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ABSTRACT

Bruylants and Dewael1 and later Favorsksya and Fridman2 reported
that l-chloro-4-methyl-3-pentene (I) which was the product obteined
when dimethylcyclopropylcarbinol was treated with hydrochloric acid,
was converted back to dimethylcyclopropylcarbinol on treatment with

base. It appeared that the < ,» -double bond participated in the

OH HC1 ¢ B
CHz-C~-CH — ~——  CH =C=CH CH,CH,Cl
CHz gHQSCH Sﬂa K2005 3 EH H CH,CH,C
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I

solvolysis reaction. One would conclude that I should be more reac-
tive then most primary halides, beinz a potential source of a ter-
tiary carbonium ion. It had previously been shown5 that tertiery
halides, or other unusual reactive halides, such as allyl or benzyl
helides, alkylate the aromatic nucleus of phenol without the need
of the usual Friedel-Crafts type of cetelyst. Primary halides (other
than allyl or benzyl) do not alkylaie phenols without such a catalyst.
It was the object of this research, then, to deternine whether
the primery chloroolefin, l-chloro-4-methyl-3-pentene, was sufficiently
reactive to alkylate the nucleus of phenol without a catalyst, and
if so, to determine the structure of the product; that is, to deter-
mine whether the alkyl group reverted to the dimethylcyclopropyl-
carbinyl form.
When I was heated with phenol at 1500, hydrogen chloride was

evolved and two isomcric crystalline products were isolated. Neither



of these was the expected p-dimethylcyclopropylcarbinyl phenol.
One was an ether, to which the structure 5,5-dimethylhomochroman
(II) was assigned. The elemental enalysis end infrared and ultra-

violet absorption spectra were consistent with this structure.

CH5 CH5
II
Furthermore, this ether was obtained when an esuthentic sample of
5-phenoxy-2-methyl-2-pentene, was treated with a few drops of sul-
furic acid.

The second crystalline product was an alkylated phenol. A
number of structures were considered and the one which was most
consistent with the chemical and physical data was 1,1l-dimethyl-5-
tetralol (III). Further work is needed, before this structure

assignment can be considered unequivocal.

OH

CH5 GH5

I1I
When the ether (II) was refluxed with hydrobromic acid and
acetic acid, a second crystalline alkylated phenol was obtained.
The structure of this compound is not clear but it appears to be

alkylated pare to the hydroxyl group.



Since seturated primary alkyl halides did not evolve hydroren
chloride when heated with phenol at 1500, it can be concluded that
the double bond of I is involved in this reaction, but fron the
structure of the products, it is likely that the mechanism is
quite different from the hydrolysis of I to dimethylcyclopropyl-
carbinol.

During the course of these studies, several new compounds were
synthesized, mainly for the purposes of comparison with the observed
alkylation oroducts. 2-Isopropylchroman was prepared by treating
1-(3—hydroxyphenyl)-4~methy1-§-pentanone with zinc dust and sulfuric
acid., 5-Phenoxy-2-methyl-2-pcniene was obtained by refluxing a mix-
ture of phenol, l-chloro-4-mcthyl-3-pentene, acetone and potassium
carbonate. The structure of S-phenoxy-2-methyl-2-pentene was proved
by degradetion to known compounds.

1-(o-Methoxyphenyl )=4-methyl-3-pentanone was prepared by the
catelytic reduction of the known compound, o-methoxystyryl isopropyl
ketone. Reduction of 1-(o-methoxyphenyl)=4-methyl-3=-pentanone with
lithiun aluminum hydride gave 1-(o-methoxyphenyl)-4-methyl=-3=pentanol.
1-(p-Methoxyphenyl)-4-methyl-3-pentanone wes prepered by the catalytic
reduction of the lnown compound p-methoxystyryl isopropyl ketone.
Reduction of 1-(2—methoxypheny1)-4—methy1-5—pentanone with lithium
elurinuez hydride gave 1-(E-methoxyphenyl)-b—mcthyl—B—pentanol.
Derivatives of the new ketones and alcohols were made.

Dimethylcyclopropylcarbinylbenzene was prepared by the follow-

ing series of reactions. Reduction of the known compound, ethyl



2-carbethoxy-3-methyl=-3=phenylbutanoate, with lithium aluminum
hydride gave 2-hydroxymethyl-3-methyl-3~phenyl-l-butanol. Treat-
ment of the diol with phosphorus tribromide gave 2-bromomethyl-3-methyl=>3-
phenyl-l-bromobutene. Ring closure with zinc dust geve dimethyl-
cyclopropylcarbinylbenzene.

1-Butyl phenyl ether prepared from phenol and isobutylene,
was split readily in benzene solution at 500 with hydro-en chloride.

Cleavage, rather than rearranpgement products were obteained,
RZF=RENCES
1 P. Bruylants and A. Dewael, Bull. 3ci. Acad., Belg., (v),

14, 140 (1928).

2 T. A. Favorskaya and Sh. A. Fridmen, J. Gen. Chen., (U.s.S.R.),
15, 421 (1945); C. A. 40, 4555 (1946).

% J. Y. Simone end H. iler*, J. Am. Chem. Soc., 53, 1309 (1044).



AN INVESTIGATION OF THE UNCATALYZED ALKYLATION

OF PHENOL WITH 1-CHLORO-4-METHYL~-3-PENTENE

By

Charles Roe Wagner

A THESIS
Submitted to the School of Graduate Studies of Michigan
State College of Agriculture and Applied Science

in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Chemistry

1955



NUM2ER

10.

11.

—3
Q
"33

ad
.
o
+3
o
w

N

Infrared Absorption Spectruw: of Dimethylcyclopro-
pylcarbinol....................

Infrared Absorption Spectrum of 1-Chloro-4-methyl-

5"?31]‘\;‘31]0...00--00oooc.o-.ooo.

I.frared Absorption 3pecirum of Neutrel Product "A"
irn Carbon Tetrachloride Solutiolle o o o o o o o o @

Ultraviolet Absorption Spectrum of lMNeutral Froduct. .
Ultreviolet Absorpition Spectrum of 2-Isopropylchromen

Ultraviolet Atsorption 3pectra of Phenolic Products .

nan

Infrared Absorption
fides . . o . .

Infraered Absorpiion
chloride. « « .+ .

Infrared Abscrption
carbinylbhenzene .,

Infrared Absorption
“B" L L] L] L] L] L] L]

Infrared Absorption
fide. L ] o L] L] L] L]

Infrared Absorption
chloride. « « o &

Spectrum of

Svectrur of

Spectrum: of

Spectrun of

e o o o o o

Spectrum of

3" in Carbon Disul-

e o & o o e e o o o o

"3" in Carbon Te‘ra-

Dimethylcyclopropyl-
L]

the Metnyl EZther of

"c" in Carbon Disul-

® o o o o o o o o o o

“S" in Carbon Tetra-

PASE

60

61

55
72
75

79



TA3LZ OF COLTZIT

PASE

I".TRODUCTIO! AMD HISTURICAL o o o o o o o o o o o o o o o o o 1
CXPERINIENTAL o o o o o o o o o o o o o a o o o o s o o o s s 1C
Ixperimerits Concernins ’eutral Product "a" . . . . . . . 21
Zxperiments Concernines Fherolic Froduct "B". . « « « « « 34
DISCUSSION 4 o o o o o o o o o o o o o s s o o s s o o s o o 5E
SUMMARY « o 4 o o o o o o o o o o o o o o o o o o o o o oo o Ok

BIBLIO(}RA:‘:?{ . e o o o o o o o o o e o @ e o o o o o o o o o 96



ACKNOWLEDGNINT

The author is deeply indebted to Dr. Harold Hart for his con-
stantly valuable guidance and aid throughout this investigation.
Aleo, the writer is appreciative to his wife, Dorothy, for her moral

support and able assistance in this work.



INTRODUCGTION AND HISTORICAL

It has long been known that the reactivity of a functional group
in an orgenic molecule is influenced by other groups in its immediate
environment. In particular, a functional group on a carbon atom adja-
cent to a moiety which is undergoing chemical reaction may influence
both the rate at which the process occurs, and its stereochemical
course. This phenomenon, known as neighboring group participation,
was firet investigated in a systematic way with particular reference
to displacement reactions by Winstein and his co-workers (1).

The normal stereochemical result of a bimolecular displacement
process is inversion at the carbon holding the displaced group.
Retention of configuration often occurs, however, in the course of
a displacement reaction in which participation is possible. Thus,
the acetolysis of trans 2-acetoxycyclohexyl p-toluenesulfonate pro-
ceeds with retention of configuration (1). The retention of con-

figuration is ascribed to the participation of the trans 2-acetoxy

OTs OAc
1

OAc
OAc

group on the reverse side of C, &s the p-toluenesulfonate group ion-
izes. This gives one inversion at C,. The second inversion at Cy,
which produces overall retention of configuration, occurs as the

entering acetate ion attacks C; from the opposite side of the parti-

cipating group.



2,
Isomerization through participation is also possible., Cram
(2) studied in detail the acetolysis of the p-toluenesulfonate
of 3-phenyl-2-pentanol, which gave a mixture of 3-phenyl-2-acetoxy-

pentane and 2-phenyl-3-acetoxypentane. The isomerization occurs by

+
/ ‘
—_—
N\
2
CH59H0H0H20H5 CH30HCHCH20H3
|3
0 /
Ts
CHB?HCHCHZCH5 and CH50HCHCH20H5
OAc Ac

participation of the phenyl group with C, as the p-toluenesulfonate
group ionizes, followed by attack of acetate at Cp or 05.

The concept of participation is not restricted only to stereo-
chemical control of a reaction path; & neighboring group also
influences the rate of a chemical reaction. Thus, the acetolysis
of trans 2-iodocyclohexyl p-bromobenzenesulfonate is 1800 times the
rate for cyclohexyl p-bromobenzenesulfonate itself (3)e In general
#ingtein and Grunwald (3) observed that the trans 2-substituted
cyclohexyl p-bromobenzenesulfonates react faster than the correspond-
ing cis isomers. This can be attributed to the favorable position
of a trans substituent, which may participate by a back-side attack
during the ionization at an adjacent carbon. In the cis isomer,
however, a substituent is not favorably located for participation

in this manner, and consequently it is less reactive.
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Non-functional groups such as the phenyl (2), the carbon double

bond (4), and carbon and hydrogen atoms (5) may also participate in
organic displacements.

The i-steroid rearrangement in the cholesteryl system involves
double bond participation in which all three aspects of neighboring
groups are exemplified; i.e., stereochemical control, isomerization,
and influence on reaction rate. Shoppee (4) has reviewed the i-

steroid rearrangement, which can best be discussed with the aid of

the following flow sheet.

H_ H
HO 3 NS
4
I II
CH_OH
3
KOAc al.
AcOH
H " |
’ OCH
)

I1I

The reaction of cholesterol (I) with thionyl chloride or phosphorus
pentachloride leads to cholesteryl chloride (II; X equals Cl) with
retention of configuration at 05. Treatment of cholesteryl chloride
(II; X equals Cl) with methyl alcohol and potassium acetate forms
the methyl ether of i-cholestanol (III) in which the configuration

at C3 is inverted. The methyl ether of i-cholestanol is unstable
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in the presence of acid and rearranges to the methyl ether of chole-
sterol (II; X equals OCH5); the potassium acetate apparently acts as
a buffer preventing rearrangement of the initial product. The reverse
reaction, from the methyl ether of i-cholestanol (III) to cholesteryl
chloride (II; X equals Cl), leads to a second inversion at C5y giving
the original configuration.

A mechanism (4) which satisfactorily explains the retention of
configuration at 05 involves the back-side participation of the Tv-
electrons from the double bond as ionization occurs. This leads to

one inversion at 05 when the intermediate ion (V) is formed. The

VI

attacking nucleophilic group would then enter on the opposite gide

from the participating Ty -electrons, consequently leading to a second



Se
inversion and overall retention of configuration at 05. On the other
hand, the entering group may attack Cg, whereupon the i-cholestanol
system would be obtained.

When i-cholestenyl compounds are subjected to ionizing condi-
tions, rearrengement to the cholesteryl system occurs. The 05-05
distance in cholesterol is 2.5 A., and in i-cholestenol it must
approach bonding distance, or approximately 1.5 A., which involves
considerable strain; hence, a driving force in the opposite direc-
tion from IVA to IVB should exist.

An alternative mechanism, referred to as SNZ', for the i-steroid
rearrangement can be pictured as a simultaneous attack of Y at 06’

a shift of the double bond to the 3-5 position, with expulsion of X .

This mechanism has been tentatively ruled out by Winstein and Adams

(5). Their argument is based on the fact that the rate of acetolysis

=—>

of cholesteryl p-toluenesulfonate in acetic acid is not affected by
potassium acetate except for salt effects. If an SNZ' mechenism
were operative, the rate of acetolysie should have been dependent
upon the concentration of potassium acetate.

The cholesteryl system also shows an increase in chemical reacti-

vity due to participation of a double bond. Winstein and Adams (5) studied



6.
the acetolysis of cholesteryl p-toluenesulfonate (II; X equals TeO)
‘and cyclohexyl p-toluenesulfonate. The former was found to react
at a rate approximately one hundred times the latter. The reaction
was kinetically first order in the tosylate and essentially indepen-
dent of acetate ion concentration; therefore, the rate controlling
step must have been the ionization of the tosylate. The increased
reactivity in the cholegteryl system is ascribed to the participation
of the unshared electron pair from the 05'06 double bond which would
furnish a driving force not possible in the cyclohexyl system.

It was of interest to examine the literature for analogs of the
i-steroid rearrangement in simple acyclic systems. Bruylants and
Dewael (7) and later Favorskaya and Fridman (8) reported that 1-
chloro-4-methyl-3~pentene (VIII) is the product obtained from dimethyl-
cyclopropylcarbinol (VII) and hydrochloric acid. This is not too
unmusual, for if one considers the cyclopropene ring as having pro-
perties similar to the carbon -~ carbon double bond, then this is
simply en exteneion of ordinary allylic rearrangements to the cyclo-

propane system. It is similar to the conversion of the methyl ether of

OH HC1
_
CHz-C~CH~CH, aq. K00, (CHz)2C=CHOHaCH,C1
CHx Ci,
VII VIII

~

i-cholestanol (III) to cholesteryl chloride (II; X equals Cl) in the
presence of hydrochloric acide What is more surprising, is the conver-

sion of the chloroolefin back to dimethylcyclopropylcarbinol on
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treatment with base. This is an acyclic analog of the i-steroid
rearrangement, but because of the greater flexibility of the system,
the double bond need not be fixed in a position favorable for perti-
cipation. Possibly the driving force is the opportunity of forming
a tertiary carbonium ion.

If the double bond in l-chloro=4-methyl-3-pentens does indeed
participate in the solvolysis reaction, then this compound should be
more reactive than most primary halides. It hes been shown (9) that
tertiary helides, or other halides which are unusually reactive,
such as those of the allyl or benzyl type, can alkylate the aromatic
nucleus of phenol without need for the usual Friedel-Crafts type
catalyst. Primary alkyl halides (other than allyl or benzyl) do
not alkylate phenols without a catalyste It was the object of this
research, then, to determine whether the primary chloroolefin, 1~
chloro-4-methyl-3=pentene, would slkylate the nucleus of phenols
without a catalyst, and if so, to establish the nature of the pro-
ducts; that is, to determine whether the chloroolefin reverted to
the dimethylcyclopropylcarbinyl derivative.

In this latter connection, it is important to note that often

the cyclopropylcarbinyl end cyclobutyl systems are interconvertible.

