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I. HISTORICAL INTPOLUCTION

The literature of organic chemistry contalns many examples of
reacblons which have been studied in only & cursory mamer., The
reasona for this are many but of chief importance among them are the
drastic conditions required, the poor yields obtained, or the existence
of better routes to the same products. 23 a consequence, a resction
may remain unused for many years until some worker in an entirely
different corridor of research happens upon it and sees new ways of
improving it. An excellent example of this is provided by the Cuerbet
reaction and its modification which is the subject of this thesis,

Guerbet,l'é in a series of papers beginning in 1899, demonstrated
that an alcohol in the presence of the corresponding sodium alkoxide
woulé self-condense when heated in & sealed tube. This may be repre-
sented for propanol-l as follows:

Cﬂzcﬁ CH,ONa

. 272
1,.CH i 1CH, OF H,0 .
3CH ,CH,OH 2363557 > CH,CH,CH éz SO0 4 HO

(1) 2¢cH

In addition, higher molecular weight alcohols and mixtures of acids were
formed. Guerbet was sble, in parit, to show the scope of the reaction Ly
self-condenging primary or secondary alcohols which contained a [ -methy-
lene or methyl group. In the case of mixed alcohol condensations, it
was necessary thet at least one of the alcohols contain such a methylene
or methyl group.

The fact that primary alcohols formed mainly acids when heated with

Potassium hydraxiéa,B

produetah and tertiary alcohols dié not raact,5 led Guerbet to

while secondary alcohels formed only condensation



guggest thls as a means of distinguishing alcohol types. This has not
been adopted but it may prove of some value where the standard qualita-
tive tests for slcohols fail.

Other workarsT’& did little to improve the reaction until Weizmann
and his co-worksrs reported their results in 1937.9 This and subsequent

papers put the Guerbet reaction on firmer synthetic grcunds.lo’ll

The first proposal of a reaction mechanism™ assumed that the

alcohol was initially dehydrogenated to the aldehyde, i.e.,
(2) 2 CH,CH,CH)OH  ————> 2 CH,CH,CHO + 2R, ,

which then underwent an aldol condensation in the alkaline medium with

water elimination,

(3) 2 CH_CH.CHO e~—————> CH.CH,CH=CCHO + H_O ,
372 372 q 2

3

This product was then recduced to the saturated aslecohol by molecular

hyédrogen,

(L) CcHCH 2

3 20H=QCHO + 2 H, =——————> CHBCHQCE2QHCHQOH .
CHB CHB

Welzmann's group suggested a dlfferent route for the last step as
follows:
, ) - ‘ » 5 T s s
(5) CHBCHZCH CHO + CH CHZCHZQH + H20 — CHBCEQCﬂzgfﬁﬂaaﬁ + GHBGJECGJH.

3
HB 33

The reasons for this modification will be given in the discussion of the

nature of the reaction.

The main modification of Weizmann'ls group was to use an autoclave



instead of a sealed tube. The temperziure at which the reaction began
wes indicated by the rapid rise in pressure due to hydrogen evolution,
The temperatures varied from 220° to 310° depending, apparently, upon
the temperature at which hydrogen evolution began and the reactions were
continued for five to eighteen hours. The amount of sodium used to form
the alkoxide was varied but apparently the best resulis were obtalned
when approximately 0.3 mole of sodium was used to 1.0 mole of starting
alcohol, No solvent other than the alcohol itself wagz used,

The results were pood for the self-condensation of primsry alco-
hols having a methylene group adjacent to the methylol group. The
alcohols used were propanol-l, butanol-l, 3-methylbutencl-l, pentanol-l,
ané octanol-l. The conversions to the condensed aleohols were L8, 61,
S1, L8 and 35%, respectively. Approximately one mole of acid correspond-
ing to the starting alcohol was also formec¢ for esch rmole of condensed
aleohol.

The reaction of 2=ethylhexanol-l under the conditions favoratle
for the self-concdensation of normal primary alcohols gave only 2-ethyl-
hexanoic scid and bis-(2-ethylhexyl)ether.

Primary alcohols were found to condense with cyclohexanol in
widely varying yields to form the corresponding [ -substituted c¢yclo-
hexanols, For exasmple, butancl-l gave a 61% yield of 2-butylecyclohexancl,
benzyl aleohol gave a 33% yield of 2«benszylcyclohexanol and hexacdecanole-l
gave only an 8% yield of 2-hexadecyleyclohexanol.

The yields were also erratic and poor for the condensation of para
substituted bengyl alcohols with normal primery alcohiols, Thus, benzgyl
alecohol condensed with propsnol-l to form 2-benzylpropanol-l in 32%

vield, while p-methoxytenszyl alcohol reacted with butanol-1 to form



2-(p-methoxybenzyl)butanol~1 in only 20% yield.

This work made the Guerbet reaction a practical process in some of
its aspects, Analysis of the structures of the products formed with
various types of alcohols not only gave a broader view of the reaction
scope but, in addition, gave an improved picture of the sequence of
steps involved in the over-all reaction.

There are three main wesaknesses of Welmmann's procedure. 7These
are: inefficient use of the starting alcohol due to its conversion in
part to the corresponding acid, the need of high pressure equipment
which is not always avallable in the organic labtoratory and the atsence
of an indicator to show the extent of reaction.

In the sequence of steps given above for the Guerbet concdensation,
it appears reasonable to consider that the dehydrogenation of the
alcohol to the aldehyde may controel the over-zll rate., In the work of
Guerbet and Weigmann, discussed previously, it appears thet the aldehyde
is Tormed by the thermolytic cdehydropenation of the alcohol, The use of
a carbonyl compound together with an alcohol might well facilitate the
dehydrogenation since an Oppensuer oxldation would seem probable under
these conditions. Such a system was used by Mastagli who studied the
effect of potassium or sodium hydroxide in bengyl alcohol at the reflux
temperature on carbonyl compounds and [ ,Y-unsaturated alcohols.13 The
concentration of the base varied from 0.50 to 2.0 normal.

The potassium hydroxide-benzyl alcohol reagent reacted with
various substituted bengaldehydes to form subsiituted benzyl aleohols
and bengolc acid in good yields. This may be represented by the follow-~

ing equations:

(6) CHLCH)OE + p-XCGH)CHO > CGHGCHO  +  p-XCgH) CHHOH



(7) 2CHLHO + KOH ————3> CHLOK + CHLCHOH .

In typicel examples, X was the methoxy or isopropyl group. The only
acid isolated was benzoic acid, formed by a Cannizmzaro reaction as by
equation (7).

When the added aldehyde contained an a-methylene group, a more
complicated reaction ensued. 7This phase vl the work will be consicdered
in detail only for butanal since the yields of the various products were
not given. The same genersl situation existed for the eleven other
aldehydes of this type which were studied,

An exchange of the hydrogen first occurred, as in every case in
this study, but this was followed by aldol coundensations and reductions.
Thus, butanal with the potassium hydroxide-benzyl aleohol reagent formed
2-bengylbutanol-1l, 2-ethylhexanol-l and benzoic acid. Mastagll repre-
sented these results by the follcuing group of equations but since the
yields were not given, it is not possible to evaluate their relative

importance.

(8) Géﬁsﬁﬁzﬁﬂ + CH,CH,CH,Cl0 > CéHSGHQ + CH,CH_CH,CH,0OH

37272 3722

(9) cgHoHo + CH,CHCH,CHO  ————3>  C 6H;CH=8§H(C§H + Hy
273

(10) Cgi, Hsﬁé‘:gﬁgﬂ + 2 CHLH0H —> Céﬂf’mzﬁ(}ﬁcﬁﬂﬁ + 2 CHCHO

273 273
(11) 2 CHCHCHCHO  —ommerer o3 CHBCﬁzcﬂacﬁmggHgHB v HD
2

(12) cu.cH CHECHSECHO + 2 GéKSCHQOH ——-€>~CHBGH2§HEC§2?HCngH + 2 CéﬁngG

372
H,CH
oCH3 CH,CH
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The benzaldehyde which wasg not consumed by condensation underwent a
Cannizzaro reaction as shown by equation (7).

To show that equations (10) and (12) might represent the mocde of
obtaining the reduced alcohols, several 2-alkylecinnamaldehydes were
treated with the same reagent. The expecied products, the 2-alkyldihy-
drocinnamyl alcohols, were otbtained,

It was found that the reactions developed for aldehydes were also
epplicable to ketones. Several ketones were treated with the reagent
snd the procducts identified,

The chief importance of this work is not its synthetic applica-
tions, but rather in the use of its results to explain the Guerbet
reaction. This will be discussed more fully in the section dealing with
the nature of the reaction, Another valuable festure of this work was
the proof of structure and the characterization of the procucts formed.,

The hydrogenation of carbon monoxide in the presence of zinc and
chromium oxides to form methanol and higher alcohols may be similar in
some respects to the Guerbet reaction.lh Some of the higher alcohols
formed are ethanol, propanclel, butanol~l, and 2-methylbutanol-l. All
of these are believed to srise by successive aldolizations of the
intermediate aldehydes. Indeed, the proportion of higher alcohols
formed increased proportionally when the amount of alkali metal oxide
in the catalyst was increased.

A wide variety of reactions may occur with carbonyl compounds in
the presence of either acidic or basic catalysts., If an alcdehyde or a
ketone containing an c-methylene group is treated with aqueous or non-
aqueous alkali, the primary reaction is the aldol condensation. This

is believed to proceed by the following mechanism,ls using acetaldehyde



as an example:

(13) 033@;&0 + B m ﬁﬁzcﬂo@ + E}@

1 T H G G
(1) C‘.Haﬂi1€@ + CHCHO 1 CH JGHCH,GEO

(15)  CH_GHCH,CHO + s == i

5

B?HCﬂchO + B

2 OH

The reaction is revergible throughout, as written, and if the tempera-
ture is raised much sbove room tempersture, considerasble dehydration
normally occurs to give the a,p-unsaturated aldehyde. The dehydration
is apparently also a reversible process.

If the added catalyst is an acid a similar, but not identical,
situstion exists. The product in this case is the unsaturated aldehyde
since the iransformation of alcohols to olefins is normally acid
Catalyzed.ls

The aldol eguilibrium is most favorable for the condensstion of
aldehydes but it may be conveniently shiftec to make it a practical
process for ketones, A well-known example of this is the aldol conden-
sation of acetone which forms diacetone aleochol in good yield if the
acetone is allowed to distil onto barium hydroxide contained in a
Soxhlet thimble.l7

The conjugate base in equation (13) may be formed from a variety
of active methylene compounds. The methylene compound may be another
aléehyde, a ketone, an ester, an aliphatic nitro compound, or any
compound having one or more electron attracting groups attached to a

carbon having st least one hydrogen.

The general equation for conjugate base formztion is:



4 v PR RIREES y . s "
(16) n=cxyz + B > oxyz o+

where at least one of the X, Y; or Z substituents is an slectron
attraciing group. 7The greater the electron attracting nature of the
attached group, the more acidic will be the compound ané the weaker will
be the tase required for the formation of the conjugate base., This is
strikingly demonstrated by the faect that agueous sodium carbonate is
sufficiently basic to give the conjugsate base with aldehydes in the
aldol condensation, However, the Claisen condensation of ethyl-2-
methylpropionate to form the [ ~ketoester has not been effected with
sodium ethoxide, A stronger base such ss sodium triphenylmethide can
give rise to the conjugate base and the reaction proceeds in fair
yiald.l8

The conjugate base once formed, may then condense with the

carbonyl compound, as by equations (1L) and (15) above. The a)..c!.e:ﬂ.,lS

19,20 19,20 Stobbe,zl Claisen22 23

Knoevenagel, Perkin, and Michael
reactions are all closely related, They are considered in detail in
the references given and will not be discussed further here.

Aldehydes having not more than one c-~hycérogen may undergo the
Cannizgaro reaction., This is the disproportionation of an aldehyde to
an aleohol and an acid. Equation (7) above is a typical example. If
two aldehydes are used, it is called the "crossed" Cannizzaro reaction.

Other reagents, in addition to alkali hydroxides, which will
effect the disproporticnation include alkaline earth metal hydroxides,
alkall metal amides in liquid ammonia, alkali metal alkoxides in
alcohol, and magnesium or aluminum alkoxides in alcohol or in an inert
solvent.l6 The last two types of reagents represent an interesting

modification of the Cannizzaro reaction, which is referred to as the



Tischtschenko reaction. The product is the ester instead of the acid
and the alcah@l, io@o’
NaOH

or
A1(OR) 3

(16) 2 céﬁscrzo > C ¢HCO,CHC He
This reaction is normally performed at about room temperature but in the
presence of alkali metal alkoxides at 100°, considerable transformation

2L,25

of the ester cccurs to glve an ethsr and acid.
(i c 6“5‘:’02%2%“5 + EONg ~—m—> 6i~'15()€32§;‘a + RC}CHzGéHS .

A completely satisfactory mechanism for the Cannizgarc reaction has
not been proposed., It has not been possible to correlate all of the
many factors which influence the reaction with any one of the existing
postulatea.gé

Ford ang co-workers have made an interesting study of the effect

27,28 Excellent yields of the

of different metal alkoxides on aldehydes.
dehydrated aldol were obtained when aldehyces contalning an d-methylene
group were treated with sodium alkoxides. Aluminum ethoxlide gave the
Tischtschenko reaction while calcium ethoxide, magnesium ethoxide,
calcium aluminum ethoxide, and other complex alkoxides promoted the
formstion of the mono-ester of a 1,3-glyeol. These pglycol esters are
belleved to arise by the aldehyde first undergoing an aldol condensation,
Ca(ﬂC2H5)2

{(18) 2 RCH 4 CHO > ROH,QHCHO
HOHCH,F

followed by & "crossed" Tischtschenko reaction to give the product,

(19) RCHCHO + BOH,CHO  ——> “ﬁii«ICHzGECHZR .

Hﬁﬁﬁﬁzﬁ HDHC&EE
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The resulis were sonewhat different for aldehydez having only one
a-hydrogen. When a strongly basic catalyst such as sodium ethoxide was
used, the produet was malnly the mono-ester of the glycol., All other
types of catalysts were insufficiently basic to yield the aldol re:sction
and the chief product was the simple estéiagg?i,Tisehtschenko reaction.

The Meerwein-Ponndorf-Verley reduction and the Oppenauer oxicdation
have become quite general and of increasing importance to the orgsnic

chemist., These reactions are equilibrium procesgses and they both may be

represented by the following equation:

(20) R i, s by B

The resction is nsmed, ihen, according to the purpose, If it is desired

i

to reduce Rlﬁﬂa, it ia called the Meerwein-Ponndorf-Verley recduction and

H
R,gKRh ig isopropyl slecohol and ¥OR is aluminum isoproyexiﬁe.29 Con-
-~

H
versely, should it be the R,CHE, which is to be oxidized, the reaction is
3770 5
2
called the Oppensuer oxidation.’o In this cage P 39 nay be any one of
172

a variety of aldehycdes, ketonss or guinones, although acetone and cyclo=-
hexanone are most comronly used., For the oxidation, ¥OH is ordinsrily
aluminum tertiasry butoxide, isopropoxide, or phenoxide.

30

One possible mechanism for these reactions is,

R E R I

o 2 t ] Prnos1
(1) 2 \ : 2y o "2 a\f’ . "2 ! ’

i S——— 1 €«—> | <~ R,

ool B)b———c/-j 3)::9-{/‘5 > .

ﬁb 3 Rh Rh %b

This mechanism has veen illustrated using an aluminum alkoxide but

alkoxides of the metals of groups I, II, I1l, and IV have teen used and
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as Woodward has pointed out, aluminum should have no unique j;‘zmc:tiem.3‘L

Aluminum alkoxides do give, in general, the most desirabvle resultis
because they have little tendency to promote condensailon reactions and
they are soluble in both alcchols and hydrocartons.

The proper choice of the hydrogen acceptor in the oxidation reac-
tion or the hydrogen donor in the reduction reaction has been determined
empirically for the mosgt part. It should be noted, however, that Adkins
and his cow-workers have messured the oxidation potentials of a large
number of carbonyl compounds equilibrated with thelr alcohols in the
presence of aluminum alkoxides so that a wiser choice of the cesired
additive can be made.Bz

A large difference in oxidation potentials between two carbonyl
compounds eguilibrated with their alcohols does not, in itself, indicate
that the reaction will be successful., Referring to egquation (20); even
though Rl iy may have a much higher oxidation potential than HB@FE the
oxidation-reduction will not necessarily proceed satisfactorily to give
a good yield of EBQBH’ The rate of attaimment of equilibrium must also
be considered and this factor cannot be predicted except by analogy.
Adkins' group found, for example, that while 1,3=dimethoxyacetone hac
the highest oxicdation potential of any compound measured, its rate of
attainment of equilibrium wes exceedingly slow. On the other hand,
acetone and cyclohexsnone have relatively low oxication potentials but
yet give very rapid attainment of equilibrium.

There are many other factors which must be considered in the
application of these processes such as side resctions, ease of isolation
of the products and methods of shifting the equilibrium. Thorough

discussions of these factors are given in the references.zg’BG



It is possible that these redox reactions may not be limited to
the carbon-oxygen system. For example, one worker reported the reduction
of tenzalaniline to benzylaniline, azobenzene to hydrazobenzene, cinnamic
acid to dihydrocinnamic acid, benzophenone to benghydrol and anthraqui-
none to anthrahydroquinone by the action of 3J-methylbutanol-l and its
godium alkoxide at the reflux tamperature,BB While the Guerbet reaction
was also appearently involved (see Discussion), the actual reduction may
well have been of the Meerwein-ronndorf-Verley type. Indeed, it is
possible that this is one of the first exsmples of this reaction. The
same phenomenon may also be illustrated by the reduction of aromatic
nitro and nitroso compounds by alkali alkoxidea.Bh’3S Relatively little
work has been done on these types of reactiong so that their similarity
to the Feerwein-onndorf-Verley reduction-Oppenauer coxidation can only
be estimated.

A very interesting modification of the carbon-oxygzen redox squi-
librium has been the use of Raney nickel instead of a metal alkoxicde to
effect the hydrogen exchange.Bé Thus, cholesterol, benzoin, benzhydrol
and fluorenol were all oxidized to the corresponding ketones by the
action of Raney nickel and cyclohexancne in a refluxing toluene
solution, It was also found that the reverse procedure could be effected
by using cyclohexanol or a varlety of other alcohols as the hydrogen
donors,

Apparently metal catalystis are able Yo promote a variety of reac-
tions of compounds containing carbon-oxygen functional groups. A few
examples will illustrate this adeguately. IHaney nickel and platinum

37,38

have been used to catalysze the Cannizzaro reaction. Metals such

as magnesium and aluminum amalgum have been used to effect the benzoin



13

39

condensation. The aldol condensation and the Tischtachenko resction

apparently occur at high temperatures in the presence of a variety of

metal oxides.ho’hl’hz

kaney nickel has been found to cause [,Y-ungatue

rated alcohols to rearrange to the corresponding saturated aldehydes or

ketones.hB The dehyédrogenation of ethanol and propanol-l over a nickel-
thorium or a cobalt-thorium catalyst gave considerable amounts of

Ll

acetals. It might bte anticipated, therefore, that as organic resc-
tions become better understocd and more important that as a sound theory
of hetergeneous catalysis is evolved, metals will become one of the most
important of all tools to the practicing organic chemist.

The above discussion has been given to explain the present status
of the Guerbtet réaction and to show, in part, the importance of
catalytic influences upon reactions of aleohols, aldehydes and ketones.
The remainder of‘this dissertation i3 devoted to a study of certain
modifications of the Guerbet reaction and a propozal as to its nature.

It will be seen that catalytic influences are of great importance.



II. DISCUSSLON

#e  Exploratory Bxperiments

The originel objective of this reseasrch was to determine whether
the imporiant Meerwein-Fonndorf-Verley method for reducing csrbonyl
compounds to alcohols and the Oppenauver method for reversing this reac—
tion could be extended to the nitrogen analogs of these compounds, which
are the anils anc¢ the smines. In an experiment directed toward this
end, the effect of sodium hexoxide in hexanol-l on benzalaniline was
studied. Benzylaniline was obtained as desired but it was of consider-
able interest to find that hexanolec acic and 2=butyloctanol-l were also
formed. Previous workers had used 3=-methyliutanol~l and its sodium
alkoxide to reduce benzalaniline and oblained 3-methylbutanoic acid but
éid not report the formation of the ten carton alcohol, although they
referred to the Guerbet reaction as the most logical route for the

33

reduction,

The formation of 2-butyloctanol~l andé hexancic acid from hexanol-l
strongly incicated that a Guerbet type of reaction had occurred. 7This
could have proceeded by a hydrogen exchange between hexanol-l and

benzalaniline as given by equation (1):
= JH s HLOH MHC .

The aldehyde so formed could then react as shown by equatlons (7), (11),
and (12) in the Historical Introduction to yield the saturated condensed

alcohol and the acid.

The Guerbet reaction as outlined in the Historical Introcduction is



not a satisfacltory laboratory process because of the need of an auto=-
clave, the undesirable formation of aecid, the difficulty in determining
when the reaction is complete and the frequently unsatisfactory yields.
It would be desirable to develop this reaction so that it would become
a generally useful laboratory process. Furthermore, since the work
with sodlum hexoxide suggested a promising method of doing this, the
original objective of this work was abandoned in favor of the new goal,
It is felt that the new objective has been reachec in a satisfactory
manner since as & result of this study, the Guerbet reaction may now be
considered to be a facile laboratory process which proceeds in good
yields., The scope of the reaction has been more completely defined and
the course of the reaction has been further elucidated.

The attempt to evaluate the CGuerbet resction by using bvenzal-
aniline as a hydrogzen acceptor was not successful because of the
difficulty encountered in separating the bengylaniline from the 2-butyl-
octanol~l., 2 few typical experiments on this phase of the work are
included in the Experimental,

It appeared that if the function of the bengalaniline was to
provide aldehyde for promoting the Guerbet reaction, then a metal
dehydrogenation catalyst might be substituted in its place, Such was
found to bte the case and the reaction system was not only considerably
simplified but the reaction proceeded faster and in better yield.

The first metal dehydrogenation catalyst tried was Haney nickel.b&
This was added to a solution of sodium hexoxide in hexanol~-l and the
solution was hested at reflux for 20 hours to obtain a fair yleld of
the twelve-carbon alcohcl., It was observed during this reaction that

water had formed and condenzed on the upper parts of the reaction f{lask.
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It seemed desirable to remove this bye-procduct water snd in the subse-
guent experiments a Iean-Stark water irap was used to accomplish this,

In the typical procedure using a dehydrogenation catalyst, the
alkali metal was reacted with the aleohol conteined in a three-nscked
flask equipped with a thermometer, an «fficient mechanical stirrer and
a Lean~Stark water trap surmounted by a reflux condenser. After all
of the alkali metal had reascted, the dehydrogenation calalyst was
added. Heat was apprlieé with a "CGlas-Col" mantle, The by-product water
collected in the trap, as refluxing was continued, and the temperature
waz pllowed to rise as hipgh as required to maintain the refluxing. INot
only did the removal of the water allow a wmuch higher temperature to be
attained, but it also allowecd the reaction te be reacdily followed
merely by noting the volume of water formed., It is also possible that
removal of the water decreased the amount of acicd formed (see below).

It was c¢ifficult to evaluale accurately the effect of Haney
nickel on the Cuerbet reaction since it could not he conveniently
weighed with accuracy after it was prepared from the nickel-aluminum
alloy. The slloy can be weighed tc make up accurste weights of the
catelyst but it is c¢ifficult to reproduce the catalyst activity from
bateh to bateh, If a single large bsteh of catalyst is made for a
number of experiments, its activity changes markedly with 1‘,:'ume.2‘i6

Three supposedly identical experiments were performed using 1.5
moles of hexanol=l, 0.30 mole of sodium and 3.5L g. of faney nickel
prepared sepsrately for each experiment., This amcount of nickel was
contained in 6,2% g. of the nickel-gluminum alloy used, since it was
56.7% nickel as determined by gravimeiric anelysis, The temperature

ranges during the reactions varied considerably as did the volumes of
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water produced in the reaction time of 5.2 hours after adding the
catalyst. The yields of 2~butyloctanol-l were fairly conszistent, how-
ever, being 35%, L1% and L0%. Since it seemed cesirable to be able to
duplicate the temperature, the water volume and the reaction rate, it
was felt that Raney nickel left much to be desired as a catalyst.
Universel 01l Products Hydrogenation Catalyst was tried as an

h? This material is 50-55% nickel as the

alternate to Raney nickel.
metal and metal oxides supported on kieselguhr sn¢ will be referred to
hereafter as U.,0.F. nickel., This catalyst is commercially svailable
in pellet form and is activated for hydrogenations by heating it
strongly in an atmosphere of hyérogen.h8 In this investigation the
only treatment of the catalyst was teo grind it with a mortar anc pestle
until it all passed a 100 mesh sieve, A single batch, sufficient for
&ll of the work reported in this thesis, was prepared.

Table 1 shows the results of certain preliminary experiments with
UeD.Ps nickel. In each experiment 1,5 moles of hexanol-l, 0.30 mole of

sodium and 2.5 g. of U.0.P. nickel were used, with a 3.5 hour reflux

period after water began to distil from the resction mixture.
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Table I

Preliminary Studies with Ul.0.0. Nickel

Induct. Temp. Moles of Products

time, range, 2-Lutyl- Hexanoic
Expt. hrs. °C Water octanol-1 Acid
A 112 1.5 166-208° 0.31 0.39 0.13
A 122 1.5 166-219° 0.27 0.35 0.17
s 13° 2.5 165-203° 0.27 0.37 0.13
PR A 3.5 166-188° 0.20 0.34 0.1k

aCatalyst powder added prior to reacting the sodium with the hexanol-l.
bCatalyst powder added after reacting the sodium with the hexanol-1l,
cCatalyst pellets added after reacting the sodium with the hexanol-i.

It is evident from these results that U.0.P. nickel performs well.
The yield of product alcohol and the reaction rate are seen to be fairly
reproducible. If the catalyst is allowed access to hydropen, {experi-
ments A 11 and A 12 compared to experiment & 13), it is seen that the
induction time is shortened but that the reaction goes at about the
same rate once it starts. The induction time was taken to be the time
which elapsed between the adcition of the catalyst and the appearance
of the first drop of water in the trap. While allowing the catalyst to
have access to hydrogen decreases the total reaction time, it wes felt
that it would be undesirable to activate it since the extent of activa-
tion would vary with the amount of alkall metal and the rate at which
the metal rescted, For this reason, in all subsequent experiments, the
Us0oP. nickel was sdded after all of the alkall metal had reacted.

