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Introduction

As a contribution from this laboratory in 1956 Huston and Hsieh (1) 
reported the condensation of tertiary butyl, tertiary amyl, and the tjhree 
possible tertiary hexyl alcohols with phenol in the presence of aluminum 
chloride.

In 1937 Huston and Hedrick (2) published results on the condensation 
of the tertiary heptyl alcohols with phenol using aluminum chloride as 
the condensing agent*

Extension of this work to the tertiary octyl alcohols by Huston and 
Anderson (5) covered the action of methyl ethyl n-butyl and methyl ethyl 
tertiary butyl carbinol with phenol under the same conditions.

To continue further investigation in tills field the dimethyl terti
ary octyl alcohols were prepared and condensed with phenol in the presence 
of aluminum chloride.
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Historical

Preparation of the alkyl phenols to which class the principal pro
ducts described in this thesis belong is accomplished by three general 
methods* First the direct alkylation of phenols using alkyl halides, 
acyl halides, alcohols and alkenes in the presence of various catalysts. 
Second the replacement of a variety of groups by a hydroxyl in alkyl 
benzene derivatives* And third by rearrangement of the alkyl phenyl 
ethers.

Primary synthesis of all alkyl phenols reported herein is by the 
first general method and synthesis for proof of structure by the second.

Since this work is concerned with the use of alcohols as alkylating 
agents under the catalytic influence of aluminum chloride only those 
papers dealing with condensations of alcohols and benzene nuclei in the 
presence of aluminum chloride will be included in this review. However, 
two facts should be mentioned in passing. First that as early as 1884 
Auer (4) reported condensation between alcohols and phenols using as a 
catalyst a mixture of zinc and zinc chloride and second that from that 
time to the present alcohols and phenols have been condensed under the 
influence of a great variety of catalysts some of which are phosphoric 
acid, zinc chloride, magnesium chloride, alkali bisulfates, concentrated 
sulfuric acid, and perchloric acid.

In 1897 Nef (5) mentioned the formation of diphenyl methane from 
benzyl alcohol and benzene in the presence of aluminum chloride. Re
peating this work Huston and Friedmann (6) reported this reaction to 
give a 50 percent yield of diphenyl methane. A little later Huston
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and Friedmann (7) continuing their previous work condensed successfully 
mixed aliphatic aromatic secondary alcohols and true aromatic secondary 
alcohols with benzene.

In 19E4 Huston (8) extended this reaction of benzy 1 alcohol using 
phenol, anisole, and phenetole in a similar manner to benzene* He re
ported yields of the alkylated products as 45, 45 and 50 percent re
spectively* Huston and Sager (9) 1916 attempted to condense various 
primary alcohols with benzene* negative results were obtained for 
methyl, ethyl, propyl, iaopi'opyl, n-butyl, isobutyl, iso amyl, phenyl 
ethyl and phenyl propyl alcohols. However, allyl alcohol gave a 16 per
cent yield of a condensed product — allyl benzene. Huston and Hewmann 
(ID) followed this work by condensation of allyl alcohol and phenol.
This led to the conclusion that only those alcohols in which the alpha 
carbon atom was a member of a benzene ring or was double bonded would 
condense under the action of aluminum chloride.

Later Huston, Lewis and Grotemut (11) reported condensation between 
phenol and benzhydrol, methyl phenyl earbinol and ethyl phenyl carbinol. 
Benzhydrol giving a much larger yield of alkylated product than benzyl 
alcohol they stated that here was additional evidence of the effect of 
unsaturation of the alpha carbon atom on condensation for both the alpha 
carbon atoms in benzhydrol are members of an aromatic unsaturated benzene 

ring.
Huston and Davis (12) found that the tertiary alcohol triphenyl 

earbinol reacted with benzene to give triphenyl methane and not tetra- 
phenyl methane. The reaction between triphenyl earbinol and phenol has 

not been reported.
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Other papers by Huston and co-workers (13) condensing benzyl or 
halogenated benzyl alcohols with phenol or halogenated phenols, ereeols 
or halogenated eresols followed* Mono and di substituted derivatives 
were the products*

Further to investigate the effect of unsaturation of the alpha atoa 
on condensation Huston and Goodemoot (14) compared the reactivity of 
cyclohexyl, cyclopentyl, and cyclobutyl earbinols with, benzene* They 
showed a progressive increase in activity as the number of carbon atoms 
of the ring was reduced from six to four.

Work with various di&ryl-alfcyl and dlalkyl-aryl earbinol s by Huston 
and Wilsey (15), Huston and Hradel (16), and Huston and MacGomber (17) 
showed that they did not condense but dehydration of the alcohol occurred* 

All these experiments indicated that uasaturation of the alpha 
carbon atom, whether it was double bonded or a member of the benzene ring 
favored condensation reactions of aliphatic and aromatic alcohols with 
aromatic hydrocarbons and phenols in the presence of aluminum chloride.

With the work of Huston and Hsieh (1) the field of condensation 
reactions of saturated aliphatic alcohols with phenol mid with benzene 
in the presence of aluminum chloride was discovered* In reacting iso
propyl alcohol with benzene they obtained a fair yield of eumene (9) end 
following this lead using simple aliphatic primary, secondary, and terti
ary alcohols discovered that primary alcohols did not condense with 
either phenol or benzene, secondary alcohols condensed with benzene 
(or Its homologues) and tertiary alcohols with phenol under the influ
ence of aluminum chloride as a catalyst. Huston and Fox (18) using the
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simple tertiary alcohols already condensed with phenol by Hsieh namely 
tertiary butyl, amyl and hexyl alcohols found that they condensed also 
with benzene, Tzukervanik (19) reported the condensation of some 
simple secondary and tertiary alcohols with benzene and toluene obtain
ing results similar to those of Huston and Hsieh and Huston and Fox but 
explained them by a different mechanism*

Since tertiary aliphatic alcohols condensed readily with both 
benzene and phenol an extension of this work to higher homologues of 
that type of compound seemed logical. Hence Huston and Binder (20) con
densed the tertiary heptyl alcohols with benzene and Huston and Hedrick 
(2) condensed these same alcohols with phenol.

Soon afterwards work was started in this laboratory upon the con
densation of the tertiary octyl alcohols with phenol and benzene. Huston 
and Sculati (21) condensed tertiary dimethyl n-amyl, isoamyl, active amyl 
and secondary amyl carbinols with benzene. Huston and Anderson (5) in
vestigated the reaction between methyl ethyl n-butyl and methyl ethyl 
tertiary butyl earbinol and phenol, Huston and Breining (22) described 
the condensation of diethyl a-propyl and diethyl isopropyl carbinols with 
benzene.

This present work is a continuation of the investigation on the con
densation of tertiary aliphatic octyl alcohols under the influence of 
aluminum chloride with phenols and benzene. In specific it deals pri
marily with the condensation between phenol and the various dimethyl 

amyl carbinols*
The only one of the substituted phenols prepared as principal pro

ducts of this reaction and reported herein that has been,to the writer*a
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knowledge, prepared end identified in the literature is <, 4, 4-tricethyl 
2—p-hy dr oxyphenyl methane* It is the subject of a patent by Hester (23) 
who prepared It from phenol and diisohutylene under the action of HgSO^. 
It was also prepared and reported by 8 at si son (24)*
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Theoretical

In all cases of Ganderssatlone between alcohols and aromatic hydro-* 
carbons in the presence of aluminum chloride it has been shown by Huston 
and eo-workers that the alpha carbon atom of the alcohol must fee under 
strain such that the hydroxyl group is activated. This activation is 
present where the bond between carbon and the oxygen of the hydroxyl is 
relatively unstable* thus beasyl and allyl alcohols both of which con
dense readily can fee represented %  the following formula*

it n
**' ** i. it *

C6BSl”= pj3iO*H H«c!cs^ cV o»H
8

the electron pair (a) forming the bond between Q and the 0 of the
hydroxyl is attracted strongly by both the -0H and the G atom resulting* * *
in a bond such as found in a molecule of chlorine s Cl t 01 s which. * ■*.
is unstable and hence reactive.

When we Consider various primary * secondary and tertiary alcohols 
the existant conditions may be represented as follows.

