
gave first order constants that did not vary from the mean 
more than 9$ over the BOf- to 00€ portion of the reaction. 
When the aldehyde coneentration was doubled to 0,250 mole, 
however, the rate constants calculated in the same manner 
were found to drift markedly toward lower values indicating 
a higher order* On the other hand, the lower aldehyde con­
centration (0*0625 mole) gave constants which drifted to a 
higher value over the same portion of the reaction.

At discussed above Step II appears to be rate-control­
ling so that it becomes possible to calculate second 
order constants* The ordinary second order aquation W a t  be 
modified somewhat because the amine is consumed In both 
rat# and non-rate controlling steps. The rate of Step II 
may be expratsadt
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• k (cone. earbanlum ion)(eone# mmine)

The concentration of the ctrboaium ion is proportional to 
a-x. the anoust of aldehyde present at any time Fhere 
£  is the original amine concentration, the concentration of 
the amine will be b-2x at any time t since for every stole of 
amine used in Step II there will be another mole uaed in the 
rapid Step IT* The differential rat® equation may then be 
written!

It should be pointed out that this k incorporates the 
equilibrium constent from Step I* Upon integration the above 
equation takes the form!

t'hen the data from the three runs were substituted into 
this expression and the rate constants calculated over the 
various reaction intervals for the runs with 0»Q6£5 and 0,1£$ 
sole of aldehyde the constants were found to drift to higher 
values# The constants for the O.ESO mole run, however, were 
fairly good showing some change toward a higher order#

To complete the picture substitution of the rate data 
into a third order equation was also carried out# The 
equation used expresses the time-eoneentratian relationship 
in which the rate is proportional' to the concentration of the 
aldehyde and the square of the concentration of the dimethyl- 
aniline. The integrated form of this equation isi

JE ■ k(*-x){b-tx)



It hen the data fro® the three runs were substituted into this 
equation the rate constants were found in all eases to drift 
eonsiderahi7 toward higher values* The rate data ealcula* 
tions for the three different orders are summarised in 
Table ?*

TABLE f
Effect of Changes in Aldehyde Concentration 
on First, £ ©cond, and Third Order Constants

Bun
Moles

Aldehyde First Order, Second Order Third Orddr
1 0.0825 50# increase SO# increase 55# increase
I 0*125 constant 

within **8$
25# increase 40# increase

5 0*280 50# decrease 13# decrease 55# increase

Three more runs were made In which the c one en t r a 11 on *
of the reactants were ▼cried. These experiments we.ro carried 
out In £50 ml. of bencene instead of 500 ml. toluene and 
twice ms much catalyst (0*064 mole) was used. Calculation 
of the rate constants for the different orders showed the 
t«M sort ©f drifts as did the corresponding runs in toluene 
just discussed*

These experiments on the condensation of ben^aldehyd# 
with dlnethylanlline have shown that none of the common 
kinetic equations will express the rate at which the reaction 
proceeds under varying conditions of aldehyde concentration* 

This failure to obtain an integral order might indicate that
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there is no single rata controlling step ia the reaction. It
mast be reiaembered, however$ that all of these order calon*
1st ions were na.de by the substitution of molar concentra* 
tioas into the different rate ecu&tioas* Actually, of course*
the rate of the various steps are proportional to the 
activities of the reactants and not the molar concentrations«
The activities are dependent on the activity coefficients and 
these coefficients 1m turn are dependent on the ionic strength 
of the solution*

The actual rate conation that should be used to express 
the rat® of this reaction if Step II controls the rate is*

|P| * kXa(carb©mlm ion) *(amine) ,

Equilibrium In Step I can toe expressed toy

^ * *f carbemttjg ion)
11 (aldehyde)

On substitution into the above rate equation we obtain!
|| • kiKa(aideV]y..i») *(aainS} *H*

and since the activity ia equal to the molar concentration 
times the activity coefficient (J) this say be converted toi

|| “ kl*c(6ldehyde) “(amine) V  tlB®8

f(aiaehyde) 0( amine) * V  .
Unfortunately there is no way in which these activity 
coefficients can to* evaluated, particularly at the relatively 
high concentration of reactants and catalyst employed expert* 
mentally. An inspection of this differential rate equation
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does show, however, that even smell changes In the activity 
coefficient during the course of the ox per latent could ecus# 
considerchit drifts la the rat# constant*

Although the rate studies have not been very helpful 
in the determination of an integral order for the react ion 
they have been instrumental in determining the effect on the 
reaction rate of substituents in both the aldehyde and 
aromatic components. The reaction mechanism m s  postulated 
on considerations arising from these relative reaction rates 
and not fro® the kinetic orders. The similarity of the 
kinetic date obtained for the various para substituted aide** 
hy&es Indicates that these reactions proceeded by the same 
aeehamisia and therefore the determination of relative 
reactivities has * sound basis. ,
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IXmiMtftfTAL*

STAIDABB PB0C1OTSE

After preliminary experiments showed that benzaldehyde 
could he condensed with a variety of aromatic compounds a 
uniform method of carrying mat the reaction* *«* adopted.
This -standard procedure w&a meed unless otherwise stated*

First, the desired amount of p~tolu*nesulfo&lo acid 
monohydr&te was weighed out to O.Ols g* and placed in & round 
hot ton flask fitted with a thermometer well. The aroma tic 
compound was-then weighed out to the nearest decigram and 
sufficient solvent added to bring the solution to a standard 
volume of B$§ ml, or 500 ml* minus the volume of the aldehyde 
to he added. The flask was'then heated by means of a 
*Glas Col* electric heating mantle, A •Yarlac* adjustable 
transformer was used to control the temperature of the mantle 
and canae a rapid refinn of solvent, After all the water 
from the catalyst had been driven off and collected in the 
moisture trap, the reaction vessel was opened momentarily 
and a glass vial containing the liquid aldehyde was dropped 
in. The solid aldehydes were simply brushed in from a piece 
of glased paper. In all experiment® the aldehyde was weighid 
out to the nearest centigram. After the addition of the 
aldehyde to the refluxlng bemene solution, the flask was 
swirled manually to insure a rapid and thorough mixing of 
the reactants. This whole operation from the time the flask

a. Ifier©analyses by Mrs, Mary Aldridge and Mr. Byron Baer*
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m s  opened m s  accomplished within 10 to 15 seconds Insuring
an accurst© jasero-tiia© for thu reactions.

Before each run the moisture traps wore treated with 
sulfuric aeld-potaealum di©bV«&t# cleaning solution ana them 
thoroughly washed* When this ©leaning was- omitted the water 
formed in the reaction had a tendency to cltag tenaciously 
to the walls of the moisture trap making accurate readings 
impossible* When the traps were clean it m s  found that 
the water clinging to the walls and in the condenser could 
be 'readily shakes loose by agitation of the liquid ia the 
trap with & length of copper wire operated from the top of 
the condenser* In am effort to obtain a cleaner water sepa­
ration. one of the traps was treated with a silicone water- 
proofing compound* a trial experiment usiny this trap 
was then carried out* the water separating la the trap 
had no tendency to cling to the walls hut unfortunately the 
mealserne curvature varied so much that accurate readings 
were impossible* Because of the failure of the silicone 
treatment4 the trap was treated with alcoholic potassium 
hydroxide to remove the water proofing layer and conventional 
cleaning methods were adopted.

In practically all the runs made, bensene or toluene 
was need as the solvent* Both of these compounds are useful 
solvents for the reaction because they for© minimum boiling 
aseotrople mixtures with water resulting in a rapid and 
efficient removal of water from the reaction mixture* The 
benzene used was the thlophene-free product of the Jones and
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Laughllr. Steel Corporation* It w&f distilled before use* 
discarding the first anu last 1q$* The fraction collected 
■5 Is tilled st ?0.0-80.1ob(llt., 80.1°)j n|p« 1.4882, (lit., 
a?®» 1.4831). A purified grade of telu.a« obtained fro® the
S» T, Baker Chemical Company was used. It was also distilled 
before use, and the cut boiling at 109,9-1X0.# (lit, 110*#) 
was collected} n§9« 1.4939 (lit., n|S- 1,493?).

The acid catalyst used throughout this research was 
p-toluene sulfonic acid. This compound is supplied in a pure 
form by the Eastman Kodak Co* as a menohy&raiej a.p. 103- 
106® (lit., 106-107®). In order to ascertain the purity of 
the acid, two weighed samples *ere taken directly from the 
bottle without drying, diesolved in water, and titrated with 
standard alkali, feutral equivalents of 190.5 and 190*1 
were obtained. The theoretical value for p-CHgCgH^^gH’HgQ 
is 190.£

THE PEJCTiaiS OF PABi* SUBSTITUTE!)
BMZAWEEWWB- FITE BXMETBYLAJSlblfE „

0»lng the standard procedure described Is the previous 
section, 0.125 mol® of various p&ra substituted aldehydes 
was reacted with 0.623 mole dimethylaniline in the presence 
of 0,064 mole catalyst in 250 ml, of h m m m  solution. The 
dimethylaailine used was Eastman** pure grade. It was dis­
tilled before use, b.p. 85.0-85,1®/IS ansjc 1*3696,

b. All melting points and boiling points given in this thesis except those measured in vacuo are corrected, e.All distillations in vacuo carried out is this research were conducted in a nitrogen atmosphere.
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20(lit*, np * 1*570E}* After the reactions reached completion 
they were all worked up in s. similar maimer* First, the benzene 
solutions were extracted with 100 ml* of B% potassium hydrox-* 
id# solution to remoire the catalyst as the potassium salt* 
the benzene layer was then washed with 100 ml* portions of 
water until the washings Showed no alkalinity* Three washings 
were generally required* The benzene -ms then distilled off 
and finally the excess dimethylamlllne wsr removed under re* 
dueed pressure* The reaction products were then either 
crystallized from the residue or distilled under reduced 
pressure.
Condensation of Beasal&efrrdoi Paragon*s chlorine free bens** 
aldehyde was washed with 5$ sodium carbonate solution, dried 
over' calcium chloride, and distilled just before use, later, 
however, a titration of the acid in the bensaldehyde showed, 
that the carbonate washing was unnecessary* Thereafter, 
t»i® »ld*hyd* was distilled directly, b.p. 178.0-179.0°
(lit., 179°)) » 1.5483, (lit., a®° - 1,8460). Within
thro® minutes after the distillation of the bensaldehyde it 
was weighed out and added t© the reaction mixture* The 
rat© data, for the reaction are given in Table VI* Jk check run 
showed substantially the same rate of reaction* The tempera-* 
ture ©f the reaction mixture dropped from 9E.9® to 90,9° 
over the first 60$ of the reaction. The product was worked 
up in the standard fashion. 1he dark colored reaction 
residue remaining after removal of the benzene and., excess amine 
was dissolved in 400 ml* of hot ethanol and permitted to cool
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TABLE VI
TI.aE VOItUUS TIME VOLUME
(®ln.) (ml.EiO) (min.) (®1.H*0)