In experiment A 1l in Table I, the U.0.P. nickel pellets were
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used instead of the powder., When these results are compared with those
of the other ihree experiments it is seen that powdering shoriens the
induction time and incresses the reaction rate. This might be due to
having the catalyst surface more reacdily avallable for reactien.
Copper chromite catalyst was tried in one experiment as a dehy-

L9

drogenation catalyst for the Guerbet reaction. Copper chromite was
found to be effsctive but it produced a much larger amount of zecid
than elther Raney nickel or U,C.Y. nicksl, under otherwise identical
conditions., Since one catalyst that was used had been essentially
pure metal, (however, see ref. 50), one a metal-metal oxide supported
on kieselguhr and the other a combination of metal oxides, it was
conceivable that a variety of catalytic surfasces could be used. In
order to determine whether the catalyst support, kieselguhr, employed
for U.0.P, nickel, could itgelf have any catalytic effect, an experi-
ment with "Filter-Cel" was performed., The diatoms present a very
large amount of surface and nmay be effective., However, under the
conditions favorable for catalysis with U.0.P, nickel with hexanol-l
and its sodium alkoxide, no reaction was effected by "Fllter-Cel”
after five hours of refluxing.

It was stated above that the water of condensation was removed
from the reaction mixture by distillstion. It was rather surprising
that this water could be removed from an alkoxide solution, 3Since it
is common procedure to destroy alkoxides by treating them with water,

it appeared that it might be feasible to reverse the process and make

an alkoxide by treating an slcchol with an slkali metal hydroxide; e.g.,

(2) ROH + ¥NsOH g===> KONa + HZG .
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Posaibly the equilibrium could Le shifted in favor of the alkoxide Uy
simply removing the water by distillation,

The results of three experiments to test this point are given in
Table II. In the first experiment (A 17) with benzene as a solvent, L8
hours were required to obtain essentially 211 of the water, but 50% of
it was obtained after 5 hours at reflux. The second experiment (A4 18)
¢ié not go to completion after LB hours of refluxing,., The third experi-
ment (4 19) gave 88%¢ of the theoretical volume of water after 10 hours
of refluxing and Raney nickel was then sdded, and a satisfactory Guerbet

reaction was carried out.

Table II

The Formatlon of Sodium Hexoxide from
Hexanol-l and Sodium Hydroxide

Sodium
Hexanol=-1, Hydroxide, Temp., Ml., of VWater
Expt. molesg moles °C found Calcd.
A 17 0.91 0.11 36° 2,02 1.94
A 18 105 0030 156”'178' Sol 501—%
A 19 L.S 1.5 156=170° 23.7 27.0

a, . R
In this resction, 250 ml. of benzene was used as a solvent,

The complete results of these experiments are included in th
Lxperimental. While ihese results show that alkoxlides can be prepsred
in this manner, it was deemed prefersble to use the alkali metals in
order to save timse,

The literature contasins relatively few references on this method
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of forming alkoxides although such an equilibrium is often alluded

to.sl’gz One worker used pure sodium hydroxlide and excess ethanol in

benzene solution to form socium ethoxiée.53 The water was removed by
utilizing the ternary azeoirope of benzene, ethanol and water. The
maximum reaction oblained was 6d% as delermined by an analysis of the
distillate. UThe patent literature contains some references to the
preparation of alkoxides by azeotiropic distillation of water ifrom a
mixture of an alcohol and an alkali metal hydroxide.gh’ss An inter-
esting variation reported in a patent was the addition of anhydrous
acetone to a solution of sodium hydroxide in e‘c.tmnc:»il..5{3 This precipi-
tated the sodium ethoxide which could be filtered from the solution,

This displacement of this equilibrium makes it appear to be
impractical to dry alcohols by treatment with an alkali metal followed
by diatillation.* While tils is not a common procedure it has veen
recommended in at leasi one instance.S? One might expect that the
equilibrium between the alkall metal hydroxide and alcohol would shift
to accommodate a minimum boiling aszeotrope of alecohol and water since
this representa the moslt volatile fraction of many water-alcohol
systems.

In the Guervet reaction as performed by other workers, the water
of condensation could not be conveniently removed since a closed
system was used in order to obtsin & high temperature. it was of

interest then to determine the effect of water removal on the reaction

under the modified conditions which thils thesis reports. An experiment

%The author is indebted to Mr. J. H. Haslam, Pigments lepartment,
« I. du Pont de FHemours & Co., for this sugyestion,

tss
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was performed with 1.5 moles of hexanol-l, 0.30 mole of potassium and
2.5 ge of U042, nickel, with & total reflux period of L.3 hours and
the water was removed. The temperature continually incressed until the
reaction was stopped. In an identical experiment for a Li.3 hour reflux
period without water removal, the tempersture remasined constant, With
water removal the conversion of hexanol-l to 2-butyloctanol-l was 53%,
while without water removal it was only 31%. In another identical
experiment without water removal, except using & 7.0 hour reflux period,
the temperature again remained constant snd a 31 conversion to
2=bvutyloctanol-]l was obtained. The last experiment without water
removal was allowed to reflux 60% longer than the first one so it
appears that the reaction stopped after a certain amount of water had
formed, This may be caused by a decrease in the alkoxide concentration
as a congequence of hydrolysis., It is desirable, then, for the water
to be removed from the resction mixture as rapidly as possible in order
to maintain the alkoxide concentration and to pemit the tempersturs to
reach higher values.

For the evaluation of the reaction varisbles, it would have teen
cdesirable to have had a constant reaction temperature. This was
attempted with an inert solvent. Two experiments were performed with
sodium hexoxide, hexanol-l and Faney nickel in p-cymene. In one case
the alkoxicde was made by using sodium metal anc¢ in the other, sodium
hydroxide was used. In these experiments the tempersture varied only
10° and in spite of the fact that satisfactory yields were obtained,
the use of a solvent has many disadvantages. The starting alcohol
could not be satisfactorily recovered from the solvent and the use of

a solvent requires considerably more work ané time since it must be
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purified before use, it must tve recovered from the r=actlon mixture
and 1t decreases the rsaction rate. For these reasons it was decided
not to use a solvent to moderate the temperature changes.

A preliminary experiment with Raney nickel had indicated that
potassium hexoxide might be superior to the sodium hexoxide. It
arpesred 1o be cdesirable to check this under the more reproducible
conditions effected by U.0.F. nickel., The hest experiment performed
with sodium hexoxicde in hexsnol-l and with U.,0.P, nickel wmay be con-
trasted with two identical experiments in which eguivalent cquantities
of potassium hexoxlide were used., It was found that potassium hexoxide
gave a shorter induction period and a more rapid reaction with less
high-boiling residue than the sodium hexoxide. The conversions to
2-butyloctanol-l were about 53% in all three experiments,

The potassium hexoxide gave a solution temperature about 10°
higher than the sodiwn hexoxide at the start of reaction, 1f the
temperature difference is due to the more complete disgociation of
potassium hexoxide then this dissoclation might favorably influence
the Guerbet resction aside from any temperature effect.

This Information seemed Lo warrant the use of the more expensive
potassium in preference to sodium. The use of potassium saved con-
sidsratle time noct only by glving a more rapiéd Guerbet reaction but
also by greatly decreassing the time required to form the alkoxide,

A general procedure was devised for a systematic study of the
reaction variatles on the bagis of the above exploratory work.
Potassium metal was completely reacted with the alcohol prior to adding
the U.0.F. nickel. The water of condensation was removed {rom the

reaction mixture as rapldly as possible by distillation. In addition,



it seemed expedient to stir the reaction mixture mechanically since

LeDol's nickel tended to adhere to the sides of the flask and towards
the end of the reaction a smsell amount of solid, apparently the salt
of the acid, separated out.

The results of the Guerbet condensation under these general con-
ditions can be reproduced fairly satisfactorily. Even in thoge cases
where there are variations in the rate, a reproducible yield of product
is obtained.,

After ithe work reported in this thesis was completed, a patent
issued in 1949, describing relasted work came to the attention of the

58

author, In this patent the use of various dehydrogenation catalysts
and the removal of water of condensation by distillation in the Guertet
reaction were disclosed, Since the information given in the patent was
of value chiefly for the commercial applicsation of the reaction while
the information in this thesis is of value chiefly for s facile labvora-
tory process, the results to a large extent supplement rather than
duplicate one another, The conditions given in the patent provicded
good yields but a much longer time was required than was needed to
obtain equal yields under the conditions of this investigation. fthe
fact that the acid formation (without any ester formetion) is & function
of the alkoxide concentration has been cﬂrrobarated.59 Indeed, the
long reaction times required for the experiments given in the patent
result from the very low alkoxide concentrations which were used to
prevent acid formstion,

A very recent article based on the above patent is also of inter-
est, chlefly because the water of condensation was removed by adding a

large amount of calcium oxide to the resction mixture.ég



E, The letermination of Dptimm Conditions

In the self-condensation of hexenol-l ané its homologs, there
are three variables which seem to be most important. These are: the
concentration of the alkoxide, the amount of dehydrogenation catalyst
and the temperature. The temperature was varied primarily by changing
the alcohol used, but it also varied greatly with the concentrastion of
the alkoxide, as discussed below,

The effect of the alkoxide conecentrstion was studlied by varying
the amounts of added potassium from zero to 0.325 mole with 1.0 mole of
hexanol-=1l, These amounts were used in preference to 1.0 mole of alco-
hol in excess of the amount of potassium glkoxide since it scemed
important to compare equivslent amoungzuaf alcohol. Thiz may be cone
gince the condensed alcohol procduct and any acid formed can combine
with the potassium ion, so that from this viewpoint the potassium
hexoxicde may be considered to be equivalent to hexanol-l. In all of
these reactions, 2.0 g. of U..F. nickel gnd a reflux period of 2,0
hours after water vegan sepseeting in %ﬁ@éﬁrap were used., 1The results
are given in Table III.

A striking effect noticecd as the alkoxide concentration is
varied, ig the direct variation of the solution tempersture. 7These
marked temperature elevations over the boiling point of hexanol-l of
156° may seem 2 little unusual but it is not unlikely that they are
due merely to the normal boiling point elevations for solutions, If
it is assumed that the potassium hexoxide is completely dissoclated

(2 x m), then from the molalities used and the boiling point elevations



Expt.

B 2
E3
B L

B 6
B7
B8
B9

% he reaction was atopped as soon as water started to form.

ROK,
moles

0.100
0.150
0.175
0.200
0.225
0.250
0.275
0.325

Table III

The Effect of Varying the Alkoxide Concentration

Induct.,
time,
hrs.

2.2
1.3
1.0
0.83
0.67
0,78
0.92
1.0

Temp.
range,
°C

163-168°
169-182°
173-188°
177-206°
180~225°
18L=236°
187-2l41°
9L°

¥oles of Product

Hater

0.061
0.15
0.17
0.20
0.20
0.16
0.12

0.00

Alcohol

0.097

0.17
0.19
0.26
0.26
0.21
0.21

0.16

Acicd

0.022
0.0L3
0.10
0.12
0.15
0.18
0.16

Alcohol
Conv., » Yld., %
19 67
33 Th
38 69
51 63
53 59
L3 L6
h2 Ll
31 Sk



27

observed, & molal elevation constaznt for hexanol-l can be calculated

61
by,

(3) K, = —LI

The values of Kb calculated for the solutions in Table III are

given in Table IV. The average value of L.6° is not unreascnable,

Table IV

A Qualitative Kb Calculation for Hexsnol~l

Expt. Molality szobs. K,

B 2 1.09 9° L.a*
E3 1.73 e h.0°
B L 2,08 19° L.6°
E S 2.LS 23° L7

B 6 2.685 28° Le9°
BT 3.27 32° L.9°
B 8 3.72 36° L.8°
E 9 L.72 L3¢ L.6°

Avge., = 1;,6°

Many compounds have molal elevation constants of this magnitude or
greater., Thus, for acetlie acid Kb is 3.07°, for bromobengene it is

62 An approximate

6.26° and for carbon tetrachloride it is 5.03°,
determination of Kb for hexanol-l with triphenylcarbinol as a solute
gave an average value of about 5°,

It is to be understood that this is not intended to represent an
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accurate calculation of the molal elevatiocn constent for hexanol-l
since the concentrations of solute are far in excess of those at which
equation (3) can be applied with precision. Furthermore, the degree

of dissociation of potassium hexoxide is unknown s¢ that the value
obtained for Kb is probably a minimum value, it is also to be mentioned
that the temperatures are not accurate to more than + 0.5° and the
potassium was probably not weighed more accurately than + 0.25 g. The
caleulstions do, however, snow that the large increases in solution
temperatures might be expected on this basis,

There are other points concerning Table III which are interesting.
it is seen, for example, that the induction time at first decreases ags
the alkoxide concentration increases, but at the highest alkoxide con-
centrations, the induction time again slightly increases., 1t is
believed that this may be caused by the increasing temperature at
first increasing the reaction rate tut that at the highest alkoxide
concentration it is more difficuli for the water to escape because of
the mass action effect on the alkoxide-hydroxide eguilibrium. This is
partially verified by experiment £ 9 in the table in which the reaction
was stopped as soon as water begen to separate in the trap. Since 0.16
mole of acid had formed by this time, 1t indicates that the alkoxide
concentration hac to decrease to about C.17 mole before the water could
escape. This does not mean that water cannot be uistilled from an
alkoxide solution of greater concentration than this, but that the water
probably reacts with aldehyde to form acid before it can be removed
under these conditions,

It is interesting to note that the moles of water and of 2«butyl-

octanol-l are about equivalent at lower alkoxide concentrations. As
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the concentration is increased, this eguality no longer holds and the
amounts of each formed are seen to increase %o maxima and then decrease.
This is undoubtedly related to the fact that the amount of acid formed
increases directly with increases in the alkoxide concentration. when
no alkoxide was used, no resction whatsoever was effected after four
hours of refluxing hexanol-l with U.0.F. nickel. These features of the
table are alsc of importance in considering the details of the rsaction
course and will be examined more critically in that part of the
Liscussion,

The gas evolved throughout the reaction was shown to be esszen-
tially 100% hydrogen. It was checked several times during the course
of three different experiments which varied greatly in the amount of
evolved hydrogen,

As tentative values, 0.175 mole of potassium and 1.0 mole of
alcohol were selected as the guantities to be used in studying the
other varistles. It is seen that these amounts give a convenient reac-
tion rate to produce a good yield of condensed alcohol with a low yield
of aecid.

The effects of varying the amount of U.0.F., nickel from 0,031 to
o0 g. while collecting a constant amount of water (0.26 mole) are
shown in Table V. Except for the first experiment, the induction
temperatures were the same (175 + 0.5° to 173 + 0.5°) as were the
tempersture ranges during reaction (173 +0.5° to 203 + 1°). These
results show very conclusively that U.0.7. nickel exerts a marked
accelerating effect on the Guerbet reaction. Not only is the incduetion
time decreased as the amount of U,0.P. nickel is increased but the re-

quired reaction time is also decressed. The yields and conversions to



Expt.

B 13°
B 1
B 15
B 16
E 17
£ 18

aZero time was tszken as the time at which water first appesred,

Pryere was approximately 0.0 mole of acid formed in each case.

Am't. of
nickel,
£

0,031
0,50
1.0
2.0
3.0

L.0

Table V

The Effect of Varying the Amount of U.0.P. Nickel

Induct.

tine,
hrs.

2h.0
2.0
1.7
1.1
0.92
0.67

Reaction® b
time, ¥oles of Products
hrs. Hydrogen Alcohol
60.0 - C.013

k.1 0.15 0,28
32 0.16 0.27
2.2 0,18 0.29
1.9 0.20 0.27
1.7 0.21 0.28

“Ihis experirent ylelded only 0.019 mole of water.

Alcohol

Conv,, %

55
Sk
57
Sh
56

116., &

72
69
12
68

70

o€
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2~butyloctanol-l are seen to be accurstely reproducitble even thourh
the rate varied consideratly. Experiment B 13 is included to show the
Hmiting effect of the amount of U.U.P. nickel. Identical conditions,
except that no nickel was used, failed to give any reaction after 21
hours of refluxing.

The only apparent effect causecd by increasing the amount of U,0.P.
nickel, aside from the rate effect, is the increase in the amount of
hydrogen evolved. The yield of acid was about the same in the last
five experiments (0.0L mole) and since the product was essentially
saturated to bromine in carbon tetrachloride, it is fell that this in-
crease in hydrogen evolution leads to more unsaturation in the high-
bvoiling residues,

These high~-boiling residues probably arise Ly acdvanced condensa-
tions. In a typical experiment, e.g., experiment b L of Table IiI, a
residue was obtained which weighed about 8% as much as the amount of
starting alcohol. The proposed intermediates, 2e-butyl-2-sctensl and
2=-pbutyloctanal, could possitly condense with hexanal as shown by

equations (l) and (5):

(L) c,,Hllcnn Cﬁo + HngHO —> GgHy ) CH=GCR=CCHO + H,0

Holy  Cplg
() Eﬁgwo + Hagcmo —_— CgHlya ifir; EH;} + HMO

These could bte partially reduced to give a mizture of aldehydes and
unsaturated aleohols. I+ is also possible that some glycols could be
present, The hizh-bolling residues invariably showed unsoaturation and

boiled over a conalderable tomperature range. They were usually 50%
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distillable or better, lsaving s residue of thick tars.

It appearec that the spproximate optimum conditions for the con-
densation of hexanol-l were now sestablished. In order to obtain a
sufficiently rapid reaction =znd still obtain z good yield of product
with 1little acid formation, it was decided to use 0.17% mole of
potassium metal to 1.0 mole of alcohol with sbout 2.0 g. of U.0.F.
nickel, The reactions were allowed to continue until they were sbout
S0% complete as shown by the amount of water evolved., If the reaction
is allowed to procesd much beyond this point, little is gained since
the smount of high-boiling residue increases., This was indicated by a
comparison of three experimsnts which were icdentical except for differ-
ant reaction periods after water started to form. For ithese resctions
1.5 moeles of hexanol-l, 0.30 mole of potassium and 2.5 gz. of U.0.P,
nickel were used. A 1.3 hour refluxing periné alter water started to
form gave 0,30 mole of 2-butyloctanol-l and 13 g. of resicdue., %+with a
2.2 hour refluxing period, 0.LO mole of 2-butyloctanol=-l and 20 g. of
regicdue were formed and a 3.5 hour refluxing peried yielded 0,LC mole
of 2-butyloctanol-l and 32 g. of residue,

The effects of changes in the reaction temperature were studied
next, It was believed that this could be done satisfactorily by
asguming that the straight-chain homologs of hexanol-l would react
about the same at the ssme temperature.

The results of varying n in CEB(CHZ)nﬁﬂzoﬁ from 2 to 8 are given
in Table VI. In these experimentis, 1.0 mole of the alcohol, 0,175 mole
of potassium and 0.5 g. of U.0.P. nickel were used, and 0.25 mole of
water was collected except where noted. Only 0.5 g. of U.0.P. nickel

instead of 2,0 g. was used because the reaction was found to be very



Table VI

The Effect of Varying n in CHB(GHZ)HGHQOﬁ

Temp. Reaction

range, time, Moles of Products +lcohol
Expt. n °c hrs. Hydrogen  Acid  Alcohol Aleohol/Acid Conv,, £  Yid., &
B 20 2 136-155° 26,0 0.16 0,02} 0.21 8.1 h2 75
B 21 3 155-180° 17.5 c.086  0.016 0.23 1.0 L6 h
B22° L 17h-20L° 6.1 0.15  0.0l1  0.28 6.6 5 72
B23° 5 195-238° 2.3 0.2l 0.085 0.29 3.4 59 66
B2k 6 2035-290° 1.6 0.22  0.10 0.31 3.1 62 72
B 25 7 222-276° 1.3 0.30  0.12 0.31 2.6 61 66
£ 26° 8 237-271° 0,66 0.28  0.13 0.31 2.1 62 70

%In this experiment ki g. of U.,0.P. nicksl was used to speed up the resction and 3 ml. of o~xylere was
added to the water trsp to aié¢ the water separastion.

In this experiment 0,26 instead of the standard 0.2% mole of water was collected.

°In this experiment 0.1% mole of water was collected and 2 . of U.U.F. nickel was used.

€C



3k

fast with the higher alcohols,

The temperature is seen o affect the reaction rate in the
expected mammer. It is alszo seen thalt as the tomperature is incressed,
the amounts of hydrogen and acid formed increase. It appears that the
higher temperature favors acid production, even though from the stand=
point previously consicered, an incresasse in the rate of waster removal
might be expected to decrease the amount of acid formed,

The percent conversion of the rezctant aleohol to the product
alcohol is seen to incresse as the temperzture incrsases for the Iirst
four experiments tabulated, However, the rztio of procuct aleohcl to
acid cdecreases even though the pcercent yleld of alcohol remains about
constant, It would sesm likely that with the higher boiling alcohols,
a more efllcient process would regult if the alkoxide concentrstion
was Cdecreased since the amount of acid formed is a funetion of this
{(cf. Table III). It is seen, however, that zood yields of the products
sre obtained with the 0,175 mole of potassium alkoxide,

In the experiments using octanol=l and decanol-l, it was observed
that the reaction begen immediately upon heating the solutions to the
reflux temperatures., This suggested that when the temperature is
sufficiently high, as in a clessical Guerbeit reaction, the reaction
could proceaed without U.,0.P. nickel being added, Vhen the decanol-l
reaction was repeated without U.0.P. nickel, it was found to proceed
raplidly, bt not ss rapidly as when nickel was used. It was of inter-
a3t to find the approximate temperature at which reaction wouléd proceed
in the sbsence of U.0.P, nickel. It had been previously demonsirsted
that hexanol-l does not react under these conditioms without U.0.0.

nickel at s temperature of 175° and 5o the series from heptanol-l to
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decanol-l was studied. 2in exploratory experiment curing the benzal=-
aniline work is of some interest since hexanol-l, in a solution
containing only sodium hexoxide in the alcohol and at a solution
temperature of about 18¢°, was converted to 2-butyloctanol~l in 5%
yield after 66 hours of refluxing.

f'or the experiments of this study, giver in Table VIi, 1,0 mole
of alcohol and 0,175 mole of potassium were used. The solution was
refluxed until 0,25 mole of water had been collected. It is evicent
that without U,0,P. nickel the reaction will proceed in good yield if
the temperature is sufficiently high. From these results and from the
results of the experiment referrec to above with sodium hexoxide, it
appears that at about 190° the reaction will begin and at above 200°
it proceeds at a satisfactory rate. 'The conversions without nickel are
as good or tetter than with nickel and the yields are about the sare
(cf. Tables VI and VIi)., The amounts of hydrogen are generally higher
in the absence of nickel.

This study of the main reaction variatles to establish the
optimum conditions has resulted in a process which gives excellent
yields for primary alcohols containing a R-methylene group. The re-
quired appraratus is available in most lsboratories and the reaction can
be conveniently followed by noting the volume of by-procuct water which
has formed. It is to be emphasised that the reaction products are
easily isolated in pure form.

It is not necessary to use potassium alkoxides since the sodium
alkoxides will serve, but the latter require longer reaction pesriods,
The alkoxides can be made from tne alkali hydroxides if, for any reason,

it is undesirable to use the alkali metals.
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B 28
B 29%
B 30
B 31
B 32°
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Table VII

The Effect of Varying n in CH3(CH2)n§H20H without U.0.P. Nickel

Temp.
range,
°c

175°
195-254°
207-262°
22i4-305°
239-320°

Resction
time,
hra.

21.0
28.3
5.8
2.6

1.3

¥oles of Products

Hydrogen

0.0

0.22
0.27
0.3k
0.38

Acld

0.0
0.12
0.12
0.1
0.15

Alcohol

0.0

0.33
0.31
0.31

0.32

%rhis is an approximate value because a leak was found in the system.

brhe resction stopped after 0.2h mole of water had formed.

Alcohol

Conv., %

65
61
62
65

Yid., %

71
70
67

9¢€
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The self-condensation of secondary alcohols was studied briefly,
The three secondary alcohols used were heplanol-2, octznol-2 and
S-methylnonanol-2, These rescted at reasonable rates under conditions
favorable for the self-condensation of normal primary =leohols. The
products were not obtained in good yields since congideratble amounts of
high~boiling residues were formed, In addition, the products were
partially unsaturasted and may have contained more than one condensation
isomer. Two isomers may be formed here since the proposed intermediate
ketone can condense at either of two positions with another molecule of

ketone, Consider the equation for the condensstion of heptanone~2:

(6) ©)Hy0H c‘,‘CH + c:bf«;gcrizgcrts ——> G cchB + C)HoCH gcﬁuccHB

CH CC o hH9 2 LH9
Thus, the ketone can condense on the methyl group or the methylsne
group. This can be otviated by using symmetrical secondary alcohols
but it restricts the process considerably. The condensation here
protably occurred predominantly on the methyl group rather than on the
methylene group. This is indicsated by analogy to the reaction of
bengaldehyde with butanone=-2 in which the benzaldehyde condensed pri-
marily on the methyl group of butanone~2 when lL.ase catalysis was used.63
Acid eatalysis gave the other isomer predominantly. This is also indie
catedé by the distillation of the procuct after hydrogenation to remove
the unsaturation., A more highly branched lsomer would be expected to
boil lower than a less highly branched compound. The compound which
would be formed by condensation on the methylene group would be more
highly branched and should boil at a lower temperature. It was found

that a smell amount of material distilled somewhat lower than the main
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fraction and may be the other isomer.

Since the secondary alcohol reactants gave poor yields of products
difficult to purify, they were not further investigated. It may be that
by altering the reaction conditions drasticslly the process could be
improved. It would be of interest to do this since neither the reac-
tants nor the products can be wasted In acid formation unless such
drastic conditions are used that carbon-carbon cleavage occurs.

The products obtained from the self-condensstions of normal primary
alcohols in the Guerbet reaction are a rather unusual group of compounds.
Apperently the branching on the carbon adjacent to the methylol group is
responsible for their properties. All of them through the 2l carton
alcohol are colorless liquids with pleasant odors. Except for deriva=-
ties of 2-sthylhexanol~l, the only solid derivatives which hawve been
reported are the allOphanates.IB It is possible to convert the alcohols
t0 the aldehydes or some other type of compound and by this route obtain
solld derivatives, but direct conversion to solid derivatives is diffi-
cult.