B B R
JUC-*5 OsH SjC-^j 0»H-------- UtC---VoiH*• <$ •• •• <$.. .. (£,*■
S H E

Relatively then the electron pair (b) is closer to the hydroxyl group
in tertiary alcohols than in secondary or primary and closer to the
hydroxyl in secondary alcohols than in primary. In tertiary alcohols
the bond between G and 0 approaches ©ore nearly the type of bond in a

* #
molecule of hydrogen chloride Ii : Cl t which we know is a highly 
reactive compound. Therefore, we have an activated hydroxyl in tertiary
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alcohols and w© would expect condensation. Similarly less condensation 
Would be expected with secondary alcohols and still less with primary 
ones, Experimental results are found to support this view for in gen— 
era! tertiary aliphatic alcohols condense more readily and with higher 
yields than secondary aliphatic alcohols while condensation of primary 
aliphatic alcohols takes place only under much more drastic conditions* 

that the carbon and oxygen bond in tertiary aliphatic alcohols is 
reactive is also supported by the ease of dehydration of such alcohols 
and the ease of replacement of this hydroxyl group by halogen of a 
halogen acid*

Since condensation first teas observed between tertiary aliphatic 
alcohols and aromatic hydrocarbons there have been several mechanisms 
advanced to explain the course of the reaction* none of which have been 
conclusivelŷ  established. Due to the use of different catalysts* tem
peratures and solvents the results are not always strictly comparable, 
but there have been evolved three possible mechanisms that merit atten
tion* These mechanisms for convenience will be designated as follows*

1* Alkyl halide formation plus Friedel-Crafts Reaction 
2. Aiken© formation plus condensation 
3* Ether formation plus rearrangement 

and will be discussed briefly, confining the presentation to that appli
cable to tertiary aliphatic alcohols with the understanding that the 
mechanism for primary and secondary alcohol condensation may or may not 
be similar to those given for tertiary alcohols.

Each of these mechanisms is an attempt to explain the path by which 
condensation can take place with the net result of water being
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split off between the hydroxyl group of the alcohol and the para hydrogen 
of the aromatic ring a©

I. RjCOH + HC6H4QH 13-> R5C-C6H4OH + H^O 
While AlClg is a good, dehydrating agent this simple conception of inter- 
molecular cleavage of water as represented above does not account for 
all the phenomena of the reaction nor does it suggest how the elimination 
of water is actually accomplished.

1* Alkyl Halide Formation plus Friedel-Crafts Reaction 
This mechanism was proposed by Tzukervanik and Haaarova (25) who 

observed that after the first phase of the condensation between tertiary 
aliphatic alcohols and benzene there were present all the components, such 
as an alkyl halide, olefin, an excess of AlGl^ and HC1 required for the
Friedel-Crafts reaction and the condensation of olefines with aromatic
hydrocarbons. From this they outlined a scheme of reaction applicable 
to any tertiary alcohol and benzene. Illustrated with tertiary butyl 
alcohol it was

II. {GH5)gCOH +> AlGlg ---> AlClgOC(CHg)3 + HG1

lit. A1G1^)G(0H5)3  > CHgGzCHg + AlGlgOH

es3
I?. CH«? + HG1  ̂(GHg)gG-Cl

tT* (CHg}gG—Cl *f CgHg-- > (GH3)gC—CgHg + HG1
However, this mechanism is not completely satisfactory for it seems 

unlikely that an aluminate can form as in equation II. In view of the 
fact that it is not easy to replace the hydroxyl hydrogen of a tertiary
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alcohol. Further, Hedrick ( 26) in this laboratory attempting to test the 
validity of T suker vanik1s conception added a tertiary alcohol to aluminum 
chloride suspended in an inert solvent and observed almost instantaneous 
evolution of hydrogen chloride and heat. This evolution of hydrogen 
chloride would not be expected to occur if the alkyl halide formation 
was an intermediate step* It is significant also that an addition of a 
solution of phenol in petroleum ether to the same mixture did without 
evidence of further reaction, give 18 percent of the alkyl phenol expected 
which was a much smaller yield than that obtained under ordinary conden
sations between the same alcohol and phenol*

2. Alkene Formation plus Condensation 
The mechanism of alkene formation was offered by McKenna and Sowa 

(£7) for the alkylation of benzene using alcohols and boron trifluoride 
as a catalyst and is applicable to either primary, secondary or tertiary 
alcohols. Shown for normal butyl alcohol it is

BF ^
F I. CHgC^CHgCHgGH — 4  G%SHgC=CH£ + HgG

BF* CHsVII. CHgCHgCH^CHg + C6H6-— CH5CH2-C-C6%
H

That normal and secondary alcohols give identical products as do iso 
and tertiary alcohols is evidence of this mechanism.

McGreal and Miederai (28) have suggested a like mechanism for the 
use of ZnClg as a catalyst and Welsh and Drake (29) believe this path 
is probable in the condensation of aryl substituted carbinols with 
phenol in the presence of aluminum chloride. Where the alcohol employed
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is incapable of dehydration eg- benzyl alcohol, benzhydrol, ana triphenyl 
earbinol they suggest the reaction may proceed in effect by elimination 
Of water from the hydrorxyl group and nuclear hydrogen a procedure which 
they use to account for the reaction between triphenyl earbinol and 
phenol at elevated temperatures without a catalyst*

Certainly unsaturated hydrocarbons do Gondense with aromatic hydro
carbons using aluminum chloride as a catalyst as shown by numerous 
workers (5Q).

Evidence against such a mechanism is slight but it should be men
tioned that McKenna and Sowa used a catalyst other than aluminum chloride 
and a much higher temperature than employed in the Huston method and con
sequently obtained condensations between primary alcohols and benzene.
In contrast Huston and Sager (9) have shown that primary alcohols will 
not react with benzene in the presence of alurainum chloride under ordi
nary conditions*

Olefin formation and alkyl halide formation as intermediates are 
not mutually independent in all cases, for according to Grosse and Ipatieff 
(51) the presence of a hydrogen, halide is often necessary for reaction*
In which case they assume its action to consist in the addition to the 
olefin to form an alkyl halide which then reacts with the aromatic 
hydrocarbon whose G to H bond is activated by the metal halide*

Ether Formation plus Rearrangement 
Briefly this mechanism consists In the formation of an ether of 

phenol end then its rearrangement into the substituted phenol itself*
It seems probable that if alkyl ethers were formed as intermediates they
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might rearrange into alkyl phenols for Smith (52) has reported the re
arrangement of ra—oreayl Isopropyl ether, tertiaiy butyl isobutyl se
condary butyl —, isopropyl phenyl ethers and p-cresyl isobutyl ethers when 
treated in the cold with aluminum chloride* He prepared th© ethere by 
treating an alkali salt of the phenol with an alkyl halide*

VIII* CgHgOtfa + RC1 » G6H5QR + MaCl
Rearrangement was effected by the addition of an equal molecular amount 
of aluminum chloride. Similar works are numerous (33)*

However, the formation of alkyl phenyl ethers as intermediates is 
questionable* Her* and Weith (34) did report a yield of 10 to 12 percent 
of diphenyl ether from aluminum chloride and phenol at reflux temperature* 
Nieviand (35) using boron fluoride with phenol and methyl, ethyl, and 
isopropyl alcohols obtained ethers and substituted ethers. Dehydration 
was given as the first step in the progress of this reaction.

Gl&sien (33) has pointed out that In alkylating the alkali salt of 
phenol with a halide of an unsaturated alkene the ether Is not a neces
sary intermediate for phenylalkyl ethers under the conditions of forma
tion do not rearrange to alkyl phenols. Thus allyl bromide and sodium 
phenolate in a medium of alcohol gives a 90 percent yield of the allyl 
ether but in benzene medium there is only a 30 percent yield of the 
ether and a 70 percent yield of ortho allyl phenol.

It is significant also that Huston has reported good yields of the 
alkylated hydrocarbon in the condensation of tertiary alcohols and 
benzene, anisol© and m-croaylsiethyl ether (1) end the condensation of 
benzyl alcohol with anisole and phenetole (8) in which reactions there
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is no possibility of ether formation* Also no alkylphenyl ethers have 
been isolated even in traces in this laboratory from aluminum chloride 
condensations between tertiary aliphatic alcohols and phenol {1, 2, 5).

lit general no mechanism yet reported seems completely satisfactory* 
In this laboratory (26) some work has been done in an attempt to ex
plain the color phenomena observed in condensations between phenol and 
tertiary aliphatic alcohols as due to the formation of a complex ion 
or molecule much as phenol forms with ferric chloride, but such an ex
planation is supported by very little evidence* A similar mechanism 
with the formation of addition compounds and ionization has been sug
gested by Daugherty (57) for the Friedel-Crafts reaction.That the path 
of condensation between tertiary aliphatic alcohols and phenol and 
those same alcohols and benzene is different seems highly probable 
based on th© observation of reaction progress* The color formation 
noted in condensations with phenol has not been observed in condensa
tions with benzene nor has the splitting of long branched allyl chains 
been demonstrated in condensations with phenol*

At present in this laboratory (38) a mechanism based on addition 
products between aluminum chloride* alcohol, and phenol followed by 
rearrangement is being considered* The idea is new only to this parti
cular field for addition products with AlCl^ have been reported (39) 
and their existance and formation postulated as an explanation of the 
catalytic action of several catalysts (40) - In brief this theory is; 
that a catalyst unites with the substance catalysed through some of 
the electrons of the outer shell of one of the atoms of the molecule*
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The sew arrangement of electrons end atoms In th© fTpolymoleoulen is net 
stable at the temperature of inaction, and rearrangement of atoms as 
well as electrons then take place to form systems which are more stable* 
The theory as applled^ln this particular field is promising and timely*
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Experimental Data

Materials
Korm&l amyl, isoamyl, secondary amyl, and active amyl bromides 

were prepared from the cor re spending alcohols (Eastman, technical) by 
the action of sulfuric acid and hydrobromic acid (41).