Cc c C
c c C —C

+
Eed

IX XI

Reactions which involve the cyclopropylcarbinyl ion (X) may yield
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rearranged products of the structure IX or XI. Roberts and Mazur (10)
reported that treatment of cyclobutylamine or cyclopropylcarbinylemine
with nitrous acid gave approximetely identicel mixtures of alcohols,
consisting of 47% cyclobutanol, 4&% cyclopropylcarbinol and 5% allyl-
carbinol. They postulated that the interconversion of X and XI
occurred with a minimum of energy, because both cyclobutylemine and
cyclopropylcarbinylamine gave mixtures with nearly identical amounts
of the igomeric alcohols. In a later paper, Roberts and Mazur (11)
noted that the three methylene groups in cyclopropylcerbinylamine
achieved some degree of equivalence in the course of the reaction
with nitrous acide Thies was established using Cyye The intermediate
ion XII was postulated as a possible explanation for the apparent

equivalence of three methylene groups

- I
CH
~ N
CHp---|--- CHp
OHé
XII

The first part of the present work dealt with attempts to pre-
pare dimethylcyclopropylcarbinyl chloride from the corresponding
alcohol. This would be the tertiary chloride isomeric with the
homoallylic chloride, l-chloro-4-methyl-3-pentene. These attempts
were unsuccessful,

The uncatalyzed reaction of l-chloro-4-methyl-§-pentene with

phenol was then examined, to determine whether aromatic alkylation
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could be included emong those resctions which are facilitated by a
homoallylic systemes Two crystalline products were obtained from the
reaction, and the major body of the thesis is concerned with the
determination of their structure.

It was hoped that the present work would also include kinetic
data on the reactions of acyclic homoallylic systems with phenols,
but since the reaction took an unexpected course, the mejor task

became one of esteblishing the identity of the reaction products.



EXPERIMENTAL

5=Chloro—-2-pentanone

The procedure in Organic Syntheses (12) was followed. To a

solution of 450 ml. of concentrated hydrochloric acid in 525 rl.

of water was added 384 g. (3.0 moles) of o -acetyl- ¥ -butyrolactone.
The mixture wes heated cautiously until the carbon dioxide evolu-
tion abateds The mixture was steam distilled until a total of 1.2
l. of distillate was collecteds The organic layer was separated
and the aqueous layer was extracted with three 150 ml. portions of
ether. The combined organic extracts were dried over calcium chlo-
ride. The reaction was repeated using 136 ml. of concentrated
hydrochloric acid, 158 ml. of water, and 115 g. (0.91 mole) of o -
acetyl- ¥ -butyrolactone. The ether solutions from both runs were
combined, the solvent removed, and the residue distilled in vacuo.
Three hundred and sixty-six grams (75%) of S~-chloro-2-pentanone,
b.p. 70°-72° at 20 mm., was obtained.

Methyl Cyclopropyl Ketone

The procedure was taken from Organic Syntheses (12). To a
golution of 183 g. (4.57 moles) sodium hydroxide in 180 ml. of water
in a 2 1. round=-bottomed, three-necked flask equipped with a motor-
driven iron stirrer, a reflux condenser, and an addition funnel,
was added 365 g. (3.C4 moles) of S5~-chloro-2-pentanone during a twenty
minute period. While being stirred, the solution was heated
cautiously for one hour. To the refluxing solution was slowly added

375 ml. of water. The solution was refluxed an additional hour, then
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steam distilleds The distillate was saturated with potassium
carbonate and extracted with two 150 ml. portiones of ether. The
combined ether extracts were dried over calcium chloride. The sol-
vent was removed through a 30 cm. gless packed column and the reei-
due distilled through a short Vigreux column. Three hundred and
sixty-six grems (78%) of methyl cyclopropyl ketone, b.p. 1090-1110,
was obtained.

A similar experiment using 1l.57 moles of S5-chloro-3-pentanone
yielded 79.5% of the theoretical amount of methyl cyclopropyl ketone.

Dimethylcyclopropylcarbinol

Method 1. In a typical preparation, 292 g. (2.0 moles) of
methyl iodide in 950 ml. of anhydrous ethyl ether was slowly added
to 64 g. (2.5 moles) of magnesium turnings in a 3 l. round-bottomed
flask equipped with a Friedrichs condenser, a mercury-sealed stirrer,
and an addition funrel. The resulting solution wes refluxed for
one~half hour. One hundred and seventy-two grams (2.05 moles) of
methyl cyclopropyl ketone dissolved in 550 mle. of anhydrous ethyl
ether was added dropwise to the stirred, cooled reaction mixture.
The mixture was allowed to stand for 12 hours, then hydrolyzed by
pouring into a solution of 214 g. (4.0 moles) of ammonium chloride
in 1 1. of water and 400 g. of ice. The ether layer was separated
end the aqueous layer extracted with three 150 ml. portions of ether.
The combined ether extracts were dried over potassium carbonate and
the solvent was then removed through a Vigreux column. The residue
was distilled through a Claisen head and the fraction boiling from

115° to 122° was redistilled under reduced pressure using a Stedman
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packed column. One hundred and fifty-three grams (74%) of dimethyl-
cyclopropylcarbinol, b.p. 51.5°-53° at 40 mm., ngo 1.4310 wae obtained.
Volkenburgh et al. (13) report for dimethyleyclopropylearbinol, ngo
1.4337,

Method 2. The modified Grignard method of Swain and Boyles
(14) was used in one preparation. To 64.5 g. (2.59 moles) magnesium
turnings and 800 ml. of anhydrous ethyl ether, 400 g. (2.5 moles)
of bromine was added slowly with stirring. After stirring the mix-
ture for 3 hours, 100 g. (1.19 moles) methyl cyclopropyl ketone was
added to the stirred mixture. To the reaction was added, dropwise,
800 ml. of ethyl ether containing 2.28 moles of methyl magnesium
iodides The resulting mixture was hydrolyzed by pouring it into a
cold 10% sodium carbonate solution. The ether layer was separated
and the aqueous layer extracted with ethyl ether. The combined
ether extracts were dried over potassium carbonate, the solvent
removed, and the residue distilled. Twenty-one grams (18%) of
dimethyleyclopropylcarbinol, bep. 119.1°-121°, was obtained.
Fifty-three milliliters of a dark red residue remained.

Attempted Preparation of Dimethylcyclopropylcarbinyl Hydrogen Tetra-
chlorophthalate

The general procedure of Fensler and Shriner (15) was followed.
To 1.21 g. (0.05 mole) of magnesium turnings, in a 500 ml. round-
bottomed flask equipped with a stirrer, condenser, and addition fun-
nel was added 4 ml. (0.05 mole) ethyl bromide in 75 ml. of enhydrous
ether. Five grame (0.05 mole) of dimethylcyclopropylcerbinol dis-

solved in 25 ml. of ether was added, dropwise, to the ethyl
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magnesium bromide solution. When the evolution of ethane abated
100 ml. of anhydrous dioxane was added. A white precipitate formed.
The temperature of the mixture was increased to 60° and 14,3 g. of
tetrachlorophthalic anhydride was added. After stirring for one
hour at 50° the contents of the flask were cooled and poured into
625 ml. of 2 N hydrochloric acid and 250 g. of ice. The hydrolyzed
mixture waes filtered to remove unreacted tetrachlorophthalic acid.
The ether layer was separated end washed with water and then extracted
with one 100 ml. portion and one 25 ml. portion of 5% sodiun hydrox-
ide solution. The combined alkaline extracts were acidified with 4§
N hydrochloric acid, and the precipitate which formed was removed by
filtration. After recrystallization from a mixture of petroleum
ether and ethyl ether the solid melted with decomposition at 250°,
The melting point of tetrachlorphthalic acid is 250° with decomposi-
tion,

1-Chloro=-4-methyl-3~pentene

The procedure of Favorskaya and Friduan (&) was used. Sixty
srams (0.5 mole) of dimethylcyclopropylcarbinol was stirred vigor-
ously with a solution of 130 ml. of concentrated hydrochloric acid
(de 1.19) and 130 ml. of water for 2.5 hours. The organic layer
was separated, washed with 200 ml. of water, and dried over calcium
chloride. The crude l-chloro-4-methyl=-3-pentene, b.p. 129°~134°,
after a simple distillation, was redistilled through a glass-packed
colwan. Forty-nine grams (57.1%) of l-chloro=4-methyl=-3-pentene,

o
bep. 131,6°-133°, n%5 1.4444, was obteined. Favorskaya and
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Fridman (8) reported a 76% yield of l-chloro-4-methyl-3-pentene,
bep. 131°-133°%, np?°2 1.44485.
The reaction was repeated several times and the yield of the
crude l=chloro-4~methyl-3-pentene, b.p. 1500-1550, varied from 71%
to 80% of the theoretical.

Reaction of l=Chloro=4-methyl-3-pentene with Aqueous Potassium
Carbonate

The procedure of Favorskaya and Fridman (&) was followed.
Nineteen and four-tenths grams (0.16 mole) of l-chloro=4-methyl-3-
pentene was refluxed with 200 ml. of 10% potassium carbonate solu-
tion for 9.5 hours. The mixture was refluxed with stirring for an
additional six hours. The reaction mixture was cooled and the
organic layer separated. The aqueous layer was extracted with three
portions of ether. The combined organic extracts were dried over
magnesium sulfate. The solvent wa; distilled through e short
Vigreux column and the residue distilled in a semi-micro distilla-
tion apperatus. Eleven and four-tenths grams (70%) of dimethyl-
cyclopropylcarbinol was obtained.

Favorskaya end Fridmen (8) reported a 50 per cent yield of the
product. A 2 ml, center cut was taken for the infrared spectrum,
The spectrum was identical with that of an authentic sample of
dimethylcyclopropylcarbinol.

Reaction of Dimethylecyclopropylcarbinol and Phosphorus Trichloride

The general experimental conditions of Hatch and Nesbitt (15)
were used. Ten grams (0.1 mole) of dimethylecyclopropylcarbinol and

2,2 g. (0.028 mole) of pyridine were added over a twenty minute
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period to a 5.5 g. (0.04 mole) of phosphorus trichloride with cooling.
The mixture was allowed to stand at 0° for forty minutes. The mix-
ture was washed with two portions of 10% sulfuric acid and four
portions of 10% sodium carbonate and dried over sodium sulfate.

The material was distilled through a modified Claisen head. Two
fractions were collected: fraction 1, b.p. 70°-73°, ngo 1. 4260,

0.5 ge; fraction 2, b.p. 119°, ngo 1.4330, 5.0 g. Volkenburgh,
ot al. (13) report for isopropenylcyclopropane, b.p. 70.41°, n%o
1.4254, Fraction 2 was recovered dimethylcyclopropylcarbinol.

Reaction of Dimethylcyclopropylcarbinol and Phosphorus Pentachloride

The general procedure of Gerrard (17) was followed. A suspen-
sion of 10.4 g. (0.05 mole) phosphorus pentachloride in 40 ml. ethyl
ether waes added slowly to a solution of 31.5 g. (0.4 mole) pyridine
and 10 pg. (0.1 mole) dimethylcyclopropylcarbinol in 30 ml., of ethyl
ether at -10°. The nixture was allowed to react for sixteen hours
at 15° and then filtered.

The filtrate was washed with 10% sulfuric acid, then 10% sodium
carbonate, and dried over sodium sulphate. The solvent was removed
and the residue distilled through a modified Claisen head in vacuo.

S8ixty-one and six-tenths per cent (5.15 g.) of dimethylcyclo-
propylcarbinol, b.p. &° at 145 nm., ngo 1.4340, was recovered.

The experiment was repeated four times varying the solvent and
mode of addition. Dimethylcyclopropylcarbinol or l-chloro-4-methyl-
3-pentene were obtained in these experiments.

Reaction of Dimethylcyclopropylcarbinol and Thionyl Chloride

The general procedure of Gilman and Harris (1&) was followed.
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A solution of 14,3 g. (0.12 mole) thionyl chloride, 10.3 g. (0.13
mole) of pyridine end 10 ml. chloroform waes added slowly at 0° to

10 g (0.1 mole) dimethylcyclopropylcerbinol in 10 ml. chloroform.
After the addition the mixture was allowed to stand at room tempera-
ture for one and one-half hours. The mixture was washed thoroughly
with water, dried over potassium carbonate, and then the solvent was
removed. The residue was distilled under reduced pressure. Six

and eight-tenths grams (587%) l-chloro-4-methyl-3-pentene, b.p. 52°
at 55 mm., n22 1,440 was obtained.

D
Reaction of l-Chloro-4-methyl-3-pentene and Potassium Acetate

The procedure of Bruylents and Dewael (7) was followed. A mix-
ture of 15.5 g. (0.169 mole) of potassium acetate, 20 g. (0.169 mole)
of l-chloro-4-methyl-3-pentene, and 2 ml. of acetic acid were refluxed
for thirty hours. The cooled mixture was poured into water. The
organic layer was separated, dried over potassium carbonate, and
distilled. Three and six-tenths grams (15%) of l-acetoxy-4~methyl-
3-pentens, b.p. 155°—175°, ngo 1.4331, was obtained. Bruylants and
Dewael (7) reported for l-acetoxy-4-methyl-3~pentene, b.p. 170°-
1711°, ngo 1.43107.

Reaction of 1-Chlorohexane and Phenol at 150°

The apperatus described by Bordeaux (19) was used. A mixture
of 6,03 g. (0.05 mole) of l~chlorohexane end 18.8 g. (0.2 mole) of
phenol was heated at 150° in an oil bath while a etream of dry nitro-
gen was bubbled through the mixture. The nitrogen was used to sweep
the hydrogen chloride, which would be formed if alkylation did occur,

from the reaction mixture into a potassium carbonate adsorption tube.
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The reaction was followed by determining the amount of hydrogen
chloride adsorbed by the potassium carbonate at verious intervals.
(The per cent of the theoretical amount of hydrogen chloride which
would have been evolved, if complete alkylation occurred, was cal=-

culeted and recorded in Table I.) The chloride was determined by

the Volhard procedure, The reaction mixture remained clear

TABLE I.
Time - Hours 0 1.0 2.5 5.0 &.0
Per Cent HCl Evolved O 0 0 3.0 Se T

throughout the heating period.

The cooled mixture was dissolved in 20 ml. of benzene, extracted
with three 15 ml. portions of 10% eoaium hydroxide, and dried over
potassium carbonate. The solvent was removed and the residue dis-
tilled. Seventy-one per cent (4.28 g.) of l-chlorohexane, b.p. 130°,
was recovered, One milliliter of l-chlorohexane remained as hold-up
in the distillation apparatus.

The alkaline extracts were acidified with acetic acid and
extracted with four 20 ml. portions of benzene. The combined ben-
zene extracts were dried over sodium sulfate, the solvent removed,
and the residue distilled in vacuo. Sixteen grams (85%) of phenol,
bep. 670-70° at 3 mm., was recovered. One and one-half grams of
phenol remained as hold-up in the distillation apparatus.

Reaction of 1-Chloro-4-methyl-3-pentene and p-Cresol

Twenty-one and two-tenths grems (0.2 mole) of p-cresol and 5.94
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ge (0.05 mole) l-chloro-4-methyl-3-pentene were placed in the appara-
tus described by Bordesux (19). The mixture was heated at 150° while
nitrogen was bubbled through it. The hydrogen chloride was determined
as previously described. The mixture became dark after heating for
five minutes.

TABLE II.

Time - Hours 0 1 2 3 4 5 7 9 11

Per Cent HCl Evolved O 4.1 17.1 3%0.9 385 41.9 50.5 56.1 60.1

The mixture was cooled, dissolved in 50 ml. of benzene, extreacted
with two 20 ml. portions of 20% sodium hydroxide and 20 ml. of Clai-
sen's alkali, and dried over potassium carbonate., The solvent was
removed and the residue was distilled in vacuo using a semi-micro
distillation apparatus. Two and seven-tenths grems of material, b.p.
85°=95° at 1.5 mm., was obtained. A dark residue (2.7 gz.) remained.

The alkaline extracts were acidified and extracted with three
50 ml. portions of benzene. The combined benzene extracts were dried
over sodium sulphate, the solvent removed, and the residue distilled
in vacuo using the semi-micro distillation apparatus. Fourteen and
one-tenth grams (56.6%) of p-cresol, b.p. 70°-75° &t 1.5 wm., was
recovered. The residue (2.6 g.) would not distill end when cooled
became very hard.

The reaction was repeated using 42.4 g. (0.4 mole) of p-cresol
and 11.& g. (0.1 mole) of l-chloro-4-methyl~3-pentene. The mixture
was heated thirteen hours at 1500 and treated as described above,

Four grams of neutral material, b.p. 90°-95° at 1.5 mm., was obtained.
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The benzene was removed from the alkali soluble materiel and the
residue distilled in vacuo. Twenty-five grems (60%) of p-cresol,
b.pe. 850-86° at 2.0 mm., was recovered. The residue (9.7 g.) would
not distill.