This failure to yield sclid derivatives was interesting and
oftentimes discouraging to the author. All of the standsrd types of
alcohol derivatives were tried without asuccess. The allophanates of
these compounds are solids and their melting points, in genersl, checked
the melting points given in the literature. For 2-butyloctanol-l, the
allophanate melting point did not check the literature value, but the
results of quantitative carbon ané hydrogen analyses were satisfactory
and sufficient additional evidence was obiained 1o characterize the
compound.,

Gonsiderable effort has been expended to characterize
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2~tutyloctanol-l, Fastagll olLtained this compound in the course of his
work and proved its structure by synthesizing it Ly aun slternste route.ls
He periormed an sldol condensation with hexanal and subsequently reduced
the a,p~unsaturated aldenyde,

Since the conversion of Z2-butyloctanol~-l to the Lromide gave a
rrocuct which analyzed correctly for bromine but which reacted with
slcohelic silver nitrate like a teriisry bromide rather than a primary
btromide, further characterization was indicsted., This tertiary bromide
could have possibly formed by a carbonium icn rsarrangament.éh

The resultis of guantitative analysces for carbon and hydrogen were
satisfactory. The alcohol was converted to the corresponding acid by
oxidation in L6 yield. The neutralization equivalent of this acid was
191 as compared to the calculated value of 200, Weutralization equiva-~
lents of 202 and 199 were given by 2~butyloctanoic acid prepared by the
Cuerbel reaction starting with 2-butyloctanol-l, The acetate was made
in excellent yield anc it analyzed correctly for carton and hydrogen,
and had a saponificstion equivalent of 230 which may be compared to the
calculated value of 228. The 2<butyloctancic acid was converted to the
solid amide and this sukstance analyzed correetly for carbon, hydrogen
and nitrogen. This information, and that in the literature, adequately
shows that the product obtained from hexanol-l is 2-butyloctanol-l,

The etherification procedure of Pratt and Iraper was adopted to

65

obtain the equivalent weight of 2~butyleoctanol~l, This reaction is
performed in a benzene solution using p-toluenesulfonic acid as a
catalyst and triphenylcarbinol to etherify the alcohel, as shown Ly
equation (7):

(n (06H5)3CGH + EOH ———> (czéﬁs)cha + HO .
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Yrom the volume of water rroduced with a glven weight of FCH, the
equivelent weight of Z0H may be calculated,

if ihe added alcohal is ¢f the tertlary type it will protably be
dehydrated rather than etherified tut this will not alter the deter-
mination eof the equivzlent weight. The essential requirements sre that
every molecule of elcohol must yield a molecule of water either by
dehydration or etherificstion and that no other resctions occur which
yield water. The triphenylcsrbincl cannot self-etherify and the trityl
ether formed is stable at the low catalyst concentrations used. A
value of 189 was obteined for 2-butyloctanol-l as compared to the calcu-
lated value of 186. In addition, a half-reaction time of zbout 21
minutes was observed, which may be compared to half-rezction times of
23.8 to 25.6 minutes obtained for normal primery aleohols uncer the
sane conditions.és SeconCary and tertiary alcohols etherify much more
slowly.éé This further supports the conclusion that the alicohel is a
primary alcohol,

This method of squivalent weight determination was alsc used for
2-pentylnonanol-l, Z2-hexyldecanol-l and 2-benzylbutanol-l for which the
calculated equivalent weights ere 21L, 2L2 and 16k, respectively. The
experimental values were 219, 2L6 and 163. It appears thst this is a
satisfactory method of determining equivslent weights of primary
alcohols.

The characterizations of the other compounds of this type were
restricted to gquantitative carbon snd hydrogen snalyses, and a compari-
son of their physical properties and the melting points of their
allophanates in those csses for which the data are given in the litera-

ture. The compounds were analyzed for carbon and hydrogen since there
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This information supplemented bty enalogy to 2-eihylhexanol-l and
2w=butyloctancl-l and ceritain structural procis by synthesis in the
litersture serves to establish the siructure of these compounds.

2ne feature of the identification work which should be emphasized
is the use of allophanates as characterizing derivatives for aleohols,
It is felt that they have not received adeguate attention in light of
the nmany advaniages which they offer. Apparently all of them are
readily purifiable solicds which crystallize easily; they may be easily
srepared even in the presence of water; they may be ussc for primary,
secondary or tertiary alcohicls, ancd the alcovhols are easily regenerated
and purified. This lest feature represenis a valusble procedure for
the separation of alcohols Ifrom mixtures after the removal of any amines
or phenols.

The allophanates are conveuniently prepored by strongly heating
cyanuric acid and passing the so formed cyanic acid into & liquic
alcohol, or into a solution of the alcohol if it is a solid§7 The

equation for their formation, using ethancl as an example, ist

8]

g g
OCHHCM

8) ¢ g o -

H.OH + 2 HOCN —eeweme> (G H
25 P

The reason that allophanates have not been more widely used may
te that so many alcohols form solids with cyanic acid that it is some-
times éifficult to distinguish among some of them solely on the basis
of the melting points of the allophanates. Another reason may be that
such a high temperature is needed to decompose the cyanurle acid that

& combustion tube is needed. This is not a serious disadvantage and

the rest of the apparatus is available in every organic laboratory.
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C. Mixed Cuerbet Condensations

The possible use of two aleohols instead of permitting a single
alcohol to self-condense in the Cuerbet reaction is an important
consideration. In choosing the ideal pair of sleohols many factors
must be taken into account, The minimum requirements to permit conden-
gation are that one of the alcohols must have a UﬂB- or a -CHz- group
adjacent to the CHOH group and the other alcohol may not ke a tertiary
alcohol, i.e., it must have a CHOH group capable of being converted to
the carbonyl group.

The preferred pair would appear to be a primary alcohol with no
hydrogens on the carbon adjacent to the methylol group and a secondary
alcohol with only one methylene or methyl group adjacent to the JCHOH
group; a symmetrical secondary alcohol with two such methylene groups
should also be satisfactory. With such a psir, the primary alcohol
cannot self-condense and the secondary alcohol should show little
tendency to do so by analogy with the unfavorable equilibrium for
ketonses in the aldol reaction. Thus, the mixed condensation should te
the predominsnt reaction., Such a pair is represented by benzyl alcohol
and l-phenylethanol or 3=methylbutanol-2. Actually, few secondary
alcohols of this type are readily available, Those which are readily
available are of the l-phenylethanol type which are not satisfactory to
use in the Guerbel reaction because of the difficulties involved in
obtaining and preserving the pure alcoh01368 and they have some tendency
to dehydrate to the styrene compounds. It was necesssry, therefore, to
consider substitutes for this type of secondary alcohol.

An aliphatic | -branched primary alcohol and a normal primary
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alcohol represent an interesting pair. The [ -branched primary alcohol
cannot self-condense and even with equivalent quantities of each of the
pair, the mixed reaction shoulcd be statistically preferred over the
self-condensation of the normal primary alcohol. Furthermore, if the
j =branched aleohol is used in excess, the mixed condensation will bte
even rmore favored. This, of course, ignores any difference in the
relative tendencies of the two types of alcohols to he dehydrogenated
or otherwise react. It was observed during the hexanol-l evaluation,
that prolonged resction appeared to convert the product, 2-butyl-
octanol-1l, to high-boiling residue by further condensations with
hexanol=l, This indicated that the reaction discussed above might be
feasible,

A reaction between 2~ethylhexanol~l and hexanol-l seemec to be a
good choice. A 100% excess of 2-ethylhexanol-l was used with 1.0 mole
of total alcohols, 0,175 mole of potassium and 1.0 ge. of U.0.P. nickel,
The reaction stopped after 0.13 mole of water had formed. This
reaction, very surprisingly, gave a 65% yield of 2-butyloctansl-l by
the self-condensation of hexanol-l and practically nc mixed reaction,

A repeat of this, except using decanol-~l in place of hexanol-l, verified
the result.

While this at first glance may appear to be strange in light of
the large amounts of high-boiling residue formed in the sslf-condensation
of hexanol=-l with long reaction times, it is on closer examination not
unexpected., In the first place, the high yields of the self-condensed
products in the Guerbet reaction must be ascribable to their less
rasctive nature as contrasted with the starting normsl primary alcohols.

Furthermore, advanced condensations can be just as logically explainec
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on the basis that the intermediste condensed sldehydes react with an
additional molecule of aldehyde before being reduced, rather than the
reduced product being dehydrogenated to the sldehyde which then reacts,
Certainly, the results of the sbove two experiments establish the fact
that the normal primary aleohols self-condense much more rapidly ithan
the aliphatic {-branched alcohols will reaset in 2 nixed condensation
under thase conditions,

It is not possible with the existing information to say definitely
why the [-branched alcohols are so inert. This inertness may be due to
steric factors but the process is toc involved to asnalyze completely.

As an alternative to an sliphatic [=branched alcohol, bengyl
alcohol might be satisfactory for condensation with a normal primary
alcohol. This type of a reaction has been performed in a classical

2,9 The same structural

Guerbet reaction but in not too high yields,
features are involved here, as with 2-ethylhexanol-l, in that the only
condensations which can occur are the mixed condensation and the self-
condensation of the normal primaery alcohol. The benzyl alcchol may,
however, show a greater tendency to give a mixed reaction product than
2-ethylhexanol-1,

A preliminary experiment using equivalent amounts of benzyl
alcohol ané hexanol-l gave a 31% yield of the mixed product, 2-benzyl-
hexanol-l and a 35% yield of 2-butyloctanocl-l on the basis of the
amounts of alcohols used. However, in another experiment which is
given in Table VIII, the use of 0.67 mole of benzyl alcohol and 0,33
mole of hexanol-=l gave a 59% yleld of 2=benzylhexancl-l and only
a 1% yield of 2-butyloctanol-l. Thus, it was possible in this

reaction merely by varying the ratio of the two alcohols to obtain



Table VIII

The Condensation of Bengyl Alcohol with Primary Alcohols
Containing a [-Methylene CGroup

U0.P. Temp. Heaction Moles of Products
Primary nickel, range, time, Mixed  Self-cond, Senzoic
Expt. eleohol g °C hrs. alcohol alcohol acid
¢ 4®  EFutenol-l L.0  143-187° 3.7 0.18 0,026 0.037
¢ 5  Fexanol-l 2,0  177-207° 2.0 0.20 0,024 0.0L9
¢ 6 Feptanol-l 2,0 18}-211° 1.k 0.19 0.040 0.0h5
¢ 7°  3-Phenylpropamol-l 0.0  225-24,1° 1.8 0.21 - 0.065

a‘i’he amount of water collected was 0,27 mole,

bThe self-condensed aleohol was not isolated.

Mixed
aleohol,
Y1d., ¥

55
59
58
62

an
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mainly the mixed condensation with little self~-condensation.

The results ef experiments in which benzyl alcohol was condensed
with three additional primary alcohols containing a [-methylene group
are given in Table VIII, In each of these reactions, 0,67 mole of
benzyl aleohel, 0.33 mole of the primary alcohol and 0,175 mole of
potassium metal were used and refluxing was maintained until 0,28 mole
of water had teen collected. It is seen that the reactions proceeded
at rsssonable retes to give the mixed vrocducts in good yilelds.

Since many valuakble products msy be cbisined from this type of
condensation, it is of some importance, For example, the products may

be converted to the 2=alkylindanes or indanones by standard procedures:

’Cﬁzgﬁﬂﬂzcﬁ
1

V

(9) ‘I'

Cﬁzgﬁcoza

0

There are, ol course, many othor possille uses for these compounds and
vy verying toth the alkyl group and the substituents on the tenszyl
alcohol a wvariety of potentiaslly valusble compounds may be made. It
should be stressed in connection with aspplication of the CGuervet reac-
tion in gynthesis, that it is probably not possible te use nitro
compounds {(or other easily reducible groups) becsuse they readily react

with alkali metal alkoxides to yield mixtures of reduction praducts.3b’35
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Indeed, this reduction of nitro compounda by alkoxides appears to merit
further study,.

It is significant to note here that 2ll of ithe mixed condensations
have been performed under conditions shown to ke favorable to the self=-
condensation of normal primary alcohols., It may be possible by varying
the alkoxide conceniration, the mmount of U,0,F. nickel or by the drop=
wise addition of one of the reactants, that the mixec concensations
could te still further improved. The yields obiained, howsver, are
superior to those previously reported for the Guertet reactiou.9
Alternate synthetic routes, such as the Perkin reaction followed by
reduction, probsbly would not give better yields. The outstanding
feature of this method is that it iz & convenient one-step process to
the products, while other methods involve two or more steps.

Another possible mixed condensation is that of bengyl alcohols or
aliphatic [=branched primsry alcohols with secondary alcohols., These
represent, in some respecis, an excellsnt choice since the primary
alcohols of this type cannotl self-condense and the secondary alcohols
should preferentially give the mixed condensation products rsther than
the self-condensation products, Une of the less desirable features of
this system is thaet if the product formed is a sitraight chain aleohol,
it will provably show a marked tendency to condense [urther, If the
secondary alecohol is unsymmetrical anc contains two methylene groups on
which condensation can occur, then two procucts will prouvatly bLe
obtzinecd. Such a mixbture would be hard to sepurate anc the usefulness
of the process would decrease accordingly. The possibility of cis and
trans isomers becomes an important consideration with cyclic secondary

alecohols, such a3 cyclohexanol,
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The reaction of benzyl alcohols with seconcdary alcohols was
investigated. The secondary alcohols were used in excess to favor the
mixed condensstion bul more importantly to decrease the opportunity of
the products to undergo further condensations, It was assumed previous
to carrying out the experiments that the self-condensation of the
sacondary alcohols was not important because of the unfavorable equi-
libria for the aldol condensations of the corresponding ketones. The
pregence of this type of a product was not detected.

A preliminasry study was made with benzyl alcohol and cyclohexanol.
In the first experiment, equivalent guantities of the reactants gave a
31% yield of the cis ané trans 2~-benzylcyclohexanols and considerable
high-boiling residue. When the cyclohexanol was used in a 100» excess,
the yield was L7% and the amount of residue was decreased by one-half,
Finally, using the cyclohexanol in a 200% excess the yield was 61% and
the residue was further decreased. This last experiment is included in
Table IX as expt. C 12. These results indicate that a 200% ¢ cess of
the secondary alcohol over the benzyl alcohol is degirable,

The results of using three cifferent benzyl alcohols with certain
seconcary alcohols are given in Table IX., For these experiments 0.75
mole of the secondary aleohol, 0.25 mole of the benzyl aleohol, 0.175
mole of potassium and 2,0 g. of U.G.P, nickel were used.

It is seen that vbenzyl, p-methoxybenzyl and p-chlorobengyl alco-
hols condense with cyclohexanol in a satisfactory manner. The procducis
appear to be mixtures of the cis and trans isomers. This is, of course,
an undesirable feature but oxidation of these stereolsomers canverts
them to a single valuable ketone., It was surprising to find that both

the cis and the trans compounds were formed. 7The itrans compound, which
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Table IX

The Condensation of Bengzyl Alcohols with Secondary Alcohols

‘ Temp, Reaction Kixed
Benzyl Secondary range, time, Water, product,
alcohol alcohol *c hrs, moles moles
Benzyl Heptanol-2 163-173° L.5 0.15 0.061
Bensyl Li=Methylpentanol-2 143-152° 13.3 0.15 0.078
Benzyl Cyclohexanol 172-186° 2.0 0.19 0.15
p-Methoxybenzyl Cyclohexanol 177-187° 3.7 0.19 0.12
p-Chlorobenzyl Cyclohexanol 175~-1682° 2.0 0.19 0.13

%rhe yield was calculated on the basis of the amount of the benzyl alcohol used.

Y1d.5 %

2l
31
61
L7
50

61



is probably less hindered, should be favored; and the reaction wss
performed in an alkoxide solution under conditions which are commonly
used to epimerize cis cyclic hydroxy compounds to the trans fbrms.69

The reactions of benzyl aleohol with heptanol-2 and L=-methyl-
pentanol-2 did not give too satisfactory results. It is felt that
these yields might be improved by a varistion of the procedure such as
a dropwise adc¢ition of the benzyl slcohol, Certainly it would be
difficult to exceed these yields by using an alternate route such as
the aldol condensation followed by reduction or the use of the Grignard
reaction, The very desirable features of this process are the rapidity
of the reaction, the easy isolastion of the products and the availaebil-
ity of a wide range of these types of alcohols., It is s zingle step
process, whereas, alternate procedures would probably involve two or
more steps.

A primary alcohol containing a [ -methylene group and a ssconcary
alcohol is snother possible reactant pair., This has the complicating
factor that in addition to the self-condensation of the primary slcohol,
tonsiderable amounts of the product may condense., However, it seemed
that by using the seconcdary alcohol in excess, both of these side reac-
tions would be minimized. It is interesting to view the szperimental
results of this type of reaction,

In a reaction using equivalent quantities of octanol-l and
heptanol-2, only 17% of impure pentadecanol-8 was obtained along with
a large amount of high~boiling resicue., I'urthermore, the use of the
heptarnol~2 in a 200% excess increased the yieléd of procduct to only 32%
and the amount of residue did not decrease, Fortunately, practically

no gelf-condensation of octanol-l occurred even when the two aleohols
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were used in equivalent quantities, This shows that a primsry alcohol
has 1little tendeney to self-condense if a secondary alcohol is avalla~
Ile with which it can condense.

Octanol~1l was reacted with two acditional secondary alcohols and
the results are given in Table X. In the experiments, 0.2% mole of
octanol-1l, 0.75 mole of the secondary alcohol and 2 g. of U.0.fs nickel

were ussed and 0,19 mole of water was collected.

Table %

The Condensation of Octanol-l with Secondary Alcohols

Temp. Reaction Mixed

Secondary range, time, product, 2
Expt. alcohol °C hrs. moles 1ld., @
¢ 16 Heptanol-2 175-188* k.5 0.079 32
G 17 Cyclohexanol 175-190° 2.5 0.1% é1
c 18 li=Methylpentanol=2 151-165° 12.2 0.09L 38

%The yield was calculated on the basis of the amount of octanol-l used.

This type of mixed reaction was not too satisfasctory. In the
experiment with heptanol-2, the product contalned some unsaturation and,
in addition, probably a small amount of the isomer in which the
octanol~l had condensed on the methylene group of heptanol-2 rather
than the methyl group, In the reaction between octanoclel and cyclo-
hexanol, the product was partially unsaturated and no doubt contained
voth the cis and trans igomers of 2-octyleyclohexsnol. The reaction
product from octanolel and li-methylpentanol-2, in contrast to the above

products, was completely saturated and boiled so sharply that it is
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cdouvtful if sny octanol-l condensed on the methylene group of the
secondary aleohel., In all three cases a large amount of nigh-boiling
residue was formed and this may be difficult to decrease by changing
the conditions. These are the only instances of unsaturated compounds
being formed in significant amounts, aside from the few cases of self-
condensatione of secondary alcohols.

The aliphatic [ =branched primary alcohols were not tried with
secondary sleohols., This is a more fessible reaction than that oi the
p=branched primary alcohols with normal primary alcohols and has been
reported in a patent.sa 3till another possibility which was not tried
is the mixed condensation of two normal primary alcohels. This is not
believed to be of much value since four producis would e formed and
would, in most cases, be difficult to separate.gg

Conaiderable effort was expended on the characterization of the
procducts from the mixed Guerbet reactions. The producis from the con-
éensation of benzyl alcohol with primery alcohols having a | -methylene
group were identified by their physical constents and the melting
points of their allophanates which agreed wiih the literature values,
except in one case. The exception was 2~bengylbutanol-l but sufficient
acditional information was obtained to characterize it.

The results of guantitative carbon and hydrogen analyses for
2=-pengylbutanol-1 and 2-benzylhexasnol-l agreed with the calculsated
values., The experimentally determined equlivalent weipht of 2-bengyl-
butanol-l was 163, which agrees closely with the calculated value of
16h. It appears that this information, along with the analogy to the

procucts formed in the gelf-condensation of normal primary alcohols,

adequatiely establishes these compounds as | -branched primary alcohols,
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The products from the resctions of benzyl alcohols with cyclo-
hexanol were more difficult to identify. This was due to the apparent
formation of Loth c¢is and trsans isomers in all three experimentis. The
situstion with benzyl alcohol itself wes somewhat more completely
clarified than with the substlituted bvenzyl zlcohols, IKlementary
aalyses for carbon and hydrogen of the mixture of cis and irans
2~bengyleyclohexanols gave exactly the caloulated values., It was
possible to separate only one of the isomers zs & solid, slthough the
rixture was solid., The melting point of this solid and of its 3,5«
dinitrotenzoate sgreed with the litersture values,

The liquid isomer or mixture yielded a 3,5-dinitrobenzoste having
a different melting point znd the melting point was markecdly depressed
when a mixture melting point determination with a sample of the 3,5-
dinitrobensoate of the solid alcohol was made. The liguid isomer or
rnixture was oxidlized with chromic acid to form Z-benaylcyclohexanone
snd this ketone yielded a semicarbazone with the same meliing point as
that reported in the literazture. The 3,S-dinitrobenzoate of the liquid
isomer gave correct analyticel results for carbon and hydrogen.

The 2-(Efmethoxybenmyl)cyclohexanol and 2~(Efchlarobeﬂzy1}cycla-
hexanol each yilelded one pure solid isomer and a liquid which could not
be crystallized. The solid isomers analyzecd correctly for carbon and
hydrogen as ¢id their 3,5-¢initrobenzoates.

The products from the condensstion of benzyl alecohol with
heptancl-2 snd with L-methylpentanol-2, ancd the procducts from octsnol-l
with secondery alcohols were identifled in much the ssme manner ss were
the self-concdensation products of normal primsry alcobnls., The details

are given in the Experimentsal.
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There are many other potential variations of the modified Cuerbet
reaction which were not investigated because of the lack of time. One
of the more interesting possibilities is the substitution of an active
methylene compound for one of the alcohols in a mixed condensation,
Because of the large variety of active methylene compounds and of alco-
hols which are availstle, this masy represent one of the most important
uses of the Guerbet reaction.

Another potentially valuable class of reactants is the glycels.,
These compounds could rossibly be used for self-condensations, for
condensations with other alcohols or with active methylene compounds.
Should their use be feasible, a2 wide range of bifunctional compounds
would become convenlently available, Tc show this, cornsider a reaction
with a normal primary slcohol, using propanol-l and ethylene glycol as
an example. Equations (10) and (11) represent one possibility.

(10) CH CH CHZOH + HOCH.CH.OH ——> CH CHGHZOE

22 i
LHZCHQGH

BCﬂchZOH + CHSCHCHEGH — H0032030920H2¥JCH OH

GHZCHEGH

(11) cH

This representis only one possible course of the resction but it might
well be the predominant one. This compound could be converted to zll
of the products for which aleohols asre valuable precursors,

The use of sliphatic [-branched elcohols or benzyl alcohols to
prepare ethers 1s worthy of consideration, This reaction wss discussed
in the Historical Introducetion in connection with the Cannizzaro

reaction.

Another variable is the type of metsl alkoxide. Thus, by using
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aluminum alkoxides instead of alkali metal alkoxides, it might be
possible to effact the Tischtschenko reaction to form the correspond-
ing esters.,

This discussion of possible Guerbet reaction variations has been
given to show some of the brosder aspects of the method. It is to be
anticipated that the Guerbet reaction will become an important tool in

the repertoire of the organie chemist.
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' The Hature of the Heaction

The Guerbet resction is a rather complex process which apparently
involves several steps as described in the Historical Introduction.
lone of the previous workers have used a system sufficiently sensitive
to show some of the more subtle features of the reaction., It is of
importance to consider some of the courses by which the reaction could
proceedc.

It is conceivable that the Guerbet reaction is a free radiecal
process. It has been observed, for exsmple, that in most of these
reactions an induction period occurs, This is oftentimes characteris-

70 The fact that alkali metals have

tic of a free radical process.
been used to make the alkoxides also suggests the possibility of a free
radical reaction since it is difficult to prevent peroxide formation
on the metal surfaces. Une might expect that these would be reduced,
however, by the hydrogen evolved as the metsls react with the alcohols.

The following might be written as a possibility for a free radicsl

reaction:

(12) CH.CH.CH.DH + peroxide ———> CHBCI%CHE'

3av2

(13) CH,CH,CH, * + CHiCH,CH 08 ——> c;ﬂBcachZgﬁcﬁzaﬁ + He
3

(1) 0330520320& + H —> c.ﬁacﬂzcn?_- + 320 .

A free racdical resction is merely one possibility out of severalj;
there is little evidence for it ancd considerable evidence against it.

One of the strongest points sgainst this concept is that it predicts



ne difference in the reaction products with aliphatic f-branched alco~
hols as compared with normal primary aleohols. It should be expected
that 2-ethylhexanol-l, for example, would give a condensation product
with itself. Welamann found, however, that 2-ethylhexanol~l yielded
only bis-{2-ethylhexyl)ether and 2=ethylhexanoic acid rather than a
condensation product.ll Tertiary alcohols do not give a Cuerbet
reaction, although a free radical process does not look unreasonable

5 In the case of tengzyl alcohol condensing with normal pri-

for them.
mary or secondary alcohols, one might expect considerable aromatic
substitution bvv a free radical process. This has not been found and
it is difficult to understand why the attack of a free radicel would
be almost exclusively on the carbon adjascent to the methylol group.

The procsss should not be particularly affected by the addition
of a dehydrogenation catalyst if it is of the free radical type. The
faet that an incduction period is often observed i1s as satisfactorily
interpreted on the basis that it is required for the production of
sufficient aldehyde to promote the reaction, as it is on the basis of
a free radical process. I1If the alcohol bolls sufficiently high, as
does decanol-l, no induction period is observed,

One might still suppose that the peroxides on the alkali metal

could oxidize the alcohol to zldehyde to start the reaction, e.f.y

(15) CHBCHQG&QO}{ + Nay0, —> SHBCﬁzma + 2 HaOH .

As previously mentioned, the peroxides may not be capable of existing
in the presence of hydrogen and, in addition, the alkoxides can be

made from the hydroxicdes as satisfactorily as from the metals ‘o



perform the resction. It should not be expected that the hydroxides
wonld contain any neroxides. While these facts do not compleotely
invalidste the concept of a2 free radical reaction, they do cast
considerable doubt upon it.

Guerbet not only ¢id a good jobt of showing the scope of the resc-
tion btut he also identified some of the resction products.lgé M the
time he performed this work, however, the details of the courses of
organic reactions were not understood as well as they are today. £s a
consequence, Guerbet indicstes a reaction in which the alkall metal
alkoxide can attack the alechol at the § or the Y-position to give the
condensed alcohol and alksli metal hydroxide. It is not believe that
this is very likely in the light of later studles which have been made,

Weizmann and his co-workers have nroposed & reaction course which
is based primasrily upon the amounts and types of procducts formed.9
With butanol-l, for example, 2-ethylhexanol-l and butanoic acid were
formed in approximately equivalent amounts., 7o account for the forma-

tion of the f-branched alcohol it was assumed that thermolytic

dehydrogenation first occurred,

(16) 2 CH.CH.CH CH OH e———> 2 CHBCH CH.CHC + 2 H

3727272 272 2°?

followed bty an zldol condensation with water elimination,

ﬁ #4 I? v JH 'a: J .f g [ ]
2C 2?%0 —— CiBFHZF 2£H=ggﬁgﬁ + 2@

273

(17) 2 cu.CcH

3

Hueckel and Naab, ag mentioned in the Historiesl Introduction, first
proposed these same reactlon stages but they assumed that the molecular

hydrogen as evolved by eaustion (16) was responsible for the reduction
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of the unsaturated aldshycde to the satursted alcoh@l.lz According to
Welzmann, however, this ¢id not account for the acid production. He

proposed the following resctions

(18) CH.CH,CH, CH=CCHO + CH.CH,CH _CH.OH + H,0 ——> CH_CH,_CH,CH, CHCH,OH

3 ey 3 e 2 32Ty o2
g¥Hg . bjzuHB

CHBCHZCHZGUZH .