The bromides of diethyl earbinol and methyl isopropyl earbinol 
were prepared by treating the earbinols with phosphorous tribromide. 
Diethyl earbinol was Eastman technical (B* P. 110 - 117° G) and the
methyl isopropyl earbinol m s  prepared by a Griguard Reaction between
isopropyl bromide and freshly prepared aeetaldehyde (4£).

Tertiary amyl chloride was obtained from tertiary amyl alcohol 
(Eastman B* P. 100 — 102° G) by treatment with, concentrated hydros 
chloric acid (45) or by passing dry hydrogen chloride gas into the 
alcohol (44).

Tertiary butyl alcohol Eastman M. P. 25 - 25° 0 was used without 
distillation to prepare diisobutylene.

Acetone used was of G. P* grade dried over sodium sulfate and 
twice redistilled*

Magnesium turnings especially prepared for Griguard reactions were 
used after being dried for several days over O&Clg*

Benzene was thiophene free, 0* P. grade*
Petroleum ether, B* P. 50 - 65° C.
Ether for Grignard reactions was anhydrous.

Each of the last three chemical© was dried over freshly cut sodium 

before use.
Methyl iodide and acetyl chloride were both Eastman*s and used 

without farther purification.
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Phenol was twice redistilled and a one degree fraction used* 
Aluminum chloride was Merk*s Reagent anhydrous sublimed*
Alcohols condensed wares

A* 2-methyl hept&aol-fc
B* 2, 5-dimethyl hexanol-2
0* 2, 4-dimethyl hexEnol"^
JD* 2, 5—dimethyl hexanol"*-̂
E* 2-methyl—5~ethyl pentanol-2
E* 2, 4, 4-triiiiethyl pentanol—2
G* 2, 3, 4-trimethyl pentanol-2
H* 2, 3, 3-trimethyl pentanol—2

A* 2-methyl heplanol-2
HI0

GH* - - CH* - CHo - C - GH«

This aleohol was prepared by use of the Griguard reaction using 
the Whitmore method (44) for preparing the Griguard Reagent and the 
Edgar procedure (45) for the reaction of this reagent with a ketone 
and subsequent hydrolysis of the resulting compound* As this proce
dure was used with slight modifications for the preparation of several 
alcohols it is described in detail*

In a * dry three-liter three-necked round bottom flask fitted with 
an efficient stirrer, reflux condenser, and dropping funnel are placed

^Extreme care must be taken to insure dry apparatus and reagents. 
Also the reaction must be protected from the carbon dioxide and water 

vapor of the air*
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first a few small crystals of iodine and then 98 gee (4 soles) of fresh 
magnesium turnings {dried over GaCI^)* The bottom of the flask is 
heated with a small flame imtil the iodine commences to vaporise and is 
then allowed to Cool while the normal amyl bromide is weighed out* 
Thirty cc of a mixture of four moles of the halide and SGO cc of anhy
drous diethyl ether is then added directly to the dry magnesium. After 
the reaction has started and progressed for a few minutes 200 ee of dry 
ether is added directly to the reaction mixture* Then, 475 cc of the 
above halide ether solution is placed in the dropping funnel and added 
with stirring at the rate of a drop every second.

The remainder of the halide ether solution is diluted with 300 ee 
of dry ether and added at the same rate* Ether refluxes slightly during 
the haiide-ether addition no external cooling being applied* It is un
necessary to heat the mixture after the ether-h&lid© solution has been 
added but stirring is Continued four hours and then the mixture let 
stand overnight before proceeding.

After the solution has stood overnight to it is added at the rate 
of a drop a second four moles of very pure acetone in an equal volume 
of anhydrous ether* It is again let stand overnight and the next day 
decomposed by pouring on water and ice* The precipitated magnesium 
compounds are dissolved by adding 10 percent HCl,(keep cool with ice 
during the addition.)* The ether layer is separated, washed with dilute 
sodium carbonate, followed by distilled water and dried finally over 
anhydrous sodium sulfate*
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Fractionated under reduced pressure ** a four mole run yielded 
194 gms (37 percent) of a product B* P* 78 - 80° C at 30 mm. Checked 
as to physical constants this corresponded to the earbinol as described 
in th© literature (46) and as prepared and reported in this laboratory 
by Huston and Sculati (£1)*

B* 2» 5-dlmethyl hexanol-£

H
H 6

GH5 - CHg - C %  - G - q - GHS
G %  CH3

Using the above described method for E-methyl heptanol-E the bromide 
of methylpropyl earbinol (secondary amyl alcohol) was substituted for 
normal amyl bromide* field from a four mol© preparation 80 gms (15 per
cent of theoretical) boiling at 68° C ©t 15 smu This product cheeked 
as to physical constants with that prepared by Clark (47) and prepared 
also in this laboratory by Huston and Sculati (21)*

C* 2* 4-dimethyl hexanol-2

H
H 0

e %  - GHg - c - -■ C - CH3

Prepared according to the method used for 2-methyl heptaaol-2 sub
stituting the bromide of secondary butyl earbinol (active amyl alcohol)

**These tertiary alcohols dehydrate to some extent when distilled 

under atmospheric pressure*
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for normal amyl bromide* Held from 4 moles was 72 gms (14 percent) of 
a product boiling between 155 — 156° C at 748 mm* The physical con
stants of this product checked with those of the same earbinol prepared 
in this laboratory (21) and reported in the literature (48).

0* 2* 5-dimethvl hexanol-2
H

H 0
CJHg — 6 — CHg — — G — OHg

CHg GSg

Prepared according to the already described method* Isoamyl 
bromide used in place of normal amyl bromide. A four mole run yielded 
268 {55 percent) of a product B. P. 68 - 70° C at 12 mm. This was the 
2, 5-dimethyl hexanol-2 as its physical constants cheeked with those 
obtained in this laboratory by Huston and Sculati (21) and reported in 
the literature (49).

B* 2-methyl—5—ethyl pentanol-2

If
a o

G %  - C%  - d - C - CHg
?®£ ® S  
CHS

Prepared according to the already described method, using 5-bromo- 
pentane in place of normal amyl bromide- field 7 percent of a product 
B* P. 60 - 64° G at 15 mm. This was used as the earbinol as it corres
ponded to that prepared in this laboratory by other workers and re
ported in the literature (50).
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P. £. 4. 4-trlmethyl neat£U3oI-£
H

CH5 0
ch5 - g 1 ghe - c - ch5

OH5 OH 5

This alcohol was prepared by the method of Butlerow (51) with 
slight modifications.

Two parts by volume of a quantity of like volumes of sulfuric acid 
and water were mixed with one part by volume of tertiary butyl alcohol 
and Hie mixture placed in a round-bottomed flask fitted with reflux 
condenser and heated for twenty-four hours on a steam bath, two layers 
appeared. The layers were separated by means of a separatory funnel 
and the top oily layer was saved* After being washed with water it was 
dried over anhydrous calcium chloride* It was then further dried by- 
use of phosphoric acid anhydride followed by re fluxing over freshly 
cut metallic sodium. The product was fractionally distilled and that 
portion boiling 102 — 104° C at 756 mm was saved &a diisobutylene*

Into the diisobutylene at 10° C was passed gaseous hydrogen iodide, 
generated by allowing water to drop on a mixture of red phosphorus, 
iodine and send, until the dii so butylene was completely saturated with 
hydrogen iodide. The resulting iodide was washed with water until all 
unused hydrogen Iodide had been removed. Then to the iodide was added 
the calculated amount of moist silver oxide. This was added in small 
quantities with vigorous stirring at 0° C.



zx

The resulting mixture was allowed to warm up to room temperature 
sad. all the liquid removed from the precipitated silver iodide by vacuum 
distillation. This distillate consisted of two layers which were se
parated. The water layer was extracted three times with ether and this 
extract was added to the oily layer which, after being dried with anhy
drous sodium sulfate* was freed of ether at ordinary pressure and then 
fractionally distilled. From eight moles of tertiary butyl alcohol 
was obtained 164 gtas (51 percent) of a product B. P. 51° C at 15 mm 
or 144° 0 at 758 mm*

This fraction was used as £, 4, 4-trimethyl pentanol-2 as it 
corresponded to the literature reported carbinol (51) and the earbinol 
as prepared by other workers in this laboratory.

