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1. INTRODUCTION



This research is a continuation of the work
initially started by arthur J. Birch? involving
the reduction of A-methylanisole (one mole) with
1.9 moles of sodium and methyl alcohol in liquid

- ammonia, as indicatedq:

CH.C.H OCH, + Na + CH.OH liquld
3%67, 3 3 ammonia

L-methylanisole
{p-tolyl methyl ether)

GH3C6H6OCH3 h%droi%z:d ; CH4CH,OH

dihydro 4-methylanisole L-methyl-l,3-
83.9% of theoretical yield cyclohexadien-l-0l

> 03306370

«

f=-methyl-2-cyclohexen-l=-one
33.0% of theoretical yield

The f-methyl-2-cyclohexen-l-one reacted with
semicarbazide and 2,4-dinitrophenylhydrazine rea-
gent to give the usual ketone derivatives, melting
points 188-189°C, and 158-159°C., respectfully.
The melting point of Lf-methyl-2-cyclohexen-l-one



semicarbazone is different from the suprosedly
identical compound prepared by Kotz and Stein-
hortll , reported melting point 18&—185°G.

The theories regarding the mechanism of
this reaction and related experiments have been
published by C.A. Krausl?, H. Levy and A.C.
copell, Chablay?, A. A. Mortonl5, Piazolal®,

8. K. Cénpbell and B, Camp-

Einhorn and Ehret
bell6, Eazanskiil®, and Beilstein references
to Behall,

It may be interesting to note that the two
hydrogens asdaded to0 the benzenoid structure dur-
ing reduction are attached to tﬁe second and
f1fth carbon atom. This was lndicated by Birch®
in his inltial paper.

Arthur Birch ocontinued the reduction
methods with anisyl aleohol3 or p-methoxyphenyl
carbinol. The reduction of anisyl alcohol with
sodium and ethyl élcohol in liquid ammonia gave
the following products: p-tolyl methyl ether,
29%; dlihydro p-tolyl methyl ether, 7%; and
unhydrogenasted produet, 59%. The above reaction

ogcurred as follows:



°Hbﬂzceﬁa0°33 + Na + 023503 é:ggida R

anisyl alcohol

CH,C H OCH, + CH. C H OCH, + unhydrogenized

p-tolyl methyl dihydro p-tolyl *

ether methyl ether

The semicarbazone derivative of dihydro-p-
tolyl methyl ether melted between 188-189°G..
indioating that it was probably h-methyl-é-
ocyclohexen~-l-one semioarbazone, melting point
188-189°C,°

The p-tolyl methyl ether, boiling noint
175-177°C., corregponds to the same physiocal
constaht given by Heilbron® (b.p. 175-176%.).
The other products desoribed in Birch's article
were not of immediate interest to the tyre of
research perrorméd for this paper.

The research involving reduction by
dissolving metals was extended by Biroch in a
third paper® which presented a more thorough
examination of reduotion with sodium and alcohol

in liquid ammonia. Various methoxy benzenes



were examined but the reduction of dimethyl-p-
toluidine and p-tolyl methyl ether was of
primary interest,

The reductions were carried out by three
methods. Method A utilized sodium and excess
aleohol in liquid ammonla, adding two hydrogens
to the benzenoid structure. Method B included
the procedure of method A followed by further
action by an increased quantity of sodium and
liquid ammonia, adding four hydrogens to the ben-
zenoid structuré. Method C utilized reduction in
ether with c¢aloium hexamine (prepared by reaocting
czaloium with liquid ammonia), adding four
hydrogens to the benzenoid nucleus.

The reduction of a substance by method A,
with sodium and alecohol in liquid ammonia, added
two hydrogens to the benzenold nucleus to form a
dihydro compound. The reaction involved 7.0 g.
of substance, 7.0 g. sodium, 15.0 g. ethyl
aleohol and 130 ml. of liquid ammonia. The
sodium was added to the solution in 45 minutes
and allowed to reaot with rapid stirring until
the blue color (formed by sodium and ammonia)

disappeared, The pasty mass, formed during the



the reduction, was cautiously decomposed with
100 ml. of water and the oil (dihydro compound)
was extracted with ether and distilled.

The methoxy alkyl dihidrobenzene, formed by

reduction method A, was shaken with a saturated
solution of sodium bisulrite (10.0 g.) for
twelve hours to form a solid sodium bisulfite
addition proddct. The addition product was de-
composed with a solution of sodium carbonate
(5.0 g.) in 15 ml. of water to form an oil.
The oil (¢,v-unsaturated ketone), obtained from
the hydrolyzed methoxy alkyl dihydrobenzene, was
extracted with ether and distilled under reduced
pressure,

The @,Y-unsatﬁratad ketone 2,4-dinitrophenyl-
hydrazone was prepared by adding an excess of
2,4-dinitrophenylhydrazine, dissolved in 5% sule-
furic acid and ethyl aleohol, tb methoxy alkyl
dihydrobenzene or #,v-unsaturated ketone. The
2,4h=-dinitrophenylhydragone derivative was washed
with aqueous sodium carbonate and water to remove
any acid that would probably isomerize it on
recrystallization. The 2,4-dinfitrophenylhydra-

zone derivative was isomerized to «,P-unsaturated



ketone 2,4~dinitrophenylhydrazone by refluxing
for three minutes with a few drops of sulfuriec
acid in aleohol or benzene,

The ¢ ,¥Y-unsaturated ketone was shiken with
aqueous semicarbszide and sodium acetate to form
a semicarbazone derivaﬁive. It should be noted
that the sodium acetate was not added until the
unsaturated ketone had been dissolved in the
aqueous semiocarbazide,

