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I. HISTORICAL INTRODUCTION

The literature of organic chemistry contains many examples of 
reactions -which have been studied, in only a cursory Manner* The 
reasons 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* As a consequence, a reaction 
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 Ouerbet 
reaction and its modification which is the subject of this thesis*

Gusrbet, in a series of papers beginning in 1899, demonstrated 
that an alcohol in the presence of the corresponding sodium alkoxide 
would self-condense when heated in a sealed tube* This may b© repre
sented for propanol-1 as follows*

CH CH CH OMa
(1 ) 2 CH^CHgCffgOH ----------220  >  CH^HgCBgCBCHgGH *  Hg0 .

3
In addition, higher molecular weight alcohols and mixtures of acids were 
formed* Gusrbet was able, in part, to show the scop© of the reaction by 
self-condensing primary or secondary alcohols which contained a r-methy
lene or methyl group* In the case of mixed alcohol condensations, it 
was necessary that at least one of the alcohols contain such a methylene 
or methyl group*

The fact that primary alcohols formed mainly acids when heated with
ipotassium hydroxide, while secondary alcohols formed only condensation

h <products and tertiary alcohols did not react, led Gusrbet to



suggest this 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 alcohols fail#

7 8Other workers * did little to improve the reaction until Weizmann
9and his co-workers reported their results in 1937# This and subsequent

10 11papers put the Guerbet reaction on firmer synthetic grounds. *
1?The first proposal of a reaction mechanism “ assumed that the 

alcohol was initially dehydrogenated to the aldehyde, 1#©#,

(2) 2 CH3CR2CH2OH ------- >  2 C^CHgCHO ♦ 2 Hg ,

which then underwent an aldol condensation in the alkaline medium with 
water elimination,

(3) 2 CH3CH2GHO ------- ^ CM3CH2CH*gCHO ♦ HgO .

This product was then reduced to the saturated alcohol by molecular 
hydrogen,

(h) GH3CH2G1«9CH0 + 2 H 2  > GH^HgCHgfHCHgGH .
CH-  CH ̂3 3

Weizmarm1 s group suggested a different route for the last step as 
follows s

(£ )  CH3CH2CH-^CHD + CH3CH2CH20H 4- HgO ------- >  CH3CHaCH2giCHgOH + Cfl̂ CHgCOQH•

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

The main modification of Weizmann1s group was to use an autoclave
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instead of a sealed tube* The temperature at which the reaction began 
was 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 results were obtained 
when approximately 0.3 mole of sodium was used to 1.0 mole of starting 
alcohol. Ho solvent other than the alcohol itself was used.

The results were good for the self-condensation of primary alco
hols having a methylene group adjacent to the methylol group. The 
alcohols used were propanol-1, butanol-1, 3-methylbutanol-1, pentanol-1, 
and octanol-1. The conversions to the condensed alcohols were 1|8, 61,
51, 1+8 and 35$, respectively. Approximately one mole of acid correspond
ing to the starting alcohol was also formed for each mole of condensed 
alcohol.

The reaction of 2-ethylhexanol-1 under the conditions favorable 
for the self-condensation of normal primary alcohols gave only 2-ethyl- 
hexanoic acid and bis-( 2-ethylhe;xyl) ether•

Primary alcohols were found to condense with cyclohexanol in 
widely varying yields to form the corresponding £ -substituted eyclo- 
hexanols. For example, butanol-1 gave a 6ly yield of 2-butylcyclohexanol, 
benzyl alcohol gave a 33$ yield of 2-benzy Icyclohexana 1 and hexatlecanol-1 
gave only an 8$ yield of 2-hexadecyleyclohexanol•

The yields were also erratic and poor for the condensation of £ara 
substituted benzyl alcohols with normal primary alcohols. Thus, benzyl 
alcohol condensed with propanol-1 to form 2-benssylpropanol-l in 32  ̂

yield, while £-methoxybenzyl alcohol reacted with butanol-1 to form
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2-(£-methoxy benzyl)but ano1-1 in only 20% yield.
This work made the Gusrbet 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 th© reaction
scope but, in addition, gave an improved picture of the sequence of
steps involved in th© over-all reaction*

There are three main weaknesses of Weiaaann's procedure* These
ares inefficient use of the starting alcohol due to its conversion in
part to th© corresponding acid, the need of high pressure equipment
which is not always available in th© organic laboratory and the absence
of an indicator to show the extent of reaction*

In the sequence of steps given above for the Guerbet condensation,
it appears reasonable to consider that the dehydrogenation of the
alcohol to the aldehyde may control the over-all rate* In the work of
Guerbet and Weizmann, discussed previously, it appears that the aldehyde
is formed by the thermolytic dehydror©nation of the alcohol* The use of
a carbonyl compound together with an alcohol might well facilitate the
dehydrogenation since an Oppenauer oxidation would seem probable under
these conditions. Such a system was used by Mastagli who studied the
effect of potassium or sodium hydroxide in benzyl alcohol at the reflux

13temperature on carbonyl compounds and p,Y-unsaturated alcohols. The
concentration of the base varied from 0*50 to 2.0 normal*

The potassium hydroxide-benzy1 alcohol reagent reacted with 
various substituted benzaldehyces to form substituted benzyl alcohols 
and benzoic acid in good yields* This may be represented by the follow
ing equations:

(6) Ĉ HgjCHgOH + fc-IC^CHO —  C ^ C H O  + 2rxc6BkCM2OB
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(?) 2 C6H^CHO + K.QH >  C6H^C02K + C^^CHgOH .

In typical examples, X was the ©ethoxy or isopropyl group. The only 
acid isolated was benzoic acid, formed by a Cannizzaro reaction as by 
equation (7)*

When the added aldehyde contained an a-methylene group, a ©ore 
complicated reaction ensued. This phase of the work will be considered 
in detail only for but anal since the yields of the various products were 
not given. The same general 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 condensations and reductions. 
Thus, butanal with the potassium hydroxide-benzyl alcohol reagent formed 
2-benzylbutanol-l, 2-ethylhexanol-l and benzoic acid* Mastagli repre
sented these results by th© following group of equations but since the 
yields were not given, it is not possible to evaluate their relative 
importance.

(1 1 ) 2 CH,CIIoCII9CH0 —  ™ ~ >  CH-CH*OT9CH*CCH0 + H -0
 ̂ J * CH2CH3 *

(8) C^HjXHgQB + CH3CH2CH2CHO >  c6h^cho «* ch3ch2ch2ch2oh

(12) Cii3CH2CH2CH* 2 G^H^GHgOH  >  CH3CHgCHgCHg^BCHgOH ♦ 2 C^l^CHO
CII Cfl 2 3



The benzaldehyde which was not consumed by condensation underwent a 
Cannizzaro reaction as shown by equation (?).

To show that equations (10) and (12) might represent the mode of 
obtaining th® reduced alcohols, several 2-alkylcinnamaldehydes were 
treated with th© same reagent. The expected products, the 2-alkyldihy- 
droeinnaisyl alcohols, were obtained*

It was found that the reactions developed for aldehydes were also 
applicable to ketones. Several ketones were treated with the reagent 
and the products identified.

The chief importance of this work is not its synthetic applica
tions, but rather in th© 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 feature of this work was 
the proof of structure and the characterization of the products formed. 

Th© hydrogenation of carbon monoxide in the presence of zinc and
chromium oxides to form methanol and higher alcohols may be similar in

11some respects to the Guerbet reaction. Some of the higher alcohols
formed are ethanol, propanol-1, butanol-1, and 2-methylbutanol-l. All
of these are believed to arise by successive aldolizations of the
intermediate aldehydes. Indeed, the proportion of higher alcohols
formed increased proportionally when th© 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 aldehyde or a
ketone containing an a-methylene group is treated with aqueous or non-
aqueous alkali, the primary reaction is the altiol condensation. This

1^is believed to proceed by the following mechanism, J using acetaldehyde
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as an examples

(13) CHJ3H0 +

(lii) CHgCHcP ♦ CH GHQ — ^  CH^CHGHgCHO

(15) CH CHCH_CHO 4 BflP =  y  2 ~C£>
^  CH^CHCH-CHO + B

36h 2

The reaction is reversible throughout, as written, and if the tempera
ture is raised much above room temperature, considerable dehydration
normally occurs to give the a,p-unsaturated aldehyde• The dehydration

16is apparently also a reversible process.
If the added catalyst is an acid a similar, but not identical,

situation exists. The product in this case is the unsaturated aldehyde
since th© transformation of alcohols to olefins is normally acid 

15catalyzed.
The aldol equilibrium is most favorable for th© condensation of 

aldehydes but it may be conveniently shifted to make it a practical 
process for ketones. A well-known example of this is the aldol conden
sation of acetone which forms diacetone alcohol in good yield if the
acetone is allowed to distil onto barium hydroxide contained in a 

17Soxhlet thimble.
The conjugate base in equation (13) may bs formed from a variety 

of active methylene compounds. The methylene compound may be another 
aldehyde, a ketone, an ester, an aliphatic nitro compound, or any 
compound having on© or more electron attracting groups attached to a 
carbon having at least on© hydrogen.

The general equation for conjugate base formation is?



where at least one of the X, Y, or Z substituents is an electron 
attracting group, Th© greater th© electron attracting nature of the 
attached group* th© jnore acidic will b© th© compound and th© weaker will 
b© th© base required for the formation of the conjugate base. This is 
strikingly demonstrated by the fact that aqueous sodium carbonate is 
sufficiently basic to give th© conjugate base with aldehydes in the 
aldol condensation, However, the Claisen condensation of ©thy1-2- 
methyIpropionate to form th© f -keto ester has not been effected with 
sodium ethoxide. A stronger base such as sodium triphenylmethide can
give rise to the conjugate base and th© reaction proceeds in fair

- I *  I®yield•
The conjugate base once formed, may then condense with th©

I f
carbonyl compound, as by equations (lit) and. (15) above. The aldol, ^
Knoevenagel,^**^ Perkin, ̂  9 ̂  Stobb©,^ Claisen^ 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 a-hydrogen may undergo the
Cannizzaro reaction. This is th© diaproportionation of an aldehyde to
sn alcohol and an acid. Equation (7) above is a typical example• If
two aldehydes are used, it is called the wcrossed” Cannizzaro reaction.

Other reagents, in addition to alkali hydroxides, which will
effect th© disproportionation include alkaline earth metal hydroxides,
alkali metal amides in liquid ammonia, alkali metal alkoxides in
alcohol, and magnesium or aluminum alkoxides in alcohol or in an inert 

16solvent. The last two types of reagents represent an interesting 
modification of the Cannizzaro reaction, which is referred to as the
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Tischtsehenko reaction. The product is the ester instead of the acid 
and the alcohol, i.e.,

(16) 2 C6H,XHO   >  g6h5co2oh2c6hs .
Al(OR)

This reaction is normally performed at about room temperature but in the
presence of alkali metal alkoxides at 100*, considerable transformation

oh 2dof the ester occurs to give an ether and acid. *

(1?) C6H£C02CH2C6Hg + HONa  ----- >  C^H^COgNa + ROCHgC^Hj .

A completely satisfactory mechanism for th® Cannizzaro 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 th© existing 

2 6postulates.
Norb and co-workers have made an interesting study of the effect

27 28of different metal alkoxides on aldehydes. 9 Excellent yields of the 
dehydrated aldol were obtained when aldehydes containing an e-methylene 
group were treated with sodium alkoxides. Aluminum ethoxide gave the 
Tischtsehenko reaction while calcium ethoxide, magnesium ethoxide, 
calcium aluminum ethoxide, and other complex alkoxides promoted the 
formation of the mono-ester of a 1,3-glycol. These glycol esters are 
believed to arise by the aldehyde first undergoing an aldol condensation,

CafOCJi^
(18) 2 HCH-CHO   >  bqiuchcho

GHOHCHgF. *

followed by a wcrossed” Tischtsehenko reaction to give the product,

(19) BCKCHO + RCHJ3H0 ------ ^  RCHCH.oIcH.R .
CHOHCHjR * CHOHCHgE
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The results were somewhat different for aldehydes having only one 
a-hydrogen. When a strongly basic catalyst such as sodium ethoxide was 
used, the product was mainly the mono-ester of the glycol* All other 
types of catalysts were insufficiently basic to yield the aldol reaction
and the chief product was the simple ester/by a Tischtsehenko reaction.

The Meemein-Ponndorf-Verley reduction and the Oppenauer oxidation 
have became quite general and of increasing importance to the organic 
chemist. These reactions are equilibrium processes and they both may be 
represented by the following equations

The reaction is named, then, according to the purpose. If it is desired9to reduce R-jOÊ , it is called the Eeerwein-Ponndorf-V or ley reduction and

a variety of aldehydes, ketones or quinon©3, although acetone and cyclo— 
hexanane are most commonly used. For the oxidation, F10H is ordinarily 
aluminum tertiary butoxide, isopropoxide, or phenoxide.

formed

OH

1, is isopropyl alcohol and MOE is aluminum isopropoxide
versely, should it be the R^cHJb which is to be oxidised, the reaction is

•*0 ? called the Oppenauer oxidation."* In this case P.-Sê  may be any one of

30One possible mechanism for these reactions is,

(21)

This mechanism has been illustrated using an aluminum alkoxice but
alkoxides - of the metals of groups I, II, III , and, IV have been used and



11

as Woodward has pointed out, aluminum should have no unique function
Aluminum alkoxides do give, in general, the most desirable results 
because they have little tendency to promote condensation reactions and 
they are soluble in both alcohols and hydrocarbons•

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 th© most part. It should bo noted, however, that Adkins 
and his co-workers have measured the oxidation potentials of a large 
number of carbonyl compounds equilibrated with their alcohols in the
presence of aluminum alkoxides so that a wiser choice of the desired

32additive can b© made.
A large difference in oxidation potentials between two carbonyl 

compounds equilibrated with their alcohols does not, in itself, Indicate 
that the reaction will be successful. Referring to equation (20)3 even

oxidation-reduction will not necessarily proceed satisfactorily to give

be considered and this factor cannot be predicted except by analogy. 
Adkins' group found, for example, that while 1,3-dimethoxyacetone had
th® highest oxidation potential of any compound measured, its rate of
attainment of equilibrium was exceedingly slow. On the other hand,
acetone and cyclohexanone have relatively low oxidation 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 reactions, ease of isolation
of the products and methods of shifting the equilibrium. Thorough

09 30discussions of these factors are given in the references• *

may have a much iiigher oxidationthough R. potential than % ^‘ie

a good yield of R^CR^. The rate of attainment of equilibrium must also*
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It is possible that these redox reactions may not be limited to
the carbon-oscygen system. For example, one worker reported the reduction
of benzalaniline to benzylaniline, azobenzene to hydrazobenzene, cinnamic
aeic to dihydrocirmamic acid, besiBOphenone to beiizhydrol and anthraqui-
non© to anthrahydroquinone by the action of 3-methylbutanol-l and Its
sodium alkoxide at the reflux temperature. %hile the Guerbet reaction
was also apparently involved (see Discussion), the actual reduction may
well have been of the Heerwein-Ponndorf-^erley type. Indeed, it Is
possible that this is one of the first examples of this reaction. The
same phenomenon may also be illustrated by the reduction of aromatic

3it 3*>nitro and nitroso compounds by alkali alkoxides. 9 Relatively little 
work has been done on these types of reactions so that their similarity 
to the Keerwein-Ponnhorf-Verley reduction-Oppenauer oxidation can only
be estimated.

A very interesting modification of the carbon-oxygen redox equi
librium has been the use of Raney nickel instead of a metal alkoxide to

36effect the hydrogen exchange. Thus, cholesterol, benzoin, benzhydrol 
and fluorenol were all oxidized to the corresponding ketones by the
action of Raney nickel and eyelohexanone in a refluxing toluene 
solution• It was also found that the reverse procedure could be effected 
by using cyclohexanol or a variety of other alcohols as the hydrogen 
donors•

Apparently metal catalysts are able to promote a variety of reac
tions of compounds containing carbon-oxygen functional groups. A few
examples will illustrate this adequately. Raney nickel and platinum

37 38have been used to catalyze th© Cannizzaro reaction. 9 Metals such 
as magnesium and aluminum amalgum have been used to effect the benzoin
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39condensation. The aldol condensation and the Tischtsehenko reaction

apparently occur at high temperatures in the presence of a variety of 
hO hi li2metal oxides*' * ' 9 Fancy nickel has been found to cause 'p,Y-unsatu- 

rated alcohols to rearrange to the corresponding saturated aldehydes or 
ketones • The dehydrogenation of ethanol and propanol-1 over a nickel- 
thorium or a cobalt-thorium catalyst gave considerable amounts of 
acetals.^ It might be anticipated, therefore, that as organic reac
tions become better understood 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 th© practicing organic chemist.

The above discussion has been given to explain the present status 
of the Guerbet reaction and to show, in part, the importance of 
catalytic influences upon reactions of alcohols, aldehydes and ketones. 
The remainder of this dissertation is devoted to a study of certain 
modifications of the Guerbet reaction and © proposal as to its nature.
It will be seen that catalytic influences are of great importance.



II. DISCUSSION

/>. Exploratory Experiments

The origin®! objective of this research was to determine khether 
the important Keerwein-Ponndorf-Verley method for reducing carbonyl 
compounds to alcohols and the Oppenauer method for reversing this reac
tion could be extended to the nitrogen analogs of these compounds, which 
are the anils and the amines* In an experiment directed toward this 
end, the effect of sodium hexoxide in hexanol-1 on benzalaniline was 
studied* Bensylaniline was obtained as desired but It was of consider
able interest to find that hexanoic acid and 2-butyloctanol-l were also 
formed* Previous workers had used 3-methylbutanol-l and its sodium 
alkoxide to reduce benxalaniline and obtained 3-methylbutanoic acid but 
did not report the formation of the ten carbon alcohol, although they
referred to the Guerbet reaction as the most logical route for the 

33reduction.
The formation of 2-butyloct anol-1 and hexanoic acid from hexanol-1 

strongly indicated that a Guerbet type of reaction had occurred. This 
could have proceeded by a hydrogen exchange between hexanol-1 and 
benaalaniline as given by equation (1):

The aldehyde so formed could then react as shown by equations (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 Introduction is
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not a satisfactory laboratory process because of the need of an auto
clave, the undesirable formation of acid, 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, sine© the work 
with sodium hexoxibe suggested a promising method of doing this, th© 
original objective of this work was abandoned in favor of the new goal. 
It is felt that the new objective has been reached in a satisfactory 
manner since as a 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 th© reaction has been more completely defined and
the course of the reaction has been further elucidated.

The attempt to evaluate the Guerbet reaction by using benzal- 
aniline as a hydrogen acceptor was not successful because of the 
difficulty encountered in separating the bensylaniline from the 2-butyl
oc tano 1-1. A few typical experiments on this phase of the work are
included in the Experimental.

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

Th© first metal dehydrogenation catalyst tried was Raney nickel*^ 
This was added to a solution of sodium hexoxide in hexanol-1 and the 
solution was heated at reflux for 20 hours to obtain a fair yield of 
the twelve-carbon alcohol. It was observed during this reaction that 
water had formed and condensed on the upper parts of th® reaction flask.
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It seemed desirable to remove this by-product water and in the subse
quent experiments a Iean-Stark water trap was used to accomplish this.

in the typical procedure using a dehydrog©nation catalyst, the 
alkali metal was reacted with the alcohol contained in a three-necked 
flask equipped with a thermometer, an efficient mechanical stirrer and 
a I;ean-Stark water trap surmounted by a reflux condenser. After all 
of the alkali metal had reacted, the dehydrogenation catalyst was 
added,. Heat was applied with a MGlas-ColM mantle. The by-product water 
collected in the trap, as r®fluxing was continued, and the temperature 
was allowed to rise as high as required to maintain the r©fluxing. Mot 
only did the removal of the water allow a much higher temperature to be 
attained, but it also allowed, the reaction to be readily followed 
merely by noting th© volume of water formed. It is also possible that 
removal of the water decreased the amount of acid formed (see below).

It was difficult to evaluate accurately the effect of Raney 
nickel on the Guerbet reaction since it could not be conveniently 
weighed with accuracy after it was prepared from the nickel-aluminum 
alloy. The alloy can be weighed to make up accurate weights of the 
catalyst but it is difficult to reproduce the catalyst activity from
batch to batch• If a single large batch of catalyst is made for a

16number of experiments, its activity changes markedly with time, +
Three supposedly identical experiments were performed using 1.5 

moles of hexanol-1, 0.30 mole of sodium and 3.51 g. of Raney nickel 
prepared separately for each experiment. This amount of nickel was 
contained in 6.25 g* of the nickel-aluminum alloy used, since it was 
56.1% nickel as determined by gravimetric analysis. The temperature 
ranges during th© reactions varied considerably m  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 consistent, how
ever, being 35$* 11% and lQ%. Since it seemed desirable 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.

Universal Oil Products Hydrogenation Catalyst was tried ©s an
1 ty

alternate to Raney nickel. This material is 50-55% nickel as the
metal and metal oxides supported on kieselguhr and will be referred to
hereafter as U.O.P. nickel. This catalyst is commercially available
in pellet form and is activated for hydrogenations by heating it

18strongly in an atmosphere of hydrogen. In this investigation the 
only treatment of the catalyst was to grind it with a mortar and pestle 
until it all passed a 100 mesh sieve. A single batch, sufficient for 
all of the work reported in this thesis, was propared.

Table I shows the results of certain preliminary experiments with 
U.O.P. nickel. In each experiment 1.5 moles of hexanol-1, 0.30 mole of 
sodium and 2.5 g. of U.O.P. nickel were used, with a 3.5 hour reflux 
period after water began to distil from the reaction mixture.



Table I
Preliminary Studies with U.O.P* Nickel

Induct• Temp. Moles of Products
time, ranee, 2-Butyl- Kexanoic

Expt. hrs. • c ' Water octanol-1 Acid

A 11& 1.5 166-208® 0.31 0.39 0.13
A 12® 1.5 166-219° 0.27 0.35 0.17
A 13b 2.5 165-203° 0.27 0.37 0.13
A ll,e 3.5 166-188* 0.20 0.3*4 O.llt

SiCatalyst powder added prior to reacting the sodium with the h©xanol-l.
bCatalyst powder added after reacting the sodium with the hexanol-1.
cCatalyst pellets added after reacting the sodium with th© hexanol-1.

It is evident from these results that U.O.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 hydrogen, (experi
ments A 11 and A 12 compared to experiment A 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 addition of the catalyst and the appearance 
of th® first drop of water in the trap. While allowing the catalyst to 
have access to hydrogen decreases the total reaction time, it was felt 
that it would be undesirable to activate it since the extent of activa
tion would vary with the amount of alkali metal and the rate at which 
the metal reacted. For this reason, in all subsequent experiments, the 
U.O.P. nickel was added after all of the alkali metal had reacted.

In experiment A lli in Table I, the U.O.P. nickel pellets were
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used instead of the powder. 'When these results are compared with those 
of the other three experiments it is seen that powdering shortens th© 
induction time and increases the reaction rate. This might be due to 
having th© catalyst surface nor© readily available for reaction.

Copper chromite catalyst was tried in one experiment as a dehy-
19drogenation catalyst for the Guerbet reaction. Copper chromite was 

found to be effective but it produced a much larger amount of acid, 
than either Haney nickel or U.G.P. nickel, under otherwise identical 
conditions. Since one catalyst that was -used had been essentially 
pure metal, (however, see ref. £o), one a metal-metal oxide supported 
on kieselguhr and the other a combination of metal oxides, it was 
conceivable that a variety of catalytic surfaces could be used. In 
order to determine whether the catalyst support, kieselguhr, employed 
for U.O.P. nickel, could itself have any catalytic effect, an experi
ment with "Filter-Cel" was performed. The diatoms present a very 
large amount of surface and may be effective. However, under the 
conditions favorable for catalysis with U.O.P. nickel with hexanol-1 
and its sodium alkoxide, no reaction was effected by "Filter-Cel" 
after five hours of refluxing.

It was stated above that the water of condensation was removed 
from the reaction mixture by distillation. It was rather surprising 
that this water could be removed from an alkoxide solution. Since 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 alcohol with an alkali metal hydroxide; e.g.,

(2) EGH + MaOH HOMa + HgG .
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Possibly the equilibrium could be shifted in f avor of the alkoxide by 
simply removing the water by distillation,

Th© results of three experiments to test this point are given in 
Table XI. In the first experiment (A 1?) with beneene as a solvent, I46 
hours were required to obtain essentially all of the water, but S0$ of 
it was obtained after 5 hours at reflux. Th© second experiment (A IS) 
die not go to completion after 1|S hours of refluxing. The third experi
ment (A IS) gave dB% of the theoretical volume of water after 10 hours 
of refliudLng and Raney nickel was then added, and a satisfactory Guerbet 
reaction was carried out.