This accounted for the reduction of the aldehyde to the alcohol and
explained the fact that acld was obtained in amounts equivalent to the
condensed alcohol.

weigmann's contention that a mole of acid must ve formed for every
mole of product alcohol 18 not borne oud by the results of this thesis
since, as reported sbove, very little acld need be formed. The amount
of acld formed under the modified conditions has been found to be a
function of the alkoxide concentration and to a lesser extent of the
reaction temperature. This 1s very clesrly illustrated in Table VI and
59

the results are corroborasted by another worker. ¥elzmann has uged
mainly one alkoxide concentration, namely, 0.3 mole of sodium alkoxide
to 0.7 mole of free alcohol., It is st about this concentration of
alkoxide under the modified conditions that equivalent production of
alcohol and scid occur, even if water 1s removed from the system. It
follows that if equation (18) is valid, then an alternate exglanation
must be formulated to account for the appearance cof condensed alcohol
in excess of the amount of acid. It is felt that Welzmann's equation

is without precedent and that the formation of acid can be sxplained

a3 discussed below in terms of well-established rezctions.
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in a later article, welazmann gives & cifferent eoquation in plsce
4 P 4] 1‘1 ery. 2 - ] . 2 1
of equation (18). This coas not explain the resclion any better

since the meaning of this new equation is very obscure. It is:

(19) 3 GHB(CHE)gcﬁaQCHG ———> CHB(CHQ)QGﬁZ?HCHQOH + CHB(CHZ)zcﬁzg

CH, CH
2" (3}12(3}13 .
CH 3( cﬂz) SCHLOH

This equation as given 1s not balanced and in order to do so hycrogen
and water must be addec as reactants. 1n this same article it has
been statec, in contradiction to equations (18) and (19), that the
presence of copper bronge aids in the production of the condensed alcoe~
hol and rewresses the production of the undesirsble acid. Jhile the
acid is undesirable since il wastes th2 starting alcohel, 1t is
necessary if either of his equations is correct. The acid formation
according to the modified Guerbel reaction, as reported in this
thesis, is both undesirable and unnecessary. It will De seen that the
acid formation can be adequately explsined as a side reaction and not
as a process indigenous to the Guerbet reaction,

Before proceeding to a discussion of the reaection course in the
light of this work, it would be well to eonsider first some of the
finer points of Mastapgll's research, which wes discussed partially in
the Intraduction.lB It is of importance to the followlng statements
to recall the main features here since certain of his basic concepts
have been applied to explain the course of the Cuerbet reaction.

Hias reagent was sodium or potas=zium hydroxide in benzyl alcohol
and this was reacted with various aldehydes, ketones zncd [,Y-unsatura=-

ted alcohols. He showec¢ that benzyl alcohol could undergo a hydrogen
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exchange with an s2ldehyde, Tf the :dced »ldehyde contained only one

or no w~hydrocens, then Lhe only rroducts obtained were the alcohols
corresponding to the aldehydes znd bengoic acid formed by a Cannizzaro
reaction with benzaldehyde, When, however, the added aldehyde contained
an a-methylene grour it could self-condense as well as condense with
benzaldehyde formed by s hydrogen exchange between the aldehyde and
tengyl zlcohol, The two g,f-unsatursted aldehydes formed could then

be recduced by hydrogen exchanges with benzyl alcohol,

To demonstrate that the benzyl alcohol could reduce an a,f=

unsatursted aldehyde, a series of compounds of the type, 06HSCHmQCHG,
R

were prepzrec and trested with the reagent by MHastagli. The products
were the corresponding saturated aleochols and twice lhe amount of
benzoic acid (from benzaldehyde) was formed as would result from a
single hydrogen exchange. The above resulis were otitained with the
potassium hydroxide solution at 100° or 200° and with the sodium
nydroxide solution at 200°. ¥hen the sodium hydroxide solution was
used for the same compounds at 100°%, the procducts were the correspond-
ing §,Y-unsaturzted aleohols and only half of the amount of benzoic
acid as formecd st 200° was obtained,

This information very clearly indicstes that the exchange of
hydroger between the mathylol and carbonyl groups oceurs as in a
typical Meerwein-Ponndorf-Verley reduction-QOppenauer oxidation system.
It also shows that the tenzyl alcohol reduces the ethylenic double
bond ¢of the sldehydes but Mastaegli does not explain this other than

to glve the ecuation:

(20) ¢ 6?1'56}!-%(}}!2{)}! + Cé}iSCffZOH —— 6H§‘,H2£},§C§i20ﬁ + Céﬁ;CE-ED .
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He did demonstrate, however, that the potessium hydroxide-benzyl alco-
hol resgent could reduce the double bond of the unsaturated alcohols
with the corresponding production of benzoic acid,
To show that the intermecdiate g,f -unsaturated aldehydes could
form in the reaction, he hesated heptaldehyde with the reagent at the
reflux temperature for 5 minutes., The dehydrated sldol product,
2-pentyl-Z-nonenal, was obtained, With a L0 minute reflux period, he
obtained 2-benzylheptancl-l, 2Z-pentylnonancl-l and small samounts of
the corresponding unsaturated alcohols. Thus, all of the proposed
intermediates, exceprt benzaldehyde, were not only isolated but these
intermediates performed in the reaction as postulated. Mastagli
further demonstrated thal the aldehyde did not condense directly with
the alcohol, Wwhen he treated benzaldehyde with potassium hycroxide
in heptanol-l at the reflux temperature for $ minutes, the product
was 2=-benzalheptanal and not 2-benzalheptancl~l. There is at least
one recort in the literature which indicates that direct condensation
of the sldehyde with the alcohol might occur.71 This is a German
patent and only meager details were available, Tor example, butanal
was heated with butancle-l and sodium butoxide at the reflux temperature.
The product was 2-cthyl-2-nexenol-1l but this can be adequately explained
by assuming a process such as Mastagli's resulting from the action of
sodium hydroxide in benzyl alcohol at 100° on a,)~unsaturated aldshydes.
It is also pertinent that under Mastagli's conditions the potassium
hyédroxide-benzyl alcohol reagent gave no reaction with heptanol-l,
Mastagli then rejected Guerbet's ides thal the alkoxide directly
attacks the alcohol.2 Indeed, he claims the Uuerbet resction is

different on the basis thal Guerbtel proposed thst with heplsnol-l the
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product was 3-butyldecancl-l and not the 2-pentylnonancl«l which he
obtained. It cannot be agreed that Cuerbet gave the correct structure
for this product because in the modified CGuerbet reaction, the use of
heptanol~-l gave a product ldentical with that which Mastagll obtained.
It is, therefore, concluded that the Zuerbet reaction may involve the
game reaction course that Mastapgli gives, once sufficient aldehyde has
been obtained by dehydrogenation. The followlng discussion gives the
proposed reaction course for the Cuerbet reaction and the evidence ior
it.

It is propogsed that the primary process which must occur to start
the Guerbet reaction is dehydrogenation of the alcoheol to the aldehyde
as given by equation (16). The aldehyde, so formed, may condense in
the basic medium with water elimination to form the unsaturated alde-
hyde as given by equation (17). It is further proposed that this
unsaturated aldehyde undergoes a three stage reduction, the starting
alcohol being oxidized to aldehyde in two of these stages, Tirst, the
cartonyl group is reduced by a hydrogen exchanye with the starting

alcohol,

(21) RCH,CH=CCHO + RCH

2 ,CHQGE ——E¥§£€> RCH,CH=CCH,OH + }CH,CHO .

2 2 & 2 2

The unsaturated alcohol rearranges to the saturated aldehyce,

(22) HOH,CHeGCH,OH ~——h-> PBCH,CH,GHCHO
gCH=gCH, 2t

which is then reduced by another hydrogen exchange with the starting

alcohol,

p
(23) RCHaCHaGHCHO + RCHRCHOM ——-‘-ﬁasmgcﬂgg{‘acﬁg{;ﬂ + [CHpCHO .
1



6l

These equations, with equation (17), show that for every two
molecules of aldehyde which are condensed and reduced, one molecule of
water is formed and two more molecules of asldehyde are formed from the
starting aleochol. This means that the reaction could be self-sustain-
ing in ezldehyde production, once some aldehyde had formed, This
reaction course adecuately explsins the formation of the saturated
condensed elcohol but it does not consider acidé formstion, Since it
appears that the latter 1s an undesirable side resction of the inter-
mediate zldehyde, it will be treated separately.

In the Guerbet reaction, the same products are obtained with
normal primsry alcohols as would result if the corresponding aldehydes
were aldoliged, dehydrated and reduced., urthermore, only those
alcohols can be used for the reaction which can be dehydrogenated to
carbonyl compounds and if it is a self-condensation resction, the
alcohol must contain a [-methyl or methylene group. In mixed conden-
sations both of the alcohols must be convertivle to carbonyl compounds
but only one need contain a f-methyl or methylene group. Thus, [=-
branched primary alcohols cannot self-condense but they can react with
normal primary alcohols or secondary alecohols., Tertisry alcohols
cannot give a Cuerbet condensetion resction under any conditions.s
This evidence, together with the fact that water is eliminated and
the facts that the resction mixture contains base and that the reac-
tion is markedly aided by dehydrogenation catalysts, is strong support
for intermediate aldehyde formation and the aldel condensation. Since
the reaction would then depend on the presence of sldehyde, this must
be obteined by thermolytic or catalytic dehydrogenation at the

beginning of the reaction., Once some aldehyde has formed, the
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reaction might be self-sustaining as indicated by equations (21), (22)
angd (23).

If this is the case, then the addition of a small quantity of
aldehyde to an alcohol solution of slkoxide should give the reaction.
This was verified by dissolving 0.175 mole of potassium in 1.0 mole of
hexanol-l and adding 0.10 mole of hexanal., The sclution was heated at
reflux for 12 hours, cduring which time 0.16 mole of water wes
collected, The temperature ¢id not rise sufficiently (180° maximum)
to give the standard Cuertet resction without added U.0.P. nickel and
hydérogen was not evolved. It was found that 0,12 mole of 2-butyl-
octanol~l had formed along with a considerable smount of high-boiling
residue, 2 small emount of hexanoic acid was slso isolated,

Since the product isolated was the gaturated condensed alcohol
and the amount of water formed was far in excess of the amount which
would be obtained {0.05 mole) from the aldol condensation of the adced
aldehyde, then the process hers must be of the ssme type as Mastagli's.
The reaction had sufficient added aldehyde to promote s rapicd resction
if the dehydrogenation catelyst has as its main function the initiation
of reaction. 8ince most reactions with hexanol-l were completed in
three to four hours when catalyzed by U.G.P. nickel, the nickel must
have at least the added function of continuing teo supply aldehyde
throughout the reaction., The dehydrogenation process, whether it te
thermolytic or catalytic, can perhaps provide an optimum amount of
aldehyde for the condensation resction along with that sldehycde lormed
by hydrogen exchanges., These results alsc suggest, as does the demon=
gtration that nickel catalyzes the resction, that the formstion of the

first portion of the aldehyde is the highest energy step involved.
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It might bte proposed thst the U.0.7. nickel not only aids dehy-
drogzenetion of the alcohol but that it serves the acdditional function
of catalyzing the reduction of the g,f-unsaturated aldehyce., This
may not be involved to any grest extent since the szme reasction can te
performed without nickel if the solution of zlkoxide in alcohol Loils
sufficiently high., As discussed previously, heptanol-l, octanol-1,
nonanol-l and decanol-l pave a8 pood or btetter ylelds without U.0.P.
nickel ag with it, In zddition, it does not seem very likely that
at the high temperatures used and in an open system that the hyérogen
tending to bLe evolved by dehydrogenstion could be responsible for sny
grprecisble amounts of reduction,

The moles of water formed should equal the moles of condensed
alcohol 1if the process involves only the formation of these substances.
The major side reaction product is the acid. It was found that the
moles of water plus the moles of acid were approximately equal to the
moles of condensed alcohol, It is believed that these cuantities
should be equal since the acid formation will utilize an equivalent
amount of water whether it involves the (Casnnigzsare resction or the

Lumas~-Stas reaction,Tz which is,

(2l) ECH,OH + KOH ———> FHCO,K + 21H, .

The potassium hydroxide may be formed by hydrolysis of the potassium
alkoxicde. These date from Table VI are given in Table X1 to show

that there is an approximate equivalence,
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Table 31

& Correlation of the Yields of Froducts for
the Varistion of n in CHE(GQE)HCH oH

2

Procduct

alcohol, Water + Acid,
n moles moles
2 0.21 0.27
3 0.23 0.27
h 0.28 0.30
5 0.29 0.35
6 0.31 0.35
7 0.30 0.37
8 0.31 0.38

While this relationship is not exact, it is approximately correct.
It is to be noted that in every case the moles of acid and water
exceed the moles of condensed alcohol, High-boiling residues were
always formed and their presence could ezsily account for the lack of
equality since they are the products of advanced condensations, at
least in part. In many cases better equivalences were obtained but
these were selected as teing fairly typical,

It was proposed that in the reduction of the [,Y-unsaturated
alcohol, a rearrangement to the saturated alcchyde occurred (equation
22) which was, in turn, reduced to the saturated alcohol. In a
typical Meerwein-Ponndorf-Verley reduction of a,f-unsaturated alde~
hydes or ketones, catalyszed with aluminum alkoxides, the carbon-carbon
double bond is not reduced.29 These reactions are performed at much

lower temperatures than the Guerbet reaction and the aluminum
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alkoxides sre of different nzture then the zlkali met=1 zlkoxices,
The aluminum alkoxides probably have more of an acid function than a
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base function. It should be recallsd thet there is even a differ-
ence between the sodlum and potassium hydroxides In benzyl aleohol in
their abilit) to recuce the ethylenic double bond of «,f -unsaturated
alcderydes at 100°, 13

It is knouwn that this rearrangement of unsaturated alecohols to

L3

satursted cerbonyl compounds is catalyzed Ly Tanaey nickel. In

addition, it may not te unrelated to the migration of the double bond

7h To test this idea,

in olefing under the influence of catalysts.
2-othyl-2~hexenol-l was prepared and treated with 2-ethylhexanol-l and
its potassium alkoxide at 150~160° for 7 hours., If the rearrangement
cceurred, it ghould be possible to isolate the saturated aldehyde or
its reaction products. Under the conditions used, no dehydrogenation
would bte expected to occur and the most probable reaction availstle to
2-ethylhexanal would be the Tischischenko reaction to form the corres-
pending ester., The ester might, in turn, resct with the potassium

alkoxide to form his-(2=-ethylhexyl)ether =nd 2-ethylhexancic acid as

discussed in the Introduction, and given by,

{25) CbHQSECOZCh CHC, H, + CbH9?H6520K ~—->~(ChH9?ﬁGH2)20 + ChH9£HCOQK

_h
Gt Coflg Coflg Sy 2y
Although it was hoped that the satursted aldehyde might be
isolated, none was detected. The acid, 2-ethylhexanoic acid, was
isolated znd identified by its boiling point, its neutralization

eouivalent and by the melting point of its amide. The bis-(2-ethyl-

hexyl)ether was also isolated but insufficient amounts were obtsined
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to allow purification for saticsfactory carhon and hydropen analvses,
The pronposed intermediste Ze-sthylhexsnal probably formed by rearrongew
ment gince the moat reasonable uway that 2-athylhexancic acld could
form is hw the reaction given in equation (25). In the hsxanol-l work,
the zaturated condensed sldehyde waz isolated on one oceasion and
ghown not to be 2-tutyl-2-octensl but rather 2-butyloctanal. Thus,
there are exverimentel evidence and onalogies for this proposed
rearrangement,

in glternate explanstion would be thalt the carton-carbon double
bond iz directly reduced bty a Veerweln-Ponndorf«Verley recduction with
the starting aleohol, There is littls existing evicdence which shows
that the carbon-carbon doubls tond can perticipate in a reaction of
this tyre. Should this be true, it would be sn interesting extension
nf the carhon=-oxygen redox system,

The route for the formation of 2-ethylhexanoic acid given above
night be sugrestsd as the route of acid formatiorn in a typical Guerbet
reaction. Thiz would necesgitate the occurrence of sther and ester
or egter alone. Yeither of these have htecn detected in any of the
Muerbet resctions performed. The presence of ester was not detected,
even in an experiment with high acid yield, when the procducts were
carefully isolated to prevent ester hydrolysis.

There are two ways in which acid formation can be explained,

One iz the Cannizzaro resaction snd the other iz the Dumag-5tas rezc-
tion. The Cannizzaro resctiorn may sezm to be an improbsble route
since aldehydes with an o-methylene group give predominantly the

aldol condensation ander typlcal Cannizzarc reaction conditions.75

This does not mean, however, that this type of aldehyde cannot plve a



69

to allow purification for satisfactory carbon and hydropen analvses.
The proposed intermediste Z2esthylhexsnal prohably formed by rearrsngew
ment zince the most reasonsble way that 2-athylhexanoic acild could
form is bv the resction piven in equation (25). In the hexanol-l work,
the satursted condensed sldehyde was isolatad on one oececasion and
ghown not to be 2-tutyl-2-octenal but rather 2-butyleoctansl. Thus,
there are experimentzl evidence and znalogies for this proposed
rearrangement.,

An alitermnate explanation would be thalt the carton-carton doubls
bond is directly reduced Lty a Veerweln-Ponndorf-Verley reduction with
the starting alcohol, There is little existing evicdence which shows
thst the carbon-carbon double tond can perticipate in a reaction of
this type. Should this be true, it would be zn interesting exten=ien
of the carhon=-oxygen redox system.

The route for the formation of 2-ethylhexanoic acid given above
migrht be sugrested as the route of acid formation in a typical CGuerbet
reaction. This would necessitate the occurrence of sther snd ester
or ester alone. Yeither of these have btecn detected in any of the
"uertet reasctions perforimed. The presence of ester was not detected,
even in an experiment with high scid yield, when the procducts were
carefully isclated to prevent ester hydrolysis.

There are two ways in which acid formation can be explained,

One iz the Camnizszaro rsaction snd the other iz ithe Imas-Stas rezc-
tion. The Cannizzaro resction may seem to be an improbsble route
since aldehydes with an o-methylene group give predominantly the
nldol condensation under typiczl Cannizzaro reaction conditions.Tg

This does not mean, however, that this type of aldehyde cannot pive a
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Cannizzaro reaction, but rather that the aldol process is the preferred
reaction. The resultis of the experiments reported in this thesis also
indicate this, but show that acid formation becomes more important in
alkoxide solutions with small amounts of water pragent as the alkoxide
concentration is increased. %The isolation of benzoic acid from the
mixed reactions involving benzyl alcohol is interesting because the
intermediate benzaldehyde can undergo a Cannizzaro reaction, The
reaction discussed above, involving asdded asldehyde to promote the
Cuerbet resction, ylelded a small amount of acid without any hydrogen
evolution,

There is some evidence that a Cannizzaro reaction can occur with
aldehydes containing an g¢-methylene group but it is not conclusive st
present.lé & recent publication indirectly indicates a Cannizzaro
reaction for this type of aldehyde.?é Yhis paper reported the trest-
ment of 2-ethyl-2~hexenal with 50% aqueous sodium hydroxide solution
in an autoclave at 200°. From the reaction mixture butanol-l,
butanoic scid, 2-ethylhexanol-l, 2-ethyl-2-hexenoic acid and some
high=boiling neutral materials were isolated. It is significant to
note that the amount of butanoic acid incressed as the amount of
sodium hydroxide was increased. 1t has also been reported that with
a less basic catalyst, such ss an aluminum alkoxide, this type of
aldehyde gives an excellent Tischtschenko reaction, which may be
closely related to the Camnizzaro reacticn.27’28

The alternste course, the l'umas-5tas reaction, (equation 2L)
might be responsible for acid production but it is not possible with
the existing informetion to choose between the two processes. The

Cannizzare reaction requires two moles of alcenyde for each mole of
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acid formed and, hence, two moles of hydrogen from ithe dehydrogenation
stage should be evolved in the Guerbet reaction. 7The Iumas=-Stas
reaction alsc produces two moles of hydrogen per mole of acid formed,
In practically all e:periments there has been obtaineéd two moles of
hydrogen per mole of acid, While this relationship is not exact, the
ratic is always 2:1 or greater (see Tables V and VI),
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The Dumas-Stas reaction was first reported in 18LO. Since that

time some work has been done on the reaction but as yet no one has cor-
related the results sufficiently to evaluate the reaction conrse.7?’78’79
The process is generally performed under sbout the same conditions as
the classical Cuerbet reaction except that the alkali metal hydroxides
are used instead of the alkall metals, An alcohol is treated with
sbout an equal molar quantity of sodium or potassium hydroxide in an
autoclave ané heated to 300-&00‘.78 It hss been found that the adci-
tion of water prevents the Cuerbet condensastion and excellent yields

78

of the acid are obtained. It has also been observed that the addi-
tion of a mixture of cadmium and cadmium oxide permits the reaction

to proceecd atout 75° lower than normally.?9 It appears that dehydro-
genation of the alcohol to the eldehyde occurs in both the Guerhet
reaction and the Dumas~Stas reasction, It is not possible to attribute
the acid formation in the Cuerbet reaction definitely to either a
Cannizzaro or a I'umas=-Stas reaction, tut the I'umas-Stas may be merely
a dehydrogenation plus a Cesnnigzzaro. Once sldehyde has formed by
dehydrogenation, it may undergo a Cannizzaro reaction to form acid

and zlechol. The regenerated alcohol may then be dehydrogenated

again and so on until all of the alcohol has been converted to acic.

This is, however, merely a proposal but if it is correct, it would
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show the similar nature of the Ouerbet reaction and the Dumasz-Stas
reaction in that both require aldehyde from the aleohol but then take

alternate paths to thelr respective products.



ITI. EXPENIMENTALY

A. Explorastory Experiments

1. Furificstion of the Foactante

The sleohols used in this work are commercially available execept
for p-chlorobenszyl alcohol, ~rurification was relatively easy and was
accomplished by distillation at atmogpheric pressure or under reduced
pressure if the alcohol boiled above 200°,

Three different distillation apparatuses were used. “ne was a
12 in, Vigreaux column which was used for some of the distillations at
atmospherie pressure and all of the distillations at reduced pressure,.
4 24 in. by 1 in, glass helices-packed, total reflux column and a 36
in. glass helices-packed Todd eolumnso were also used, The Todd
column was 25 mm. in diameter,

The p=-chlorobengyl alcohol was prepared by Mr. H., J. E. Segrave
in this laboratory by the hydrolysis of the corresponding p-chloro-
benzyl chloride.el This substance melted at 71-71.5° (lit.gl MePe
70.5«73°). The physical constants for the other alcohols are given
in Table XI1. In the experiments to follow, the properties of the
starting alcohols are not given and if it was necessary to purify an

alcohol on more than one occesion, the values obtalned for the physi-

cal constants were as good or better than those recorded,.

%?he author wishes to thank Professor Mary #£1cdridge and Mr. Byron
Laer for the microanalyses reported in this thesis.



Alcohol

Eutanel~lb
?entanolwlé
Hexanol-1°
Heptanol—lc
Octanol-ld
Nonanol-1°®
Lecanol-lb
3-Methylbutanol~1®
2-Ethylhexanol-1"
3-Phenylpropanol-lb’f
Heptanol-zd
Octanol—?b
h—ﬁethylpentanol—Eb
S-Ethylnonanol-2°’€
Cyclohexanolc

Lenzyl alcoholb

Table XI1

Alecohol Purificstion

Physical Constants

Ubserved
bupe(m.)  noo
116-117° 1.3950
138-138.7° 1.L096
156-157° 1.h160
175-175.8*  1.L220
19L.5-195°  1.Lk272

- 1.4320
115-116°(1k) 1.4350
130-130.5°  1,L063
182,5-183°  1.L290
118-120°(12) 1.52L5
159-160° 1.4188
178-179° 1.h225
131-132° 1.hog2
1h-115°(1h) 1.L382

160° 1.L6lLL
9L-95°(12)  1.5378

p-Methoxytenzyl alcohol? 136=137°(12) 1.s5Lkl1

&a. These values are from standarc handbooks.

b, The 12 in. Vigreaux column wes used.

c. The 2L in, glass helices-packed column was used.

d. The Todd column was used.

e, This compound was used as obtained from Halogen Chemicals, Inc.

f. The compound was obtained from The Fatheson Co., Inc., and was used
in spite of the refractive index being different from the 1lit. value.

g. This aleohol has been reported only as a commercial product of

Carbide and Carbon

Chemicals Company.

Th

Literature®
bops(mm,) n, (1)
116-117°  1.3974(25°)
137.9° 1.L4101(20°)
157.2° 1.h162(25°)
175° 1.Lh221(25°)
194~195° 1.h292(20°)
- 1.4311(20°)
120°(12)  1.h368(20¢°)
130° 1.1h085(20°)
18k=-185°  1.4300(20°)
119°(12)  1.5357(20°)
158-160°  1.L4190(25°)
179.5° 1.h2h0(25°)
131-132° 1.h100(25°)
225° 1.1:362(30°) %
161° 1.1656(22.6°)
93°(10) 1.5396(20°)

127-130°(3) 1.5438(25°)
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2. The Effect of Benzalaniline

A few typical experiments thalt were performed with bengalaniline
are included hers. These emphasize the difficulties involved in
trying to evaluate the Cuerbet reaction with benzalaniline.