itt 8:M m IM190 0.44 770 1.33
£50 0*58 850 1.40
310 0.67 1025 1.57
385 0.82 1210 1*68
430 0.88 1390 1.81
485 0*94 1570 1.91
560 1*00 3070 £*£3

slowly. After standing overnight, a copious yield of whit© 
crystalline material had formed. These crystals were filtered, 
washed and dried. There was obtained £7*0 g. of product, 
m.p. 93.3-94*1°(lit*, m.p* for leueom&l&ehit® green is 93°), 
From the mother liquor there was obtained 5.6 g . of a crys­
talline material which melted at 97-101*8°. This substance 
proved to be an allotropie fora of leu©©malachite green,
(lit., sup. 10£°)* When this higher melting form was recrys­
tallised rapidly fro® hot alcohol, it was converted to the 
lower melting form. The total yield was 31.$ g, or 79$ of 
theory* In subsequent runs it was found that the leuc©mal­
achite green, could be more efficiently isolated by distillation 
from the reaction residues* b.p* £36-£50D/l*5-£.0 mm* On 
recrystallis&tion of the 97.1 yield of distillate from £00 ml# 
ethanol, there was obtained an 85$ yield of pure product, sa.p* 
99*5-101°* The mother liquors were not worked up.

In order to gain some idea of the temperature coefficient 
of reaction, the hens&ldehyde-dlmethyl&nlliiie reaction w&s 
repeated at the same concentration using toluene Instead of
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hmnzmm as a solvent, The reaction was carried out using
the standard experimental procedure* The rate at which the
water collected la given in Table TXI, 

TABU Til
BATI ratiTIME T0M M 1 001STAIT X1MB V01AM& C0V8TAXT

(min.) (al.HftO) (1st 0RDSR) x 10*6) (min.) (ml*1*0} (1st 0HPER 
x 10-»)

10 0*07 193 1.57 487
m 0*16 BBS 1.57 47330 0.B9 £83 1*67 47840 0*39 113 1.77 49B
m 0*47 470 343 1*84 49650 0*68 46 a 383 1*9£78 0.70 476 443 £*0g93 0,82 488 643 S.U108 0.9B 486 873 £.£0118 1*03 478 1083 t.El148

158
1.14
1*35

.480
483

1413 £*£1

The temperature decreased from 1M,0® to 1££*4® over the 
first 80$ of reaction- This product was worked up in & maimer 
identical to that described for leuco malachite green in the 
section oh the reactions of para" substituted beassaldehfde*
The yield of pure crystalline product was 8&$, sup* 99*6- 
101*1®* A repeat experiment showed approximately this same 
rate of reaction, giving an average rate constant of 506 x 
10~§ reciprocal minutes, After this duplicate run had reached 
completion, 60 ml. of a 1*471 I sodium, hydroxide solution 
(0*0735 mole) was added to the reaction mixture and the solution 
shaken in a separatory funnel for several minutes. The 
aqueous layer was withdrawn and the bongone solution extracted 
once with 40 ml* water. The excess alkali in the combined
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water layers was then titrated using phenolphthftlein as an 
indie*tor with 1 I hydrochloric acid solution, 10*1 ml* being 
required to reach the end point* This titration accounted tor 
0*0796 sinus 0,0101 or 0*0654 mole* Since 0,0640 sol# of 
catalyst had been added originally, the titration showed 
that 9®'i of this acid was still present at the end of the 
reaction*

In order to determine the effect of catalyst concentre* 
tic® on the' reaction rate, the above experiment was repeated 
using on*-haIf ®& much catalyst* The reaction was carried out 
in the standard fashion by adding 0,115 mole of ben&aldehyde 
to 0*615 mol® of dlmethylanlllne in the presence of O*03g mole 
catalyst in £50 ml, of beaxene, The rate data are given in 
Table fill* The first order rate constents are also included*

TABLE fill
BA If* RATE

TIMS fOLlM C01STAMT TIME fOLBME 00fSTA.IT
(min*} (ml* H*0) (1st 01B11 (mta») (ml«M*0) (1st 0B0SR

X 10 x 10*8)
20 0*09 860 1*89 381
m 0*30 £86 505 1,67 347
75 0*46 £97 440 1,75 334
115 0*66 •90S 515 1*87 545
145' 0*88 311 590 1*96
170 0*98 666 765 - £*11mo 1*11 540 1525 £,£7
£45 1*15 351 1460 s* m
£90 1,40 644

1% the purified product of 
the Paragon Testing Laboratories was used directly in this 
reaction, m*p* 46,5-47,5°,(lit,, m«p, 47,5°)# The standard 
amount of aldehyde was weighed out and added to the refluxlng 
reaction mixture* An examination of Table II shows that e
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more rapid rate was obtained then in tha ease of benzaldehyde 
Itself*

TABLE IX
Tim VOLUME TIME VOLUME
(mln«) <®1*H*0) (aln*) (ml,H«0)

50 0*15 600 1*54100 0,30 ©SO 1*60146 0,44 1090 1*85190 0*56 1375 H #03
156 0,70 1615 6,15690 0,86 m m 8*81380 1,05 6690 &%m430 1,10 6780 8,87

A check run showed that this experiment was closely re pro-*
ducible. Over the first 80 jt of reaction* the temperature of 
.refluxlng mixture decreased from 93*1® to 91*0®* On completion 
of reaction, the mixture was worked up in the standard 
fashion and the leuco base distilled In vacuo* The product 
distilled at 836-645°/0*S mm giving 40*9 g* of a light yellow 
distillate * This oil was crystallised by dissolving it in 
400 mi* of hot ethanol followed, by slow cooling* There was 
obtained 37*6 g, of whit# crystalline p-ehlcrom&l&ehite 
green sup* 105-106® (lit** 9 8 - 9 9 ° ) The yield was 85$ 
of theory* It was found that when the ieucc base was crys­
tallised directly from the residues* omitting the distillation 
step, the aup* of the product m m  97-99®*
Condensation of p-p^methylaaixxobeng.a.ldefaydei Eastman Kodak9 • 
pure grade of p-dimethyl&alnofeena&ldehy&e was found to have 
a melting point of 7£,O-74,0® (lit** m*p* 74®)* This pro­
duct, however* was yellowish in  color and was rather amorphous 
in appearance* To further purify this aldehyde, 100 g*
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was dissolved in 700 ml* of 5$ hydrochloric acid giving & 

dark colored solution. This solution w&s filtered, diluted 
with an equal volume of water and a 15$ solution of sodium 
hydroxide was added slowly with vigorous mechanical stirring* 
The precipitated aldehyde was filtered, w&rhed thoroughly 

and dried* the dried sater i a l  was distilled fro® a £50 ml* 
C laisea type flask* b.p* 151-152°/5  mm. The d is t i l l a t e  was 
dissolved in  100 ml*, ethanol and then 400 si* of water added 
slowly with stirring* The product case down as white granu­
lar crystals w ith a melting point of 73*5-74.5°. Fifty-five 
grams was obtained,

The standard amount of this aldehyde was weighed out and 
added to the re flu x in g  mixture of ca ta ly s t* diraethyl&niline 
and benzene in  the standard fashion. This aldehyde showed 
the slowest reaction time- of all the para substituted ben*~ 

aldehydes studied, The ra te  data is  given in Table X*
trnrn x

T i m VOLUME TIME VOLUME
(min*) (©1*1,0) (©in*) (©1*1,0)
m 0.10 8,580 1.42

190 0*17 10,010 1,68
720 0.E8 11,460 1*7£

1,470 0.42 1£,780 1.8821 £50 0*57 14,040 1.93
£,910 0.69 15,480 £.01
3,500 0.80 16,920 2.114, £90 0*89 18,780 £*£15,790 1.10 £O,££0 £,££
7,140 1*127 £1,900 £.£3

A repeat experiment duplicated, the one above very satisfac­
torily. The temperature of the reaction mixture decreased
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from 93*6® to 91.6® over the first BQi of reaction* Ou com* 
p le tio n  of the reaction* the mixture was worked up in the us* 
m l  manor, lo attempt was madt to d i s t i l l  th is  product, 
however* Instead, 100 ml* of hot toluene was added to the 
residue after the excess* dineth jrl& n ill& e had been distilled 
off under reduced pressure, To this toluene solution was 

added 260 ml, of hot absolute alcohol* As the solution 
cooled a copious yield of crystals was obtained. After 
standing in the refrigerator for M  hours, the solution was 
filtered giving 56*1 g* (77$ of theory) of white crystals 
with a purplish tint* Melting point of product 166-171®,
(lit* sup* fo r  lew eoerystal violet I f 2-175®)*® This leuco  

base oxidised rapidly in air taking on a purplish color. 
Condensation of Anisaldehydet A p u rifie d  grs.de of product o f^ W’.'ttW*Wiyjriweiiap?■<■ ir.MH.fU■■'..ffggf»flH ■ (&***,-*&  ■nnr.*f iii.i*W ,n ■ "infi ll! .n* > r  *•■

the Paragon Testing la b o ra to ries  was distilled in vacuo Just 
before- u»*, b .p , 9 1 .0 -9 1 .4 /1 7  rata; n | ° -  1.67EX ( l i t . ,  n | ° -  

1 .5 7 8 1 ).