Jhu 5. 4-trtmethyl pentanol-g 
I H |

as, - c - e - o -
CHS QHj CHg

This alcohol to the writer* s knowledge has not been reported in 
the literature so several methods were tried. Of these the preparation 
of of 4-dimethyl pentanone-£ and its reaction with methyl® agneslum 
iodide was the most satisfactory and will be described in detail.

1. Preparation of 5, 4-dimethyl pentanone-£.
A Grignard reagent was prepared in the usual fashion (44} using 

798 gas of 1 — m e t h y l -J—bromobutane. The yield of C-rlgnard was determined 
by the Gilman method (5£) of titrating a hydrolysed aliquoit, to be 

4X£.S gas or a 45 percent yield*
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Using a modification of the tShitmore—Bradertscher procedure for 
preparing ketones (44) the Gri^aard reagent was added to 250. 5 gas 
(2*95 moles) of acetyl chloride dissolved In 70S ee of dry ether 
contained in a five-liter three-necked round-bottomed flask fitted with 
reflux condenser? separatory funnel, and mechanical stirrer. This addi
tion was at such a rate that the ether refluxed and after three-fourths 
of the reagent was added, an additional 50 cc of acetyl chloride was 
placed in the reaction flask to insure its presence in excess* A white 
precipitate formed which turned yellowish later in the reaction* The 
solution upon completion of addition of the reagent was allowed to stir 
for four hours and then stand overnight*

The precipitate and filtrate were then poured on ice, the ether 
layer separated and the water layer extracted three times with ether and 
added to the ether layer. The combined extracts were washed with one- 
fourth of their volume of saturated aqueous potassium carbonate solution* 
The solution was dried with anhydrous potassium carbonate and the ether 
was then removed at ordinary pressure. The remaining residue was steam 
distilled with aqueous potassium carbonate solution and the ketone was 
salted out of the distillate with M&G1, separated from the water and 
dried overnight with anhydrous sodium sulfate at zero degrees* It was 
then fractionally distilled collecting the fraction 155 — 140° 0 at 
744 mm* This fraction weighing 55 gms was a yield of 3.5 percent based 
on l-sethyl-2-bromobutaae.

2* Preparation of 2> 5, 4—trime thyi pentanol—2*
Methylmagnesiuai iodide was prepared in the usual fashion by allow—

-i a dry ether solution of methyl iodide *&o react wrth magnesium* In
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this case 0.7 of a mole of methyl Iodide was used.
To the Grignard reagent in a two—liter three—necked round—bottom 

flask fitted with a separatory funnel, reflux condenser and mercury— 
sealed mechanical stirrer was added the 56 gms of ketone obtained above 
dissolved in an equal volume of anhydrous ether. After the addition 
which was made not faster than one drop of the mixture a second, the 
solution was allowed to stand overnight. The next day it was hydrolysed 
in the usual manner by being poured on ice and the basic magnesium 
compound removed with 15 percent sulfuric acid* The ether layer was 
separated from the water layer which was extracted three times with 
ether. The combined ether extracts were shaken with solid sodium car
bonate until basic. T he sodium carbonate was then removed by washing 
with distilled, water and the ether, and- the ether solution dried over 
anhydrous sodium sulfate. Ether was removed from the product and it 
was fractionally distilled at 13 mm. A thirty-six gram yield was ob
tained, boiling point 45 - 50° C* This was 58*1 percent based on the 
ketone* Physical constants were determined upon this fraction.

Boiling Point — — — 151 — 153° G at 732 am
tJ.30Refractive Index ” - 1*4400
20°

Specific Gravity - *8532
o qOSurface Tension -28.1 dynes
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*** 5» 5—trlja ethyl peataaoI-2
E

CHg 0
CBg — CHg — 0 — "C — tJEg 

GHs GH3
This alcohol was prepared la two w&ysj first by trsetting tertiary 

anyl magnesium florid© with acetone (see preparation of 2-iaethyl 
heptanol-2) ■ and second by synthesising the ketone 5, 5-dimethyl 
pentanone-2 and reacting that with methyl magnesium iodide (see pre
paration 2, 5, 4-triaethyl pentanol-2). However, due to the difficulty 
encountered in obtaining tertiary Grignard reagents very small yields 
of the alcohol were obtained (2 - 5 percent based on tertiary amyl 
chloride) * The alcohol thus obtained, however, was in accord with that

v ,'vprepared by other workers (55). w -? *)t ^

lable Jk which follows gives several physical constants on the vari
ous alcohols used in condensations as determined la this laboratory*

TABLE k
l

.........AicobpA . — .*____________  BollingJiolci.t. ....
1«• Hefr&eiiv®

Index
«*
3
.HpecxTfS""
. Gravity,_ ,

t Temper&ture°C 2 Pressure nms Dn 42-»ethyl heptanol-2 t 159*5 t 746 : 1.4255 K* .81666 "SB*
a,5-diiiiet||lanol_g .155.5-156.5 m

■9 756 3 20°1.455 ••
-f390 j^o

2,4-dimethyl
hexanol-2 * 152 — 155 1 750 .. f 20°1.4221 1_.8i2S6_|®’2,5-dimethyl
hexanol-2 : 154.5 •* 746 t i W 7-5° *« .81826

2-methyl-'6-ethyl
pentanol-2 * 151 - 155 s..758 t 1.4S0140 s

£3<U
.90864

2,4, 4-trimethyl
oentanol-2 i 144 t 746 •» 1*429118° ••

26^ 
.82063 "25!5

2,3,4-trimethyl
pentanol-2 i 151 - 155 ! .-.Z3£ **_.̂ .45§918*5°- •♦

28°
.8532 1XF

2,5,5-trimethyl
pentanol-2 3 157 ( 746 : 1.440920° t

25°
.8156 "SW
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Condensations with Phenol

The alcohols were prepared as described and condensed with phenol 
using a method of condensation as to relative quantities, temperature, 
and addition of reagents which has been determined by a series of workers 
in this laboratory to produce the best results and be most convenient 
when applied to the condensations between tertiary aliphatic alcohols 
and phenol with aluminum chloride as a catalyst*

In as much as all the condensations were carried out in a similar 
manner except for slight variations in temperature only a typical run is 
described*

Thirty-two grams (0*25 mole) of the octyl alcohol and 28 grams 
(0*3 mole) of phenol dissolved in 100 cc of petroleum ether was added 
dropwise with stirring over a period of two hours to 17 gms (0*125 moles) 
of aluminum chloride suspended in 150 cc of petroleum ether in a 500 cc 
round-bottomed three-necked flask equipped with a condenser, dropping 
funnel and stirrer. The temperature was controlled between 25 - 30° G 
by immersing the flask in a water bath, and the reaction mixture was pro
tected from the moisture in the air by means of a CaGlg tube on the reflux 
condenser. Hydrogen chloride was given off all during the course of the 
reaction, and a deep reddish color developed in the solution* After 
standing overnight the mixture was hydrolyzed by pouring It Into ice and 
hydrochloric acid 1 : 1  mixture. Two layers resulted and were separated* 
The water layer was extracted three times with ether and this extract 
combined with the petroleum ether layer. The combined extract was dried 
over anhydrous sodium sulfate and the ether removed under ordinary 
pressures. The residue was then fractionated in a modified Claiaen flask
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with an 18 to 24 inch m l m a  at 4 amu
Ther© ware always three main fractions* A small ajaoiint below 70° 

which was oncandeased alcohol, traces of its chloride and uasatuirated 
compounds obtained from the alcohol; a second fraction between 70 - 100° G 
consisting chiefly of phenol; and a. higher fraction 100 150° 0 the
desired aliyl phenol. Tarry residues or the fraction above 130° C were 
from 2 - 6  grams.

The fraction 100 - 150° C at 4 sm in cases where it failed to crys
tallize was fractionated repeatedly until a colorless liquid was obtained 
boiling over a 8 to 1 degree range* Those phenols that crystallised, 
after the removal of any oily inpurities by use of a porous plate and 
pressing between filter paper, were recrystall! zed from a 50 percent 
mixture of alcohol and petroleum ether until a constant sharp melting 
point was obtained.