Preparation of Benzalaniline. - This compound was prepared by

the procedure given in "Urganic Snytheses", using twice the quantities

83 The procuct was obtained in 88% yield and melted at 51-52°.

listed,
Expt. & 1. - This experiment is essentially a repeat of liels and
Fhodius'® reaction.33 In a 500 ml., three-nscked flask eguipped with =
reflux condenser was placed 350 ml. (3.2 moles) of 3-methylbutanol-l,
Te this alcohol 36 g (1.5 moles) of clean sodium was acdded portion-
wise and the solution contalning unrescted sodium was hested at reflux
by means of a "Glas=Col" mantle until all of the sodium had reactad,
To ihe resulting solution, 13 g, (0.10 mole) of benzalaniline was
added and the deep yellow solution was refluxed for L2 hrs. £t the
end of this time the solution, which wss clear and colerless, was
poured onto ice. The water layer was removed anc the organic larver
was washed once with wster, dried over "Irierite" and distilled. After
the 3-methylbutanol-l was removed, a fraction was oblained which
distillecd at 110° to 1L5° (2 mm.). This fraction was treated with
10% hydrochloric acid and the solid which fomed wzs filtered off and
washed with ether to give 15 g. (69%) of benzylaniline hydrochloride
which melted from 198° to 205° (1lit. m.p. 215-216°).
The combined water layers from this experiment were acidified
with concenirated hydrochloric acid and extracited three times with
125 ml. portions of ether. 7The elher extracts were combined and dis-

tilled through a 6 in. Vigreaux column to zive 10 g. of
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3-methylbutanoic acid; b.p. 17L=177°.

bxpt., & 2, - A one l., three-necked ilask equipped with a2 reflux

condenser was used for this experiment., Into it were plsced 800 ml.
(6.l voles) of hexanol=l and 55 g. (2.1 moles) of clean sodium and
the solutlion was heated at reflux for 12 hrs. to resct all of the
sodium, This solution was clear and colorless when 24 g. (0.133 mole)
of benzalaniline was added, Uhe resulting solution was deep yellow
and a small amount of a solid was present out after 58 hra. of hesting
at reflux, the solution was clesr and oniy a faint yellow. 4he
mixture was cooled and poured into water and after removing the water
lasyer, the alcoholic layer was washed once with water, dried and cis-
tilled. Iistillation afforded 7% g. (13%) of crude 2-butyloctanocl-l
which boiled from 100° to 111° (2.5 mm.) and 10 g. (Lb3) of benzyl-
aniline which boiled at 140° to 150° (2.5 mm.). The 2-butyloctanol-l
was redistilled through an § in. Vigreaux column and collected in
twenty-two approximately equal small fractions, 7The middle fifteen
fractions (5L.5 g.) distilled at 10L4=105° (2.5 mm.) and the reiractive

13 bep. 132°

indices at 27° varied from 1.L458 to 1.LL7%  (1it.
(15 mma.), 9%6 1.L4435) This compound prepared Ly the use of a dehy-
drogenation catalyst distille¢ at 108-110° (2.5 mm.) and had a
refractive index at 25°% of 1.L40C. It sppezrs that the benzylaniline
forms a minimum boliling azeotrope with the 2-butyloctanol~l. ‘ihis
probably contains only a small percentage of the amine (ngh‘8 1.6118),
Acidificstion of the water layer followed by extraction with

benzene and distillation of the extracts yielded 53 g. of hexanoic

acid; b.P. 200"‘2030.

Expt. A 3. - To 200 ml. (1.6 moles) of hexanol-l in a 500 ml.,
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three-necked flesk equipped with a reflux condenser was added 11.5 g.
(0.50 mole) of clesn sodium z2nd the solution was heated at reflux
until all of the sodium had reacted. Thers was then added 22.5 g.
(0.125 mole) of bengalaniline and the solution was heaterd at reflux
for 10 hrs. more., The mixture was cooled, poured into water and the
organic layer was washed once more with wster and dried. The bulk of
the hexanol~l was removed by distillation and the residusl liquid was
¢issolved in 150 wl, of benzene and exhsustively extrascted with 25 ml,
portiong of 30% sulfuric acid, It was neceszary to use thirty-five
extractions bvefore the acid layer falled to become cloudy upon making
it basic. The tenszene layer was ¢istilled to give 183 g, (12%) of
2-butyloctsnol-l, which boiled at 10L-105° (2.0 mm.); nis 1.h450.

The combined acld layers were made bvasic with sodium hydroxide,
extracted with benzene and the extracts distilled to give 1L g.

(0.077 mole, 61%) oi benzylaniline which boiled st 1L0° teo 1L5°
(2.5 mm.).

The water layer contsining the sodium salt of the scld wss acidi-
fied, sxtrected with benzene and the extracts distilled to give 10 .
of hexanoic acid; b.p. 201-205°,

Expt. A L. - In the spparatus used in the preceding experiment,
there were placed 200 ml. (1.6 moles) of hexanol=l andé 11.5 gz. (0,50
mole) of clean sodium. Benzalaniline (LS g., 0.29 mole) was adcded
after all of the sodium had reagted. This caused considerable pre-
cipitation and 100 ml. (C.30 mole) of hexanol-l was zdidéad in en
unsuccessful sttempt to effect soluticn, The resction remained hetero-
geneous throughoutl the 20 hrs. at reflux. The mixture was cooled,

poured into wster and after the water layer was removed, the alcoholic
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layer was wuashed once with water, dried and distilled. The hexanol-l
was removed and the material boiling betwsen 105°and 120° (20 mm.)

was eollected., This was dissolved in LOO ml. of anhydrous ether and
éry hydrogen chloride waze introduced to precipitate the amine hydro-
chloricde., fAfter filtration the ether was removed from the filirate

and the residue cistilled to give 22 g. of very impure 2-tutyloctancl-l;
bep. 10L=105° (2.5 mm.), QES 1.4502. Further aistillation ¢id not
alter the refrseciive index, which suggesis that some l-chloro-2-butyl-
octane may have fcrmed by resction with the hycrogen chloricde.

It should be mentioned that the 2-buiylectancl-l could not ke
prurified by steam c¢istillation from aqueous acid in a satisfactory
manner since the substance 13 relatively non-volative with stean.

These experiments showed that evalustion of ths reaction using
benzalaniline was ¢ifficult. The use of dehydrogenation calalystis

wag, therefore, tried and they proved to be of gresat help.

3. General rrocedurs

The following procedure was used throughout the rest of the work
unless otherwise specified.

The reactant alcohol was placed in a 500 ml., three-necked flask
equipped with 2 half-moon paddle stirrer, a glass stopper and a 5 ml.,
asbestos-wrapped lean~Stark water trap surmounted by a condenser. The
stirrer was supported through a rubber sealed, glass sleeve and driven
bty a "Barber-Coleman" motor. The systiem was swept with nitrogen for
several minutes before adding the alksli metal. The metsls were cut
and welghed under petroleum ether end dried with filter paper tefore

weighing, and again before adcing them in portions to the alcohol with
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slow stirring,

In experiments with potassium, fallure to stir or sweep the flask
with nitrogen resulted in explesions on several oceasions which were
violent enough to blow the solid glass stopper several feet. With the
above procedure no explosions resulted st any time in using potassium.
After all of the alkall metal had reacted, ithe dehydrogenation cetalyst
was added and the stopper replaced by a 300° thermometer supported ty
rubber through a glass sleeve. The flask was heated with a "Glag-ColY
mantle and maximum voltage (110) was applied to the stirrer motor. A
rubber tube was attached to the top of the condenser after refluxing
began and connected with a dry ice-acetone trap which, in turn, was
connected to an inverted L liter graduated cylinder. The gas evolved
during the reaction was collected over water and maintained at atmos-
pherie pressure by means of a water overflow system whose level was
adjusted to that in the graduated cylinder. The volumes of hydrogen
trapped were corrected for the vapor pressure of water and converted
to moles by the icdeal gas equation. The gas was not collected in the
exploratory work or in some of the experiments in which the alkoxide
concentration was varied., It was collected and its volume recorded
in all other work,

ixcept for the haney nickel experiments, the amount of material
collected in the dry ice~acetone itrap was insignificant except for its
effect on the volume of gas. Decause of this, the itrap was routinely
used¢ to give more sccurate hydrogen volumes.

The solutions were maintained at rapid reflux, for the most part,
by applying a stancard 9C v. to the mantle. It was necesszary in some

cases to use less heat in order that the vapors would not go teyond
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the concenser tip because stronger heating gave poor water separation.
This situstion occcurred with butanol-l and pentanol=l in the self-
condensation work, snd in some of the mixed condensations. The
reactions in which 1t was necessary to maintain the minims refluxing
rates so that the water could be removed, are indicated in the individ-
ual experiments.

Prior to the initistion of the reaction, as indicated by water
distillation, the hydrogen would slowly start to evolve. The volume
of hydrogen, the solution itempersture and the volume of water were
noted at intervala throupghout the reaction. The volume of wabter was
used to indicate the proper time to stou the reaction, ¥With alcohel
self-condensations this was at about L.5 ml. (50%) for 1.0 mole of
the aleohol. 1In the mixed condensations the reactions could be con-
tinued until a 60% to 30% yleld of water was obtained.

The mixture was cooled below 100°, and 100 ml. to 150 ml. of
water was added tnrough the condenser. The resulting two layers were
filtered with suction through a Buechner funnel to remove the dshydro-
genation catalyst and the catalyst was washed with 50 ml. to 100 ml,
of ether. 7The water layer was removed snd the alcoholic layer was
washed once with a small volume of 10% sodium hydroxide and once more
with water. 7The aqueous layers were combined and extracted twice with
25 ml. to 50 ml., portions of ether, and these exiracis were added io
the organic lgver which was then dried over anhydrous sodlum sulfate
or magnesium sulfate and distilled.

Iistillation was effected through an 8 in. Vigreaux column and en
21l bath was used for heating in all casea., The ether was removed by

means of & water asspirator sllowing the pressure to drop as
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concentration occurred. The residusl liquid was then cdistilled at
reduced pressures, in most cases, a single distillation through the
Vigresaux column gave products which were analytically pure. In
instances where distillation ranges were observed, further purificetion
was effected, usually by distillation through the Todd column.

The combined water lsyers were acidified with 1l:1 hydrochloric
acid and extracted twice with 50 xl. portions of tenszene. The benzene
extracts were distilled at atmospheric pressure through a & in,
Vigreaux column to recover the scid forwed in the reaction.

The tolling poinls given in this thesls are not corrected but
all melting points are corrected. The literature vslues for physical

nonstants are from standerd handbooks unless otherwise indicatecd.

. The Effect of I'ehydrogenation Catalysts

This section includes the experiments performed in the explora-
tory work with Faney nickel, U.0.P. nickel and copper chromite. The
general procedure was used except where indicated and the gas was not

collected,

Expte A 5. - Raney nickel prepared by a stancard procecdure was

L5

the first dehydrogenation catalyst tried. In the standard flask
equipped only with a condenser an¢ a thermometer, there were placed
200 ml. {1.6 moles) of hexanol~-l and 11.5 g. {(0.50 mole) of clean
sodium. To the resulting solution 5 g, of laney nickel was added.
$ince there was considerable solid present, 100 ml. (0.80 mole) of
hexanol-1 wass added to effect complete solution, The solution

temperature was 156° throughout a 20 hr. reflux period. It was

observed that water had condensed on the upper portion of the flask
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during the reaction and that the catalyst tended 1o settile against the
sides of the flask,

Upon purifying the reaction mixture there were obtained 37 g. of
recovered hexanol-l and 68 g. (30%) of 2-butyloctanol~l distilling at
106=108° (2 mm.); nI 1.kL10. There were also 29 g, of a high-
boiling residue and 32 g. of hexancic scid which distilled at 200° to
208°; ngs 14140 (1ite bep. 205°, n, 1.41h5).

Expt. A &. - 3ince it uas observed in the above experiment that
water had formed, this reaction was performed with a Lean-Stark water
trap in the gystem. A stirrer was used to prevent the catalyst from
settling on the sides of the flask. There were utilised in this
reaction 153 g. (1.5 moles) of hexanol-l, 7.0 g. (0.30 nole) of sodium
anéd 7 g. of Baney nickel. The temperature rose from 165° to 2L0°® and
2.1 ml. of water was collected. Isolation of the products yielded ¢ g.
of recovered hexanol~l, and 40 g. (297) of 2-butyloctanol-l which
distilled at 108-111" (3 mm.); n§5 1.L1408., There were also obtained
33 g. of distillation residue and 10 g. of hexamoic acid distilling at
200° to 210°,

Expts A 7. = In a repeat of experiment A 6 butl using only 2 g. of
Raney nickel for a 20 hr. reflux period, 5.0 ml. of water was collected
and the temperature varied from 172° to 243°,

There were obtained from this resction 10 g. of recovered
hexanol-1l and 59 g. (42%) of 2-butyloctanol-l which distilled at 108~
111° (3.0 mm,); QES 1,110, There remsined from the distillation L2 g.
of residue and the water layer ylelded 22 g. of hexanoic acid distil-
ling at 200-210°,

The dry ice-acetone irap was used¢ in this experiment and 6 g. of
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a material condensed; b.p. 35-37°%, n;S 1.3601, Tuis may be pentane
which boils at 35-36° and hss a refractive index at 20° of 1.3570.
The material obizined here contained very iittle unsaturation as
indicated by the bromine in carbon tetrachloeride test. This product
could have formed by decarbonylation of the intermediate hexaléehyde%B
or by decarboxylation of the sodium salt of the acid. This material
was nolt further investigasted since it was formed in appreciable
amounts only with the laney nickel experiments. Tne meximum smount
obtained in the U.0.Fr. nickel experiments was 2 g. from 1,0 mole of
alcohol and this was at a very high alkoxide concentration,

It would have been desirable to use accurately reproducible
amountg of Rszney nickel in each experiment Lo evaluste the rezction
variables. In the three experiments above, the catclyst was weighed
by removing a portion from a tared botile contsining the catalyst
under hexanol-l., It is obvious that the weights given are inaccurate
since all of the hexanol-l could not be dresined {rom the catalyst.

To obtain an accurate weight of the catalyst, 6.25 g. of the nickel=-
aluminum alloy (56.69% nickel, determined gravimetrically by the
dimethylglyoxime procedure) was used to make the catalyst ior three
duplicate experiments., At the time it was considered that this would

zive 3.54 g. of the catalyst if all of the aluminum reacted with the

gsodium hydroxide. A recent article reporis that Raney nickel prepared

[

in this way is only 77% nickel and 215 aluminum oxide.)Q This is not
significant, however, since a reproducible welght of catalyst was
prokably obtained.

These three experiments sre included in Table XIII, For thoese

resctions, 153 g. (1.5 moles) of hexanol=-l and 7.0 g. {(0.3C mole) of
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sodium were used together wiih the catelyst prepared from 6.25 ge. of
the alloy. After the catalyst wes prepared the final ethanol wash
was cdecanted and the nickel was washed twice more by decantation with

10 ml, portions of hexanol-~l.

Tarle Xiil

Typical Experiments using Raney Hickel?

Temp, Hexanol-1l
range, Moles of Procducts hesidue, recovered,
Expt. °c Weter Alcohol  Acid g e
J ] 160-179° 0.16 C.26 0.13 30 L6
A9 160~203° G.28 0.30 0.16 35 21

8) 5,2 hr. refluxing period was used in each experiment azfter the
nickel was added.

The lower yield of aleohol in expt. & § is probably due to a
diiference in ihe preparation of the catalyst. 1In this experiment
the tempersture was not held strictly within the prescribed limits of
50 + 2° during the preparation.

1t is seen that Nsney nickel faila to give a reproducible reac-~
tion., In place of this material U.0.P. nickel was used.bg A total
of 1150 g. of U.0.F. nickel powder was prepared by crushing the
pellets with a mortar and pestle until it &ll passed a 10U mesh sleve.

The results of four experiments with 153 g. (1.5 moles) of
hexanol-l, 7.0 g. (0.30 mole) of sodium and 2.5 ge. of U.0.P. nickel

are given in Table I of the Iiscussion, Additional information is
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glven in the Supplement to Tsble I,

Supplement to Table 1

Feaction Induct. Hexanol-1l Distillation
time, temp., recoverad, residue,
Ei@t- hl‘s. OC g. g.
A 11 5.0 169-166° 15 3k
412 5,0 170-166 11 37
A 13 6.0 169=-165" 17 323
A 1L 7.0 170-166° 32 31

Expt. & 15. - It was of interest to see if copper chromite would
aid the reaction. To the standard flask containing 153 g. (1.5 moles)
of hexanolel which had reacted with 7.0 g. (0.30 mole) of sodium,
there wss added 2.5 g. of copper chromite catalyst.hg The mixture
soon turned red-brown and as the reaction proceeded it became quite
viscous. £ total reflux period of 3.5 hrs. was used, during which
time the temperature rose from 165° to 19L4° and 2.0 ml. of water was
collected. Separation of the products by the standaréd procedure
afforded 29 g. of recovered hexanol-l, 57 g. (L1¥) of 2-butyloctanol-l
(ngs 1.Lh411), 21 g. of distilletion resicdue and 31 g. of hexanoic acid
which distilled at 200-210°,

Expt. A 16. ~ To determine any catalytic effect of "Filter-Cel",
the standard apparatus was used with 153 g. (1.5 moles) of hexanol-l,
7.0 go {0.30 mole) of sodium and 2.5 g. of "¥ilter-Cel®. The mixture

was heated at reflux for 5,0 hrs. with stirring, during which time

the temperature remained constant at 170° and no water was evolved,
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rfter pouring the reaction mizxture into water, filtering and sepa-
rating the layers, acicification of the waier layer gave only a
faint cloudiness. The alcohol layser was not distilled since no reac-

tion apparently cccurred.

S. Other Exploratory Experiments

The fact that water had been removed from alkoxicde solutions by
distillation in many of the above experiments was very interesting.
Te ascertain if alkall metal alkoxides could be made by treating an
alcohol with alkali metszl hydroxides and removing the water by
distillation, three experiments were performed with hexanol-l and
sodium hydroxide. The resulis of these experiments are piven in
Table Il of the Iiscussion and further details sre recorded here,

Txpte £ 17. - In & 500 ml., three-necked flask were placed L.3 g.
(0.11 mole) of Cole sodium hydroxide and 250 ml., of d&ry bengene. The
flask was fitted with a thermometer and a 1l in. glass helices-packed
column surmounted by a 5 ml. water trap and a condenser. The system
was protected from atmospheric moisture by a caleium chloride tube.
The reaction mixture was heated at reflux to remove any water and
then 93 g. (0.91 mole) of hexanol-l was acded, After 5,0 hrs, at
reflux, 1.55 ml. (30%) of the water had distilled and L3 hrs, were
required to obtain 2,02 ml. (10L%#). The temperature remained constant
at 88°,

Expt, A 18. - For this reaction 153 g. (1.5 moles) of hexanol-l
and 12.0 g. {0.30 mole) of sodium hydroxide were heated at reflux in
a2 500 ml., three-necked flask equipped with a thermometer znd a 5 ml.

water trap surmounted by a condenser and a calcium chloride itube.
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pfter 2L hrs., the solution temperature was 163° and L.LO mi. (813)

of water had collected. Since the wster had stopped diatilling, a

9 in. column packed with porcelain saddles was placed in the system.
Water began to distil immediately upon heating the solution to reflux-
ing andé after 2L adcitional hrs. 5.10 ml. (95%) of the wster had been
removed. The finsl solution temperature was 178°,

axpte A 19, = The standard equipment was used in this experiment,
except that a one 1., three-~necked flask was used with a 20.0 ml.
water trap having a stopcoeck at the bottom. A 9 in., column packed
with porcelain saddles was inserted in the system, In the flask there
were placed L60O go (Le5 moles) of hexanol-l and 60 g. (1.5 moles) of
sodium hydroxide. Ten hrs. of refluxing yielded 23.7 ml. (383) of
water ané the solution temperature was 176°. To this solution was
added 7 g. of Raney nickel and the mixture was heated at reflux for
4 hrs, The final solution temperature was 225° and 7.6 ml. of water
collected,

From the reaction mixture there were obteined 61 g. of recovered
hexanol-l and 150 g, (35%) of 2=butyloctanocl-l (n§5 1.5408) leaving
21 g, of residue. The water layer ylelded 80 g. of hexanoic acid
distilling from 200° {0 210° and 75 g. of acid residue,

The eifect of water removal under the modified condilions was
studied by comparing two reactions in which the water was not removed
to one in which it was removed.

Expt. 4 20. = This experiment has been usec for showing the
effect of removing the water, the aitect of varying the type of
alkoxide and the effect of varying the time, In the stancard appa-

ratus was placed 153 g. (1,5 moles) of hexanol-l and 11.7 g.
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(0.30 mole) of potassium was added in the preseribed manner. ihen
all of the potassium had reacted, 2.5 g. of U.,0.P., nickel was added
and the solution was hested to refluxing., The reaction did not
start until after 50 min. of refluxing and the temperature dropped
cduring this period from 178° to 176°. The solution was heated for
3.5 hrs, after the water began to distil and the temperature reached
227° as 6.h ml, of water collected. This reaction afforded 11 g. of
recovered hexanol-l, and 74 g. (53%) of 2-butyloctanol-l; ngs 1.LhL10.
There was 32 g. of disztillation residue and the wster layer gave

16 g. of hexanoic acid which distilled at 200-210°.

Expt. A 21. - With the same conditions as for expt. A 20 except
that a water trap was not used, the solution was heated at reflux
for Lh.3 hrs. The tempersture remained constant at 176 *+ 1° after
water began to appear in the condenser. There were obiasined 86 g, of
recovered hexanol-l, Ll g. (31%) of 2-butyloctanol-l (ngs 1.&&12),
10.0 g. of distillastion residue and 7 g. of hexanoic acid, which
distilled at 200° to 210°,

Expt, A 22. = This experiment is & repsat of expi. 4 21 except
that a 7.0 hr. reflux period was used. Water appeared in the con-
denser after 1.0 hr. at reflux and the temperature remained constant
at 176 + 1° after this time. This reaction yielded 68 g. of
recovered hexanol=l, Ll g. (31%) of 2~butyloctanocl-l (ngs 1.L410)
and 11 g. of residue. The hexanoic acld distilled at 20C° to 210°
(7 g.).

In an attenpt to moderate the reaction temperature, and to deter-
mine the effect of a solvent on the reactlion, two experiments were

performed., Since benzene has been used as a solvent for Uppenauer
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oxidatlons with potassium tertiary butoxide, 1t seemed likely thet
p-cymene could serve as a solvent to give a sufficiently high tempera-
ture to permit the Cuerbet reszction to procaed.3l

Expt, A 23, - One=half 1., of p-cymene, purified ty distilletion,
was placed in a one l., three-necked flask with the stundard apparatus
attached except that a 10 ml. water trap was used. To the p-cymene
were added 102 g. (1.0 mole) of hexanol~l ané L.6 g. (0.20 mole) of
sodium, The mixture was hested at reflux and vigorously stirred until
all sodium had reacted and then 2 g. of Haney nickel was adced. A
reaction period of 20 hrs. was used and 2,9 ml. of water was collected
as the solution temperature varied from 167° to 178°.

It was not possible to obtain a satisfactory sepsration of
hexanol-l and p-cymene but the 2-butyloctanol-l (Ll g., L3%) distilled
at 108-111° (3 mm.) and there was 1l g. of residue. The hexanoic
acid boiled at 200° to 210° (15 g.)

Expte A 2h. - The same apparatus was used as in expt. 4 23
except that a ¢ in. column packed with porcelain saddles was placed
in the system. There were placed in the f{lask 600 ml. of p~-cymene,

153 g. (1.5 moles) of hexanol-l and 8.4 g. (0.21 mole) of sodium
hydroxide. The mixture was heated at reflux for 2L hra. during which
time 2.8 ml. (88%) of the water was collected. To this solution, 2 g.
of Raney nickel was added and the reazction was continued for 20 hrs,
The tempersture varied Irom 166° to 176° and 7.5 ml. of water

collected. Again the hexanol-l could not be recovered from the p-cymene
and the 2-tutyloctanol-l was distilled to yield 56 g. (LO%);

n§5 1.kh10. There was 22 g. of residue and the water layer ufforded

10 g. of hexanoic acid which distilled at 20C° to 210°,
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In an attempt 1o evaluaste the relsative effectiveness of potassium
hexoxicde and sodium hexoxide, ilhree experiments wore performed and the
results compared., One of the experiments using potassium hexoxide was
L 20, ziven above, and the others are piven below as A 25 and & 24,

Expts A 25. = This experiment is a repeat of expt., 2 20 except
that a resction time of only 2.2 hrs, wez used after water stasrted to
distil., The temperature dropped from 179° to 176° during a LY min.
induction period. 5Six ml, of water collected curing the reszction and
the temperature increased to 206°, This experiment gave 28 g, of
recoverec hexanol=-l, 7L g. (53%) of 2-butyloctanol-l (n§5 1.Lh402) and
20 g. of high-toiling residue. There was also obtained 16 g. of
hexanoie acid which boiled at 200° to 209°.

Expt. 4 26. - In this reaction the same apparatus and quantities
of reactants were used as in exyts. 2 20 and 4 25 except that sodium
was used in place of the potassium., The reaction had a 1.5 hr,
induction periocd during which time the temperature drop;ed from 169°
to 166°., A 3.5 hr., refluxing period was used after the water began
to distil to obtein 5.5 ml. of weter and the final solutilon tempera-
ture wes 208°. From the distiliatiocn, 15 g. of hexanol-l was
recovered followed by 73 g. (52%) of the 2-tutyloctanol-l (ngS 1.h410)
leaving 3L g. of resicue. The water layer yilelded 15 g. cof hexanoic
acid digtilling from 200° to 207°.

On the tasis of the foregoing results, it was decided Lo use
potassium metsl because of the time which could be saved end to remove
the water as fast as possible from the resction mixture., The standard
appsratus ané procedure were ugsed for all of the sulsequent experi-

ments except where indicated.
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B. The Determinastion of Uptimum Condlitions

i, The Effect of Varying the Alkoxide Concentration

This variable was studied by altering the amount of potassium from
zero to 0,325 mole with 1.0 mole of hexanol-l and using 2.0 g. of U.0.P.
nickel as a2 catalyst. A 2.0 hr. reflux period was used after water
started to distil., The hycrogen evolved was not collected for sll of
the reactions included in this section but it was in all of the subse-
quent reactions, The results of these experiments are included in
Table IIL of the Iiscussion., Additional information is given in the
Supplement to Table I1I. The moles of product alcohol are re~tabulated
with the moles of acid plus the moles of weter to show their corres-
pondence,

The reaction products were isolsted in the standard fashion. The
2=-butyloctanol-l distilled within the range 108-111° (3 mm.) ané the
hexanole acid in the range from 200° to 210°, o fractions intermediste
to the reactant alcohol and the product alechol fractions were observed
in the work given in this thesis except where indicated,

Experiment ¥ 9 was stopped as soon as water began to appear in the
trap. The gas evolved was analyzed at three different times during the
reaction, When one 1. of gas had been collected, a 1%.2 mi. portion
was transierred to an explosion pipet directly from the reaction mixture.
Then 73.hk ml. of oxygen wes admitted and after standing 10 min. the
mixture was exploded and a contraction in volume of 28.6 ml. observed,
Since each volume of oxygen reacts with two volumes of hydrogen, the

volume of hydrogen must be two-thirds of the decresse in volume. The



Supplement to Table III

Induct, Hexanol-l Alcohol Product
Potassium, temp., Hydrogen, recovered, residue, alcohol, Acid + Water,
Expt. moles °C moles moles ge moles moles
E1l 0.00 158° 0.00 0.97 2 0.00 0.00
B2 0.160 165-163° - 0.71 5 0.097 0.061
B3 0.150 170-169° - 0.55 é 0.17 0.17
B Y4 0.175 17L-173° - O.kh 8 0.19 0.21
55 0.200 179-177° - 0.19 7 0.26 0.30
B 6 0.225 18L-180° - 0.10 17 0.26 0.33
B 7 0.250 188-18k° 0.50 0.073 15 0.21 0.31
E 8 0.275 192-187° 0.53 0.0L9 16 0.21 C.30
E 9 0.325 199-19° 0.33 C.L2 2 0.16 0.1o

#he hydrogen was not collected in expts. F 2 through B 6.