The reduction of a coﬁpound by method B or
C added four hydrogens to the benzenoid structure
to form a tetrahvdro compound, conseguently, these
two reduction methods were not utilized in this
research,

The reduction of dimethyl-p-toluidine and
hydrolysis of the product to the ¢ ,r-unsaturated
ketone, by method A, gave the following products:

[y

°H3°6543‘°H3)2 + Na « GZHSOH ;iggida 3

~dimethyl-p-toluidine

GH36636N(CH3)2

dihydro dimethyl-p=-toluidine



03366H6N(0H3)2 hgdrg;xsis , (CH3)2NH *

NayCO;

dihydro dimethyl- dimethylamine
p=toluidine

CH306H70

h=methyl-3-cyclohexen~l-0no

The reduction of dimethyl-p-toluidine (7.0
g.) formed 4.1l g. Of L-methyl-3-oyclohexen~l-one,
boiling point 749C. at 17 mm. pressure or 169-
172%, at 755 mm, pressure, A quantitative
analysis of the unsaturated ketone indicated the
emnpirical rormulg C7H100. A spectroscopic
analysis indicated an absence of a maximum wave
length at 2260 A. ( moli 870) confirmed as , -
unsaturated ketone.,

The reaoction of 2,4-dinitrophenylhydrezine,
dissolved in 5% sulfuric acid and ethyl aloohol,
with the dihydro compound or L(-methyl-3-cyclo-
hexen-l-one formed orange prisms, m.p. 120-121°0.,
wavelength max. 3680 A. and max. 20,200,
identified as L-methyl-3-oyclohexen-l-one 2,,-
dinitrophénylhydrazone. The quantitative analysis



of the derivative indicated the empirical formula-
G13H) 0N, . |

The reaction of semicarbazide with the di-
hydro compound or Le-methyle3e-cyclohexen-l-one
formed a colorless c¢rystalline material, m.p.
188-189%., wavelength'max. 2330 A, and  max,
11,300, identified as k-methyl-B-cyclohéxen-l—
one semicarbazonse.

The 4f=-methyl-2-cyclohexen-l-one was pre-
pared by rerluxing L-methyl-3-gyclohexen~l-one
with 3% aqueous sulfuriec acid for six hours.

The reduction of dimethyl-p-toluidine by
method B or C formed tetrahydro dimethyl-p=
toluidine which hydrolyzed to 4-methyl
cyelohexanone,

The reduction of p-tolyl methyl ether by
method A and hydrolysis of the dihydro compound
formed the following products:

CH,C,H OCH, + Na + C_H_OH ligquid
36, 3 PN T

p~tolyl methyl ether

CH4C H OCH,

dihydro p-tolyl methyl ether



CH.C K OCH _ _ hydrolysis CH.C H 0
3%eBe00;  —priIoliels 3%y
NaZCOg

dihydro-p=tolyl hemethyle3-
methyl ether cyclohexen-l-ony

The reduction of p-tolyl methyl ether (7.0 g.)
produced 5.0 g. of dihydro-p-tolyl methjl ether,
b.p. 167-170%C., 71.4% of theoretiocal yield. The
dihydro compound was sh5wn to be 94% pure by the
formation of a 2,4~dinitrophenylhydrazone deriva-
tive, m.p. 120-121%. (identical to the 2,4=-
dinitrophenylhydrazone prepared from dihydro 4-
methyl anisole, dihydro dimethyl-p~toluidine and
L-methyl-3-cyclohexen-1-one).

The semiocarbaszone af f-meihyl-3-oyclohexen-l-
one or dihydro-p-~tolyl methyl ether was color-
less orystalline material, m.p. 188-189°C.,

max. 2330 A, and max. 11,300, identified as
L-methyl-3-¢yclohexen-l-one semicarbazone. It is
interesting to note that Birech's original paper2
identified the semicarbszone of L-methyl-2-
cyclohexen~l-one with the same melting point as
that of 4-methyl-3=cyclohexen-l-one semicarbazone,
m.p. 188-189°G., |

The reduction of p-tolyl methyl ether by



method B formed 6.7 €. of methyl-l-cyclohexene,
b.p. 105-1109C., 10% of theoretical yield. This
liquid product reaocted with 2,4-dinitrophenyl-
hydirazine reagent to form nitrolpiperidine of
methyl-l-oyclohexens m.D. Ll46-147°C.

The reduction of p-tolyl methyl ether with
sodium and a reducing aleohol in liquid ammonia
is of vrimary interest,. But, the other reduction
products mentionéd in the introduotion may be
tormed in the reduction of p-tolyl methyl ether,
sconsequently, it beocomes advantageous to utilize
the material as a basis for an understanding of

the experimental results.



11, OBJECTIVE



The initial objective has been to become
acquainted with the technique of handling the
reduction of p-tolyl methyl ether, consequently,
modiel experiments were performed that correlated
with the procedures presented by Birch in the
original literature.%s3sk

Generally, the reduction of p-tolyl methyl
ether (also ldentified as p-oresyl methyl ether,
methyl-p-tolyl ether and A-methyl anisole)
proceeds asocording to the data given in the
original literature, oconsequently, with the
esfablishment of success. in various reduetions
it becomes of interest to reduse p-tolyl methyl
ether byvother methods.



