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AN ATTEMPTED SYNTHESIS OF

3«0XOTETRAHYDRONAPHTHALENE«2«SUCCINIC ACID
AND SOME RELATED SUBSTANCES

INTRODUGTIOH AND GEHERAL SUMMARY:
A synthesis of 2~ketoeyclohoxylsuccinic acid from

| eyclohexene oxide was aceomplished by MbBao, Charleswo:th,

~and Alexander (1). Owing to the similarity between cyclo=
hexene oxide'and tetrahydronaphthalene oxide, it seemed pro-
bable that the latter oxide would form a similar seriés of
'compounds, and it is with a view to determining this that
the following work was undertaken.

3=-oxotetrahydr onaphthalene-2-succinie acid (1) may

be

. ’lo
CH —cH,~Con

»©
C’oH

1
synthesised from 1l,4~dihydronaphthalene, which is prepared by
the reduction of naphthalene with sodium and absolute sleohol
or by the controlled catalytic reduction of naphthalene.
1,4-dihydronaphthalene is reported (46) to reasct with hypo=
chlorous acid to yield the corresponding chlorohydrin (11),
which on addition of base is converted to tetrahydronsphthalene

oxide (111).
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As tetrahydronaphthalene oxide rgsembles’ethylene oxide
"in structure, it might be ekpected to condense with the sodio-
derivative of malonic ester and ethyl bromoacetate to yield thg
tricarboxylic ester (V) Hydrolysis of this ester followed by
' decarboxyiation would probably lead to the formation of the
~lactone of S=hydroxytetrahydronaphthalene-2-suceinic acid (V1)
The oxidation of the lactone by alkaline permanganate or by
bromine in the presence of magnesium hydroxide should split the"
lactone ring in such a way as to yield 3-oxotetrahydrohaphthalenefz-
succinie acid (1) which, on treatment with alecoholic ammonia might
give rise to the lactam (vivr). On the other hand, heating the
keto acid in vacuo at 200 ¢ would probably result in the loss of
one mole of water with the eonsequent formation of the unsaturated
lactone (Vill), |

It seems probable that alkyl side chains might be
introduced into the 3~position by replacing the Pﬁhalogenated.ester
in the initial condensation by alkyl halides or benzyl chloride,

bO
C O Uy
7 P
CmmC OCHs-
\ * CH -CH-C g ~— CH-CH = C Wy
c"z‘cb’l‘;'
]
—_—> e ou
OM@ . o

Theoretically 3-oxotetrahydronaphfhalene-2-succinic
acid may be synthésised using monoketotetrahydronaphthalene
as the starting material., The latter is Prepared by mixing -
tetrahydronaphthalene chlorohydrin with two, to two and one half,
times its weight of quinoline and heating the mixture in a retort

placed over an oil bath. A brownish yellow liquid distills




over about 225o C. Once the dist111ation is complete, the

materisl remaining in the retort is steam distilled. The
condensate is treated with sulfuric acid and then extracted
with ether. The ether is distilled off and the resulting
product treated with sodium bisulfite thus converting the
ketone into a bisulfite complex, which may be purified by
extracting any orgenie impurities with ether. On heating
the complex with dilute sulfuric acid, the complex bresks
down and a brownish oil separates out, which, when distilled

under reduced pressure, yioelds the desired monoketotetrae

hydronaphthalene.

On the basis of similar work carrisd out by
charlesworth McRae, and co-workers on eyclohexene and cycloe
hexanone, it would seem probable that 3-exotetrahydronaphtha-
lene~2-succinic acid could be more raadily prepared from
tetrahydronaphthalene oxide than from monoketotetrahydro-
naphthalene. | )

Refor matsky reactions with « ~halogenated esters
‘are fairly coﬁmon. Therefore & reaction involving monoketobe=

trahydronaphthalene, ethyl bromoacetate and zine would be

expected to yield the hydroxy ester (IX) and on treatment with

mineral scid, result in the formation of the > ~lactone (X).

OH
CH.

CHp — COOC, e —_—

0/ \o

11X ' X
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Similarly, monoketotetrahydronaphthalene, ethyleo( =

bromopropionate and zinc would be expected to yield the

hydroxy ester and, subssquently, the Y <lactone.

OH
CH-CH3
c“ "C“s —————————————— ‘

00C, Hy — o N,

g X1

Although Reformatsky reactions with o ~halogenated
esters of monocarboxylic acids are féirly common, there appsar
to be only two, recorded cases of the use of o -halogenated
esters of dibasic acids in this reaction. In both cases, the
esters of bromomaloniec acid were employed. In the case of
cyclohexanone, it was found that a2 Reformatsky reaction would
not ocour with bromomslonie ester or with ethyl monobromo-
succinate., It was concluded that the zinc complex would not
react with cyclohexanone to any appreciable extent. There is
little hope that it would be more reactive with monoketotetraw
hydronaphthalesne. The failure of cbndensations involving
2—bromacyclohexanoné end the sodio-derivative of esteis, as
woll as that of ethyl cyclbhexanone-z-carboxylate and monoe
bromosuceinie esté:, lead to a similar conclusion.
| The work of McRae and colleagues (1) centered around
the compound. o =2-ketocyclohexylglutarie acid and its
anhydro and 1ts indole derivatives, This acid had been syn=
thesizéd\by Kenéall snd Osterberg (2) and the prepasration

may be represented schematically as follows:w
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Cyclohexene (XIII) on treatment with a solution of

hypochlorous acid yielded the chlorohydrin (XIV) which was
converted to cyclohéxena oxide (XV) by splitting off the
elements of hydrochloriec scid in alkaline medium. Through:
‘the addition of sodio-azctivated malonic ester to cyelohexene
oxide (XV), the sodium derivative (XVI) was obtained, Elim-
ination of sodium bromide from this compound and /5 ~bromos
propionic‘éster yielded the tricarboxylic ester (XVII} whieh,
on hydrolysis, gave the dicarbdxylic lactoné and on the loss
~ of carbon dioxide, yielded the glutaric lactone (XYIII).‘
megns of an unusual oxid121ng agent, bromine in the presence
of magnesium hydroxide, this lactone (XVIII) was converted to
the corresponding keto acid (XIX}J. Iwo important derivatives
of this compound were prepared; the lactone (XX)'and the
lactam (XXI), the latter being obtained by heating the keto
acid (XIX) ﬁnder pressure in the alcoholic ammonia solution
while the>former was produced when the keto acid was heated
under reduced pressure.

McRao, Charlesworth, and Alexander (1) extended
this methad to the preparation of otherx ketocyclohexyl acids
and their corresponding lactanms, Efketocyclohexylsucoinic
acid (XXII)‘was~obtained by eondensiﬁg cyclohexene oxide

with the sodio-derivative of maloniec ester and ethyl bromoe

scetate, the rest of the treatment being identical with that above.

CH ~~ CHg — COOH : ¢ - CH, - COON.
s Hear
~Ha0
COOHM
(o] [+ [+
X1t X111l
Ny, .
: C ¢ - CHy - COON
!'\
N/ ©

H
xav
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On heating in vacuo at 200% ¢ a molecule of water was lost and

the unsaturated lactone (XZIII) was produced. When the keto
acid (XXII) was treated with alcoholie ammonie under pressure
the lactam (XXIV) wes produced.