Table II
The Formation of Sodium Hexoxide from 

Hexanol-1 and Sodium Hydroxide

Expt.
Hexanol-1,
moles

Sodium
Hydroxide,
moles

Temp., Ml.
lound

of hater
Calcd

A 17a 0.91 0.11 88* 2.02 1.91
A 18 1.5 0.30 156-178® 5.1 5.U
A 19 1.5 1.5 156-170° 23.7 27.0

aln this reaction, 250 ml. of bensene was used as a solvent.

The complete results of these experiments are included in the 
Experimental. While these results show that alkoxides can he prepared 
in this manner, it was deemed preferable to use the alkali metals in 
order to save time.

Th© literature contains relatively few references on this method
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of forming alkoxices although such an equilibrium is often alluded 
51 52to* 9 One worker used pur© sodium hydroxide and excess ethanol in

53benzene solution to form sodium ethoxide* The water was removed by 
utilizing the ternary azeotrope of benzene, ethanol and water* The 
maximum reaction obtained was 6d% as determined by an analysis of the 
distillate* The patent literature contains some references to the 
preparation of alkoxides by azeotropic distillation of water from a 
mixture of an alcohol and an alkali metal hydroxide* * An inter
esting variation reported in a patent was the addition of anhydrous

56acetone to a solution of sodium hydroxide in ethanol* 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 distillation. While this is not a common procedure it has been

C*'?recommended in at least one instance*"*1 One might expect that the 
equilibrium between the alkali, metal hydroxide and alcohol would shift 
to accommodate a minimum boiling azeotrope of alcohol and water since 
this represents th© most volatile fraction of many weter-alcohol 
systems•

In the Guerbet reaction as performed by other workers, the water
of condensation could, not be conveniently removed since a closed 
system was used in order to obtain & high temperature. It was of 
interest then to determine th© effect of water removal on the reaction 
under th© modified conditions which this thesis reports. An experiment

The author is indebted to Mr* J. H. Haslam, Pigments Iepartroent,
S. 1* du Pont de Kamours & Co., for this suggestion.
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was performed with 1.5 moles of hexanol-1, 0.30 mol© of potassium and 
2.5 g* of U.G.P. nickel, with a total reflux period of 1.3 hours and 
th© water was removed. The temperature continually increased until the 
reaction was stopped. In an identical experiment for a 1.3 hour reflux 
period without water removal, th© temperature remained constant. With 
water removal the conversion of hexanol-1 to 2-butyloctanoi-l was 53%* 
while without water removal it was only 31%. In another identical 
experiment without water removal, except using a 7.0 hour reflux period, 
the temperature again remained constant and a 31% conversion to 
2-butyloctanol-l was obtained. The last experiment without water 
removal was allowed to reflux 60% longer than the first one so it 
appears that th© reaction stopped after a certain amount of water had 
formed* This may be caused by a decrease in the alkoxide concentration 
as a consequence of hydrolysis. It is desirable, then, for th© water 
to be removed from th© reaction mixture as rapidly1 as possible in order 
to maintain the alkoxide concentration and to permit the temperature to 
reach higher values.

Bor the evaluation of the reaction variables, it would have been 
desirable to have had a constant reaction temperature. This was 
attempted with an inert solvent. Two experiments were performed with 
sodium hexoxide, hexanol-1 and Raney nickel in p-cymen©• In one case 
th® alkoxide was made by using sodium metal and in th© other, sodium 
hydroxide was used. In these experiments the temperature varied only 
10° and in spite of the fact that satisfactory yields were obtainedf 
the us© of a solvent has many disadvantages• The starting alcohol 
could not be satisfactorily recovered from th© solvent and the use of 
a solvent requires considerably more work and time since it must be
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purified before us©* it must be recovered from the reaction mixture 
and it decreases the reaction rat®. For these reasons it was decided 
not to use a solvent to moderate th® temperature changes.

A preliminary experiment with Raney nickel had Indicated that 
potassium hexoxide might be superior to the sodium hexoxide. It 
appeared to be desirable to check this under the more reproducible 
conditions effected by 13.0 .P. nickel. The best experiment performed 
with sodium hexoxide in hexanol-1 and with U.O.P. nickel way be con
trasted with two identical experiments in which equivalent quantities 
of potassium hexoxide 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-butyioctano 1-1 were about $3% in all three experiments.

The potassium hexoxide gave a solution temperature about 10® 
higher than the sodium hexoxide at the start of reaction. If the 
temperature difference is due to the more complete dissociation of 
potassium hexoxide then this dissociation might favorably influence 
the Guerbet reaction aside from any temperature effect.

This information seemed to warrant th© use of the more expensive 
potassium in preference to sodium. The use of potassium saved con
siderable time not only by" giving a more rapid Guerbet reaction but 
also by greatly decreasing the time required to form the alkoxide.

A general procedure was devised for a systematic study of the 
reaction variables on the basis of the above exploratory work.
Potassium metal was completely reacted with the alcohol prior to adding 
th© U.O.P. nickel. The water of condensation was removed from the 
reaction mixture as rapidly as possible by distillation. In addition*
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it seemed expedient to stir the reaction .mixture mechanically since 
1J,0,P. nickel tended to adhere to the sides of the flask and towards 
the end of the reaction a small amount of solid, apparently the salt 
of the acid, separated out,

Th® result® of the Guerbet condensation under these general con- 
ditions can b© reproduced fairly satisfactorily. Even In those cases 
where there are variations in the rat®, a reproducible yield of product 
is obtained.

After the work reported in this thesis was completed, a patent
issued in 191*9, describing related work came to th© attention of the 

58author. In this patent the use of various dehydrogenation catalysts 
and th© removal of water of condensation by distillation in th© Guerbet 
reaction were disclosed# Since the information given in the patent was 
of value chiefly for the commercial application of the reaction while 
the information in this thesis is of value chiefly for a facile labora
tory process, the results to a large extent supplement rather than 
duplicate one another. The conditions given in the patent provided 
good yields but a much longer time was required than was needed to 
obtain equal yields under th© conditions of this investigation, Th©
fact that th© acid formation (without any ester formation) is a function

59of th© alkoxide concentration has been corroborated, Indeed, the 
long reaction times required for th© experiments given in the patent 
result from the very low alkoxide concentrations which were used to 
prevent acid formation,

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

60large amount of calcium oxide to the reaction mixture.
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B. Th© determination of Optimum Conditions

In th© self-condensation of hexanol-1 Mid its homologs, there 
are three variables which seem to be most important. These ares the 
concentration of the alkoxide, th© amount of cl ehy dr o geo at ion catalyst 
and the temperature. The temperature was varied, primarily by changing 
the alcohol used, but it also varied greatly with th© concentration of 
the alkoxide, as discussed below.

The effect of th© alkoxide concentration was studied by varying 
the amounts of added potassium from zero to 0*32$ mol© with 1.0 mole of 
hexanol-1. These amounts were used in preference to 1.0 mole of alco
hol in excess of the amount of potassium alkoxide sine© it seemed 
important to compare equivalent amounts of alcohol. This may be done 
sine© the condensed alcohol product and ©ny acid formed can combine 
with the potassium ion, so that from this'viewpoint the potassium 
hexoxide may be considered to be equivalent to hexanol-1. In all of
these reactions, 2.0 g* of U.Q.P. nickel and a reflux period of 2*0

i\ • ̂hours after water began separating in ihB̂ -trap were used. The results 
are given in Table III.

A striking effect noticed as the alkoxide concentration is 
varied, is the direct variation of the solution temperature* These 
marked temperature elevations over the boiling point of hexanol-1 of 
1$6° may seem a little unusual but it is not unlikely that they are 
due merely to th® normal boiling point elevations for solutions• If 
it is assumed that the potassium hexoxide is completely dissociated 
(2 x. m), then from th© molalities used and the boiling point elevations



Table III

The Effect of Varying the Alkoxide Concentration

F.OK,
Induct.
time,

Terap.
range, Moles of Product Alcohol

Expt. moles hr s. *C Water Alcohol Acid Conv., % lid.,

B 2 0.100 2.2 163-168* 0.061 0.09? - 19 67
B 3 o.i$o 1.3 169-182* 0.15 0.17 0.022 33 7k
B It 0.175 1.0 173-188' 0.17 0.19 O.Gfc3 36 69
B 5 0.2QQ 0.83 177-206° 0.20 0.26 0.10 51 63
B 6 0.225 0.67 180-225' 0.20 0.26 0.12 53 59
B ? 0.250 0.78 181-236* 0.16 0.21 0.15 hi k6
B 8 0.275 0.92 I87-2J4I* 0.12 0.21 0.18 k2 kk
B 9a 0.325 1.0 19U° 0.00 0.16 0,16 31 5k

®The reaction was stopped as soon as water started to form*

roo\
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observed, a molal elevation constant for hexanol-1 can be calculated

(3) t  - — 4 1b ®

Th© values of calculated for the solutions in Table III are 
given in Table IV. The average value of h*6® is not unreasonable.

Table IV
A Qualitative Calculation for Hexanol-1

Expt. Molality ATobs. *b
B 2 1.09 9* l*.l*
B 3 1*73 1U* 9O.-3

B h 2.08 19* U.6*
B 5 2A6 23* 1*.7
B 6 2.65 28* U.9*
B 7 3*27 32* 1*.9*
b a 3.72 36* li.8*
B 9 iw72 1*3* lu6*

A v g e .  *  1 * . 6 #

Many compounds have moial elevation constants of this magnitude or
greater. Thus, for acetic acid is 3.07% for bromobenzene It is

626.26* and for carbon tetrachloride it is 5.03°. An approximate 
determination of for hexanol-1 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 elevation constant for hexanol-1 
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 so that the value 
obtained for 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 
calculations do* however* show that th© 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 as 
the alkoxide concentration increases, but at the highest alkoxide con
centrations, the induction time again slightly increases. It is 
believed that this may be caused by the increasing temperature at 
first increasing th® reaction rate but that at the highest alkoxide 
concentration it is more difficult for the water to escape because of 
the mass action effect on the alkoxide-hycroxide equilibrium. This is 
partially verified by experiment E 9 in the table in which the reaction 
was stopped as soon as water began to separate in the trap. Since 0.16 
mole of acid had formed by this time, it indicates that the alkoxide 
concentration had to decrease to about 0.1? mole before the water could 
escape. This does not mean that water cannot be distilled from an 
alkoxide solution of greater concentration than this, but that the water 
probably reacts with aldehyde to form acid before it can b© removed 
under these conditions.

It is interesting to not© that the moles of water and of 2-butyl- 
octanol-1 are about equivalent at lower alkoxide concentrations. As
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the concentration is increased, this equality no longer holds and the 
amounts of each formed are seen to increase to maxima and then decrease. 
This is undoubtedly related to the fact that the amount of acid formed 
increases directly with increases in th© alkoxide concentration. When 
no alkoxide was used, no reaction whatsoever was effected after four 
hours of refluxing hexanol-1 with b.O.F. nickel. These features of the 
table are also of importance in considering the details of the reaction 
course and will be examined more critically in that part of th® 
liscussion.

The gas evolved throughout the reaction was shown to be essen
tially 10C$ 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, 0.17$ mole of potassium and 1.0 mole of 
alcohol were selected as the quantities to be used in studying the 
other variables. 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 acid.

The effects of varying the amount of U.O.P. nickel from 0.031 to 
li.O g. while collecting a constant amount of water (0.26 mole) are 
shown in Table V. Except for th® first experiment, the induction 
temperatures were the sane (175 + 0.5° to 173 0.5°) as were the
temperature ranges during reaction (173 ± 0 .5* to 203 + 1°). These 
results show very conclusively that 13.0.P. nickel exerts a marked 
accelerating effect on the Guerbet reaction. Mot only is the induction 
time decreased as the amount of 13.0.P. nickel Is increased but the re
quired reaction time is also decreased. The yields and conversions to



Table ¥
The Effect of Varying the Amount of U.O.P. Mickel

Am1t. of
nickel,

induct.
time,

aReaction
time, Moles of Products*5 Alcohol

Expt. g- hrs. hrs. Hydrogen Alcohol Conv., % lid., %

B X f 0.031 214.0 60.0 ~ 0.013 - -
B 11} 0.50 2.0 iul 0.15 0.28 55 72
B lg 1.0 1.7 3.2 0.16 0.27 a 69
B 16 2.0 1.1 2.2 0.18 0.29 57 72
B 17 3.0 0.92 1.9 0.20 0.27 Sk 68
E 18 iuQ 0.67 1.7 0.21 0.28 56 70

Zero tine was taken as the time at which water first appeared. 
\here was approximately 0.01* mole of acid formed in each case. 
cThis experiment yielded only 0.019 mole of water.
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2-butyloctano 1-1 are seen to be accurately reproducible even though 
th© rate varied considerably. Experiment E 13 is included to show the 
limiting effect of the amount of U.O.P. nickel. Identical conditions, 
except that no nickel was used, failed to give any reaction after 21 
hours of refluxing *

Th© only apparent affect caused by increasing th© amount of U.O.P. 
nickel, aside from the rate effect, is th© increase in th© amount of 
hydrogen evolved. Th© yield of acid was ©bout the same in the last 
five experiments (O.Ql* mole) and since the product was essentially 
saturated to bromine in carbon tetrachloride, it is felt that this in
crease in hydrogen evolution leads to more unsaturation in th® high- 
boiling residues.

These high-boiling residues probably arise by advanced condensa
tions* In a typical experiment, e.g., experiment B k of Table III, a 
residue was obtained which weighed ©bout '6% as much as the amount of 
starting alcohol. Th© proposed intermediates, 2-butyl-2-octenal and 
2-outyloctanal, could possibly condense with hexanal as shown by 
equations (U) and (5)s

These could be partially reduced to give a mixture of aldehydes and 
unsaturated alcohols. It is also possible that some glycols could b© 
present. The high-boiling residues invariably showed unsaturation and. 
boiled over a considerable temperature rang©. They were usually $0%

00

G6H13?HCHO * W WCl Ii0 Ci
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distillable or better, leaving a residue of thick tars#
It appeared that the approximate optimum conditions for the con

densation of hexanol-1 were now established. In order to obtain a 
sufficiently rapid, reaction and still obtain a good yield of product 
with little acid formation, it was decided to use 0.175 mole of 
potassium metal to 1.0 mole of alcohol with about 2.0 g. of U.O.P. 
nickel. The reactions were allowed to continue until they were about 
$0% complete as shown by the amount of water evolved. If the reaction 
is allowed to proceed much beyond, this point, little is gained since 
th© amount of high-boiling residue increases. This was indicated by a 
comparison of three experiments which were identical except for differ
ent reaction periods after water started to form. For these reactions 
1.5 moles of hexanol-1, 0.30 mole of potassium and 2.5 g. of U.O.)?. 
nickel were used. A 1.3 hour refluxing period after water started to 
form gave 0.30 mol© of 2-butyloctanol-l and 13 g. of residue, kith a 
2.2 hour refluxing period, O.iiO mole of 2-butyloctanol-l and 20 g. of 
residue were formed and a 3.5 hour refluxing period yielded 0.1;0 mole 
of 2-butyloctanol-l and 32 g. of residue.

The effects of changes in th© reaction temperature were studied 
next. It was believed that this could be done satisfactorily by 
assuming that the straight-chain homo logs of hexanol-1 would react 
about the same at the same temperature•

The results of varying n in CH*(CH„) CH„0H from 2 to 8 are givenjj c n c
in Table VI. In these experiments, 1.0 mole of the alcohol, 0.175 mole 
of potassium and 0.5 g. of U.O.P. nickel were used, and 0.25 mole of
water was collected except where noted. Only 0.5 g# of 0.0.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 CH,(CH2)nCH2OH

Hemp. Reaction
range, time, Moles of Products Alcohol

Vim*® 1 1 i  1 /httAA P a v iv  'A 'Expt. n °C hrs. Hydrogen Acid Alcohol Alcohol/Acid Conv,, % Tld., %

B 20* 2 136-155° 26.0 0.16 0.02Ji 0.21 8.1 k2 75
£ 21 3 155-180* 17*5 0.088 0.016 0,23 UwO U6 7h

B 22b U 17l*-20U# 6.1 0.15 O.Otl 0.28 6.6 55 12

B 23b 5 195-233° 2.3 0.21 0.085 0.29 3*1* 59 66
B 2b 6 205-250° 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
E 26° 8 237-271° 0*66 0.28 0.13 0.31 2.1* 62 70

* In  this experiment 1* g. of U.O.P. nickel was used to speed up the reaction and 3 ml* of o-xylene was 
added to the water trap to aid the water separation.

^In  this experiment 0.26 instead of the standard 0,25 mole of water was collected, 
cIn this experiment 0.19 mole of water was collected and 2 g. of U.O.P. nickel was used.
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fast with the higher alcohols.
The temperature is seen to affect the reaction rate in the 

expected manner. It is also seen that as th© temperature is increased, 
the amounts of hydrogen and acid, formed increase. It appears that th© 
higher temperature favors acid production, even though from the stand
point previously considered, an increase in the rate of water removal 
might he expected to decrease the amount of acid formed.

The percent conversion of the reactant alcohol to the product 
alcohol is seen to increase as the temperature increases for the first 
four experiments tabulated. However, the ratio of product alcohol to 
acid decreases oven though the percent yield of alcohol remains about 
constant. It would seem likely that with th© higher boiling alcohols, 
a more efficient process would result if the alkoxide concentration 
was decreased since the amount of acid formed is a. function of this 
(cf. Table III). It is seen, however, that good yields of the products 
axe obtained with th© 0*175 mole of potassium alkoxide.

In the experiments using octanol-1 and decanol-1, it was observed 
that the reaction began immediately upon heating the solutions to th© 
reflux temperatures. This suggested that when th© temperature is 
sufficiently high, as in a classical Guerbet reaction, the reaction 
could proceed without U.O.P. nickel being added, then th© decanol-1 
reaction was repeated without U.O.P. nickel, it was found to proceed 
rapidly, but not as rapidly as when nickel was used. It was of inter
est to find the approximate temperature at which reaction would proceed 
in the absence of U.O.P. nickel. It had been previously demonstrated 
that hexanol-1 does not react under these conditions without U.O.P. 
nickel at a temperature of 175° and so the series from heptanol-1 to
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decanol-1 was studied* An exploratory experiment during the bensal- 
aniline work is of some interest since hexanol-1, in a solution 
containing only sodium hexoxide in the alcohol and at a solution 
temperature of about 166 was converted to 2-butyloctanol-l in %% 
yield after 66 hours of refluxing.

For the experiments of this study, given 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 evident 
that without U.O.F. nickel the reaction will proceed in good yield if 
the temperature is sufficiently high. From these results and from the 
results of the experiment referred to above with sodium hexoxide, it 
appears that at about 190° th© reaction will begin and at above 200° 
it proceeds at a satisfactory rate. The conversions without nickel are 
as good or better than with nickel and the yields are about the same 
(cf. Tables VI and VII). The amounts of hydrogen are generally higher 
in the absence of nickel.

This study of the main reaction variables to establish the 
optimum conditions has resulted in a process which gives excellent 
yields for primary alcohols containing a p-methylene group. The re
quired apparatus is available in most laboratories and the reaction can 
be conveniently followed by noting the volume of by-product 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 alkoxide© since th© sodium 
alkoxides will serve, but the latter require longer reaction periods. 
The alkoxides can be made from the alkali hydroxides if, for any reason, 
it is undesirable to use the alkali metals.



Table VII
The Effect of Varying n in CH^CI^^CHgQH without U.O .P. Nickel 

Temp. Heaction
range, time,  Moles of Products______ ______Alcohol

Expt. n •c hrs. Hydrogen Acid Alcohol Conv., % lid.,

B 28 k 175* 21.0 0.0 0.0 0.0 - -
B 29* 5 195-2&* 28.3 0.22 0.12 0.33 65 71
B 30 6 207-262* $.6 0.27 0.12 0.31 61 70
B 31 ? 22t-305* 2.6 0.3k O.lli 0.31 62 67
B 32b 8 239-320* 1.3 0.38 0.15 0.32 65 68

aThis is an approximate value because a leak was found in the system. 
^The reaction stopped after 0.2k mole of water had formed.

u>On
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The self-condensation of secondary alcohols was studied briefly. 
The three secondary alcohols used were heptano1-2, octanol-2 and 
5~m@thylnonanol-2 • These reacted at reasonable rates under conditions 
favorable for the self-condensation of normal primary alcohols. The 
products were not obtained in good yields since considerable amounts of 
high-boiling residue® were formed. In addition, the products were 
partially unsat-urs.ted 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 condensation of heptanone-21

0 0 9 9
( 6 )  CjHpCHgCCHj + CjKgCHgScHj --------- >  Cj H^CCCHj  + CjH^HgCCH-CCRj

CH^CCHgC^ C H ^ H

Thus, th© ketone can condense on the methyl group or the methylene 
group. This can be obviated by using symmetrical secondary alcohols 
but it restricts th© process considerably. The condensation here 
probably occurred predominantly on the methyl group rather than on the 
methylene group. This is indicated by analogy to the reaction of 
bensaldehyde with butanone-2 in which the benzaldehyde condensed pri- 
marily on the methyl group of butanone-2 when base catalysis was used. 
Acid catalysis gave the other isomer predominantly • This is also indi
cated by the distillation of the product after hydrogenation to remove 
the unsaturation. A more highly branched isomer 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 b© more 
highly branched and should boil at a lower temperature. It was found 
that a small 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 drastically th© process could be 
improved* It would be of interest to do this sine© 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 th© self-condensations of normal primary 
alcohols in the Guerbet reaction are a rather unusual group of compounds • 
Apparently th© branching on th© carbon adjacent to the methylol group is 
responsible for their properties. All of them through th© 2h carbon 
alcohol are colorless liquids with pleasant odors. Except for deriva-
ties of 2-ethylhexanol-l, the only solid derivatives which have been

13reported are the allophanatas• It is possible to convert the alcohols 
to th© aldehydes or some other type of compound and by this route obtain 
solid derivatives, but direct conversion to solid derivatives is diffi
cult.

This failure to yield solid derivatives was interesting and 
oftentimes discouraging to the author. All of th© standard types of 
alcohol derivatives were tried without success. The allophanates of 
these compounds are solids and their melting points, in general., checked 
the melting points given in th© literature. For 2-butyloctanol-l, the 
allophanate melting point did not check the literature value, but th© 
results of quantitative carbon and hydrogen analyses were satisfactory 
and sufficient additional evidence was obtained to characterize the 
compound.

Considerable effort has been expended to characterize
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2-butyloctanol-l. Kastagli obtained this compound in the course of his
work and proved its structure by synthesizing it by an alternate route.
He performed an aldol condensation with hoxanal and subsequently reduced
the a,|~unsaturated aldehyde.

Since th# conversion of 2-tutylocianol-1 to th# bromide gave a
product which analyzed correctly for bromine but which reacted with
alcoholic silver nitrate like a tertiary bromide rather than a primary
bromide, further characterization was indicated. This tertiary bromide

61could have possibly' formed, by a carIonium ion rearrangement•
The results of quantitative analyses for carbon and hydrogen were 

satisfactory. The alcohol was converted to the corresponding acid by 
oxidation in yield. The neutralization equivalent of this acid was 
191 as compared to the calculated value of 200. neutralization equiva
lents of 202 and 199 were given by 2-butyloctanoic acid prepared by the 
Guerbet reaction starting with 2-butyloctanol-l. The acetate was made 
in excellent yield end it analyzed correctly for carton and hydrogen, 
and had a saponification equivalent of 230 which may be compared to the 
calculated value of 226. The 2-butyloctanoic acid was converted to th© 
solid amide and this substance analysed correctly for carbon, hydrogen 
and nitrogon. This information, and that in th© literature, adequately 
shows that the product obtained from hexanol-1 is 2-butyloctanol-l •

The etherif ic at ion procedure of Pratt and Iraper was adopted to 
obtain the equivalent weight of 2-butyloctanol-l. This reaction is 
performed in a benzene solution using £-toluenesulfonic acid as a 
catalyst and triphenylcarbinol to etherifV the alcohol, as shown by 
equation (7):

(7 )  (G6Hj ) 3CGH * BOH --------- >  (Cgflg^COft + HgO .
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From the volume of water produced with a given weight of RGB, the 
equivalent weight of BOH may be calculated.