26
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percentage hydrogen then must be,

r2E O

2 x 28,

In & similsr manner a sample of the gas taken at 3.5 liters and 8.3
liters of evolution was analyzed. The respective results were 100,04
and 100.3% hydrogen. Work previous to this experiment had indicated
that the pas evolved was essentially pure hydrogen. It falled to be
absorbved in 50% potassium hydroxide (carbon dioxide), alkaline pyro-
gallol (oxygen), ammoniacal cuprous chloride {carbon monoxide), or in
50% potassium hydroxide after exhsustive combustion over cupric oxide at
275° (hydrocarbons).

Expt. B 10. - To check the hycrogen analyses, this experiment was
performeé as a repeat of expt. B L except that the reasction was continued
until L.5 ml, (50¢) of water had been collected., The temperature varied
from 172° to 201° curing the L;0 hrs. after water commenced to distil.
The gas evolved was analyzed at six different times during the reaction
and founc to be 99.0 + 1.0% hydrogen. A total of C.18 mole of hycrogen
was collected. The reaction yielded 30 g. of recovered hexanol-l, L9 g.
(534) of 2-butyloctanol-l, 9 g. of distillation residue and 5 g. of
hexanoic acid,.

Expte B 11. - This experiment was performed as a repeat of expt. i 8
to again check the gss analyses. For the 2.0 hr, refluxing period after
water began to distil, the temperature range was 187° to 243° as 2.7 ml.
(30%) of water, and O.LL mole of hydrogen were collected. The gas was

found to be 100.1 + 0.1% hydrogen as determined with samples taken at

five cifferent times during the reaction.
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Iselation of the procucts rielded 5 g. of recovered hexanol-l,
L7 g. (50%) of 2-butyloctanolel, 9 g, of non-cistilled material end
19 g. of heuguolec acid,

An Aprroximste #b I'etermination for Hexanole-l, -~ The marked temper-

sture elevations observed in the alkoxide variation work has bLeen
interpreted in terms of the molal elevation constant for hexanol-=l, To
obtain & check of this, ths constant for hexanol-l was approximately
determined with triphenylcarbinel as a sclute.

into a 500 ml., throe-necked flask equipped with z 360° thermometer
and a condenser, wes placed 100,00 g. of hexanol-l. Doiling chips were
added and the hexanol-l was heated at reflux for 2 hrs. vefore reading
the temperature to 0.1° with a2 msgnifying menizcus reader. 7The trie-
phenylcarbinel was adcded in increments of 0.010 rmole, 0.01C mole, 0.020
mole and 0.040 mwole, allowing 2 hrs, or more between the adcitions and
the tempersiures wers recorded for each concentration. & constant

voltage (70) was applied to the "Gaa-Col” mantle.

Tatle XIV

Kb for Hexanol=l

Holality Tabs . AT K'b
Q.00 159.0° - -
0.10 159.5° 0.5° £.0°
0,20 159;?6 0'090 };'l .55
O‘)AO 161.53 2.5° 6.2‘
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The values of K, in Table XIV were calculated by equation (3) given
in the Iiscussion. The value for the 0.80 molal solution is not ine
cluded in the table since considerable water formed in the solution after
refluxing overnight. A 5 ml. water itrap filled with hexanol-l was placed
in the system and the water removed by distillation. A total of 0.65 ml.

of water was collected and the temperature didé not vary from 162,9°

during an 18 hr. refluxing period while the water was belng removed.

2. The Effect of Varying the Amount of U.0.FP. Nickel

This variable was studied using 1,0 mole of hexanol-l in the
standard apparatus with 0.175% mole of potassium and varying the amount
of U.0.P. nickel from merc to L.0 g. A constant amount of water, L.7 ml.
(524), was collected and the major resulis are lacluded in Table V in the
Iiscussion; accitlional data are listed in the Supplement to Table V. The
moles of product alcohol are re-tabulated with the moles of scid plus the

rmoles of water to show their correspondence.
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Supplement to Table V

U.0.F, Hexanol=1 Aleohol Product
nickel, recovered, residue, alcohol, Acid + Water,
Expt. Ze moles Ee. moles moles
212 0.0 0,96 2 - ~
B 13 0.031 0.90 1 0.013 0.019
B 1k 0.50 0.2h 10 0.28 0.30
B 15 1.0 0.23 9 0.27 0.30
516 2.0 0.21 12 0.29 0.30
B 17 3.0 0.22 13 0.27 0.30
E 18 L.0 0.20 13 0,28 0.30

It was mentioned in the I'iscussion that if the reaction was per-
mitted to proceed too long, considerable high-boiling residue formed.
Three experiments were performed which show this., Two of them, expils.

A 20 and A 25, have been glven previously and the third is recorded
here,

Bxpte B 19. = In this reaction using 1.5 moles of hexanol-l, 0.30
mole of potassium and 2.5 g. of U,0.P, nickel, a refluxing period of
only 1.3 hrs. was used after water began to distil, An induction periocd
of 50 min. was observed and the temperature dropped from 179° to 175°
during this time, The temperature range during the resction was 175° to
186° snd 3.6 ml, of water collected., Furification of the reaction
mixture yielded 72 g. of recovered hexanol-l, 56 g. (LO%) of 2-buiyl-

octanol-l, only 13 g. of distillation residue and 7 g. of hexanoic acid.
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3. The Characterlzation of 2-Butyloctanol-1l

This has been ineluded as a2 separate section since the work was
rather extensive, All derivatives made in this thesis were by the
procecdures given in Shriner and Fuson, unless otherwise specified.gb
Where ethanol was use¢ as a solvent this material was 95p ethancl.

The following physical properties were obtained: b.p. 131-132°
(15 rm.), 108-110° (2.5 rmm.); ngs 1.4h00. The literature values for
this compound sre: bep. 132° (15 mm.); n%é 1.hh3s.

fpal. Caled. for G 01 C 77.3L%, B 1L.07h. Found: & 77.363,

H 13.81%.

The quantitative carbon and hydrogen analyses for this compound and
most of the other compounds in this work were oblained since many of
them were liquids which were made by modified procedures. There has also
teen some doubt as to the structure of the products obtained in a
standard Cuerbet reaction.lB The solid products or their derivatives
were not anelyzed unless they were new compounds or a discrepancy existed
tetween the melting points obtained and those reported in the literature.

The 2-butyloctanol-l gave negative results with 2,Lh-dinitrophenyl-
hydrazine and bromine in carbon tetrachloride; it was insoluble in the
Lucas reagent and did not give the hycéroxamic acid test for esters. It
gave positive tests with sodium metal, acetyl chloride snd ceric nitrate
seolution, and a positive Ferrox test,

The following derivatives were attempted without success: the
phenylurethane (diphenylurea obtained), the a-naphthylurethane (di-a-
naphthylurea otbtained), the 3,5«dinitrobenzoate, the xanthate,ag the
benzoate, the 3-nitrophthalic acld ester, the tetrachlorophthalic acid

estar86 ané the phthalimidomethylene ethar.87
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The allophanaste of this compound hss been reported by EastaglilB
and since efforts to obitain a more common derivative were not succezslul,
this derivative was made,

The procedure of Behal wss used, which involves the cecomposition
of cyanuric acid in a combustion tube with a furnace ané passing the
evolved cyanie acid into the chillsd alcahol.éT The cyanuric acid may
be convenisntly prepared by a standard prncedure.aa In place of the
furnace, a Meeksr burner was used at the front end of a combusiion tube
{1l x 250 mm,) sezled at one end and a Funsen burner was used to heat
the cyanuric acid. The Bunsen fleme wes moved from the front to the
vack of the tube over a period of about 15 min., for 3 g. of cynuric
gzcid, The ocutlet tube from the combustion tube was irmersed in about
2 g. of the alcohol placed in an 18 x 150 rm. test tube. A hood is
recommended for thigs work. #s the cyanic scid was passed into the
alcohol, the latter becsme milky anc¢ quite hot. The tube was removed
frorm the alcohol as soon as the cynurie acid was decomposed and the
material allowed to stand until solid (1 to L hrs.). The solid cake
was broken up and triturated with ether to remove unreacted alcohol and
the urethane. In some cases the sllophanates were soluble in ether and
had to be chilled in an ice bhath to precipitste them, The solid was
filtered from the ether and dissolved in hot ethanol and passed through
a fluted filter to remove any residue. Then upon chilling the alcoholic
gélution in an ice bath, the allophsnate crystallized. After filtering
ané drying the solid, a melting point was taken and then the compound
was recrystallized to constant melting point. In meny cases one
recrystallization was sufficient and never more than three were required.

The allophanate of 2-butyloctanol-l, after two recrystallizations
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from ethsnol, melted at 126-127°, Mastagli reports a melting point of
119°, EFecause of this discrepancy, the sllophanste of the commercial
2-butyloctenol-l was made and this melied at 126-127.5°. 4 mixture
melting point determinstion of the two allophenates gave a melting point
of 126=127.5°,

Anal. Calec. for €, H,q0,N,: C 61.73%, H 10.368. Founds C 61.91%
61.784; ¥ 10.L9%, 10.55%.

Preparation of l-Bromo-2-futyloctsne. - In a 50 ml. flask was
placed 20.0 g. (0.11 mole) of 2-butyloctanol=l and 28,7 g. (0.11 mole)
of phosphorus tribromide was added in smsll portions while swirling the
flask. A condenser supporting a calcium chloride tube was attached to
the flask ané then warmed on a steam bath for 1 hr, The mixture was
poured onto ice znd 50 ml, of carbon tetrachloride was added. The water
layer was removed and the organic lsyer washed successively with a small
portion of concentrated sulfuric acid, twice with woter, once with 5%
sodium hydroxide and once more with water; it was then driec over
caleium chloride and cdistilled., The product distilled at 100-102°
(2.5 mma); nfs 1.1557. There was obtsined 13.5 g. {51%).

Anal, Caled. for C EEr:. Br 32,13%. Found: Er 32.26%, 32.L&%.

122
As mentioned 1in the I'iscussion, some rearrangement may have occurred

to a tertisry tromide since the product gave an immediate and copious

precipitate with alcoholic silver nitrate. It is also possible that a

small smount of the unsaturated bromide wes present,

Preparation of 2-Butyloctanoic fcid. - This compound was prepared

by a standard oxidation procedure with potassium dichromate and suliuric

acid. 7The 2-butyloctanol-l (12.0 g., 0.065 mole) with 60 ml. of water,

30 g. of potassium dichromate and LO ml, of concentrsted sulfuric acid
170665
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vielded & g. (Lé%) of 2-butyleoctuncic scic. This substance bolled at
11%-116° (0.% mm,) and had & refractive index of ggs 1.4350. The experi-
mental values for the neuiralization equivalent were 191 and 190; the
caleulsted value is 200, The scld was derivatized as its smice snd
recrystallived from acetone-water; m.p. 106.2-107.5°.

Anal. Caled. for Gy H, ON: C 72,307, H 12,64, ¥ 7.0k, Found:

C 72.3hF, 72.68%; ¥ 12.71%, 12.71%; B 7,1L%, 6.87%.

This acid was also prepared by treating 93 g. (0.5 role) of 2-btutyl-
octanol~l with 3,9 g. (0.1 mole) of votassium and 0.8 g. of U.0,”, nickel.
A 250 ml., three-necked flask equipped with a cordenser znd a stirrer was
used. The solution was heated at 200° for 1.5 hrs. snd then at reflux
(258° to 268°) for 1.% hrs, After cooling and pouring into water, the
water layer was treated in the standsrd manner to yield 1k g. (1h;) of
2-butyloctanoiec acid which distilled at 115-117° (0.5 rm.); n%s 1.1L367.
The aclid prepsred in this manner gave neutralization equivaslents of 202
end 199,

Preparastion of 2-butyloctyl Acetate. - In a 500 ml., one-necked

flask there were placed 300 ml. of tenszene, 18.6 g. (0.10 mole) of
2-butyloctanol=l, 12.0 g. (0.20 nmole) of glacial =cetic acid and 0.5 z.
of p-toluenesulfonic acid., A water trap surmounted by & condenser was
attached Lo the flask and the solution held at reflux until the water
stopped distilling. 4 total of 2.3 ml, (128%; probebly contained acetic
acid) of zqueous lazyer was collected, The benzene solution was waghed
with water, twice with saturated sodium bicartonate solution and twice
more with water. The benzene was removed by distilisiion sné the product
distilled under recduced pressure to give 20 g. {88%) of the 2-butyloctyl

acetate., This product was & very moblle, colorless liquid which
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distilled at 112-113° (2 mm.); gés 1.53038. The diethylene glycol method

was used to determine the saponificstion equivalent of this compound.
Ainal, Caled. for ﬁlhﬂzaﬂar C 73.63%, H 12.3¢%, S.E, 228, Found:

C 73.8h¢, 73.90%3 H 12,10%, 12.11¥; S.E. 230.

Preparstion of 2-Butyloctyl p-Chlorobengoate. ~ In a one 1. flask

equipped with a water trap surmounted by a condenser were placed 13.6 g.
(0.10 mole) of 2-butyloctanol-l, 31.3 g. (0.20 mole) of p-chlorovenzoic
acid, 500 ml. of benzene anc 1.0 g. of p-toluenesulfonic acid, After
1.8 ml. of water had been collected, the reaction mixture was treataed
as for the 2-butyloctyl acetate to yleld 23 g. (71%) of 2-tutyloctyl
p-chlorobenzoate which distilled at 152-155° (0.1 mm.); ngs 1.L9Le,
This substance did not solidify after standing for a year snd & half and
was a lipht yellow, viscous liquid,

The Equivalent Weight of 2-Butyloctanol-l. - Tnis reaction was
considered in the Discussion. One-half 1. of benzene, 32.L4 g. (0.125
mole) of triphenylcarbinol an¢ 23.2 g. (0.125 mole) of 2-butyloctanol-l
were placed in a one 1., one-necked flask equipped with s water trap
surmounted by a condenser and a calcium chloride tube., To thls mixture,
0.0L7T g. of p-toluenesulfonic acid was added and the solution was held
at reflux for 2L hrs. After 21 min., 1.10 ml., (L9%) of water had
collscted and ~fter 1.5 hrs., 2.02 ml. (908). ¥For the 2-butyloctanol-l
this gives a value of 189 for the molecular weight, which compares
favorsbly to the calculsted value of 186. The reaction mixture was
purified as above for the 2-butyloctyl acetste. The triphenylmethyl
2-butyloctyl ether distilled azt 202-203° (0.2 mm.); ngg 1.5L60, The
yield was 37.5 g. (70%).

Characterization of the High-Poiling Fesicues. - The resicues from
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several exploratory experiments were collected and distilled through an
8 in, Vigreaux column under reduced pressure. A total of 260 g. was
used to obtsin 35 g., distilling at 95° to 100° (0.2 mm.). The tempera-
ture rapidly rose to 125° and 75 g. was obtained in the range of 125° to
135° (0.2 mm.); nég 1.1575. 2 final fraction of 61 g. in the range of
1i5° to 165° (1.2 mm.) was obtained (n;";5 1.595) and 89 g. of a tar
remained, The second and third fractions were analyzed for carbon and
hydrogen, Fraction 2: € 80.31%, H 13.62%. Fraction 3: C 79.38%,

H 13.1L%.

A1l of the fresctions were unsaturated to bromine in carbon tetre-
chloricde so the first fraction may be mainly the 2-butyl=2-octenol-l
since this probably boils higher than the 2e«butyloctanol-l,

If the snalyzed fractions contained alcohol(s) of the triply
condensed structure, e.g.; 8 product from the condensation of 2-tutyl-
octanol-1l and hexanol-l, they might be mixtures of the sasturated and
the unssturated alcchols. Two possible structures and calculated

values for carbon and hydrogen are:

CéHlBZHEH g ICH,0H C 79.92%, H 1L.16%
1 Cpty

Céﬂlgcﬁﬁﬂngcﬁgﬂﬂ € 80.52%, H 13.52%.
C g &H;

The calculated values for the last structure are seen Yo sgree falrly
well with analyses obtained for fraction 2 above. This may be the
correct structure for the compound hut the evidence is insufficlently

definite to clasgify it. Vo further work was done on these compounds.
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L., The Effect of Varying n in CHQ(CHZ)BCE OH

2

The above work was sufficiently consistent to indicate the optimum
conditions for a conveniently rapid resction with hexanolel, It was
felt that these conditions could be generzlly applied to the homologs of
hexanol-l, It is significant to note that plots of the volume of water
againat time for hexencol-l, heptanol-~l anc octanocl-l had the same
general shape. ‘This was in spite of large iemperature differences and
rates of temperaiure changes during the reactlons,

The following reactions of this section are in two series; one
utilizging U.,0.P. nickel and one without U.0.P. nickel. The major
results of the first series are given in Table VI and those of the
gecond series in Table VII of the liscuasion, Other pertinent informs-
tion on the reactions andé properties of the products ares given here
under each experiment. For these rescilons, 1.0 mole of the alecohol
and 0.175 mole of potassium were used. For the first series 0.5 g. of
UeDePs nickel was used except where indicsted and none was used in the
gsecond series, The stancard apparatus and procecure were used in all
cases.,

Expte. B 20, - Butanol-l was used in this experiment with L.0 g. of
Uo0ef e nickel to give a faster reaction., In additien, 3.0 ml, of
o-xylene was suded to the weter trap 1o aid in the water separation.
The reaction started soon after the reflux temperature (136°) was
reached and before hydrogen began to be evolved, 0.3 ml. of water
collected. This may have been cdue to a small amount of aldehyds or
water in the butanol~-l. It was necessary to use the minimum heating
which allowed water separation. After 12.5 hrs. of refluxing, 1.2 ml.

(13%) of water had distilled and the temperature incressed from 136° to
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140°., the resction was stopped Uy cooling to room temperature and the
mixture allowed to stand overnight under an atmosphere of nitropen.
The next day the reaction was continued for 8,5 hrs., and the totzl water
volume reached 3.1 ml. (3L%) and the tempersture increased to 1L56°. The
reaction mixture was again allowed to stand overnight as above and on
continuing for 5.0 hrs. longer (26.0 hrs. total), L.5 ml. (50i) of wster
had collected 2nd a final temperature of 155° was achieved., A total of
0.16 mole of hydrogen was evolved,

This resction afforded 32 g. of recovered butanol-l distiliing at
115-118°, The 2=ethylhexanol-l distilled at 106-108° (55 mm.);
n?s 1.5309 (1it, ngg 1.4300). The yield was 27 g. (L27). Three g. of
distilletion residue and 2 g. of tutanoic acid were alaso obitained., The
acié¢ distilled at 160° to 166° (1it. b.p. 163°).

The allorhanate of 2«ethylhexanol-l was prepared ss cdescribved above
and after one recrystallization from ethanol melted at 12L,.7-125° (11%.13

mepe 125°).

Expt, I 21. - Pentanol-l required 18,5 hrs., for resction using 0.5
z. of 1,3,7, nickel and was twice permitted to stand overnight during
this time. #4s for butanolel, the minimum heating was used which allowed
water separation., A temperature range of 155° to 180° was obsecrved
while collecting Li.5 ml., (50%) of water and 0.083 mole of hydrogen.

There were obtsined 34 g. of recovered pentanol-l cistilling at
60-63° (25 mm.) and 36 g. (LEY) of 2-propylheptanol-l in the distilla-
tion range of 106° to 11h° (1} mm.) with most of it coming over szt
106-108°, There was also 7 g. of distillation resicdue. Insufficient

acid was obtained for distillation but after isolation from the watler,

it was titrated to a phenolphthalein end point with standard sodium
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hydroxide. This procedure indicated that 1.6 g. of pentanoic acid was
ocbtained.

The refractive index of the product, 2-propylheptancl~l, at 25° wasg
1l.Lh356., %elizmann reported this compound but he only gave a boiling
point of 112-115° (14 mm.).ll He ¢id not give a refractive index or the
enalytical results for carbon and hydrogen.

o

Anal, Calcd. for C O: G 75.88%, H 1L.10k. Fround: C T6.LOE,

1022
76.37%; H Wi.15%, 14.06%.

The allophanatle was made and after one recrystallization from
ethanol melted at 130-131°,

/nal. Caled. for C12H2h03ﬁ2’ C 59.01%, # 9,8Li. Found: C 59.0Lk,
58,79%3 H 9.98%, 9.92%.

nt, B 22, - This sxperiment with hexanol-l has been previously
given in the U.0.F. varistion work as expt. B 1h.

ixpt. B 23. = Heptanol«l gave a falrly rapid reaction with only
0.5 go 0f ULO.FP. nickel., An incduction time of 0.5 hr. was observed with
practically no temperstiure drop. A total reaction time of 2.2 hrs. was
required to give L7 mi. {52%) of water and 0.20 mole of hydrogen,
during which the temperature increased from 195° to 238%,

Isolation of the products gave 15 g. of recovered heptanol-l,
Séistilling at 60~-62° (2.5 mm.) and 63 g. (59%) of 2-pentylnonancl-l
which distilled at 128-129° (2 mm.); ngs 1.1 (1t bep. 15L°
(13 mn.), n°' 1.L460). There remained from the distillation 10 g. of
high-boiling residue. %The water layer yielded 1l g. of heptenoic acid
which distilled at 220° to 228°; ngs 1.4215. {(1it. b.p. 221~222°,

ngo 1.4216).
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Anal, Caled, for Cp)H,0: C 78.L3%, H 1h.,11%. Found: C 78.73%,
" 1h,13%.

The 2-pontylnonanol-l (26.75 z.) without further purificastion rave
2,20 ml. of water in an equivalent weight determination as described for
2=-butyloctanol=l., This gives a2 value of 219 as comparec to the calcu~-
lated value of 21L, The trityl ether was not isolated.

The allophanate was made and after one recrystallization from
ethanol melted at 121-122° {lit.l3 m.p. 120°). This compound has the
correct structure as shown by an independent synthesis by ﬁastagli.lB
He reports many liquld cderivatives of this compound.

Expt, 5 24. - In the same manner as for the previous experiments,
the use of octanol-l gave sn excellent reaction. No induction period
was observed and only a l.5 hr. refluxing period was required to give
4.5 ml. (50%) of water and 0.22 mole of hycdrogen. The temperature
increased from 205° to 250° cduring this period.

There were obtained from this reaction 18 g. of recovered octanol-l
which boiled at $0-95° (13 mm.) and 75 g. (62%) of 2=hexyldecanol-l
distilling at 128-130° (0.8 mm.); ngs 1.k472. A high-~boiling residue of
7 go and 15 g, of octanoic acid were obtained., The latter cistilled
over the range of 233° to 2L0°%; n125 11268 (1it. bup. 237.5°, nit 1.1268).

Anal. Caled. for 616H3th C 79.27%, H L. 1h%., Found: C 79.53%,
19.16%5 H 1h.01%, 13.91%.

The product was used as distilled above for the carbon and hydrogen
analyses and an equivalent weight determination., The equivalent weight
obteined with 30.25 g. of the alcohol was 246 (2.21 ml. of water) which
may be compared to the calculated value of 212, The trityl ether formed

in this determination was not isolated.
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The sllophanate was made and recrystzllised once from sthanoly
MeDe 92=93° (11&.13 m.pe 90°). The 2-hexyldecanol~l had the following
boiling points: 182-18L° (16 mm.), Luh-1L6° (2 mm,), 128-130° (0.5 mm.).
The literature values are 177° (lSmm.)l3 and 181-183° (15 mm.).89 The
value of the refractive index was ngs 1.4472, while it has teen previous-
1y reported as Leing néé's l.h52013 and qgs l.hh?O.a9 The last value
for the refractive index compares very well with the vslue obtsined 1in
this work and it is of interest since the compound was obtained Ly re-
ducing ethyl-2«hexyldecanoate with sodium ané ethanol, The ester was
prepared by the malonic ester synthesls,

Expte B 25. = This reaction with nonanol-l required 1.3 hrs. to
yield L.5 ml. (50%) of water and 0,30 mole of hydrogen with a tempera-
ture range of 222° to 277°. The recovered ronanol=l (12 g.) distilled
at 102-106° (15 mm.) followed by a fraction of 82 g. (60%) of 2-heptyl-
undecanol-l which distilled at 135-133° (0.8 mm.); 355 1.14506 (1it.13
n 1.1550). There were 9 g. of cistillation residue end 19 g. of
nonanoic acid which distilled at 250-255°%; n§5 1.1300 (1it, b.p. 253~
254°, n2° 1,1306).

Anal. Cslecd. for 818H3803 C 79.92%, H 1L.,163. Found: ¢ 80,08%,

i 1h.1hE.

The allophanate was made and after twe recrystsllizstions from
ethanol=-wzter melted at 78-79.5° (lit.13 m.pe. 80°).

Expt. B 26, = Decanocl-l was used with 2.0 g. of U,0.P. nickel under
otherwise standard conditions, This amount of nickel instead of 0.5 g.
was used by mistake but 1t was not considered nzcesssry to repeat the
reaction., This merely gave a slizhtly {aster reazction then 0.5 yg. would

have probably given (cf. expt. B 32). The reaction bepan immediately on
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taking the solution to the reflux tempersture and was stopped after 3.5
nl, (39%2) of water had eollected (LO min.,) since the temperature was
rising very rapidly (about 2° per min.) the last ten min. of resctlon.
The temperature range was 237° to 271° and 0.28 mole of hydrogen was
collected.

There were obtained from the resction 18 z. of recovered decanol-l,
distilling at 120-125° (1L mm,) and 92 g. (&2%) of 2-octyldodecancl-l
wbich distilled at 168-170° (0.8 mm.), > Lhs2¢ (11t.1% bup. 215°
(15 mm.), nég 1.1548). There were also obtained 8 g. of ¢istillation
residue and 223 g. of decanoic acid; b.p. 268-272°, m.p. 28-31° (1lit,
b.p. 268-270°, m.p. 31.5°).