Reaction of 1-Chloro-l4-methyl-3-pentene and Phenol at 150°

The apperatus described by Bordeaux (19) was used. A mixture
of 5.95 g. (0.05 mole) of l-chloro-4-methyl=3-pentene and 1&.8 g.
(0.20 mole) of phenol were placed in the reaction flask. The temp-
erature for the reaction was 1500. Dry nitrogen was bubbled through
the mixture and the amount of hydrogen chloride evolved determined

as previously described.

TABLE III.

—

Time - Hours O 1.5 3. 5. 7. 9.  11.

Per Cent HC1 0O 21,8 34,6 41.8 4.8 51.5 sh.b

The mixture, which had darkened within ten minutes at 1500,
wae cooled, dissolved in benzene, extracted with 10% sodium hydrox-
ide, and dried over sodium sulfate. The solvent was removed sand
the residue, which was distilled in vacuo, gave 2.13 g. of material,
b.p. 1250-1'51o at 3 mm. One-half gram of a dark viscous residue
remained.

The alkaline extracts were acidified, extracted with benzene
and dried over sodium sulfate., The solvent was removed end the resi-
due distilled in vacuo. Eight and four-tenths gram of phenol, b.p.

64°-68° at 3 mm., and 1.5 g. of material, b.p. 790-151° at 3 mm.,
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were obtained. One gram of a dark viacous residue remained.

The reaction was repeated using 149 g. (1.58 moles) of phenol
and 37.5 g. (0.317 mole) of l-chloro-4-methyl-3-pentene. The mixture
was stirred and heated at 1500 for twelve and one-half hours. The
rixture was treated as previously described. After the benzene was
removed from the neutral portion the residue was distilled in vacuo
and the following fractions were obtained: fraction 1, b.p. 80°-
92° at 1 mm., 9 g.; fraction 2, b.p. 92°-116° at 1 mm., 3.5 g.;
fraction 3, b.p. 115°-140° at 1 mm., 7.0 g.; fraction 4, b.p. 140°-
1950 at 0.5 mm., 7.5 g« One gram of a dark viscous residue remained.
Fraction 1 crystallized at room temperature. After recrystalliza-
tion from petroleum ether, fraction 1 melted at 470-480. The
remaining fractions were viscous liquids which did not solidify.

The benzene was removed from the alkali soluble portion and
the residue distilled in vacuo. The following fractions were
obtained: fraction la, b.p. 540-60° at 5 mm., 95.5 g.; fraction 2e
bep. 60°-64° at 2 mm., 6 g.; fraction 3a, b.p. 110°-115° at 2 mm.,
15.4 ¢.; fraction 4a, bep. 115°-185° at 1.5 wu., 8.0 g. Five grams
of a dark residue remained. Fractions la and 2a were recovered
phenol. Fraction 3a solidified and after recrystallization from
petroleum ether melted at 113°-114°. Fraction 4a was a viscous oil
which did not solidify. Fraction 1 will be referred to as compound
"A" and fraction 3a will be referred to as compound "B".

Anal.l Celcd. for "A", CjoHyg0: C, 1.77; H, 9.15. Found C,

81.99; H’ 90 100

1 Analyses were performed by the Clark Microanalytical Labora-
tory, Urbana, Illinois.
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Calcd. for "B", C1oH1408 Cs 81.77; H, 9.15. Found: C, 81.73;

H, 9. 52.

Experiments Concerning Neutral Product "A"

Attempted Thermal Rearrancement of the Neutral Product "A"

Four and one-tenths grems of "A" wasrplaced in a 50 ml. round-
bottomed flask equipped with a reflux condenser. The flask was
heated in a sand bath until "A" refluxed. It was allowed to reflux
at 2}40 for three and one-=half hours. The cooled material was dis-
golved in petroleum ether and washed with two 8 ml. portions of 20%
sodium hydroxide, dried over sodium sulfate, and part of the solvent
removed. Ninety-one per cent (3.75 g.) of "A", m.p. 47°-48°, was
recovered.

The alkaline extracts were acidified and treated with an aqueous
bromine solution. Only a trace of phenolic material wes present as
indicated by the slight loss of color of brorine.

Reaction of Phenol, "A" and Hydrogen Chloride at 150°

Seven grams (0.075 mole) of phenol end 5.5 g. (0.037 mole) of

"A" were placed in the apparatus described by Bordeaux (19). Hydro-

gen chloride gas was bubbled through the golution for five and one-

half hours at 1500. The mixture remeined clear. The cooled mixture

was dissolved in 50 ml. of benzene, extracted with two 20 ml. por-

tions and one 10 ml., portion of 20% sodium hydroxide, dried over

magnesium sulfete, and the solvent removed. The residue was distilled

(¢] [¢]
in vacuo. Four and one-half grams (70%) of "A", b.p. 75 -80" at 1

rm., was recovered. One gram of "A" remeined as residue from hold-

up in the distillation apparestus.
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The alkaline extracts were acidified and extracted with four
15 ml. portions of benzene. The combined benzene extracts were
dried over magnesium sulfate, the solvent removed end the residue
distilled in vacuo. Six and two-tenths grams (€8%) of phenol, b.p.

580-62° at 1 mm., was recovered.

Attempted Nitration of "A"

Method 1. A solution of 3 ml. acetic acid and 1 ml., of nitric
acid (d. 1.42) was added slowly to 1.4 g. of "A" dissolved in 5 ml.

of acetic acid., The temperature was 150-200. The mixture was

allowed to react at room temperature for forty-five minutes and then

poured into ice. The solid which separated wes recrystallized from
i LV 1460—1{70

petroleun ether. Ninety-six per cent (1.35 g.) of y MePe ’

was recovered.

The nitration was repeated at higher concentrations of nitric
acid and higher temperatures. Agein the starting material was

recovered in a seventy-one per cent yield.
Method 2. One grem of "A" wes dissolved in 4 ml, of concen-

trated sulfuric acide A light red colored solution was obtained.

Upon the addition of one drop of nitric acid (d. 1.42) the solution

became black. The mixture was poured onto ice. The solid which

separated was filtered, dissolved in petroleun ether end dried over

potassium carbonate.

Part of the petroleum ether was rezoved and the dissolved

. Ve nn
solid allowed to crystallize. Sixty-five per cent (055 g.) of 'A%,

m.p. 470-480, was recovered.
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Reaction of "A", Fydrobromic Acid, and Acetic Acid

Method 1. A solution of 3 ml. of 4€% hydrobromic acid, 10 ml.
of glacial acetic acid, and 1.2 g. (0.0057 mole) of "A" was refluxed
for twenty-four hours. The solution was cooled, treated with 107
sodium bicarbonate and extracted with two 20 ml. portions of ethyl
ether. The combined ether extracts were washed with two 10 ml.
portions of sodium hydroxide. The alkaline extracts were acidified
and treated with aqueous brominating solution. Eight-tenths gram
(35%) of tribromophenol was obteined.

Method 2. The experimert was repeated. Four prams of "A",

33 ml. of acetic acid, and 1¢ ml. of 4&7 hydrobroric acid were
refluxed for thirty hours. The solution wes cooled, treatcd with
107% sodiwm bicarbonzte and extracted with ethyl etnher. The ether
extracts were dried over magnesium sulfate, the solvent removed,
and the residue distilled in vacuo.

One end two-tenths grams of material, b.p. 114°-128° at 1.5 mu.,
was obtained. A residue of 2.14 z. remained. The distillete soli-
dified, and after several recrystallizations from petroleum ether
melted at 84.50-85.50. This solid will be referred to as "C". The
infrared spectrum of "C" had a strong band et 2.75 u indicating the
material was phenolic even thouzh it wes isolated from the alkali
insoluble fraction.

Anal. Calcd. for "C", CyoHy 40t G €1.77; H, 9.15. Found: ¢,
81.43; Hy, 9.40.

The alkaline extracts were acidified, extracted with ethyl ether

and dried over magnesium sulfate. The solvent wes removed and the
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residue treated with aqueous brominating solution. Less than 0.1
g. of tribromophenol was obtained.

The experiment wes repeated using 7.7 g. of "A" and the milder
conditions found in Method 1. Product "C", m.p. 840-850, was obtained
from the neutral fraction and 1 g. of phenol from the alkali soluble
fractions.

Attempted Reduction of "A"

Ten grams (0,057 mole) of "A"™ was dissolved in 130 ml. of
absolute ethyl alcohol. Platinum oxide (0.l g.) catalyst was added
and the mixture was shaken while under a hydrogen pressure of 3
atmospheres. No hydrogen was absorbed after one-half hour. An addi-
tional O.1 g. of platinum oxide was added, and the mixture again was
shaken while under a hydrogen pressure of 3 atmospheres. No hydrogen
was absorbed.

The mixture was transferred to a high pressure bomb and sub-
jected to & hydrogen pressure of 500 p.s.i. The mixture was shaken
for four hours with no hydrogen absorbed. The mixture was filtered,
the solvent removed, and the starting materiel, b.p. £1%-84° at 1
mm., was recovered.

5-Phenoxy-2=methyi-2-pentene

Cgtigm0=CiCH,CH = c(c}{5)2

A mixture of 95.7 g. (0.7 mole) of potassium carbonate, 47 g.
(0.5 mole) of l-chloro-4~methyl-3-pentene, and 140 ml. of acetone

were placed in a two-necked flask equipped with a Friedrichs con-

denger and a mercury-sealed, motor driven stirrer. The mixture
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was refluxed on a steam bath for four days. Two gram portions of
potassium carbonate were added periodically.

The cooled mixture was poured into 200 ml. of water and the
organic layer separated. The aqueous layer was extracted with three
100 ml. portions of ethyl ether. The combined organic extracts were
waghed with 20% sodium hydroxide, dried over sodium sulfate, and the
solvent removed throuzh a glass packed column. The residue was dis- !
tilled in vacuo. |

Twenty-eight and six-tenths grama (4&%) of l-chloro-i-methyl-
3-pentene, b.p. 450-500 at 20 mm., wes recovered. Thirty-three and
five-tenths grams (79% based on used l-chloro-4-methyl-3-pentene)
of material, which was shown to be S5-phenoxy-2-methyl-2-pentenes,
bep. 85% 90° at 1 mm., ngo 1.5112, was obtained. The experiment
was repeated using the same quantities of reagents except that 20
nl. of acetone was added every twenty-four hours during the reflux-
ing period. Thirty and nine-tenths grams (52.2%) of l-chloro-i-
methyl-3-pentene was recovered and 20 g. (47.6% based on used 1=
chloro-4-methyl-3-pentene) of S5~phenoxy-2-methyl-2-pentene was
obtained.

Ansl. Calcd. for Cy,H;40: ©, 81.77; H, 9.15. Found: C, 8l.76;
H, 9.09.

Proof of Structure of 5-Phenoxy-2-methyl-2-pentense

Hydrogenation of 5~phenoxy-2-methyl-2-pentene. A mixture of

15.2 g. (0.087 mole) of 5~-phenoxy-2-methyl~2-pentens, 170 ml. of
absolute ethanol, and 0.2 g. of pletinum oxide were placed in a

500 ml. low=-pressure reduction bomb. Approximately 0.1 mole of
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hydrogen reacted within a period of fifteen minutes. The initial

hydrogen pressure was 12 p.s.i.
The catalyst was removed by filtration and the ethyl alcohol

was removed through a short Vigreux column. Twelve and two-tenths

grams (80%) of a meterial which was shown to be isohexyl phenyl
ether, b.p. 77°-80° at 1 mm., ngh‘9 1.4883, was obtained.

Anal. Calcd. for C, . H,,0: C, 80.85; H, 10.17.

12018 Found: G,

79098; H’ 10025.

Although the carbon analysis of isohexyl phenyl ether was low,

the subsequent series of experiments confirmed the compound as

isohexyl phenyl ether.

Cleavapge of isohexyl phenyl ether.

Twelve and one-tenth grams

(0.057 mole) of ischexyl phenyl ether obtained by the reduction of
1l-phenoxy-4-methyl-3-pentene, 100 ml. of glacial acetic acid, and

25 ml. of 48% hydrobromic acid were refluxed for nine hours. The

mixture was cooled end extracted with six 40 ml. portions of ether.
The combined ether extracts were washed with saturated sodium

bicsrbonate, extracted with 10% sodium hydroxide and dried over

nagnesiun sulfate. The solvent was removed and the residue distilled

in vacuo. Seven and one-haelf grams (%58%) of isohexyl bromide, b.p.

55°-60° at 41 mm. , n%4'9 1.4412 and 1.3 g. (10%) of recovered iso-

hexyl phenyl ether were obtained.

The sodium hydroxide extracts were acidified and extracted

with ether. The ether extracts were dried over magnesium sulfate,

the solvent removed and the residue distilled in vecuo. Three and
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eight-tenths grams (5C%) of phenol, b.p. 85° at 20 mm., wes obtained.

Bromination gave 2,4,5~tribromophenocl, m.p. 92°-93,5°,

5-Methylhexenamide. Six and one-half grams (0.0%9 mole) of

igohexyl bromide obtained from the cleavage of isohexyl phenyl ether,
in 25 ml. of anhydrous ethyl ether was added slowly to 1.3 g. (0.054
mole) of megnesium turnings in a round-bottomed three neck flask
equipped with a Friedrichs condenser, mercury-sealed, motor-driven
stirrer, and an addition funnel. The mixture was refluxed and
stirred for two hours. The mixture was cooled to -8° and while being
stirred a stream of carbon dioxide gas was passed over the solution
until no more white precipitate formed.

The mixture was hydrolyzed by slowly adding 100 ml. of 10% sul=-
furic acid. The ether layer was separated and the aqueous phase
extracted with three 30 ml. portions of ether. The combined organic
layers were extracted with three 25 ml. portions of 107 socdium
hydroxide. The alkaline extracts were acidified and extracted with
ether. The ether extracts were dried over magnesium sulfate and
the solvent removed. The residue (3 g.) was refluxed with 5 ml. of
thionyl chloride for forty-five minutes and then poured into 35 ml,
of cold concentrated ammonium hydroxide. The solid which formed
was removed by suction filtration, recrystallized from a mixture

of ethyl alcohol eand water, and dried. The melting point was 1010-

102°,  The melting point of S-methy lhexananide as reported by Levene

end Allen (20) is 1020-1050°

e e
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Reaction of S5~Phenoxy-2-methyl-2-pentene, Phenol, and Hydrogen Chlo-
ride at 150~

A mixture of 37.6 g. (0.4 mole) of phenol and 17.4 g. (0.1 mole)

of S~-phenoxy-2-methyl-2-pentene was heated at 150O vwhile hydrogen
chloride waes slowly bubbled through the mixture during a seven hour
period. The mixture was cooled and dissolved in 100 ml. of benzene.
The benzene solution was extracted with three 20 ml. portions of
20% sodium hydroxide, three 20 ml. portions of Claisen's alkali,
end dried over potassium carbonate. The solvent was removed and
the residue distilled in vacuo. Two and seven-tenths grems of
material, b.p. 85°-89° at 1 mm., was obtained, which solidified.
The material, after recrystallizing from petroleum ether, melted
at 47° to 48°, The infrared spectrum was identical with thet of
the neutral product "A".

The alkaline extracts were acidified and extracted with three
50 ml. portions of benzene. The combined benzene extracts were
dried over sodiumr sulfate, the solvent removed and the residue was
distilled in vacuo.

The following fractions were obtained: fraction 1, b.p. 55°-
70° at 1 mm., 29.7 g.; fraction 2, b.p. 70°-110° et 1 mm., 0.4 p.;
fraction 3, b.p. 110°-120° at 1 mm., 2.54 g.; fraction 4, b.p. 120°-
150° et 1 mm., 4.47 g. A bdlack residue of 4,38 g. remained. Frac-
tion 1 was recovered phenol (79%). Fraction 3 solidified end after
recrystallization from petroleum ether melted et 112°,

The infrared

spectrum of fraction 3 was identical with "B".
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-

Reactioun of 5~Phenoxy-2-methyl-2-pentene and Hydrogen Chloride at 150°

Ten grams (0.057 mole) of S-phenoxy-2-methyl-2-pentene was heated
at l‘jO° for five hours as hydrosen chloride was bubbled through the
liquid.