If the added alcohol is of the tertiary type it will probably be 
dehydrated rather than etherifiec but this will not alter the deter
mination of the equivalent weight. The essential requirements are that 
every' molecule of alcohol must yield a molecule of water either by 
dehydration or etherif!cation and that no other reactions occur which 
yield water. Th© triphenylc&rbinol cannot self-etherify and the trityl 
ether formed Is stable at the low catalyst concentrations used. A 
value of 189 was obtained for 2-butyloctanol-l as compared to the calcu
lated value of 186. In addition, a half-reaction time of about 21 
minutes was observed, which may be compared, to half-reaction times of 
23*8 to 25*6 minutes obtained for normal primary alcohols under the

6*5same conditions. Secondary and tertiary alcohols etherify much more 
66slowly. Hals further supports the conclusion that the alcohol Is a 

primary alcohol.
This method of equivalent weight determination was also used for 

2-pentylnonanol-l, 2-hexyldecanol-l and 2-bensylbutanol-l for which the 
calculated equivalent weights are 211, 212 and 161, respectively. The 
experimental values were 219, 216 and 163. It appears that this is a 
satisfactory method of determining equivalent weights of primary 
alcohols.

The characterisations of the other compounds of this type were 
restricted to quantitative carbon and hydrogen analyses, and a compari
son of their physical properties and the melting points of their 
ailophanates in those cases for which the data are given In th© litera
ture. The compounds were analysed for carbon and hydrogen since there
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This information supplemented by analogy to 2-ethylhexanol-l and. 
2-butyloctanol-l and certain structural proofs by synthesis in the 
literature serves to establish the structure of these compounds.

On© feature of the identification work which should be emphasized 
is the use of allophanates as characterising derivatives for alcohols.
It is felt that they have not received adequate attention in light of
the many advantages which they offer. Apparently- all of them are 
readily purifi&ble solids which crystallize easily | they may be easily 
prepared even in the presence of water$ they may be used for primary, 
secondary or tertiary alcohols, arid the alcohols axe easily regenerated 
and purified. This last feature represents a valuable procedure for 
the separation of alcohols from mixtures after th© removal of any amines 
or phenols.

Th© allophanates are conveniently prepared by strongly heating 
cyanuric acid and passing th© so formed cyanic acid into a liquid 
alcohol, or into a solution of th© alcohol if it is a solid. The 
aquation for their formation, using ethanol as an example, isj

0 0
(8) CgHgQH + 2 HOCN ------ >  C^M^OCNHCm^ .

The reason that allophanates have not been more widely used may
be that so many alcohols form solids with cyanic acid that it is some
times difficult 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 th© cyanuric acid that 
a combustion tube is needed* This is not a serious disadvantage and 
the rest of the apparatus is available in ©very organic laboratory.
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G. Mixed Guerbet Condensations

The possible use of two alcohols instead of permitting a single 
alcohol to self-condense in the Guerbet reaction is an important 
consideration* In choosing the ideal pair of alcohols many factors 
must be taken into account • Th© minimum requirements to permit conden
sation are that one of th® alcohols must have a or a -CHg- group
adjacent to the ^CHOH group and the other alcohol may not b© a tertiary 
alcohol, i.e., it must have a 2CH0H group capable of being converted to 
the carbonyl group*

The preferred pair would appear to be a primary alcohol with no 
hydrogens on th© carbon adjacent to the methylol group and a secondary 
alcohol with only on© methylene or methyl group adjacent to the XHOH 
group| a symmetrical secondary alcohol with two such methylene groups 
should also be satisfactory* With such a pair, the primary alcohol 
cannot self-condense and the secondary alcohol should show little 
tendency to do so by analogy with the unfavorable equilibrium for 
ketones in the aldol reaction. Thus, the mixed condensation should be 
the predominant reaction. Such a pair is represented by benssyl alcohol 
and 1-phenylethanol or 3-m@thylbutanol-2 • Actually, few secondary 
alcohols of this type are readily available• Those which are readily 
available are of the 1-phenylethanol type which are not satisfactory to 
use in th© Guerbet reaction because of th© difficulties involved in 
obtaining and preserving the pure alcohols and they have some tendency 
to dehydrate to the styrene compounds. It was necessary, therefor©, to 
consider substitutes for this type of secondary alcohol.

An aliphatic j: -branched primary alcohol and a normal primary



k3

alcohol represent an interesting pair* The f-branched primary alcohol 
cannot self-condense and even with equivalent quantities of each of the 
pair, the mixed reaction should be statistically preferred over th© 
self-condensation of the normal primary alcohol. Furthermore, if the 
p-branched alcohol is used in excess, th© mixed condensation will be 
even more favored. This, of course, ignores any difference in the 
relative tendencies of the two types of alcohols to be dehydrogenateti 
or otherwise react. It was observed during the hexanol-1 evaluation, 
that prolonged reaction appeared to convert th® product, 2-butyl- 
octanol-1, to high-boiling residue by further condensations with 
hexanol-1. This indicated that th® reaction discussed above might be 
feasible.

A reaction between 2-ethylhexanol-l and hexanol-1 seemed 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 g. of U.O.P. nickel. 
The reaction stopped after 0.13 mole of water had formed. This 
reaction, very surprisingly, gave a 6$% yield of 2-butyloctanol-l by 
the self-condensation of hexanol-1 and practically no mixed reaction.
A repeat of this, except using decanol-1 in place of hexanol-1, 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 self-condensation 
of hexanol-1 with long reaction times, it is on closer examination not 
unexpected• In the first place, the high yields of th© self-condensed 
products in the Guerbet reaction must b© ascribable to their less 
reactive nature as contrasted with th© starting normal primary alcohols. 
Furthermore, advanced condensations can be just as logically explained
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on th© basis that the intermediate condensed aldehydes react with an 
additional molecule of aldehyde before being reduced, rather than the 
reduced product being dehydrogenated to the aldehyde which then reacts. 
Certainly, the results of the above two experiments establish the fact 
that the normal primary alcohols self-condense much more rapidly than 
th© aliphatic £ -branched alcohols will react in a, mixad condensation 
under these conditions.

It is not possible with the existing information to say definitely 
why th© f-branched alcohols are so inert. This inertness may be due to 
steric factors but the process is too involved to analyze completely.

As an alternative to an aliphatic £-branched alcohol, benzyl
alcohol might be satisfactory for condensation with a normal primary
alcohol. This type of a reaction has been performed in a classical

2 9Guerbat reaction but in not too high yields. 9 The same structural 
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 primary alcohol. Th© benzyl alcohol may, 
however, show a greater tendency to give a mixed reaction product than 
2-ethylh©xanol-l.

A preliminary experiment using equivalent .amounts of benzyl 
alcohol and hexanol-1 gave a 31 % yield of the mixed product, 2-benzyl- 
hexanol-1 and a 35% yield of 2-butyloctanol-l on th© basis of the 
amount© of alcohol© 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-1 gave a 59% yield of 2-benzylhexanol-l and only 
a 1U% yield of 2-butyloctanol-l. Thus, it was possible in this 
reaction merely by varying th© ratio of the two alcohols to obtain



Table VIII
Th© Condensation of Bensyl Alcohol with Primary Alcohols 

Containing a £-Methylene Group

0.O.P. Temp. Reaction Holes of Products Mixed
Sxpt.

Priaaiy
alcohol

nickel,
g.

range,
• c

time,
hrs.

Mixed
alcohol

SslX*"Cond t 
alcohol

Benzoic
acid

alcohol
m „  %

C 1*® Butanol-1 I * .0 1 1 *3 -1 8 7 * 3.7 0 .1 8 0.026 0.037 55
c  5® Eexanol-1 2 .0 1 7 7 -2 0 7 * 2 .0 0 .2 0 0.021* 0.01*9 59
c  6 Eeptanol-1 2 .0 I8 ! t- 2 1 1 ° 1 .1* 0 .1 5 0 .0 1 *0 O.Ql»5 58
c  ?b 3-PhenyIpropano1-1 0 .0 2 2 5 -2 1 *1 * 1 .8 0 .2 1 0.065 62

a?he aasount of water collected was 0*2? mole. 
^Th© self-condensed alcohol was not isolated.
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mainly the mixed condensation with little self-condensation.
The results of experiments in which benzyl alcohol was condensed 

with three additional primary alcohols containing a f:-methylene group 
are given in Table VIII, In each of these reactions, 0.6? mole of 
benzyl alcohol, 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 been collected. It is seen that the reactions proceeded 
at reasonable rates to give the mixed products in good yields.

Sine© many valuable products may be obtained 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 %

n0

There are, of course, many other possible uses for these compounds and 
by varying both the alkyl group and the substituents on the benzyl 
alcohol a variety of potentially valuable compounds may be made• It 
should be stressed in connection with application of the Guerbet reac
tion in synthesis, that it is probably not possible to use nitro
compounds (or other easily reducible groups) because they readily react

3k 35with alkali metal alkoxides to yield mixtures of reduction products. $
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Indeed* this reduction of nitre compounds by alkoxides appears to merit 
further study.

It is significant to note here that all of the mixed condensations 
have bean performed under conditions shown to be favorable to the self
condensation of normal primary alcohols, it may he possible by varying 
the alkoxide concentration, the amount of U.Q.P. nickel or by the drop- 
wise addition of one of the reactants, that the mixed condensations
could bo still further improved. The yields obtained, however, are

9superior to those previously reported for the Guerbet reaction.
Alternate synthetic routes, such as the Perkin reaction followed by 
reduction, probably would not give better yields. The outstanding 
feature of this method is that It is & convenient one-step process to 
the products, while other methods involve two or more steps.

Another possible mixed condensation is that of benzyl alcohols or 
aliphatic 1-branched primary alcohols with secondary alcohols. These 
represent, in some respects, an excellent choice since the primary 
alcohols of this type cannot self-condense and the secondary alcohols 
should preferentially give the mixed condensation products rather than 
the self-condensation products. One of the less desirable features of 
this system is that if the product formed is a straight chain alcohol, 
it will probably show a marked tendency to condense further. If the 
secondary alcohol is unsymmetrical anc contains two methylene groups on 
which condensation can occur, then two products will probably be 
obtained. Such a mixture would be hard to separate and the usefulness 
of the process would decrease accordingly. The possibility of cis and 
trans isomers becomes an important consideration with cyclic secondary 
alcohols, such as cyclohexanol*



The reaction of benzyl alcohols with secondary alcohols was 
investigated* The secondary alcohols were used in excess to favor the 
mixed condensation but 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 
secondary alcohols was not important because of the unfavorable equi
libria for the aldol condensations of the corresponding ketones* The 
presence of this type of a product was not detected*

A preliminary study was made with benzyl alcohol and cyclohexanol* 
In the first experiment* equivalent quantities of the reactants gave a 
31$ yield of the cis and trans 2-benzylcyclohexanols and considerable 
high-boiling residue* When the cyclohexanol was used in a 100$ excess, 
the yield was ii?$ 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$ er.cess of 
the secondary alcohol over the benzyl alcohol is desirable*

The results of using three different benzyl alcohols with certain 
secondary alcohols are given in Table IX* For these experiments 0.75 
mole of the secondary alcohol, 0.25 mol® of the benzyl alcohol* 0.175 
mole of potassium and 2.0 g. of b.G.P. nickel were used.

It Is seen that benzyl* g-methoxybenzyl and £-chlorohenzyl alco
hols condense with cyclohexanol in a satisfactory manner. The products 
appear to be mixtures of the cis and trans isomers. This is, of course, 
an undesirable feature but oxidation of these stereoisomers converts 
them to a single valuable ketone. It was surprising to find that both 
the cis and the trans compounds were formed. The trans compound, which



Table II
The Condensation of Bensyl Alcohols idth Secondary Alcohols

Expt.
Bensyl
alcohol

Secondary
alcohol

Temp.
range,

• c

Reaction 
time, 
hr s.

Mater,
moles

Mixed
product,
moles I l d . f  %

C 10 Bensyl Heptanol-2 163-173* h.S 0.15 0.061 2h

C 11 Bensyl li-Methylpent anol-2 I2i3-1$2* 13.3 0.15 0.078 3 1

€ 12 Bensyl Cyclohexanol 172-186° 2.0 0.19 0.15 6 1

C 13 £~Methoxybenzyl Cyclohexanol 177-187* 3.7 0.19 0.12 li7

C 3i £-*Chloroberizyl Cyclohexanol 175-182° 2.0 0.19 0 .1 3 50

*The yield was calculated on the basis of the amount of the bensyl alcohol used.
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is probably less hindered, should be favored, and the reaction was
performed in an alkoxide solution under conditions which are commonly

69used to epimerize cis cyclic hydroxy compounds to the trans forms •
The reactions of benzyl alcohol with hsptanol-2 and ii-methyl- 

pentanol-2 did not give too satisfactory results. It is felt that 
these yields might be improved by a variation of the procedure such as 
a dropwise addition of the benzyl alcohol. 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 isolation of the products and the availabil
ity of a wide range of these types of alcohols. It is s. single step 
process, whereas, alternate procedures would probably involve two or 
more steps.

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

In a reaction using equivalent quantities of octariol-1 and 
heptanol-2, only 17% of impure pentad©cano1-6 was obtained along with 
a large amount of high-boiling residue. Furthermore, the use of the 
heptanol-2 in a 200*1 excess increased the yield of product to only 32$ 
and the amount of residue did not decrease. Fortunately, practically 
no self-condensation of ©ctanol-1 occurred even when the two alcohols
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were used in equivalent quantities. This shows 'that a primary alcohol 
has little tendency to self-condense if a secondary alcohol is availa
ble with which it can condense.

Octanol-1 was reacted with two additional secondary alcohols and 
the results are given in Table X. In the flocperixtents* 0.25 mol© of 
octanol-1, 0*75 mol© of the secondary alcohol and 2 g. of U.O.P. nickel 
were used and 0.19 mol© of water was collected.

Table X
The Condensation of Octanol-1 with Secondary Alcohols

Expt.
Secondary
alcohol

Temp.
range,
°C

Reaction 
time, 
hr s.

Mixed
product,
moles Kid.,'

C 16 Heptanol-2 175-188* 1.5 0.079 32
C 17 Cyclohexanol 175-190* 2.5 0.15 61
C 18 li -Me thy lpen t ano 1- 2 151-165* 12.2 0.091 33

^Ihe yield was calculated on the basis of the amount of octanol-1 used.

This type of mixed reaction was not too satisfactory. In the 
experiment with heptanol-2, the product contained some unsaturation and, 
in addition, probably a small amount of the isomer in which the 
octanol-1 had condensed on the methylene group of heptanol-2 rather 
than the methyl group. In the reaction between octanol-1 and cyclo
hexanol, the product was partially unsaturated and no doubt contained 
both the cis and trans isomers of 2-octylcyclohexanol. The reaction 
product from octanol-1 and h -me thy lpen tanol-2, in contrast to the above 
products, was completely' saturated and boiled so sharply that it is
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secondary alcohol* In all three cases a large amount of high-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
condensation® of secondary alcohols.

The aliphatic f-branched primary alcohols were not tried with
secondary alcohols. This is a more feasible reaction than that of the
f -branched primary alcohols with normal primary alcohols and has been

<8reported in a patent. Still another possibility which was not tried 
is the mixed condensation of two normal primary alcohols. This is not 
believed to be of much value since four products would be formed and 
would, in most cases, be difficult to separate.

Considerable effort was expended on the characterization of the 
products from the mixed Guerbet reactions. The products from the con
densation of benzyl alcohol with primary alcohols having a [ -methylene 
group were identified by their physical constants and the melting 
points of their allophanates which agreed with the literature values, 
except in one case. The exception was 2-benzy Ibutana1-1 but sufficient 
additional information was obtained to characterize it.

The results of q u a n tita tiv e  carbon and hydrogen analyses fo r  

2-benzylbutanol-l and 2-benzylhexanol-1 agreed with the calculated 
values. The experimentally determined equivalent weight of 2-benzyl
butanol-l was 163, which agrees closely with the calculated value of 
16k• It appears that this information, along with the analogy to the 
products formed in the self-condensation of normal prim ary alcohols, 
adequately establishes these compounds as p-branched primary alcohols.
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The products from the reactions of bensyl alcohols w ith  cyclo
hexanol were more difficult to identify. This was due to the apparent 
formation of both cis and trans isomers in all three experiments. The 
situation with bensyl alcohol itself was somewhat more completely 
clarified than with the substituted bensyl alcohols. Elementary 
analyses for carbon and hydrogen of the m ixture of cis and trans 
2-benzylcyclohexanols gave exactly the calculated values. It was 
possible to separate only one of the isomers as a solid, although the 
mixture was solid. The melting point of this solid and of its 3,5- 
dinitrobenzoate agreed with the literature values.

The liquid isomer or mixture yielded a 3,5-d±nitroben zos te having 
a different melting point and the melting point was markedly depressed 
when a. mixture melting point determination with a sample of the 3,5- 
dinitrobenzoat© of the solid alcohol was made. The liquid isomer or 
mixture was oxidised with chromic acid to form 2-benzy lcyclohexanone 
and this ketone yielded a semicarbazone with the same melting point as 
that reported in the literature. The 3,5-dinitrobensoate of the liquid 
isomer gave correct analytical results for carbon and hydrogen.

The 2-(£~raethoxyben7yi) cyclohexanol and 2-(^-chlorobenzy1) cycle- 
hexanol each yielded one pure solid isomer and a liquid which could not 
b® crystallized. The solid Isomers analyzed correctly for carbon and 
hydrogen as did their 3,5-dinitrobenzoates.

The products from the condensation of benzyl alcohol with 
heptanol-2 and with h-methylpentanol-2, and the products from octanol-1 
with secondary alcohols were identified in much the same manner as were 
the self-condensation products of normal primary alcohols. The details 
are given in the Experimental.



There are many other potential variations of the modified Guerbet 
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 available, this may represent one of the most important 
uses of the Guerbet reaction.

Another potentially valuable class of reactants is the glycols. 
These compounds could possibly be used for self-condensations, for 
condensations with other alcohols or with active methylene compounds* 
Should their us© be feasible, a wide range of bifunctional compounds 
would become conveniently available. To show this, consider a reaction 
with a normal primary alcohol, using propanol-1 and ethylene glycol as 
an example. Equations (10) and (11) represent on© possibility.

(10) CH^GH2Cf|0H + HOCHgCftgOH --- > CH^CMCHgGB
(kgCHgOH

(11) CH^CHgCHgOH * GB^CHCHgOH   > HOCHgCHCHgGHgCHCHgOH
CHgCHgOH ^H3 ^H3

Tills represents only one possible course of the reaction but it might 
well be the predominant one. This compound could be converted to all 
of the products for which alcohols are valuable precursors *

The use of aliphatic ft-branched alcohols or benzyl alcohols to 
prepare ethers is "worthy of consideration* This reaction was discussed 
in the Historical Introduction in connection with the Cannizzaro 
reaction•

Another variable is the type of metal alkoxide* Thus, by using



aluminum alkoxides instead o f a lk a li m etal alkoxides, I t  m ight be 

possib le to  e ffe c t the Tischtschenko reac tio n  to  form the correspond

ing e s te rs .

This discussion o f possible Guerbet reac tio n  v a ria tio n s  has been 

given to  show some o f the broader aspects o f the method. I t  is  to  be 

an tic ip a ted  th a t the Guerbet reac tio n  w i l l  become an im portant to o l in  

the re p e rto ire  o f the organic chem ist.
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I' . The Mature of the Reaction

The Guerbet reaction is a rather complex process which apparently 
involves several steps as described in the Historical Introduction.
Mon© 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 
proceed•

It is conceivable that the Guerbet reaction is a free radical
process. It has been observed, for example, that in most of these
reactions an induction period occurs. This is oftentimes character!®-

70tic of a free radical process. The fact that alkali metals have 
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. One might expect that these would be reduced, 
however, by the hydrogen evolved as the metal® react with the alcohols. 
The following might be written as a possibility for a free radical 
reactions

(12) CH^CHgCHgQH + peroxide »  CH^CHgCHg *

(Hi) GH.CHn€H0Ce + H* 3 2 2
>  CHjCHgCHg* + HgG

A free radical reaction is merely one possibility out of severalj 
there is little evidence for it and considerable evidence against it. 
One of the strongest points against this concept is that it predicts
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no difference in the reaction products w ith  aliphatic £-branched alco
hols as compared with normal primary alcohols. It should be expected 

that 2 -e th y lh e x a n o l-l, for example, would give a condensation product 
with itself. ¥©izi®ann found, however, that 2-ethylhexanol-l yielded
only bis-(2-ethylhexyl)ether and 2-ethylhexanoic acid rather than a

IIcondensation product. Tertiary alcohols do not give a Guerbet
reaction, although a free radical process does not look unreasonable 

5for them. In the case of bensyl alcohol condensing with normal pri
mary or secondary alcohols, one might expect considerable aromatic 
substitution by a free radical process. This has not been found and 
it is difficult to understand why the attack of a free radical would 
be almost exclusively on the carbon adjacent to the methylol group.

The process should not be particularly affected by the addition 
of a dehydrogenation catalyst if it is  of the fre e  radical type. The 
fa c t that an induction period is often observed is 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 fro® radical process. If the alcohol boils sufficiently high, as 
does decanol-1, no induction period is observed.

On© might still suppose that the peroxides on the alkali metal 
could oxidize the alcohol to aldehyde to start the reaction, e.g.,

(15) CH^CHgCHgOH + Na2°2 ---- ^ CH^CHgCHO + 2 NaOH .

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 hydroxides as satisfactorily as from th e metals to
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perform the reaction. It should not be expected that the hydroxides 
would contain any peroxides. While these facts do not completely 
invalidate the concept of a free radical reaction, they do cast 
considerable doubt upon it.

Guerbet not only did a good job of showing the scope of the reae-
1-6tion but he also identified some of the reaction products. j*t the 

time he performed this work, however, the details of the courses of 
organic reactions were not understood as well as they are today. As a 
consequence, Guerbet indicates a reaction in which the alkali metal 
alkoxide can attack the alcohol at the p or the Y-position to give the 
condensed alcohol and alkali metal hydroxide. It is not believe that 
this is very likely in. the light of later studies which have been made,

Weismann and his co-workers have proposed a reaction course which
9is based primarily upon the amounts and types of products formed.

With butanol-1, for example, 2-etbyihexanol-l and butanolc acid were 
formed in approximately equivalent amounts. To account for the forma
tion of the p-branched alcohol it was assumed that themolytic 
dehydrogenation first occurred,

(16) 2 CHXH-CH-CH-OHJ 2 c c * 2 CH^CHgCHgCHO + 2 Hg ,

followed by an aldol condensation with water elimination,

Hueckel and I&ab, as mentioned in the Historical Introduction, first 
proposed these same reaction stages but they assumed that the molecular 
hydrogen as evolved by equation (16) was responsible for the reduction
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12of the unsaturated aldehyde to the saturated alcohol. According to 
Weiamann, however, this did not account for the acid production. He 
proposed the following reactions

(18) CH3CH2CHgGH«CCHO + CM^CHgOHgCHgOH ♦ M^Q --- > CH^CH^CH^CHgCHCHgOH
® 2 CH3 CH2GK3

CH.CHgCHgCOgH

This accounted for the reduction of the aldehyde to the alcohol and
explained the fact that acid was obtained In amounts equivalent to the
condensed alcohol*

kei smarmr s contention that a mole of acid must be formed for every
mole of product alcoliol is not borne oat by the results of this thesis
since, as reported above, very little acid need be formed. The amount
of acid formed under the modified conditions has been found to be a
function of the alkoxibe concentration and to a lesser extent of the
reaction temperature. This is very clearly illustrated in Table VI and

%9the results are corroborated by another worker. Veizmann has used 
mainly one alkoxide concentration, namely, 0.3 mole of sodium alkoxide 
to 0.7 mole of free alcohol. It is at about this concentration of 
alkoxide under the modified, conditions that equivalent production of 
alcohol and acid occur, even if water Is removed from the system. It 
follows that if equation (18) is valid, then an alternate explanation 
must be formulated to account for th# appearance of condensed alcohol 
in excess of the amount of acid* It is felt that Weizeumn's equation 
is without precedent and that the formation of acid can be explained 
as discussed below in terms of well-established reactions.
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In a later article, Weizmann gives a different equation in place 
11of equation (18).' This does not explain the reaction any better 

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

(19) 3 GH^(CHg)gGH»JCHG --- > CĤ CGHgĴ CHgCHCHgOH + CH-tCH^COgH
ch2ch3 j c h2ck3

CH3 (CH2 ) 2CH2OH .