III, EXPLRIVENTAL




A. Reduction of.p-tolyl methyl ether with sodiuﬁ
and alocohol in liquid ammonia.
1. One mole of p=-tolyl methyl ether react-
ed with 3.96 moles of sodium and an excess
of ethyl alcohol in liquid ammonla to form
dihydro p~tolyl methyl ether, as follows:

OH,C,H OCH, + Na + CpHOH lutg

p-tolyl methyl ether

03306360033

dihydro p-tolyl methyl ether

The reduction involved 19.7 g. of p=-
tolyl methyl ether, 14.0 g. sodium and 45 ml.
of ethyl aleohol in 300 ml. of liguid
ammonia, The sodium was added to the solu~--
tion of p-toiyl methyl ether, ethyl aleohol
and liquid ammonla in 40 minutes with inter=
mittent shaking. The blue ocolor of the
reacting material had not disappeared in

four hours, therefore, the material was left

. overnight, in the reaotion flask (Dewar flask),



to complete reaction and permit evanoratian
of the liquid ammonia. The gray solid formed
during the reduction was desomposed with ioce
and water to form an 0il layer which was ex-
traoted with ether.

The aqueous layer gave a negative test
with 2,4-dinitrophenylhydrazine reagent,
thus, indiocating the absence of any dihydro
compound,

The ether-oil layer was dried over
ocalcium sulfeste (Drierite) and fractionally
distilled as follows:

M.P.%., g. of % of
o of 2y4= dihydro
Fraction B.P. C. ml. 2,4-DRPH DNPH oeomp'd.

1 30-60 33 110-117 0.2 0.2
2 - 66-167 37 115-121 0.6 0.7
3 167-170 3 - - -
b 172=173 1k - - -
5 174 5 - - -

residue above 174 -
2,4-DNPH-indicates 2,4~dinitrorhenylhydrazone.
The constitution of each fraction was

tentatively concluded to be the following:
fraetion 1, predominantly diethyl ether;



rractiqplz,‘etnyl aloohol and diethyl ether; .
fraction 3, eolorless liquid, boiling point
167-170°C., tentatively identified as dihydro
p-tolyl methyl ether, b.p. 167-170%.%, 15%
of theoretical yield; fraoction 4, pfobably
unreacted p-tolyl methyl ether; fraction 5,
unreaoted p-tolyl methyl ether; residue, an
insuffiolent quantity for identification.

The hydrolysis of %ha tentatively identiflied

dihydro oomponnd is described in part four.

2e One mole of p-tolyl methyl ether react-
ed with 5.25 moles of sodium and excess of
anhydrous isopropyl aleohol in liquiad
ammonia to give dihydro p-tolyl methyl ether,

a8 indicated:

CH.C H OCH, + N + (CH CHOH
34 3 8 { 3)2 0 ;mngnda

p-tolyl methyl .ether
03306560033

dihydiro p-tolyl methyl ether

-lh-



The reduction involved 50 ml. of p-
tolyl methyl ether, 48.5 g. sodium, 100
ml., anhydrous isopropyl alcohol and 750 ml.
of liquid ammonia. The sodium was added to
the reacting materiasls (in a Dewar flask) in
14 hours, After five hours an additional
10 ml. of anhydrous isopropyl aleohol was
added to enhanoe the disappearance of the
blue coloration in the mixture, 971he evapor-
ation of the liquid ammonia left a gray
residue whioh was decomposed with cold
water., The 01l was extracted with ether
and dried over calcium sulfate (Drierite).

The agueous layer gave a negatlve test
with 2,4-dinitrophenylhydrazine indicating
the absence of any dihydro p-tolyl methyl
ether,

The ether-o0il layer was fraoctionally
distilled and the various fractions tested
with 2,4-dinitrophenylhydrazine reagent as

follows:



M.P.%C., g. of % of
o of 2,k= 2,4- dihydro
Fraction B.P, C. ml, DNPFH DNPH eomp'd.

1 30-80 140

2 87 12 118-121 0,6 2.6
3 168-170 25 - - -
4 172-175 2 108-110 0,5 12.0

residue above 175 2 1ll1-118 0.8 20.0

2,4=-DNPHeindlcates 2,4-dinitrophenylhydrazone.

-The 2,4=dinitrophenylhydrazine reagent
econsists of 2,4~dinitrophenylhydrazine
dissolved in isopropyl alcohol and 5 percent
sulfuric acid.

The various fraotions were summarized
asg follows: fraection 1, predominantly di-
ethyl ether; fraction 2, isopropyl alcoqol
and other higher boiling material; fraction
3, a eolorless 1liquid, b.p. 167-170°C.,
tentatively identified as dihydro p-tolyl
methyl ether, b.p. 167-170%.%, 50% of
theoretical yield; fraction 4, a solution
of unreacted p~tolyl methyl ether &nd di-
hydro p-télyl methyl ether which waes indi-
cated by the formation of 2,,i-~dinitrophenyl-
hydrazone; residue, similiar to fraction
4L with a higher percentage of dihydro p-
tolyl methyl ether.

-16-~



3. One mole of p-tolvl methyl ether reacte
ed with 5.35 moles of sodium and an excess
of snhydrous isopropyl alcohol in 1liquid .
ammonia to give dihydro p-tolyl methyl sther

a8 follows:

CH306HAOCH3 Na + (bEB)ZCHOH ;éggida 3

p~tolyl methyl ether

-CH306360CH3

dihydro p=-tolyl methyl ether

The reduction utilized 35 ml. of p-tolyl
methyl ether, 36.0 g. sodium, 100 ml. iso-
propyl aleohol and 300 ml. of liquid ammonia,
The sodium was added in 1 3/4 hours and
allowed to resct until the blue coloration
disappesred, When the reduction was com-
pleted the ammonis was allowed to evaporate
by removing the material from the Dewar
rlask. The gray solid was decomposed with
{o0e and water to form an 0oil layer which

was extracted with ether,

-17-



The aqueous layer gave a negative test -
with 2,4-dinitrophenylhydrszine resagent,
indicating the absence of any reduction
product.