The mixture was cooled, dissolved in 40 ml. of benzene, and
extracted with two 20 ml. portions of 20% sodium hydroxide and one
15 ml. portion of Claisen's alkali.

The benzene extract was dried over potassium carbonate, the
solvent was removed, and the residue distilled in vacuo. Nine and
seven-tenths grams (97%) of S~phenoxy=-2-methyl-2-pentense, b.p. 90°-
97° et 2 nm., n§5 1.5085, was recovered.

The alkaline extracts were acidified and extracted with four
25 ml., portions of benzene. The ccmbined benzene extracts were
dried over sodium sulfate and the solvent removed. A small amount
of residue rerained which did react with agueous bromine. The resi-
due was too small to obtain a derivative.

Reaction of 5-Fhenoxy-2-methyl-2-pentene with Sulfuric Acid

To 2 ml. of concentrated sulfuric (95%) was added with shaking
Ced45 g. (0.0025 mole) of S-phenoxy-2-methyl-2-pentene. The reaction
was exothermic and a red color developeds. The mixture stood three
minutes and was poured onto 5 g. of ice. A white solid (0,28 g.)
separated. It was filtered, dried, and recrystallized from petroleum
ether,

The melting point was 45°-47°%; mixed melting point of the pro-
duct with "A" was 47°-48°. The infrared asbsorption spectrur of the

product was identical with that of "A".
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Two drops of concentrated sulfuric acid was added to 0.5 ml.
of S5-phenoxy=2-methyl-2-pentene. After shaking for approximately
oné minute, 10 ml. of water was added. "A" separated as white

plates in a good yield.

Reaction of Isohexyl Phenyl Ether with Sulfuric Acid

One-half gram of isohexyl phenyl ether was dissolved in 2 ml.

of sulfuric acid. A slight red color developed. The mixture was

poured into 10 g. of ice, and an oil separated. The mixture was

mede alkaline with sodiwr hydroxide and then extracted with petro-

leun ether. The organic extracts were dried over potassium carbon-

ete end the solvent removed. The residue (C.4 g.) was a clear
liquid, n§5 1.4890 which wae recovered (8074) isohexyl phenyl ether,
24,

nat9 1,43,

The alkaline extracts were ascidified and indicated

no phenolic material present when tested vwith phosphomolybdate (22).

t-Butyl Phenyl Ether

The procedure of Stevens and Bownman (21) was followed. Ninety-
four grems (1.0 mole) of phenol and 52 mg. of concentrated sulfuric
acid were placed in a 5C0 ml. round-bottomed flask equipped with a
zas inlet tube, & ground glass stirrer, and a dry ice condenser,
The phenol was melted and a stream of isobutylene was passed through
the stirred solution as it was quickly cooled to 50 to 80.

The isobutylene was passed into the slurry only as rapidly as

it wes absorbed. Fifty-eigzht grams (1.04 moles) of isobutylenc was

absorbed in five hours.
Three hundred milliliters of 1C% sodium hydroxide was added

and the organic layer was dissolved in 150 ml. of ether. The organic
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leyer wes separated, extracted with four 30 ml. portions of Claisen's
alkali, and dried over sodium sulfate. The solvent was removed and
the residue distilled in vacuo. Forty-six and four-tenthe grams
(55.9% based on used phenol) of t-butyl phenyl ether, b.p. 720-75o

at 17 mm., nih 1.485%, was obtained. This product gave a negative
test with phosphomolybdate test, Platkovskaya and Vatkina (22).

The infrared spectrus also showed no phenolic materiel being present.
Forty-three gremes (45.7%) of phenol, b.p. 850-90o at 20 mm., was
recovered.

The exncriment was repeated except that the product was washed
with 10% sodium hydroxide only. The product obteined conteined con-
siderable emounts of phenol, end after extracting with Claisen's
elkeli 20 g (13.3%) of t-butyl phenyl ether, b.p. 75°-75° at 15
MM, n§5 1.4E5C, was obtained. Stevens and Bowman reported a yield
of %9.27% based on phenol consumed.

Reaction of t-Butyl Prenyl Ether and Hydrogen Chloride at 50°

Ten grems (C.057 mole) of t~butyl phenyl ether in 10 ml. of
benzene was heeted at 50° for forty-five minutes while hydrogen
chloride gas was bubbled through the solution. The mixture was
cooled, extrected with 20% sodium hydroxide, end dried over anhydrous
potassiur carbonate. The solvent was removed and the residue dis-
tilled in vacuo. Three and three-tenths grams (33%) of t-butyl
prenyl ether, b.p. 72°-73° at 15 mm., n§5 1.4851, was recovered.

The alkaline extracts were acidified and extracted with four
20 ml. portions of benzerne. The combined benzene extracts were dried

over godiur sulfate, the solvent removed, and the residue recrystallized
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from petroleur ether. Two and two-tenths grams (24%) of phenol,

mepe 59°-40°, was obtained. The tribromo derivative melted at 950-940.

o-Hydroxystyryl Isopropyl Ketone

OH

"Ny~ CH=CHCOCH(CE3)2

Va

The general experimental conditions of Harries and Busse (23)

were used. Fifty grams (C.41 mole) of salicylaldehyde was dissolved

in a solution of 50 ml. of ethyl alcohol and 140 ml. of 10% sodium

hydroxide. Fifty grams (0.58 mole) of methyl isopropyl ketone and

250 ml. of 1C% sodium hydroxide was added. The solution was diluted

with water to 2 1. and allowed to stand in the dark for eight days.
The solution was acidified with dilute hydrochloric acid and

the precipitate was removed by filtration. The solid was dissolved

in hot benzene and the solution decolorized with Norite. Upon cool-

ing the benzene solution, 35 g. (45%) of o~hydroxystyryl isopropyl
ketone, m.p. 104.5°-105.5° was obtained. McGookin and Sinclair (24)

report for o-hydroxystyryl isopropyl ketore, m.p. 107°.

The experiment was repeated four times using the sawe amounts

of starting materiels. The yields of o-hydroxystyryl isopropyl

ketone veried from 38.47 to 51.3%.

1-(o-Hydroxyphenyl )-4~methyl-3~pentanone

OH
72 CH,,CH,COCH(CH

2772 )2
N

3
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Nineteen grars (0.1 mole) of o-hydroxystyryl isopropyl ketone

was dissolved in 70 ml. of absolute ethanol. Two tenths gram of
platinum oxide was added and the mixture reduced with hydrogen under
a pressure of approximately two atmospheres. One-tenth mole of
hydrogen was absorbed within forty minutes.

The catalyst was removed by filtration, the solvent was dis-
tilled, and the residue distilled in vacuo. Fifteen grams (70%) of
1~( o~hydroxyphenyl)-4-methyl=3-pentanone, b.p. 121°-123°% at 1 mm.,
was obtained. The 1-(o~hydroxyphenyl)-4~methyl-3-pentanone crystal-
lized slowly, and after several recrystellizations from petroleum
ether melted at 45°-47°; 2,4~dinitrophenylhydrazone, m.p. 146°-147°,

Anal. Calcd. for Cy,Hi40: G, 74.95: Hy, €.39. Found: C, 73.39;
H, 9.5. Calcd. for 08H20N405: C, 58.06; H, 5.41; N, 15,04, Found:
C, 58.54; H, 5.85; N, 14.78.

Since the analyses were not too satisfactory, the methyl ether
wag prepared and the dinitrophenylhydrazone derivative made. The
melting point of the dinitrophenylhydrezone wes 115.50-116.503 mixed
melting point with a known semple was 115.5°-116.5°% (see page 41,
Method 1.)

The expcriment was repeated two times using 17 g. and 30 g. of
o-hydroxystyryl isopropyl ketone. Seventy per cent yields of 1-(o~
hydroxyphenyl )=4~methyl-3~pentanone were obtained in each experiment,

2-Isopropylchroman

\-cﬂ( Ci
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Eighteen grams (C.094 mole) of 1-(o-hydroxyphenyl)-4-methyl-3-
pentanone was dissolved in 250 ml. of ethyl alcohol in & 1 l. round-
bottomed flask equipped with a motor-driven stirrer, a reflux con-
denser, and an addition funnel. Sixty grams (0.94 mole) of zinc
dust was added and then 80 ml. of concentrated hydrochloric acid
was added slowly with stirring. An additional 20 g. (0.3l mole)
of zinc dust and 30 ml. of concentrated hydrochloric acid was added.
The mixture was refluxed for twenty-four hours.

The mixture was cooled, filtered, and water was added. The
solution was extracted with six 50 ml. portions of benzene. The
combined benzene extracts were washed with 20% sodium hydroxide,
dried over potassium carbonate, and the solvent removed.

The residue was distilled in vacuo, and 7 g. (42.4%) of 2-
isopropylchroman, b.p. 950-1050 at 1 mm., was obtained. The product
was redistilled and 5.5 g. of 2-isopropylchroman, b.p. 95°-98° at 1
m. ngs 1.5155 was obtained.

Anel. Caled. for C,,H;,01 G, 81.75; H, 9.15. Found: C, 81.38;

H, 9.150

Experiments Concerning Phenolic Product "B"

Derivatives of "3"

Phenoxyacetic acid derivative of "B". The procedure of Koelsch

(25) was followed. One gram of "B" was dissolved in 3.5 ml. of 33%
sodium hydroxide. Four milliliters of water waes added to completely
dissolve "B", Two and one-half milliliters of 507 chloroacetic acid

in water was added and the mixture heated for two hours on a steam
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bathe The mixture was cooled and acidified with dilute nitric acid
to the congb-red end point and extracted with ether. The ether
extracts were washed with water and then extracted with 20% sodium
carbonate. The sodium carbonate extracts were acidified end the
solid removed by filtration. The crude acid was recrystallized
from water and dried. The melting point of the phenoxyacetic acid
(0.9 g.) was 141° to 142°,

A weighed sample (0.2814 g.) of the phenoxyacetic acid was dis-
solved in 100 ml. of 507% ethyl alcohol and water. One=half aliquot
portions were titrated with 0.0353 N sodium hydroxide, using a Beck-
mann pH meter. The neutralization equivalents found were 235.2 and
235.7. The neutralization equivalent calculated for C6H1106H40CH2002H
is 234,1.

&8 =Naphthyl urethen of "B". The procedure of Shriner and Fuson

(25) was followed. One-half gram of "B", 0.5 g. of/‘-naphthyl iso-
cyanate and 2 drops of pyridine were dissolved in 10 ml. of benzens,
The mixture was refluxed overnight. The benzene wes removed and the
residue treated with petroleum ether. The white solid was recrystal~
lized from ethyl alcohol five times. The melting point of the
A ~naphthyl urethan of "B" remained constant at 1640—1650 af'ter the
fourth recrystallization.

Anal, Calcd. for 025H25N02: Cy 79.95; H4, 5.71. Found: C,

79. 48; H, 6.99.

Benzoate of "B". One gram of benzoyl chloride wes heated cau-~
tiously with 1 g. of "B"., The mixture was poured into water. The

oil which formed was treated with 5% sodium carbonate. The solid
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which slowly separated was recrystallized from water and ethyl
alcohol four times. The melting point of the benzoate of "B" was
84° to &5°.

Anal. Calcd. for 019H2OO2: C, 81.40; H, 7.19. Found: C,
81.13; H, 7.27.

Oxidation of "B" with Permanganate

The general procedure of Eleuterio (27) was followed. To &
golution of £.7 g. (0.05 mole) of "B" in 250 ml. of acetone wes
added dropwise and with stirrins a solution of 71.1 g. (0.45 nole)
of potassium permangenate in 1.2 1. of water. The temperature was
kept at 10° to 150. The mixture was stirred forty-five minutes

and then acidified with 5 I sulfuric acid. Sodium bisulfite was

added to decompose the maniarese dioxide. The mixture was extracted

with five 100 ml. portions of benzene. The coubined benzene solu-

tions were c:tracted witn five 30 ml. portions of 10,5 sodium bicarb-

onate. Tne co-bined sodiur bicarbonate extracts were acidified with

5 1 sulfuric acid end extracted with five 40 ml. portions of benzene.

The combired benzene extracts were dried over sodium sulfate and

the solvent reroved through a Vigreux coluin.

he residue could not be distilled without decompositior. The

. 1) : o
. . , ~ +itiea, One milliliter ol
reaction was repeated using the same quentities :

- 3 ed
an oil remaired after rewoving the benzene. The oil was reflux

with 4 ml. of thionyl chloride for twenty minutes and then poured

s i own solid
into 20 ml. of cold concentrated aw:onlui hydroxide. A br

120°, would not

o
with some oil formed. The crude golid, mepe. 1157 to

; o « The
recrystallize from a mixture of ethyl alcohol and water
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material normally separated as & very fine solid which would not
filter readily or separated as an oil. Chloroform and petroleum
ether were tried as solvents. The crude solid was too soluble in
chloroform and insoluble in petroleum ether. The mixture of chloro-
form and petroleum, also, was unsuccessful.

Kitrosation of "B"

Method 1. The general procedure of Hodgsen and Nicholson (2¢)
was followed. One and one-tenth grams of "3" was dissolved in a
mixture of 12 ml. of water and 20 ml. of acetic acid. A solution
of 2.5 g. of sodium nitrite in 10 ml. of water was added slowly at
-2° to the solution of "3", acetic acid, and water. The solution
becane reddish brown irnediately. The mixture was allowed to stand
for three hours in an ice beth. The red solid which seperated was
removed by filtration. The solid was recrystallized from acetic to
zive red crystels, m.p. 1550 with decoxposition,

Anal. Calcd. for 312H15N02: C, 70.22; H, 7.35; N, 5.82. Found:
Cy 77.35; Hy Te35; N, 2.1C.

The unsatisfactory analyses of the product was not entirely
unexpected in view of the results obtained in attennted nitrosations
on m-t-butylphenol which are described below,

Method 2. The general procedure found in Organic 3yntheses (29)
was followed. Eight grams of "B" was dissolved in €0 ml. of ethyl
alcohol. Forty milliliters of concentrated hydrochloric acid was
added to the stirred solution. Four and seven-tenths gramws of sodium
nitrite was added slowly to the stirred ice cold solution. The mix-

ture was then stirred for twenty-four hours.
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The mixture was poured into 500 ml. of water. A viscous oil
separateds The water was decanted and the oil dissolved in acetic
acide Two grams of a black hard crystelline solid separated. After
the second recrystallization from aceti; acid the color of the crys-
tals became dark red brown, m.p. 114°-150°. Attempts at further
purification were unsuccessful.

Attempted Nitrosation of m=t~-Butylphenol

Method 1. One gram of m-t-butylphenol was dissolved in 5 ml,
of 95% ethyl alcohol., The solution was stirred and cooled to 0°
end 5 ml. of concentrated hydrochloric acid was added. Sodium
nitrite (0.72 g.) was added to the cooled solution and the mixture
allowed to stand overnight.

The mixture was poured into water. An oil separated which
solidified after cooling for four days. The solid was removed by
filtration and recrystallized from acetic acid. The solid, when
dried in a vacuum desicator over calcium oxide, slowly turned to an
oil.

Method 2. The general procedure of Hodgson and Nicholson (28)
was followed. A solution of 2 g. of sodium nitrite in 5 ml. of
water was added dropwise to a solution of 1 g. of m~t-butylphenol,
21 ml. of acetic acid, and 12 ml. of water at -20.

The mixture was stirred at room temperature for twenty hours.
Approximately C.3 ml. of a dark oil separated which did not solidify,

Methyletion of "B"

To a stirred solution of 9.55 g. (0.055 mole) of "B", 3.4 g.

(0.085 mole) of sodium hydroxide, and 25 ml. of water was added,
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slowly, £.2 g. (0.055 mole) of methyl sulfate. The mixture was
heated with stirring on a steam bath for three hours and forty-five
minutes.