Coffey (3) condensed cyclohexene oxide with ethyl
sodium malonate and obtained the ester lactone (XXVI) which
on hydrolysis and deca?boxylation yielded cyclohexanolacetic
acid lactone (XXVII). By oxidation of this lactone with
bromine and magnesium hydroxide, McRase, Charleswor th, and
Alexsnder (1) obtained 2-ketocyclohexylac§tid acid (XXVIII).
On dehydration, this gave the'anhydro derivative which must
have had the unsaturated lactone structure (XXIX). They felt
it probable that a lactam of (XXVIII) was produced by treat-
ment with alcohelic ammonia, but it was so unstable that it

decomposedvonvattempts at purification.

CH — CooCaNg cu CO0CLHg
-~ 'NaO
CoOOC, “5

o

Ar’:tg,,/” “-\\\\\\\L
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Lo}

*———.

Xvil
Hy

COOH

Hear
~H0

XXV111

Ao——

CH

PN

XXX

s
e

XXX

CH CooN

CooH-




| -9 -
IT;eatment of the hydrolysed ester lactone (XXX) with bromine and

magneéium hydroxide or by alkaiine permangenate yielded 2-keto~
cyclohexylmalonie acid (XXXI). 7This ascid was rather unstable and

tended to decompose with loss of cerbon dioxide at the melting

point. e

McResae, Charlesworth, and Alexander (1) obtained the

lactone of cyclohexanolbenzylacetic acid’(XXXII) by,condensation'

of eyclohexene'gxide,,the sodio-derivative of maloniec ester and
benzyl chloride followed by hydrolysis and decerboxylation. They
found that, whereas condensations involving A -bromopropionic

ester or bromoacetic ester occurred at room temperature, those
involving benzyl chloride or alkyl halides required many hours of
xefiuxing. When (XXXII) was oxidized in the.usuél way, 2-két0a
eyclohexylbenzylacetic acid (XXXIII) was produced. On distillation,
this compound lost water and was therefore best isolated in the

form'of its unsatursted lactons.

CH- CHy -~ CGHS'

CoOH
©

XﬁXll XXX11l1

When methyl ioiidé replaced benzyl chloride in the
latter condensation, the ¥ -lactone of cyclohexanole X-propionic
g0id (XXXIV) wes obtained, which on oxidation with bromine and
magneéium hydroxide produced 2-ketocyclohexyle X-propionic acid
(XxxV). a

TN —~ CHy [03 . CH—~ CHy

\ 4

Cooy
o (=]
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7 4s the synthesis of 2-ketoeyclohexylsuccinicJacid
and related substances from‘cyclohexena oxide are somewhat ine
volved, Charlesworth, McRae, and MaéFarlane (7), in search for
simpler methods, and slso to confirm the structures assigned,
begén synthetical work using cyclohexanone as the starting
materiel. Three methods seemed possible.

(1) . The elimination of sodium bromide between the sodio-deri-
vative of ethyl cyclohexsnone-2~carboxylate and brominated

esters, followed byjhydrolysis.

(2) The'oxidation of,)’-lactones of eyclohexanol earboxylie
acids which a19 prepared by Reformatsky reactions between cyclow
hexanone and o(=-brominsted esters, followed by treatment with

mineral acid.
(3) The condensation of 2-bromocyclohexanone with the sodio=

derivétive of the proper substituted malonic ester.

METHO? (1)
Chueng and Ma (4), Chatterjee (5), and Ghosh (6) 8yn-

thesised 2-ketocyclohexylacetic acid (XXXVII) from the sodioe
. derivative of ethyl cyclohexanone-2-carboxylate (XXXVI) and

ethyl chloroacetate. Charlesworth and co-workers (7) repqated
this preparation, employing ethyl bromoacetate, and obtained a
purer prodnét than that prepared by other asuthors or previously

by themselves.

CO0C, He )
yd »Hs COOC, Hs

Ne 3& - CH.,—COO.C:HS [,

CHp~COOC, Hy

° Haa ¢
. ~COa,

XXXV CHy -~ COOH

XXXV11
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This method was employed by Openshaw and Robinson (8) and by
Haworth and Mavin (9). A synthesis of the corresponding 2-keto-
cyclohexylosi-probioﬁic ecid (XKXIX) resulted when the sodio=
derivative of ethyl eye1ehéxanone-2#carboxy1ate (XXXVI) was cone
densed with ethyl oc-brbmoprgpionata and the resulting esterx
(XXXVIII) subjected to hydrolysis. ' |

QOOC;"S CO0 ¢ s
Na B ~CH~ CH.’ CH— QH§ CH ‘-“3
—_—
* |
C gote c.oo L]
o OO, Hy l"‘

XXXV1 ' XXXV1Y XXXV1ll
In an attempt to piepare the lactones of cyclohexanolbenzylacetic

scid and 2-ketocyclohexylbenzylacetic acid by Method (1), McRae,
Charlesworth, and MacFarlane (7) condeﬁsed the sodio-derivative
(XXXVI) with ethyl ™ =bromo=p -phenylpropionate, expecting the
ester (XE), and on hydrolysis 2-ketocyclohexy1-/5~pheny1-pr0a
pionic acid (XLI).
: <00t My

u;*cu;_cdé cH CHe~ C Hs

Looclns ' > couu
\O

The o0il resulting from the'condensation had a composition in fair

sgreement with that of the ester (XL) but molecular weight
determination and the production of cinnamic acid from it by the
action mineral acid proved it to be ethyl % -hydroxy- p-phenyle ‘
propionate. Therefore, it appeared that the ester (XL) had not
been formed and that the <X.nhydroxy-/a-phenylpropionic ester
resulted from the action of the alkaline condensing medium on the

bromo=ester. This was in sgreement with the work of E. Fischer

and Zemplen (10) who prepared inactivacxyhydroxyjp-phenylp10pionic



acid from the corresponding bromo-acid by heating with water and

calcium carbonate, and of McKenzie and Wren (11) who reported the
preparation of the active acids from'the active bromo-acids by
the action of alkali and by water alones

The main interest centered in the application of this
method to the attempted pieparation of 2-ketocyclohexylmalonic acid
and z-ketocyclohexylsuccinic acide. When ethyl cyclohexanone-zf
carboxylate was condensed with ethyl bromomalonate it was ei@egte@

that the ester (XLll) would result, and on hydrolysis, 2-ketocyclo-

hexylmalonie ascid (XL111l).

SOOCHy COOCHy
CH oo ~COOH

: (-OOC‘HS
COOH

° XLl | X111l
Again it appeared that the reaction did not occur when metallie

sodium in benzene was used as the condensing agent, as the original
reactants were recovered unchanged, along with an oil, probably
ethanetetracafboxylic eétéi, as on hydrolysis it produced suecipie

- acide. The ethanetetracarboxylic ester resultgd from the action of
two atoms of sodium on two moles of the bromomalonic ester.
Bthanetetracarboxylic ester was made in a somewhat similar manner

from sodiomslonic ester and bromine by Kotz and Stalmann (12), from

chloromalonic ester and sodiomalonic ester by Conrad and Bischoff
(13) from 1:2 dibromocyclohexane and ethyl sodiomalonate.by Cpffgy
(3), and froﬁ bromomalonic ester with sodium iodide in acetone by
Finkelstein (14).

When sodium ethylate was used as the condensing agent
in élace of metailie sodium, monobromoethanetetracarboxylic ester

and ethylenetetracarboxylic ester were isolated. Conrad and
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Bruekner (15) reported the preparatlon of ethylenetetraearboxylic
ester by the asction of sodium on dibromomalonic ester in benzene,
and Curtis (16) used the action of sodium ethylate on dibromo;
malonic ester. The monobromoethanetetracarboxylie ester formed
was appaxently_aﬁ intermediata in the formation of the ethyleﬁe-
tetracarboxylic ester. This reaction failed also with ethyl
cyclohexanoneé2¢earboxylate and monobromosuccinic ester. The
resulting products wer; not identified dbut no 2-ketocyclohexyle

sucoinic acid was obtained.