‘the ether-oil layer, which wes dried
over Drierite, was fractionally distilled
and the various frections were tested with

2,4=-dinitrophenylhydrazine reagent as follows:

¥.P,%. 2. of % of
o of 2,4- 2,4~ dihydro
Freetion B.P. Co ml. DNFH DNPH oomv'd.

1 35-80 40 -

2 145=-165 3 117-121 O:A 6:6
3 167=-170 14 - - -

residue -

2,4~-DNPH-indicates 2,4-dinitrophenylhydrazone.

The constitution of each fraction was
tentatively concluded to be as follows:
fraotion‘l, predominantly diethyl ether and
isopropyl alcohol; fraction 2, unidentified
higher boiling materisl with a small amount
of dihydro p-tolyl methyl ether; fraction
j,a co;orless‘liquid, b.p. 167-170%,., tenta-
tively identified as dihydro p-tolyl methyl

~18-



ether, b.p. 167-170°., 40% of theoretical
yield; residue, an insufficient quantity far
jdentifiocation.

The tentatively identified dihydro
compound reacted with semicarbazide hydro-
chloride to form a small quantity of
semioarbazone, m.p. (15&0) 165-187°%. (un-

jdentified).

Ls The various colorless liquid gractlona
- from the three previous proparations,
tentatively identified as dihydro p-tolyl
methyl ether, b.p. 167-170%.%, were
sombined (refractive index 1.4891 at 209,
no previous literature reference) and
treated as follows:

‘Procedure A involved the reaction of
dihydro p-tolyl met yl ether (1,08 g.) with
sn excess of 2,4-dinitrophenylhydrazine

reagent to form the following product:



+ (NO

GHBGbﬂbOGH3 2)206H3NHNH2 .

dihydro p-tolyl 2y4~dinitrophenyl-
methyl ether hydrazine

CH,C_H_NNHC HB(NO

36, NNHC H3(NO5 ),

h-methyl-3=-cyslohexen~l-one 2,4=-dinitro=-
‘phenylhydrazone

The orange orystalline solid, 1.3 g.,
m.p. 115-117%C,, was tentatively identified
a8 4-methyl-3-gyclohexen~l-one 2,4=dinitro-
phenylhydrazone, m.p. 120-12100.“, 50% of
theoretioc=1l yleld.

Procedure B involved the reaction of
dihydro p-tolyl methyl ether (1.6 g.) with
an exoess of semioarbaszide hydrochloride and
sodium acetate to form the following pro-

duoct:

0 ,
CHBObﬂéoGHB * NH,NHCNH, . CH3COONa ,

dihydro p-tolyl semicarbszide
methyl ether

high melting semicarbazone, unidentified

2=



The material was allowed to react for
ﬁhree days with no ocourrence of any solid
semicarbazone, consequently, the mixture was

heated for one hour between 90-100°G. and
cooled to form 1.0 g. of an unidentified
buff solid, m.p. 245-247°C. A mixed melting
roint with a simillar semicarbazone, obtained
by Dr. Max I. Bawmgn when refluxing the semi-
carbazone of 3-methyl-2-cyclahexen-l-one
with an excess of semicarbazide hydrochlor-
ide, was 24,5-246%., The above results
tentatlively indicated that the higher
melting semioarbazone is not derived from
the ketones but from the semlcarbazide

hydroehloride.

Procedure ¢ involved the reaction
of dihydro p-tolyl methyl ether (20.0 g.)
with an exoess of sodium bisulfite (25,0
g.) and 10.0.g. of sodium ocarbonate to
form the following products:

-2l=



033063 QCH, + HaHSO3 -

6 3

dihydro p-tolyl methyl

ether

uH30636(0H)bOBRa NiQO; a 63306370
sodium bisulfite addition femethyle3-
compound of L-methyl-3- cyclohexen=~

cyclohexen=l-0ne l-o0one

A yellow viscous solid formed after
shaking the dihydro>compound with sodium
bisulfite for 24 hours, The filtration of
the mixture gave a buff solid, hA-methyl-3e
ocyclohexen~l-one bisulfite addition com-~
pound, whioh was decomposed with 10.0 g.
of sodium carbonste (dissolved in 30 ml. of
water) to form an oil which was extracted
with ether and dried over magnesium
sulfate,

_ The aqﬁeous laysr reacted with 2,4~
dinitrophenylhydrazine rgagent to form
0.7 g€. of an unidentified dark red solid,
m.p. 133-165%,

The ether-oil layer was fractionally

distilled and the various fractions



treated with 2,4-dinitrophenylhydra~ine

resgent as follows:

1.p.%. &. of % of
° of 2,4= 2,4~ dihydro
Fraction B.P,"C. ml, DNPH UNPH c¢omp'd.

1 36«65 15 122-123 0.4 1.1
2 169-173 10 - - -
residue above 173 4 - - -

The various fractions were identified
ag follows: fraction 1, predominantly di-
ethyl ether and a small quantity of L-metryle
3~-cyoclohexsen=-l-one; fraction 2, a colorless
1iquid, b.p. 169-173%,, identified as k-
methyl-3=-0cyclohexen~l-one, b.p. 169-17200.4,
approximstely 50% of theoretical yield;
residus, unidentified material whieh gives
a negativs teét with an excess of hydroxyle
amine hydrochloride and sodium acetats.