The reaction  with this aldehyde was found to proceed 
considerably slower than, the s im ila r  reaction, with bens- 

aldehyde* The ra te  of reaction  observed fo r this experiment 

is shown in  Table XI* The ra te  date fo r  a dup licate  run were 

s u b s ta n tia lly  the same* The temperature of the reaction 
m ixture decreased from 92*9® to 9 £ *0 °. The so lu tio n  a f te r  

reac tio n  completion wes worked up in  the standard fashion  

and d is t i l le d  In  vacuo from the residue. There was obtained 

42.5 g. of d is t i l l a t e ,  b.p* 246~26b0/0*5 mm, The l ig h t  yellow  

d is t i l l a t e  was c ry s ta llis e d  from 200 ml* of hot ethanol and
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triL- XX
TIMS VOUttUS TIMI VOLUME
(sin,) (ttl.SeO) (sin*) <«1*H,0)
§0 8,08 1818 1,27
98 0,1.1 £1£5 1*43

185 0,20 £255 1.46
960 0,28 8706 1.82
m u 0,38 3075 1.74
u m 8,53 3858 1.66
??§ 0*60 4245 2,00
m u 0,82 4708 2.10

1165 0*95 . 8065 2,15
1405 1,09 5868 2,19
1595 1,28 7108 2,21

gave §8,8 g,t 86# yield, of white crystalline 1@ueo~ p~sie thoacy-*
malachite green, sup. 104,6~100*X®f (lit*, s,p« 106°},^® 
Coadtogatlon of a»X#lmld»tedi.t ThXa aldehyde was prepared fey 
R. Erickson, a student at this U n iv e rs ity . He synthesised 

it fey & Gattersan-Koch synthesis from toluene, carbon iiion«idet 
and hydrogen chloride in  the presence of cuprous chloride 
and alumina®! chloride.^ Before this product was used, it 
was necessary to purify it via the bisulfite addition product, 
which was then thoroughly washed and decomposed with & sus~ 
pension of sodium carbonate. The aldehyde was extracted with 
ether, dried and distilled Just before use, fe.p. 94,S-95,.0a/

80 mm9 mjP* 1.5448 (lit,, m i.5454), The p-toluaIdehyde 

condensed with dime thy la n ll ln e  under the standard conditions 
at a rate shown 1b Table XII, The temperature decreased 
uniformly from 93*1® to 91,1° over the first 80# of the 
.reaction*

The product was worked up in the usual fashion and re- 
c ry s ta llis e d  fro® 450 ml* of ethano l. There was obtained
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*h© temperature decreased uniformly from 9Sf6d to 91*1°#
The product m s worked up la the usual wanner# The 

crude reaction fixture was taken up in 100 mi. of toluene
©ad 115 ml* of hot ethanol added* On cooling a copious yield 
of brilliant |old#.a*y#llow crystals formed* The product 
wasfiltered and dried giwing a 89# yield (41*6 g,)f ®*p* 
181*183°, (lit*, ®*p* lf5*lTT°)#f

T IE  M A C TIO K S OF OTHER AlDJfHTBlb  
WlTu OlMETIffhAiiail

In addition to the para substituted feensaldehydes s. 
number of other aldehydes were reacted ■ with dimethylaniline 
tmdtr the same standard reaction conditions*
Coa&on»ft.tlott jf n*Ht otaldthy dt i A prate tie© I grade of feept* 
aldehyde supplied by Paragon Testing: tabor*teries wat free* 
tlenated through & 40 cm* column packed with glass helices 
at a reflux ratio of 8 to 1* The cut distilling from 152*0°* 
155° m s collected (lit., b,p, 15?.8°)j a|°» 1.4X25, (lit., 
n|°- 1.4131). Th* standard amount of aldehyde (0*125 sole) 
was added to & refluxlng solution of dimethyl anil in# and 
Catalyst in bensme* The reaction started, ft .about the same 
rate as- tie similar bengaXdfcbyde run' but'decreeted appre* 
eiably-ae the reaction progressed* The rate at which the 
water collected is shown 'in Table XX?* Values for the first 
and second order rate constants are also given.* fhe reaction 
mixture was worked up in the usual manner end distilled in 
vacuo* An 80# yield of light yellow distillate was obtained*
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fABLE XX?

TIME VOLUME bate comtmtB
(min.) (ml*i#0) 1st OHDMi 2nd 03
10 0.12
15 0*19
30 0*26
90 0.56 194 521
160 8.46 144 241
£65 8.59 115 194
375 0.7E 103 177
448 0.7? 93 104
570 0.88 87 153
750 1.01 77 138
930 1*18 74 133
IMS 1*27 67 123
1600 1.36 58 108
1810 1.45 57 108
EE55 1.55 52 101
£820 1.66 47 73
3588 1*7£ 44 87
4 £80 1.77
m m 1.83
7140 1.87
8S80 1.88

b.p. £§0~llli#/0.5 mm* On trituration with 40 ml* of ethanol 
crystallisation started* The white crystalline ltl<*bls~ 
(p-dlmethylamlnophenyl)heptene obtained amounted to 69$ 
of theory, m.p, 68,6-59,0®, (lit,, 69,5°),

A practical grade of £~©thyIfoutyraldehyde (B&fctmftn Kodak
Co*) was distilled slowly through a column packed ttth
8 inches of glass helices. The cut boiling at 116vf<»116t4*
wes collected (lit., b.p. 116-117®)} sf1- 1.4010, (lit,,
80 ,&D * 1*4015)* the standard amount of aldehyde was weighed 
out and the reaction with dimethylaniline carried out in the 
usual manner. The rat# of collection of water was much 
slower than that in the corresponding n-hept&ldehyde expert*
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Mat* rat®, at which the reaction proceeded is shows
is fable XV# The first order rat® constants are also Included*

f m m  If
mis comt&mB K
1st OhMft m 10~B

118
95*8
§#*6
78*9
70*366*8
62.4
50*6
17*6
16*4
14*0
51.8

The reaction was shut down after reaching 60$ completion he* 
cause of excessive time requirements. The resulting reaction 
mixture was worked up in the standard fashion and the crude 
product distilled* flier# was obtained a 6 g* forerun,, 
b.p* 98~1080/0*8 me* This substance could not be any of the 
starting materials or the expected Baeyer condensation pro- 
duct. In ail probability it is an aidol condensation product 
of the £*ethylbutyraldebyde* It was not further identified, 
the main fraction emeuated to 20*3 g., I78**B080/8.S wm
and distilled as a pale yellow liquid* It crystallised 
readily fro® ethanol giving £0,8 g. of whit# crystalline 
solid, a*p. 80**880. Hecrystalllsatlon from 70 ml* of ethanol 
gave 13*0 g. of product which melted at 86**970, Five grams

t i n  m m m  (aim.) (ml*H«Q)
15 0.06
78 0.18'208 0.10
440 0.14
1600 0.59
2 £35 0*43
m m 0*80
4280 0.63
8700 0.74
7140 0*83
8580 0*98

10,460 1*88
11,940 I *11
13,140 1*18
18,780 1.29
17,445 1*54



of the material was recryBtalllmed three times to a conetaut 
malting point yielding 3.7 e* of pure product, m*p. 103*1-
104*6°• A literature search revealed that this product 1,1-
bis(p-dls®ethyla®inophenyl)-£-@thylbutyraldehyde was » new
eompound*

anal. CaXoa. for C*>$>&$$>» Vg% -@1*43$ H, 9.93$ @.44.
FoundI C, @1.70} I, 10.21$ I, 9.07.

the condensation with £~«thylbutyr*16*hy<ie was repeated 
using. O.1E0 aol# of catalyst, double that used In the expert* 
gent above, la an attempt to speed up the rat# of reaction* 
fh%® Increased catalyst concentration, however, resulted in

only a slight increase in the'rate of reaction, the half 
time being, reduced from 8 to § days. After two weeks the 
reaction reached f@# completion ahi was still proceeding 
very slowly. At this point, however, the reaction wms shut 
down and product worked up m  before giving £9.£ g. of die* 
tills te, b.p* 1B®+B1B0/Q*& am. this crude product a mounted 
to 72# of theory and was not further purified*

Sine® the rate of condensation of 2-ethylbutyraldehyde 
in bensone solution was so slow, a higher boiling solvent, 
toluene, was substituted* It m m  also necessary to use an 
alpha-branched aliphatic aldehyde with a higher boiling 
point because the aldehyde used in the above experiment would 
distill from the reaction vessel in which toluene was the 
solvent. For this purpose, E-ethylhex&ldehyde was selected, 
b,p. 16£.5-163°) b§s»8« 1.4154, (lit., fc.p. 168°, n|°- 1.4160).
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lbs experiment was earrled out-' using 0«1§$ » o U  of 
aldehyde* 0»6£5 ©ole dimethylsnilin©* and 0*064 mol© catalyst 
is 160 ml. of toluene. solution* As expected, the re&etion 
proceeded much more readily reaching the half-way point in M  
hours* the reaction reached 9401 completion is 4 toys. Un- 
fortunately, it was found on working up the. product in the 
usual si&ns#- and distilling the product, that no sharply dl* 
fined fraction could he obtained, the distillstion tempera** 
bur© rose steadily from if to SOQ*/Q*fy a®* Crystallisation 
could not he induced by trituration with ethanol* Apparently 
the higher temperature has increased the rate of the tIdol-con* 
dens&tlon side reaction more than it has the desired Baeyer 
condensation,
Compensation of Chi oral i The m e  of chloral in carrying out 
the Baeyer reaction by the aseotrepic method did not seem to 
be wary proaising in. view of the low boiling point of chloral* 
its solubility in water, and the instability of many of the 
condensation products ia presence of higher temperatures and 
acid concentrations. An experiment was made, however, in which 
chloral was reacted with dlmetbyl&nill&e under the standard 
conditions used in studying the p-substituted be&seldehydes*
Tne chloral, b.p. 96.7-97.£°(lit., b.p. 98°) { n22- 1,4561,
(lit*, af®* 1.4657), was added to the refluxlng reaction mix- 
tur© and within an hour water had begun to collect in the 
moisture trap* the reaction proceeded smoothly for several 
hours acquiring © deep blue color* Soon after reaching the 
SCM> completion mark* however * extensive decomposition began
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to occur and e purplish-black tar deposited in the reaction 
vessel* After ten hours of reaction, a large &®o\mt of this 
Viscous black tar had formed. Ho attempt was made to isolate 
any product*
fhe. ®®na®um$ion of fiinosma Idsfcy&e I the e limans Id ehyd* was 
distilled Just before us®, b.p. 165.0-1^5 *5*/»7 .«*, n|^* 1*6193, 
(lit., n§°- 1.6166  ̂. Too re&ctie® * esffled out In the usual 
manner, apparently ' proceeded‘in a -normal fashion with libsra­
tion of 94$ of the theoretical amount of water after 6 days* 
the reaction was half complete In about 60 hours but there­
after the rate fell off much more readily than for the similar 
experiment using hearaldehyde* The reaction mixture was worked 
up in the usual manner. Ho crystalline product could he ob­
tained fro® the residue. On heating the residue to 310@/§*&*
1.0 fit® a sm&ll amount of black viscous distillate was ob­
tained that could not he crystallised, the bulk of saterl&l, 
however, was not volatile even at this high temperature. 
Apparently polymerisation had occurred.