METHOD (2)

Refermat&ky reactions have been utilized in the prepare
ation of K «(lecyclohexanol) fatty acid esters by Wallach and
his associates (17), (18), and by:kuwers and Bllinger (20).
Boehringer and Sbhn (21) piapared the ¥ ~lactonss of cyclohexanol
fatty acids by boiling these esters with mineral acids. From
cyclohexanohe, ethyl bromoacetate and zine, Charlesworth, McRae,
and MscFarlane (7) obtained the hydroxy ester (XLIV) and on
trestment with mineral acid the ¥ =lactone of cycloheianolacetic
acida (XLV), identical with that prepared by Coffey (3) and by

McRae and co~workers from cyclohexene oxide (1).

oN
CHa ~CO0C, i ' tl'.ih,
C=0
0/ _

XLV
Similarly from cyclohexanone and ethyl o -bromopropionate, they

produced the hydroxy ester (XLVI) which with mineral acid gave
the ¥-lactone of cyclohexanola®X=propionic acid (XLVII).

oH
(T T-—-cns :
—————
boocun :
s , AN

XLV XLV11
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Althbugh Reformatsky reactions with & -halogenated esters
of monocarboxylic scids are fairly common, there appesar to be only
two recorded cases of the use 6f o «halogenated esters of.dibasic
acids in this reaction. In both cgées esters of bromomaloniec acid
~were employed. Kohler, Heritage, and Macleod (22) reported that,
using unsaturated kétones and methyl bromomalonsate, 1:4-addition’
occurs. Iyer (23) attempted Reformatsky reactions using acetone
and ethyl bromomalonate and found that water was eliminated be-
| tween two molecules of acetoné, yielding mesityl oxide, and this
was followed by l:4-addition. In the hope of preparing the hydroxy
ester (XLVIII), Charlesworth and co-workers (7) applied the
Reformatsky reaction to cyclohexanone sand bromomaloniq'ester under

a variety of condit ions. CODCLHs

/ ) on
© 4+ Br-CH o CH-CO0C,Hs
N - | '
) CoOC, Hy CoOC, ¥y .

. XLV1i1i1l
As they found that no reaction occurred, they concluded

thet a complex similar to a Grignard reagent wgs formed between
the zinc and the bromomalonic ester, and that acidification of

this complex gave ethyl malonate. 3
4

Br - Zn - CH(COOC,H), —> Zn< + CH,(C00C, E),
CH
This coﬁplex did not react with the cyclohexanone, or only very
8lightly, as the latter was recovered. In one case, when a large
excess of zine wes employed, ethanetetracarboxylic ethyl ester was
obtained, apparently‘by removél of bromine between two moleculés
of bromomslonic ester., In similar reactions between ethyl mono=

bromosuccinate and cyclohexahone they isolated nothing but ethyl

succinste.
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METHOD (3) o
Cherlesworth, HlicRae 9

and MacFarlene (7) made one

attempt by this method. 2-Bromocyclohexanone was condensed

with the sodio-derivative of the tri-ethyl ester of pro-

Pane=x, o, Y =tricarboxylic acid. Hydrolysis and heating

to decarboxylate failed to yield &L-(Z-ketocyelohexyl)

glutar1c acid or any other pure material.

McRae, Charlesworth,

Azchibald, and Alexesnder (24)

extended the problem by replacing eyclohexens oxide by ethy

lenic oxides in the previous series of reactions. Prior to

that, 1little work had been doné on econdensations between sodioe-

activated me thylene groups and

ethylenic oxides. Traube and

Lehmenn (25 & 26) condensed ethylene oxide with ethyl sodio=

malonate and on acidifiaation,

lactone (XLIX).

obtained 2-carbethoxybutyroe

COOC.Hs CH, - ONe
CH,. ‘
) ' 00C, H
\\o + MNaw-C-H > TS
//. " GHp—cH
cHi _
CO0C, Hg COOC, Hs
Reso,

XL1X
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From the eﬁichlorohydrin (), 4-chlorqmathyl-é-carbethoxybu-

tyrolactone (LI) was obtained.
CHa Co0C, ity

‘ : R ' o0
' \:>p "+ Ne-c-M ] l € O0CMs
‘ ¢ > CHL R
cL - CH-CH GOOQ.;.HS : ’ * o . :

o’ o
L - o ' i1

Similar reaétions'were carried out in which the malonie estevr was
replaced by-acetoace_fiév estex.

McRaa; and colleagges, (24) obtained 2-oxotetrshydro-
furan-3eacetic acid (LII) by condensing ethylene oxide, ethyl
godiomslonate and ethyl chloro'aca,ﬁate, hydrblysizig the resulting

ester and then decarboxylizing. oM oo
2%
CO0CLHg
' .
c“i Na-C-H NN \-co:
. \ . .
, /0. CootaHy - -~ : Hy-L0, o
CHa + C ' :
. e ®
: R -CH, - Co0C, Hs : - ’ °

Lii
" When ethyl Pi-bromoPr opionate replaced ethyl chloroacetate in the

above reaction, 2-oxotetrahydrofuran-3-propionic scid (LIII) was

C:N"a. <

| No” N Lill
As was true for similar rsactions on cyclohexene oxide, it was
found that l& ~hglogonated esters could be replaced in condensations
‘of the above type by benzyl chloride, in which case 2-0x0«3=bhenzyle
tetrshydrofuran (LIV) rasﬁlted.

CH, - CH —— CHy ~— Ci Hs

| .
!
No N

L4

L1V




THE CHEMISTRY‘OF DIHYDRONAPHTHALENE AND DISCUSSION OF RESULTS:

In light of the results obtained by McRae and co-workers,
it seems that a logical step in oontinuing their work would be to
' replace‘oyclohexene oxide by tetrahydronaphthalens oxide,

Tetrahydronaphthalene oxide can be-syntheei:edvfrom naphthalene

: and-may be represented schemsatically as follows:
v Mo

H

@ e Hoct

NN ('S

‘Bamberger and Lodter (27), while carrying out experiments to

determine the effect of sodium and aloohol_on aromatic nitriles,
found that two classes of.substances were formed: Namely the
corresponding hydrocerbon; or more generally its dihydro derivative.
Thus in the case of'naphthonitrile, dihydronephthalene was obtained

| G H,ON 2H, = C,H,+ HCN

, C.H,CN+ 48, = C,H,CHNE,

and also an amine ~
The dihydronaphﬁhalene so formed was a strongly refractive oil
boiling at 211° C under a pressure of 113 mm. and solidifying at =
low temperature into arge glistehing tablescwhich melted at 15.S°C.