The mixture was cooled, 30 ml. of 107 sodium hydroxide was
added, and the whole then extracted with ether. The combined ether
extracts were washed with 5 ml. portions of 10% sodium hydroxide
until no further phenolic material was removed. The ether extracts
were dried over magnesium sulfate, the solvent removed, and the
residue distilled in vacuo. Four and eight~tenths grams (46%) of
the methyl etner of "B", b.p. €1°-92° at 1 mm., n§5 1.5315, was
obtained.

Anal, Calcd. for 01531803 C, £2.1C; H, 9.53, Found: C, &2,01;
H, 9.41.

The reaction was repeated using 22.3 g. (0.125 mole) of "B",

The yield of product was 10.75 g. (45%).

Oxidation of the Methyl Ether of "B"

Five grams (0.024 mole) of the methyl ether of "3" was dis-
solved in a mixture of 35 ml. of acetone and 50 ml. of water. The
solution was stirred and cooled to 10°. Twenty and two-tenths
grams (0.128 mole) of potassium permanganate was added during a six
hour period. The temperature was allowed to increase to 25° during
the addition. The mixture was allowed to stand overnight.

The mixture was filtered and the mangenese dioxide cake was
washed with water and then acetone. Part of the acetone was distilled
from the filtirate; then the filtrate wae acidified and extracted

with three portions of benzene. The combined benzene extracts were
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extracted with 207% sodium hydroxide, dried over sodium sulfate, and
the solvent removed. One and three-tenths grams of an oil residue
remained.

The sodium hydroxide extracts were acidified and extracted
with ether. The ether extracts were dried over magnesium sulfate
and the solvent removed. Approximetely 1 ml. of an oily residue
remaineds The residue did not crystallize.

The reaction was repeated using 4.82 g. (0.023 mole) of "3"
and 19.9 g. (0.125 mole) of potassium permanganate. The same type
of residues were obtained. The residue from the alkali soluble
fraction was a viscous oil which did not crystallize. The residues
in each instance were dark colored.

o-Methoxystyryl Isopropyl Ketone

l “X— CH--CHCOCH( 0}13)2
%

A solution of 23.9 g. (C.125 mole) of o-hydroxystyryl isopropyl
ketone, 50 ml. of methyl alcohol, and 15 g. (0.13 mole) of methyl
sulfate was stirred and cooled to =3°. A cold solution of 11.25 g.
(0.2 mole) of potassium hydroxide in 25 ml. of water was added in
one portion. The temperature increased to 540. The mixture was
stirred at room temperature for two and one-helf hours.

One hundred milliliters of water was added and the mixture

extracted with three 50 ml. portions of benzene. The combined
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benzene extracts were washed with 20% sodium hydroxide, dried over
potassium carbonate, the solvent removed, and the residue distilled
in vacuo. Eleven and eight-tenths grams (75% based on starting
material consumed) of o-~methoxystyryl isopropyl ketone, b.p. 1550-
151° at 1.8 mm., n§5° 1.5758, wes obtained.

The alkaline extracts were acidified, and 7.3 g. (33.8%) of
o-hydroxystyryl isopropyl ketone was recovered.

The semicarbazone of o-methoxystyryl isopropyl ketone was pre-
pared by the procedure of Gheorghiu (3%0), m.p. 182° to 1850.
Gheorghiu reported the melting point was 179° to 181°,

The experiment was repeated two times using 48 g. (C.25 mole)
of o-hydroxystyryl isopropyl ketone. The yields varied from 75% to
95% based on the amount of starting material consumed.

1-(o-Methoxyphenyl )-4-methyl-3=-pentanone

CH
|3
0

__CH20H2000H(CH5)2

Method 1. The pgeneral procedure of Perkin and Weizmenn (31)
was followed., Sixteen grams (0.082 mole) of 1-(o~hydroxyphenyl)~4~
methyl-3~-pentanonc, 50 ml. of methyl alcohol, and 10.1 g. (0.082
mole) of dimethyl sulfate were stirred and cooled to -50. Nine and
two~-tenths prams (0.154 mole) of potassium hydroxide dissolved in
21 ml. of weter was added in one portion. Tae temperature increased

to 28°. The mixture was stirred for two hours at room temperature,
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Fifty milliliters of water wae added and the mixture was extracted
with three 30 ml. portiones of benzene. The combined benzene extracts
were washed with 20% sodium hydroxide, then Claisen's alkali, and
dried over potassium carbonate, The solvent was removed and the
residue distilled in vacuo. Seven and four-tenths grams (43.8%) of
1-( o-methoxyphenyl )=4-methyl=3=pentanone, b.p. 120°=122° at 2 mm.,
was obtained. The melting point of its 2,4-dinitrophenylhydrazone
was 115.5° to 116.5°. The mixed melting point with an analyzed
gample was 115.5° to 115.5°.

Method 2. Twenty grams (01 mole) of o-methoxystyryl isopropyl
ketone, 80 ml. of ethyl alcohol, and 0.2970 g. of 5% palladium on
carbon were pleced in a 500 ml. low-pressure hydrogenation bomb.,
One-tenth mole of hydrogen was absorbed in thirty-five minutes.

The catalysé was removed by filtration and the solvent distilled.
The residue was distilled in vacuo. Nineteen and one-tenths grams
(92.7%) of 1-(o-methoxyphenyl)-l=methyl-3-pentanone, b.p. 135°-14%°
at 2 mm., was obtained. The reduction was repeated using 41 g. (0.2
mole) of o-methoxystyryl iscpropyl ketone. Forty sramws (97%) of 1-
(o-methoxyphenyl )-4~methyl=3=pentanone was obtained.

The product was redistilled through an 8 inch heated Vigreux
column. The pure product had the following physical constants;

b.p. 1210-125° at 2 mm., ng5° 1.5082. The dinitrophenylhydrazone,
after several recrystallizations from eth&l alcohol, melted at

115.5° o 115.5°.
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Anel. Calcd. for Cl§H1802‘ C, 75.70; H, &£.79. Found: C, 75.56;
H, 8.74. Calcd. for c19522N405: C, 59.05; H, 5.74; N, 14,50, Found:
C, 58.66; H, 6.68; N, 14,25,

The unsatisfactory hydrogen enslysis of the dinitrophenylhydra-
zone derivative could not be explained since the parent ketone
analyzed correctly. After reduction of the carbonyl group to the
alcohol in the following experiment, the enalysis of the alcohol
and the phenyl urethan derivative were satisfactory.

1-(o-Methoxyphenyl )=4=~methyl-3-pentanol

CH
3
0
|

ﬂ‘ — CH,CH,CHOHCH(CHs ),

Four grams (0.106 mole) of lithium aluminum hydride was dis-
s8olved in 300 nml. of anhydrous ether in a 1 l. flask equipped with
a Friedrichs condenser, a mercury-seeled motor stirrer, and an addi-
tion funnel. Forty-nine grams (0.25 mole ) of 1-(o-methoxyphenyl)-
4-methyl-3-pentanone in 300 ml. of anhydrous ether was added during
@ period of one hour. The mixture wes allowed to stend overnight.

The mixture was hydrolyzed by the cautious addition of 30 ml.
of wa*er end then 20C ml. of 107 sulfuric acide The organic layer
was geparated, and the aqueous layer extracted with two 10C ml.
portione of ether. The combined organic extracts were dried over
sodium sulfate, the solvent removed, and the residue distilled in

vacuo through an & inch heated Vigreux column. Eighty-two and
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one-half per cent (42.85 g.) of 1-(o-methoxyphenyl)-l-methyl-3-
pentanol, b.p. 119°-125° at 1 mr., n%A'S 1.5151, wes obtained.

The phenyl urethan was mede by the general procedure of
Shriner and Fuson (25), m.p. 75° to 75°.

Angl. Calcd. for 015H2002: C, T4.96; H, 9.58. Found: C,
74975 H, 9.83. Caled. for CpgHpghOs: Cy 73.355 Hy 7.70; N, 4.28.
Found: C, 73.5; H, 7.65; N, 4.32.,

Dehydration of 1-(o-Methoxyphenyl)-4-rmethyl-2-pentancl

A mixture of 1 g. of concentrated sulfuric acid and 21.55 g.
(0.108 mole) of 1-(2—methoxypheny1)-h—methyl-}-pentanol was placed
in @ 50 ml. round-bottoxzed flask. The mixture was distilled slowly
through an eight inch heated Vigreux column. Fourteen and eight-
tenths grams (727%) of material, b.p. 950-1050 at 1 mm., was obtained.
The experiment was repeated twice using a total of 17.7 g. of alcohol
and 13.58 g. (E47) of material, b.p. 950-1050 at 1 ox., was obtained,
The preoducts were combined, dissolved in ethyl ether, extracted with
sodium bicerbonate, dried over anhydrous potassium carbonate, snd the
solvent removed. The residue wes distilled in vacuo in a semi-micro
distillation apparatus. The following fractions of 4 ml. each were
obtained: fraction 1, b.p. 880-900 at 1 m., n§5 1.52%2; fraction
-2, bep. 90°-94° at 1 wm., n§5 1.5248; fraction 3, b.p. 92° at 0.9 mr.,
n§5 1.5270; fraction 4, b.p. 920-959 at 1 mm., n§5 1.5290; fraction
5s bepe 950-—98° et 1 mm., n§5 1.5320. The constant increase of the
refractive index indicated the unsaturated material was a mixture

of isomers. The bromine number of fractions 2 and 4 was obtained



5.

by the procedure of Johnson end Clark (32). The calculated bromine

number for 5-(o-methoxyphenyl)-2-methyl-2-pentene or an isomer is

&.1

Found for fraction 2: 78.5; 79.4.
Found for fraction 4: ©&3.9; &5.4.

p-liethoxystyryl Isopropyl Ketone

caio @ cawacoca(ca5)2

Forty-seven greame (C.35 mole) of anisaldehyde and 25 g. (0.35

mole) of methyl isopropyl ketone, and 250 ml. of ethyl alcohol were
placed in a 500 ml. flask. Fifteen milliliters of 10% sodium hydrox-
ide was added with shaking and the mixture was allowed to stand for
one day.

Two hundred milliliters of water was added snd the oil extracted
with benzene. The benzene extracts were dried over potassium carbon-
ate, the solvent removed end the residue distilled in vacuo through
a Claigen head. Thirty-seven and four-tenths grams (50%) of p-
methoxystyryl isopropyl ketone, b.p. 120°-150° at 2 mm., was obtained.
The experiment was repeated using 42 g. (0.307 mole) of anisalde-
hyde and 37 g. (59%) of the product was obtained. One run using
58 g. (0.5 mole) of anisaldehyde gave only 17.7 g. (17.4%) of the
product when the reection time was decreased to three hours. The

combined product from the three exveriments (92 g.) was redistilled

through and eight inch heated Vigreux column. Sixty-nine grams of



product, b.p. 1550-160° at 2 mm., m.p. 28° to 500 was obtained.

Vorlander and Knotzsch (33) reported for p-methoxystyryl isopropyl
o

ketone, b.p. 2170-219 at 40 mm., m.p. 280.

1-(p-Methoxyphenyl )=4-methyl-3-pentanone

CH0 CH,CH,CO0K( G5 ),

Sixty-nine grems (C.335 mole) of p-methoxystyryl isopropyl

ketone, 200 ml. of ethyl alcohol, and 0.50 g. of pletinum oxide
were placed in a 500 ml. low pressure hydrogenation bomb. The mix-
ture was sheken at an initial hydrogen pressure of 49.5 p.s.i. The
reduction was stopped when approximately C.34 mole of hydrogen had
been absorbed (one hour). The catalyst was removed by filtration,
the solvent removed, and the residue distilled in vacuo through an
eight inch Vigreux colurn. Sixty-five grams (95%) of 1-(p-
methoxyphenyl )-4-methyl-3-pentanone, b.p. 1280-1290 at 1 mm., n]z))4
1,5082, was obtained.,

Anal. Celcd. for 015H1802= Cy 75.59; H, &.79. Found: C,
75.17, 76.41; H, 9.30, 9.25.

The discrepancies in the analyses cannot be explained by
incomplete reduction occurring or by reduction of the carbonyl as

well ae-reduction of the carbon double bond. The alcohol obtained

by reducing the above ketone with lithium aluminum hydride hed a

satisfactory analysis (see page 47).
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1-(p-Methoxyphenyl )=4-methyl-3~-pentanol

CH50 CH20H20H0HCH( CH5 )2

S8ixty-three grems (0.305 mole) of 1—(27methoxyphenyg}h—methyl-

3-pentanone in 150 ml. of anhydrous ether was added slowly to a
stirred solution of 5.7 g. (0.15 mole) of lithium aluminum hydride
in 250 ml. of anhydrous ether. The mixture was stirred at room
temperature for four hours end then heated for one hour.

The excess lithium eluminum hydride was destroyed by the addi-
tion of 5 ml. of ethyl acetate and then 50 ml. of water. The mix-
ture was hydrolyzed with 200 ml. of 10% sulfuric acid. The organic
layer was separated, and the aqueous layer extracted with two 100
ml. portions of ether.

The combined orgenic extracts were dried over potassium carbon-
ate, the solvent removed, and the residue distilled through an eight
inch heated Vigreux column in vacuo. Fifty and four-tenths grems
(80.8%) of 1-(p-methoxyphenyl)-4-methyl-3-pentanol, b.p. 125°-127°
at 0.6 mm., n%5’8 1.5151, was obtained. The phenyl urethan, m.p.
65.5° to 57.5°, was prepared by the general procedure of Shriner and
Fuson (25).

Anal. Calcd. for Cl}“ZOOZ‘ C, 74.96; H, 9.58. Found: C,
T4.68; H, 9.50. Celed. for ChoHpctOs: Cy 73.36; H, 7.705 N, 4,28,
Found: ¢C, 73.53; H, 7.46; N, 4,18,

Dehydration of 1l-(p-Methoxyphenyl)=4-methyl-3-pentanol

The general experimental condition of Whitmore and Simpson (34)
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were used. Fifty grams (0.24 mole) of the alcohol was dissolved
in 140 ml. of anhydrous ether were placed in a 500 ml. round-bottomed
flask equipped with a reflux condenser, a motor stirrer, end an
addition funnel. The condenser was fitted with a.calcium chloride
drying tube. A slurry of 10 g. (0.25 mole) of powdered sodium hydrox-
ide and 12 ml. of carbon tetrachloride was added, and the mixture
wag stirred for forty minutes.

Eighteen and two-tenths grams (0.24 mole) of carbon bisulfide
was added over a period of twenty minutes, and the mixture was stirred
en additional five hours. A pink precipitate formed. Thirty=-four
grams (C.24 mole) of methyl iodide was edded slowly and the mixture
was stirred overnight and then refluxed for eizht hours.

The inorganic salts were removed by filtretion and the solvent
removed. The methyl xanthate decomposed when distillation was
attempted at 1 mm. The residue was then heated at 1700-180o at 2C
mm. until the vigorous evolution of gases ceased (one hour). The
residue was then distilled, b.p. 175°-180° at 18 mn.

The distillate was dissolved in 50 ml. of benzene, washed with
two 30 ml. portions of 4C potassium hydroxide, one 30 ml, portion
of water, and with a saturated mercuric chloride solution. It was
then washed with 20 ml. of water, dried over sodium sulfate, filtered,
and redried over sodium sulfate. The solvent was removed and the
residue distilled through a heated Vigreux column in vacuo. The
following fractions were obtained: fraction 1, b.p. 1050-1C5° at
2 ., ngL"'D' 1.5150, 1 g.; fraction 2, b.p. 105°-105° et 2 =n.,

24.5 0

fo) 2
np 1.50¢%, 3%.04 g.; fraction 3, b.p. 1C5 =105 at 2 rm., ng
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1.5090, 2.24 g.; fraction 4, b.n, 105°-135° at 2 wm., n%h'a 1.5442,
3.8 g.; fraction 5, b.p. 130°-140° at 2 am., n%4'5 1.5148, 22 g.

Fractions 4 and 5 (51.5%) were essontially pure recovered
alcohol, ngi'a 1.5151., Fractions 2 and 3 (2&.3%% based on alcohol
used) were later shown to be the unsaturated wmeterial.