Table B shows the yields obtained of the principal products re
sulting from condensations between tertiary alcohols and phenol,



27

a. o
* om

IX t o
M o
bo tJ
S-t © © *H > M
M  • *

t3O gm 8o
I o  & O ffl ©Pw (4
t-f

PQ

3
<

4*©
-§©
£

« to 
©  r-t »-4 O
£ d

oE>-
3  CM

P*H C<J rl

O g S
'T Nr-t P

OCO
ih
d

CM
P©

O
O
'ttoorH

CM
P©

*0»to

CM

to
toto

to

1cq<M fkCM

JO
tft

* 0o o
CO

to4COto

c m

<306M

•• 99 99 rr «• M  •• »• ■* *• H

1 1 o ■<tt to
<o i> CO
t~i

•• *# *» •• H  M
<£> 60 r| rH CO*

00
*

CM *
to

*
s#to CM CM CO

99 #* ■•*■ ** •• +<* •* ** »• M  H

CM to H CM CM

cm

o
*?tow

ttoCM

Oto1toCM

>>P

CM rH

CM rj

©

1 -aCM
>-» S3is ©
2-a
•S f?*T3 O
4 3
oTi&

&.S «L i +>
f S>-< o.p>rd «HP K^ £(D

CM CJ

43 r-t

to a
to TS to *u

<« jES CM 49
*» **

ur>

•* *• «• »»

to to a to toCm CO CM CM rH CM CM
tH O i— I /H r-f rH rH• • ♦ • • *

CO

* •

to CM 60 to to CM to fcQ
* * m * * * * *

*• *• 

u>

•• »»

t-

r* *»

to to to rH to to
rH CM CM <s* CM CM Oi

* # 9 * ■ * # • *

** » •» - #* 99 *» ** -*♦ •» «• ♦» 99 99 90

©r*4OSS

©

rHQ

H
5Oo
3

r—t ©
P
©
Jd

'SL
5
CM

CM
*4. o

r-t K

CM

H
©
CMt
>1
©
?CM

PS3©0*

Ph
ys
ic
al
 
co
ns
ta
nt
s 

and
 
an
al
ys
is
 
of 

the
se 

p-
hy
dr
ox
yp
he
ny
l 

de
ri
va
ti
ve
s 

are
 
ta
bu
la
te
d 

in 
Tab

le 
I



28

Derivatives

A* Benzoyl Esters 

Of seven of the alkyl phenols were prepared by a raethod described 
by Sariner and Fuson (55). The procedure consisted in dissolving three 
grams of the phenol in 4 cc of pyridine and adding 5 cc of benzoyl 
chloride* After the initial reaction the mixture was warmed over a low 
flame, refluxed for one hour, cooled, poured on ice, and the oily 
material extracted with ether. The ether extract was washed with cold 
dilute sulfuric to remove pyridine and then cold dilute sodium car
bonate solution, to remove excess add. After removal of the ether the 
ester was distilled under reduced pressure from a small modified 
Glasien flask* Usually upon cooling in the refrigerator the ester 
crystallized out. It was then removed from contaminating oily material 
by absorbing such impurities on & porous plate* And finally it was re- 
crystallized several times from 85 percent alcohol until further re- 
crystallization caused no changes in melting point* Table II gives the 
data on these esters.

B. Alpha—napthylureth aae s 
These were prepared by the following method (56). One gram of the 

tertiary octyl phenol was placed in a large test tube and 1.5 cc of 
alpha-napthyl isocyanate was added the reaction being catalyzed by two 
drops of a dilate anhydrous ether solution of triaethyl amine. The 
tube was protected from moisture by being fitted with a 0aClg tube and 
thus stoppered,the reaction was heated on a steam bath for half an hour, 
Ifpon cooling the reaction contents became solid. This solid was ex
tracted with 60 cc of boiling ligroin (6© - 90° 0) and all undissolved
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material filtered out* Xu the clear filtrate the &!ph^—napthyluretiione 
crystallized out on cooling. It was filtered off and reerystallized 
from hot ligroin until a constant melting point was obtained. Results 
on the 3® urethanes are given in Table III.

Ho derivatives were prepared of the supposedly 2, 5, 5-trimethyl- 
2-p-hydroxyphenyl pentane as it was obtained in a quantity of less than 
0.7 gram upon recrystallization to a constant melting point.

Proof of Structure
This was accompli shed by synthesis of the octyl phenols by another 

method; namely that of preparation of the octyl benzenes, their nitra
tion, reduction to toe p-nitro derivative formed to the corresponding 
p—amino compound, followed by di&zotization and hydrolysis of the 
diazonium salt to yield the phenol. A description of this process in 
detail follows.

A. Preparation of the Alkyl Benzenes 
Pour of these compounds had already been prepared in this laboratory 

and their physical constants determined (£1). However it was necessary 
to obtain them in larger quantities and to prepare the others of the 
series. Since their preparations were carried out in a similar manner 
a typical synthesis is given.

In 97 grams (1.25 moles) of benzene in a 500 cc three—necked 
round-bottom flask fitted with dropping funnel, condenser, mercury-sealed 
stirrer, and thermometer, was suspended 17 grams (0.125 mole) of aluminum 
chloride by rapid stirring. To this suspension was added drop by drop 
52 grams (0.25 mole) of the octyl alcohol the temperature being maintained
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below 30° C by immersing the reaction flask in a water bath If necessary. 
During the addition of the octyl alcohol the mixture first became yellow 
in color and the AlGlg seemed to go into solution. Then upon further 
addition a dark brown viscous layer appeared which separated out on the 
bottom of the flask and the whole mixture became dark brownish in color.

Aft ex' complete addition of the octyl alcohol the mixture was 
allowed to stir four additional hours and then to stand overnight. The 
next day the reaction mixture was poured on ice and hydrochloric 
acid 1 j 1 to cause decomposition. Two layers resulted which were se
parated. The water layer was extracted three times with ether and this 
ether extract added to the benzene layer. The combined ether and 
benzene extract was washed with dilute sodium carbonate solution and 
dried over anhydrous sodium sulfate. The ether and benzene were re
moved at ordinary pressures and then the remainder fractionated under 
reduced pressures to obtain the alkyl benzene.

This procedure was found adequate for the preparation of 
2-m ethyl-2-phenyl heptane, the hexanes 2, 3j 2, 4; and 2, 5-dimethyl- 
2-phenyl and 2-methyl~3-ethyl-2-phenyl pentane but applied to the 
prepration of 2, 4, 4-trimethyl-2-phenyl pentane and 2, 3, 4-trimethyl- 
2-phenyl pentane splitting of the long alkyl side chains occurred 
giving products of lower molecular weights. In these cases a modificar- 
tion of the originally described method was tried with apparently better 
results. It consisted of carrying out the reaction at a lower tempera
ture* but,since benzene solidifies at 5° G, it was necessary to use a 
solvent that would permit the reaction mixture to remain a liquid at 
sub-zero temperatures. Such a solvent was petroleum ether and the 97 
(1.25) moles of benzene was dissolved in 150 cc of petroleum ether in
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which was suspended 17 grams (0,125 moles) of aluminum chloride and the 
octyl alcohol added as usual. The temperature was maintained between 
—5 and -10° G by use of a hath of ice and ESI or solid carbon dioxide 
{dry ice) in which the reaction flask was immersed. The remainder of 
the preparation was as already described.

Bue to the limited supply of these alcohols and the late discovery 
of this modified procedure to -prevent in part splitting of the alkyl 
chain, the data presented Is based upon only two condensations and hence 
is only suggestive of a promising possibility. That the 2, 4, 4-tri- 
methyl pentanol—2 splits in condensation in such a way that tertiary 
butyl benzene is formed has been definitely established by isolation 
©f this compound* nitration of it, reduction of fee nitrocompound, 
di&zotiz&tion of the formed amine, and hydrolysis of the diazonlum com
pound wife isolation of tertiary butyl phenol {$. P. 95 - 96° C) ♦ The 
benzoyl ester of this phenol when prepared {M* P. 81 * 82° G) was mixed 
wife known benzoyl ester of tertiary butyl phenol and gave no melting 
point Change to the known ester.

The U, 5, 4-trimethyl pentanol-2 in a similar condensation gave as 
fee principal product an alkyl benzene B. P. 160 - 170° G at 756 mm 
which converted to a phenol by a similar series of reactions as those 
used to convert tertiary butyl benzene to p-tertiary butyl phenol melted 
at 95 ̂  96° 0. Its benzoyl ester melted at 86 - 87° G.