The j-methyl=-3-syslohexen-l-dne was
indirectly identified when 2,4-dinitro-
phenylhydrazine reagent reasocted with the
unsaturated ketone present in fraction one
to form an orange crystalline solid (re-

orystallized from methyl aleohol and



ether) m.p. 122-123°C., identified as
Lemethyl-3-cyclohexen-l-one 2,4-dinitro-
phenylhydrazone, m.p. 120-121°9¢.%

The comnosition of fraction two was
further estsblished when 1.2 g, of the
unsaturated ketone rezcted with an excess
of semicarbazide hydrochloride and sodium

acetate.to form the tollowing product:

03306370 ¥ KZNHngNHz'ﬁCl GHBGDONa
h=methyle3- semicarbazide
cyclohexen~l- hydrochloride

one

9
OH G, H_NHNGNH,

hemethyle3-gcyclohexen«l-one semicarbazone

The reaction formed 1.2 g, of =
white solid (recrystallized from methyl
aleohol and ether), m.p. 188-189%.,
identified a8 4-methyl-3-cyclohexen~l-One
semicarbazone, m.p. 188—18900.“, 80% of

theoretical yleld.

-2



The refractlive index of f-methyle3-
cyclohexen~-l-one was 1,47085 at 2100.,
no previous literaturé reference.,

Various attempts to prepare the oxims
of h-methyl=-3-gyclohexer-l-one, formerly
prepared by Behal as indicated by Beil-

steinl, have been unsuccessful.



B. Reduction of p-tolyl methyl ether with
gsodium and alecohol in ethyl amins,

1. One mole of p-tolyl methyl ether
reacted with 3.79 moles of sodium and an-
nydrous isopropyl alcohol in ethylamine as

rfollows:

GE306H50633 + Na « (GHa)ZGHQH CQHSNHQ

p-tolyl methyl ether
no reduction product

The reaction involved 9.7 g. of p-
tolyl methyl ether, 7.0 g. sodium, 19 ml.
anhydrous isopropyl aleohol and 90 ml. of
ethylamine., The sodium, which reacted in
a mild manner, was added in twenty mlinutes.
The material, whioch contained unreacted
sodium after 48 hours, indieated the ab-
sence of any redustion product when treated
with 2,4-dinitrophenylhydrazine reagent.
The partially solid material, after 72

hours, was decomposed with water to form

w26



an oil which was extracted with ether.

The various tests of the'ether-oll
and aqueous layers with 2,4-dinitrophenyl-
hydrazine reagent indicated the absence

of a reduction product.

24 One moles of p-tolyl methyl ether was
reduced with 3.79 moles of sodium, ethyl
aleohol in ethylamine and bromine, as

follows:

GH3°63aOCH3 + Na + CoH40H Gggsﬂgal

p=-tolyl methyl ether

CH306H9

methyl-l-cyclohexens

The reduction utilized 9.7 g. p-tolyl
methyl ether, 7.0 g. sodium, 29 ml. ethr1l
aleoohol, 80 ml. ethylamine and 4 ml. of
bromine., The sodium was added to the solu-
tion in ten minutes and after li hours no

further reaction was perceptible,



consequently, 19 ml. of ethyl aleochol was
added to initiste further activity. The
reduction was incomplete after 24 hours
(indicated by unreacted sodium), therefore,
an additional 20 ml. of ethyl aleohol and

L ml. of bromine were added to the reaction
mixture in an attempt to obtain a complete
reduction.

The white material formed during the
reaoction was decomposed with water and the
0il was extraocted with ether; The ether-
0il layer, dried over calcium sulfate

(Drierite), was fractisnally distilled as

follows:
Fraection B.P.%. ml,
1 ‘ 60-90 64
2 97-110 6
residue - -

The constitution of eaoh fraction was
as follows: fraction 1, predominantly di-
ethyl ether and ethyl alcohol; fraction 2,
a oloudy liquid, b.p. 97-110°C., tentatively
faentified as methyl-l-cyclohexene, b.p.



105-110%C.% and 110-111°.13; residue, in- -
sufficient quantity for identification.

The liquid obtained in fraction two
was treated with 2,a-dinitrophenylhydrazine
reagent to form an orange orystalline solid,
Mm.Pe 138-1b8°0.. tentatively identified as
nitrolpiperidine of methyl-l-cyclohexene,
m.p. 146-147°C.%

The aqueous layer reacted with 2,4«
dinitrophenylhydrazine reagent to form an
orange orystalline material, m.,p. 141~
1459C., tentatively identified as nitrol-
piperidine of methyl-l-cyclohexene, m,p.
146-147°C .4

The use of bromine as s ocatalyst was
an extension of Einhorn's and Enretts®
method which utilized bromine in the ben-

zene ring as a means of facilitating

reduction with sodium and amyl alocohol.