Angl. Caled, for C Ot o 8001&.6%’ H lh.lsf%. Tound: C 80023%’

20"1;2
80.26¢3 H 13.61%, 13.86%,

The presence of nonsnoic acid in the preceding experiment and of
decanoic acid in this experiment caused the formation of emulsions in
working up the mixtures. Long standing pericds were required to effect
separation of the water lasyers even in the presence of ether to =zid in
breaking the enulsion,

The allovhanate was made for the 2-octyldodecanol-l and after three
recrystallizations from ethanol melted at 67-69° (11@.13 mepe 697).

For the sescond series of experiments included here, U,0.P, nickel
was not utilized. The firstme was performed with sodium hexoxide and
diffarent quantities of it were used as compared to the succeeding
potassium alkoxide experiments. The same generzl procedure was used,
however,

Expt. E 27. = In a one l., one-necked flask equipped with &

condenser were placed 800 ml. (6. moles) of herxanol-l and 55.0 ge
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2.4 moles) of scdium. 7The mixture was heated st reflux overnight (12
hrs,) to react the sodium and then for Sk hrs. longer. The temperature
wzs not recorded btut in another experiment a solution of this same
concentration of sodium hexoxide was observed to have a solution tempera=-
ture of 106°., The procucts were isolated in the standerd fashion to
yield 29 g. (5%) of 2-butyloctanol-l, which distilled at 93=95° (0.8 mm.),
{ngi; 1.L41E) and 13 g. of hexanolc scid aistilling at 200° to 210°.

Expt, b 28. - This experiment, includec in Table Vii, for hexanol-l
has been given in the U.0.P, nickel varistion study as expt, B 12,

EBxpte [ 29, = Heptanol-l was very slow to start to react without
Us.0eP. nickel in the presence of potassium heptoxide., It required 28 hrs.
for reaction and it is interesting to note that only 2.5 ml, {(27%) of
the water had been collected (temperature was 211°) after 22 hrs. and
the balance, 2.0 ml., was obtained in the next 6 hrs. The temperature
range during the reaction was 195° to 254°, There was 0.22 nmole of
hydrogen collected but this is not an accurate value since a leak was
found during the reaction,

Purification of the reaction mixture yielded 9 g. of recovered
heptanol-l, 70 g. (65%) of 2-pentylnonanol-li (néﬁ 1.LLLS), 11 g. of
distillation resicdue and 15 g. of heptanoic acid‘(ngg 1lek215).

Expt. & 30, - The reaction with octanol-l without U.0.F. nickel
required 5.8 hrs, to yield L.S5 ml., (50%) of water snd 0.27 mole of
hydrogen, with a temperature range of 207° to 262°,.

The reaction mixture ylelded 16 g, of recovered octanol-l and
Th go (62%) of 2-hexyldecanol=-l which distilled at 162-184° (16 mm.);
ngs 1.4L71. There were also obtained 10 g. of high-boiling residue and

~E )
17 g. of octanoic acid; ng’ 1.h268,
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Expts B 31, = Nonanol-l gave a good rezetion without U, 0,7, alekel
but the water stormed distilling after L. ml. {127) had been collected,
For the 2.9 hr, resction time, C,3) mole of hydrogen was collocted and
the temperature range was 220,° to 305°.

The isolation procecdure yielded 12 g, of recovered nonanol-l, 8L g,
(624) of 2-heptylundecanol=l (ngs 1.L505), which distilled at 13L=137°
(C.l mm.) an¢ 10 g. of hipgh-boiling residue. There was 21 g. of
nonanoic zcid; ngs 1.h300,

Fyxpt, B 32, « The reaction of decsnol-l without U,0.F. nickel
required only 1.3 hrs. to give L.5 ml. (50%) of water and 0,33 mole of
hydrogzen. The temparature range during this time wss 239° to 320°,

The reaction afforced 7 g. of recovered decarnol=l and 96 g, (657)
of P-netyldodecanolel (gﬁg 1.h528). The produet cdistilled at 16L=168°

(0. mm,) and there were 12 g, of distillation residus and 25 g. of

Gecanolc acid; t.p. 265-272°,

5. The “elf-Concdensation of Secondary Alcohols

These reactions were performed with 1,0 mole oi the secondary
alcohol, 0.175 mole of potassium and 2.0 ge of U.U.r. nickel in the
stancsrd apparatus. The usual isolation procedure was used vut no acid
was formed.

Expte. B 33. = Heptanol-2 (116 g., 1.0 mole) reacted with the
potassium to give a yellow~brown solution. After the addition of the
.,0.P, nickel, the reaction required.9;0 hrs. to give L.5 ml. (50%) of
water with the solution temperature increasing from 17L® to 195°,
Hydrogen evolution was rather vigorous curing the first hour of resction

but thereafter tapered off to yield only 0.097 mole of hydroger.
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Purification of the resction mixture provided 43 g. of recovered
heptanol-2 which boiled at €9-70° (15 mm.) and 27 g. of the procuct(s)
distilled from 135° to 158° (15 mm.). There was 1% g. of non-distilled
naterial and the water layer bscame only faintly cloudy upon acidification.

The procduct(s) showed considersble unssturstion to bromine in carbon
tetrachloride with some hydrogen bromide evolutlon., The material was
dissolved in 100 ml., of 95% ethanol and hydrogensted over -oney nickel
at 150° and 2300 p.s.i. for 1 hr, in a 300 ml, rocker-iype bomb. Distil-
lation of the hydrogenated material gave 6 g. distilling from 122° to
138° (14 mm,) having a refractive index of nis 1,h328 and 17 ge éistil-
ling from 138° to 148° (1l mm.) but mainly at 1h1-1L2°; n§5 1.LLO8,

There was 2 g. not distilled and both fractions were saturated 1o tromine
in carbon tetrachloride. The main frsction was assumed 1o be J-methyl-
triﬁecanol—é, formed by the condensstion of a molecule of hepianol-2 on
the methyl group of another molecule of heptanol-2,

Anal. Calcd. for CthBOO‘ C 78.43%, H 1h.11%., Found: ¢ 78.69%,

H 1h.13%.

Expt. B 3L. - This reaction with octanol-2 required L.l hrs. to
yield 5.L ml. (60%) of weter and the temperasture rose from 130° to 216°.
A total of 0.10 mole of hydrogen was evolved,

Purification of the reaction mixture gave 58 g. of recovered
octanol-2, 32 g. of product(s) in the distillation range of 128° to
142° (2.5 rm,) and there wes 25 g. of high-boiling resicue.

Expt. & 35. - The use of S-ethylnonancl-2 is interesting in that no
Ueiiol's nickel was needed to effect the reaction and only 0.10 meole of
potassium was used for 1.0 mole of the alcohol. The reaction requlred

4O min. to give L& ml, {51%) of wster and the tamperature varied from



228° to 237° as 0.10 mole of hydrogen was evolved.

The mixture was purified to give 93 g. of recovered S~ethylnonanol-2,
k9 g. of a fraction distilling from 152° to 162° (15 mm.) and there was
17 g. of distillation residue.

The product(s) obtained in this reaction and from the preceding
reaction were unsaturated and evolved hydrogen bromide when treated with
bromine in carbon tetrachloride. Ho further work was cone on the identi-

fication of these products.



113

C. Mixed Guertet Condensations

l. General Consicerations

The mixed reactions are described in somewhat grester detail than
previous reactions because more careful purificstions were required in
most instances. For these reactions 1.0 mole of total aleohols, 0.175
mole of potassium and in most cases, 2.0 g, of U.2.P. nickel were used,

The first distillations were performed with an 8 in, Vigreaux
column and any redistillations with the 12.5 mm., diameter Todd column.
In generel, for the fractions previous to the product, the 0il bath was
maintained at the temperature at which the succeeding fraction would
distil. This was slow in many cases but it allowed 2 good separation of
the recovered rezctants and of the products., The same general methods

were used here as with the other Guerbet reactions,

2. The Condensation of 2-Ethylhexanol-l with Normal FPrimary Alcohols

Fvpt, € 1, = In this reaction, 2=ethylhexanol=l (86.6 ¢., 0,67 mole),
heranol=1 (3h.0 g., 0.33 mole) and only 1.0 g. of U.5.P, nickel were
nsed, A rerction period of 6,7 hrs, w== regnired to give 2.3 ml., of
water after which the water cessed to distil. The temperature increasec
frorm 188° to 205° »nd 0,12 mole of hydroren collected.

The mixture afforded 1 g. of recovered hexsnol-l distilling at &7=
70* (1 yrm,) 2nd 7h 5. of 2=ethylhevanol-l distilling at 79-84° (1l mm.).
when these aubstsnces were removed 26 g. (83%) of 2=butvloctanol-1 was
chtained in the distillation ranpe of 136° to 1LL° (18 mm.): n?g 1.Lkh10.

There remained from the distillstion 6 g, of high=boiling residue. The

nroduct wes redistilied thronsh the Todd eolumn at atmospheric pressure.
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Twenty g. (65%) of the 2-Lutyloctanolel, which cistilled et 250-251°,
had a refractive index at 25° of 1.,uh00. There was U g, of materizl
held in the column,

The weter layer yielded some acid upon acidification tut it was
not z sufficient amount to distil, Titrastion with stondord base to a
phenolphthalein end point incdicated 0.036 mole of %total acid.

Expt. © 2. =~ This experiment was an exact repeat of axpt. U 1
except that 52.6 g. (0.33 mole) of decanol-l was used in place of the
hexanol-l., This reaction required only L.0 hrs. to yield 2.0 ml. of
water ané the temperature varied from 205° to 208% while 0.12 mole of
hydrogen was evolved.

The reaction mixture was purified in the standard manner to give
77 g+ of recovered 2-ethylhexanol~l and 3 g. of decanosl-l, Further
distillation yielded 1C g. of material which came over betwesn 1L0° to
160° (0.8 mm,) and 27 g. at 159-161° (0.5 mm.), leaving & g. of residue.
The combined acids wore distilled to yleld 2 g. of 2=ethylhexanoic szcid
which boiled at 220° to 228° and S g. of decanoic acid at 263° to 27L°.

The two alcohol product fractions snd the residue were combined
and distilled through the Todd column. There was obtained 6 g. of
material that was probtably the mixed product, 2=hexyl-l=-ethyloctanol-l,
and which distilled at 116-151° (1.0 mm.); ngs 1.L515. This was
followed by 30 g. (60%) of 2~octyldodecanol=-l distilling at 172-173°

(1.0 rm. )3 n%s 1.4523. There was 6 g. of material held in the column,

3. The Condensations of Fenszyl Alcohol with Primary Alcohols Contsining
& j-Methylene Uroup

The major results of these experiments sre included in Table VIII

in the Discussion, Further information on the resctiong and properties



of the products are ypiven here.

ixpte C 3. = This was & preliminary experiment desirned with expt.
€ 5 to ascertain the effect of the reactant alcohol ratio for benzyl
alcohol and hexanol-l, Hexanol-1 (51 g., .50 mole) anc tenzyl alcohol
(5L ., 0.50 mole) were mixed in the standard apparatus :nd the potas-
sium szdded., After the potassium had rescted, 2,0 g, of L.,0.,P, nickel
was added and the mixture taken to the reflux temperature, The reaction
required 2,2 hrs, to yield L.7 ml, (52% for the rixed resction) of water
and the temperature varied from 172° to 20L° as 0.1l mole of hydrogen
was collectsd,

From the reaction there was obtained 10 g. of hexanol-l cdistilliing
from 50° to €9° (2.5 mm,) but very little was collected from 60° to 69°.
“he benzyl alcohol fraction (2L g.) was obtained at 69° to 95% (2.5 mm.).
The crude 2-butyloctanol-l (15 g.) distilled at 95° to 115° (2.5 mm.),
followed bty the 2-benzylhexanol-l fraction (33 g.) from 113° to 124°
(2 rm.) and there was & g. of distillation residue. The water layer
gave It g. of benzoic scid; m.p. 112-116° (lit, mp, 121-122°),

Since the cdistillation through the standard column afforded poor
aeparation, the benzyl alcohol, the 2-butyloctanol-l and the 2-benzyl-
hexsnol-1 fractions were recombined and distilled through the Todd
column at 15 rmm, prescure. This yielded 21 g. of recovered benzyl
alcohol, which distilled at 103-204° (né5 1.5350) and 16 g. (35k) of
2-butyloctanol-l, which distilled at 132-1337; ngg 1.4420, The
2=-benzylhexsnol=1 came over at 156-157° (n%5 1.5100), leaving 2 g. of
material in the columnj nés 1.5000. The yield of 2-benzylhexanol-l was
30 go (31%) and the literature physical constants are:13 Depre 155°

(15 rm.), 020 1.5138.
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ixpt, C L, - In this reaction, 72,0 g. (0.67 mole) of benzyl alco=-
hol, 2L.6 g. (0,33 mole) of butanole=l ané L0 g. of U.0,”. nickel were
used. In addition, 1.5 g. butanol-l and 3,0 g. of benzyl slecohol were
acdded Lo the weoter trap to aid in water separation and these amounis are
not included in the recovery data. I{ was necessary to use the minimum
heating which would give water separstion and the raaction required 3.7
hrs, to yield L.8 ml. (803) of water with a temperature range of 1L43° %o
187° and 0.18 mole of hydrogen was evolved,

There were recovered 3 g. of butanol-l which boiled at 115-118° ané
L6 g. of a fraction of mainly benzyl alcohol which boiled at 90° to 110°
(1 rm.). The next fraction (27 g.) was the impure 2-benzylbutanol-l,
distilling at 110° to 13L°® (1k mm.), and there was 3 g. of residue. The
water layer ylelded 5 g. of bengoic acid which melted at 11L® to 120°.

The bengyl alcohol and 2=bengylbutanol-l fractions were recombined
along with 10 g. of 2-pentylnonanol-l snd fractlonasted through the Todd
column, The 2e-pentylnonancl-l was used as a "pusher” to get the
maximum recovery of the 2-benzylbutanolel, This distiliation gave 3 g.
(16%) of 2-ethylhexanol-l boiling at 184-185°, nés 1.L300, and 3B g. of
recovered bengzyl aleohol which boiled at 102-103° (15 mm.); nés 1.5312.
The product, 2-benzylbutanol-l, (30 g., 55%) distilled at 138-139°
(15 mm.); ‘%5 1.5155. The literature physical constants are: b.p. 13k=-
135° (15 m.), ni;é 1.5180513 b.p. 136° (12 mm.);” b.p. 105-107° (4 m.)."°

Anal. Caled. for C,H, 01 € 80.0E, H 9.82%, Found: ¢ 80.6LE,
80,6713 H 7.95%, 10.00%.

Tha allophanate was made and recrystallized once from ethanolj m.p.
18-19° (lit.IB m.pe 13L%).

Anal. Caled. for Glsﬂlsﬁjﬁzs C 62.38%, H T7.25%., Founds C 62,.52%,
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62.35%3 H 7.31%, 7.5%9%.

The 2-benzylbutanol-l (10.25 g.) gave an excellent equivalent
weight., A total of 1.13 ml, of water was obtained which pives a value
of 163. The calculated value of the molecular weight is 16l.

Expt, C 5. ~ This reaction was a repeat of expt. C 3 except that
72.0 g. (0.67 mole) of benzyl alcohol and 3k,0 ge (0.33 mola) of
hexanol-l were used. This resction required 2.0 hrs. to yield L.8 ml.
(80%) of water with a temperature range of 176° to 207° as 0.1l mole of
hydrogen was collected,

Isolation of the reaction components yilelded less than 1 g. of
recovered hexanol-l and Ll g. of benzyl alcohol, which distilled at 92-
95° (1, mm.). There was no fraction at the 2-butyloctanol-l distillation
temperature (132°) but there was obtained L2 g. of impure 2-benzyl-
hexanol-l distilling from 1L49° to 159° (1L mm.). There were L g. of
distillation residue and 6 g. of benzoic acid; m.p. 115-119°,

The product fraction and the residue were recombined and cdistilled
through the Todé column at 15 mm, pressure. This gave L g. (1L%) of
2-butyloctanol=l, which distilled at 131-133°, and 38 g. (597) of
2-benzylhexanol-l, which distilled at 156-157°; ngs 1.5098.

Anal. Caled. for 613H2053 Cc 81,20%, H 10,48%. Found: ¢ 81.28%,
81.07%; ¥ 10.L3%, 10.20%.

The allophanate was made and after one recrystallization {rom
sthanol melted at 1hL-145° (1it. m.p. L®).

Expt, C 6. - In this reaction there were used 72.0 g. (0.67 mole)
of benszyl alcohol and 38.6 g. (0.33 mole) of heptanol-l. There was 2 g.
of heptanol-l acded to the water trap which was not counted with the

recovered alcohol., The reaction required 1.L hrs. to yield 5.0 ml.
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(837 ) of water and 0.11 mole of hydrogen. The temperature range was
184° to 211°,

There wes no heptanol-l rscovered but there was 38 g. of bengyl
aleohol, which distilled at 95° to 105°; n§5 1.,5305., This was followed
by L9 g. of impure 2-benzylheptanol-l which boiled at 155° to 16L°
(13 mm.); 325 1.h912, There was 1.0 g. of high~boiling residue and the
water layer yielded 6 g. of benzoic acid which meltsd =t 111° to 116°,

Since the product was impure, it wes recombined with the residue
and distilled through the Todé column at 15 mm. There were obtained 9 g.
(24Z) of rather impure 2-pentylnonanol-l, which cdistilled at 160° to
169° (nZ° 1.46L0) and LO g. (53%) of 2-bensylheptanol-l, Tais latter
substance distilled at 169=170%; ngs 1,5016. The literature physical
constants ere: b,p. 162° (13 mm,), nés 1.5039;13 bep. 119=120° (2,5 mm;ﬁo
It has also been reported thzt the 3,5-dinitrobenzoate of this alechol
is a liquia.”®

The sllophanate of this compound was made and recrystallized three
times from ethsnol; m.p. 124.5-126° (1it.13 m.p. 125°).

Expt. C 7. = There were utilized for thls reaction 72,0 z. (0,67
mole) of benzyl sleohol, h5.2 g. (0,33 mole) of 3-vhenylpropanol-l and
no U,0.,P, nickel, The potassium reacted very repidly with the mixture
of alcohols giving off white fumes 2nd the sclution turned a dark brown.
A 12,5 ml. water trap for liquids heavier than water was used Lub as the
resction propressed the water went to the bhottom (1.0 ml.,). The reac-
tion was stopped, a 5 ml, water trap was inserted and the organic layer
was transferred to the reaction mixture with the water being éiscarded,

After a total reaction time of 1.8 hrs., 5.0 ml, (83%) of weter had

been collected. The temperature varied from 227° to 2L1® and 0.1l mols



of hydrogen was collected.

The resction mixture ylelded 306 g. of btenzyl alecohol distilling
from 94° to 10%° {12 mmn.); ngs 1.,5358., One g. of substance distilled
at 105° to 192° (12 mu.) and the procuct (L7 g., 62%), which was 2,2-
dibenzylethanol, distilled at 1L5° to 15%° (C.5 mm.) with the bulk
coming over at 1L5-1L7%; n§5 1.5662. There was 12 g. of non-distilled
residue anc the water layer gave U g. of acid which melted at 90° to
112°,., The latter is probably mainly benzoic acid since 3-phenyl-
propionic acid melts at L3°.

The product has been reported as having 2 boiling point of 202°
(15 mm. ), nég 1.5693, anc its allophanate zs melting at 1&3“.13 The
allophanate of the compound cobitained in this work alter three recrystal-

lizations from ethanol melted at 139-1LG°.

L. 7The Condensation of Fengyl Alcohols with Secondary Alcohols

There are included here three preliminary experiments which were
performed with benzyl alcohol and cyclohexanol. one of these, expt.

C 12, is included in Table IX of the ILiscussion. These experiments show
the effect on the yield of product of varying the ratio of the reactant
alcohols,

Expt. C 8. = In the standard manner, 5L.0 g. (0.50 mole) of benzyl
alcohol and 50.0 g (0.50 mole) of cyclohexanol were reacted. Two g. of
cyclohexanol was added to the water trap and this amount was not counted
with the recovered alcohol. This reaction required 2.5 hrs. to give
5.5 ml., (61%) of water and 0.089 mole of hydrogen a5 the temperature

incressed from 172° to 197°.
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Furitication of the reaction mixture yielded 22 g. of recovered
cyclohexanol which c¢istilled at 67=0608° (12 mm.), nég 1.L6L5, and 11 g.
of benzyl alcohol which distilled at 9L4=96° (12 mm.). These fractions
were followed by 29 g. (31:) of impure Z2~-benzylcyclonexanol which boiled
at 158° to 165° (12 mm.) and which crystallized to an oily solid¢ in the
receiver., There were 23 g. of distillation residue and 2 g. of benzoic
acid; m.p. 115-118°,

Expt, ¢ 9. - This experiment was a repeat of expt. C o except that
36,0 g. (0.33 mole) of benzyl alcohol and 66,7 g. (0.67 mole) of cyclo-
hexancl were used. The reaction required 2.1 hrs. o yield k.4 nl.
(73%) of water ané 0,056 mole of hydrogen. The reaction itemperature
varied from 172° to 19L° during this time,

There were recovered L2 g. of cyclohexanol and 5 g. of benzyl alco-
hol., The 2=benzylcyclohexanol (30 g., L7%) distilled at 159° to 165°
(13 mm,) and there was 12 g. of high-boiling residue. 7The benzoic acid
obtained (1.5 g.) melted at 110° to 115°.

The other experiment of tnls series is included below as expt. C 12.
The experiments which follow all utilize 0,25 mole or Lenzyl alcohol and
D.75 mole of the secondary alcohol and are included in Table IX of the

iscussion.

Expt, C 10, = For this reaction, 27.0 g. of bengzyl alconol and 87.0
g. of heptanol-2 were used with 2 g. of accitional heptanol=-2 in the
weter trep. The reaction proceeded ror 4.5 hrs. during wnich time the
tempersture varied rrom 163° to 173° as 2,8 ml. (62%) of water and
0.05h mole of hydrogen were collected. The reaction gave only 0.05 mi.

of water during the last hour at reflux,
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The rdxtuae was separated to yield 66 g. of recovered heptanol-2,
which cistilled at &7-69° (13 mm.), n§5 1.4200, and 9 g. of Lenszyl
aleohol which distilled st 9L° to 105° (13 mm.); ngs 1.5302. ‘Yhere
were 13 g. (2he) of l-phenyloctanol-3 which disiilled at 153° to 165°
(13 mm.), ﬁés L4996, and 11.5 g. of distillation residue. “he water
layer yielded G.0 g. of bengoic acidi m.p, 118-320°,

The product was redistilied through the Todd colwmn to yield C.5 g.
of a forerun up to 165° {12 wmm.) and the l-phergyloctanol-3 (7 z.)
cdistilled at a constant 165° (12 mm.); nés 1.L985.

Ansl, Caled, for Cy)Hyn03 G 01.50%, H 20.75%%. Found: C 31.26%,
H 11,Cl%.

The allophanate was made and after two recrystallizations from

ethanol melted at $5.7=9G6.5%.

.

Anal, Calcd. for Cyglly Osfp: C 65.73%, 1 8.274. Found: C 85.56%,
H 3.L14.

Expt, C 11, - Benzyl alcohol (27,0 g.) and L-methylpentanol-l
(765 g.) woare used in this experiment and L z. »f the secondsry alcohol
was added o the water trape. This reaction was allowed to procesd until
2.7 ml. (605) of water had distilled (13.3 ars.) and 0.01¢é mole of
hydrogen was collected. 7The temperature range during the reaciion was
1L3° to 152° and the heating was kept at the minimum anrount neceasary tu
effect water separation.

Parification affo:ded 60 g. of recovered L-methylpentanol-l, which
poiled at 57-€0° (28 mm.) and 11 g. of benzyl alcohol at 95-28° { 11 mm.).
The product, l-phenyl-Semethylhexanol~-3, disiilled at 1he-150° {11 mm.);

¢ ,
n2® 1,5023. The yield was 15 g. (314) and there was 6 g. of cistillation
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residue, The water layer did nolt yield any acid upon acidificsation.

Anal. Caled. for C 81.20%, H 10,48%. Found: ¢ 81,314,

137200
Ul.00%3 H 10.45%, 10.38%.

This compound has been reported by Mastagli and he independently
synthesized it for a structure proof by an aldol condensaticn of Lenzal-
dehyde and li-methylpentanone~2, followed by reduction.gl He reports
the physical constants: b.p. 151° (15 mm.), niﬁ 1.,5010,

The allophanate was made and recrystallized twice from ethanol;
m.pe 132-133.5%,

Anal, Calcd. for CogHigaOglipt © 6L.72%, H 7.97%. Found: C 6L.81%,
1 d8.02%.

Expt., G 12. = This experiment was compared to expts. C 8 and C 9
and is included in 7Table IX of the Discussion. For the reaction,

27.0 g. of benzyl alcohol and 75.0 g. of cyclohexanol were used with

2 g. of acditional cyclohexanol in the water itrap. The reaction required
2.0 hrs. &8 3.4 ml. (75%) of water and 0.0LS mole of hydrogen were
collected over the temperature range of 172° to 186°,

From this reaction ihere were ottained 5L g. of recovered cyclo-
hexanol and 1 ge. of bengyl alcohol., The 2~benzylcyclohexarol distilled
at 156° to 165° (12 mm.), there being 29 g. (615) and 6 g. of distilla-
tion residue. The water layer yielded only 1 g. of benzoic acid; m.p.
115-118°,

The combined yields of the procuct from expts. C 8§, C 9, and C 12
were used for further identification,

Aunal. Caled. for CyH g0t G 82.20%, H 9.53%. Found: G 32.30%,
31,90%; H 9.L7%, 9.L5%.

This substance melted over the range of 55° to 02° and was
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saturated to bromine in carbon tetrachloride solution. It was dissolved
(75 g.) in 75 ml. of 90-10C° petroleum ether with warming. The solution
was chllled in an ice bath end the white crystalline precipitate was
filtered off to yield 3L g.; m.p. 75.5=76.5°. The petroleum ether was
evarorated to leave an olly solid which was distilled to zive 25 g.
boiling at 154-157° (13 mm.), 13 g. boiling at 157-159° (13 mm.) and
there was 3 g. not distilled, These fractions partially solidified and
they were recrystallized from petroleum ether., The 25 g, rortion
yielcded 3 g. of solid melting at 73-76° and the 13 g. portion yielded
2 g. of s0lid melting at 73-75°, The total pure 2-benzylcyclohexanol
isomer meliting st about 76° weighed 39 g. (524 of the mixture), The
literature values for this solid are: m.pe. 75“,9 ?6.5-7?.5°.92 This
s01i¢ was converteoe to its 3,5-dinitrobenzoate and after two recrystal-
lizations from ethanol melted at 134.5-135.5° (1lit. m.p. 13&-135‘,9
133-135°7%).