THE HXAGTIOHB OF VABIOUb AROiATIC 
mWQWBB WITH B&HEALBIHX01

Because of the wide variation in activity of various 
aromatic compounds in the Baeyor reaction, it was not possible 
to select one standard set of reactant and catalyst concen­
trations for ell the reactions carried out. The same standard 
experimental procedure was used, however,
Condensation o|l Aniline with Bans aldehyde! Xallinekrodt #s
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pure grade of aniline was ai.jfc tiled in vacuo Just before us©, 
b.p. 90.0-90.8°A 3 aas, nfp- 1.6840, (lit., a§°- 1.5883). 
fhe reaction was carried out by adding 0*1&5 ®oi© of benz&l- 
dehyd© to 0«6£5 mole of aniline and 0.008 sole of cst&lysi in 
B50 ml. of ref lusting benzene solution. A rapid evolution of 
water occurred i&dieatl&g anil formation, The reaction was 
60$ complete in less thou 5 minutes* the reaction proceeded 
to 50$ completion and stopped after a period of 8 hours. The 
product was worked up in tla# stand&yd fashion. On distillation 
of the crude reaction product there was obtained 10*E g. of 
yellow distillate b.p. l£4-l£6°/l*8 mm, This distillate 
crystallised on cooling and on recrystallisation fro® 20 ml. 
ethanol gave 8,0 g. (a 46$ yield) of white crystalline bens- 
.al&niline, sup, SB.O-SB.b0 , {lit,, 51»0-5£»0°), There was 
no higher boiling fraction and practically no distillation 
residue*

grad© of aetfcylaniline (Be stolen Kodak Co.) was distilled 
before use* b.p, 196*5-167*0° (lit** b.p. 195*7°)| n|^*i 1*5695, 
(lit,, Bp1,5- 1*5702)* The reaction was carried out by adding 
0*125 mol© of hensaldehyd© to 0*525 mole metfcyl&milin© and 
0*008 mol© catalyst in 150 ml. benzene solution. The reaction 
proceeded readily even with this small amount of catalyst*
The rat© at rhieh water collected is shown in Table XVI* The 
first order rate constants based on the aldehyde are also 
given. The temperature of the reaction mixture decreased 
uniformly from 90*6° to 88*6° over the first 80$ of reaction*



m*&
t-t
» Q t< m O I4HQH•< S3SSlS4i K
o  3U  r-4

3 o «jp m.*••3 ♦

&3 *
s Is%►* ?s«

H  §§** 
at * 9 ©
< ca05 S +* H O «

U  r-l

■jjt •*
? n

*
dM *HH S§

a

^ #a © © 
«»©€»*"«t© m  so *o

s© u3 m r4m e* o *© £•• i© 80 IS 4* ©  ©  03 08 04 ♦ * ♦ # * ► ♦ *  *  ♦

OlO A « 
O ©  «D ©■« m ©a m  i

as m ©  o* «a©
tO©*»

*«4

900© oo*>S t*. «q tfS If*©■<# © to m m

<&&tQ©tf>t0 &ll6GtOM4*«*0n4««)# » * * « * * * * -© © © © © © * “4 *-**-*

0 0 © 4 0 0 © Q © 1 0«p4«t©©t^O©©ty

1*40 hI MP » 43SH 0 #© © H m*-4« # mS3 >» •4+» g4 434> »
© 33 •S3« *

i
« 0*mi *-4 Qi

o A V» m
*

©
0 1tit N ,>—* 3US 0 N 0V* 04 S-t 0««e*t a 0

*o 04 • 0
SH t 43 040 4»
*9 ot #$3 02 V* »4
3 * 0 43'
m 0** © -am IS •M ’W' 4t4*3 «fc # **4

2 &» nfh p 0P Si ei
« * «> 40 X$* 02

M d m%« •a O0 43 3P © 4403 ■0 <#»i r4 053 H +3 #
a *3+> 3 •r4
# 0 r~|
Is «H a•i •0 a- ®4* 41H 43 # 64*H 0 43P ?$*0 .Hi *

I 0
N

r-l
*■4 5J§4 a, •P 0

# 10
#

t
* m d

«s
>1

4»' 40 O m A *<3i0r4 00 •H
t* 3

r~4 m
& f

*$
m

* 4a
# 4

#
e*.43 S 43 is p 0 «* 04

<& » S-! tJ *© •••I *4 ’—f V •
n ‘4 d 0 # *2 •H 5$ © >» O &*<rt # fd 40 d « 4» > « Vir4 § 0 d >0 3 m A # © *
r4 43 3 P is 0 u © « Jp d %
m *r4 d 0 0 a» ©43 >» •0 0 Vi 93 d § © A wHm A 0 © Q 0 A P4 -j»3 a0
h «a m © •m © #* 4̂ a0

3 ,13
43 § O •

% 4 2 c 0 0 0 d •§
£v

c $4 43 3 0 «# 0 85 —*40
i.

•H 43 0 •r4 0 si r-| -it tf @5 •k
d d 45» *4 d <> !« Ed

m r—| P 4» d Xk
3 u ■i) •r4 © 89 © © d •m0 o. S3 -H r3 O >» IH A a8

90 *H h HI- ifi m P +*0 «» g m d d $4 © 4̂ • #
fia 43 S m © 0 d Vi•rl is s3 *0 # (X * © gf €0
► d •H- f4 V# ©
>» A tf n >

3
4-> © A m

> 40 *© O I # <rt r4 • 0*H
«H

♦H' A u d3 © r-4 0k O# 4» 44 •d m S-. JH a 4#
► «s 0 O •H s, *rH © s as © 02

!►*rf d
4* IB 0

£*
43 * A6H 01 0>©2

\0 # *d # r-4 m r-4 <# *4 J0 0 r-4 O f idvti 13 4*3 K •H « m d • 40 r-4
p *© N P © • ©4 oa4N 0 •HI tt © X| <-♦ «3 0# «3 0 ♦ ca © 40 0r**4•7»*4 0 m # t3 cl • © rH *r*4 # d

04
'd

■M s3 © f4 t 43 0, 0■/«** 4f P 4» « O *H • VI4-> *H *» P ,.f| O OK M
§ d 0 w •V r-4 « 4̂ H 4̂ 0 *
*5 •d *r4 « %-t CH m 0*■4 fiw © £3 40 4*3 g . tj ©
>>

«
© .a •»H ,iP d m 0 m r-4d 81 d 4*5 © © r-4 «g

1 N Cl 40 • **H 24 *0 © r-4 043 ♦ 0 *H 1* A rH +4 © «d •iHo. rH *P «S r-4 4» •
v4 •4 A 0 *

a
•O r-4 -1 r-1. 19 H?4 O © 9 A # & © +3 *.4 chS-4* 0 t* .'■̂ 44 4» si *H 0#r-*» Is %H h # © m » © ■<=4

0 © *& « © 0 .15 3% ,Pd r«4
§

9 4» «r4 4̂ u 0 O *
H

f—4 ■P 0 *H C& ‘̂4 «a
4 S3 *r4 a. H © A •# 0 H4 P% •W V« «0 i—4 m $4 H



m

Found: C, 83.74; II, 7*45; H, 9*51.
The Condensation u£ Aula ole with Bens aldffrrtet A pure grsde 
of aaisole obtained from Paragon feeting Laboratories was 
distilled through an 8 Inch eoluan packed with glass helices* 
The cut stilling at 153-184* coU.et.d, nj*- 1.5180 
(lit., b.p. 155-154*$ 1*5179). The condensation was
carried out by adding 8,125 mole of benx&Idehyde to 0 ,§t& saole 
anisole and 0*054 mol® p-tolusnesulfonic acid in a total 
volume of 500 ml. of rei’Xuxing benscne* The rate at which 
the water collected it sb© m  in fable X¥XX« the first order 
constants on the aldehyde ere also given*

TABLE , x m
SITE ■ ■ RATETIME ?0LB1B C0ISTAMT TIME TOLUBE' COMSfAMT

(mia*) {ml.H*8) (1st c m m  
x 10-5) (ml!*,) (1st 0RB1B 

X 10-")
m 0*05 330 1.04 18940 0.16 375 1*16 19250 0.19 146 435 1*29 197

100 0*33 159 516 1*48 288
1*6 0,44 175 590 1*80 210155 0,56 175 880 1*75 221195 0,67 130 720 1,80 £23
B m 0,81 186 1360 2.18*86 0,94 190 1576 2, £3