The reaction was repeatsd using 25 g. (C.12 mole) of the 1-{(p-
methoxypl.enyl)=4=methyl-2-pentenol. After the addition of cerbon
bisulfide the mixture wes stirred overnighit instead of onlv five
hours. The reaction was treated as previously described. Seven
and one-half gracs of material, b.v. 100°-110° at 2 ey WES
obtained, This material was redistilled and 3 g. (21.9% based on
alcohol used) of unsaturated meterial, b.p. 90°-100° et 0.7 m.
nga'é 1.5090 was obtained. Ten gram (40%) of crude alcohol was
recovered. In the distillations small foreruns were obtained which
were consistently yellow and decomposed to give a yellow inorgenic
precipitate,

The products were combined and redistilled through the semi-
micro distillation epparatus in vacuo. The following fractions
were obtained: fraction 1, b.p. €5°-90° at 0.9 rm., ng5° 1.5098,
1.28 g.; fraction 2, b.p. 90°-95° at 1 mm., n§5 1.5092, 1.05 g.;
fraction 3, b.p. 950 at 1 mm., n§5 1.5095, 2 g.; fraction 4, b.p.
95°-97° &t 1 mn., 12 1.5097, 0.75 g.

All fractions had a small amount of suspended solid in them.
Since the refractive index was not constent a mixture of the

unsaturated compounds, 5-(p-methoxyphenyl)-2-methyl-2~pentene and

1-(p-methoxyphenyl)-4-methyl-3~pentene, was apparently obtained.
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The bromine number wes obtained by the procedure of Johnson
and Clark (32). The calculated bromine number for 015H180 is 84.1.
Bromine number found: &3.7, &3.5.

Ethyl 2-Carbethoxy=-3=methyl-3~-phenylbutanocate

<<::::>>-C(CHE)ZCH(00202H5)2

One hundred and fifty-six and nine-tenths grams (1 mole) of

bromobenzene in 300 ml. of anhydrous ether was added dropwise %o

25.3 g. (1.04 moles) of maznesiurm turnings in a 2 1. round-bottomed
flask equipped with & Friedrichs condenser, mercury-sealed motor
stirrer, and addition funnel. The mixture was stirred for one hour
at room temperature and then one hour with refluxing on e stean bath.
The mixture was cooled in an ice bath and 190 g. (C.95 mole) of
ethyl isopropylidene malonate [prepared from acetone, malonic ester
and zinc chloride (35) ] in 200 ml. of anhydrous ether was added
over a two hour period. The mixture was stirred at room temperature
for two and one-helf hours.

The mixture was hydrolyzed by the addition of 400 ml. of 10%
sulfuric acide The organic layer was separated and the aqueous
layer extracted with three 100 ul. portions of ether. The combined
organic extracts were dried over sodium sulfate, the solvent removed,
and the residue distilled through a Claisen head in vacuo.

Ninety and two-tenths grams (30%) of the ethyl 2-carbethoxy-3-
methyl-3-phenylbutanoate, b.p. 145°-150° at 0.5 mm., n§5~5 1.4982,

was obtained. A forerun of 74.1 g., b.v. 1020-145o at 0.5 mm., was
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obtained also. Prout, et al. (%), report for the product, b.p.

1770-178o at 18 mn,, ngs 1.4939, end obtained an averege yield of

407 besed on two runs.

The experiment was repeated using the same quantities and 55

ge (217%) of the product obtained.

2-Hydrox methyl-3-methyl=3~phenyl=1-~butanol

— C(CH5)20H(CH20H)2

The general procedure of Pines, et al. (37) was used. Ninety

grams (0.32 mole) of ethyl 2-carbethoxy-3-methyl=3-phenylbutanocate
in 150 ml. of anhydrous ether was added slowly to a stirred solu-
tion of 18.95 g. (0.5 mole) of lithiumr aluminum hydride in 5§50 ml.
of ether. The mixture was stirred seven hours. Ethyl acetete was
added to decompose the excess lithium aluminum hydride. The mixture
was hydrolyzed by the addition of 400 ml. of 10% sulfuric acid.

The organic layer was separsted and the aqueous phase extracted
with two 1CO ml. portions of ether., The corbined organic extracts
were dried over magnesiun sulfate, the solvent removed, and the
residue distilled in vacuo through a Cleisen head. Fifty~one grams
(82%) of 2-hydroxymethyl-3-methyl~3-phenyl-l~butanol, b.p. 1650-17h°
at 0.9 mm., was obteined. The product, which slowly c}ystallized,
was recrystallized twice from petroleum ether, m.p. 62.5° to 64°,

The experiment was repeated using 52 g. (0.18 mole) of the
malonic ester and 11.27 g. (0.3 mole) of lithium aluminum hydride.

Twenty-eight grame (817%) of the diol was obtained.



74.43; H, 9.25.

2-Bromnomethyl=-3=methyl-3-nohenyl-1-bromobutane

C(CHB)ZCH(CHZBr)a

The general procedure of Pines, et al. (37) was followed.

Eighteen and four-tenths grem (0.1 mole) of 2-hydroxymethyl-3-
methyl-3-phenyl=l-butanol was heated to 70o in a 500 ml. round-
bottomed flask equipped with a Friedrichs condenser, & motor stirrer,
and an addition funnel. With vigorous stirring 19.75 g. (0.073 mole)

of phosphorus tribromide was added at such a rate that the tempera-

ture of the mixture remained at 700. The mixture was then stirred

at 70° for one hour and then heated on the steam bath overnight.

The cooled mixture was poured into a slurry of ice and water.

The mixture was extracted with two 50 ml. portions of benzene. The

combined benzene extracts were washed successively with water, 10%

potassium carbonete, and then water until the aqueous washings were

neutral to litmus. The benzene extracts were dried over calcium

chloride, the solvent removed, and the residue distilled in vacuo.

o
Nineteen and six-tenths grams (53%) of the product, b.p. 1507

26

160° at 1 mm., np One grem of & viscous

1.5672, wes obtained.

residue remained.

The experiment was repested using 32 g. (0.174 nole) of the

diol and 34.7 g. (0.128 mole) of phosphorus tribromide. The yield

was 24.7 g. (463%) of dibromide, bep. 150°-162° at 1.6 mm. Five
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grams of & viscous residue remained. The product was analyzed for

bromine by the method of Umhoefer (368).

Anal. Calcd. for 012H188r2: Br, 49.53. Found: 3r, 49.2;
48.7.

Dimethylcycloprooylcarbinylbenzene

N
Ny C(CH,),Cii — CH
372 N /

CH2

2

The zeneral experimental conditions of Shortridge, et al. (39)
were used. Thirty-two grams (0.48 mole) of zine dust and 500 ml.
of 80% ethyl alcohol were placed in & 50C xl. round-bottomed flask
equipped with a Friedrichs condenser, & mercury-sealed motor stirrer,
and an addition funnel. The mixture was brought to reflux and with
vigorous stirring 32 g. (0.1 mole) of 2-bromomethyl-3-methyl-3~
phenyl-1l-bromobutene was added over a period of one and one-quarter
hours. The heating and stirring was continued for twenty-four hours.

The mixture was cooled and filtered. The excess zinc and zinc
bromide was washed with benzene. The benzene washes and filtrate
were combined, and the organic leyer separated. The aqueous layer
was then extracted with benzene. The combined organic extracts
were dried over calcium chloride, the solvent removed through a
Vigreux column, and the residue distilled in vacuQ through a semi-
micro distillation apparatus. Eleven and three—tenthe.grams (71%)

of dimethylcyclopropylcarbinylbenzene, b.p. 95°-98° at 12 mm.,

ng&.& 1.51%5, was obtained. One and one~half grams of material,
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be.p. 980-150o at 12 mm., was obtained and & residue of 1.4 g. remained
which did not distill.

The experiment was repeated using 43.7 g. (0.137 nole) of the
dibromide. Nineteen and two-tenths grams (&77%) of the product, b.p.
92°—98° at 12 mm., was obtained. This material was redistilled
through a small Vigreux column yielding 15.5 ml. of product, b.p.
94° at 12 mm., ng“'5 1.5130. A forerun of 1.4 ml., b.p. 92°-94°
at 12 mm., n§4-5 1.5103%, was obtained., A residue of 1.5 g. remained
which was distilled in the semi-micro distillation apparatus; approxi-
mately 0.5 g. of material, b.p. 94°~9¢° at 12 m., n§4'5 1.5151, was
collected before the residue in the distilling flask became colored
and viscous.

Anel. Celed. for CyoHigt G, €3.93; H, 10.05. Found: C, 90.22;
H, 9.75.

The infrared spectrum had absorption band at 1018 cm.-l, for
the cyclopropane ring, aebsorption bands at 1446, 1388, 138, 1209,
and 1185 cm.-'1 for the C(CH5)2 and the characteristic spectrum for
monosubstituted benzene in the 5 to 6§ p region and the strong

absorption bands at 599 cm.-l and 750 cm.-1

Ethyl 1-Phenylethylidene Cyanoacetate

ot N

The procedure of Cope, et al. (40) was followed. Twenty-eight
and five-tentihe grauvis (C.25 mole) of ethyl cyenoacetate, 30 g. (0.25

mole) of acetophenone, S50 ml. of benzene, 12 g. (0.2 mole) of acetic
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acid and 3.85 g. (0.05 mole) of amsonium acetate were placed in a
500 ml. round-bottomed flask equipped with a constant water remover
and reflux condenser. The mixture was refluxed for twelve hours.
Eight milliliters (0.5 mole) of water was removed.

The mixture was cooled and washed with three 50 ml. portions
of water. The combined aqueous extracts were extracted with two
30 ml, portions of benzene. The combined orzanic extracts were
dried over sodium sulfate, the solvent removed, and the residue
distilled in vacuo.

Nine and two-tenths grams of a mixture of starting materials,
bepe 940-1540 et 15 mm., was recovered. Twenty-six grums (48.5%)
of ethyl l-phenylethylidene cyeanoacetate, b.p. 1570-1400 et 1.9 mm.,
wes obtained. Ten grams of residue remained. Cope, et al. (40)
report the boiling point is 1560-1370 at 2 mm.

The experiment wes repeeated using twice the quantities as
descrited sbove. Forty-seven grams (44%) of product, b.p. 137°-140°
at 2.2 mn., n§5 1.548C was obtained.

Reaction of Acetopherione and Zthvl Malonate

The general procedure of Cope, et &l. (40) was followed. Forty
grams (C.25 mole) of ethyl melonate, 3C g. (0.25 mole) of acetophenone,
50 ml. of benzene, and 3.85 g. of ammonium acetate were placed in
& 500 ml. round-bottomed flask egquipped with reflux condenser and
constsnt water remover.

The mixture was refluxed for 13 hours. Three and three~tenths
milliliters (0.18 mole) of water was removed. The mixture was cooled

and extracted with three 50 ml. portions of water. The combined
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aqueous layers were extracted with two 25 ml. portions of benzenre.
The combined organic extracts were dried over sodiur sulfate, the
solvent removed, and the residue distilled in vacuo. Fifty-three
grams of a mixture of acetophenone and ethyl malonete, b.p. 950—
10c° at 2C mm. was recovered. Six and ‘wo-tenths grans of a yellow
liquid, b.p. 140°-170° at 1.8 m., n5? 1.5804 wae obtained. Two
and six-tenths grams of residue remeined.

Reaction cf Ethyl l-Phenylethylidene Cyanoacetate and Ethyl Alcohol

Method 1. Twenty-six grams (0.12 mole ) of ethyl l-phenylethy-
lidene cyenoacetate, 55.2 g. of absolute ethyl alcorol and 12.5 g.
(C.12 mole) of sulfuric acid were placed in a 250 rl. round-bottomed
flask equipped with a water cooled condenser. The mixture was heated
in an o0il bath at 130o to 1550 for three hours. The excess ethyl
alcohol was distilled end the residue poured into 150 ml. of water.

ThHe mixture was extrected with four 50 ml. portions of ether.
The combined ether extracts were dried over sodium sulfate, the
solvent removed, and the residue distilled in vacuo. Four grams
of meterial, b.p. 1§O°-1§€° at 1.& mm., ngs 1.5388, waes obtained.
Fourteen and one-half grems (56%) of sterting materiel, b.p. 135°-
138° at 1.8 mm., ngs 1.5478 was recovered. Two grams of a residue
remained which was hold-up in the distillation apparatus.

Vethod 2. Fourteen grams (0.065 mole) of ethyl l-phenylethyli-
dene cyanocacetate, 5.5 g. (0.055 mole) of sulfuric ecid and 30 g,
(0.65 mole) of absolute ethyl alcohol were placed in a pyrex “ube.

The tube was sealed and heated at 130° to 140° for three hours.
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The tube was cooled, opened, and the contents washed out with
ethyl alcohol. The excess ethyl alcohol was distilled end the resi-
due poured into 1CO ml. of water. The mixture was extracted with
three 30 ml. portions of benzene., The combined benzene extracts
were dried over sodiurn sulfate, the solvent removed, and the resi-
due distilled through the semi-micro distillation apparatus in vacuo.
The following fractions were obtained: fraction 1, b.p. 60°-45° at
1.8 mm., ngs 1.4845, 1 go; fraction 2, b.p. 650-1h5° at 1.8 mn.,
n§5 1.5362, 2.7 g.; fraction 3, b.p. 145 -164° at 1.8 mn., n§5
1.5450, 5.2 g. An elemental analysis of fraction 3 indicated nitro-
gen was present. The refractive index of ethyl l-pherylethylidene
cyanoacetate is 1.54f0. Consequently fraction 3 appeared to be

neinly starting materiel,



DISCUSSION

In 1928 Bruylants and Dewael (7) reported the formation of 1-
chloro-4-methyl-3~pentene from dimethylcyclopropylcarbinol and
hydrochloric acid. The 'proof' of structure.of the chloro%lefin,
as shown below, involved the formation of the acetate followed by
hydrolysis to l-hydroxy-4-methyl-3-pentene, which had previously

been prepared by Van Aerde (41).

0
|H HC1
Cily — O — G —Cliz — (Ctiz),C=CHCH,CH,C1
CH, CHs KOAc

AcOH

aqg.
(OH 3 ) 50=CIiCH,CHOH <23% (Cii5),0=0110rCHy0Ae
KOH

Although Van Aerde (41) prepasred l-chloro-4-methyl-%-pentene by a

different procedure, as shown in the following sequence of reactions,

co
2)5 22"
OH M gX

l_,. J “
01(CH2)5Br + KCN 01(CH2)§CI — C1(CH

ClCHQCHZCH:C(CH5)2:3~ C1(CH,)5C(OH)(CH3),

he obtained the unsaturated alcohol from the chloroolefin by the
same gequence of reactions used by Bruylants and Dewael (7). Thus,
this does not constitute a rigorous proof of structure of the
compounds involved.

Bruylants end Dewael (7) and later Favorskaya and Fridman (&)
reported thet hydrolysis of l-chloro-4-methyl-3-pentere gave

dimethylcyclopropylcarbinol.
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The identity of the hydrolysis product was based on a comparison of
physical properties, such as, index of refraction and boiling point.
In order to establish more conclusively the structures of these
compounds, the reactions were reinvestigated, with the aid of the
infrared absorption spectra. Dimethylcyclopropylcarbinol was pre-
pared by the reaction of methyl magnesium jodide with methyl cyclo-

propyl ketone. Its infrared absorption spectrum1 (see plate 1.)

0 0
i KOH I

C1CH,CHpCHpCOCHs  — cgg-——>gg-c—035

CH,
. CH_ Mgl
3
mer Y OH
~——— v
ClCHZCHZCH'C(CH§)2 iV cr\xgm-‘g}i-g-cri5

-1,2 .
indicated that the cyclopropane ring (1€19 cm. ) end the tertiery

- -1 ; vl-
hydroxyl group (1150 cm. 1 and 1375 cm. )5 were present. Dimethyl

cyclopropylcarbinol was converted to 1-chloro—b—methyl—}-penteﬂe

with hydrochloric acide The structure of the chloroolefin was sup=

ported by the infrared absorption gpectrum (see plate 2,) with bands

- -1 =CE- b 18 . for
at 1578 cm. 1 gnd 834 em. = for the RZC‘Ch R and at 71C cm
C-Cl.? The chloroolefin wes nydrolyzed by refluxing with aqueous

1 The assignment of absorption bands were mede from Bellamy (42).

2 Ibid., p. 28
3 Ibid., pe e N
4 Ibidey Do 510

5 Ibido’ po 27O°
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potassium carbonate, and the infrared aEeorption spectrum of the
product was identical with that of a known sample of dimethyleyclo-
propylecarbinol. Thus, the rearrangements in the reaction of hydro-
chloric acid with dimethylcyclopropylcarbinol and the hydrolysis of
l1-chloro-4-methyl-3-pentene were confirmed.