3. One mole of p-tolyl methyl ether resact-
ed with 5.26 moles of sodium and ethyl
‘aloohol in ethylamine and bromine, =as

follows:

-29=



GHBGéHAQOHB *+ Na + 02H50H cggsgga .

p-tolyl methyl ether
no reduction product

The reaction involved 9.7 g. of p-
tolyl methyl ether, 9.7 g. sodium, 20 ml,
ethyl alecohol mixed with 2 ml., of bromine
and 80 ﬁl. ethylamine, The sodium was
adoed in 15 minutes and after four hours
of stirring the material was decomposed
with witer. A small quantity of unrescted
sodium was detected, probably indicating
incomplete reduction of the p-tolyl metnyl
ether,

The o0il, formed by decomposition of
the material, was extracted with ether,
dried over magnesium sulfate and fraoction-

ally distilled, as indicated:

Fraotion B.PPC. ml.
2 168-172 0.5
3 172=174 7.0
4 175 2.0
residue - -



The various fractions gave negative
tests with 2,4-dinitrophenylhydrazine rea-
gent, indicating the absense of any redustion
product,

The aqueous layer also gave negative
results with 2,4-dinitrophenylhydrazine
reagent, indicating the absence of a re-

duction product.

b One mole of p-~-tolyl methyl ether
reacted with 5.26 moles of sodium and
anhydrous isopropyl alocohol in ethylamine

and bromine, as follows:

p~tolyl methyl ether

053063 o + unidentiried reduction produoct

7

h-methyl-2-cyclohexen-l-one

The reduction utilized 9.7 g. of p-
tolyl methyl ether, 9.7 g. sodium, 4 ml, .
bromine and 80 ml. of ethylamine. The



sodlum was added to the p-tolyl methyl
ether and ethylamine in 15 minutes and
after 14 hours anhydrous lsopropyl alcohol
mixed with 3 ml. of bromine was added to
the reaction mixture. The reduction was
not completed after 2 hours, thererore,

20 ml. of anhydrous isopropyl alcohol and
one ml. of bromine was added to the reaot-
ants in an attempt to complete the reaction,
A solid product formed by the reaction was
decomposed with water and the oil layer
was extracted with ether,

The ether-oil layer was dried over

magnesium sulfate and fractiopally dis-

tilled as iidiocated:

Fraction B.P.%C. hl.
i 70«85 100

2 89-108 20
residue - -

The constitution of each fraction was
as follows: fraction 1, predominantly di-
ethyl ether with a small quantity of ethyl-

amine; frsction 2, contained two immfiscible



11quids which were further identified; re-
sidue, insufficlient quantity for identi-
cation. |

FPraction 2 wags treated with diethyl
ether in an attespt to separate any organic
material from the two immisoible liqulds.
The supposedly ether-organic layer was
fractionally disti}lad and each fraction
reaéted with 2,4-dinitrophenylhydrazine

reagent, as follows:

M.P.QC. Eo of % of
Fraction B.P.%C. of 2,4= 2,4~ dlhydro

ml. DNPH DNPH ocomp'd.
1l 35«60 2 - - -
2 (168)172-175 (¢] 172-175 0.2 1.5
residue above 175 2 132-135 0.l 4.3

2 ,4-DNPH-indicates 2,4~-dinitrophenylhydrazone.

The various fractions indicated the
following: fraction 1, predominantly diethyl
ether; fraction 2, colorless liquid that
reacted with 2,4-dinitrophenylhydrazine
reagent to form dark red needle crystals,

m.p. 172-1749C., tentatively ildentified as



a-methyl-z-éyc10hexen-1-one 2y4=-dinitro-
phenylhydrazone, m.De. 173-17L°C.k; residue,'
a high boiling liquid, b.p. 175°C. and higher,
whioh forms a red-orange solld with 2,4~
dinitrophenylhydrazine reagent, m.p.
132-1359C., corresvonding to the physical
properties of pure Le-methyl oyolohexanone,
b.p. 165-172°C.%, and 4-methyl cyclohexanone
2,h-dinitrophenylhydrazone, m.p. 133-134°C.%
The mixed melting points of the above 2,i-
dinitrophenylhydrazone derivatives indicated

they are not the same,

2,4=DNPH of (a) (b) (a=b)
u.7.%, 132-135 133-134  119-120
2,4-DNPH of residue.

(a)
(b) 2,4=-DRPH of pure L-methyl eyclohexanone.
(a-b) Mixture of (a) and (b).

2 ,4=-DNPH-indicates 2,4~dinitrophenylhydrazone.

The aqueous layers obtained in this
analysis gave negative tests with 2,4~
dinitrophenylhydrazine reagent, indieating

the absence of a reduction product.



C. Reduction of p-tolyl methyl ether by other
. methods.

1. One mole of p-tolyl methyl ether reaot-
ed with 5.26 moles of sodium and isopropyl
aleohol in xylene, as indlcated:

CH3G6HhOGEB + Na '+ (GHB)2GHOH ene

p-tolyl methyl ether
no reduction product

The reaction involved 7.0 g. of p=-
tolyl methyl ether, 7.0 g. sodium, 30 ml.
isopropyl aleohol (reaucing aloohol) and
100 ml. of xylene, The scdium was added
to the solution in 45 minutes and the
mixture was slowly refluxed with eontinous
stirring until the sodium had entirely
dissolved. |

The two immiscible layers, that were
obteined when the white s0lid formed during

the reaotion was decomposed with water, were



tested with‘2.b-dinitrophenylhydrazina reagaﬁ

and semicarbazide hydrochloride. The

negative tests obtained with thase reagents

indicated the absence of a reduction product,
It may be interesting to note that Bireh

obtalned a reduction of m~tolyl methyl

ether with potassium, isopropyl aloohol

and light petralenm.s The above reaction

with xylene, which gave negative results,

was an attempt to duplicate this type of

reduction,

20 Une mole of p-tolyl methyl ether re-
acted with 5.25 moles of sodium in di-

ethanolamine, as follows:

CH,C H OCH; + Na + (CoH, OH),NH ,
p~tolyl methy diethenolamine
ether :

unidentified reduction product

The reaction involved 7.0 g. of p=-
tolyl methyl ether, 7.0 g. sodium and



150 ml, of diethanolamine (utilized as a
reducing alcohol and solvent). The sodium
was e2dded to the materisl in 45 minutes and
the mixture was refluxed until the reaction
had gone to completion.