This equation as given is not balanced and in order to do so hydrogen 
and water must be added as reactants. In this same article it has 
been stated, in contradiction to equations (l8) and (19), that the 
presence of copper bronze aids in the production of the condensed alco
hol and represses the production of the undesirable acid, .virile the 
acid is undesirable since it wastes the starting alcohol, it is 
necessary if either of his equations is correct. The acid formation 
according to the modified Guerbet reaction, as reported in this 
thesis, is both undesirable and unnecessary. It will be seen that the 
acid formation can be adequately explained as a side reaction and not 
as a process indigenous to the Guerbet reaction.

Before proceeding to a discussion of the reaction course in the 
light of this work, it would be well to consider first some of the
finer points of Mastagli*s research, which was discussed partially in

13the Introduction. It is of importance to the following statements 
to recall the main features here since certain of his basic concepts 
have been applied to exp la in  the course of the Guerbet reaction.

His reagent was sodium or potassium hydroxide in benzyl alcohol 
and this was reacted with various aldehydes, ketones and £ ,Y~unsatursi
ted alcohols. He showed that benzyl alcohol could undergo a hydrogen
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exchange with m  aldehyde * If the added aldehyde contained only one 
or no a-hydro gens, then the only products* obtained were the alcohols 
corresponding to the aldehydes and benzoic acid, formed by a Cannizzaro 

reaction with benzaldehyde. When, however, the added aldehyde contained 
an a-methylone group it could self-condense as well as condense with 
bensaldehyde formed by a hydrogen exchange between the aldehyde and 
bensyl alcohol. The two a,p-unsaturated aldehydes formed could then 
be reduced by hydrogen exchanges with bensyl alcohol.

To demonstrate that the benzyl alcohol could reduce an e,f- 
unsaturated aldehyde, a series of compounds of the type, C Ji^CH*€CKO,

were prepared and treated with the reagent by K & sta g li. The products 
were the corresponding saturated alcohols and twice the amount of 
benzoic acid (from bensaldehyde) was formed &3 would, re s u lt from, a 
single hydrogen exchange. The above results were obtained, with the 
potassium hydroxide solution at 100° or 200® and with the sodium 
hydroxide solution a t 200®. "When the sodium hydroxide solution was 
used for the same compounds at 100®, the products were the correspond* 

ing p ,Y-unsatureted alcohols and only half of the amount of benzoic 
acid as formed a t 200® was obtained.

This information very clearly indicates that the exchange of 
hydrogen between the methylol and carbonyl groups occurs as in a 
typical Meerwein-Ponndorf-¥erley reduction-Oppenauer oxidation system.
It also shows that the benzyl alcohol reduces the ethylenic double 
bond of the aldehydes but Mastagli does not explain this other than 
to give the equation!

( a o )
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He did demonstrate, however, that the potassium hydroxide-benzyl alco
hol reagent could reduce the double bond of th© unsaturated alcohols 
with the corresponding production of benzoic acid.

To show that the intermediate a,£-unsaturated aldehydes could
form in th© reaction, he heated hept&ldehyde with the reagent at the
reflux temperature for $ minutes. Th© dehydrated aldol product,
2-pentyl-2-nonenal, was obtained. With a i\Q minute reflux period, he
obtained 2-benzylheptanol-l, 2-pentyInonano 1-1 and small amounts of
the corresponding unsaturated alcohols. Thus, all of th© proposed
intermediates, except benzaldehyde, were not only isolated but these
intermediates performed in the reaction as postulated. Kastagli
further demonstrated that the aldehyde did not condense directly with
the alcohol. When he treated benzaldehyde with potassium hydroxide
in heptanol-1 at the reflux temperature for $ minutes, the product
was 2-benzalheptsnal and not 2-benzalheptano 1-1. There is at least
on© report in the literature which indicates that direct condensation

?1of the aldehyde with the alcohol might occur. This is a German 
patent and only meager details were available. For example, butanal 
was heated with butanol-1 and sodium butoxide at the reflux temperature. 
The product was 2-ethyl-2-h@xenol-l but this can be adequately explained 
by assuming a process such as Mastagli1 s resulting from the action of 
sodium hydroxide in benzyl alcohol at 100* on a-unsaturated aldehydes. 
It is also pertinent that under Mastaglifs conditions th© potassium 
hydroxid©-ben«yl alcohol reagent gave no reaction with heptanol-1.

Mastagli then rejected Guerbet*s idea that the alkoxid® directly 
2attacks the alcohol. Indeed, he claims the Guerbet reaction is 

different on the basis that Guerbet proposed that with heptanol-1 th©
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product was 3-butyldecanoX-1 and not the 2-pentyInonano1-1 which he 
obtained. It cannot be agreed that Guerbet gave the correct structure 
for this product because in the modified Guerbet reaction, th© use of 
heptanol-1 gave a product identical with that which M&stagH obtained. 
It is, therefore, concluded that the Guerbet reaction may involve th® 
same reaction course that Kastagli gives, once sufficient aldehyde has 
been obtained by dehydrogenation. Th® following discussion gives the 
proposed reaction course for the Guerbet reaction and the evidence for 
it.

If is proposed that the primary process which must occur to start 
the Guerbet reaction is dehydrogenation of the alcohol to the aldehyde 
as given by equation (16). Th© aldehyde, so formed, may condense in 
the basic medium with water elimination to form the unsaturated alde
hyde as given by equation (IT). 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. First, the 
carbonyl group is reduced by a hydrogen exchange with the starting 
alcohol,

(2 1 )  RCHgCH-CCHO + RCHgCHgOH -  S-0 •■■■■>  HCHgCH-CCHgOH + RCHjCHO .

The unsaturated alcohol rearranges to the saturated aldehyde,

(22) RCHgCH-gCHoGH -  •> ECH,CHopHCH0 ,"CCHjGH - - - - - ->  ECH2CH2| I

which is then reduced by another hydrogen exchange with the starting 
alcohol,

(23) RCHaCHgOiCHO + RCH2CH20H — £2L^. KCHjCHaCHCHgOH ♦ I-'CHjGHO
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These equations, with equation (17), show that for every two 
molecules of aldehyde which are condensed and reducedf one molecule of 
water is formed and two more molecules of aldehyde are formed from the 
starting alcohol# This means that the reaction could be self-sustain
ing in aldehyde production, one© some aldehyde had formed. This 
reaction course adequately explains the formation of the saturated 
condensed alcohol but it does not consider acid formation. Since it 
appears that the latter is an undesirable side reaction of the inter
mediate aldehyde, it will be treated separately.

In the Guerbet reaction, the same products are obtained with 
normal primary alcohols as would result if the corresponding aldehydes 
were ©Idolized, dehydrated and reduced. Furthermore, only those 
alcohols can be used for th© reaction which can be d©hydrogenated to 
carbonyl compounds and if it is a self-condensation reaction, the 
alcohol must contain a £-methyl or methylene group. In mixed conden
sations both of the alcohols must be convertible to carbonyl compounds 
but only one need contain a £ -methyl or methylene group. Thus, - 
branched primary alcohols cannot self-condense but they can react with 
normal primary alcohols or secondary alcohols. Tertiary alcohols

dcannot give a Guerbet condensation reaction under any conditions.
This evidence, together with the fact that water is eliminated and 
th© facts that the reaction mixture contains base and that th© reac
tion is markedly aided by dehydrogenation catalysts, is strong support 
for intermediate aldehyde formation and th© aldol condensation. Since 
the reaction would then depend on the presence of aldehyde, this must 
be obtained 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) 
and (23)#

If this is th© case, then the addition of a small quantity of 
aldehyde to an alcohol solution of alkoxide should give the reaction. 
This was verified by dissolving 0.175 mol© of potassium in 1.0 mole of 
h@3can.ol-l and adding 0.10 mole of hexanal. The solution was heated at
reflux for 12 hours, during which time 0.16 mole of water was
collected. The temperature did not rise sufficiently (180* maximum) 
to give the standard Guerbet reaction without added U.O.P. nickel and 
hydrogen was not evolved. It was found that 0.12 mole of 2-butyl-
octanol-1 had formed along with a considerable amount of high-boiling
residue, A small amount of hexanoic acid was also isolated.

Since the product isolated was the saturated condensed, alcohol 
and th© amount of water formed was far in excess of the amount which 
would be obtained (0.05 mole) from the aldol condensation of the added 
aldehyde, then the process hers must be of the same type as Kastagli's. 
The reaction had sufficient added aldehyde to promote a rapid reaction 
if the dehydrogenation catalyst has as its main function the initiation 
of reaction. Since most reactions with hexanol-1 were completed in 
three to four hours when catalyzed by U.O.P. nickel, the nickel must 
have at least the added function of continuing to supply aldehyde 
throughout the reaction. The dehydrogenation process, whether it be 
thermolytic or catalytic, can perhaps provide an optimum amount of 
aldehyde for th® condensation reaction along with that aldehyde formed 
by hydrogen exchanges. These results also suggest, as does the demon
stration that nickel catalyzes the reaction, that the formation of the 
first portion of the aldehyde is the highest energy step involved.
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It might be proposed that the U.O.P. nickel not only aids dehy
drogenation of the alcohol but that it serves the additional function 
of catalyzing the reduction of th© a^-unsatursted aldehyde. This 
may not be involved to m y  great extent since the same reaction can be 
performed, without nickel if the solution of slkoxide in alcohol bolls 
sufficiently high. As discussed, previously, heptanol-1, octanol-1, 
nonsnol-1 and. decanol-1 gave as good or better yields without 0.0.P. 
nickel as with it. In addition, it does not seem very likely that 
at the high temperatures used and in an open system that the hydrogen 
tending to be evolved by dehydrogenation could be responsible for any 
appreciable amounts of reduction.

The moles of water formed should equal th© moles of condensed 
alcohol if the process involves only the formation of these substances. 
Th© major side reaction product is the acid. It was found that th© 
moles of water plus the moles of acid were approximately equal to the 
moles of condensed alcohol. It is believed that these quantities 
should be equal since th© acid formation will utilize an equivalent
amount of water whether it involves the Cannizzaro reaction or the

72lumas-Stas reaction,’ which is,

(2k) ECHgOH ♦ KOH ---- > HCQ^K + 2 Hg .

The potassium hydroxide may be formed by hydrolysis of the potassium 
alkoxice* These data from Table ¥1 are given in Table IX to show 
that there is an approximate equivalence.
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Table XI
A Correlation of the Yields of Products for 

the Variation of n in CH„(GH ) CH„OH<L n tL

n
Product
alcohol,
moles

Water ♦ Acid 
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 0.3?
8 0.31 0.38

While this relationship is  not exact, i t  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 easily 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 being fairly typical.

It was proposed that in the reduction of th© f;, Y-unsaturated  

alcohol, a rearrangement to the saturated aldehyde occurred (equation 
22) which was, in turn, reduced to the saturated alcohol. In a 
typical Heerw©in-Ponndorf-Verley reduction of a,f-unsaturated alde
hydes or ketones, catalysed with aluminum alkoxides, th© carbon-carbon

29double bond is not reduced. These reactions are performed at much 
lower temperatures than the Guerbet reaction and the aluminum
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alkoxides are of different nature than the alkali metal alkoxides.
The aluminum alkoxides probably hare more of an acid function than a 

73base function. It should be recalled that there is even a differ
ence between the sodium and potassium hydroxides in benzyl alcohol in 
their ability to reduce the ethylenic double bond of -unsaturated 
aldehydes at 100°.13

It is known that this rearrangement of unsaturateti alcohols to
I

saturated carbonyl compounds is catalyzed by Paney nickel. In 
addition, it may not be unrelated to the migration of the double bond 
in olefins under the Influence of catalysts. To test this idea, 
2 -e th y l-2 -h e x e n o l-l was prepared and treated with 2-ethylhexanol-l and 
its potassium alkoad.de at I50~l60° for 1 hours. If the rearrangement 
occurred, it should be possible to isolate the saturated aldehyde or 
its reaction products. Under the conditions used, no dehydrogenation 
would be expected to occur and the most probable reaction available to
2-eth ylhexanal would be the Tischt schenko reaction to form the corres
ponding ester. The ester might, in turn, react with the potassium 
alkoxide to form bis-(2-ethylhexyl)ether and 2-ethylhexanoic acid as 
discussed in the Introduction, and given by,

(25) C,HoCHC0oCKoCHC.Ho + C,HoCHCH-0K --- > (C, HQCHCHo)o0 + C.HJCHCOJtb 9i 2 2i k 9 h 9« 2 u 9\ 2 2 h 9\ 2C2H5 CzH5 CgHg g2h5 62Hg

Although it was hoped that the saturated aldehyde might be 
isolated, none was detected. The acid, 2-ethylhexanoic acid., was 
isolated and identified by i t s  boiling point, its neutralization 
equivalent and by the melting point of i t s  amide. The b is -(2 -e th y l-  

heacyl) ether was also isolated but insufficient amounts were obtained
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to allow purification for -satisfactory carbon and hydrogen analyses * 
The proposed intermediate 2-ethylhexanal probably formed by rearrange
ment since the moot reasonable way that 2-ethylhexanoic acid could 
form is by the reaction given in equation (29). In the hexanol-l work, 
the saturated condensed aldehyde was isolated on one occasion and 
shown not to be 2-butyl-2-oc tenal but rather 2-butyloctanal. Thus, 
there are experimental evidence and analogies for this proposed 
rearrangement*

fin alternate explanation would be that th© carbon-carbon double 
bond is directly reduced by a Keervein-Ponndorf-?erley reduction with 
the starting alcohol. There is little existing evidence which shows 
that the carbon-carbon double bond can participate in a reaction of 
this type. Should this be true, it would be an interesting extension 
of the carbon-oxygen redox system.

The rout© for the formation of 2-ethylhexanoic acid given above 
might be suggested as the route of acid formation in a typical Guerbet 
reaction. This would necessitate the occurrence of ether and ester 
or ester alone. Neither of these have boon detected in any of the 
Guerbet reactions performed. The presence of ester was not detected, 
even in an experiment with high acid yield, when th© products were 
carefully isolated to prevent ester hydrolysis.

There are two ways in which acid formation can be explained*
One is the Cannizzaro reaction and the other is th® lumas-Stas reac
tion. The Cannizzaro reaction may sesra to be an improbable rout© 
since aldehydes with an a-methylene group give predominantly th©

19aldol condensation under typical Cannizzaro reaction conditions.
This does not mean, however, that this type of aldehyde cannot give a
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Cannizzaro reaction, but rather that the aldol process is the preferred 
reaction* The results 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 present 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 added aldehyde to promote the 
Guerbet reaction, yielded a small amount of acid without any hydrogen 
evolution.

There is some evidence that a Cannizzaro reaction can occur with 
aldehydes containing an a-methylene group but it is not conclusive at 
present. A recent publication indirectly indicates a Cannizzaro 
reaction for this type of aldehyde. This paper reported the treat
ment of 2-ethyl-2-hexenal with $0% aqueous sodium hydroxide solution 
in an autoclave at 2000 . From the reaction mixture butanol-1, 
butanoic acid, 2-ethylhexanol-l, 2-ethyl-2-hexenoic acid and some 
high-boiling neutral materials were isolated. It is significant to 
not© that the amount of butanoie acid increased as the amount of 
sodium hydroxide was increased. It has also been reported that with 
a less basic catalyst, such as an aluminum alkoxide, this type of
aldehyde gives sn excellent Tischtschenko reaction, which may be

27 2-0closely related to the Cannizzaro reaction. 9

The alternate course, the lumas-Stas reaction, (equation 2k) 
might be responsible for acid production but it is not possible with 
the existing information to choose between the two processes. The 
Cannizzaro reaction requires two moles of aldehyde for each mole of
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acid forced and, hence, two moles of hydrogen from the dehydrogenation 

stage should be evolved in the Guerbet reaction* The lumas-Stas 
reaction also produces two moles of hydrogen per mol© of acid formed *
In practically all experiments there ha© been obtained two moles of 
hydrogen per mole of acid* While this relationship is not exact, the 
ratio is always 2si or greater (see Tables V and VI)*

72The Dumaa-Stas reaction was first reported in ldiiO. Since that
time some work has been don© on the reaction but as yet no one has cor-

77 78 79related the results sufficiently to evaluate the reaction course* # *
The process is generally performed under about the same conditions as 
the classical Guerbet reaction except that the alkali metal hydroxides 
are used instead of the alkali metals* An alcohol is treated with 
about an equal molar quantity of sodium or potassium hydroxide in an

7 Aautoclave and heated to 300-1*00*. I t  has been found that the addi
tion of water prevents the Guerbet condensation and excellent yields 
of the acid are obtained* I t  has also been observed that the addi
tion of a mixture of cadmium and cadmium oxide permits th© reaction

70to proceed about 75* lower than normally* It appears that dehydro
genation of the alcohol to the aldehyde occurs in both the Guerbet 
reaction and the Buraas-Stas reaction* It is not possible to attribute 
the acid formation in th© Guerbet reaction definitely to either a 
Cannizzaro or a lumas-Stas reaction, but the lumas-Stas may be merely 
a dehydrogenation plus a Cannizzaro* Once aldehyde has formed by 
dehydrogenation, i t  may undergo a Cannizzaro reaction to form acid  

and alcohol. The regenerated alcohol may than be dehydrogenated 

again and so on until all o f the alcohol has been converted to acid*
This is ,  however, merely a proposal but if it is correct, it would
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shorn the s im ila r  nature o f the Guerbet reac tio n  and the Dumas-Stas

reac tio n  in  th a t both req u ire  aldehyde from the alcohol but then take  

a lte rn a te  paths to  th e ir  respective products*



III. iXPERIMEKTAIi*

A* Exploratory Experiments

1. Purification of th© Reactants
The alcohols used in this work are commercially available except

for £-chlorob©ns5jl alcohol* Purification was relatively easy and was
accomplished by distillation at atmospheric pressure or under reduced
pressure if the alcohol boiled above 200®*

Three different distillation apparatuses were used. One was a
12 in. Vigreaux column which was used for some of the distillations at
atmospheric pressure and all of the distillations at reduced pressure.
A 2ii in. by 1 in. glass helices-packed, total reflux column and a 36

80in. glass helices-packed Todd column were also used. The Todd, 
column was 25 mm. in diameter.

The £-chlorobenzyl alcohol was prepared by Mr. B. J. E. Segrave 
in this laboratory by the hydrolysis of the corresponding £-chloro- 
benzyl chloride. This substance melted at 71-71•5* (lit. m.p. 
70.5-73*). The physical constants for th© other alcohols are given 
in Table III. 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 occasion, the value® obtained for the physi
cal constants were as good or better than those recorded.

a-The author wishes to thank Professor Mary Aldridge and. Mr. Byron 
Baer for the microanalyses reported in this thesis.
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Table H I  
Alcohol Purification

Physical Constants 
Observed Literature8,

Alcohol b.p.(rara.) b.p.(*»B.) V * )

Butanol-lD 116-117* 1.3950 116-117' 1.39?ls(25°)
Pentano1-1^ 138-138.7* 1.1*096 137.9* 1.1*101(20*)
Hexanol-lc 156-167* 1.1*160 157.2* 1.1*162(25*)

cHeptan.ol-1 175-175-8* 1.1*220 175“ l.l*22ii(25°)
Octanol-1^ I9li. 5-195* 1.1*272 19i*-195“ 1.1*292(20*)
Ncmanol-le - 1.1*320 - 1.1*311(20°)
lecanol-l^ 115-116* (U*) 1.1*350 120“(12) 1.1*368(20°)
3-Methylbutanol-lC 130-130.5“ 1.1*063 130* 1.1*085(20°)
2-Ethylhexanol-lb 182.5-183* 1.1*290 181*-185* 1.1*300(20°)
3-lTienylpropanol-lb * * 118-120*(12) 1.52U5 119*(12) 1.5357(20*)
Heptanol-2b 159-160* 1.1*138 158-160* 1.1*190(25*)

bOctanol-2 178-179* 1.1*225 179.5* 1.1*21*0(25*)
L -M e t by Ip en t ano 1- 2b 131-132* 1.1*092 131-132* 1.1*100(25°)
5-Ethylnonanol-2b,g llk-115* (Hi) 1.1*382 225* 1.1*362(30° )82
Cyclohexanol0 160* 1.1*61*1 161* 1.1*656(22.6°)
Benzyl alcohol^ 9li-95*(12) 1.5378 93°(10) 1.5396(20°)
£-Pethoxj bemyl alcohol 136-137* (12) 1.51*1*1 127-130'(8) 1.51*38(25°)

a. These values are from standard handbooks.
b. The 12 in. Vigreaux column was used.
c. The 2h in. glass helices-packed. column was used.
d. The Todd column was used.
©. This compound was used as obtained from Halogen Chemicals, Inc.
f. The compound was obtained from The Patheson Co., Inc., and was used 

in spite of the refractive index being different from the lit. value.
g. This alcohol has been reported only as a commercial product of 

Carbide and Carbon Chemicals Company.
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2. The Effect of Bensalaniline
A few typical experiments that were performed with benzalaniline 

are included here. These emphasise th© difficulties involved in 
trying to evaluate the Guerbet reaction with fcenzalaniline •

Preparation of Benzalaniline• - This compound was prepared by 
th© procedure given in "Organic Snytheses*', using twice the quantities 
listed. The product was obtained in 85$ yield and melted at 51-52*.

Bxpt. A 1. - This experiment is essentially a repeat of iiels and 
33Rhodiusf reaction. In a 500 ml., three-necked flask equipped with a 

reflux condenser was placed 350 ml* (3.2 moles) of 3-methylbutanol-l.
To this alcohol 36 g. (1.5 moles) of clean sodium was added portion- 
wise and the solution containing unreacted sodium was heated at reflux 
by means of a "Glas-Col” mantle until all of the sodium had reacted.
To the resulting solution, 13 g. (0*10 mole) of benzalaniline was 
added and the deep yellow solution was refluxed for h2 hrs. ft th© 
end of this time the solution, which was clear* and colorless, was 
poured onto ice. The water layer was removed and the organic layer 
was washed one® with water, dried over ”1 rierite” and distilled. After 
the 3-methylbutanol-l was removed, a fraction was obtained which 
distilled at 110° to 1X5* (2 mm.). This fraction was treated with 
1(1$ hydrochloric acid and the solid which formed was filtered off and 
washed with ether to give 15 g. (69$) of benzylaniline hydrochloride 
which melted from. 198° to 205* (lit. »*p. 215-216*).

The combined water layers from this experiment were acidified 
with concentrated hydrochloric acid and extracted three times with 
125 ml# portions of ether. The ether extracts were combined and dis
tilled through a 6 in. Vigreaux column to give 10 g. of
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3-iaethylbutanoic acid) b.p. 171-177°•
Expt. A 2. - A one 1., three-necked, flask equipped with a reflux

condenser was used for this experiment. Into it were placed 800 ml. 
(6*14 moles) of hexanol-l and 55 g« (2.it moles) of clean sodium and 
the solution was heated at reflux for 12 hrs* to react all of the 
sodium. This solution was clear and colorless when 21* g. (O.I33 mole) 
of benzalaniline was added* The resulting solution was deep yellow 
and a small amount of a solid was present but after 58 hrs. of heating 
at reflux, the solution was clear and only a faint yellow. Th® 
mixture was cooled and poured into water and after removing the water 
layer, the alcoholic layer was washed once with water, dried and dis
tilled* 11stillation afforded 75 g. (13%) of crude 2-butyloctano1-1 
which boiled from 100* to 111* (2.5 mm.) and 10 g. (184%) of bensyl- 
aniline which boiled at H O ®  to 15G° (2.5 mm.). The 2-butylootano1-1 
was redistilled through an 8 in. Vigre&ux column and collected in 
twenty-two approximately equal snail fractions. The middle fifteen 
fractions (51.5 g#) distilled at 101-105° (2.5 mm•) end the refractive
indices at 27° varied from 1*1159 to 1.1175 (lit.^ b.p. 132®

16(15 mm«)» 1.1135) This compound prepared by the us® of a d©hy
drogenation catalyst distilled at 108-110° (2.5 mm.) and had a 
refractive index at 25° of 1.1100. It appears that the benssylaniline
forms a minimum boiling azeotrope with the 2-butyloctano1-1. This

2l 8probably contains only © small percentage of th© amine (1̂. * 1.6118).
Acidification of the water layer followed by extraction with 

benzene and distillation of th© extracts yielded 53 g. of hexanoic 
acid.| b.p. 200-203°.