Several attempts were made to prepare dimethylecyclopropyl-
carbinyl chloride from the alcohol. Experimental conditions were
used which had previously been successful in preventing racemization
or isomerization in preparing alkyl halides from the corresponding
alcohols. Thus Serrard (17) had found that active 2-octenol was
converted to the chloride without loss of optical activity using
phosphorus pentachloride at low temperatures. Consequently, the
reaction apparently did not proceed via a carbonium ion intermediete
which would have given racemization. Dimethyleyclopropylcarbinol,
however, under the same conditions, gave no reaction (starting
material recovered) or rearrenged product (l-chloro-4-methyl-3-
pentene).

Gilman and Harris (18) used thionyl chloride and pyridine in
chloroform in preparing cinnamyl chloride from cinneryl alcohol,
Other reagents, such as hydrochloric acid, geve an unsatisfactory
product. Using the cyclopropylcarbinol, however, reerranged pro-
duct or recovered alcohol were obtained.

latch and llesbitt (15) found thet cis or trans-crotyl alcohol

with phosphorus trichloride and pyridine gave respectively c¢is or
trang-crotyl chloride. By using these conditions, isomerization

was avoided. The reaction of dimethylcyclopropylcarbinol under
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identical conditions, however, gzave iscpropenylcyclopropane end
recovered alcotol,

In as much as the hydrolysis of l-chloro-4-metuyl-3-pentene
involved rearranrcment from & prizery chl ride to a tertiary alcohol,
it appeared that this chloroolefin night be a potential source of a
tertiery carbonium ion, or somethirz akin to one. In order to deter-
nine wnether this was indeed the case, the anatalyzed reaction of
l-cl:loro-b~metnyl-3-pentera with pnenol was examined. It has pre-
viously been shown (9) that tertisry alkyl halides alkylate the
aromatic nucleus of phencls without the usual Friedel-Crafts type
of catalyst; primary halides, on the otner hend, unless unusually
reactive (such as allyl or benzyl) do not sive this reaction. The
anticipeted product was pdimethyleyclopropylcarbinyl phenol,
but as shall be seen below, the reaction tcok a rether different
course,

When the chloroolefin was heated with pnenol at 150° in a
woler ratio of one to four, hydrogen cnloride was evolved, indicate
ing that a reaction occurred. The cnloroolefin also reacted with
b-cresol at approximately the same rate as with phenol. Under
identical conditions, l-chlorohexane and phenol did not react.
Consequently, the carbon-carbon double in l-chloro-4-methyl=-3-
pentene must have provided a driving force in the alkylation.

The product from the alkylation of phenol with l-chloro-4
methyl-3~pentene was investigeted in detail. The reaction mixture
was separated into a neutral fraction and a fraction which was

soluble in 20% alkali. A crystalline compound, m.p. 47°-42°,



54,

was isolated from tae neutral product in 15% yield., This subsatance
will be referred to as "A" for the remainder\of the discussior.
Another crystalline product, m.p. 1150—1140, was isolated from the
alkali-soluble (phenolic) fraction in 294 yield. It will be
referred to as "3" for the remvainder of the discussion. In addi-
tion, high boilin; viscous liquids were obtained which were not
further characterized.

heutral Product "A"

“A" analyzed for Cj,H g0 which corresponded to a monoaliylation
product, as, for example CSH5006H11° An anelysis of thie infrared
absorption spectrun (see plate 3.) indicated that the following
aroups or type of substitution might be presents:

C(CH5)21 1302, 1358, 1448, 1203, 1169 _—

Aromatic ether2 1285, 1225 cm.-l

_q_l_‘_i_klg-disubstitutioni’4 1980, 1945, 12710, 751 cm.-l
The absence of & stronz band at 70C cm.’l also supports crtio-
digubstitution on the benzene ring.5

The ultraviolet absorption spectrum of "A" (see plaete 4.),

1 Bellaxy, Chp. 2.

2 Ibid., p. 102,

5 Ibido’ PPe 55, 6/70

4 These bands were obtained from the infrared absorption spec-
trur in mineral oil mull, which was made available by Dr. J¢ L.
Johneon, Upjohn Company, Kalamazoo, Michipan. Tne 751 cum. absorp~
tion band was obtained usinec carbon disulfide as the solvent for

] ‘ll.
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however, was corparable to that of t-butyl phenyl ether, which
indicated that "A" mi-ht be a simple phenyl alkyl ether. Three
structures of this tyne apneared possible since the ion froz the
homoallylic system of l-chloro-4-methyl-3-pentene has three contribut-

ing formse.

CH, — CH
2 2
T _—
T'-‘i Cn2 CH2
' =c(ck -C-C CH— C(CH
CripCHoCH c(ctiz)y CH5 c H} I ( 5)2
0 o 5
®
/
I III

Neutral product "A" resisted hydrogenation under conditions

which normelly caused reduction of the carbon-carbon double bond.

Furthermore, there was no evidence for the carbon-carbon double

Wyt
bond ir the infrared spectrum. Consoequently, structure I for "A

was doubtful. Nevertheless, an authentic sample of S-phenoxy-2=

i by the
methyl-2-pentene (I) was prepared and its gtructure proven by

following scquence of reactions:



06H50H-L(CH5)20=CHCH20H201 — 06H500H2CH20H=C(CH5)2

Acetone I
HBr Hys PR
C6H5OH1—(CH5)ZCHCH20HZCHZBr <« 06H500H20H20H20H(CH3)2
HOAc
Br, / (1) Mg, ether
/- (2) co,
p (1) 50C1,
OH q 4,CHC v ;
(Cu5)2CHCH20“2Cﬂ2002H (2 (CH3)aCHOHCHCHCNHy
>
Br {/‘\\ Br
L/

Br

Since the preparation mey have involved rearrangement, the product
was degraded to tne known compounds, tribromophenol and 5=

methylhexanamide, to prove the structure of I.

The physical .and chemical properties of 5—phenoxy-2-methyl-2-

pentene (1) were not consistent with "t gnd thus eliminated struc-

ture I for "A". Furthermore, 5-phenoxy—2-methyl-2-pentene was pro-

bably not en intermediate in the formetion of “a", When I was

treated with hydrogen chloride at temperaturcs used in the alkyla-

tion, no reaction occurred. When I wes heated with an excess of

phenol and hydrogen chloride at 1500 some "A" and np" were formed;

this may have been due, however, to initial cleavage of the ether,

followed by alkylation of the phen01 which was preaent in a large

amoundt. >

Structure 1I was rather unlikely, because of the kmown lability

of tertiary allyl phenyl ethers in the presence of acids (43). That

is, II ought not to be gtable under the conditions of the formation



of "A". In order to erphasize this conclusion, t~butyl phenyl

ether was prepared and compared with "A"., Isobutylene and phenol

gave a good yield of t~butyl phenyl ether when the concentration

of sulfuric acid was carefully controlled. Stevens and Bowman (21)

found that 0.050 mole of sulfuric acid per mole of phenol gave good

H,80,
06H50H + (035)20:01-12 — 06H5OC(CH5)5
conversion to the ether. Larger amounts of sulfuric acid gave

alkylated phenols.

At 500, t-butyl phenyl ether in benzene solution was cleaved

rapidly by hydrogen chloride. Neutral product "A", by refluxing

with acetic acid and hydrobromic acid, gove a mixture of phenol and

another alkylated phenol, "C". "C" will be discussed later.

"A" was soluble in concentrated sulfuric acid and could be

recovered from it unchanged, in direct contrast to t~butyl phenyl

ether. "A" wae also thermally stable; after refluxing at 232° for

three and one-half hours, "A" was recovered unchenzed. Under these

conditions t-butyl pnenyl ether rearranzes to p-t-butylphenol (453),
Thus, by comparing the chemical properties of "A" with t-butyl phenyl

ether, structure II was eliminasted.

Structure III remains as a possibility for "A". A4s in the

case of neopentyl compounds, a difficult cleavage would be predicteq,
Once the cleavage had occurred the ective carbonium ion formed woulad

be expected to realkylate the phenol. Althoush not eliminated cop-

clusively by chemical evidence, it should be emphasized thet II] is
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inconsistent with the infrared spectrum of "A" which indicates
ortho-disubstitution. Further chemical evidence entazonistic to
I1I is given below.

Among the possible structures of "A" involving ortho-

disubstitution, the most likely would be the following:

O 0Q )

CH(CH
v v VI
When "A" was dissolved in sulfuric acid, a red color typical
of chrormens was observed. Also, the chromen structures (IV and V)
would be consistent with ortho-disubstitution indicated by the infra-

red spectrur. Accordingly 2~isopropylchroman was prepared by an

unambiguous route. The ultraviolet absorption spectrum of

OH
NeaOH oH
CHO . — CY=CHCOCH(CH
CH§COCh(CH3)2 (c 3)2
P
tH,
OH
0 Zn
CH(CH5)2 ~ CHaCHpCOCK(CHz )o
H,80,,

Iv
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2-igopropylchroman (see plate 5.), with bands et 274.5 mp and 284

my, indicated that "A" did not have the chromen structure (IV and V).
The ultraviolet absorption spectrum of 2-isopropylchroman was com-

petible with 2,2-dimethylchroxen which absorbs at 278 mu and 284 mn
(45).

Further chemical evidence is given below for eliminating the

chroman structure.

Structure VI remeins as a possible structure of "A". The infra-

red spectrum of "A" is compatible with the groups present; i.e., the

C-(CH})2 group, an arometic ether, and ortho-disubstitution on the

benzene rinz. The predicted chemical properties are also consistent.

The ether linkaze would be resistent to cleavage, such as, a primary

alkyl phenyl ether., The cleavaye of structure III could occur with

complete loss of the alkyl group from the phenyl ring to give phenol,

which was found in the cleavage of "A". Instances are found in the

literature where tertizry alkyl groups have been removed by acids,
as in the nitration of 1,1,2-trimethyl-S-indanol (44),

Structure VI appears to be the most probeble. The moat com-

pelling evidence for structure VI is the formstion of "A" from
S5-phenoxy-2-methyl-2-pentene when the latter was treated with a few
drops of concentrated sulfuric acid. This can best be formulsted
as follows:
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2

2  art o arag( G
7O CH,CHpCH=C(CHz)p + l | OCH,CH,CHCHAC(Cliz )
| / ‘L +

- /

(CH5)2

VI

The tertiary elkyl ion formed by protonetion of C5 in the first step

would be very reactive and alkylation would be anticipated. The fact

that only "A" was isolated also indicatecs that there was not an

initial cleavaye and then realkylation. Furthermore, l-phenoxy-4-

nethylpentane (isohexyl phenyl ether) was not cleaved under identical

conditionsa; hence, the formation of "A"™ from I proceeds intramolecu~

larly. In order to form 4-isopropylchroman (V) from I, doubtful

reverge addition of sulfuric acid to the double bond would be

required. The formetion of structure III from I by sulfuric acid

seems very improbeble, especisally, considering that cleavaye of the

ether lirkaee does not occur.

The possible exception for structure VI is the ultraviolet

cbgorption spectrur. The ultraviolet absorption spectrur can be

rationzlized for this type of structure in the followinz menner:

2=-methylcoutaran absorbs at 28l mp and 289 p (45); 2-isopropylchronan
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gbgorbs at 274.5 mp and 284 mp (see plete 5); 2,2-dimethylchromern
absorbs at 27& mp and 284 mp (45); and t-butyl prenyl cther absorbs
at 254 mp end 270 rp (see plate 4). The absorption tends are shifted
progressively to shorter wavelengths as the heterocyclic ring is
increased froxr five in coumaren , to six in chromen, to the complete
open chain in t-butyl phenyl ether. The seven merbered ring in
gtructure VI would then be expected to have absorption bends between
those of t-butyl phenyl ether end chroren. "A" gbsorbs at 265 mp and
271.5 mu wkich is in the predicted renze for gtructure VI. From tne
chemical and spectral evidence it seems Very probable that VI is the
correct structure for "A".

Structure VI could also explain the forretion of an alkyleted

phenol, "C", from "A". The ultraviolet absorption svectrum of "c!

(see plate 5) has bands at 279 mu (broad band) and 268 wp which is

typical of & p-alkylated phenol or 5-tetralol, the latter of which

has absorption bands et 279 mp, 281.5 Zph and 2€9 mp (45). Thue one

. . - “ 8 reac—
poseible structure for "I" which could be postulated from in

; . . s 3 .4 hvdrobreomic acid
tion of structure VI in refluxinz acetic acid ar.d hyd

is shown below.

CH (CH§)2
+H * / . - *
(T ) —
_ 7 N 0(02{5)20H20H20H2+
C'_ e
( H5)2 -

EO /

VI
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The initial cleavase of VI is followed by alkylation in the reta
position, The tertiary alkyl group on the ortho position could then
rearrange to the para position giving the 5-tetrelol type of struc-
ture. This mechanism is not unique for the formation of an alkylated

phenol from "A". the tertiary alkyl group could possibly be displaced

prior to the cleavege of the ether linkage. On the whole, this series
of transformations is not %00 satisfactory. The atructure of "C" is
not esteblished and it requires further work.

Phenolic Product "B"

The phenolic product "g" gnalyzed for CI2H160 which corresponded

to monoalkylation of phenol with the chloroolefin, The neutralize=

tion equivalent of the phenoxyacetic acid derivative, and the ele-

rental analyses of the 3-naphtiyl uretnsn, benzoate, and methyl

. . gt -
ether derivatives of "B" gave further evidence tnhet "3" wes & mono

alkylated phenol, such &8, Cy Hy 1 Cg iy Ot

The ultraviolet absorption spectruz of ng" (gee plate 6) wes

similar to that normally obtained from ortho cr meta alkylated

jon of the ebsorption bands were

phenols (see Table IV). The posit

considerably different from that of 2 p-alkylated phenol. This

seems to eliminste the anticipated structure, 27dimethy1°Y°1°pr°py1-

carbinylphenole. H
0
H,— C—CH
Gym T
PN

¢ . —— T N . el €A TR T
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0.7
0.6
0.5F 2
0.4}
ol3-
/
0.2+
o / 41x10%m "8
JF 2 18.x1074m "c"
CYCLOHEXANE SOLVENT
0 | L | |
260 266 272 278 284 290

A inmu

PLATE 6. ULTRAVIOLET ABSORPTION SPECTRA
OF PHENOLIC PRODUCTS




17.

TAZLE IV. ULTRAVIOLET AB3CRPTICN BANDS OF
VARIOUS ALKYLATED FHENOLS.

Comp ound Absorption bands (mp)  Reference
o-ethylphenol 272 276 (48)
o-cresol 272 278 (46)
o-t~butyphenol 271 278 (47)
m-ethylphenol 272 279 (46)
m=cresol 272 279 (46)
p-cresol 279 287 (L6)
p-t-butylphenol 277 283 (47)
p-ethylphenol 278 285 (46)
apn 272 279

Cog-eshall and Glesener (48) reported for various alkylated

phenols that a shift of the ultraviolet absorption ‘spectrum to

higher wavelengths was found for unhindered phenols in 0.1 M godium

hydroxide solutions. They included ortho-substi tuted phenols, such

g of unhindered phenols. The

as, 2,5-dimethylphenol in the clas

ultraviolet absorption spectrum of "B" in 0.1 M godium hydroxide

unpt
solution1 showed such @ shift to higher wave lengths; hence, B

was either unsubstituted in the ortho position or the groups if
present, did not sterically ninder the hydroxyl groupe An ortho-
robeble,

substituted phenol gtructure for apt appeared quite imp

SR

of "B" in 0.1 M sodium

trum .
o B. Hannan, Stendard 0il

1 The ultraviolet absorpt
hydroxide solution was determine? by Dr.
Company of Indiana, Whiting Indiana.
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since the possible alkyl groups would have six carbon atom, branched
chaein structures. Thus, from the ultraviolet spectrum "B" appeared
to be a meta or an ortho substituted phenol (which was.not hindered),
or possibly alkylated in both positions.