Ho attempt to prepare 2, 3, 5-feimethyl-£-pkenyi pentane was made 
as the alcohol k, 5, 3-trimethyl pen tan ol-2 could not be obtained in 
sufficient quantities*

Table G summarizes fee condensation a carried out to prepare the 
octyl benzenes as to yields and products.
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The alkyl benzenes thus prepared were nitrated,
B. Nitration of the Tertiary Octyl Benzenes 

Malherbe* s procedure (5$) was used. It consisted of treating the 
hydrocarbon with an equal weight of fuming nitric acid (1.52) and cool
ing during the addition. After the reaction had subsided the mixture 
was warmed to 90° G in & water bath for one hour. It was then poured 
on ice and the resulting solution extracted three times with ether, These 
ether extracts were dried over C&Clg and after removal of the ether the 
remaining p-nitro tertiary alkyl benzenes which were liquids were frac
tionally distilled under reduced pressure. Boiling points and analyses 
of these compounds are recorded in Table IV,

G. Oxidation of Para Nitro Tertiary Alkyl Benzenes
In order to establish the position taken by the nitro group in re

ference to the alkyl side chain a portion of the nitro tertiary alkyl 
benzene was oxidized by a method adapted from Malherbe (56), 0ns gram 
of the nitro compound and 20 cc of 6 N nitric acid was placed in a 
Carius tube, sealed and heated in a C&rius furnace for six days at 
150° C. By this time crystals had formed in the tube which were removed 
and collected. They were washed with hot petroleum ether to remove oily 
material and then r©crystallized several times from alcohol. In each 
case the crystals melted at 258 - 240° C mid mixed melting points with 
p-nitro benzoic acid showed no depression indicating a para nitro ter
tiary alkyl benzene as the original compound.

D, Reduction of the Para Nitro Tertiary Alkyl Benzenes
This reduction to yield the p—amino tertiary alkyl benzenes was

accomplished as follows.



Thirty grams of tin were placed in & 500 cc rouznl—bottoi&ed flask 
fitted with &u air condenser* Fro® XO — 15 grans of the p—nitro tertiary 
alkyl benzene was added and than 100 cc of concentrated hydrochloric acid 
in two portions* After the initial reaction had subsided the mixture was 
placed on a steam hath and left for four hours* it the end of this time 
it was treated with a large amount of water (£GQ — 200 cc) cooled and 
made alkaline with 40 percent sodium hydroxide* This alkaline solution 
was then steam distilled* The amine was extracted from the distillate 
with ether and the ether solution of the amine was dried over solid 
potassium hydroxide* After removal of the ether the residue was frac
tionally distilled from a 10 cc Glasien flask with a 12 inch column* Re
sults as to boiling points and percent nitrogen of these amines are 
summarized in Table 7*

E* Phenols from the Para issiao Tertiary Alkyl Benzenes 
These mines were diazotised and then the diazoniua salt hydrolyzed 

to form the phenol* A typical procedure is as follows* The amine was 
treated with concentrated sulfuric acid 1*5 cc is 10 cc of water for 
each 2 grams of the amine* The solid salt thus formed was quite in
soluble in water but it was suspended by vigorous stirring in 10 times 
the volume of the mixture of water, amine, and sulfuric acid* After cool
ing to about 5° C a 25 percent solution of sodium nitrite was added dropwiee 
with continued stirring over a five hour period until the calculated amount 
to act with the amine had been reached* Stirring was then continued for 
two hours more and finally the diazotized solution was warmed on a 
steam bath for an hour* This reaction mixture was then subjected to 
steam distillation. The phenol was extracted from the distillate with
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ether and after drying the ether extract with anhydrous potassium sulfate 
it was fractionated under reduced pressure to obtain the pure phenol,

F* Derivatives
The alpha-**apthylurethanes were prepared using 0,5 grams of the 

phenol obtained and their melting points determined. In all cases these 
melting points were identical with those of alpha—napthylurethanes pre
pared from phenols from the aluminum chloride condensations of alcohol 
and phenols already described. Mixed melting points showed no depres
sions and hence the phenols as synthesized by the two different methods 
were identical. Absolute proof in this fashion was established for 
£-©ethyl-2-p-hy dr oxyph eny I heptanej Z, 3-dimethyl, 2, 4-dimethyl and 
2, 5-d.imethy 1-2—p-hydroxyphenyl hexane; and g-methyl-3-ethyl and 2, 4, 
4-trifflethyl-2-p-hydroxyphenyl pentane.

Further proof of the structure of 2, 4, 4-trimethyl~£-p-hydroxy- 
phenyl pentane was obtained by synthesizing it as described by Satelson 
(24) as follows;

G. Synthesis of 2, 4, 4~trimethy 1-2-p-hy dmxyphenyl pentane,
A mixture of one mole of powdered potassium hydroxide and one mole 

of phenol was heated at 65 - 100° C in a 500 ee round-bottom flask im
mersed in an oil bath until solution was complete, Then a mole of di
isobutylene chloride was added drop by drop at a temperature of 75° C 
until the reaction was complete. Potassium chloride separated out. The 
temperature of the b&th was raised to 125° G, kept there for three to 
four hours and then raised to 180° C where it was kept for one hour.
After cooling the potassium chloride was dissolved in water and the 
separated crystalline product was purified by pressing out oily im
purities and recrystall!zatioa from petroleum ether. This product



36

according to Natelson is 2, 4, 4—trimehhyl-£—p-hy dro:zyph enyl pentane or 
diisobutylphenol, IS, P* 34° G*

Benzoyl ester and alpha-napthylurethane derivatives had melting 
points corresponding to those derivatives prepared fro® the 2, 4, 4- 
trii^thyl^E-p^ydr oxyph enyl pentane obtained as a product fro® the con
densation of 2, 4, 4-trimethyl pentsnol-g and phenol with aluminum 
chloride as a catalyst* Mixed melting point determination showed these 
phenols and corresponding derivatives to be identical.

No absolute proof is offered of the structures of 2, §, 4-trjjaethyl 
or Zf. 5, 3-tri»ethyl-2-p-hydraxy phenyl pentanes due to the difficulty in 
obtaining the alcohols £, 3, 4-trimethyl pentaaol-E and 2, $, S-triraethyl 
pentanol-2, la the former case splitting of the alkyl chain upon conden
sation with benzene prevented preparation of the alkyl benzene in suffi
cient quantities sad in the latter all the alcohol prepared was used in 
condensations with phenol.
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TABLES
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TABLE I I

smmiL m m & s

Benzoyl Ester of x !*P.° C s Analysis Fqus&B*
t % 0 i % M .... .2-»ethyl-2—p-hydroxyphenyl heptane s 22 - 23 i 80*55 i 8,27

2>3-dime thyl-3-|>4aydroxyph.enyl hexane x54*2-55,2? 01,22 s 8,55
2,4-dimethyI-g-p-hydroxyphenyl hexane * 57 - 50 s 81,28 * 8.41
2, 5-diraethyl-2-p—hydroxyphertyl hexane x 46 * 4? x 81,18 f 8.26
2—methyl-5—ethyl-2~p—hydroxyphenyl pentane t 69 - 70 t 01,19 i 8.59
2,4,4—trisethyl-E-p-hydroxyphenyl pentane x 75 - 74 t 80,66 t 8*22
2,S,4-trim9thyl~2-p-hydroxyphenyl pentane X 47 - 48 x 80*43 t 8.18

* GaiccL for G^sa^S C r 81*E2$ Hr 8.45$

TABLE III 
ALPHA-® APTHILURETri AN ES

AlphaHmpthylurethan.es of s H. P,°C : 
x :

Analysis Found* 
% ®

2-methyl-2-p-hydraxyphenyl heptane x 120-121 s 5.69
2,3-dimethyl-2-p-hydroxyphenyl hexane x105-105.5x 3*75

2 , 4-dimethylr- 2—p-hydroxyphenyl h exane x119,5-120.5s 3.72
2,5-dimethyl-2~p~hydroxy phenyl hexane X132.5-1S3*5; 3.70
2-methyl-3-ethyl-2-p-hydroxy phenyl pentane xl09,5-110,5x 3,70

2,4, 4-trijae thyl-2-p-hydroxyph enyl pentane t 102-103 a* 3.69

2,3,4-trine thyl-2-p~hy droxyph enyl pentane I114*5-115,5s 3.68

* C&Xod* fox* ̂ 26^29^2^ H= 3.75 56
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table m

PAEA NITBD TEETIAEX GGTYL BENZENES
S u b s t a n c e t B o l l i n g P o i n t f e n a l y s i s  F o u n d *

t ? e m p . ° G  : P r e s s u r e :  

j  m m %  5

2 - m e t h y l - 2 - p - a i t r o p h e n y l  h e p t a n e s 1 4 3 - 1 5 0 8 2  * 6 * 0 1