I960 2*23

A repeat experiment gave subs tint tally the same reaction rale.* 
the temperature of the reaction fixture decreased from 88*8* 
i© 85*8° over the first 804 of the reaction. The acid cata­
lyst was then removed by extraction with potassium hydroxide 
solution in the standard manner. The crude product was dis­
tilled in vacuo, b.p. 191-2Q5°/0,8 sou, giving £6*6 g* (704) 
of theory) of & light pink distillate, there was left 8.0 g*
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of a non-distiliable residue. Tam distillate was crystallized 

from 15 al.oiT a mefchauol-chloroforia (ill) mixture. Ilia white 
crystallise me tar is 1 amounted to Id g, (60%) of p$p$ -dimethoxy- 
trlpfcenylmetban©, sup# 98*100f 6° {lit#, 1 0 0 * 1 0 1 ° ) From
the mother liquor there was obtained $ g. of white crystals 
which molted at 74-88°, fteoryst&llizstion of this material 
gif# 1*5 g#. of crystal,. m.p* 85*96°# From the mother liquor 
of this latter crystallization there was obtained 1*1 g, of 
material which melted at 78*89°* this impurity is no doubt 
the isomeric ^9of-dimethoxytrlphanylsethane, (lit*, sup* 94°)*^ 
the repeat experiment gave SB g» (74% yield) of distill*ti* 

the anlsole-beazctldehyd* condensation was also carried 
out using equivalent amounts of reactants, i#e*, Q*l$5 mole 
Of beazaldebyde &nd:'0,$£0 able of anisole, with 0.05E mole 
of catalyst in $50 ml# of benzene.solution. This reaction 
reached 50% of completion in §0 hours and was complete in 3 
days. Only a 20% yield, of pure product was- obtained upon 
distillation of the crude product, About one-half of the cnide 
product was non-volatile refusing" to distill at temperatures 
up to £50° at 0.5 mm# bince tm  yield of product was lowered 
by decreasing the concentration of anisole in the reaction 
mixture, another run was made using a large excess of anisole 
to ascertain the effect on the yield. This experiment was 
performed omitting the hemmm and using excess anisole as the 
solvent. The aldehyde (0.1E5 mole) was added to £*£0 moles of 
anisole (£58 §#) containing 0*03$ mole of catalyst# This gave 
a total volume of $50 ml# exclusive of catalyst* The rate at
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which the reaction proceeded is given in Table XVIII* The 
first order rate constants are also given.

TABLE If III

TIME
BATE BATE

VOLUME coistast fill. VQUME .C0MEIAIT
(ml* Bj>0) (1st OMWt 

* 1G~6)
(lain,) (©1,11*0) {1st OBDp 

£ 10**)

8;il Si* 170198 1*191.39 443
4600.57 360 11© 1.4© 464

0.46 4X1 B30 1.80 478
0.54 394 680 1.59 601
0.61 595 180 1*68 491
0.68 405 31© 1.78 506
0.76 41.fc 340 1.8? 633
0.04 436 400 1.98 53£
0.97 435 43© £.03 543
1*08 430 510 1 * 15 56©

1345 3*10

m
50
70
SO
90100
110
150150

I t  was found on d is t i l la t io n  of the produet that the y ie ld  

was significantly increased over the reactions in which 
sm aller amount® of solsole were used* There was obtained a 
77% yield of pip^^dlaiethoxytrlphenylmeth&ne. a. p. 99.6*
101.1°.
C0m q .n g .U 9n of PMnsto.il> with Bgw Uefayt?*! A p u r if ie d  

grade of phenetole (Smstas&n Kodak Co.) was d is t i l le d  before  

une, b .p , 189.5-160,8 ( l i t . ,  b.p, 171°) b|S- 1.8088 (lit.,
n|°- 1.8000). This reaction wao carried out by the addition 
of 0.1£5 mole of bensaldeby&e to 0.6£5 eole of pberetole 
and 0*064 mdb of c*talyst in 50© &1« of benrene* The rat© 
at which the water Collecttd is shown In Table XIX* A com* 
parison of tnistfcble with Table XVII show® that phenetole 
reacts more rapidly then does anisole under the casie conditions. 
Th# temperature decreased from 87*1° to 86.3* over the first
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TA B Lh M X

KATE HAT ITIME mismi G08STJUI? TIME vouaot C0S8TA8T
(ttln.) («1.B»0) (1st 0BPB8 

x 10**®)
(»iiu) (ml.H.0) (1st 0BBBR 

X 10~5)

10 0*00 BIS' 1.06 £70SO 0*11 ■ Bib 1.16 875
m 0*19 295 1.27 281
m 0*80 £85 135 1.37 279
m 0*42 275 - 185 1,50 185

100 '0*52 274 440 1.65 300
110 0*66 257 525 1*77 294
170 0.80 257 590 1.86
200 0*98 251 9861890 1*908*81
80$ of reaction* A duplicate experiment gave substantially
tho soso rate of reaction.

The reaction mixture was worked up in the usual manner 
and tb© crude product dietilled et reduced pressure* There 
voa obtained 32*0 g* (ft! of theory) of o light orange distil* 
late, b.p* 196**£04°/Q»5 distillation residue was
5*9 g. The distillate could not be made to crystallize by 
tritutation with me thanol-ohloreform mixture* this some sol* 
went mixture hod brought about tho rapid crystallisation of 
the corresponding *nisole condensation product* Treatment 
with other solvents such as ethanol* benzene * and ligroln 
also foiled to bring about crystallisation* The expected 
product p t p *-dieihoxytripheaylme thane has not be®previously 
reported in the literature* About 5 g« of the distillate 
was thoroughly shaken with hot 50$ alcoholic potassium hydrox­
ide solution, Apparently none of the oil dissolved* The 
aqueous layer was then withdrawn and divided into two parts*
One of these solutions was neutralized by slow addition of
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dilute hydrochloric acid and the other by saturation with 
carbon dioxide* In neither case did any organic Material 
separate* Apparently none of the ethoxy groups split off under 
the acid conditions used to give phenolic type compounds* 
Another sample of distillate was redistilled for analyses, 
b.p. 198.0-196.1*70.5 *a.

Anal. Calcd. for Cg3ig40gi C, 83.10} H, 7.£8. Foundi 
C, 83.01, 83.11} H, 7.37, 7.33.
Condensation of n-Butyl PMnyl. Ether» A pure grade of the 
Eastman Kodak Co* ts &-» butyl phenyl ether was distilled before 
use, b.p. 807.4-508.0® (lit., b.p, 808®) b§®» 1.4938 (lit.,

sage 47
O p *  1*6019} * Because of the wide variation of the observed
refractive index from the literature value, this ether was 
also .prepardd synthetically* Xhe synthesis was carried out 
by I. Sharpless, a student at this University, by the reaction 
of sodium phenjlate with butyl bromide in aqueous solution*
This product had substantially the same physical constants 
as for the ether given above* They were b*p. 207*4~208*4**t 
n®®« 1.4940.

The condensation was carried out by the addition of Q*i£h 
mole of beasaldehyde to 0*625 sole of the synthetic a-buiyl 
phenyl ether and 0*064 sole catalyst in §00 ml* of benzene*
This rate data and first order rate constants are given in 
Table XX* This rate was .corroborated by a similar run. A 
comparison, of the table with the corresponding ones for enisole 
and phenetol, XVII and XIX show© that n*butyl phenyl ether is 
the ttost reactive.



SO-fl of the reaction*
The reaction mixture was worked up in the standard manner 

and the crude product distilled* There was obtained 35*? g* 
(7$&. of theory) of light orange distillate, b.p. £34~246°/
1*0 mat* hike the similar product from phenetele it could not 
be made to crystallise by treatment with various solvents*
A literature survey showed that this product, dibtttexytri phenyl* 
methane had not been previously reported* It was redistilled 
for an analytical sample, b*p* **♦

Anal* Calcd* for ***» 83*46| I, 8*30* Found*
C, 85*39, 85*1S.J I, 8*31, 8,14.
Condonsa11 on of Phenol with Begajgaldehydo 1 A chemically pure 
grade of phenol (Baker's) was distilled in vacuo before us®, 
b*p* 7£*0~?£,5®/10 mm* After distillation it had a melting
point of 41*0*41*1°(.lit*, sup* 41°)» The reaction was carried 
out by the addition of 0.1*5 mole of benzaldehyde to O.iSS mole



of phenol and 0,008 sol# of catalyst in 500 ml* heneene* Phenol
was found to react such nor# readily tban m y  other aromatic 
compound, studied* The ret# data are given in fable XXX* The 
first order rate constant based on benaaldehyde are also 
given*

TABLE XXX
BATE BATS

Till VOLUME C0M6TAMT t i m e" VOLUME CGMSTAIT
(min.) («1.H*0) (let 0B0KR 

% IQ”®)
■(min*) (ml.SgO) (1st O&DgfiL 

x 10*®)
15 0*12 lie 1.40 84.8
£6 0.28 128 1*82 90*2
35 0,40 135 1,53 98*4
40 0,47 58*8 145 1,71 98*5
45 0,53 88.4 185 1,81 108
55 0*57 84.5 155 1*90
55 0,80 88*0 178 1*97
75 0*93 71.3 198 2.10
85 1*05 78,1 218 a. 21
m 1*17 ff.lt £30 £*.25
105 1.30 at,s 230 2,25

The reaction mixture was worked up in the usual manner
To the residue, after removing excess phenol, was added 40 ml* 
of chloroform* Crystals formed slowly over the course of three 
days. There was obtained 3,5 g, of orang.e*white crystals, 
m,p* 158*143®, From the mother liquor m  additional 2*5 g* 
were obtained* Ho more solid product could be crystallised 
from, the mother liquors. The two solid fractions, were 
reorystallised from 10 ml* chloroform yielding 4.9 g* (14£ 
of theory) of white crystals, m,p* 187^159,5® (lit., n,p* 
160-181°),14
The Condensation of Toluene with Bensaldehydet Because of the 
low reactivity of this hydrocarbon in Baeyer type condensations
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the reaction was carried oat using excess toluene as a solvent# 
The beneeldehyde (0*125 mole) was added to 2* 57 molis of re**
fluxing toluene containing 0*128 mole of catalyst* The total 
volume was £50 si* The rat# at which the water collected and 
the first order rate constants are given n Table XIII*

TABUS mil
Bi,T! BATE

TIME VOLUME COMSTAM TIMS. VOLUME COSSTAIf
Cmiii.*) (1st om m  

x W  m§)
(»im*) (al#H.O) (let OBDgR 

X 10
70 0*08 8180 0*96 178
130 0*10 4165 1*80 207
££0 0*14 4615 1,44 221
840 0*13 8020 1*88 £33
460 0*21 8560 1*78 265

1285 0.45 174 6040 1*88 286
1540 0,58 173 6498 1.96
1750 0*59 178 7080 £#06
1740' 0*84 170 7755 1,20