An analysis of the infrared absorption spectrum (see plate 7,8)
was complicated by the larze number of absorption bands. The follow-
ing groups were indicated:

phenolic C-OH 3500, 1254 —_—

c(cn5)22 1462, 1442, 1569, 1358 cm. "

The 5 u to 5 p region in the mineral 0il mull absorption spectrum5
showed 1,3 or 1,2,3 substitution on the benzene ring., Young, et al.
(49) have shown that a characteristic absorption pattern is obtained
in this region for variously substituted benzene rings. "B" absorbed
at 5.2, 5.4, 5.7, 5.0 p with approximately equal intensities. 1,3~
substituted benzene compounds show bands at 5.2, 5.4y 5.7 and & weak

bend at 5.8 p. 1,2,3-Substituted benzene compounds have bands at 5.2,

5.4, 5.5, and 5.0 u. Other structures have different patterns. The

position of absorption varics to a certain extent but the overall

pattern, including relative intensities, remains independent of the

type of groups on the benzene ringe

1 Bellamy, p. &he

2 Ibid.’ Chpo 2.

ug" in mineral oil mull

3 The infrared absorption spectrunm of Kalamazoo, Michigan.

was supplied by Dr. J. L. Johnson, Up john Company,
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1,3~ and 1,2,§-aubatitution1 was also supported by the bands
at 717 <:m.—1 and 778 cm.'-1 Unfortunately, the phenolic C-0 absorbs
in the 1200-1%00 cm.-1 region elinminating use of this region for
assignment of type of substitution. There was no band near 1025 cm.-l,
which would have been evidence for the cyclopropeane ringz. Also,
there was no sharp band present for the carbon-carbon double bond 7
at 1580-1520 I

Hence, from the ultraviolet and infrared absorption spectra
one would conclude that "B" was & phenol which wes either me ta-
alkylated, or ortho-meta dialkylated, with the latter formulation
fitting the spectra gomewhat more closely than the former. Although
it seemed most unusuel that phenol should have been mono-alkyleted
in the meta position, our initial efforts were directed toward
proving or eliminating structures of this type. At +ris stage of

the problen, the interpretation of the infrared spectrum in detail,

as above, was not possible.

For a 1,3 disubstituted benzene ring the following structures

i ived
of "B" were possible. The three structures of R in VII are der

OH
Vvila R = -CHZCHch:C(CH§)2

' - -c(CH,),— CH—CH
viIb R (oH5),— CE %2
R CH
2
BIIc¢ R = -CE ——-?(CH3)2

Ch'2—— C':i2

1 Eellary, pe 56e

2 Ivid., v. 28

5 Ibid., pe 22

—



€2,

from the three contributing forms of tihe homoallylic ion of l-chloro-
4-methyl-3-pentenc. Certein of the structures postulated for "B"

can be tentatively eliminated from the absence of certein bands in
the infrared absorption spectrwr. Thus, the absence of a medium
intensity absorption band from 1580-1520 cm.-l indicated the

absence of a carbon-carbon doublel bond, eliminating structure VIIa.
There was no evidence for the cyclopropane rin,;2 by the absence of

a band near 1025 crr..-1 which should probably heve been present if
VIIb were the correct structure. To further verify this, dimethyl-
'cycloprOpylcarbinylbenzene wes prepared by methods previously used

o prepare alkyl cyclonropanes (37, 30), and its infrered absorption

spectrun wes enalyzed (see Plate 9).

CsHghzBr + (035)2c:c(0020255)2_;, 0655C(CH5)2'CH(00202H5)2

\ Lll\lnl\x
I'3r

C5H5C(Cﬁ5)CH(CE25r)2 - % 05350(053)20:(35205)2
/S\

//-)‘/' In
*.fi £C5 C,HCE .
25 ciy  OHy
|7/
C.%_— C—CH
275
N
Cn§ Ch,

T ed by the infrared
T.e structure of the product was supported by tue in.r

i bands at 1017 cm.-l for the
absorption spectrun with gbsorption bands at 1ul

1 Bella-y, p. 32.

2 Ibid.’ p. 2“:’0

——

LN
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cyclopropane ring, bands at 1445, 1388, 1358 cm?l for C(Cﬁi)o end
the patiern in the 5 p to 5 Jp region wes ginilar to that found by
Tounr, et al. (42) for monosubstituted benzene ring. Dimethyl-
cyclopropylcerbinylbenzene had four typicel bands at 5.15, 5.35, 5.4,
and 5.78€ p which were similar to those for a monosubstituted benzene
rine, Honosubstitutionl was also furtner verified by the absorplion
bands at 755 cr.':.-1 and 599 cm.—1 Tne presence of a sharp cvclopropyl
oand at 1C17 cm.-1 in dimethylcyclopropylcarbinylbenzene indicated
if VIIb were the correct structure, the 1017 cm.“1 should heve
appeared in the spectrum of "3,

O<idation of "3" with potassium perumenanetc was atteripted
several times following & procedure (27) which had previously been

used successfully on monoallylated phenolse The purpose was to

OH

! Kl‘anl+
7 - > R‘COZH + CO, + }‘.20
S - R

obtain the alkyl sroup as an acid which could be converted to an

P
enide and eventually characterize the elkyl group. Unfortunately

istillation under reduced pres-—

o s isomylacetic acids (3:{5)201—;&3,01%20}{20)25,

ti.c "acid" obtained decomposed on d

sures; yet monocarboxylic acid

can be distilled at atmospricric pressures without decompo=

sition.

1 Fellamy, pe 2%e
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The methyl ether of "3" (infrared absorption spectrum given
in Plete 10) was then oxidized with potassium permenganate to
determine the position of alkylation. It was hoped to isolate a
methoxybenzoic acid; nhowever, the mixture isolated was a dark oil
wiich did not solidify. If VII were the correct structure, an R

group as in VIIb would not be expected to give & benzoic acid

> OCH

KNnO
A, 400, + HO

R CO,H

because of 4he tertiary alkyl group adjacent to the ring. VIIa and
VIIc would be expected to give the acid more essily. Additional
structures of "3" will be postulated later which also would not be
anticipeted to oxidize completely because of a tertiary alizyl group
ad jacent to tiie benzene ring.

further experiment designad to snow the alkylation of "3"
was noi para, was the atterpted nitrosation of "B". The experimental
procedures used (2&, 29) gave good results with m-cresol. Nitrosa-
tion of m-t~butylphenol using tie sare conditions, however, gave
inconclusive results. A dark colored matericl was obtained. A
solid product was obtained from the nitrosation of "B"; the analysis
of the nitrosated product gave a very low analysis for nitrogen and
hirh analysis for carbon. Thus "B" acted similar to m=-t~butylphenol
in not giviny the appropriate nitrosophenol. The unreactivity may
be attributed to the steric hindrance of a large group present in

the meta position.
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In summary, then, oxidation and nitrosation experiments are
not consistent with structures VIIa or VIIc, but indicate that a
large group may be present in the position meta to the hydroxyl.

Other structures for "B" were possible which could fit the
spectral and chemical evidence; i.e., the trisubstituted benzene
ring. Any trisubstituted benzene ring would require that zroup
occupying the ortho position to tke hydroxyl group be small. 1,2,3-
Trisubstituted benzene structures for "B" involved bicyclic struc-

tures as VIII and IX.

OH
B
CH
>
CH, CH
> 5
VIII IX

Both structures VIII and IX were compatible with the infrared
absorption spectrum of "3", with the group C(CH5)2 present and 1,2,3
trisubstitution. The ultraviolet absorption spectrum of "3" was
similar to S-tetralol which absorbs at 271, 272 and 279 op (45), but
dissimilar to 4 indanol which absorbs at 259, 270 and 275 mp (45).
"B" absorbed at 272 mu end 279 mp. Either VIII and IX were also com-
petible with the ultreviolet absorption spectrum of "B" in allaline
solution on the condition that position 4 in VIII end 3 in IX were
unsubstituted. The methylene group should offer no more and pro-

bably less hindrence than the methyl group in 2,5~dimethylphenol.
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Structures VIII and IX are also consistent with the chemical
evidence. The relative ease of formation of derivatives of "B", such
as the benzoate, indicate that the phenolic hydroxyl group was
unhindered. The tertiary alkyl group would prevent oxidation of the
methyl ether of "B" to 3-methoxyphthalic acid. The experimental
conditions used in the oxidation of "B" itself were not suited to
the isolation of a dicarboxylic acid. Dicerboxylic acids, such as
adipic acid, are not readily extracted from aqueous solutions by
benzene. The meta tertiary alkyl group would also be consistent
with the lack of formation of & nitroso derivetive from "B". Further-
more, the bicyclic structure would eliminate the need for a mechanism
to explain meta substitution in phenol, which normally sqbetitutes
in the ortho or para positions.

The preparation of 5-(o-hydroxyphenyl)=2-methyl-2-pentene end
the corresponding para isomer was attempted to see if they were

intermediates in the forwation of "A" and "3".

C CH~C-Ci( Cily )5 Pt H, CH20H2(",'CH( CHz)2
.
LL1A1H4
OCH o
-H 0 ,\ CHZCHzt')HCH(Ch’})Z

Y




r




&
Unfortunately, tre dehydration of 1-(o-methoxyphenyl)-4-methyl-
3-pentanol with sulfuric acid gave a mixture, The dehydration of
1-(p-methoxyphenyl)~4-methyl-3-pentanol using whitmore's (34) modi-
fication of the Tachugaeff reaction also gave a mixture.
A better procedure for preparing 5~(2—methoxyphenyl)—2-methy1—
2-pentene would be by the dehydretion of the tertiary alcohol, 5-

( o~-methoxyphenyl-2-methyl-2-pentanol. oH

OH 0 5
Cu~Cr CH2-CH2—CH20H CHZC}i2CH20H
’ (CH, )30
H2 2”74
250°, 100 atms. aq. KOH )
err
OCH§
CH
L2 OCH5
CHA~CHA=CHA=C-0X
2 2 2 | (1) Mg o
(2) Acetone
L—Hzo (3) H,0
5 OH
mﬂ5
| NY G0, 0= C(OH5 ) - HyCH,0H:C(C25),
LIS
e AcOH

This proposed series of reactions leading to the tertiary alcohol
starts with the reduction of coumarin. Unfortunately it was not
possible to carry out this reduction because adequate hydrogenation
apperatus was not available.

Phenolic Product "C"

"C" analyzed for C1oH140. The infrared absorption spectrum

(see Plates 11 and 12) were very similar to "B" with the differences
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occurring from 1200 cm..1 to the lower frequencies. The infrared
abscrption spectrum eppears to support the same tyve of substitution
on the benzene ring as "3". The ultraviolet absorption spectrum
(sec plete 5) indicates that "C" is a para substituted phenol with
bands at 279 mp and 286 mp. (Cf. with the p-alvylated phenols in
Table IV). A 3,4-disubstituted phenol as shown in structures XI and
XII is possible. The ultraviolet absorption spectrur of "C" is

more consistent with that of S=-tetralol (45) with absorption bands
HO HO

CH
>

XI XI1I

at 279, 281.5 and 289 mp than with S-indanol which hes absorption

bande at 282 and 265 mu. Thus XI seems the more probable structure

for "C".

Since "C" was isolated in small quantities, no chemical degra-

dation or reactions were attempted. It was hoped that thne eventual

determination of tne structure of "B" would indicate tre possible

atructure of "C". More of "C" will be available from the reesction

- . . = wan nade
of "A" with hydrobroric acid and acetic acid, since A" can be ma

in larger quantities from 5—phenoxy-2-methyl-2-pentene and sulfuric

acid, than from the dircct reaction of l-chloro-l4-methyl-3-pentene

with phenol.

The formation of compounds of gtructures similar to XI and XII

3 1
have been reported by Bruson and Kroezer (50). They alkylated pheno
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with 2,4=-dimethyl~2,4-hexandiol, 2,4-dimethyl-2,4~dichlorohexane,
and 2,4-dimethyl-2, 4=hexadiene using aluminum chloride as a catalyst

and in each cese isolated the same alkylated phenol to which they

cave the structure XIII (1,1,4,4-tetremethyl-5-tetralol). However,

CH CH
ca5 Ch3
XIII

the proof of structure was not rigorous. Erugon and Kroeger (50)
also found that alkylation using sulfuric acid as the catalyst
geve an isomeric alkylated phencl for which they postulated struc-

ture XIV (l,l-dimethyl—i-isopropy1-5—indanol).

HO
CH(CE5)2

CH, ¢CH
2 >

LIV

) -
The products, then, of tne reaction between l-chloro-4-methyl

with
3-pentene and phenol are an ether of structure VI end a phenol wi

the probable structure VIII. These are not the anticipated products,

had the double bond perticipated in the reaction analojously to its

role in the formation dimethylcy01opfopyl°arbin°l from the chloroolefin.
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There is no doubt, however, that the iB,\'-double bond has been
effective in activatine the primary carbon to chloride bond. The
mechanism by whiclk this ectivation occurs is not clear, and it
requires further study. In addition to the need for more evidence
on the structure of the products described in this thesis, it would
also be adventageous to study the effect of structure of ine chloro-
olefin a.l the phenol on the course of the reaction. Other experi-
nents with 1,4~dichloro-4-methylpentane, S5-chloro-2-rethyl-2-pentanol,

and 4-riethyl-1,3-pentediene and phenol might also be helpful.




SUMMARY

The rearran~ement of dimethylcyclopropylcarbinol with hydro=-
enloric acid, to l-ciiloro-4methyl-3-pentere, end the hydrolysis of
the latter back to dimethylcyclopropylcerbincl was reinvestigated
using infrared absorption spectra. The rearrencement and tne
assisned structures were cor.firmed. 3everel attempts were meade to
prepeare dimetnrlcyclopropylcarbinyl chloride from the corresponding
alcohol by methods which were known to prcduce alkyl halides from
alcorols witnout reerrangencnt. Trese methods were unsuccessfulj

in eecl. cese, Aimethylcyclopropylcarbinol eitrer did not react or

“u

thie rearranged citloride, l-chloro-4-methyl-7-pentene, wes obtained.
o
1-Chloro-4-methyl=-3-pentere, wnen heated with phencl at 150,

cave two isoreric crystalline products. One was an either to which

structure VI was tentetivelv agsigned. The elerental anelysis end

infrered and ultreviolet absorption spectra were consistent with

this structure. Furtnermore, tre ether was synthesized from 5-

phenoxy-2-rethyl-2-pentene, by treetment with concentrated sulfuric

CH5 CH5

VI

i ) i ror this ether
acid. A nuzber cf 1lilely elternative astructures for in

were examined and discarded.

The second product was &n alkylated phenol. The anticipated



product of the reaction was p-dimethylcyclopropylcarbinylphenol.
Infrared and ultreviolet absorption specira quickly demonstrated
that the ant;cipated product was not obtained. A number of possible
structures were considered, and the one which is most consistent

with the chemrical and physical evidence is 1,1-dimethyl-5-tetralol

OH

CH5 CH

VIII

>

(structure VIII), but further work is necessary to establish this
structure conclusively.

When the ether, 5,5-dimethylhomochromen, wes treatecd with hydro-
bromic acid and glecial acetic acid, another isomeric ptenol was
obtained. The structure of this compound is not clear, but it prob-
ebly has alkyl substitution para to the hydroxyl group.

Durirg the course of these studies several new corpounds were
preparcd. These compounds were: 2-igsopropylchroman, S-phenoxy=-2-
methyl-2-pentene, 5-(o-methoxyphenyl)-2-methyl=-3-pentanol, 5-(o-
methoxyphenyl)~2-metiiyl-3~pentarone, 5-(p-metnoxyphenyl)-2-methyl-
3-pentanol, 5-(p-methoxyphenol )~2-methyl-3-pentenone and dimethyl-
cyclopropylcarbinylbenzene. Some reactions of t-butyl phenyl ether

were also examined.
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