2 > 3— d i m e t h  y l — 2—p —n i  t r o p h e n y l  h e x a n e s  1 5 3 - 1 5 5 * &  t 5 * 9 9

2 , 4 - d i m e t h y 1 - 2 - p - n i t r o p h e n y l  h e x a n e 8 1 5 5 - 1 5 7 s 2  3 5 * 9 8

2 ,  5 - d L m e t h y l - 2 ~ p ~ n i t r o p h e n y l  h e x a n e t  1 2 9 - 1 5 1 8 2  8 6 * 0 9

2—m e t h y l - 3— e t h y l — 2 - p - n i t r o p h .  e n y l  p e n t a n e :  1 2 7 - 1 5 0 ? 4  f 6 * 0 9

2 , 4 , 4 - t r i j ^ t h y l - 2 - p - n i t r o p h e n y l  p e n t a n e 3 1 0 8 - 1 1 0 3 4  3 6 * 0 5

* C a l c d .  f o r  C - ^ H g j O g R  S r  5 . 95%

T A B L E  V

P A E A  a m i n o  t e e t i a e i  o c t y l D E L E T E S

S u b s t a n c e »#- B o i l i n g  P o i n t : A n a l y s i s  F o u n d *

5*r e m p . ° C  s P r e s s u r e ; %  N
* ........ 5 m m :

2 - m e t h y l - 2—p - a m i n o p h e n y l  h e p t a n e : 1 0 8 - 1 1 1  ? 2 8 6 . 7 7

£ , 3 - d i m e t h y l — 2 - p - a m i n o p h e n y l  h e x a n e 3 H 5 - U 9  s 4 8 6 . 5 8

2 , 4 - d i m e t h y l - 2 - p - a m i n o p h e n y l  h e x a n e 3 9 9 - 1 0 1  8 2 3 6 * 8 7

2 ,  5 - d i m e t h y l - 2 - p ~ & r a i n o p h e n y l  h e x a n e : 9 9 - 1 0 2  s 2 : 6 * 9 2

2 - m e t h y l - 5 - e t h y l - £ - p - a m i n o p h e n y l  p e n t a n e 8 1 0 5 - 1 0 6  ? 2 3 6 . 8 6

2 , 4 , 4 - t r i m e t h y l - 2 - p - a m i n o p h e n y l  p e n t a n e 8 l l g - 1 1 5  8 5 3 6 * 7 2

* C a l c ; d .  f o r  C - j ^ i l ^ N N z 6.82 %



Discussion

41

The general procedure employed in preparing the tertiary octyl 
phenols described in this work consisted of the preparation of the 
various dimethyl amyl tertiary carbinols fallowed by their condensation 
with phenol in the presence of aluminum chloride as a catalyst*

H H
fl<?H H<?HIX. E - C - OH + CgHsOH-=il±fE - C - CeHgOH + SgO
H C H  H C H

H B
The carbinols thus condensed were 

A* 2-methyl heptauol-E 
8. Z9 5-dimethyl hexanol-2
C. 2, 4-dimethyl h.exanol-2
D. 2, 5—dimethyl hexanol—2
E* 2-Baethyl-5-ethyl pentanol-2 
F. 2, 4, 4-trjjaethyl pentanol-2
Q. Zp tw 4-trimethyl pentanol-2
H. Zp 5, 5-trimethyl pentanol-2

Of these,all have been reported in the literature except 2, 5, 4-tri
methyl pentanol-2* This alcohol as well as the others were prepared 
and a detailed description of their preparation along with their physical 
constants as determined in this laboratory has been given in the Experi
mental portion of this thesis* In general,good yields were obtained of 
the simpler compounds by using direct methods of synthesis eg* the 
reaction between amyl magnesium bromides and acetone* However, as the 
amyl bromide involved became more complex the yield of the alcohol



diminished* for this reason)cofflpXex ketones were prepared in several 
cases so that a simple bromide might be used* fields, however, of 2, S, 
4-trimethyl and 2, 5, S-triaethyl pentanols-2 remained small*

The alkyl phenols were prepared by suspending a one-half molecular 
equivalent of AXGlg in stirred petroleum ether at 20 - WP Q to which 
was added dropwise a petroleum ether solution of a molecular equivalent 
of the alcohol and a one and two-tenths molecular equivalent of phenol* 
A deep red color developed and hydrogen chloride was evolved during the 
reaction. The mixture was stirred for four hours let stand overnight 
end than decomposed with ice and hydrochloric acid, from this was iso
lated the hikyl phenols.

css
X. CSg-CHg-CH^-CHg-GHg-C-C® + CeHgOH  ^Hg-Ca2-Ga2-CHg-ea2-C-C^40H . H20

SHS <k5

® 5  9Hs
XI. CHg-CHo-CHg- C ~ C - OH

5 CH*
eH5-CHg-eHg-c - c-c^oa + HgO

S G&S

GHg
HI* C^g-Qag-9--(Mg-G--0H + CgE^OH

H

«3B5 ^ 5
-) GH GHg— t

5 e %

CS, GH,
. is r s

XXIX.
H C %

013 GHg
GUg—G—Gif*?—GS^—C--1Gglt̂ QK ■+

a

* ¥*5 XIV* GH jip*GH ̂-»C—C—dB + C6% «
H CHg 

GH^—CHg—G—G—G0H4OH 
SB©®*
CHg

+ HgQ



^ 3  CHg CHg
XV. CHj-C-GHg-C-OH + CgHgOH > CEs-C-GHg-C-C6H4°B + Eg}

m 5 CEs chs da;

<®3 <fHg <®s CHg CRj CHg
XVI. CHg-C - C - G - oa +---CgHsGH------ > OHg-9 - C - C - CgB^OH t Eg}

E H CHa H H CHvw V

Xini* (Hg-CHg-C - C - OH * 06H5OH----- > GHg-CH^-C ~ 0 - CeE4GH 4 H^O
<^5 CH5 G %  CHg

Good yields resulted when the condensations were carried out at 
25 — 50° 0$ lower temperatures 10° C were observed to decrease the amount 
of alkyl phenol* Of the phenols prepared five were liquids ana did not 
crystallize even when subjected to ice box temperature• However* they 
were very viscous requiring several distillations to obtain pure fractions* 
The alkyl phenols after purification were analyzed for G and H# Their
physical constants were determined and derivatives were made*

The benzoyl esters and alpha-napthylurethanes were prepared for
means of identification of all the phenols except 2, 3, 5-trim© thyl-2-
p-hydroxyphenyl pentane* Since these derivatives were all solids their 
melting points were determined and they were analyzed, j the benzoyl esters 
for percent C and H end the alpha-iiupthylure thanes for percent nitrogen* 
Data on those phenols and derivatives is contained in the tables accom
panying this* thesis*

Absolut© proof of the structure of these alkyl phenols was accom
plished by synthesizing them from the corresponding alkyl benzenes 
prepared by condensations between the already listed carbinols and ben
zene .In the presence of aluminum chloride* In this procedure it was
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noted that highly branched &11 ph&tio chain £ often undergo splitting re- 
suiting la product® of lover moleGul^x weight* This was especially true 
in the css© of Z, 4# 4-trimethyl pe2itanol~~£ and I, S, 4~tri»ethyl 
pentaaol~£* Temperature appeared to affect this splitting; at lower 
temperatures -10° Q it occurred to a leaser degree than at £5 - 30° C* 

These alkyl benzenes whan purified were nitrated with flatting nitric 
add giving 'the p&ra-dtro derivative* That substitution of the sa* 
group into the benzene ring took place para to the alkyl chain was 
proven by oxidation of a portion of the nitro derivative with dilute 
nitric add in a C&rius furnace to give in every case p-nitro benzoic 

add*
The para-nitro derivative was then reduced with tin and concentrated 

hydrochloric to the p-tertiary oetylphenyl amine which upon diazotizatlnn 
and subsequent hydrolysis of the diazonlua salt yielded an alkyl phenol* 
These phenols were then identified by their dpha-napthylurethaaes nixed 
editing point determinations indicating that they were identical with 
the urethanes sad© from the phenols obtained by direct condensation of 
phenol with the various ear bind a under the action of almalnua chloride* 

Am - amyl groupings -

c %
mn*  m ~ c ~ c6ss +■ moz---------— > a® -  c -

f « Oxidiaeci 0
- CgH4U02  M J S E e m i  V *  - C - CsH^g

cb5
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<*5 Reduced <a5

* Ah * C - C6H4HHE 
CH«

XX. Am - C - C6H4HO£ - Tin + HG1

ch5
XXI* Am - 0 - G6H4UHg

cr3 Hydrolyzed with EOH
Diazotizod HMO^ in Acid:>Am - C - CeHgCH 

® 5

la this fashion was established the structure of six of the alkyl 
phenols namely* 2-®ethyl-2~p-hyaroxyphenyl heptane} 2, 3-dimethyl~2-p- 
hyciroxyph enyl hexane 5 2, 4-dime thy 1- 2-p-hydroxyph enyl hexane} 2* S-di- 
methyl—£-p-hy droxyphenyl hexane} 2-ffiethyl-5-*ethyl-2-p-hydroxyphenyl 
pentane and 2, 4* 4-trimethyl-2—p-hydroxyphenyl pentane*