The temperature decreased from 115*9° to .115*2® over the first 
00$ of the reaction* The product"was worked up In the usual 
fashion and distilled in vacuo, b.p* 186-15?®/0*7 an*

Th# 'yield, amounted''to,B5*B g,.- or 744 of the theo­
retical amount of dimethyitriphenylmcthanes, After' trylag 
many different solvents,, the product was finally crystallised 
from 150 ml* methanol* There was obtained 15 g* of p#pf- 
dimethyltriphenylttethane* ».?. 48-49° (lit*, a.p, 5£®, 54°)*
Mo more crystals could be obtained from the anther liquor*
In all probability the rest of the product is the isomer, 
p, o' -dimethyl.trIphenylaeth&ne *
Condensation of Other Aromatic Compounds* In addition to the 
conden.setion of the aromatic compounds already discussed,
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several ether reactions were carried out in *hich mesltyleme, 
p-xylene, and hydroquinone dimethyl ether were condensed with 
benx&ldehyde. lone of these substances led to the expected 
products when condensed by this azeotropic method♦

Kesltylen# was reacted by adding 0,126 mole of bams* 
aldehyde to 1.67 moles of reflming mesltylene containing 
0,128 mol© catalyst. '' The total volume was 850 ml* The reac­
tion was eompl.les.ted by the fact that the catalyst .apparently 
reacted-with the mdsitylene area before the ■ aldehy&e was added, 
turning the solution black in color. The reaction proceeded 
to completion, fco*e*erf liberating the theoretical amount of 
water in 160 minutes. The mixture was worked up in the usual 
manner and. the product distilled in vacuo, Only one fraction 
was obtained, b.p, llO-l£70/§,6 mm. This amounted to about 
10 g, of sulfur-free distillate of unknown composition. The 
rest of the product was xuui-distill&ble at temperatures up 
to «S5Q*/0«6 mm* Apparently none of the expected hexamethyl- 
triphenylmethane was formed in the reaction.

The condensation of p-xylene with bexutaldehyde was 
also complicated by an apparent reaction of the catalyst with 
the p-xylene* The reaction was carried out by addition of 
0,186 mole bcnsaldchyde to the black-colored solution of 
0.189 mole of celalywt in 1*91 moles of p-xylene. The total 
volume exclusive of catalyst was 850 ml.

The reaction proceeded readily giving 12 5$ of the 
theoretical amount of water after 5 days. The acid catalyst 
apparently has condensed to give the excess water. The re&e-
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tion mixture was worked up the standard fashion and distilled 
in vacuo giving ES*3 g« of viscous whit# distillate?, b«p* 
10O-lS&9/9*& »*• f&i® distillate was crystallised from 90 ml* 
of ligroln (90-I009) and yielded 15*0 I* of white crystals , 
sup* 06-89** 1 sod in® fusion analysis showed a strongly pm«* 
itlvo test for sulfur, lo further work was don® on this frac­
tion* From the mother liquor ther® was obtained an additional 
5 g• of crystalline product, which contained no sulfur compounds, 
sup* 88-99** This product melts too high to he the expected 
0f©,#Mfmf*’ttir®methyltriphemyi»etham® which melt® at 9£*59*
The above experiment was repeated omitting the aldehyde, but 
no appreciable reaction of catalyst and p-xylens occurred 
within the period of 4 days, It seemed likely that a gulfone 
could be synthesised in this manner, since on® somewhat simi­
lar method reported in the literature consists of blowing 
hot aromatic hydrocarbon, vapors into molten benxene or toluene 
sulfonic acids at temperatures of 140-1009**®

The disubstituted aromatic compound, hydroquinone 
dimethyl ether, was also condensed with bensaldehyde. The 
reaction was carried out by adding 0*0625 mole of bensaldehyde 
to 0.5125 mol® of hydroquinon® dim®thylether and 0.03B mole 
catalyst in a total, of 125 ml, of benxene solution. The 
reaction was such slower th&lutfce- corresponding reaction with 
enlsole. The half-time of the reaction was about 24 hours.
The, theoretical amount of water was collected after' s. period 
o f '3 daysv The reaction mixture was worked up the usual man­
ner* The crude residue was taken up in 70 ml. of methanol-



ft

chloroform  mixture g iv ing  a d ir ty  green so lu tion . The .solution 

was evaporated to 55 al., permitted to cool, and was placed 

in  the  re f  rige ra to r. A fte r  m e  day a small amount o f greenish  

whit# so lid  m ateria l had formed, This substance molted over 

a wide rani® fro® l£0~189*« The expected product, 

tetraaetheaqrtxlpfcenylmethfine has m m elting point of 74 °,

The substance obtained in this reaction is obviously some 
other product,

m ottim m  WLvmiwmtB mm xi
TiiE STUB! OF Til SsEOiAJflSM

Ifi£ M I & & 1  £t Ratio of Reactantai Three
experiments were performed In which different amounts of bens* 

aldehydes were condensed with 0,6&i mole dlraethylaniline in 
the presence of Q.03& mol© catalyst in 500 ml, of toluene 
solution* 'The rate data for'theat three e*peri»ent: are 
suaaarised in fable XXXIX^ The temperature for the three 
runs over the first W S  of the reaction were* M m  1, llf#f° 
to l ie * ? 0 ! Rim £, 118,6° t© 116.9 ° I Him 3, 119,3° to 118.3°,
The data fro® this table was used in calculating first sad 
second order rat® constants ms described in the discussion.
Tm  various order constants fo r  a l l  three runs at various times 
are given in Table XXIV.

the intermediate, p^ftethoxybenshydrol was prepared 
fey H. Sharpiess, a student at this University, Re synthesised 
it fey a Friedei«-Crafta reaction of anlsole and bensoyl chlor*
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fill 
(rniii*)
m100
145
100zmmn
430
S£0
§10
TOO
TOO
940
u«o
1050
1505
x?ao
£140
87T0
4360©010
7450
©770

moli

V6UUK.
(»1*B»0)

o.or
0*14
0.21
0*870*54
0*41
0*500.55
0*§4
©*73
0*820*850*9£
0*981*00
1.08
1*091.111.12

tf3 flrmol©
*16«tyr6«
V 01*0®
(al*Hs0)
0*14 
0.S5 0.37 
0.48 
0.85 0*66 0.79 0.89 1.01 1*14 
1.24 
1.88 
1.49 
1*§5 1.78 
1*00 
£ *00 £.10 £*££ 
M.m

IItJt5*lit
mol®
«16#fcyd«
YOLUiKB ■
(al.1.0)
0. £5 
0.38 
0*55 
0.71 0*88 
1*0© 
1*80 
1.38 
1.87 
1*78 
1*84 
1.98 
£.1© 
2*36 8*86 
f £.78 , £.94 
3.18 
3.47 
3*96 4*-££, 4.84 
4*58 ' '
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Ids followed by a. sodium amalgam reduction of the ketone 
formed* the product was obtained as. white crystals which 
Belted at 86,5-87,8° (lit., B.p. 68°).
i- Iky It tlon with p-methoxybenzhydroli She reaction was earrl#fi 
out by adding 0.125 mole of p-metboxybenichydrol to 0*500 le 
aniaole and 0*064 mole of catalyst iita total volume of 500 ml* 
benzene. A very rapid evolution, of water ensued* See fable 
XXV*

tmm xx?
fill V0WJES TIMS mum*. .TIMS . mum
(min*) (ml.HfO) ,(sim.) (ml,J$»0) (min*) (mX*H*0)

I 0*16 7 1.49 16 £.143 0,40 8 1*65 SO £.£0
4 0*90 f 1*74 30 £.£5
5 1.14 11 1.88 45 £,£5
6 1.34 15 £.03 90 £*£5

the temperature increased from 85 to 35° during the course of 
reaction* This table should be compared to Table XVII where 
the rate data for the similar run with benm&ldehyde is given* 
The mixture was worked up in the usual manner and distilled 
in vacuo, b.p. 170-198®/0.3 mm. On recrystalils&tlon from 
40 si* of a meth&nol-ehloroform mixture there was obtained 
$$ g* (6®$ of theory) of p,p*-dimethoxytripheny1stthan®, 
m.p. 99-100° (lit*, m.p* 100-101°)* from the mother liquor 
there was obtained almost a gram of a lower melting solid 
fraction, at*p. 79-89° which is probably the isomer, p#o/-di­
me thoxytriphenyhmethan©*
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conclusive results*
kfter concluding that aldehydes and alcohols did react 

rapidly and quantit*tively to lor© hemlacetals, Adkins was 
able to treat acet&l formation as s. second order reaction

Blinvolving the headaeetal and alcohol. the first rapid step 
was expressed!

BCHO ♦ B OB — RCHOB
bi

the second or rate controlling step was then*
fiCHOK ♦ E OH —  RCU(OE )_ * Bo0 OB *• g *

By letting £  equal the original concentration of heal*
acet&l, J> the original concentration of alcohol* and x
the concentration of eeetal at any tie# J-* a differential
equation expressing the overall rate for the reaction was
written*

| |  » k |C a ~ x )  ( b * x )  *  k ^ x E

The equilibrium constant for the above reaction was i & * km.
k«

Substituting in the above differential equation fives*
dx * h ( w ) ( H )  ** k.x2
at ”

The concentration of aldehyde at the various reaction 
intervals was determined by withdrawing an aliquot portion* 
adding a 10# solution of sodium sulfite, and titrating the 
alkalinity produced. The concentration of aldehyde at 
equilibrium was also determined and the equilibrium constant* 

evaluated. In this manner second order rate constants were 
determined for a variety of reactions employing different
aldehydes end alcohols.
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The * * C m s t o b t a i n e d  la this manner, however, were 
found to drift rapidly toward lower values as the reaction 
progressed* Adkins was not able to satisfactorily explain 
these drifts- but gave as o m  possibility the poisoning 
effect on the catalyst by the water formed in the reaction*
By the use of an enpirical equation, however, Adkins was able 
to obtain fairly good rate constants and thus m m  able to 
sake rough comparisons ©f reaction rates when primary, aecon*