£ 1 g. sample of the 25 g. fraction above, sfter removing the
petroleun ether, was converted to a 3,5~dinitrovenzoate to give faintly
yellow needles after three recrystallizations irom ethanol; m.p. 126.5=
127.5%. ¥When a mixture melting point determination wass made with this
compound and the 3,5~dinitrotvenzoate obiained above (m.p. 135°), a
melting range of 110° to 125° was observed,

Anal. Caled. for C,oH, 0Nyt C 62,19k, H S.2Wk. Found: C 62.L8%,
62,2743 H 5.29%, 5.303.

The liquid isomer or mixture remaining after the removal of solid
alcohol could not be crystalliszed on allowing to stand or from ethanol,
ethanol-water, petroleum ether, carbon tetrachloride, benzense, ether or

dioxane. Thisg compound has not been reported in the literature but it
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may be that since the isomer melting at 76° was always obtained from
petroleum ether, that the mother liquors have never been investigated
for the other isomer.

To show that these two compounds might be cia and trans isomers,
the liquid isomer or mixture was converted to 2-benzylcyclohexsnone,

92,93 ,

which has been previously obtained from the solid isomer.
portion (3.5 g.) of the 25 g. fraction from above, after removal of the
golid isomer, wag dissolved in 25 ml. of glacial acetic acid and 1 g. of
chromic acid in 3 ml. of 80F acetic acid was slowly added. The mixture
wag allowed to stand for three dars and then poured into 100 ml, of
water. The water was extracted twice with 50 ml. portions of bLenzene
and the combined extracts dried and distilled. After the Lenzene had
been removed, the residual liquid distilled to give 2.2 g. (63%) of
2-benzylcyclobexanone, which boiled at 154-156° (1L mm.), ngs 1.5342
(lit.93 bepe 119-121° at 0.1 mm.). The semicarbazone was made and
recrystallized three times from ethanol-wsterj; m.p. 166-167° (lit.92’93
m.p. 168-169°).

The liguid residue after recrystallization of the 13 g. distilla-~
tion fraction did not show further purification by distillation since
Le3 g. of five small fractions of constant refractive index gave a
mixture of 3,5-dinitrobenszoates melting over the range of 108° to 116°
after one recrystallization from ethanol-water.

Expt, C 13. = For this reaction, the potsssium was reacted with
75.0 go of cyclohexanol and then 3L.S g. of p-methoxybenzyl alcohol was
added to prevent any ether cleavare by the potassium. There was 2 g. of
cyclohexanol added to the water trap and the minimum heating was applied

to the rmantle which would effect walter separation, The reaction was
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continued for 3.7 hrs. curing which time the tempersture increased from
177° to 187° as 3.bh ml. (75:) of water and 0.045 mole of hycrogen
collected,

From the reaction mixture there were obtained 5L g. of cyclohexanol
which distilled et 67-68° (12 mm.) and L g. of material which distilled
at 120° to 152° (12 mm.) and which is probably impure p-methoxybenzyl
alcohol; n§5 1.525Q. The product, 2-(p-methoxybenzyl)cyclohexanol
(26 g., LT7%), distilled at 195° to 207° (12 mm.); nﬁs 1.5419. There
was 11 g. of residue not distilled ancd the water lasyer yielded 2 g. of
a2 gurmy, brown solid which was not purified.

The product partially solidified after standing for two days and
was cdissolved in 25 ml, of 60-80° petroleum ether and chilled in an ice
bath to yield 11 g. of white needles; m.p. 52-55°,

Anal, Calcd, for 61&32002: C 76.50%, H 9.15%, Found: C 76.23%,
H 9.02%.

This solid was converted to its 3,S5-dinitrotenzoate which was
obtained as yellow needles after thres recrystallizations from ethanol;
m.p. 122-123°,

Anal. Caled. for C H,,0.N,2 C 60.86%, H 5.35i. Found: C €0.97%,
60.73%3 H 5.51%, 5.51%.

The mother liquor from the recrystallization of the 2-(Ermethoxy-
benzyl)cyclohexanol was evaporated to remove the petroleum ether. The
residue could not be crystzllized by allowing it to stand or from any of
the solvents given above for 2-benzylcyclohexanol. Ho further work was
performed on these compounds,

Bxpt., € 1. ~ This experiment is a repeat of expt. ¢ 13 using

p-chlorotenzyl alcohol in place of p-methoxybenzyl alcohol.
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The resction was sllowed to proceed until 3.L ml. (75:) of water
had been otiained (2.0 hrs.). The tempersture incressecd from 175° to
132° and only 0.015 mole of hyérogen was collected.

The purification yielded 52 g. of recovered cyclohexanol, which
distilled at 66=-69° (12 mm.) and 3.5 p. of material ¢istilling from 100°
to 170° (12 rm.). There was 28 g. (50%) of product distilling from 178°
to 120° (12 mr.), ngs 1.5L87, leaving 1k g, of residue. The water layer
yielded 0,7 z. of p-chlorobenzoic acid, melting at 210° to 218° and which
after one recrystallization from ethanol-water, melted at 2L0-241,.5°
(1it, m.p. 213°).

The product, 2-(Erchlorobenzyl)cyclohexanol, solldified after an
hour st room temperature and melted over the range of 80° to 95°, It
was dissolved in 25 ml., of 90-100° petroleum ether and recrystallized
to yileld 13.5 g. of white needles, which melted at 109.8-111°,

Anal. Caled. for C,.H .00l C 69.LTE, H 7.63%, Founds C 69.86%,
69.9h¢'s H 7.88%, 7.51%.

The petroleum ether was evaporated but the residue failed to yield
a different solid on standing or on attempted crystallization from the
solvents given above for 2-venzylcyclohexanol,

The pure product obtained was converted to its 3,5-dinitrobenzoate
which, after two recrystallizations from sthanol, gave tan needles
melting ot 122-123,5°,

Anal. Celed, for Chgyg0cN,Cls C 57.35%, H h.57%. Found: G 57.63%,
H }L.80%,

5. The Condensation of {ctanol-l with Secondary Alcohols

In theze experiments, except for the first one given (C 15), there
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were utilized 0.75 mole of the secondary aleohcl, 0.25 mole of octanol-l,
0,75 mole of potassium and 2,0 g. =of U,0,FP. nickel., It was found to be
necessary 1o use the minimum amount of heat from the mantle which would
permit water separstion. The standard apparatus and purification pro-
cedure were used except that the octanoic acid waa not isolatsed since so
little of it formed in =ach case. The amounts of alcohols added to the
water trap were not included in the recovery data.

Expt., C 15. - Tiis resction was betwsen octanol-l (&5 g., 0.50
mole) and heptanol-2 (58 g., 0.50C mole) and 2 g. of cach of the starting
alcohols was placed in the water trap. The reaction yielded 3.6 ml.
(LOZ) of wzter after 2.1 hrs. of refluxing with a temperature range of
183° to 202°. There was 0.11 mole of hydrogen collected.

Purification vielded 27 g. of recovered heptannl-2 which btoiled at
E7-69° (12 mm.) and 32 g. of octanolel at 90=-25° (12 rm.). The procuct
(20 g., 17%) was impure and distilled at 156° to 16L° (12 mm.);
nés 1.Lh%2,. This substance, pentadecanol~6, solidified in the receiver
at room terperature (21°) but completely melted on warming with the hand.
There was 3 g. of material which distilled at 178° to 185° (12 mm.);
n§5 1.1507. The experimentally determined values for 2-hexyldecanol-l
are: b.p. 182-18L° (16 mm.), nés 1.LL72. There remained from the
éistillation 18 g. of high-boiling resicdue.

Expt. C 16. = The standard quantities of octanol-l (32.5 g.) and
heptanol=2 (87.0 g.) were used in this experiment., In addition, 1 g. of
osectanol-1l ané 3 g. of heptanol-2 were placed in the water trasp. In
1.5 hra. there were obtained 3.4 ml. (75%¢) of water and 0.079 mole of
hydrogen over a tempersture range of 175° to 188°,

The reaction mixture afforcded 63 g. of recovered heptanol=2 and
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13 g. of octasnol=l, The impure pentadecancl-6 c¢istilled at 150° to 16L°
(12 mm.), nﬁs 1.Lbké., The yield of product was 18 g. (31%) and there
was 18 g. of distillation residue.

The product obisined in the above two reactions was unsatursted to
tromine in carbon tetrachloride snd evolved hydrogen bromide. The
combined product (30 g.) was dissolved in 100 ml. of 95 ethancl and
hydropenated over Raney nickel for one hr. at 150° and 2300 p.s.i. A
pressure crop of 150 p.s.i. was observed at room temperature. The
hydrogenated mnaterial was distilled to give |, g. of product boiling at
156° to 162° (12 mm.), ngs 1.L417, ané 23 g. boiling at 162-16L°
(12 mm.)s ngg 1.kh30. Both of these fractions were saturated to bromine
in carbon tetrachloricde. The forerun may have contained some of the
concensation isomer wherein the octanol~l had condensed on the [ -methylene
group of heptanol-?2, The main fraction was a solid which melted at
31-33°, and after one recrystallization from 30-60° petroleum ether
melted at 3L=35".

The pentadecanol-6 was converted to its a-naphthylurethane which,
after three recrystallizstions from 20-40° petroleum ether, melted at
50.5-52°.

This compound, pentadecanol-6, has been made by passing s mixture
of hexanoic and decanoic ascids over a thorium oxide catslyst at LOO®
and subsequently reducing the pentadecanone-6 to the alcohol.9h The
following properties were reported: b.p. 159° (10 mm.) and m.p. 36°.
The a-naphthylurethane melted at 5L°.

Expt. € 17. = Cyclohexanol (75,0 g.) and octanol-l (32.5 g.) were
used in this experiment. <ne g. of octanol~l and 3 g. of cyclohexanol

were used in the water trap. The resction reguired 2.5 hrs. to yield
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3.h ml. (755) of wster as the temperature rangeé from 175° to 190° and
0.0LL mole of hydroren was collected.

listillation of the reesction mixture ylelded 55 g. of recovered
cyclohexanol which distilled at 67-69° (13 mm,) and 3 g. of octancl-l
at 92-95° (13 mm.). There were also obtained 32 g. (615) of crude
2-octyleyclohexanol, which digtilled at 156° to 167° (1L mm.),
ggs 1.4656;, and 10 g. of high~boiling residue.

The product wss unsaturated to bvromine in carbon tetrachloride and
gave rather poor analyses for carbon and hydrogen.

Anal, Calecd. for Clh“aBO= C 79.18%, H 13.,29%. Fround: C 79.58%,
79.L0%; H 12.22%, 12,90%.

In orcder to get a better quality substance for analysis, the
compound (5.3 g.) was oxidized to the ketone with chromic acid as pre-
viocusly given for 2-benzylcyclohexanol. There was obtained 3.0 g.

(57%) of 2-octylcyclohexanonej b.pe. 155-159° (12 mm.), n%s 1.h625,

The semicarbazone was made and recrystallized three times from
ethanol-water;y m.p. 108-109.5°.

Anal,. Caled. for 315“29("’”3‘ C 67.37%, H 10.93%. Founc: C 67.18%,
H 11.00%.

The crude 2-octylcyclohexanol was reacted with 3,5-dinitrobenzoyl
chloride in pyridine but no solid derivative was obtained.

Expt. C 18, = This is the final mixed reaction that was studlied and
for it, 76.5 g. of L-methylpentancl-2 and 32.5 g. of octanol~l were used.
In the water trap were placed 1 g. of octanol-l and 3 g. of the secondary
alcohol. The reaction temperature varied from 151° to 165° during a
12.2 hr. reflux period while collecting 3.4 ml. (754) of water and 0,095

mole of hydrogen,
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The re:ction components were isolated to yleld 53 g. of recovered
L-methylpentanol-2 which cistilled et 60-63° (30 mm.) and 11 g, of
octanol-l which distilled at 90-93° (14 mm.). The procduct, 20 g. (358%),
which was 2-methyltricdecanol-l, distilled at 1L7-1L8° (3L mm.);
n§5 1.L40L, There remained 15 g. of non~distilled material.

Anal. Caled. for Cy)Hy0: C 78.L43%, H 1L.11%. Found: C 78.78%,
78.733; H 1h.,10%, 1h.20%.

The compound was converted to its allophanate andé recrystallized
twice from ethanol. It melted at 90-91,5° with slow heating (2° to 5°
per min,) but it was noticed that if the compound was placed in the
melting point bath sbove 60° it melted. When the temperature was
rapidly raised from room temperature, the substance melted at about
55° to 60° but remained cloudy and then cleared at about 89°, This
peculiarity in the melting point may be due to allotropic modifications.
0,H,: C 63.96%, H 10,7hE. Found: C 6L.35%,

16713203
6L.26%; H 10.69%, 10.704.

Anal, Caled., for C

An equivalent weight determination for this compound (13.37 g.)
was unsatlsfactory since a large excess of p-toluenesulfonic acid was
needed to catalyze the reaction., This apparenily caused a side
reaction which formed water because a 125% yield of water was obtained.
It is necesssary that further work be performed on this method before it

becomes satisfactory for secondary alcohols.
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D. The Nature of the Reaction

There are five experiments included here which were desizned to
show specific features of the reaction, 511 distillstions were through
an 8 in, Vigresux column,

Expt., I' 1, - Into the standerd apparatus was placed 102 g, (1.0
nole) of hexanol-l and 6.8 g. (C.175 mole) of potassium was reacted
with it in the prescribed manner., To the resulting sclution there was
added 2.0 g. of hexansl which had teen purified by a sodium carbonate
wash followed by drying and distillation., After 22,5 hrs. at the reflux
temperature (172°), the original yellow sclution was colorless tut only
0.02 ml. of water had collected, There was then adced 8.0 g. (0.08
mole) of hexanal and the solution refluxed for 12 hrs. longer. This
gave 2,9 ml. of water as the temperature incressed from 171° to 130°
and there wes no gas evolved,

There were obtained 62 g. of recovered hexanol (with no odor of
hexanal), 22 g. (21%) of 2-butyloctanol~l, which cistilled at 108-110°
(2.5 mm.); ngs 1.,1402. There were also 20 g. of non-distilled residue
and 2 g. of hexanoic acid,

Expt. I 2. = This reaction was performed to determine the efiect
on the Guerbet reaction of having mainly alkoxide with little alcohol
present. The isolation of a product is of interest. One mole (102 g.)
of hexsnol-l was placed in the stancard apparatus and 0.3 mole (11.7 z.)
of potassium was added ss previously described. ‘[he excess hexanol=l
was distilled off with stirring to lesve the solid white potassium
hexoxide. A total of 65 g. (91%) of the free hexanol-l was recovered,

The cake was broken up and 200 ml, of p-cymene was addeé with vigorous
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stirring. 7The exposure of the potassium hexoxide 1o the air caused it
to turn btrown which was probably due to azir oxidation. To the solution
wag sdded 2,0 g. of U.s.P, nickel and it was hested to reflux for 5.5
hrs, during which time the temperature varied from 173° to 175°. %o
water distilled and only €.029 mole of hydrogen was collected,

Purificatlon of the reaction mixture gave 5 g. of a colorless
liquid distilling from 90° 1o 102° (2.5 mm.) and 5 g. of a colorless
product from 102° to 103° (2.5 mm.); n§5 1.1412, There were 2 g. of
distiliation residue and 18 g. of hexanoic acid.

The second fraction sbove is apparently 2-butyloctancl-l but the
first fraction contained an aldehyde., It gave positive tests with the
2y=é¢initrophenylhydrazine and fuchsin-alcdehyde reagents., It was con-
verted to its 2,L-dinitrophenylhydragzone and recrystalliized twice from
ethanol to give golden plates; m.p. 95-96°.

Anal, Caled. for CygHygM) 0y G 59.32%, H 7.75%, ¥ 15.375. Found:
C 59.L41%, 59.L5k; H 7.83%, 7.95%; H 15.61%, 15.L7%.

From these results and hecause of the starting alcohol used, it
would appear that this compound is 2-butyloctanal. To ghow that it was
not 2«-butyl~2-octenal, this latter compound was prepared in a small
amount by an aldol condensstion. This material, s pale yellow oil,
¢istilled at 103-10L° (3 mm.): n§5 1.Lh551. Its 2,k-dinitrophenyl-
hydragone was made which, when recrystallized twice from ethanol, yielded
trillant red needles melting at 133-13L°.

Anal. Caled. for CszéNh{}h: C 59.65%, H T.23%, N 15.1i6%. Founc:
C 59.73%, 60.00%; H 6.,99%, 6.99%3 N 15,47%, 15.L2%. 2 mixture melting
point cdetermination with the above 2,L-dinitrophanylhydrazone gave a

melting point ranpge of 85° to 108°,
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Expt. T 3. - This experiment represents an attempt to rearrange
2-ethyl-2-hexenol-1l to 2-ethylhexsnal, Into a 500 ml., three-necked
flask equipped with a condenser, a half-moon mechanical stirrer ang a
thermometer was placed Th g. (1.0 mole) of te-butyl alcohol (b.p. 81-82°).
The flask was swept with nitrogen for s few minutes and then 3.9 g.

(0.1 mole) of potassium was added in mmall pieces while stirring the
alcohol. The solution was protected from atmospheric moisture by a
calcium chloride tube and after all of the potassium had reacted,

22,0 go (0.17 mole) of 2-ethyl-2-hexenol-l was adced. (The preparation
of this compound is given below.) The solution wesz held at reilux (87°)
for twenty min, and then poured into 100 ml, of cold water. The organic
layer was washed once with 50 ml. of water and the combined water layers
were extracted twice with 50 ml. portions of ether which were added to
the organic layer, dried over anhydrous magnesium sulfete anc distilled.
There was recovered 19.7 g. (90%) of the 2-ethyl-2-hexenol-l, which
distilled at 86~86.L° (18 mm.); ngs 1LL93.

Expte I L. = In the same apparatus as used in expt. ' 3 wes placed
£5 go (0.5 mole) of 2-ethylhexanol-l and 3.9 g. (0.1 mole) of potassium
was reacted with it. The solution was haated to 150° and 19.7 g. (0.15
mole) of 2-ethyl=-2-~hexenol-l was added in one portion. %he temperature
was maintained at 150° to 160° for 7.0 bhrs. with the reaction mixture
under an atmosphere of nitrogen.

The mixture was poured¢ into 100 ml., of water anc the layers were
separated. The water layer was exiracted twice with 50 ml. portions of
ether which were combined with the organic layer, dried and distilled.
This gave &7 g. of material, distilling at 81-86° (15 rm.), which was

nainly 2-sthylhexanol~l snd may have contained some of the unrsacted
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alcohol. Further cdistillation gave a fraction (3.5 g.) from 122° to
143° (15 mm.); ngs 1.L49L. The next fraction (2.3 g.) distilled at
1UL=-148° {15 mm.); ngs 14526, 'this latter fraction is helieved to be

1l Lepe Lih=1L6° at 14 rm.). Several carbon

pis-(2-sthylhexyl)ether (1it,
and hydrogen analyses were performed for this subsliance but it zave
erratic resulis. Since only 2 small amount of materisl was obtained, it
was not further purified.

1he water layer, by the stancerd purification procedure, yielded 3 g.
of 2-ethylhexanoic acid, distilling at 120-122° (15 mm.), qgg 1.54271,
leaving 2 g. of distillation regidue. The calculated neutral egulvalent
is 1kl and the values obtained experimentally were 1L% anc 1L8. The amide
was made anc alter two recrystallizstions from water, melted at 100-101°
(lit.27 101~102°). The literature physical constants for ithis acid are?g
bap. 119-121° (1 mm.), n” 1.L255.

Preparation of 2-Lthyl-2-hexenal. - This compound wis prepared
according to Haeusermann.?é Eighty-five g. (1.18 mole) of butanal yielded
ol go (864) of 2-ethyl-2-hexenal; bt.p. 65-65.27 {15 mm.), ngs 1.4h93.
Haeusermann gives: yield 86h, bt.p. 59.5-60° (10 mm.), n%g 1.h556.

: . * L ; .
freparation of 2-Lthyl-2-hexenol-l, - This compound was prepared by

the procedure of lystrom and Erown.96 in & 500 ml., three-necked f{lask
equipred with a half-moon mechanicsl stirrer, z dropping funnel and a
Friedrichs condenser, which supported a calcium chloride tube, was placed
100 ml. of an ether solution containing Li.O g. (0.1l mole) of lithium
aluminum hydrice. A solution of 25.2 g. (0.20 mole) of 2-gthyl~2~hexenal

in 75 ml. of ether was added through the dropping funnel at a rate

*The author is indebted to Mr. &. G. Bice f{or this preparation.
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(L5 min. for complete addition) such as to maintain pentle refluxing,
The mixture was stirred for 10 min, longer and then 5 ml., of water was
cautiously added dropwilise to decompose the excess lithium sluminum
hydrice. The contenis of the flask were poured into 10C ml. of water
and 10i sulfuric acid (20C =ml.) was added uantil all of the solid
material dissolved, The layers were separated and the water layer was
axtracted with two 50 ml., portions of ether which were acdded to the
organic layer, dried over anhydrous magnesium sulfate and distilled.
The product distilled at 86-86.8° (18 mm.); ngs 1.L493. The yield was
22 g. (362). 7The literature physical constants for this compound are:??
tope 68=T1° (12 mm.), n§2 11118,

Expts I 5. ~ This experiment wss performed to determine if any
ester could be present in the Guerbet resction mixture. A high concen-
traticn of alkoxide was used since this gives a high yleld of =aclid and
the acid ray form by hydrolysis of the ester during the isolation.

One-third mole (13 g.) of potassium was reacted with 1.0 mole of
hexanol-l in the standard spparatus. Two g. of U.0,7. nickel was
added to the solution and % ml, of hexanol-l was plsced in the water
trap which was not included in the recovered aleohol, The solution
temperature at the beginning of refluxing wes 201° andé hydrogen was
being evolved. Luring a 1.1 hr. induction period, the temperature
decreased to 197° and 0,39 mole of hydrogen collected, Upon continuing
the resction for 3% min. longer, O.L7 ml. of water and 0,58 mole of

tal hydrogen collected. The final solution temperature was 225°,

The mixture was cooled to 15° and 30% acetic acid (90 ml,) was
added with stirring until the aqueous layer was neutrsl., The nickel

was removed by filtration and the neutral water lasyer wss separsted,
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The organic layer was exhaustively extracted wilth saturated sodium
bicarbonate solution until no further acid was obtained. The remaining
organic layer was placed in a 500 ml, Erlenmeyer flask with 75 ml. of
10¢ sodium hycroxide. A condenser was attached and the flask was heated
on a steam bath for 2 hra. The mixture wass cooled and the basic water
layer was sepasrated and seidified, tut this did not yield any acidic

material.

The sodium bicarbonate extracts were acidifie¢ and the organic acid
removed, The remaining water layer was extracted twice with 50 ml.
portions of benzene and these were added to the acid material. Distil-
lastion of the benzene solution ylelded 27 g. of hexanoic =acid, which
boiled at 200° to 210°.

The organic layer f{rom the attempted ester hydrolysis was dried
over sodium sulfate and then distilled. This ylelded 7 g. of recovered
hexanol-l and 38 g. (L1%) of 2-butyloctanol-l which boiled at 108-111°

(3 mm,) and there remained 13 g. of non-distilled material.



IV, SUMMAYFY

According to the recent work of Eeiﬁmann,ll the (uerbet condensation

rroceeds as follows:

2 OH,CH,CH,OH ~HOK s socnonCHO + 2 H (2)
3772 372 2
2 633082%'{0 > CH CH Cﬂﬁﬁf} + HYO (v)

372 322

CH_CH_CH=CCHD + CH,CH,.CH, OH + ﬁ20~——~€>CB CH Ch ZBGH QH + CH CHZCOéH (e)
3

The sum of these equations is:

CH,,CH,0H ~w§2§~> CH,CH, CH HCKQGH + CH GHQGGZH + 2 ﬂz (a)

3 CHCHCH, 3
Hy

An autoclave was required for his work and the yields were only moderate,
partly because of the undesirable side reaction which formed the acid.
In the present study, certain modifications were introduced and as
a result an open reflux system could be used. With this aystem, the
amounts of product alcohol, acid, water and hydrogen could be determined
under a variety of conditions. The results of these and certain other
studles suggested that, at least under the modified conditions, the

reduction proceeds according to (e) rather than (c).

Cﬂaﬂﬁ CH=CCHO + 2 GHBGﬁzcﬂaﬂﬁ -é9§Le>Ch GH ﬁﬂ BGH Qﬂ + 2 Cﬂaﬂﬁ cHo  (e)
H

3

The major features of the reaction are given by (b) and (e), which upon
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addition give (f) as the primary over-all process:

i e FOK
I 1.CH, OH =<2 CH_CH.CH.CHCH.OH 1,0 '
2 HBGHEC iaa:ra mscaewg ﬁc 23 + qu (£

f3

A detailed sequence of steps for (e) is proposed.

In ecorroboration of a recent patent which came to the author's
attention after the laboratory work had been completed, it was found
that the reaction was catalyzed by nickel and that it was advantageous
to remove the by-product water as rapldly as poszsible by distillation
into a water trap.

A ecareful study was made to deteirmine the opliimm time and tempera-
ture and the optimm amounts of nickel catalyst and slkoxide. The
reaction is readily carried out by dissolving the potassium in the
reactant alcohol, adding the nickel and refluwing with stirring for one
to five hours in most cases. Since the temperature derpends upon the
alkoxide concentration snd the boiling points of the reactant and
product alechols, the effect of varying the temperature was determined
by studying the series of normsl primary alecohols with four to ten
carbons, The desired products were obtained with conversions of L2% to
€2% and in yields of about 70%. It was found that at the higher reflux
temperatures, equally good yields of the procduct alcohols were formed
rapidly in the absence of the catalyst. Under optimum conditions, the
amount of acid formed wes approximately 5% by weight of the starting
alcohol., The amount of acid incressed and the amount of water decreased
with increasing alkoxide concentration.

A variety of pairs of alcohols were studied in an attempt to deter-

rine which mixed condensation products could be prepsred satisfactorily.
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It was found that the benzyl aleohols condensed in good yields with
normal primary alcohols snd with certain secondary alechols, including
cyclohexanol. Normal primary slcohols also condensed satisfactorily
with these secondary alcohols.

The product alcohols were characterized by conversion to the solid
allophanates and in certain csases by measuring the volume of water evolved

upon etherlificstion with triphenylcartinol.
It 1a felt that as a result of this study the Guerbet reaction has

been developed into a faclile laboratory process suitasble for making a

variety of alcohols in good yield.
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