Dihydronaphthalene was also obtained by the aotion of sodium

and ethyl alcohol on naphthalene. When the dihydronaphthalene so
formed was oxldized it yielded o-phenylenedlacetic acid C. HH(CH COOH ),
Therefore, Bamberger and Lodter concluded that the addltlonal

hydrogen atoms in the dihydronaphthalene occupied the para positlon

and not the ortho position.

o

It is also possible to form 1 4-d1hydronaphthalene by direct

hydrogenation of naphthalene using platinum or nickel as
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a catalyst at 190°C, If hydrogenation is continued, other eight -
atoms of hydrogen ars absorbed to form decalin GhHB(boiling
point 190°-191°C at 720 mm.). There is a marked decrease in the
velocity of absorption after the first two atoms have been added
end tetralln can easily be isolated by interrupting the reaction
at the prOper stage. Further reduction leads to decalin:. This
would seem to indicate that 1,4-dihydronaphthalene consiéts of a
benzenoid ring and an aliphatic ring since fhere is no intér&
mediste stage between tetralin andudecaiin. 'Itiis found, when
hydrogenating benzene, that it will‘only addvthree moles of
hydrogen 6r none at all. ‘

In connection with his work'bn_lithium naphthalene
‘ reactions, the separaticn of dihjdrOnaphthéiene was reported by
Schlenk (28), The additionAéompéund ef»lithium and naphthalene
wﬁich had been prepared in eﬁhyl ethexlas sblvent, with a reaction
~ time of eight days, was decomposed w1th alcohol. Both fhe slow-
ness of this process and the expensa of the lithium make this
method impractical. Schlenk reported that in experiments of
shorter duration, he dbtaiﬁéd after alecoholysis an equimolar
mixture of naphthelene and dihydronsphthalene,

Scott and Walker (29) csrried out experiments with a
fiéw to improving the method of preparation of dihydronaphthalens
and its homologues with efficient utiligation both of the alkali (Na)
motal and of the hydrocarbon being reduced. They also hoped to
shorten the time required for the resction. Furthermore, they
wished to be sble to control the rsaction so that dihydronaphe
thalene or its homologues could be obtained at will; either

unpolymerized or polymerized to resinous substances.
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-Scott and Walker found that dihydronaphthalene snd
its homologues tend to react with solutions of alkali metal
compounds of naphthalens snd its homologues to form polymeriec
alkali compounds which on hydrolysis are converted to resinous
- polymers. Moreover this reaction between the dihydro compound
eand the alkali metal eompound is profoundly influenced by
.relatively smsall temperaturs changes. At low temperatures this

reaction is greatly inhibited; or, if the temperature is sufficient-

ly low, it is completely prevented. Thus the reaction between -
dihydronaphthalene and disodium naphthalene occurs readily at temp-
eratures of425°c and higher, tut as the temperaturs is decreased

- below 2500, the reaction is progressively inhibited and at temper-
atures around ~30°0 the reaction is not appreciable within a
reasonable length of time.

One possible reason for the low yield of dihydronaph~-
thalene obtained by prior methods is based on the fFact that
ordinarily nbt more then one gram atom of alkseli metal will react:
with one gram moleculse 6f naphthalene in reasonable time: e.g.
several hows. This proportion of reacted metel is equivalent

to the formation of one mole of dimetal naphthalene, leaving one

mole of naphthalene unreacted. When the reaction mixture is
hydrolysed, thé resulting hydrdlysis product theoretically is an
equimolar mixture of naphthalene and dihydronaphthalene. Scott |
and Walker claim that by their method they were able to convert
90% or more of the naphthalene to dihydronaphthalens in a singleﬁ
operation. The product can be analysed by titrating with solutioms
of bromine in chloroform at 0 G. Esch molscule of dihydronaph-

thalene absorhs one molecule of bromine without liberation of HBr.
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Scott and Walker allowed the hydrocarbons to react
wlth sodium in & solvent medium comprising substantial amounts of
- certain ethers. The -ethers used for this purpose were relatively
inert to sodium and to the sodium hydrocarbon compound which was
formed in the reaction. They may'be divided into two classes as
follows:=

1. Dialkyl mono-ethers having a methoxy group and
in which the atomic ratio of oxygen to.carbon
is not less than 1l:4. Examples of this group
are dimethyl ether and methyl ethyl ether,

2o Poly-ethers - that is, ethers having more than
one ether oxygen linkage; for example, the
fully alkylated derivatives of ethylene glycol
or glycerol,

If methyl ether is used as s solvent medium, the pre-
viously known SOdium reactions take place many tiﬁes faster thénA 
in ethyl ether. With this solvént, it is possible to increase fhe
scope of the’reéetion to inciude naphthalene and 4iphenyl as well
as other hydrocarbons., If ethylAether is added to a mixture then
the reaction is reversed and the original hydrocarbon and elementary
sodium are obtained. With'a concentrated solution of hydrocarbon in
pure methyl ether, it is possible to dissolve one or two gram atoms
per litre in two hours. Methyl ethyl ether is the only other mono-
other in which these reactions can readily occur. The formation of
sddium naphthalene is slow but detectable in methyl propylether,

Se¢ott, Walker end Hansley (29) in seeking suitable

solvents that are liquid at room temperature discovered that the




4-21 --

dimethyl ether of ethylens glycol (boiling point 85°e) is a
 substance equivalent to dimethyl ether as a solveﬁt for sodium
reactions. Contrary to conclusions that might have been drawn
from the behavior of the mono-sthers, it was found that 81l fully
alkylated glycols énd polyhydric alcohols are effective solvents
for sodium addition reactions. It was also found that trimethylamine
and & féw other amino compounds are effective although they offer
little sdvantage over the etherse

For most purposes dimethyl ether and the dimethyl ether
of ethylene glycol are the most suitable solvents for the reaction
and the latter is more conyehient by reason of its boiling point.
It is, however, slowly attécked by sodium naphthalene at room teme
perature with the formation of methyl vinyl ether presumably in
accordance with the equation | |

C Hyla, + 20H30-CH&—GHa-OCH3-——* + 2CH, ONa + 2CH,OCH = CH@

e 0
Th1s mathyl vinyl ether was idéntified by its boiling point and
unsaturation towards bromine.

The preparation of the specisl soluﬁioh is regquired not
merely for the initiation of the reactions_bﬁt for the existance |
of the sodium naphthalenes. This can be shown by preparing a
soiution of sodium naphthalene in dimethyl ether and then evap-
brating at room temperature. The dark green solution deposits a
very darkrgréen solid which changes colour with the loss of the
last traces of ether. The solid will, on treatment with water,
evolve nearly the theoretical smount of hydrogen as such. When
sodium naphthalene is treated with water no hydrogen is evolved.

Thus for most purposes the isolation of soaium naphthalene in

the solid state is not attempted since its reactions are con-
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veniently“carfiéd out in solution.

| The.reactions of sodium naphthalene can be divided into
two classes. In the first sodium is recovered unchanged, the
solution behaving muéh like dissolved sodium. In this class may‘
be mentioned resactions with mercury, oxygen and benzyl chloride.

In the second class of reactions, the nsphthalene is
reduced to dihydronaphthalene or its derivatives depending upon
the reagent used. With water, aleohol and a wide range of
organic compounds capable of forming sodium derivatives, where
the sodium replaces hydrogen, the products are dihydronaphthsalene
and the sodium compound of the material used as a source of
hydrogen. e.g. with acetylens

C,H¢Na,C Hy # 26,H, —» C H  +CH + 20,HNa,

In general, the only requixéments.for the fqrmation of
sodium naphthalene and related compounds in dimethyl ether and
other"acti§é éolvents are that the solvent be pure and dry and
that the hydrocarbon be reasonébly puie. It is also imperative
that a clean surface of the alkaline material be exposed in order
to initiate the reaction. Once started the reactionnthoroughly
cleans any metal surface that was not originally clean, Impnri}ies.
such as H,0,methanol and CO,prevent the reaction from starting
by forming products which coat the surface of the alkali metal
as soon as it is exposed. If they are only present in traces,
however, persisﬁant scratching of the surfsce will eventually
lead to their destruction and the reaction will proceed.