The s0lid materiasl that formed during
the reaction was deeomposed with water =nd
the 0il was extracted with ether,

The ether-oil layer was fractionally
distilled as follows:

Fraotion B.P.%.
1A 38-120 ¢olorless liquid
1B 173 ¢loudy liquid
residue above 173 brown liquid

The various fractions gave negative
tests with 2,4-dinitrophenylhydrazine re-
agent and semiearbazide hydrochloride,
indicating the absence of any reduction
product.

The solvent~agueous layer gave a
red-orange solid with 2,4-dinitrophenyl- |
hydrazine reagent, m.p. 125-1309., tenta-
tively indicating some type of reduction



product that was not a derivative of Aai-
hydro p-tolyl methyl ether, m.v. 120-121%.%

3, One mole of p-tolyl methyl ether
reacted with 5.26 moles of sodium and iso-
propyl alecohol in dlethylamine, as follows:

CH,G B OCH

3 + Na « (CH3)2OHOH gcagilagg .

p-t0lyl methyl aiher
unidentified reduction product

The reduction involved 7.0 g. p-tolyl
methyl ether, 7.0 g. sodium, 45 ml. isopro-
Pyl alcohol and 30 ml., of dlethylamine,

The sodium was added t0o the material in 45
minutes and the mixture was stirred until
the reactlon had gone to completion, The
addition of water to the mixture formed

an 0il layer which was extracted with ether,

The ether-oll layer was fractionally
distilled, as follows:



F:action B.P.%.

a 55«85

b 85-100

o 100-105
residue gray solid

The variogs fractions gave negative
tests with semicarbazide hydroochloride and
2,4=dinitrophenylhydrazine reagent indi-
oating the absence of a reduction product.

The aqueous layer, as in ;he previous
reducstion, gave an orange-red s805lid with
2,4-dinitrophenylhydrazine reagent, m.p.
125-1309C., tentatively indisating that
the reduction product was not the 2,4~
dinitrophenylhydrazone of dihydro p-tolyl
methyl ether, m.p. 120-121°C.%

b One mole of p-tolyl methyl ether re-
acted with 3.79 moles of sodium and anhy-
drous isopropyl aleohol and 120 ml., of
dibutyl ethér, as follows:

GHBO6HAOGHB + Na + (033)20505 gc,ggiagl
p-tolyl methyl ether

unidentified reduction produect



The.rsdhotion-utilized 9.7 & of p~-
tolyl methyl ether, 7.0 g. sodium, 30 ml.
anhydrous isopropyl aloohol and 120 ml. of
dibutyl ether, The reaction of the re-
fluxing material with sodium was terminated
in 45 minutes by the removal of unreaoted
sodium, The o0il formed, when decomposing
the material with water, was extracted with
ether.

The ether-oil layer reacted with 10.0
€. of sodium bisulfite {saturated solutien)
to form an unid;ntiried 501id which was
decomposed with sodium c¢arbonate to fornm
a liquid product, b.p. 167-168°., eorres-
ponding to dihydro p-tolyl methyl ether,
b.p. 167-170%C.% The failure of the
material to give a positive test with 2,4«
dinitrophenylhydrazine reagent indioated
the absence of a dihydro eompround.

The aqueous layer wag treated with
10.0 g. of sodium bisulfite and 6.0 g.
of sodium c¢arbonate to give a non-aqueous
layer whioh reacted with 2,4i~dinitrophenyl-

hydrazine reagent to form an orange-yellow



solid, m.p. 130-136°C.(146°). The results
indicated a tentatively unidentified reduction

product,

5. One mole of p-tolyl methyl ether react-
ed with 1.64 moles of sodium in anhydrous
isopropyl alechol and hydroxylamine hydro-

chloride, as follows:

CHyC,H,0CHy + Na + (CH3),CHOH —

p=-tolyl methyl ether

unidentified NH-OH*BC1 i no reduction
liquid product

The reaction utilized 9.7 g. of p~
tolyl methyl ether, 3,0 g. sodium snd 40 ml.
of anhydrous isopropyl aleohol. The sodium
was refluxed with p-tolyl methyl ether
and anhydrous isopropyl aleohol for 1 1/3
hours. The unreacted sodium was removed
and hydroxylamine hydrochloride was added
with 20 ml. isopropyl aleohol and 4.4 ml.
of conocentrated hydroshloric acld (36.7%



assayed). After refluxing for two hours
the products gave negative tests with 2,4~
dinitrophenylhydrazine reagent, indieating
the absence of a reduction product.

The above reaction with hydroxylamine
hydrochloride, which gave negative results,
was an attempt to duplieate a similiar re-
duction utilized by shawl? when reduecing

pyridine.

6. One mole of p-tolyl methyl ether
reacted with 1.93 moles of sodium in ethyl
aloohol, as follows:

4

[

p-tolyl methyl ether
no reduction product

The reaction involved 4.9 g. of p-
tolyl methyl ether, l.4 g. sodium and
20 ml. of ethyl alcohol (utilised as a
solvent and reduocing aleohol)., The sodium

was added 1n 45 minutes and as the reaoction



progreséed over a period of 96 hours
various fraoctions of the material were
tested, at different time intervals, with
2,4=dinitrophenylhydrazine reagent in

an attempt to note any reduction pro-
duct that would be formed, The negative
tests obtained with 2,4-dinitrophenyl-
hydrazine reagent indicated the abaence

of any reduction product.