Expt. A 3. - To 200 ml. (1.6 moles) of hexanol-1 in a 500 jal.,
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three-necked flask equipped with a reflux condenser was added 11.5 g«
(0.50 mole) of clean sodium and the solution was heated at reflux
until all of th® sodium had reacted. There was then added 22.5 g.
(0.125 mole) of benzalaniline and th© solution was heated at reflux
for 10 hrs. more. The mixture was cooled, poured into water and the
organic layer was washed once more with water and dried. The bulk of
the hexanol-l was removed by distillation and the residual liquid was
dissolved in 150 ml* of benzene and exhaustively extracted with 25 ml.
portions of 30$ sulfuric acid. It was necessary to use thirty-five
extractions before the acid layer failed to become cloudy upon making
it basic. The benzene layer was distilled to give 18 g. {12%) of

od2-butyloctano 1-1, which boiled at 10)4-105* (2.0 mm.)| I.lli50.
The combined acid layers were made basic with sodium hydroxide, 

extracted with benzene and the extracts distilled to give lii g.
(0.077 mole, 61$) of benzylaniline which boiled at lijO* to 115*
(2.5 mm.).

The water layer containing the sodium salt of the acid was acidi
fied, extracted with benzene and the extracts distilled to give 10 g. 
of hex&noic acid; b.p. 201-205*.

Expt. A ii. - In th© apparatus used in th© preceding experiment, 
there war© placed 200 ml. (1.6 moles) of hexanol-l and 11.5 g. (O.JO 
mole) of clean sodium. Benzalaniline (1j5 £•> 0.25 mol©) was added 
after all of th© sodium had reacted. Ibis caused considerable pre
cipitation and 100 ml. (0.80 mole) of hexanol-l was added in an 
unsuccessful attempt to effect solution, Th® reaction remained hetero
geneous throughout the 20 hrs. at reflux. The mixture was cooled, 
poured into water and. after the water layer was removed, the alcoholic



layer was washed once with water* dried and distilled* The hexanol-1 
was removed and the material boiling between 105° and 190* (20 nr*.) 
was collected. This was dissolved in h00 ml* of anhydrous ether and 
dry hydrogen chloride was introduced to precipitate the amin© hydro
chloride. After filtration the ether was removed from th© filtrate 
and the residue distilled to give 22 g. of very impure 2-butyloctanol-1j
b.p. 101-105° (2.5 mm.), l.li502. Further distillation did not
alter the refractive index, which suggests that some l-chloro-2-butyi- 
octan© may have formed by reaction with the hydrogen chloride.

It should be mentioned that the 2-butyloctanol-l could not b© 
purified by steam distillation from aqueous acid in a satisfactory 
manner since the substance is relatively non-volative with steam.

These experiments showed that evaluation of th© reaction using 
ben&alaniline was difficult. Th© us© of dehydrogenation catalysts 
was, therefore, tried and they proved to be of great help.

3. General .Procedure

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

Th© reactant alcohol was placed in a 500 ml., three-necked flask 
©quipped, with a half-moon paddle stirrer, a glass stopper and a 5 ml., 
asbestos-wrapped Dean-Stark water trap surmounted by a condenser. Th© 
stirrer was supported, through a rubber sealed, glass sleeve and driven 
by a "Barber-Coleman” motor. The system was swept with nitrogen for 
several minutes before adding th© alkali metal* The metals were cut 
and weighed under petroleum ether and dried with filter paper before 
weighing, and again before adding them in portions to th® alcohol with
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slow stirring.
In experiments with potassium, failure to stir or sweep th© flask 

with nitrogen resulted in explosions on several occasions which were 
violent enough to blow the solid glass stopper several feet. With the 
above procedure no explosions resulted at any time In using potassium. 
After all of th© alkali metal had reacted, the dehycirogenation catalyst 
was added, and the stopper replaced by a 360® thermometer supported by 
rubber through a glass sleeve. Th© flask was heated with a ^Glss-Col*’ 
mantle and maximum voltage (110) was applied to th© stirrer motor. A 
rubber tube was attached to th© top of the condenser after refluxing 
began and connected with a dry ice-acetone trap which, in turn, was 
connected to an inverted li liter graduated cylinder. The gas evolved 
during the reaction was collected over water and maintained at atmos
pheric 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 th© vapor pressure of water and converted 
to moles by the ideal gas equation. The gas was not collected in the 
exploratory work or in some of the experiments in which th© alkoxide 
concentration was varied• It was collected and its volume recorded 
in all other work.

Except for th© Taney nickel experiments, the amount of material 
collected in the dry ice-acetone trap was insignificant except for it© 
effect on the volume of gas. Because of this, the trap was routinely 
used to give more accurate hydrogen volumes•

Th® solutions were maintained at rapid reflux, for th© most part, 
hy applying a standard 90 v. to the mantle. It was necessary in some 
cases to use less heat in order that the vapors would not go beyond



the condenser tip because stronger heating gave poor water separation. 
This situation occurred with butanol-I and pentano1-1 in the self- 
condensation work, and in some of the mixed condensations • The 
reactions in which it was necessary to maintain the minima refluxing 
rates- so that the water could be removed, are indicated in the individ
ual experiments.

Prior to the initiation of the reaction, as indicated by water 
distillation, the hydrogen would slowly start to evolve. The volume 
of hydrogen, the solution temperature and th© volume of water were 
noted at intervals throughout the reaction. The volume of water was 
used to indicate th© proper time to stop the reaction. With alcohol 
self-condensations this was at about 1.5 ml* (50%) for 1.0 mole of 
th© alcohol. In the mixed condensations the reactions could be con
tinued until a 60% to 8C$ yield of water was obtained.

The mixture was cooled below 100% and 100 ml. 'to 150 ml. of 
water was added through th© condenser. Th© resulting two layers were 
filtered with suction through a Buechner funnel to remove the dehydro
genation catalyst and the catalyst was washed with $0 ml. to 100 ml. 
of ether. Th® water layer was removed and the alcoholic layer was 
washed once with a small volume of 10% sodium hydroxide and once more 
with water. The aqueous layers were combined and extracted twice with 
25 ml. to 50 ail. -portions of ether, and these extracts were added to 
the organic layer which was then dried over anhydrous sodium sulfate 
or magnesium sulfate and distilled.

Distillation was effected through an 8 in. figreaux column and an 
oil bath was used for heating in all cases. The ether was removed by 
means of a water aspirator allowing the pressure to drop as



81

concentration occurred, The residual liquid uas then distilled at 
reduced pressures. In most cases, a single distillation through th© 
V'igreaux column gave products which, were analytically pure. In 
instances where distillation ranges were observed, further purification 
was effected, usually by distillation, through th® Todd column.

The combined water layers were acidified with 1:1 hydrochloric 
acid and extracted twice with 50 ml. portions of benzene. The benzene 
extracts were distilled at atmospheric pressure through a 6 in.
Vlgreaux column to recover the acid formed in the reaction.

The boiling points given in this thesis are not corrected but 
all melting points are corrected. The literature values for physical 
constants are from standard handbooks unless otherwise indicated.

h. The Effect of Dehydrogenation Catalysts

This section includes the experiments performed in the explora
tory work with Haney nickel, ti.G.P. nickel and copper chromite* The 
general procedure was used except where indicated and the gas was not 
collected.

Kxpi. A $. - Haney nickel prepared by a standard procedure was
h<the first dehydrogenation catalyst tried. In th© standard flask 

equipped only with a condenser and 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 Haney nickel was added.
Since there was considerable solid present, 100 ml. (G.80 mole) of 
hexanol-1 was added, to effect complete solution. Th© 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 to settle 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-butylocianol-1 distilling at 
106-108° (2 to.)| Uj. l.iiiilO. There were also 29 g. of a high- 
boiling residue and 32 g. of hexanoic acid which distilled at 200® to
208*3 l.UHtO (lit. b.p. 205*, n^° l.Ult5).

Eixpt. A 6. - Sine® it was observed, in the above experiment that 
water had formed, this reaction was performed with a Bean-Stark water 
trap in the system. A stirrer was used to prevent the catalyst from 
settling on the sides of the flask. There were utilised in this 
reaction lf>3 g* (1*5 moles) of hexanol-l, 7-0 g. (0.30 mole) of sodium 
and 7 g. of Raney nickel. The temperature rose from 16$* to 21?0® and 
2.1 ml. of water was collected. Isolation of the products yielded 9 g* 
of recovered hexanol-l, and 1?0 g. (29%) of 2-butyloctanol-1 which 
distilled at 108-111® (3 mm.); nj?'* 1.UU08. There were also obtained 
33 g. of distillation residue and 16 g. of hexanoic acid distilling at 
200® to 210®.

Expt. A 7. - In a repeat of experiment A 6 but using only 2 g. of 
Raney nickel for a 20 hr. reflux period, 5*0 ml* of water was collected 
and th© temperature varied from 172® to 2l?3®.

There were obtained from this reaction 10 g. of recovered 
hexanol-l and $9 g* Ui2%) of 2-butyloctano 1-1 which distilled at 108- 
111° (3*0 mm.)| IJjlilO. There remained from th© distillation 1*2 g. 
of residue and the water layer yielded 22 g. of hexanoic acid distil
ling at 200-210®.

The dry ice-aceton® trap was used in this experiment and 6 g. of
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25a material condensedj b.p* 35-37% rij 1*3601. This May be pentane 
which boils at 35-36° and has a refractive index at 20® of 1*3570*
The material obtained here contained very little unsaturation as 
indicated by th© bromine in carbon tetrachloride test. This product

li3could have formed by decarbonylation of th© intermediate hexaldehyde, 
or by decarboxylation of the sodium salt of th© acid. This material 
was not further investigated since it was formed in appreciable 
amounts only with the Haney nickel experiments. The maximum amount 
obtained in th® 0.0.P. nickel experiments was 2 g. from 1.0 mol© of 
alcohol and this was at a very high alkoxide concentration.

It would have been desirable to use accurately reproducible 
amounts of Raney nickel in each experiment to evaluate the reaction 
variables. In the three experiments above, the catalyst was weighed 
by removing a portion from a tared bottle containing the catalyst 
under hexanol-l. It is obvious that the weights given are inaccurate 
since all of the hexanol-l could not be drained from 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 
dimethyIglyoxime procedure) was used to make the catalyst for three 
duplicate experiments. At th® tim® it was considered that this would 
give 3.56. g* of th© catalyst if all of the aluminum reacted with th©
sodium hydroxide. A recant article reports that Raney nickel prepared

50in this way is only 77% nickel and 21% aluminum oxide." This is not 
significant, however, since a reproducible weight of catalyst was 
probably obtained*

These three experiments are included in Table XIII. For these 
reactions, 153 g. (1.5 moles) of hexanol-l and 7.0 g. (0.30 mole) of
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sodium were used together with th© catalyst prepared from 6.25 g. of 
the alloy. After the catalyst was prepared the final ethanol wash 
was decanted and the nickel was washed twice more by clecantation with 
10 ml. portions of hexanol-l.

Table XXII 
Typical Experiments using Haney Mickel8,

Temp.
rang®, Moles of Products Residue,

Hexanol-l
recovered

Expt. *C Mater Alcohol Acid g* g.

A 8 160-179° 0.16 0.26 0.13 30 2*6
A 9 160-203° 0.28 0.30 0.16 35 21
A 10 158-185° 0.23 0.30 O.lli 32 37

aA 5*2 hr* refluxing period was used in each experiment after the 
nickel was added*

The lower yield of alcohol in expt. A 8 is probably due to a 
difference in the preparation of the catalyst. In this experiment 
th© temperature was not held strictly within the prescribed limits of 
50 2® during th® preparation.

It is seen that Raney nickel fails to give a reproducible reac-
18tion. In place of this material II.0.?* nickel was used. ' A total 

of 11J?0 g. of '0.0.P. nickel powder was prepared by crushing th® 
pellets with a mortar and pestle until it all passed a 100 mesh sieve.

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 g. of U.O.P. nickel 
are given in Table X of the Discussion. Additional information is
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given in th# Supplement to Table I.

Supplement to Table I

Expt.
Reaction
time,
hrs*

Induct • 
temp•, 
*C

Hexanol-l
recovered,

S*
Bistii:
resi<

g*

A 11 5.0 169-166* 15 3li
A 12 5.0 170-166° 11 37
A 13 6.0 169-165* 17 33
A lb 7.0 170-166* 32 31

Expt, A 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 hexanol-l which had reacted with 7.0 g. (0,30 mole) of sodium,

1x9there was added 2,5 g. of copper chromite catalyst. The mixture 
soon turned red-brown and as the reaction proceeded it became quit© 
viscous. A total reflux period of 3,5 hrs. was used, during which 
time the temperature rose from 165* to 19h° and 2,0 ml. of water was 
collected. Separation of the products by th© standard procedure 
afforded 29 g. of recovered hexanol-l, 57 g. (l*i>) of 2-butyloctanol-l 
(n^ 1.1*101), 21 g. of distillation residue and 31 g. of hexanoic acid 
which distilled at 200-210°.

Expt. A 16. - To determine any catalytic effect of ”Filt@r-Cel% 
the standard apparatus was used with 153 g* (1*5 moles) of hexanol-l,
7.0 g. (0.30 mole) of sodium end 2.5 g. of "Ellter-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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After pouring the reaction mixture into water, filtering and sepa
rating the layers, acidification of the water layer gave only a 
faint cloudiness* The alcohol layer was not distilled sine© no reac
tion apparently" occurred*

5. Other Exploratory Experiments

The fact that water had been removed fro® alkoxide solutions by 
distillation in many of the above experiments was very interesting.
To ascertain if alkali metal alkoxides could be mad® by treating an 
alcohol with alkali metal hydroxides and removing the water by 
distillation, three experiments were performed with hexanol-l and 
sodium hydroxide. Th© restilts of these experiments are given in 
Table II of the liscussion and further details are recorded her®.

Expt. A 1?. - In a $00 ml., three-necked, flask were placed. 1.3 g. 
(0.11 mole) of C.P. sodium hydroxide and 2$0 ml. of dry benzene. The 
flask was fitted with a thermometer and a Hi in. glass helices-p&cked 
column surmounted by a $ ml. water trap and a condenser. The system 
was protected fro® atmospheric moisture by a calcium chloride tube.
The reaction mixture was heated at reflux to remove any water and 
then 93 g. (0.91 mol©) of hexanol-l was added.. After $.0 hrs. at 
reflux, 1.55 ml. (80^) of the water had distilled and 1*8 hrs, were 
required to obtain 2.02 ml. (10L$). The temperature remained constant 
at 88®.

Expt. A Id. - 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 
a 500' ml., three-necked flask equipped with a thermometer and a 5 ml. 
water trap surmounted by a condenser and a calcium chloride tube.



After 2h hrs,, the solution temperature was 169® and U*JUO ml. (#1$) 
of water had collected. Since the mater had stopped distilling, a 
9 in* column pecked with porcelain saddles was placed in the system. 
Water began to distil immediately upon heating the solution to re flu x *  

ing and after 2h additional hrs* 5*10 ml. (9%) of th© water had been 
removed• The final solution temperature was 1?8°.

Expt. 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 haring & stopcock at the bottom. A 9 in. column packed 
with porcelain saddles was inserted in the system. In the flask there 
were placed i|60 g. (1.5 moles) of hexe.no 1-1 and 60 g. (1,5 moles) of 
sodium hydroxide. Ten hrs. of r©fluxing yielded 23.? ml. (88$) of 
water and the solution temperature was 1?6°, To this solution was 
added 7 g. of Raney nickel and the mixture was heated at reflux for 
k hrs. The final solution temperature was 225"* and 7*6 ml. of water 
collected•

From the reaction mixture there were obtained 61 g. of recovered 
hexanol-l and 150 g. (35%) of 2-butyloctano 1-1 (n^ 1.14*08) leaving 
21 g. of residue. The water layer yielded 80 g. of hexanoic acid 
distilling from 200* to 210° end 75 g. of acid residue.

The effect of water removal under th© modified conditions was 
studied by comparing two reactions in which the water was not removed 
to one in which it was removed.

Expt. A 20. - This experiment has been used for showing the 
effect of removing th© water, the effect of varying th© type of 
alkoxide and the effect of varying the time. In the standard appa
ratus was placed. 153 g. (1.5 moles) of hexanol-l and 11.? g.
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(0.30 mol®) of potassium was added in the prescribed manner. When
all of th© potassium had reacted, 2.5 g. of U.0.P. nickel was added
and th® solution was heated to refluxing• The reaction did not
start until after 50 mln. of refluxing and th© temperature dropped
during this period from 178* to 1?6®. The solution was heated for
3.5 hrs. after th® water began to distil and the temperature reached
227° as 6.1$ ml. of water collected. This reaction afforded 11 g. of
recovered hex&nol-l, and ?l$ g. (53%) of 2-butyloetanol-l$ I.I4I4IO.
There was 32 g. of distillation residue and the water 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 ref line
for li.3 hrs. The temperature remained constant at 1?6 + 1° after
water began to appear in the condenser. There were obtained 86 g. of

25recovered hexanol-l, hk g. (31%) of 2-butyloctanol-1 (**£ l.lfl+12),
10.0 g. of distillation residue and 7 g. of hexanoic acid, which 
distilled at 200* to 210°.

Expt. A 22. - This experiment is a repeat of expt. A 21 except 
that a 7.0 hr. reflux period was used. Water appeared in the con
denser after 1.0 hr. at reflux and th® temperature remained constant
at 1?6 ♦ 1® after this time. This reaction yielded 68 g. of

25recovered hexanol-l, hh g» (31%) of 2-butyloctanol-1 (n^ 1.1*110 )
and 11 g. of residue. The hexanoic acid distilled at 20C® to 210®
(7 «.).

In an attempt to moderate the reaction temperature, and to deter
mine the effect of a solvent on the reaction, two experiments were 
performed. Since benzene has been used, as a solvent for Oppenauer
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oxidations with potassium. tertiary butoxide, it seemed likely that 
£-cymene could serve as a solvent to give a sufficiently high tempera-

31ture to permit th® Guerbet reaction to proceed*
Expt* A 23* * One-half 1. of £-oymen@, purified by distillation,

was placed, in. a one 1*, three-necked flask with the standard apparatus
attached except that a 10 ml. water trap was used. To the £-cymene
were added 102 g. (1.0 mole) of hexanol-l and I4.6 g. (0.20 mole) of
sodium. The mixture was heated at reflux and vigorously stirred until
all sodium had reacted and then 2 g* of Raney nickel was added. A
reaction period of 20 hrs. was used and 2.9 ml* of water was collected
as the solution temperature varied from 16?0 to 178*.

It was not possible to obtain a satisfactory separation of
hexanol-l and £-cymene but the 2-butyloctanol-l (hi g., k3%) distilled
at 108-111° (3 m.) and. there was Hi g. of residue. The hexanoic
acid boiled at 200® to 210° (15 g*)

Expt. A 2)4* - The same apparatus was used as in expt. A 23
except that a 9 in. column packed with porcelain saddles was placed
in the system. There were placed in the flask 600 ml. of £-cymene,
153 g* (1.5 moles) of hexanol-l and 8.1s g. (0.21 mole) of sodium
hydroxide• The mixture was heated at reflux for 2h hrs. during which
time 2*8 mi. (BB%) of th© water was collected. To this solution, 2 g.
of Raney nickel was added and th© reaction was continued for 20 hrs.
The temperature varied from 166° to 176° and 7*5 ml. of water
collected. Again th© hexanol-l could not be recovered from the £-cymene
and the 2-butyloctanol-l was distilled to yield 56 g. (hQ%)}
25Oj. 1.1*110. There was 22 g* of residue and the water layer afforded 
10 g. of hexanoic acid which distilled at 200® to 210®.
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In an attempt to evaluate the relative effectiveness of potassium
hexoxide and sodium hexoxide, three experiments wore performed and the
results compared# One of the experiments using potassium hex02d.de was
A 20, given above, and the others are given below as A 25 and A 26.

h - This experiment is a repeat of expt. A 20 except
that a reaction time of only 2.2 hrs. was used after water started, to
distil# The temperat^ir© dropped from 179° to 176® during a 15 min.
induction period. Six ml. of water collected curing the reaction and
the temperature increased to 206®. This experiment gave 28 g. of

2drecovered hexanol-l, 7h g. (53£) of 2-tutyloctanol-l (n^ 1.U^02) and
20 g. of high-boiling residue. There was also obtained 16 g. of 
hexanoic acid which boiled at 200® to 209®.

Expt. A 26. - In this reaction the same apparatus and quantities 
of reactants were used as in ©xpts• A 20 and A 25 except that sodium 
was used in place of the potassium. The reaction had. a 1.5 hr. 
induction period during which time the temperature dropped from 169® 
to 166°. A 3*5 hr. refluxing period was used after the water began 
to distil to obtain 5*5 wl* of water and the final solution tempera
ture was 208®. From the distillation, 15 £’• of hexanol-l was 
recovered followed by 73 £• (52$) of the 2,-butylociano 1-1 (n^ l.l’lilO) 
leaving 3h g. of residue. The water layer yielded 15 g. of hexanoic 
acid distilling from 200® to 207®.

On the basis of the foregoing results, it was decided to use 
potassium metal because of the time which could be saved and to remove 
the water as fast as possible from the reaction mixture. The standard 
apparatus and procedure were used for all of the subsequent experi
ments except where indicated.
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B. Th© Determination of Optimum Conditions

1* The Effect of Varying the Alkoxide Concentration
This variable was studied by altering the mount of potassium from 

zero to 0*325 mole -with 1.0 mole of hexanol-l and using 2*0 g. of li.O.P. 
nickel as a catalyst, A 2.0 hr. reflux period was used after water 
started to distil. Th® hydrogen evolved was not collected for all 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 III of the I iscussion. Additional information is given in the 
Supplement to Table III. The moles of product alcohol are re-tabulated 
with the moles of acid plus the moles of water to show their corres
pondence .

The reaction products were isolated in the standard fashion. The 
2-butyloctanol-l distilled within the range 108-111® (3 mm.) and the 
hexanoic acid in the range from 200® to 210®. Mo fractions intermediate 
to the reactant alcohol and the product alcohol fractions were observed 
in the work given in this thesis except where indicated.

Experiment B 9 was stopped as soon as water began to appear in the 
trap. The gas evolved was analysed, at three different times during the 
reaction. When on© 1. of gas had been collected, a 19*2 ml. portion 
was transferred to an explosion pipet directly from th® reaction mixture. 
Then 73*U ml. of oxygen was 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, th® 
volume of hydrogen must be two-thirds of th© decrease in volume. The



Supplement to Table III

Expt.
Potassium,
moles

Induct.
temp.,
®c

Hydrogen,a 
moles

Hexanol-l
recovered,
moles

Alcohol
residue,

g.

Product
alcohol,
moles

Acid ♦ yater, 
moles

B 1 0.00 158* 0.00 0.97 2 0.00 0.00
B 2 0.100 165-163® 0.71 5 0.097 0.061
B 3 0.150 170-169® - 0.55 6 0.17 0.17
B 1 0.175 171-173® - 0.11 8 0.19 0.21
B 5 0.200 179-177® - 0.19 7 0.26 0.30
B 6 0.225 161-180® - 0.10 17 0.26 0.33
B 7 0.250 186-161° 0.50 0.073 15 0.21 0.31
b a 0.275 192-187® 0.53 0.019 16 0.21 0.30
E 9 0.325 199-191® 0.33 0.12 2 0.16 O.lo

aThe hydrogen was not collected In expts. B 2 through B 6.
VOfO
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percentage hydrogen then must be,

& u m 2 x 28.6 rto i>
2 3 X 19.2 " ' J

In a similar manner a sample of th® gas taken at 3*5 liters and 8.3 
liters of evolution was analyzed. The respective results were 100.0% 
and 100.3$ hydrogen. Work previous to this experiment had indicated 
that the gas evolved was essentially pur© hydrogen. It failed to be 
absorbed in *>Q% potassium hydroxide (carbon dioxide), alkaline pyro - 

gallol (oxygen), ammoniacal cuprous chloride (carbon monoxide), or in 
50$ potassium hydroxide after exhaustive combustion over cupric oxide at 
275* (hydrocarbons).

Expt. E 10. - To check the hydrogen analyses, this experiment was 
performed as a repeat of expt. B i* except that the reaction was continued 
until Ii.5 ml. (5<S) of water had been collected. The temperature varied 
from 172° to 201 ̂ during the h.O hrs. after water commenced to distil.
The gas evolved was analysed at six different times during th© reaction 
and found to be 99.0 ♦ 1.0$ hydrogen. A total of 0.18 mole of hydrogen 
was collected. The reaction yielded 30 g. of recovered hexanol-l, U9 g. 
(53$) of 2-butyloctanol-l, 9 g. of distillation residue and 5 g* of 
hexanoic acid.