In the present project, it wasvdecided to attempt the
prepaiation of dihydronaphthalene by the method of Scott, Walker
and Hansley, qsing the dimethyl ether of ethylene glycol ss the
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solvent. The dimethyl ether of ethylene glyéol was not ama@iablg;
commercially and had to be synthesized. The method of Clarke’(SQ)

was investigated, in which the sodium slat of methyl cellosolve was

treated with methyl sulphate. The best yield obtained on several

ruhs was 23% based on the methyl cellosolve. Furthermore, the .
residue left after distilling off the dimethyl ether of ethylene glycol
was a black resin from which none of the methyl cellosolve could be

recovered.

Attention was then turned to thetmethod of Capinjola

(31) in which the_methylatioﬁ of methyl cellosolve was carried out ‘

by the use of methyl chloride. The'yield based on sodium was 78% .
While the yield based on sodium was high,-that based on the methyl
cellosolve was only 19.5%. However, this method had the advantage
over that of Clarke in that the unreacted methyl ééllosolve was |
recoverable by distillation. | _

| The dihydronaphthalene prepared by'the méthod‘of Scott
- and Walker was a white solid similar in appearance to naphthalene
and melted at 2700. |

Bamberger and Lodter prepared the chlorohydrin of

dihydronaphthalene (2‘7)2 by treating dihydronaphthalene wi th hypo-

chlorous acide A convenient source of this acid was obtained by

the acidification of monochlorourea solution with glacial acetic -
acid which according to Detoeuf (33) does not favour the production

of secondary dichloro products and also hastens the reaction by

acting as a solvent. A 10% excess of dihydronaphthalene was used
in order to eliminate, as far as possible, the formation of dichloro
products. By this method, hypochlorous acid solutions in strengths

of about 14% were obtained,
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Dihydronaphfhalene was found to bé insoluble in mdno-
chlorourea solution. Furthermore, there was no evidence of reaction
after continued stirring. Gentle hegting d4id not lead to a reaction.
It was concluded that probably the 1ackhof intimate contact between
thg dihydronaphthalene and the monochloroures solution waes responsible
for the failure to react. Hence a slight amount of the dimethyl ether
of ethylene glycol was édded in order to overcome this.but still no
c¢hloxchydrin was obtained. |
The dihydronaphthalene prepared by Bamberger and Lodter
(27) was a yellow o1l boiling at 210°C st 760 mm. Six runs were
made using this'method and the total product treated with mono=-
chloroures solution but no resction eecufred, the dihydronaphthalane
being recovered by separstion and distillation. Thus it appeared
that the failure to resct must have béen due to monochlorourea
inhibiting the resction rather than»to the leck of intimate contact
between the reagents since Bamberger and Lodter prepared the
chlorohydrin from reagents which did not have any more intimate contact.
Thus the monochlorourea method was abandoned and an
attempt made to prepsare the chlorohydrin by the method employed
by Bamberger and Lodter in which ﬁhe hypochlorous scid solution was
obtained by the action of'borie acid on a solution of bleaching
powdex which had previously been treated With calcium carbonsate.
The authors state that the formation of the chlorohydrin should have
progressed considerably within fifteen minutes as shown by the
consistency in the flask. However, repetitions of theii procedure

did not show this. The reasction mixtures were allowed to shake over

‘night. After that period, an 0ily mass containing erystals lay at
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the foot of the flask, Théjcrystals were separated off by suction,
washed with water and hot ligroin.. The crystals were identified
as calcium borate which had separated out and had carried down the
unchanged dihydronaphthalené; Runé_were made using scetic acid in
place of boric scid in order to overcome the effect of the delayed
crystallisation of calcium borate, and hypochlorous acid solutions
wérg prepared from bleaching agents in order to obtain more concentrated
solutions of the acid. However, these modifications were unsuccessful.

Leroux (34), in his study of the hydronaphthalene series,
prepared dihydronsphthalens by the method of Bamberger and Lodtér.
He purified the product by freezing it and allowing it to partislly
melt, and poured off the liquid portion. By repeatiﬁg_ﬁhis procedure
several times, he was able to separgte the low melting dihydronaphthalens

from the unreacted naphthalene. He also prepared the iodohydrin of dihy=:

dronaphthalene by reacting dihydronaphthalene with yellow mercuric
oxide and iodine. ‘

A study of the iodohydrins of cyclohexene, smylene and
dihydronaphthalens was un&ertaken. If the yields of these iodohydrins
were high enough they would glve a means of arriving at the respective
oxides by removal of hydrogen iodide frem the iodohydrin by ‘treatment
with sodium hydroxide solution. - | |

The iodohydrins were obtained but they did not crystallise
out. The o0ils were distilled sat low temperatures but there was a
markéd‘tendency for the iocdohydrin to brqak-dnwn.

The failure of fhe iodohydrins to crystallise out and,
therefore, the inability to purify-them eliminated their use as
a mesns of arriving at the oxides. 1t was regolved to carry out &

thorough study of the methods avallable for the preparation of

chlorohydrins. It was found that four main procedures are
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available = _ “ _
| l. The direct action bf chlorine and water.
2+ The action of'gﬁk.or t.‘.a()(xl.gé with cob, or 030030

3¢ The use of CL, in the presence of Mercuric oxide
and water,

| 4e Detoeuf's ures method (33),

The first method is particularly adaspted to
geseous reactions though it can also be used for liquids by
é modification of the apparatus.

FPor liquids, the chlorine is usually dissolved in
water and the hypochlorous acid solution asdded to a suspension
or emulsion of the olefin in water, with vigorous stirring (36).

The second meﬁhod,employing calcium comppunds,was 
the one used by Bamberger and Lodter in their preparation of the
chlorohydrin of dihydronephthalene. Wohi and Schweitzer (37)
prepared hypoehlorous scid solution in a similar way by psessing
chlorine gas through a solution of sodium carbonste. A trisl
run was made by this method end titration showed 2.21% hypo-
chlorous acid to be present,

Pedro Sanchez (37) described a method in which an
aqueous solution of lime and an acid were combined in sufficient
quantity to produce & precipitate not substantially soluble
in aqueous solution. While the precipitate was in suspension,
chlorine gas was injected into the solution until the required
quantity of Cl, hed been absorbed, after‘which;the precipitate
wag allowed to settle and the clear chlorinated liquid was
filtered or drawn off, containing stable hypochlorous acid in

solution,
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The third mein method employing mercuric oxide is an

older procedure and is briefly described by Fortey (38).,-It con=
sists of passing chlorine into a freshly prepared suspension of

mercuric oxide

Hg0 ¢+ H,0 ¢ 2€1, —— HgCl, + 2HOC1

- Coleman and Johnstone (39) described the détails of this pro=-.

cedure as follows:= -

A solution of mercuric oxide‘(zskgrams) in water (500 cc)
was placed in a five litre flasknand cracked ice (800 grame) was
added, and fhen a rapid stream of chlorine passed into the mixture

which had to be kept below 5°c. The addition of the chlorine was

_eontinued until the yellow precipitate of mercuric oxide just dise-

sppeared. Cold nitric acid (600 cc of 1.5 N) werse slowly added

with stirring. '6013man_andeohnstone used this solution in the

' preparatidn of cyclohexene chlorohydrine

e o ' a
. \ /
H.C chH ] ) H\C/ \0“
“ + HOL —> l
®e CH H.C L
¢ .
N

A gimiler method was outlined by Ourisson and Kastner
(40) in which a suspension of mercuric oxide in carbon tefra-

chloride was treated with chlorine to give €C1l,0 in solution in

. carbon tetrschloride. When this latter solution was treated with

water, & solution of mercury-free hypochlorous acid'was obtained.
By this process it was possible to form very concentrated solutions
}of hypochlorous acid, which were practicelly free of chlorides and

free ehlor1ne.‘ They were also remarkably stable.
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A circulating method based on this reaction has béen
ratented in which only a2 small amount of chlorine was reacted at
once. The €10 was extracted with water in such small amounts as
not to absorb much fres chlorine., The suspension of mercuric oxide
in carbontetrachloride was then chlorinated once more.