Kg
d&ry, and tertiary alcohols were reacted with a given aldehyde#
In general, Adkins found that secondary alcohols reacted 
faster than primary alcohols and that tertiary alcohols 
reacted even faster* thus the reaction of n-butyl, see- 
butyl, and tert-butyl alcohols with acet&ldebyde, gave 
experimental second order rat# constants of £*68, 4,$4 and 
11*34 respectively*

If the poisoning effect of water was responsible for 
Adkins inability to obtain rate-'Constants, the e?eotrople 
method used in Part I of this thesis should eliminate this 
difficulty and perhaps demonstrate that the reaction is 
actually second order. Certain cyclic aeetels have been 
prepared by carrying out the reactions in r©fluxing toeasene 
amd removing the water aseottopically but apparently, no 
attempt was made to utilise the method in making a compar­
ison of reset ion rates *****

The object of this part of this Investigation was two­
fold* first, to compare the effect of various alcohols on 
the rate of acet&l formation, and second,, to determine if
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the rate data obtftined. would Indicate that the reaction is 
second order,

Preliminary experiments showed that aeetole could be 
prepared in relatively dilute benzene solution with very 
email amounts of acid catalyst. Other experiments designed 
to show the relative reactivity of various alcohols were then 
carried' out and are describee! in the following section of 
this thesis*



DISCuSgXQf*
A discussion of the gener&l procedure and apparatus 

used In  eerry lag  out condensation reactions aseo tro p ic a lly  

was given in  Part 1 of this thesis* the precautions th a t 

must be observed in making relative rat# studies with regards 

to solvents, reactants,, and catalysts were a iso discussed*
In one of the preliminary experiments carried out,

0*13 mole of benaaldehyde was added to 0*39 mol# of n-butyl 
alcohol in tip presence of 0*1 g* of p-toluoACculfonic acid 
in & total volume of 500 ml* of refloating benaene solution* 
the initial rate of reaction was very rapid reaching the 50jt 
completion stage within 55 minutes* thereafter the reaction 
slowed considerably and then ceased at 81$ reaction comple­
ted* Apparently the wet bensene flowing back Into the reac­
tion vessel from the moisture trap contained enough water to 
reverse the reaction and stop it* An eight inch column packed 
with porcelain saddles was then placed between the reaction 
flask and moisture trap to prevent the saturated bensene from 
reentering the flask* the reaction then proceeded to comple­
tion liberating the theoretical amount of water*, After the 
reaction was completed, 15 mg, of metallic sod it® was added 
to neutralize the acid catalyst. The bensene was distilled 
off and the excess butyl alcohol removed under reduced 
pressure. The seated was then distilled in vacuo giving a 
90$ yield of product.

After it was demonstrated that acetaIs could be satis-



96

f&ctorily prepared by the azeotropic method,- a standard 
set of react-ldii conditions w&s selected for e. study of .the 
relative rates-i>f reaction >of pix. different alcohols with 
bensaldehyde. the standard amounts of reactants selected 
w@re$0.1£S mole of beaiaidchyde» Q.STjJ mole of alcohol,
0*0005- mole of p~toluenesulfonic acid catalyst all dissolved 
In sufficient benzene to give 1 liter of solution* this 
large volume of benzene was used to ineure a constant reaction 
temperature in the different runs* The use of the excess 
benzene also gave sore dilute solutions thus resulting In a 
more suitable environment for a determination of the kinetic 
order of reaction.

In. all reactions an eight inch col mm, packed with per* 
ceiain saddles was used between the reaction flask and the 
moisture trap* Under the standard conditions given above 
the following alcohols were reacted with benaeldehydes 
n~butylf a*hexyl| n-heptyl, n*deeyl# isa-butyl and seo- 
butyl. It was found that all of the primary alcohols reacted 
at about the sane rate throughout the whole course of reaction* 
the temperature of all of the raflnxihg solutions was 89*1° 
t 1#5° at all stages of reaction* the; yields of aeetal 
ranged from B&i to 95i* Secondary butyl alcohol, on the other 
hand showed, a much slower rate of reaction and gave only 
a W i  yield, this observation is the opposite of that made 
by Adkins and discussed in the introduction, Tertiary butyl 
alcohol would not give an aeet&l under these conditions but 
instead dehydrated, yielding isobutylene. A comparison of the
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rales of reaction of all these alcohols (except tert-butyl)
is given in figure Bt

By assuming rapid healeeet&l formation it m m  possible 
to treat the reaction as & second order reaction, of hemi- 
acet&l and alcohol* Since the water is removed as the refec­
tion progresses , the reverse reaction was ignored in melting 
the rate calculations* the equation used in making Hiese 
calculation* la an integrated for® 1st

In this equation a is the original concentration of 
aldehyde, b the original oemcentration of heffiiacetal, and

tion of the rate data from the reaction of the ..primary al­
cohols into the equation, it was found that the *constants* 
drifted markedly toward lower valued* For a run with hexyl 
alcohol, for example, the •constants* fell from 0*045 to 
0*010 over the 20% to 80# portion of the reaction*

0&e possible explanation of the failure to obtain better 
constants is that the reverse reaction of acetal and s?ater 
is exerting an influence on the ewer®©, rate* In making the 
calculations, this reverse reaction was Ignored, but if any 
water remained in the refluxing bensone mixture-, an error 
could be introduced* That the reverse reaction is very rapid 
was demonstrated by adding a definite small quantity of water 
to one of the refluxing reaction mixtures after it had reached 
99# -completion* The water did not distill over immediately

x the concentretion of acetal at any time t* On substitu*
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Figure 2 -
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but apparently reacted with the-meetal. The water was then 
collected slowly overj &/period of gbout; E0 hpurs af#\ tiM.iMee- 
i&l was again formed. This experiment indicates that the 
reverse reaction of' hbCtalyand kriefor oannot,. be ignored In 
determining reaction rat# constants by this method*

Another possible reason ior the failure to obtain rate 
constants is that a hemiacetal may not be formed fuaniita- 
tively on mixing the aldehyde and alcohol as wee postulated 
by Adkins* The evidence for this assumption, which was die* 
cussed in the Introduction, Is not very conclusive* In order 
to test the validity of this basic'assumption an experiment 
was carried out in which 0*&5 sol# of bensildehyde was res­
ted with 0*£b mole of a-hexyl alcohol. If a hemiaeetal is- 
formed quantitatively as postulated by Adkins there should 
be no alcohol left to react with the hemiaeet&l and m  ree- 
tion should occur. It is found, however, that acetal forma­
tion occurred readily liberating of the. theoretical amount 
of wete:: * the yield of aeet&l obtained was &Q& of the theory* 
Tho excess bensaldehyde was recovered *

This experiment indicates that a bemiacet&l Is not 
formed quantitatively simply on mixing an aldehyde and an 
alcohol at a temperature of 85®. In view ox this fact the 
failure to obtain second ardor constants is not surprising.
The failure of Adkins to obtain satisfactory constants may 
well be attributed to this same basic error* This compli­
cation together with the above demonstration that added water 
was removed only very slowly made it seem inadvisable to pur-



$ m  further the study of: the order of the 'reaction by this 
method.

By means of the azeotropic method an aeet&l fro® b«nz- 
aldehyde end erotyl alcohol was successfully prepared in m  
BZ$ yield without any polymerization* The rate was about the 
a&ae as for the other primary alcohols. As attempt was also 
mad® to prepare a n-butyl fcet&l of acetophenone. Only a 
small amount of ket&l was formed, however# A side reaction 
occurred in which the aoetophenono condensed with itself to 
give &ym~triphenyl benzene* The exlatence of this side reac­
tion indicates that the aaeotropic method may prove of value 
in carrying out wtill other types of condensation reactions*
A run was made in .which acetophenone was condensed with it­
self in the presence of aeld catalyst but in the absence of 
any alcohol. A 68* yield of sym-trlphenyl benzene was obtained.

a
zm -
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In all the following sost&l experIments the same type of 
apparatus was used as that described in Part I except that 
a column, 8 inches In height anil one--haIf Inch in diameter, 
and which was packed with porcelain saddles was inserted 
between the reaction vessel and the moisture trap. When this 
column was not used the reaction would not proceed sore than 
80l» to completion,
the Reaction of Primary and Secondary Alcohols with Bern,alde­
hyde t In order to study the effect of chain length of the el- 
cohol on the reaction rate, n-butyl, n-hexyl, n-heptyl and 
n-decyl alcohol in concentrations of 0*375 molar were reacted 
with 0,115 molar bensaldeby&e in the presence of 0*0005 solar 
catalyst la a total foliat of 1000 ml* of bensene solution* 
See-bmtyl alcohol was also reacted under these conditions in 
order to compare the rate of secondary alcohols to that of 
the primary alcohols. The rate at which the m-hexyl acetal 
was formed is shown in Table XXYI. The second order rate 
constants, calculated as. described in the previous section 
are also given.