Expt. B 11. - This experiment was par formed, as a repeat of expt. B 8 
to again check the gas analyses* For the 2.0 hr. refluxing period after 
water began to distil, the temperature range was 18?® to 2h3* as 2.7 ml. 
(30%) of water, and O.Ulj. mole of hydrogen were collected. The gas was 
found to be 100.1 + 0.1$ hydrogen as detexmlned with samples taken at 
five different times during the reaction.
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Isolation of the products fielded $ g. of recovered hexanol-l, 
hi g. (50$) of 2-butylo ctanol-1, 9 g. of non-distilled material and 
19 g. of hexanoic acid*

An Approximate Kb reterralnation for Hexanol-l. - The marked temper
ature elevations observed in the alkoxide variation work has been 
interpreted in terms of the molal elevation constant for hexanol-l, T'o 
obtain a check of this, th® constant for hexanol-l was approximately 
determined with triphenylearbinol as a solute.

into a 500 Ml., three-necked flask equipped with a 360* thermometer 
and a condenser, was placed 100.0 g. of hexanol-l. boiling chips were 
added and the hexanol-l was heated at reflux for 2 hrs* before reading 
th© temperature to 0,1* with a. magnifying meniscus reader. The tri- 
phenylearbino1 was added in increments of 0.010 role, 0.010 mole, 0,020 
mole and O.OI4O mol®, allowing 2 hrs. or more between th® additions and 
the temperatures were recorded for each concentration, A constant 
voltage (?0) was applied to the n Gas-Col” mantle.

Table XIV 
for Hexanol-l

Molality mobs. A t *b
0.00 159.0* - -
0.10 159.5* 0.5* 5.0

0.20 159.9° 0̂ .9® u.$

0.1*0 161.5* 2.5* 6.2

*vge. « 5.2
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The values of in Table XIV were calculated by equation (3) given 
in the Discussion. The value for the 0.80 molal solution is not in
cluded In the table since considerable water formed in the solution after 
refluxing overnight. A 5 ml. water trap filled with hexanol-1 was placed 
in the system and the water removed by distillation. A total of 0.65 ml. 
of water was collected and the temperature did not vary from 162.9° 
during an 18 hr. ref luxing period while the water was being moved.

2. The Effect of Varying the Amount of U.O.P. Nickel
This variable was studied using 1.0 mole of hexanol-1 in th® 

standard apparatus with 0.175 mole of potassium and varying the amount 
of U.O.P. nickel from aero to iuO g. A constant amount of water, lw7 ml. 
(52>)» was collected and the major results ©re included in Table V in the 
Discussions additional data are listed in the Supplement to Table V. The 
moles of product alcohol are re-tabulated with the moles of acid plus the 
moles of water to show their correspondence.
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Supplement to Table V

Expt.
U.O.P.
nickel,
E*

Hexanol-1
recovered,

moles
Alcohol
residue,

g*
Product
alcohol,
moles

Acid + Water, 
moles

B 12 0.0 0.96 2 - -
B 13 0.031 0.90 1 0.013 0.019
B 111 0.50 0.21* 10 0.28 0.30
B 15 1.0 0.23 9 0.27 0.30
B 16 2.0 0.21 12 0.29 0.3 0
B 17 3.0 0.22 13 0.27 0.30
B 18 IwO 0.20 13 0.28 0.30

It was mentioned in the fiscussion 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, expts.
A 20 and, A 25$ have been given previously and the third is recorded 
here#

Bxpt. B 19* - In this reaction using 1.5 moles of hexanol-1, 0.30 
mole of potassium and 2*5 g* of U.O.P* nickel, a refluxing period of 
only 1.3 hr s. was used after water began to distil. An induction period 
of 50 min. was observed and the temperature dropped from 179® to 175* 
during this time. The temperature range during the reaction was 175® to 
186* and 3*6 ml. of water collected. Purification of the reaction 
mixture yielded 72 g. of recovered hexanol-1, 56 g. (kO,i) of 2-butyl- 
octanol-1, only 13 g. of distillation residue and 7 g* of hexanoic acid.
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3, The Characterization of 2-Butyloctanol-l

This has been included as a separate section since the pork was 
rather extensive. All derivatives made in this thesis were by the

Rlprocedures given in Shriner and Fuson, unless otherwise specified.
Where ethanol was used as a solvent this material was 95> ethanol*

Tfee following physical properties were obtained* b.p. 131-132*
(15 mm.), 108-110* (2.5 imn. )| l.UhOG. The literature values for 
this compound are*^ b»p. 132* (15 mm.); l.ii1*35.

Anal. Calcd. for C 8̂ >̂i G 77.3W# H ll* .07$. Founds G 77.36$,
H 13.81S.

The quantitative carbon and hydrogen analyses for this compound and
most of the other compounds in this work were obtained since many of
them were liquids which were made by modified procedures. There has also
been some doubt as to the structure of the products obtained in a

13standard Guerbet reaction. The solid products or their derivatives
were not analyzed unless they were new compounds or a discrepancy existed
between the melting points obtained and those reported in the literature.

The 2-butyloctana 1-1 gave negative results with 2,U-dinitrophenyl-
hydrazine and bromine in carbon tetrachloride; it was insoluble in the
Lucas reagent and did not give the hycroxamic acid test for eaters. It
gave positive tests with sodium metal, acetyl chloride and eerie nitrate
solution, and a positive Fsrroac test.

The following derivatives were attempted without success* the
phenylurethan© (diphenylurea obtained), the e-naphthylur©than® (di-a-

85naphthylurea obtained), the 3,5-dinitrobenzoate, the xanthate, ^ the 
benzoate, th© 3-nitrophth&lic acid ester, the tetrachlorophthalic acid

8d 87ester mid the phthalimidomethylene ether.



The allophanate of this compound has been reported by Mastagli^ 
and since efforts to obtain a more common derivative were not successful 
this derivative was made.

The procedure of Behai was used, which involves the decomposition 
of cyanuric acid in a combustion tube with a furnace and passing the

£■ *7evolved cyanic acid into the chilled alcohol. The cyan uric acid may
88be conveniently prepared, by a standard procedure. In place of the 

furnace, a Meeker burner was used at the front end of a combustion tub© 
(11 x 2$0 tou) sealed at one end and a Bunsen burner was used to heat 
the cyanuric acid. The Bunsen flame was moved from the front to the 
back of the tube over a period of about 15 min. for 3 g. of cynuric 
acid. The outlet tub© from, the combustion tube was immersed in about 
2 g. of the alcohol placed in an 18 x 150 nm. test tube. A hood is 
recommended for this work. As the cyanic acid was passed into the 
alcohol, the latter became milky and quite hot. The tube was removed 
from the alcohol as soon as the cynuric acid was decomposed and the 
material allowed to stand until solid (l to 1 hrs.)• The solid cake 
was broken up and triturated with ether to remove unreacted alcohol and 
the urethane. In some cases the allophanates were soluble in ether and 
had to be chilled in an ice bath to precipitate 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 
solution in an ic© bath, the allophanate crystallised. After, filtering 
and. drying the solid, a melting point was taken and then the compound 
was recrystallised to constant melting point. In many cases one 
recrystallization was sufficient and never more than three war© required 

The allophanate of 2-butyloctanoi-l, after two recrystallizations



99

from ethanol, melted at 126-127®• Kastagli reports a melting point of 
119°. Because of this discrepancy, the allophanate of the commercial 
2-butyloctrnol-1 was made and this melted at 126-12?*5®. A mixture 
melting .point determination of the two alloph&nates gave a melting point 
of 126-127*5®•

Anal. Calec * for C 61*73%, H 10*36%. Found: C 61.91%
6l.78%| H 10.159%, 10.55%.

IVe£aratioji of ̂l̂ Broifto-2^Mtyloctane. - In a $0 ml* flask was 
placed. 20.0 g. (0*11 mole) of 2-hutyloctanol-l and 28.7 g. (0.11 mole) 
of phosphorus tribromide was added in small portions while swirling the 
flask. A condenser supporting a calcium chloride tube was attached to 
the flask and then warmed on a steam bath for 1 hr. The mixture was 
poured onto ice and. 50 ml. of carbon t@trachlo.rid® was added. The water 
layer was removed and the organic layer washed successively with a small 
portion of concentrated sulfuric acid, twice with water, once with 5% 
sodium hydroxide and once more with water; it was then dried over 
calcium chloride and distilled. The product distilled at 100-102®
(2.5 mm.); 1.1557. There was obtained 13.5 g. (51%).

Anal. Caled. for Br 32.13%. Founds Br 32.26%, 32.1*6%.
As mentioned in the liscussion, some rearranges.ent may have occurred 

to a tertiary bromide since the product gave an Immediate and copious 
precipitate with alcoholic silver nitrate. It is also possible that a 
small amount of the unsaturated bromide was present*

Preparation of 2-Butyloctanoic Acid. - This compound was prepared
'T i Tir^‘ " — l—l1ir-- pm~ TtTrn - -■-) , ,|,M j   — ... *,*• „*?,,( wir.%.* r;. I'VW imnwiMffll»T

by a standard oxidation procedure with potassium, bichromate and sulfuric 
acid. The 2-butyloctanol-l (12.0 g., 0.065 mole) with 60 ml. of water,
30 g. of potassium bichromate and 1*0 ml. of concentrated sulfuric acid

i.706f>9
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yielded 6 g. (86%) of 2-butyloctanoic acid. This substance boiled at
ll)i-ll6e (0.5 mm.) and had a refractive index of 1.8350. The experi-1
mental values for the neutralisation equivalent were 191 and. 1905 the 
calculated value is 200. The acid was derivatized as its amide and. 
reery3taliiaed from acetone-wateri a.p* 106.2-107.5**

Anal. Calcd. for C ^ ^ O M s  C ?2.30$, H 12.68$, N 7.08$. Found:
C 72.38%, 72.68^| H 1 2 . 7 3 # ,  1 2 . 7 1 # *  -K 7 .1 1 * # ,  6.07%.

This acid was also prepared by treating 93 £• (0.5 mole) of 2-butyl-
octane 1-1 with 3*9 g. (0.1 mole) of potassium and 0*8 g. of U.0,'p. nickel.
A 2.50 ml., three-nocked flask equipped with a condenser and a stirrer was 
used. The solution was ho&ted at 200° for 1,5 Hrs. and then at reflux 
(256* to 268°) for 1.5 hrs. After cooling and pouring into water, the 
water layer was treated in the standard manner to yield 11*. g. (18%) of 
2-fcutyioctanoie acid which distilled at 115-117® (0.5 mm.)j 1.8367. 
The acid prepared in this manner gave neutralisation equivalents of 202 
and 199.

Preparation of 2-Butyloety1 Acetate. - In a 500 ml., one-necked 
flask there were placed 300 ml. of bensene, I8.6 g. (0.10 mole) of 
2-butyloctanol-1, 12.0 g. (0.20 mole) of glacial acetic acid and 0.5 g. 
of £-toluenesulfonic acid. A water trap surmounted by a condenser was 
attached to the flask and the solution held at reflux, until the water 
stopped distilling. A total of 2.3 ml. (12d$$ probably contained acetic 
acid) of aqueous layer was collected. The bensene solution was washed 
with water, twice with saturated sodium bicarbonate solution snc twice 
more with water. The beneene was removed by distillation and the product 
distilled under reduced pressure to give 20 g. (88$) of the 2-butyloctyl 
acetate. This product was a very mobile, colorless liquid which
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distilled at 112-113° (2 pm.)j njp* 1.1*303. The diethylene glycol method 
was used to determine the saponification equivalent of this compound*

Anal* Calcd. for C ^ 2B°2f C H ^.36^, S.E. 228. Founds
C 73.81*$, 73.90$i H 12.16$, 12. U &  S.E. 230.

equipped with a water trap surmounted, by a condenser were placed 18.6 g. 
(0.10 mole) of 2-butyloctanol-l, 31.3 g. (0.20 mole) of £-chlorobenzoic 
acid, 500 ml. of bensene and 1*0 g. of £-toIuenesulfonlc acid. After 
1.8 ml. of water had been collected, the reaction mixture was treated 
as for the 2-butylactyl acetate to yield 23 g. (71$) of 2-butyloctyl 
£-chlorobenzoate which distilled at 152-155° (0.1 mm.); 1.1*916.
This substance did not solidify after standing for a year and a half and 
was a light yellow, viscous liquid.

The Equivalent Weight, of 2-Buty^ctanol-l. - This reaction was 
considered in the Discussion. One-half 1. of benzene, 32.k g. (0.125 
mole) of triphenylcarbinol and 23.2 g. (0.125 mole) of 2-butyloctanol-l 
were placed in a one 1., one-necked flask equipped with a water trap 
surmounted by a condenser and. a calcium chloride tube. To this mixture, 
G.Olr? g. of £-toluenesulfonic acid was added and the solution was held 
at reflux for 2k hrs. After 21 min., 1.10 ml* (1x97 ) of water had 
collected and after 1.5 hrs., 2.02 al. (90$). For the 2-butyloctanol-l 
this gives a value of 189 for the molecular weight, which compares 
favorably to the calculated value of 186. The reaction mixture was 
purified as above for the 2-butyloctyl acetate. The triphenylmethyl 
2-butyloctyl ether distilled at 202-203° (0.2 mi.)} 1.51*60. The
yield was 37.5 g. (10%).

Characterization of the Hiffh-Boiltng Residues. - The residues 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 obtain 35 g., distilling at 95° to 100* (0*2 mi,). The tempera
ture rapidly rose to 125° and 75 g. was obtained in the range of 12%* to 
135° (0.2 ».)j 1 .1*575. A. final fraction of 61 g. in the range of
11*5* to 165* (1.2 mm*) was obtained (oj?** 1.1*595) and 89 g. of a tar 
remained* The second and third fractions were analyzed, for carbon and 
hydrogen, fraction 2s C 80*31$, H 13.62$. fraction 3s G 79.38$,
H 13.114$.

All of the fractions were unsaturated to bromine in carbon tetra
chloride so the first fraction may b© mainly the 2-butyl-2-octenol-1 
since this probably boils higher than the 2-butyloctanol-l.

If the analyzed fractions contained alcohol(s) of the triply 
condensed structure, e.g., a product from the condensation of 2-butyl
octanol-l and hexanol-1, they might be mixtures of the saturated and 
the unsaturated alcohols. Two possible structures and calculated 
values for carbon and hydrogen are:

C,HloCHCHoCKCHo0H C 79.92$, H li*.l6%V w
C,H„-CHCH-CCH-OH C 80.52$, H 13.52$.613V9 \4

The calculated values for the last structure are seen to agree fairly 
well, with analyses obtained for fraction 2 above. This may be the 
correct structure for the compound but the evidence is insufficiently 
definite to classify it. Mo further work was don® on these compounds.
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h* The Effect of Varying n in CH^CCHgJ^CHgOH

The above work was sufficiently consistent to indicate the optima® 
conditions for a conveniently rapid reaction with hexanol-1. It was 
felt that these conditions could be generally applied to the homologs of 
hexanol-1. It is significant to note that plots of the volume of water 
against time for hexanol-1, heptanol-1 and octanol-I had the same 
general shape. This was in spite of large temperature differences and 
rates of temperature changes during the reactions.

The following reactions of this section are in two series5 one 
utilising U,0.?. nickel and one without U.O.P. nickel. The major 
results of the first series are given in Table VI and those of the 
second series in Table VI £ of the 1 iscussion. Other pertinent informa
tion on the reactions and properties of the products are given here 
under each experiment. For these reactions, 1.0 mole of the alcohol 
and 0.175 mole of potassium were used. For the first series 0.5 g* of 
U.O.P. nickel was used, except where indicated and none was used in the 
second series. The standard apparatus and procedure were used in all 
cases.

Expt. B 20. - Butanol-1 was used in this experiment with 1;.G g. of 
li.O.P. nickel to give a faster reaction. In addition, 3*0 ml. of 
o-xylene was ended to the water trap; to 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 due to a small amount of aldehyde or 
water in the butanol-1. It was necessary to use the minimum heating 
which allowed water separation. After 12.5 hrs. of refluxing, 1.2 ml,
(13;i) of water had- distilled and the temperature increased from 136® to



HO*. The reaction was stopped by cooling to room temperature and the
mixture allowed to stand overnight under an atmosphere of nitrogen.
The next day the reaction was continued for 8.5 hrs. and the total water
volume reached 3.1 ml. (31$) and th® temperature Increased to U4.60. The
reaction mixture was again allowed to stand overnight as above and on
continuing for 5*0 hrs. longer (26.0 hrs. total), 1.5 ml. {$0%) of water
had collected and a final temperature of 155* was achieved. A total of

0.16 mole of hydrogen was evolved.
This reaction afforded 32 g. of recovered butanol-1 distilling at

115-118*. The 2-ethylhexanol-l distilled at 106-108* (55 mm.)!
l*h$09 (lit. 1.1300). The yield was 2? g. (12%). Three g. of i X*

distillation residue and 2 g. of butanoic acid were also obtained. The
acid distilled at 160* to 166* (lit. b.p. I63*).

The allophanate of 2-©thylhexanol-1 was prepared as described above
13and after on© recrystallisation from ethanol melted at 121.7-125® (lit.

m.p. 125*).
Expt. E 21* - Pentariol-1 required. 18.5 hrs. for reaction using 0.5

g. of h.O.P. nickel and was twice permitted to stand overnight during 
this time. As for butanol-1, the minimum heating was used which allowed 
water separation. A temperature range of 155* to 180® was observed 
while collecting it.5 ml. (501) of water and 0*088 mole of hydrogen.

There were obtained 3l g. of recovered pentanol-l distilling at 
60-63® (25 mm.) and 36 g. (16%) of 2-propylheptano 1-1 in the distilla
tion rang® of 106* to 111* (ll res.) with most of it coming over at 
106-108*. There was also ? g. of distillation residue. Insufficient 
acid was obtained for distillation but after isolation from the water, 
it was titrated to a phonoIphthalein end point with, standard sodium
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hydroxide. This procedure indicated that 1.6 g. of pentanoic acid was 
obtained.

The refractive index of the product* 2-propjlheptanol-l, at 25° was
1.1356. 'Weisanann reported this compound but he only gave a ’boiling

11point of 112-115° (11 ram.). He did not give a refractive index or- the 
analytical results for carbon and hydrogen.

Anal. Calcd. for C ^ ^ O s  C 75.86$, H U.10%. Founds C ?6.l0%,
?6.37$j H 11.15$* 11.06$.

The allophanate was mad© and after one re crystallization from 
ethanol melted at 130-131®.

.Ana1. Calcd. for ̂ 3̂  21^3^2* ^ £9.01%, ^ 9.81$. Founds C 59.01%,
58.79%| H 9.98$, 9.92%.

Expt. E 22. - 1‘his experiment with hexanol-1 has been previously 
given in the U.O.P. variation work as expt. B ll.

Expt. B 23* - Heptane1-1 gave a fairly rapid reaction with only
0.5 g* of u.O.P. nickel. An induction tin© of 0.5 hr. was observed with 
practically no temperature drop. A total reaction time of 2.2 hrs. was 
required to give 1.7 ml. (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-1, 
distilling at 60-62° (2.5 mm.) and 63 g. (59%) of 2-pentylnonanol-l
which distilled at 128-129° (2 ram.)j 1.1000. (lit.13 b.p. 1&V

21(13 mm.), 1.1160). Thor© remained from the distillation 10 g. of
high-boiling residue. The water layer yielded 11 g. of heptanoic acid 
which distilled at 220° to 228°} 1.1*21$. (lit. b.p. 221-222”,
n^° 1.1*216).
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Anal. Calcd. for C^H^Oi C 78.1*35*, H Hi*US*. Founds C 78.73%,
H ll. 135*.

The 2-pontylnon ano1-1 (26.75 g.) without further purification gare 
2.20 f!il. of water in an equivalent weight determination aa described for 
2-butyloctanol-l. This gives a value of 219 as compared to the calcu
lated value of 2Hu The trityl ether was not isolated.

The allophanate was made and after one r e crys talii zation from 
ethanol melted at 121-122* {lit• ̂  ra.p. 120*). This compound has the

13correct structure as shown by an independent synthesis by Mast&gli.
He reports many liquid derivatives of this compound.

BSPfru, B 2k. - In the same manner as for the previous experiments, 
the use of octanol-1 gave an excellent reaction. Mo induction period 
was observed and only a 1.5 hr. refluxing period was required to give
h.5 ml. (5(5$) of water and 0.22 mole of hydrogen. The temperature 
increased from 205* to 250* during this period.

There were obtained from this reaction 18 g. of recovered octanol-1 
which boiled at 90-95* (13 mm.) and 75 g. (62%) of 2-hexyldecanol-l 
distilling at 128-130* (0.8 mm.)| l.hk7£* A high-boiling residue of
7 g. and 15 g. of octanoic acid were obtained. The latter distilled 
over the range of 233* to 21*0% 1,1*268 (lit. b.p. 237.5% 1.1268).

Anal. Calcd. for C 79.275*, H ll*.lW. Found? C 79.53%,
79.1*6%! H Hi.01%, 13.91%.

The product was used as distilled above for the carbon and hydrogen 
analyses and an equivalent weight determination. The equivalent weight 
obtained with 30.25 g. of the alcohol was 2l*6 (2.21 ml. of water) which 
may be compared to the calculated value of 2U2. The trityl ether formed 
in this determination was not isolated..
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The allophanate was made and. recry etc illzed once fro® ethanol5 
m.p. 92-93* (lit.^ sup* 90*)• The 2-hexyldecanol-l had the following 
boiling pointes 132-181* (16 si®.), 111-116° (2 mm.), 128-130° (0.8 mm.). 
The literature values are 177° (15 mm.)1  ̂and 181-183° {15 wm.).^ The

rtf’
value of the refractive index was n ^  1.1172, while it has been previous
ly reported as being 1.1520^ and n ^  1.1170.^  The last value
for the refractive index compares very well with the value obtained in 
this work and it is of interest since the compound was obtained by re
ducing ethyl-2-hexy Ideeanoate with sodium and ethanol. The ester was 
prepared by the salon!c ester synthesis.

Expt. B 25* - This reaction with nonanol-1 required 1.3 hrs. to 
yield 1.5 ml* (50%) of water and 0.30 mol® of hydrogen with a tempera
ture rang® of 222° to 2??*. The recovered nonanol-1 {12 g.) distilled 
at 102-106° (15 mm.) followed by a fraction of 82 g. (60%) of 2-heptyl- 
undecanol-1 which distilled at 135-138° (0.8 mm.)j 1.1506 (lit•̂

1*1550). There were 9 g. of distillation residue and 19 g* of
25nonanoic acid which distilled at 250-255°| n̂, 1*1300 (lit. b.p. 253-

2$h', n^° 1,1*306).
Ana1. Celcd. for CjjH^Os C 79.92%, H U*.16%. Founch G 80.08$,

H lit.lii?.
The allophaimt® was made and after two r ©cry at alligations from

13ethano1-water melted at 78-79.5° (lit. w.p. 80°).
Expt* B 26. - D&canol-l was used with. 2.0 g* of U.O.P. nickel under 

otherwise standard conditions. This amount of nickel instead of 0.5 g* 
was used by mistake but it was not considered necessary to repeat the 
reaction. This merely gave © slightly faster reaction than 0.5 g* would 
have probably given (cf. expt* B 32). The reaction began immediately cm
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taking the solution to the reflux temperature and was stopped after 3.5 
ml. (39%) of water had collected (isO rain.) since the temperature was 
rising very rapidly (about 2® per rain.) the last ten rain, of reaction. 
The temperature range was 237* to 271° and 0.28 mole of hydrogen was 
collected.

There were obtained from the reaction 18 g. of recovered decanol-1,
distilling at 120-125* (Hi ram.) and 92 g. (62%) of 2-octyldodecanol-l
which distilled at 166-170® (0.8 mm.)* ry * 1.1526 (lit.^ b.p. 215°

19(15 i?an.)* iy 1.1515). There were also obtained 8 g. of distillation 
residue and. 23 g. of decanoic acidj b.p. 268-272®, m.p. 28-31® (lit.
b.p. 268-270®, a.p. 31.5*).

Anal. Calcd. for C^H^O* C 80.16;C, B H.l8$. Foundi C 80.28$, 
80.26^| H 13.61$, 13.86%.

The presence of nonanode acid in the preceding experiment and of
decanoic acid in this experiment caused the formation of emulsions in 
working up the mixtures. Long standing periods were required to effect 
separation of the water layers even in the presence of ether to aid in 
breaking the emulsion.

The allophanate was made for the 2-octyldodecanol-l and after three 
recrystallizations from ethanol melted at 67-69° (lit•̂  m.p. 69°)•

For the second series of experiments included here, U.O.P. nickel 
was not utilized. The firstone was performed with sodium hexoxid© and 
different quantities of it were used as compared to the succeeding 
potassium alkoxide experiments. The sme general procedure was used, 
however.