Dateouf's method using monochlorourea has already been
mentioned. The mechanism of this resction is the hydrolysis of
the monochloroursa with the consequent formation of hypochlorous
acid. This acid reacts with the olefin in solution ﬁo give the
chlorohydrin which is extracted from the mixture by ethere

NH MH,
A\ ~
C=s0 + @, — C=0Q + HeL
u,” Neel”
. NH:\ NI";\ '
/Q =0 + HOH ————» C=C + HoCe
s
MHCR NHy

The acetic acid added to the monochlorourea olefin mixture mekes
- the reaction go more rapidly but must not be too strong,_othérwise
chlorine is liberated.

The mechanism of addition of the hypochlorous acid to
an olefin generally follows Marknownikov's rule: i.e.

l., When the carbon atoms of the doﬁblé bond are unéq@ally
substituted, thé hydroxyl group goés to the most sub-
stituted atom.

2o, When the carbon atoms are equally substituted; the
hydroxyl group goes to the carbon farthest féom the
end of the chain, |

When the general methods'available for the pfeparation

of hypochlorous acid are considered with regard to the presenﬁ




| @29w

problem, it is ob¥ions that the one involving the direct action of
chlorine and water is the least applicable. The one involving
the action of Cl, or CalCl, with €O, or CaC0, has been tried,
namely in the method of Bamberger and Lodter. Detoeuf's method
did not prove successful., The procedurs of produeing hypo-
chlorous acid solutions by tréating a susPensién of mercuric oxide
in carbon ﬁetrachloride sounded‘most promising in that concentrated
solutions of the acid could be produced. It was felt, however, that
a more direct route could be taken to arrive at concentrated
solutions of hypochlorous acid; namely, fhrough the acidification
of saturated solutions of calcium hypochloritqo . Solutions produced
in this mennexr wers used in attempts to produce the chlorohydrins
‘of cyclohexene, amylene and dihydronaphthalene; .The'acidification
of the caleium hypochlorite solution was carried ouf in two ways in
éach case., One method used aeetic_acid as the acidifying agent
while the other used boric acid. It was found that acetic acid gave
better results. Yields of the chldfohy&rin of cycléhexene were
compérable with those obtained by other methods. In the case of
amylene éhlorohydrin,.they wére lower. |

| On plécing dihydronaphthalehé in & saturated solution
of caleium hypochlorite and then slcwlﬁ adding acetic acid, a .
considerable amount of heat-wés evolved and the reacﬁion‘mixture
was placed in & salt-ice mixture. No attempt was made to isolate
the chlorohydrin but rather to convers 1t to the oxide by the.
method of Bamberger and Lodter (41). After distiiling off the
alcohol used as & solvent, it was found that a ligquid begen to
distil over at 6006. This colorless liguid continued to distil

over and the temperature rose gradually but steadily to 205?0.
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In the range 205°C = 217°C, the 0il crystallized as it passed
from the condenser. The temperature climbed slowly but
steadily to 25900_(739 mm.) as the last traces of o0il passed
over. However, the 0il coming over above 217°C showed no
signs of crjstallizing,

Bamﬁerger and Lodter (41) reported that tetrahydro
naphthalene oxide melted at 43.5°C. It distilled at 25700 -
2599C (715 mm.) to & colorless oil which qﬁickly set to
splendid silvery-white, naphthalsene-like ﬁlates. It was very
volatile and distilled not only with steam but also of its -
own accord. Even sat 4000’— 5000, it distilled over as an oil
which quickly set to long needles. It was slightly‘solubla
in ether, alecohol, benzens, thoroform, boiling ligroin, very
slightly sdluble in co0ld ligroin and significantly soluble in
water, especially warm water. From solutions of lye and
sodium chloride, it precipitated as iridescent leaflets, sand
from water as naphthalene~like plates.

Thus the only similarities between the product
obtained using Matheson's H.T.H., and tetrahydronaphthalene
oxide are their volatility at 16w temperature and the temper-
ature at which the o0il finally distills. On the other hand,
they differ in so far as the product of the H.T.E.‘mathod showse
no signs of needle-=like crystals in the low boiling range nor
does the material distilling over at 257°C.

Bamberger and Lodter (46) stated that when tetrahydro-
.naphthalene chlorohydrin was treated with alkalies, three

isomerides of the formula C, H 0, & dihydric aleohol, C,HO

012
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and naphthalene were formed depending on the conditions of the
experiment.,

Difficulty has been experienced in the preparation
of chlorohydrins éimilar in. structure to that of tetrahydro«
naphthalene chlorohydrin. Charlesworth and his co-workers
attempted the praparation of acenaphthylenevchlorohydxin withe
out success, Recent research carried out on dihydropyran may
offer an explanation for lack of chldrohydrin formation. |

Dihydropyran (LV) adds one mole of water to the
double bond when hydrolysed with dilute acid solutions. This
is followéd by opening of the ring to‘form,ﬂ;nhydroxyvalexa
aldehyde (LVI) plus a bicyelic acetal, di-2-tetrahydropyryl
ether (LVII) as a by-product.

Ho G em ' HO CHg~ CH,~CH = CHa-CHO
. + W0 M o
H,C CH : ‘
o | L¥1-
' LV H, Ha,
N 7N\
WL CH, H,C M,

M€ CHe—_O——HC oW
‘\o/ : \O/ *

LVl
British research workers (47) have found that 3-chlorodi-

hydropyran (LVIII) and 2-hydroxy=-3=-chlorotetrahydropyran (LIX)
react to form bis-(3-chloro-2-tetrahydropyryl)ether, (LX),

/Ex 2:. , ;é,_ He
\ ) <
Ho \‘T“ H)cl/ \Tu ne Scra aae‘/ \‘Hz
LBy # we SHOH RS CH e O
\e/ \o/ \a/ " Q\‘b/";“"

LV111 L1X , LX



Thus in attempts to form tetrahydronaphthalene
chlorohydrin, the latter may react immediately on,formation

with the unreacted dihydronaphthalene.

—_—
oy .
It would seem. that éthar formation of this type might he reduced
by carrying out the reaction in dilute solution. However, under

these conditions, hydrolysis of the dihydronaphthalene might

occur, thus resulting again in ether formation.