1v. SSMMARY




1. One molovot"p-tolyl methyl ether was re-
duced with 3.96 moles of sodium and ethyl aloohol
in liquid emmonia to form a colorless liquid, b.p.
167-1709C,, tentatively identified as dikhydro
p-tolyl methyl ether, b.p. 167-1709C.%; 15%

of theoretical yleld.

2. One mole of p-toly; methyl ether was re-
duced with 5.25 moles of sodium snd excess anhy-
drous isopropyl aleohol 1# liquid ammonia to form
a oolorless liquid, b.p. 168-170%., tentatively
jdentified as dihydro p-tolyl hethyl ether, b.p.
167-170%.%, 50% of theoretical yield.

3. One mole of p-tolyl methyl ether was reduced
with 5,35 moles of sodium and an exoess of anhy-

drous 1sopro§yl aleohol in liquid ammonia to give
a colorless liquid, b.p. 167-170°C.,, tentatively
identified as dihydro p-tolyl methyl ether, b,D.

167-170%C.%, 40% of theoretical yield. The semi-
carbazone of the dihydro compound, m.p. (154°)

165-1879C,, was unidentified.



L. The tentatively ldentified dihydro p-tolyl
‘methyl ether, from the three previous experiments,
was combined and gave a refractive index of 1.4891
at 20°G.. no previous literature referencs,

The dihydro p-tolyl methyl ether formed the
following derivatives: first, the 2,4-dinitro-
phenyl hydrazone, m.p. 115-1179C., tentatively
identified as L-methyl-3l-cyclohexen-l-one 2,4~
dinitrophenylhydrazone, m.p. 120-1219C . *;
second, the semicarbazone, m.p. 245-247°C., was
the same as the semicarbaz ne prepared by br.
Max ]I. Bowman when refluxing 3-methyl-2-0yclo=
hexen~le-ons with semicarbazide hydrochloride,
m.p. 245-246%., mixed m.p. 245-246%C,;
third, the bisulfite addition compound was
decomposed with sodium carbonate to form
L-methyl-3-cyelohexen-l-one, b.p. 169-173°%.,
ldentiec2l to the unsaturated ketone obtained
by Birch, b.p. 169-172%.%

The 4e-methyl=3-cyelohexen-l-one formed
the following derivatives: ﬁhe 2,4=-dinitro-
phenylhydrazone, m.p. 122-123°%., identified as
Lemethyl-3-cyclohexen-l-one z,h-dinitrophenyl—,
hydrazone, m.D. 120-121°.*; ana the semicar-
sazone, m.p. 188-189°C., identified as



a-methyl—3-eyclohexen-l-0ne semicarbazone, m,D.
188-189%. 4

The refraciive index of i4-methyl-3-6yclo-
hexen-l-one was 1,47085 at 2100-. no previous

literature reference,

5 One mole of p-tolyl methyl ether was not
reduced with 3.79 moles . of sodium and anhydrous

isopropyl aleohol in ethylamine.

6. One mole of p~tolyl methyl ether reacted
with 3.79 moles of sodium and ethyl aleohol in
eéthylamine and bromine to give a colorless
liquid and its 2,4~-dinitrophenylhydrazone deri-
vative, b.p. 97-110%. and m.p. 139-148%.,
respectfully. The products were tentativsly
identified as methyl-l-ocyclohexene, b.p.

L

105-110°G. and the nitrolpiperidine of methyle~

l-oyclohexene, m.D. 156-1A7°0.h

7s One mole of p-tolyl methyl ether was not
reduced with 5.26 moles of sodium and ethyl
sleohol in ethylamine and bromine, Note: not

the same procedure as in the previous reduction.
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8. One mole o{np-tolyl methyl ether reacted
with 5.26 moles of sodium and anhydrous iso-
propyl alcohol in ethylamine and bromine to
giﬁg_a colorless liquid whioh formed a 2,4
dinitrophenylhydrazone derivative, m.p.
172-175%C., tentatively identified as L-methyl-
2-cyclohexen~l-one 2,h-dinitrophenylhydrazone,
m.p. 173-174%.% The reduoction also gave an
unidentified 2,4-~dinitrophenylhydrsazone deri-
vative, m.p. 132-135%,

9. One mole of p~tolyl methyl ether wus not
reduced with 5.26 moles of sodium and isopropyl

alooh>l in xylene,

10. One mole of p-tolyl methyl ether was re-
duced with 5,26 rmoles of sodium in diethanolamine
to give an unidentified reduction product which
formed s 2,4-dinitrophenylhvdrazone derivative,

m.p. 125-130%,

1l1. One mole of p-tolyl methyl ether was re-
duced with 5.26 moles of sodium in isoproryl
aleohol in dlethylaizine t0 give an unidentified



reduction product which formed a 2,4-~dinitro-

vrhenylhydrazone derivative, m.p. 125-13000.

12. One mole of p-tolyl methyl ether was re-
duced with 3,79 moles of sodium and anhydrous
1sopropyl sleohol in dibutyl ether to give an
unidentified reduction product whieh formed a
2,h=dinltrophenylhydrazone derivative, m.p.
130-136°C. (146°).,

13. One mole of p-tolyl methyl ether was not
reduced with 1,64 moles of sodium in anhydrous
jsopropyl aleohsl and hydroxylamine hydro-

chloride.

14. One mole of p-tolyl methyl ether was not
reduced with 1,93 moles of so>dium in ethyl

aleohol.
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