Bxpt. B 27. - In a on© 1., one-necked flask ©quipped with a 
condenser were placed 800 ml. (6.1 moles) of hexanol-1 and. 55.0 g.
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(2,1* moles) of sodium* The fixture was heated at reflux overnight (12 
hrs*} to react the sodium and then for lSh hrs* longer* The temperature 
was not recorded but in another experiment a solution of this same 
concentration of sodium- hexoxid© was observed to have a solution tempera
ture of 1160• The products were isolated in the standard fashion to
yield 29 g* (5%) of 2-butyloctanol-l, which distilled at 93-95° (0.8 mm*),

o'?
(n̂ ? l.iiii.15) and 13 g. of hexanoic acid distilling at 200° to 210°.

Expt. b 2o* - This experiment, included in Table VII, for hexanol-1
has been given in the U.O.P. nickel variation study as expt. B 12.

Expt. B 29* - Heptane1-1 was very slow to start to react without 
U.O.P. 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 25^°. There was 0.22 mole 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-1, 70 g. (65%) of 2-penty lnonanol-1 (n£'̂  l.ltUi9)» H  g» of

pc.distillation residue and 15 g. of heptanoic acid (n^ I,k2l5) •
Expt. t. 30. - The reaction with octanol-1 without u.O.P. nickel 

required 5*8 hrs. to yield iw5 ml. ($0%) of water and 0.2? mole of 
hydrogen, with a temperature range of 207° to 262°.

The reaction mixture yielded 16 g. of recovered octanol-1 and 
7h g. (62%) of 2-hexyldecanol-l which distilled at 182-l8i** (16 mrn.)j

1.hli71. There were also obtained. 10 g* of high-boiling residue and
c'17 g. of octanoic acidj rs^ I.I4268.
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Expt. S 31* - TTonanol-1 gave a good react ion without U.C.?. nickel 
but the water stopped distilling after k.h ml. (h9%) had been collected. 
For the 2.6 hr. reaction time, C.3k mole of hydrogen was collected and 
the temperature range was 22k® to 305*.

The isolation procedure yielded 12 g. of recovered nonanol-1, 8k g. 
(62%) of 2-heptylundecanol-l (nj^ l.k505)s which distilled at 13k-137* 
(C.k mm.) and 10 g. of high-boiling residue. There was 21 g. of 
nonanoic acidj l*k300.

Expt. B 32. - The reaction of decanol-1 without U.O.P. nickel 
required only 1.3 hrs. to give k.5 ml. (50%) of water and 0.33 mole of 
hydrogen. The temperature range during this time was 239* to 320°,

The reaction afforded 7 g* of recovered decanol-1 and 96 g. (65/0 
of 2-octyldodecanol-l (r^ l.k5>28). The product distilled at 161-165* 
(O.k mm.) and there were 12 g. of distillation residue and 25 g. of 
decanoic acidj b.p. 265-272 ®.

5. The Pelf-Condensation of Secondary Alcohols

These reactions were performed with 1.0 mole of the secondary 
alcohol, 0.175 mole of potassium and 2.0 g. of U.O.r. nickel in the 
standard apparatus. The usual isolation procedure was used but no acid 
was formed.

Expt. b 33. - Heptanol-2 (116 g., 1.0 mole) reacted with the 
potassium to give a yellow-brown solution. After the addition of the 
U.O.P. nickel, the reaction required 9.0 hrs. to give k.5 ml* (50$) of 
water with the solution temperature increasing from 17k* to 195** 
Hydrogen evolution was rather vigorous during the first hour of reaction 
but thereafter tapered off to yield only 0.097 mole of hydrogen.
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Purification of the reaction mixture provided 63 g. of recovered 
heptanol-2 which boiled at 69-70° (15 sun,) and 2? g. of the procuet(s) 
distilled from 135° to 158° (15 mm.). There was 15 g. of nan-distilled 
material and the water layer became only faintly cloudy upon acidification.

The product(s) showed considerable unsaturation to bromine in carbon 
tetrachloride with some hydrogen bromide ©volution. The material was 
dissolved in 100 ml. of 95% ethanol and hydrogenated over Itsaey nickel 
at 150° and 2300 p.s.i. for 1 hr. in a 300 ml. rocker-type bomb. Pistil- a 
lation of the hydrogenated material gave 6 g. distilling from 122® to 
138* (II4 mm.) having a refractive index of 1.1328 and 1? g. distil- 
ling from I38® to lii8® (ll mm.) but mainly at lll-lh2°s 1.1108,
There was 2 g. not distilled and both fractions were saturated to bromine 
in carbon tetraahloride. The main fraction was assumed to be 8-methyl- 
tridecanol-6, formed by the condensation of a molecule of heptanol-2 on 
the methyl group of another molecule of heptanol-2.

Anal. Calcd. for C^H^Gt C 78*l3%» H H.ll>. Found: C 7&.69%t
■ JLLi 30

H H .1 3 $ .

Expt. B 3l. - This reaction with octanol-2 required 1.1 hrs. to 
yield 5*1; ml. (60%) of water and the temperature rose from 190° 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 procuct(s) in the distillation range of 128® to 
11*2° (2.5 mm.) and there was 25 g. of high-boiling residue.

Expt. 13 35. - The use of 5-ethylnonano 1-2 is interesting in that no 
U.O.P. nickel was needed to effect the reaction and only 0,10 mole of 
potassium was used for 1.0 mole of the alcohol. The reaction required 
10 min. to give 1.6 ml, (5l£) of water and the temperature varied from
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223* to 237* as 0.10 mole of hydrogen was evolved.
The mixture was purified to give 93 g* of recovered $-ethylnonano!-2, 

h9 g* of a fraction distilling from 152* to 162* (15 set.) 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 done on the identi
fication of these products.



113

0. Mixed Guerbet Condensations

1. General Considerations

The mixed re actions are described in somewhat greater detail than 
previous reactions because more careful purifications were required in 
most instances. For these reactions 1.0 mole of total alcohols, 0.175 
mole of potassium and in most cases, 2*0 g. of U.O.P. nickel were used.

The first distillations were performed with an 8 in. Figreaux 
column and any redistillations with the 12.5 mm. diameter Todd column.
In general, for the fractions previous to the product, the oil bath was 
maintained at the temperature at which the succeeding fraction would 
distil. This was slow in many cases but it allowed & good separation of 
the recovered reactants and of the products. The same general methods 
were used her© as with the other Guerbet reactions.

2. The Condensation of 2-Bthylhexanol-l with Normal Primary Alcohols

Frpt. 0 1. - In this reaction, 2-ethylhexanol-X (86.6 f,, 0.67 mole), 
hexanol-1 (3b.0 g*, 0.33 mol©) and only 1.0 g« of U.O.P. nickel were 
used, 1 reaction period of 6.7 hrs. was required to give 2.3 ml. of 
water after which the water ceased to distil. The temperature increased 
from 188® to 205® and 0.12 mole of hydrogen collected.

The mixture afforded 1 g. of recovered hexanol-1 distilling at 67- 
70® (ll5 im.) and ?b g. of 2-ethylhsxsnol-l distilling at 79-814* (ll* mm.). 
When these substances were removed 26 g. (83S) of 2-butyloctanol-l was 
obtained in the distillation range of 136* to lilt0 (l8 mm.); l.llilG. 
There remained from the distillation 6 g. of high-boiling residue• The 
product was redistilled through the Todd column at atmospheric pressure.
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Twenty g. (65%) of the 2-butyloctanol-l, which distilled at 250-251*, 
had a refractive index at 25° of l.lhOO. There was 5 g. of material 
held in the colw,

The water layer yielded some acid upon acidification but it was 
not a sufficient amount to distil. Titration with standard, base to a 
phenoIphthalein end point indicated 0.036 mole of total acid.

Expt. C 2. - This experiment was an exact repeat of expt. C 1 
except that 52.6 g. (0.33 mole) of decsnol-1 was used in place of the 
hexanol-1. This reaction required only 1.0 hrs. to yield 2.0 ml. of 
water arid 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-1 and 3 g* of decanol-1. Further 
distillation yielded 10 g. of material which came over between HO® to 
l60* (0.8 mm.) and 27 g* at 159-161® (0.5 mm.), leaving 6 g. of residue. 
The combined acids were distilled to yield 2 g. of 2-ethylhexanoic acid 
which boiled at 220® to 228* and 5 g* of decanoic acid at 263° to 27l°.

The two alcohol product fractions and the residue were combined 
and distilled through the Todd column. There was obtained 6 g. of 
material that was probably the mixed product, 2-hexyl-l-ethyloctanol-l, 
and which distilled at 116-151* (l.G mm.)j njp 1.1515* This was
followed by 30 g. (60^) of 2-octyldodecanol-l distilling at 172-173®

25(l.O nan.)3 n^ 1.1523* There was 6 g. of material held in the column.

3. The Condensations of Bensyl Alcohol with Primary Alcohols Containing 
a {j-Methylene Group

The major results of these experiments are included in Table ¥111 
in the Discussion. Further information on the reactions and properties
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of the products are given here.
Expt. C 3» - This was s. preliminary experiment designed -rdLth expt.

G 5 to ascertain the effect of the reactant alcohol ratio for benzyl 
alcohol and hexanol-1. Hexanol-1 (51 g** 0.50 mole) anc benzyl alcohol 
(5h g., 0.50 mole) were mixed, in the standard apparatus and the potas
sium added. After the potassium had reacted, 2*0 g. of u.O.P* nickel 
was added and the mixture taken to the reflux temperature. The reaction 
required 2*2 hrs* to yield h*7 »1* (52a* for the mixed reaction) of water 
and the temperature varied from 172* to 201** as 0.11 mole of hydrogen 
was collected.

From the reaction there was obtained 10 g. of hexanol-1 distilling
from 56° to 69* (2*5 mm*) but very little was collected from 60* to 69°.
The benzyl alcohol fraction (2ii 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 by the 2-benzylhexanol-1 fraction (33 g») from 113° to 12li°
(2 mm.) and there was 6 g. of distillation residue. The water layer
gave 1 g. of benzoic acidj m.p. 112-116° (lit. mp. 121-122*).

Since the distillation through the standard column afforded poor
separation, the benzyl alcohol, the 2-butyloctanol-l and the 2-benzyl-
hex&nol-l fractions were recombined and distilled through the Todd
column at 15 mm. pressure. This yielded 21 g. of recovered benzyl
alcohol, which distilled at 103-10ii* (n^ 1.5350) and 16 g. (35$) of
2-butyloctanol-l, which distilled at 132-133*1 1.1*1*20. The
2-benzylhexanol-1 came over at 156-157* (n^ 1.5100), leaving 2 g. of

25material in the column5 1.5000. The yield of 2-benzylhexanol-1 was
1330 g. (3150 and the literature physical constants ©res b.p. 155*

(15 mn.), n^° 1.5133.
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Expt, C I-. - In this reaction, ?2.Q g. (0.6? mole) of benzyl alco
hol, 2l|.6 g# (0.33 mole) of butanol-1 and i:.0 g. of U.G.’3. nickel were 
used. In addition, 1.5 g. butanol-1 and 3«0 g* of benzyl alcohol war© 
added to the water trap to aid in water separation and these amounts are 
not included in the recoveiy data. It was necessary to use the minimum 
heating which would give water separation and the reaction required 3.7 
hrs* to yield 1.8 ml. (30$) of water with a temperature range of il3® to 
1876 and 0.18 mole of hydrogen was evolved.

There were recovered 3 g. of butanol-1 which boiled at 115-118° and 
16 g. of a fraction of mainly benzyl alcohol which boiled at 90* to 110® 
( H  mm*). The next fraction (27 g.) was the impure 2-benzylbutanol-1, 
distilling at 110® to 131* (lh mm.), and there was 3 g» of residue. The 
water layer yielded 5 g. of benzoic acid which melted at llli® to 120®.

The benzyl alcohol and 2-benzylhutano1-1 fractions were recombined 
along with 10 g. of 2-pentylnonanol-l and fractionated through the Todd 
column. The 2-pentylnonanol-l was used as a "pusher" to get the 
maximum recovery of the 2-benzylbutanol-1. This distillation gave 3 g. 
(16$) of 2 -e thy lhexanol-1 boiling at l8i|-l85°, l.ii300, and 38 g« of
recovered benzyl alcohol which boiled at 102-103° (15 mm.)s 1.5312. 
The product, 2-benzylbutanol-1, (30 g., 55$) distilled at 138-139°

O Cf(15 mm.)2 njj 1.5155* The literature physical constants ares b.p. I3I1- 
135° (IS  ram.), n}6 1.5130;13 b.p. 136* (12 mm.);9 b.p. 105-107* (1 mm.).90

Anal. Calcd. for C^H^Qj C &0.hk%, H 9.62%. Founds C 80.6IS, 
80.672j H 9.95%, 10.0®.

The alXophanate was made and recrystallized once from ethanol j m.p. 
Xl+8—lis9° (lit.13 m.p. 131*).

Anal. Calcd. for C ^ H ^ O ^ s  C 62.38*, H 7.25*. Founds C 62.52*,
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62.35%; H 7.31$, 1.59%.
The 2-b enzylbut anol-1 (10.25 g.) gave an excellent equivalent 

weight. A total of 1.13 ml. of water was obtained which gives a value 
of 163. The calculated value of the molecular weight is I6I4.

Expt. C 5. - This reaction was a repeat of expt. 0 3 except that
72.0 g. (0*67 mole) of benzyl alcohol and 3li*0 g. (0.33 mole) of 
hexanol-1 were used. This reaction required 2.0 hrs. to yield li.8 ml. 
(8C$) of water with a temperature range of 1?6° to 207° as 0.11 mole of 
hydrogen was collected.

Isolation of the reaction components yielded less than 1 g. of 
recovered hexanol-1 and ll g. of benzyl alcohol, which distilled at 92- 
95° ( H  mm.). There was no fraction at the 2-butyloctanol-l distillation 
temperature (132*) but there was obtained 12 g. of impure 2-benzyl- 
hexanol-1 distilling from lli9° to 159° (ll mm.). There were 1 g. of 
distillation residue and 6 g. of benzoic acidj m.p. 115-119*.

The product fraction and the residue were recombined and distilled 
through the Todd column at 15 mm. pressure. This gave 1 g. (lh%) of 
2-butyloctanol-l, which distilled at 131-133*# and 38 g. (59?) of 
2-bensy lhexanol-1, which distilled at 156-15? *$ n ^  1.5098.

Anal. Calcd. for C^H^O* C 81.20%, H 10.1*8#. Found: G 81.28%,
81.07#) H 10.il3$, 10.20%.

The allophanate was mad® and after on© re crystallization from 
ethanol melted at li|ii-115* (lit.^ m.p. liUi*).

Expt. C 6. - In this reaction there ware used 72.0 g. (0.67 mole) 
of benzyl alcohol and 38.6 g. (0.33 mole) of hep tana 1-1. There was 2 g. 
of heptanol-1 added to the water trap which was not counted with the 
recovered alcohol. The reaction required l.li hrs. to yield 5*0 ml.
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(83f-) of water and 0.11 mole of hydrogen. The temperature range was 
iBij* to six®.

There was no heptanol-1 recovered but there was 38 g. of benzyl
alcohol, which distilled at 95® to 105* I n ^  1.5305* This was followed
by h9 g. of impure 2-ben*yIheptano 1-1 which boiled at 155* to 161®
(13 mm.); 1.1912. There was 1.0 g. of high-boiling residue and the
water layer yielded 6 g. of ben&oic acid which melted at 111® to 116®.

Since the product was impure, it was recombined with the residue
and distilled through the Todd column at 15 mm. There were obtained 9 g.
(2lrf0 of rather impure 2-pentylnonanol-l, which distilled at 160° to
169* (n^ I.I6I4O) and U0 g. (58$) of 2-bensy lheptano 1-1. This latter

25substance distilled at I69-ITO*5 1.5016* The literature physical
constants are: b.p. 162° (13 mm.), 1.5039)^ b.p. 119-120® (2.5 mm.)?0
It has also been reported that the 3,5-dinitrobenssoate of this alcohol 
is a liquid.

The sllophanate of this compound was made and recrystallized three 
times from eth©no 1| m.p. 12lu 5-126* (lit.^ m.p. 125®).

Expt. C 7. - There were utilised for this reaction ?2.0 g. (0.6? 
mole) of benayl alcohol, 15.2 g. (0.33 mole) of 3-phenylpropanol-1 and 
no 0.0.P. nickel. The potassium reacted very rapidly with the mixture 
of alcohols giving off white fumes and the solution turned a dark brown.
/ 12.5 ml. water trap for liquids heavier than water was used but as the 
reaction progressed the water went to the bottom (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 discarded. 
After a total reaction time of 1.8 hrs., 5.0 ml. (83$) of water had 
been collected. The temperature varied from 22?® to 2L1® and 0.11 mole



119

of hydrogen was collected*
The reaction mixture yielded 38 g. of benzyl alcohol distilling 

from 9h° to 105° (12 r«m.)s nj?"' 1.5333* One g. of substance distilled 
at 105° to 192° (12 m.) and the product (h? g., 62%), which was 2,2- 
dibensylethenol, distilled at 185* to 155s* (0.5 mi.) with the bulk 
coming over at 185-187*; n^ 1.5662* There was 12 g. of non-d is tilled 
residue and the water layer gave 8 g. of acid which melted at 90* to 
112*. The latter is probably mainly benzoic acid, since 3-phenyl- 
propionic acid melts at 18*.

The product has been reported as having a boiling point of 202*
(15 ism*), 1.56‘?3> and its allophanate as melting at 11*0°.^ The 
allophanata of the compound obtained in this work after three recrystal- 
liz&tions from ethanol melted at 139-180®.

8. The Condensation of Bensyl Alcohols with Secondary Alcohols

There are included here three preliminary experiments which were 
performed with benzyl alcohol and cyelohexanol. One of these, expt.
C 12, is included in Table IX of the liscussion• 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, 58*0 g. (0*50 mole) of benzyl 
alcohol and 50.0 g. (0.50 mole) of cyelohexanol were reacted. Two g. of 
cyelohexanol 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 as the temperature 
increased from 1?2® to 197 ®*
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Purification of the reaction mixture yielded 22 g. of recovered 
cyclohaxanol which distilled at 6?«68® (12 nan.), l.li6U5# ***& 11 g, 
of benzyl alcohol which distilled at 914-96° (12 ram.). These fractions 
were followed by 29 g. (31*) of impure 2-benzy Icycio hexano 1 which boiled 
at 156° to 165° (12 ram.) and which crystallized to an oily solid in the 
receiver. There were 23 g. of distillation residue and 2 g. of benzoic 
acid| ®.p. 115-113® •

Expt. 0 9. - This experiment was a repeat of expt. G 6 except that
36.0 g. (0.33 mole) of benzyl alcohol and 66.7 g. (0.67 mole) of cyclo- 
hexanol were used. The reaction required 2.1 hr s. to yield 1.1* ml.
(73$) of water and 0.056 mole of hydrogen* The reaction temperature 
varied from 172® to 1914° during this time.

There were recovered D2 g. of cyclohexanol and 5 g. of benzyl alco
hol. The 2-benzyIcyclohexanol (30 g., 1*7$) distilled at 159® to 165®
(13 mm.) and there was 12 g. of high-boiling residue. The benzoic acid 
obtained (1.5 g.) melted at 110° to 115°•

The other experiment of this series is included below as expt. G 12. 
The experiments which follow all utilize 0.25 mole of benzyl alcohol end 
0.75 mole of the secondary alcohol and are included in Table IX of the 
Discussion.

Expt. C 10. - For this reaction, 27.0 g. of benzyl alcohol and 87.0 
g. of heptanol-2 were used with 2 g. of additional heptanol-2 in the 
water trap. The reaction proceeded for 14.5 hr s. during wnich time the 
temperature varied from 163® to 173° as 2.8 ml. (62$) of water and
0.05li mole of hydrogen were collected. The reaction gave only 0.05 ml. 
of water during the last hour at reflux.



121

The r.iixtuî e was separated to yield 66 g. of recovered heptanol-2,
which distilled at 67-69° (13 mra.), 1.11200, and. 9 g. of bensyl
alcohol which distilled at 9kc to 103* (13 sun. ) j nj^ 1.5302* There
were 13 g. (2k,*) of l-pheiiyloctanol-3 which distilled at 158° to 1650 

25(13 nan.), 1.1*996, and 11.5 g. of distillation residue. The water 
layer yielded 0.8 g. of benzoic acid) P.p. 118-120°.

The product was redistilled through the Todd column to yield 0.5 g. 
of a forerun up to 165° (12 iam.) and the l-phsnyloctanol-3 (9 g.)
distilled at a constant 165° (12 ram*); n^r 1.it965.

Anal. Calcd. for CpHggO* 0 81.50%, H 10.75%. Foundj C 31.26%,
H 11.01.o.

The alloph&nate was made and after two re crystallisations from 
ethanol melted at 95•7-96.5°.

Anal. Calcd. for C 65.73%, 3 3.27%. Found* C 65.56%,
H 3.11%.

Expt. C 11. - Benzyl alcohol (27.0 g.) and 1-aethyIpentanol-1 
(76.5 g.) were used in this experiment and h g. of the secondary alcohol 
was added to the water trap. This reaction was allowed to proceed until 
2.7 ml. (60%) of water had distilled (13.3 lire•) and 0.016 mole of 
hydrogen was collected. The temperature rang© curing the reaction was
11*3* to 152* and the heating was kept at the minimum aaomit necessary to
effect water separation.

Purification afforded 60 g. of recovered it-mothylpentanol-1, which 
boiled at 59-60° (23 mm.) and 11 g. of benzyl alcohol at 95-98° ( 11 mm.). 
The product, l-p'h©nyl-5-m@thylli©x®nol-3, distilled at Ht6-l50* (11 mm.)| 

1.5023. The yield was 15 g* (31%) and there was 6 g* of distillation
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residue# The water layer did not yield any acid upon acidification.
Anal. Calcd. for ^ H ^ O :  C 81.20%, H 10.18%. Found? C 81.31$,

&L#00f$ H 10.15%, 10.36%.
This compound has been reported by Mastagli and he independently

synthesized it for a structure proof by an aldol condensation of benzal-
91dehyde and l-raethylpentanone-2, followed by reduction. He reports 

the physical constants* b.p. 151* (15 mm.), n^a 1.5010.
The allophanat® was made and recrystallizec twice from ©thanolj 

m.p. 132-133.5°.
Anal. Calcd. for C 6k*12%, H 7.97%. Founds C 61.61%,

H 8.02%.
Expt. G 12. - This experiment was compared to expt s. C 8 and C 9 

and is included in Table II of the Discussion. For the reaction,
27.0 g. of benzyl alcohol and 75.0 g. of cyelohexanol were used with
2 g. of additional cyelohexanol in the water trap. The reaction required
2.0 hr s. as 3#1 ml. (75%) of water and 0.015 mole of hydrogen were 
collected over the temperature range of 172° to 186°.

From this reaction there were obtained 51 g. of recovered cyclo- 
hexanol and 1 g. of benzyl alcohol. The 2-benzyleyclohexanol distilled 
at 156* to 165° (12 mm.), there being 29 g. (61%) 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 product from expts. C 8, G 9, and C 12 
were used for further identification.

Anal. Calcd. for C^H^gOs C 82.20%, H 9.53%. Founds C 62.30%, 
31.90%$ H 9.17%, 9.15%.

This substance melted over the range of 55° to 62° and was
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saturated to bromine in carbon tetrachloride solution. It was dissolved
(75 g.) in 75 ml* of 90-100* petroleum ether with warming. The solution
was chilled in an ic© bath and the whit© crystalline precipitate was
filtered off to yield 31 m.p. 75*5-76,5°* The petroleum ether was
evaporated to leave an oily solid which was distilled to give 25 g*
boiling at 1514-157° (13 wi.), 13 I* boiling at 157-159° (13 mm,5 and
there was 3 g* not distilled. These fractions partially solidified, arid
they were recrystallised from petroleum ether. The 25 g* portion
yielded 3 g, of solid melting at 73-76° and the 13 g* portion yielded
2 g* of solid melting at 73-75°* The total pure 2-benzyIcyclohexanol
isomer melting at about ?6° weighed 39 g. (52! of the mixture)• The

9 92literature values for this solid ares sup, 75% 76.5-77*5°• This
solid was converted to its 3,5-dinitrobenzoate and after two recrystal-
11 nations from ethanol melted at 131,5-135*5° (lit. sup* 131-135%^
133-135*92).

h 1 g. sample of ‘the 25 g* fraction above* a fte r  removing the 
petroleum ether* was converted to a 3$ 5-diriitrobensoate to give faintly 
yellow needles after three re cry stall!nations from ethanol; m.p. 126.5- 
127.5°, When a mixture melting point determ ination was made with this 
compound and the 3 *5-dinitrobenzoat©  obtained above (m.p. 135°)? a 
melting range of 110° to 125* was observed.