SO
ool

The dimethyl etherx of_ethylene‘glycol, in which dihydro-
naphthalene and hypochlorous acid ars mutually soluble, might be
used és g diluent, thus réducing hydrolysis of the dihydronaph-
thalens to & minimum. |

The conversion of tetrahydronaphthalene chlorohydrin
to tetrahydronaphthalens oxide would seem to require the
neutralization at high dilution in order to prevent ether formation,

as the removal of hydrochloric acid might occur between two

molecules of the chlorohydrin in place of one.
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PREPARATION OF DIMETHYL ETHER OF ETHYLENE GLYCOL
Mbtﬁoﬂ of Clark, H.T. (30) | - |

Thé disodium derivative of ethylene glyecol ﬁas PY Qe
pared aceording to the directions of Lippert (43) from 21 grams
of glycol and 15 grams of sodium in ethy} aleohol, and mixed
with 82 grams (2 moles) of methyl sulphate. The mixture was
heated in & distilling flask on an oil bath. At 90°C a violent
reaction set in; & ligquid distilled over; and a<1argé quantity
of black residue remained in the flask. The distillate was
boiled with solid potassium hydroxide, and the clear 1liquid
,séparated and distilled. The fraction boiling up to 90°C‘was'
repeatedly boiled with metallie sodium t111 no further reaction
‘took place, filtered and distilled over sodium. The pure sSub=
stance was‘cbtained as a eolorless liquid boiling at 78°C» |
(750 mm), miseible with water and possessing a sharp ethereal
_odor. The yield was poor., Lippert who prepared this ether by
heating the disodium salt of ethylene giyeol with methyl iodide
for over a week, states that it boils at 82° - 83% (713 mm)
but it is questionable whether his product ﬁas pure, &s his
determination of its vapour density was distinctly too low.
This ether yields no precipitate with aqueous mercuriec chloride

and does not react with bromine at 0% or 20°C.

Clark's method was carried out using cellosolve {CHa) as

the starting material in place of ethylense glycol. The sodium

galt was formed, &nd then reacted with dimethyl sulfate.
. B H o
. Lo .
CH;,0—C—C—-0H 4+ Na ——> CH,0—-CH— CE,‘:— ONa
i { - .
H H

l (CH, ), SO, v
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As the reaction was strongly exotheimic on the addition of the
methyl sulfafe, a condenser was attached by a side arm from
the reaction flask. The methyl sulfate was added through a
dropping funnel. Thus any dimethyl ether of ethylens glyeol
which formed and commenced to distill offz&ua to the heat of
the reaction was recovered. Despite this, the ylelds obtained
were poor. -Several runs were made. The beSt'rgsult was ‘
obtained on a trisl using 65 grams of celiosolvep(meghyl) and
15 grams of sodium, from which 2l1.3 gms. of the dimethjl ether

of ethylene glycol were formed, representing a yield of 23.7%.

PREPARATION OF THE DIMETHYL ETHER OF ETEYLENE GLYCOL
Mothod of Capinjeola (31)

The methyl cellosolve (1,8%0 grams) was placed in
a'threenlitre, three-necked flask equipped with a reflux
condenser and mechanical stirrer. Sodium (138 grams) was
 added portionwise in small piecas. As the sodium dissolved,
the mixture thickened end became dark brown in colour. Whpn
all the sodium had dissolved, the flask was fitted with a

thermometer and an inlet tube extendihg’below the surface of

the solution. Methyl chloride was then ﬁassed into’the solution at
such a rate that Qery little escaped the reaction. The reaction
started immediately and proceeded smoothly and rapidly. Some
heat was evolved and this was removed by means of a water bath
epplied when the tempersture of the mixture reached 60°C. When
the reaction}Was complete, as determined by thewgain in weight,

the mixture was cooled and the liquid pqrtion was decénted from
the sodium chloride ,~The time for complete methylation was

about three hours. The liquid portion was distilled from an

ordinary distilling flask, collecting the material distilling
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below 1230C., Fractional distillation of this material gave 422
grams of dimethyl ether 'of ethylene glycol boiling at 83.5°G -
84.0%. The yield based on sodium was 78%.

:Capinjola's method was modified 51ight1y in ordex %o

obtain a greater coﬁversion of the methyl cellosolve to dimethyl
ether of ethylene glycol. The sodium was added in stages. In
the first step, sodium was added till the solution began to
thicken. It was found that this occurred when the mole ratio
of sodium to methyl cellosolve was one to four. Methyl chloride
was then bubbled through the solution till the gein in weight
of the mixture showed that the greater part of the sodium sélt
had been converted to dimethyl ether of ethylene glyecol. Then
- gddition of methyl chloride was haited and anéther mole.qf |
sodium was dissolved in the solution. Once more methyl chloride
was bubbled through the mixture. Finally the mixture was
fractionally distilled and the unconvérted methyl cellosolve
was recovered. '
Trisl I o
Wts. Mothyl ColloS0lVe eecvscscscssvsccees 304 gmS,
Wt. Sodium ...........,...,;;............ 22 - gms.,
Wt. Dimethyl Ether of Ethylene Glycol.... 52.5 gms.
4 Yield .....(based on Methyl Cellosolve). 14.6 %.

Trisl I |
Wte Mothyl CelloSOlVE cececsvecccccssescse 304  gmse
Wt. Sodium @ ® 8 9 0 05 ¢ 08 609 BSOS P LB Y tSOS 22 gms.

Wt. Dimethyl Ether of Ethylene Glycol.... 50.5 gms.
% Yield .....(based on Methyl Cellosolvs). 14.0 %
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2;1@1'113 - Intermittent addition of Sodium. _
Wte Mothyl CelloS0lVe cceeescecccoccsccee 152 grms.
Wt Dimethyl Ether of Ethylene Glycol.... 52 gms,

% Yield «o....(based on Methyl Cellosolve). 28.0 %

PREPARATION OF SODIUM NAPHTHALENE SCLUTION

Mbthod of Scott, Walker, and Hansley. (29)

A molsl solution (1 litre) of naphthalene in pure dry
dimethyl glycol ether was placed in & two-litre, three-necked
flask equipped with 2 mercury séaled stirrer in which an atmos-
vhere of purs dry nitrogen was maintained. Sodium (25 grams)
was then added, the metal being cut in the form of sficks 2 to
3 cms. long and 3 to cms. square on the ends. After the '
sodium had been added, the mixturé was agitated mechaniesally.
The stirring was rapid at first but was decreased consjderably
after the reaction had commenced. The reaction mixture was
kopt betwsen «10°C and -30°C in order to prevent polymerization
of the 1,4-dihydronaphthalene formed. At 20°C to 25°C the re=-
action was completed in about two hours. The unreacted sodium
was stuck fogether in a single piece and was removed from the
mixture by a foreeps. |

The progress of the reaction was determined from time
to time by the removal of a small sample of the reaction mixture
and determining its godium content, after dilution with alcohol,
by titration with standard acid using methyl red. This d4id not
diseriminate between sodium naphthalene and other ‘suspended or
dissolved sodium cqmpounds in solution, but when pure, it gave

a closs approximation to the sodium naphthalene that had been

_formed.
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EREPARATION COF 30DIUM NAPHTHALENE SOLUTION AND

1, 4-DIHYDRONAPHTHALENE

,Scdtt and Walker's Modified Method. (29)