The other four primary alcohols gave very.- similar rate 
tables* A comparison of the' rates has been given In Figure 2,

After the reaction of n-hexyl alcohol with benzaldehyde 
had reached 9 9$ completion, 0*987 g, of water was weighed 
out la a small vi&l and dropped into the refluxlng reaction 
mixture* This water did not immediately distill into the
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tASU& IXVI
IAT1 RATI

TIMfc VOiOMfi COlSTAifT Till m m m C0M8TAIT
(*la«) («i.f»o) (Sad order) (aln.) C»i,ftto) (2nd order)

10 0 .1 8 350 1.50 0.018
15 0.31 485-' 1.55 0.014

10 0 .89 0,040 000 1,69 0.013
50 0.55 0 *045 850 1,79 0.010
40 0.§5 0.055 1810 1,93 0,0084
m 0*73 ■0.Q3£ '1785 £ ,50 ,0.0073
w 0.08 0.030 m§5 "3,0‘S' '
105 1.0:. 0.05d £775 £.10
155 1.15 0.084 $£15 3,13
180 1,£5 0,021 36S5 £.15
£40 1 ,35 0,018 m m 3,30
300 1,43 0.017 6355

moisture tra p * The only reasonable explanation of the d is ­

appearance o f the water la feat it Ip s  readied rapidly with 
the aoet&l to give the hemiaeetttl and alcohol, This added 
water was then slowly removed by continued re flu x in g  of the 
solution for many hours. It the end of M  hours 88:1 of the 

added water had been removed and In another day 95# was 
collected, The product was then worked up ,|y the standard
procedure given bolow,

*
All of these aeetals were isolated fro® the reaction 

mixtures in the same fashion. First the benr.ene was dis* 
tilled off to a residual volume of £00 ml. at atmospheric 
pressure. This pointion was then extracted onee with 100 ml, 
of 5# sodium, carbonate solution* The aeetals were then sep* 
arated from the remaining bensene end excess alcohol by die* 
tillation,under reduced pressure*

A literature search revealed that all of these aeetals 
were new compounds with the exception of the beasAldehyde
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dibutyl &e#tal* A summary of the physical constants of the 
five primary alcohols used, the yields obtained and the 
analyses is given in fable XX¥XX*

The reaction with the see~butyl alcohol was only 67# 
complete after 6 days* the rat© curwe for the first 57$ 
of reaction is given in Figure B* The yield of benz&ldehyde 
&l-see<»butyl acetal was only 59#, b*p* 7£0/0*b-mm* Because 
of the poor yield, the aeet&l was not further characterised 
by analysis*
The Beactlon of Tertiary Butyl. Alcohol with Bo&mal&ehy&ei
The bensaldehyd# (0*1£S mole) was added to 0*3?5 mole of 
tert-fcutyl alcohol and 0.0££§ mole of catalyst in 500 ml* 
of benzene solution* In this experiment a dry ice trap wa& 
connected to the top of the condenser to collect any volatile 
reaction products* Practically no reaction had occurred after 
& period of three hours* to speed up the rate of reaction., 
therefor#| sufficient catalyst was added to give a total 
of 0*001 molt* Within two hours a considerable amount of 
water started to collect in the moisture trap and some vela* 
tile material was-' found in .the dry 1 m  trap* After two days 
a total of 6*53 ml* of water had' collected* The theoretical 
amount of water for' aeet&l formation is only £*B5 ml* whereas 
the dehydration of the tert-butyl -alcohol would give 3*75 ml* 
of water* In the dry ice trap there was found 16,5 g* (30A) 
of isobutylene* On forking up the product in. the usual manner» 
there was recovered 91$ of bemsaldehyd#• Mo acetel was found. 
The heaotloa of n«*Hexyl Alcohol with BthMMfhyde in 1 to. A
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Molar Batlot To 500 ml* of r©fluxing hmnmm solution con* 
iainlng 0*0005 mol# catalyst and 0*250 mole n~he,xyi alcohol 
was added 0*250 mole* of benx&Idehyde. The rat# data for this 
reaction is given in Table XXVIII*

TABLE XXVIII
Till VOLUME TIME VOLUME
(min*) (ml.a.0) Cmifi.) (■1.M.0)

5 0* 23 280 1.53
10 0*38 415 1.00
20 0*58 625 1.75
35 0.70 1300 1*92
80 1.11 1840 1.96
100 1.19 2800 2*04
105 1*33 3040 2.05

The product was worked, up In the usual manner* Bis* 
t I l l a t io n  of the residues gave 19 g. of forerun which was 
mostly ben*aldehyde, h.p* 100-112°/®2 mm* There was also 
obtained 82# (29*2 g.) the dl-n-hexyl bemzal &cet&l, b*p* 

130-145°/0.5 mm*
The Beactlon of C roty l Alcohol,with Benzajdehydei Thli 
reaction was carried out by adding 0*125 mole benr&ldahyde to 
O.SfS mole of crotyl alcohol and 0*0005 mol# catalyst In 
250 sal* bengene solution* The rat© at which the aceta l 

formed Is shown In Table XXIX*
The product was worked up in the usual manner and dis­

tilled In vacuo, h.p* 94*0-95*5°/0*7 ®»*> this relatively 
low boiling point indicated that no polymerisation had occurred* 

The yield was 82$, nj^» 1,4979* A literature search revealed 

that this ecetel had not been previously reported.



m  i*09
55
W  1.54
SB 1.40
115 1.48

Anal* Caled* for C, ?f.B5| 1, S.5S. Foundt
0, 77*65, 77*$#f 1* 8.SSf S.95.
The Reaction of Acctophcaone with arBoatyl Alcohol! To 0*5 mol# 
of n-butyl alcohol was added .0*1 cole of acetophenone and 5 g* 
of p-toluenerfulfoale told catalyst. An 8 inch column packed 
with glass holloas Insort.ad betweenthe reaction flash and 
aoiethre trap-was heceas&ry-'to driwe-.bhe reaction to .more 
than 40% of completion. After ®- period of S days 9Spt of tha 
theoretical amount of water was removed. On working up tha 
product only & 55$ yield was obtained of material distilling 
in the rang® of th# exported kettsl, 160-*170*/l#-5 smu The 
pot residue on cooling solidified to a yellow-colored eryst<* 
allln# mass. On racrystallisatlan from absolute alcohol, 
lustrous needle-like crystals were obtained. This substance 
melted at 171°, contained no sulfur, and was insoluble in 
concentrated sulfuric acid* it proved to be syw-triph#nyl- 
benzene, {lit., a.p* 171°).

Apparently the aeetopftenone has condensed with itself, 
cyclising to five this hydrocarbon. With a view to improving

** ftn nr iwT © * *  a

B0B6
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the yield of tla# sym-triphenylbensene, 0.15 sole acetephenou* 
was eo&deased in SO si. of bexuene solution la the preseaee
of B f« p^toluonosulfonle acid* After I days it# of the 
theoretical amewt of water had been removed * this react 1 on 
ordinarily would have taken a longer time to reach completion 
hut the apparatus developed a sl'ew-laak, some feextsea* was lost, 
and-the temperature rose from 9 #  to 16B*« the aeld catalyst 
m m  removed by extraction oaee with sod Ins ear hone te solu­
tion# the henae-M was distilled off mad the residue r#©rye~ 
t&lllxed from 150 nl. of ethanol* there was obtained a da# 
yield of yeHewlehrwhite crystals, m.p« 168-17Is,

X 5 7 8 7 3
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th* firet part of this investigation consisted of a 
study of th# condensetIon of aldehydes with aromatic rings*

It was found- that these reactions could he readily carried 
out in refluxiog bengene solution in the presence of tol­
uene sulfonic acid as a catalyst* The rate of the reactions 
could be accurately determined by noting the rat# at which 
the water formed was collected in a trap inserted between the 
reaction mixture and the condenser*

When -2 in th# shove equation was -1 (CHS5g arid -1. 
was OgK-, C1-, E-, CHS-, CHgO-, or (CHg)^-, the reactions 
proceeded readily to completion and the expected products 
were isolated in 77$ to 89jS yields*• The order of decreasing 
reactivity &$ I- was varied was found to be that given 
above showing that electron releasing substituents is the 
aldehyde retarded the rata of reaction* Under the standard 
conditions used it was found that the reactions followed 
first order kinetics based on the aldehyde* In spite of the 
fact that changes in the reactant ratio fro® the standard 
caused drifts in uie constants it was found, that the relative 
reactivities could be quantitatively correlated by means of 
a graphical method developed by Hammett* A linear relation-

p-x-CgflgCfio + /f yi
5-X'CjEjCEW'VZ[g ♦ BOB
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ship was found when logarithm of the rate constants were 
plotted against the logarithms of the ionisation constants 
of the corresponding benzoic acids*

2-E t by Ibmbyr aldehyde reacted less rapidly than hept* 
aldehyde when these aldehydes replaced the hensaldehydes in 
the a bore equation. Both products were isolated in about 

crude yields*
When ~2 in the above equation was varied among ~l(CHg)gf 

-IBCH^-OCl^-OC^Ss* m d  ~CHg the corresponding
products were obtained in ?&$ to 3$i yields. Several poly- 
substituted beaaemes did not react satisfactorily* In con­
trast to the effect noted above for X- it was found that the 
rate of the reaction increased as the electron-releasing abil­
ity of -2 increased*

The opposite effects of increasing electron-releasing 
ability of the X- and 2- groups together with the demonstra­
tion that the reaction probably proceeded via an intermediate 
hydrol as shorn in the above aquation made it possible to 
show that the second step of & four step mechanism was 
probably the rate-controlling one*.

The formation of aeetals m m  studied under the same 
general conditions and by the same methodi 

CgHgCEO ♦ BOH -*• CeHgCTO

Ce%CjBGa ♦ '■ BOH — > CgHgCH(OB)E ♦ BOH

Before. & kinetic study could be "made of the aeetal 
reaction, the equilibrium constant of the first step must
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be know n, A d k in s ' had ' p r e v io u s ly  p o o tu la to d  t h a t  t h i s  f i r s t  

s to p  p ro c e e d e d  r a p i d l y  end q u a n t i t a t i v e l y *  t h i s  a s s u m p tio n  

wow d is p r o v e d * . h o w ever# when it waw shown t h a t  an  a e e t & l  c o u ld  

ho p re p a re d  fey u s in g  mlj  e n e ~ h s tlf o f  th o  » t o t o h e * e t ? lc  am ount 

o f  B §1* show ing  t h a t  th e  hernia e e t a l  underwent c o n s id e r a b le  

r e c o n v e r s io n  i n t o  th e  a ld e h y d e  ta d  a lc o h o l ,  Wmm  i t  was 

a ls o  fo u n d  t h a t  th e  s o o t s !  r e a c te d  v e r y  r a p id ly ,  w i t h  w a te r  

u n d e r th e s e , c o n d it io n s  i t  a p p e a re d  t o  ho in a d v is a b le  t o  

a t te m p t  a d o to i^ a in s t io n  o f  th e  n e e b a r ls *  b y  t h is  & e th o d *

A nuather of now aeet&ls of bens&ldebyde and primary 
alcohols, Including crotyl alcohol, were readily prepared in 
Sfl to 98?S yields by this method* It was found that n-butyl* 
n-hoxyl, n-heptyl, n-decyl, Iso-butyl, m d  crefcyl alcohols 
reacted at about the same rate* teeondery oleohols wot# 
found to react much pore slowly while tertiary alcohols 
underwent. dehydration la proferonoo to adeial formation* 

Acetopheaone* instead of forming the hotel# underwent 
self ̂condensation to giro sym-trtphesyltfceneerie in 60l yield#
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