Anal* Calcd. for ^20^20^^ 2 % ^ 62*19% h 5.21% Found; C 62.18%,
62.27%! H 5*29%, 5.36%.

The liqu id , isomer or mixture remaining after the removal of solid 
alcohol could not be crystallised on allowing to stand or from ethanol, 
ethanol-w ater, petroleum ether, carbon tetrachloride, bensene, ether or 
dioxane, This compound has not been reported in the literature but it
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may be that since the isomer melting at 16* 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 cis and trans isomers,
the liquid isomer or mixture was converted to 2-benzylcyclohexanone,

92 93which has been previously obtained from the solid isomer. * h

portion (3.5 g.) of the 25 g. fraction from above, after removal of the
solid isomer, was dissolved in 25 ml. of glacial acetic acid and 1 g. of
chromic acid in 3 ml. of B0% acetic acid was slowly added. The mixture
was allowed to stand for three days and then poured into 100 ml. of
water. The water was extracted twice with 50 ml* portions of benzene
and the combined extracts dried and. distilled. After the benzene had
been removed, the residual liquid distilled to give 2.2 g. {63%) of
2-benzyleyclohexanone, which boiled at 151*-156° (3JU ®m.)j 1.53^2

93(lit. b.p. 119-121® at 0.1 mm.). The semi car basone was made and
op gorecrystallised three times from ©thano 1-water; m.p. 166-167° (lit. * 

m.p. 168-169®).
The liquid residue after recrystallization of the 13 g. distilla

tion fraction did not show further purification by distillation sine©
U.3 g. of five small fractions of constant refractive index gave a 
mixture of 3,5-dinitrobenzoates melting over the rang© of 108® to 116® 
after one recrystallization from ethano1-water•

Expt. C 13. - For this reaction, the potassium was reacted with
75.0 g# of cyelohexanol and then 3ii*5 g» of £-methoxybenzyl alcohol was 
added to prevent any ether cleavage by the potassium. There was 2 g. of 
cyelohexanol added to the water trap and. the minimum heating was applied 
to the mantle which would effect water separation. The reaction was
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continued for 3.7 hr s. during which time the temperature increased from 
177* to 187® as 3*Is, ml* (75%) of water and 0*01*5 mole of hydrogen 
collected•

From the reaction mixture there were obtained 51 g* of cyelohexanol 
which distilled at 67-68® (12 t o#) and 1 g* of material which distilled
at 120* to 152® (12 to*) and which is probably impure £-methoxyben zy1

25alcohol; n̂  1*5250* The product, 2~ (£-methaxy benzyl)cyelohexanol 
(26 g., 1*7?), distilled at 195* to 207* (12 ran.)j n?^ 1.51*19. There
was 11 g. of residue not distilled and the water layer yielded 2 g. of 
a gummy, brown solid which was not purified*

The product partially solidified after standing for two days and 
was dissolved 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 C^H^O^s C 76.50%, H 9.15%. Founds C 76.23%,
H 9.02%.

This solid was converted to its 3,5-binitrobenzoate which was 
obtained as yellow needles after three recrystallizations from ethanol;
a.p. 122-123®.

Anal. Calcd. for  ̂21^22^7**2* ® 60.86%, H 5*35%. Found: C 60.97%,
60.73%; H 5.51%, 5*51%.

The mother liquor from the recrystallization of the 2-(£-methoxy- 
benzyl)cyelohexanol was evaporated to remove the petroleum ether* The 
residue could not be crystallized by allowing it to stand or from any of 
the solvents given above for 2-benzylcyclohexanol. No further work was 
performed on these compounds*

Expt* C Ilf-. - This experiment is a repeat of expt. € 13 using 
£-chlorobenzy1 alcohol in place of £-methoxybonzyl alcohol.
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The reaction was allowed to proceed until 3»h. ml* (75$) of water 
had been obtained (2*0 hrs.)* The temperature increased from 175° to 
132® and only 0.015 mole of hydrogen was collected.

The purification yielded 52 g. of recovered cyelohexanol, which
distilled at 66-69° (12 mu) and 3*5 g. of material distilling from 100®
to 170° (12 mm*)* There was 28 g* (50 ) of product distilling from 1?8®

oclto 190® (12 mm*), n^ 1.5W?, leaving ll g. of residue* The water layer 
yielded 0.5 r. of £-chlorobensole acid, melting at 210* to 218® and which 
after one recrystallisation from ethaoo1-water, melted at 2li0-2itl.5°
(lit, m.p. 2U3*).

The product, 2-(£-ehlorobenzyl) cyelohexanol, solidified alter an 
hour at room temperature and melted over the range of 80° to 95°• It 
was dissolved in 25 ml. of 90-100° petroleum ether and reerystallized 
to yield 13*3 g. of white needles, which melted at 109.8-111°.

Anal* Calcd* for C^H^OClt C 69*17$, H 7.63$. Pound: C 69.86%,
69.91$s H 7.88$, 7.51$.

Ill© 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-benzylcyclohexanol.

The pure product obtained was converted to its 3,5-dinitrobenzoate 
which, after two recrystallizations from ethanol, gave tan needles 
melting at 122-123.5°.

Anal. Calcd. for C ^ ^ O ^ C l *  C 57.35$, H Iu57%. Found* C 57.63$, 
H It.80S.

5* The Condensation of Octane1-1 with Secondary Alcohols

In these experiments, except for the first one given (C 15), there
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were utilized 0.75 mole of the secondary alcohol, 0*25 mole of octanol-1, 
0*75 mole of potassium and 2.0 g. of U.O.P. nickel* It was found to be 
necessary to use the minimum amount of heat from the mantle which would 
permit water separation. The standard apparatus and purification pro
cedure were used except that the octanoic acid was not isolated sine© so 
little of it formed in each case. The amounts of alcohols added to the 
water trap were not included in the recovery data.

Expt. C 15» - This react ion was between octa.no 1-1 (65 g., 0.50 
mole) and heptanol-2 (58 g * 9 o . 5o mole) and 2 g. of each of the starting 
alcohols was placed in the water trap. The reaction yielded 3*6 ml.
(hO%) of water after 2.1 hrs. of re fluxing with a temperature range of 
183° to 202®. There was 0.11 mole of hydrogen collected.

Purification yielded 27 g* of recovered heptanol-2 which boiled at 
67-69® (12 ram.) and 32 g. of octane1-1 at 90-25° (12 mm.). The product 
(20 g., l?5h) was impure and distilled at 156® to l61i° (12 mm.); 
a*5 1.1.,1,52. this substance, pentadecanol-6, solidified in the receiver 
at room temperature (21®) but completely melted on warming with the hand. 
There was 3 g. of material which distilled at 178® to 185° (12 ram.);
n^  1.1-507. The experimentally determined values for 2-hexyldecanol—1

25ares tup. 182-181*® (16 mm.), 1.1*1*72. There remained from the
distillation 18 g. of high-boiling residue.

Expt. C 16. - The standard quantities of octanol-1 (32.5 g.) and 
heptanol-2 (87*0 g.) were used in this experiment. In addition, 1 g. of 
octanol-1 and 3 g. of heptanol-2 were placed in the water trap. In 
1*.5 hrs. there were obtained 3.1* ml. (75/0 of water and 0.079 mole of 
hydrogen over a temperature range of 175® to 188°.

The reaction mixture afforded. 63 r. of recovered heptanol-2 and
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13 g. of octanol-1. The isspure pentaeeeanol-6 distilled at 1$0* to l6lt°
o e?(12 t o .), xy 1 .1116. The yield of product was 10 g. (31%) and there

was 10 g. of distillation residue*
The product obtained in the above two reactions was unsaturated to

bromine in carbon tetrachloride and evolved hydrogen broud.de* The
combined product (30 g.) was dissolved in 100 ml- of 95% ethanol and
hydrogenated over Raney nickel for on© hr- at ISO6 and 2300 p*s.i* A
pressure drop of 150 p*s-i- was observed at room temperature• The
hydrogenated material was distilled to give 1 g* of product boiling at
156® to 162® (12 mm-), r^J 1.1*2*17, and 23 g. boiling at 162-161®

25(12 to-); rig 1-12*30* Both of these fractions were saturated to bromine 
in carbon tetrachloride. The forerun may have contained, some of the 
condensation isomer wherein the octanol-1 had condensed on the £ -Biethylene 
group of heptanol-2. The main fraction was a solid which Melted at 
31-33°, and after on© recrystallization from 30-60° petroleum ether 
melted at 31*35°•

The pentad@canol-6 was converted to its a-naphthylur ethane which, 
after three recrystallizations from 20-10® petroleum ether, melted at 
50.5*52®.

This compound, pentadecanol-6, has been made by passing a mixture
of hexanoic and decanoic acids over a thorium oxide catalyst at 100°

9kand subsequently reducing the pentadecanane-6 to the alcohol. The 
following properties were reported? b.p* 159® (10 mm.) and m.p. 36°.
The a-naphthylurethane melted at 51® *

Expt. C 17. - Cyelohexanol (75.0 g») and octanol-1 (32*5 g.) were 
used in this experiment. One g. of octanol-1 and 3 g. of cyelohexanol 
were used in the water trap. The reaction required 2.5 hrs. to yield
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3.1 ml. (7S0 of water as the temperature ranged from 175?® to 190® and
O.Olis mol© of hydrogen was collected.

1 istillation of the reaction mixture yielded 55 g. of recovered
cyelohexanol which distilled at 67-69® (13 mm.) and 3 g. of octanol-1
at 92-95° (13 ran.). There were also obtained 32 g. (61S) of crude
2-octyleycloh@3cimol* which distilled at 156® to 16?® (11 mtu),
25 1.1656, and 10 g. of high-boiling residue.

The product was unsaturated to bromine in carbon tetrachloride and 
gave rather poor analyses for carbon and hydrogen.

Anal. Calcti. for G-^HggO: C 79.18%, H 13.29%. bounds C 79.58%,
79.liO%| H 12.22%, 12.90%.

In order to get a better quality substance for analysis, the 
compound (5.3 &•) was oxidized to the ketone with chromic acid as pre
viously given for 2-benzylcyclohexanol• There was obtained 3*0 g.
(57%) of 2-octyIcyclohexanone% b.p. 155-159° (12 mm.), 1.1i625.

The semicar b azone was made and recrystallized three times from 
ethanol-w&terj m.p. 108-109.5*•

Anal. Calcd. for C1^ 29°II3I C 6?*37%» H 10.93%. Found: 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. 0 18. - This is the final mixed reaction that was studied and 
for it, 76.5 g* of ii-methylpentanol-2 and 32.5 g* of octanol-1 were used. 
In the water trap were placed 1 g. of octanol-1 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.k ml. (75%) of water and 0.095 
mole of hydrogen.
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The reaction components were isolated to yield 53 g. of recovered 
b-methylpentanol-2 which distilled at 60-63* (30 mm.) and 11 g. of 
octanol-1 which distilled at 90-93° (Hi ra«). The product, 20 g. (38%), 
which was 2-methyltridecanol-bf distilled at Ib7-lb8° (lb

l.bbGb* There remained 15 g. of non-distilled material.
Anal. Calcd. for C^H^Ot G 78.b3%, H lb.11%. Founds C 78.7% 

78.73%j H lb.10%, lb.20%.
The compound was converted to its allophanate and recryst alii sad 

twice from ethanol. It melted at 90-91*5* with slow heating (2° to 5* 
per lain.) hut it was noticed that if the compound was placed in the 
melting point bath above 60° it melted. When the temperature was 
rapidly raised from room temperature, the substance malted 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 • 

Anal. Calcd. for * C 63.96%, H X0.7b%. Found; C 6b.35%*
6b.26%j H 10.69%, 10.70%.

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



131

B. The Mature of the Heaction

There are five experiments included here #iieh were designed to 
show specific features of the reaction. All distillations were through 
an 8 in. Vigre&ux column.

Expt. P 1. - Into the standard apparatus was placed 102 g. (1.0 
mole) of hexanol-1 and 6.8 g. (0.175 mole) of potassium was reacted 
with it in the prescribed manner. To the resulting solution there was 
added 2.0 g. of hexanal which had been purified by a sodium carbonate 
wash followed by drying and distillation. After 22.5 hr s. at the reflux 
temperature (172*), the original yellow solution was colorless but only
0.02 ml. of water had collected. There was then added 8.0 g. (0.08 
mole) of hexanal and the solution refluxed for 12 hr s. longer. This 
gave 2.9 ml. of water as the temperature increased from 171* to 180° 
and there was no gas evolved.

There were obtained 62 g. of recovered hexanol (with no odor of
hexanal), 22 g. (21%) of 2-butyloctanol-l, which distilled at 108-110*

25(2.5 mm.); l.UtOa. There were also 20 g. of non-distilled residue 
and 2 g. of hexanoic acid.

Expt. 1 2 . - This reaction was performed to determine the effect 
on the Guerbet reaction of having mainly alkoxide with little alcohol 
present. The isolation of a product is of interest. One mol© (102 g.) 
of hexanol-1 was placed in the standard apparatus and 0.3 mole (11.7 g.) 
of potassium was added as previously described. The excess hexanol-1 
was distilled off with stirring to leave the solid white potassium 
hexoxide. A total of 65 g. (91%) of the free hexanol-1 was recovered. 
The cake was broken up and 200 ml. of £~cymene was added with 'vigorous
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stirring* The exposure of the potassium hexoxide to the air caused it 
to turn drown which was probably due to air oxidation. To the solution 
was added 2.0 g. of ti.O.P. nickel and it was heated to reflux for 5.5 
hr s. during which time the temperature varied from 173® to 175® • ho 
water distilled and only 0.029 mole of hydrogen was collected.

Purification of the reaction mixture gave p g« of a colorless 
liquid distilling from 90° to 102® (2.5 mm.) and 5 g. of a colorless 
product from 102® to 108® (2.5 ram.)} 1.11? 12. There were 2 g. of 
distillation residue and 18 g. of hexanoic acid.

The second fraction above is apparently 2-mrfcylo c t ano1-1 but the 
first fraction contained an aldehyde. It gave positive tests with the 
2,l-dinitroph©nylhydrazin© end fuchsin-aldehyde reagents. It was con
verted to its 2, L-dinitrojjhenylhydr azone and recryst alii zed twice from 
ethanol to give golden plates; m.p. 95*96®.

Anal. Calcd. for 0 H 7.75%, N 15.372. Founds
C 59.11%, 59.18%; H 7.83%, 7.95%; K 15.61%, 15.17%.

From these results and because of the starting alcohol used, it 
would appear that this compound is 2-butylactanal. To show that it was 
not 2-butyl-2-oc tenal, this latter compound was prepared in a small 
amount by an aldol condensation. This material, a pale yellow oil, 
distilled at 103-101® (3 mm.); 1.1551. Its 2,1-dinitrophenyl-
hydrasone was made which, when recrystallized twice from ethanol, yielded 
brillant red needles melting at 133*131®*

Anal. Calcd. for C 59.65%, H 7.23%, M 15.16%. Found:
C 59.73%, 60.00%; H 6.99%, 6.99%; N 15.17%, 15.12%. & mixture melting
point determination with the above 2,1-dinitrophenylhydrazone gave a 
melting point rang® of 85® to 108®.
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Expt. E 3« * This experiment represents an attempt to rearrange 
2-ethyl-2-hexenol-l to 2-ethylhexsnal. Into a 500 ml,, three-necked 
flask equipped with a condenser, a half-moon mechanical stirrer and a 
thermometer was placed ?1* g. (1*0 mole) of i-butyl alcohol (b.p. 61-82®), 
The flask was swept with nitrogen for a few minutes and then 3*9 g,
(0,1 mole) of potassium was added in small 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 g. (0.1? mole) of 2-ethyl-2-hexenol-1 was added, (The preparation 
of this compound is given below,) The solution was held at reflux (6?®) 
for twenty min. and then poured into 106 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 sulfate and distilled. 
There was recovered 19.7 g, (90%) of the 2-ethyl-2-hexenol-l, which 
distilled at 86-86.it° (18 mm.)} 11*1*93.

Expt. 1 h* - In the same apparatus as used in expt. 1 3 was placed 
65 g# (0.5 mole) of 2-ethylhexanol-l and 3*9 g. (0.1 mole) of potassium 
was reacted with it. The solution was heated to 150® and 19.7 g. (0.15 
mole) of 2-ethyl-2-hexenol-l was added in on® portion. The temperature 
was maintained at 15(3* to 160° for 7.0 hrs. with the reaction mixture 
under an atmosphere of nitrogen.

The mixture was poured into 100 ml. of water and the layers were 
separated. The water layer was extracted twice with 50 Ml. portions of 
ether which were combined with the organic layer, dried and distilled. 
This gave 6? g. of material, distilling at 81-86° (15 man.), which was 
mainly 2-ethylhexanol-l and may have contained some of the unreacted
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alcohol, further distillation gave a fraction (3.5 g.) from 122” to 
3ii3® (15 sim#)| Dj.' The next fraction (2,3 g.) distilled at

r * XII4U-II18® (15 mm.)| II1S26. This latter f'r action is believed to be
XIbis-(2-ethylhe3syl)ether (lit.' b*p. li^-lld0 at Ik mm.). Several carbon

and hydrogen analyses were performed for this substance but it gave
erratic results. Sine© only a small amount of material -was obtained, it
was not further purified.

The water layer, by the standard purification procedure, yielded 3 g.
of 2-ethyIhexanoic acid, distilling at 120-122* (15 mm ♦ ) , r^J 1.1*271#
leaving 2 g. of distillation residue. The calculated neutral equivalent
is HU* @nd the values obtained exper linentally were 1h9 ana 118. The smicle
was made and after two recrystallisations from waters melted at 100-101®
(lit.^ 101-102®). The literature physical constants for this acid are?^
b.p. 119-121® (li* mm.), 1.14255.

Preparation of 2-Bthyi-2-hexenal. - This compound was prepared
76according to Haeusemann. Eighty-five g. (1.18 mole) of butanal yielded

6)4 g. (36$) of 2-ethyl-2-hexenalf b.p. 65-65.2® (15 mm.), l.l*h93.
18Haeusermarm gives* yield 86$, b.p. 59*5“60® (10 »*), 1.14556.

*Preparation of 2-Ethyl-2-h@xenol-l. - This compound was prepared by
.I"11! ‘I" f' I HHMfW .JiffU'T m v  If .ffii.'. Tm,U*L riWaJ.'.-'i-i«~iy..-. Ih-.K' W U W W . W  ■’* *  "*

96the procedure of Nystrom end Brown. In a 500 ml., three-necked flask 
equipped with a half-moon mechanical stirror, a dropping funnel and a 
Friedrichs condenser, which supported a calcium chloride tub©, was placed 
100 ml. of an ether solution containing h.O g. (0.11 mole) of lithium 
aluminum hydride. A solution of 25*2 g. (0.20 mole) of 2-othyl-2-hexenal 
in ?5 ©1* of ether was added through the dropping, funnel at a rate

•&The author is indebted to Hr. B. 0. Bice for this preparation.
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(It 5 ®±n. for complete addition) such as to maintain gentle r©fluxing. 
The mixture was stirred for 10 min. longer and then 5 ml* of water was 
cautiously added droptd.se to decompose the excess lithium aluminum 
hydride. The contents of the flask were poured, into 100 ml. of water 
and 10% sulfuric acid. {200 ml.) was added until all of the solid, 
material dissolved. The layers were separated and the water layer was 
extracted with two 50 ml. portions of ether which were added to the 
organic layer, dried over anhydrous magnesium sulfate and distilled.
The product distilled at 86-86.8* (18 mn«) j 1.1+193• The yield, was

9722 g. (86%)• The literature physical constants for this compound ares
b.p. 68-71° (12 ran.), n?2 I.WjM .

Expt. L 5. - This experiment was performed to determine if any 
ester could be present in the Guerbet reaction mixture. A high concen
tration of alkoxide was used since this gives a high yield, of acid and 
the acid ray form by hydrolysis of the ester during the isolation.

One-third mole (13 g.) of pot as siias was reacted with 1.0 mole of 
hexanol-1 in the standard apparatus. Two g. of U.Q.P. nickel was 
added to the solution and 5 ml. of hexanol-1 was placed in the water 
trap which was not included in the recovered alcohol. The solution 
temperature at the beginning of refTuxing was 201° and 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 reaction for 35 win. longer, 0.1? ml. of water and 0*$8 mole of 
total hydrogen collected. The final solution temperature was 225®.

The mixture was cooled to 15® and 30% acetie acid (90 ml.) was 
added with stirring until the aqueous layer was neutral. The nickel 
was removed by filtration and the neutral water layer was separated.
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The organic layer was exhaustively extracted with saturated sodium 
bicarbonate solution until no further acid was obtained* The remaining 
organic layer was placed in a >00 ml* Brlenmeyer flask with 75 ml* of 
10# sodium hydroxide• A condenser was attached and the flask was heated 
on a steam bath for 2 hrs. The mixture was cooled and the basic water 
layer was separated and acidified, but this did not yield any acidic 
material*

The sodium bicarbonate extracts were acidified 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
lation of the benzene solution yielded 27 g. of hexanoic acid, which 
boiled at 200° to 210*.

The organic layer from the attempted ester hydrolysis was dried 
over sodium sulfate and then distilled. This yielded 7 g. of recovered 
hexanol-1 and 36 g. (ltl$) of 2-butyloetano 1-1 which boiled at 108-111°
(3 mm#) and there remained 13 g. of non-distilled material.



IV. SUMMARY

According to the recent work of Weizraaim,^ the Guerfeet condensation 
proceeds as followsi

2 CH.CHjjCHgOH  ?, >  2 CtUCHgCHO + Z Hg (a )

2 CH3CH2CHO --------->  CHjCHgCH-^CHO + HgO (b )

Cl̂ CHgCH-jjCEK) + CH^HgCHgCH ♦ HgO --- > CHjCHgCH^HCHjOH + CH^HgCOgH (c)

The svm of these equations ist

3 CHjCHgCHgOH  —  » CHjCHgCHgCHCHgOH + CHjCHgCOgB + 2 H? (d)
3

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 stud^, certain modifications were introduced and as 
a result an open reflux system could be used. With this system, the 
amounts of product alcohol, acid, water and hydrogen could be determined 
under a variety of conditions. The results of these and certain other 
studies suggested that, at least tinder the modified conditions, the 
reduction proceeds according to (©) rather than (c).

CHjCfigCB»^CHO + 2 CHjCHgCHgGH — — CH-^CHgCH^HGHgOH + 2 Ct^CHgCHO <e) 
3 3

The ma^ar features of the reaction are given by (b) and (©), which upon
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add ition  give ( f )  as the primary o v e r -a l l  process s

2 CHjCHgCHgOH CH,CH2CH29HGH2CW + HgO (f)
ch3

A detailed sequence of steps for (@) is proposed.
In corroboration 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 rapidly as possible by distillation 
into a water trap.

A careful study was made to determine the optimum time and tempera
ture and the optimum amounts of nickel catalyst and alkoxide. The 
reaction is readily carried out by dissolving the potassium in the 
reactant alcohol, adding the nickel and r@flu3d.ng with stirring for one 
to five hours in most cases. Sine© the temperature depends upon the 
alkoxide concentration and the boiling points of the reactant and 
product alcohols, the effect of varying the temperature was determined 
by studying the series of normal primary alcohols with four to ten 
carbons. The desired products were obtained with conversions of h2% to 
62> and in yields of about TO#. It was found that at the higher reflux 
temperatures, eq ually  good yields of the product alcohols were formed 
rapidly in the absence of the catalyst. Under optimum conditions, the 
amount of acid formed was approximately $% by weight of the starting 
alcohol. The amount of acid increased and the amount of water decreased 
with increasing alkoxide concentration.

A variety of pairs of alcohols were studied in an attempt to deter
mine which mixed condensation products could be prepared satisfactorily.

mailto:r@flu3d.ng
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It was found that the benzyl alcohols condensed in good yields with 
normal primary alcohols and with certain secondary alcohols, including 
cyelohexanol. formal primary alcohols also condensed satisfactorily 
with these secondary alcohols.

The product alcohols were characterized by conversion to the ©olid 
allophanates and in certain cases by measuring the volume of water evolved 
upon etherification with triphenylcarbinol•

It is felt that as a result of this study the Guerbet reaction has 
been developed into a facile laboratory process suitable for making a 
variety of alcohols in good yield.
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