Mo absolute proof of the structure of £, 5, 4-ti'isethyl—2-p-hydroxy- 
phenyl pentane end Z, 5, S-trimeihyl-£—p-hydroxyphenyl pentane was possible 
due to the difficulties encountered in preparing £> 5, 4-tilmethyl-2- 
phenyi pentane and 2, 5* 5-trimetbyX~£-ph«nyI pentane* However, since 
the preparation of these alkyl phenols was similar to that used to pre
pare those whose structures have been definitely established in six 
separate cases the writer feels that they are undoubtedly the compounds 
as designated*



Summary
46

1* Same tertiary dimethyl amyl c&rbiaols have been condensed with 
phenol in the presence of aluminum chloride to yield p~tert±ary octyl 
phenols*

2* 2-methyi~2—p~hydroxyphenyl heptane| 2, 3-&iaethyl-2-p̂ hydroxy*- 
phenyl hexane j 2, 4-dim ethyl-£^p-hy droxyphenyl hexanej tP 5~dImethyl-2-- 
p-hydroxyphenyl hexane| 2-®ethyl-$-ethyl~2-p--hydroxyphssyl pent&nej 
2t 4, 4-triraethyl-2-p-hydi^:^phenyl pent&nej g, 5, 4-trim8thyl~£-p- 
hydro xyph enyl peatanaj and 2, 3* 5-trims thy 1-2-p-hy dr oxy phenyl pentane 
have been prepared in this way*

3* Ben soy 1 ester and &tpha~n&pthyXurethane s have been prepared of 
ail the alkyl phenols except 2, 3-trimethyl-g-p-hy droxyphenyl pentene.

4* Proof of structure has been advanced for the phenols excluding 
the £, 5,. 3-trimethyX and 2, 3, 4—trim ethyl-2-p-hydroxypheny 1 pentanes 
by synthesizing them in another way *



Bibliography 4?

1, Huston sad Hsieh «T. Am* Chen* Soe. m 459 (1956)
tu Huston sad Hedrick J* As. Chem. Soc, m 2001 (1957)
5.
4*

Huston sad Anderson 
Auer

Master* & Thesis,
Milligan State College 

Bar* 17 689
(1936)
(1884)

5* He£ Ann* 296 £55 (1897)
6. Huston and Friedmann J* Am. Chem. £oc. 5S m z 7 (1916)
7* Huston and Friedmann J. Am* Ghem. Soe. 40 785 (191$)
8, Huston J. Am* Chem. Soc* 46 £775 (1924)
9. Huston end Eager J. Am, Ohem, Son* 43 1955 (1926)
10*
H*

Huston and H & maxm 
Huston, Lewis, Grotemut

Master*s thesis,
Michigan State College 

J* Am* Chem. Soc* 49 1566
(1955)
(1927)

IE* Huston sad Bavis 
IS* Huston sad others

Master* s diesis, 
Michigan 

J« Am* Cheia. Hoc.
State College 

85 2579
(1955)
(1951)

Ibid 57 4484 (1950)
Ibid 54 1506 (1952)

14* Huston and Goodemoot J* Am, Ghem. Boc* 56 £432 (1954)

IS*
16*
17*
18*
18*

Huston and Wllsey 
Huston and Hradel 
Huston and MeComber 
Huston and Fox 
Taukervanik and others

Master*s thesis,
Michigan State College 

Master* s thesis,
Michigan State College 

Master*s thesis,
Michigan State College 

Master*® Thesis,
Michigan State College 

J* Gen* Shea. USSR 7 632

(1955)
(1954)
(1935)
(1954)
(1937)

Ibid 5 764 (1935)
Ibid 5 117-120 (1955)

20*
21*

Huston and Binder 
Huston and Sculati

Master*s Thesis 
Michigan 

Master’s Thesis
State College

(1955)
(1956)

Michigan State College



48
22.
n*

Huston end Breirting 
Heater

Masters Thesis,
Michigan State College 

0* S* Patent £,008,017
(1938)
(19SS)

24* Hatel son J * Am* Chem* Soc, 56 1583 (1934)
£5*
£6*
£7*

Tzukervanik and Haz&rova 
Huston and Hedrick 
McKenna and Sown

J. Gen* Chem OSSE 5 117-20 
C. A* 30 443 

Doctor^ Thesis
Michigan State College 

1* Am* Gheau Soc* 33 470

{1935}
(1936)
(1957)
(1986)

28* HcGreal and Hiederal J. Am* Chem* Soc* 57 2625 (1935)
£9* Welsh and Drake J* Am* Chem* Soc* 60 59 (1939)
30* Berry and Held ij * Am * Ch 6Ei * So c* 43 3142 (1927)

Varet and 7iemi© Coiapt. rend* 164 1375 (1886)
Cline and Held J> Am* Chem* Soc* 45 3150 (1927)

J* Am* Chem* Soc* 43 3157 (1927)
Bo&roux Compt* rend* 186 1005 (1928)

31* Grossa and Ipatieff 3* Organic Chem* 1 562 (1957)

52* Smith J* Am* Chem* Soc* 55 415 (1933)
S3* Hiederal and Hatelson J* Am* Chem* Soc* 55 1328 (1931)

Sowa and Hiewl&nd, J* Am. Chem* Soc* 54 2019 (1932)
Claisen Z aagew* Chem* 36 478 (1923)
Dialsen Ber# 58 275 (1925)

Glaisan Ann* 418 £3-120 (1919)

Early and Mama J* Am* Che®* Soc* 57 371 (1935)
Hiewlaad J* Am* Chem, Soc* 55 5420 (1933)

34* Merz and Weith Ber. 14 188 (IBM.)

S3* Niewland J* Am.* Cheis. Soc* 57 703 (1936)

36* CXasien % angew* chem* 06 478 (1923)

37* Daugherty J, Am* Che®. Soc* 51 576 (1929)
58. Huston and Evert Masters Thesis (1938)

Michigan State College



Adkins J. Am. Ghana* Soc* 44 2175 (1922)
Gustatfeson 1. fur* Prakt* Chem* 2 68* £08 {1903}
Schleicher and Buttgenbaeh IMd i m 355 {1925}

m. Laagmuir

Michael

Trans. Far&di 

J. Am. Chem.

ay Soc* 17

Son* 40 
42

607
615-619
655-654
1697
im

(1922)

(1918)
(1920)

Adkins J. Am* Chem* Sac* m 137 (1924)
41* Organic Synthesis Coll. Vol. I P* £5
42* Organic Synthesis Volume XII P* 46
45. Organic Synthesis Coll* Vol. I P* x m

44* Whitmore and B&dertseher J* Am, Chem. Son* m 1561 (1933)
45. Edgar J * Am. Chem. Sac* 51 1485 (1929)
46* Whitmore and Williams J. Am. Chem* Son* 55 408 (1955)

H. Masson Compt. rend* 132 483 (1901)
Mttset Chem* Sent* 78 1313 (1907)
JX. Henry Compt. rend* 145 103 (1906)
Braun Sobeeki Ber* 44 1927 (1911)

47* Glark Am. Chem* Soc. 33 529 (1911)

40* Clark J* Am* Chem. Boo. 50 I150 (1908)
Levene — Marker J* Bio* Chem,► 81 405 (1951)

49* Clark J* Am. Chem* Soc* 51 588 (1909)
Dupont Compt. read. 156 162—4 (1915)
Grignard Chem* Zent, 72 II 625 (1901)
Konoi?alo« Chem* Zent. 73 I 1271 (1902)
Dupont Compt. rend* 152 198 (1911)



50
50* Clark. £* Am* Chest* Boo* 59 674 (1917)
51 „ Butlerov Ann. 189 55 (1877)

9 U fil Imftn Am* Chem*. Soe. 46 100 (1985)
5S* Morton aa4 Sam# J* Am* Chem* Soc* m 0140 (1956)
54* ghriner mil Fuson The Systematic Ide&t i.ficatian of 

Organic expounds p* 62
65* French and Wertel

gfeans
*T* Am* Chem* Soe, 

Qualitative Organic Analysis
40 1756 

p. 184
(1986)

56* lalherbe Ber* 50 519 (1919)