A molai solution (1 litre) of naphthalene in pure. .dry
dimethyl glycol ether was placed in a two-litre, three-necked
flask equipped with & mercury sealed stirrer in which an atmos-
phere of pure dry nitrogen was maintained. Approximately 2 gram
atoms of sodium per gram molecule of naphthalene in solution
were placed in a perfqrafed container which ﬁas suspended in the
solution. Stirring was commenced and the reaction carried out at
room temperature under the atmosphere of nitrogen. As soon as
the reaction between the sodium and the naphthalene had commenced
88 indicated by the formetion of a green coiour around the sodium,
the hydrolysing agent, water, was slowly added to the solution,
either continuously or intermittently. As the reaction procesded,
care was taken that the rate of addition of the water was suffie
cient to prevent the spread of the gresn colour th:oughout the
solution but not great enough to prevent the formation of the
green colour on the surface of the sodium or in close proximity
thereto. It was found preferable to add the water in such a
manner that the sodium particles were covered with & film of the
green sodium naphthalene compound but the reaction mixture was
substantially free from the green compound. If the water was
added too rapidly, it would react with the sodium, which would be
indicated by the formation of a white coating of sodium oxide on
the sodium particles. The sodium hydroiide.formed by fhe hydrolysis
being insoluble in the solvent ether, formed a precipitate. When

the reaction was complete, the‘hydrolysed solution was saturated

with carbon dioxide prior to filtration to convert the sodiunm
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hydroxide to sodium biecarbonate which was easier to filter out
than the sodium hydroxide. The filtrate was then distilled st
atmospheric pressure, the dihydronaphthalene distilling over

at 205°c to 210°C., Repsated trials wers made using this method.
In each case the dihydronaphthalene was obtained a8 a white
érystalline golid, whereas the method of Bamberger and Lodter (27)
yielded a yellow o0il. The yield varied from 80 = 85% but the
product was contaminated with naphthalene. As the boiling point
of naphthalene is 217°0 an efficient fractionation column would
be required to carry out the.sepgration. However, the impurity
presented no problem in this case as it was unreactive to hypo=
chlorous acid and could be more readily removed once tetrahydrow

naphthalene oxide had been forméd.

PREPARATION OF 1 4~DIHYDBGNAPETHALENE

Method of Bamberger and Lodter (27)

A boiling solution of naphthalene (15 grems) in ab=
golute alcohol (300 ce.) was slowly run onto sliced sodium
(22.5 grams) in a round bottomed, two-litre flask, and the
golution boiled till the metai dissolved. Part of the alcohol
was recoversd by distillation through a fractionating column
and the dihydronsphthalene driven over by s current of steam,
and then taken up from the distillafe by ether. The dihydroe
‘naphthalens was obtained as a yellow oil boiling at 210°C.

The yie1d~obtained by this method was 78% crude product.

It waes found that about 50% of the alcohol was re=-
coverable. The crude product contained from 15 to 25% impurity
which was chiefly uﬁchangad paphthalene. A larger portion of

sodium tended to convert the dihydronsphthalene formed to
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tetrahydronaphthalene. ”Thus thg yield thainable on & run of the
above proportions'was about 10 grams of pure product.

In order to make this methpd‘useful in prepatring larger quantities
of dihydronaphthalene, 8 g:eater recovery of the absolute alcohol was
necessary. Therefore, six runs were made in which the boiling v_
solution of naphthalene in absolutarélcohol was treated with sodium.
The resulting golutions wereAthen poured into_arthree;litre, round
bottomad flasgk. The greater part of_the‘algohql was diétilledﬂthrough
a fractionating column. Then heating was continued over an air bath,
taking care not to char the solid‘matarial. It was found that by
this procedure, the gfeatex part of the absolute alcohol was

recoverabls,

PURIFICATION OF 1,4-DIHYDRONAPHTHALENE

Method of Strauss and Lemmel (44)

The crude 1,4;dihydronaphthalene was shaken in an etheresal
solution with an aqueous solution of mercuric acetate. A white
drystalliné mercury compound was formed. This compound was washed
with ether and then dissolved in benzene, when & slighp residue was
obtained. This was the mercury compound of the isomerie 1,2-
dihydronaphthalene present in the starting material. The pure
mercury compound malted from 119°; 120°¢C and was obtained by
evaporating off,the benzene. When the mereury compound was treated
with & 30%»solution of hydrochlorie acid, 1,4-dihydronaphthalene

leaflets were obtained, melting at 2445 = 25°C and boiling at

94.5°C at 17 mm. pressure.
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PREPARATION QFiMDNOGHLOROUREA‘SOLUTION

Method Detoeuf (33)

A miﬁtuie of urea (480 érams), précipitated chalk
(240 grams), and water (240 cc.) was placed in a three-litre
flask equipped with an inlet tube projecting under the surface
of the mixture for the introduction of the chlorine and aﬁ oute
let tube to.the hood for the escape of the carbon dioxide. The
flesk was cooléé in ice., Chlorine gas from a cylinder was
passed in until the weight increased from 250 to 280 grams.

The flask was agitated from time to time. The chlorine was
absorbed fairly rapidly at first, but more slowly tbwards the
end, The chlorination tock from 4 to 5 hours. The solution
was then diluted to 1400 cc. and the excess chalk filtered off
and washed with an sdditional 100 cc. of water. The strength
of the solution was determined by withdrawing & 1 ecc. sample,
diluting with 25 cc. of water, adding 10 cc. of 1.8 M. potas-
sium iodide‘solution, scidifying with glacial acetic acid and
titrating with standard thiosulphate solution, uging starch as
an indicator.

A solution of monochloroures was prepared according
to the above procedure, using one third of the stated quantities.
After bubbling chlorine slowly through the reaction mixture fo:
six houre, the increase in weight was found to be T7 grams.,
After filtration, the solution was titrated with standsrdized

gsodium thiosulfate, and the following resulbs were obtained:e
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1 ml. HOC1 Solution -— 4l.4 ml. Sodium Thiosulfate

Solution,
But 1 ml. Sodium Thiosulfate = 003509 gms. HOCl.

1 ml. HOC1 Solution contained ,14527 gms. HOC1.

% HOC1 in the Solution = 14.53%.
After three days, the solution was titrated again in ordexr to
determine its stability:=-

1 ml. HOCl Solution = 40.5 ml, Sodium Thiosulfate
Solution.,
But 1 ml. Sodium Thiosulfate = .003509 gms. HOC1,
% HOC1 in the Solution = 14.21%.

 ATTEMPTED PREPARATION OF TETRAHYDRONAPETHALENE CHLOROEYDRIN
USING DETOEUF'S SOLUTION

In order to prevent the formation of the dichloride,
a 10% excess of dihydronaphthalene was employed in the reaction.
When the dihydronaphthalene (16 grams) was added to the hypoe
chlorous acid solution (35.8 ml.)} no resction occurred. Slight
heat was applied in an attempt to induce the reaction to take
plece. The dihydronaphthalene melted and a red oil sepa:ated '
to the bottom of the flask when stirring cessed., The 0il was
separated off, washed with water, and then dried over anhydrous
csleium ehloride. On distillation, the oil proved to be

unreacfed dihydronaphthalene.
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PREPARATION OF TETRAHYDRONAPHTHALENE CHLOROHYDRIN

Method of Bamberger and Lodter (27)

- Bleaching powder (400 grams) was shaken with water
(2 1itres) at 40°C and then treated with celcium carbonate
(300 grams) and left to stand for one day (in darkness). The
calcium carbonate was then filtered off on a Buchner Funnel
and 300 grams of pulverized boric added, which by shaking was
soon almost completely in solution. Once mor e the solution
héd to be filtered, folicwing which an abundant quantity of
crystalline borate settled at the bottom. To the clear |
solution,dihydronaphthalene (25 grams) wes now added. Within
fifteen minutes the formation of chlorohydrin hed pregiessed
considerably, as was apparent by the consistency in tha_flask.
After standing in the dark for twenty-four hours with occas«
sional shaking, the greater part was converted to & crystalline
mass,; which was filtered strongly on a suction pump and even-
tually washed with water and then thorbughly with low boiling
ligroin. It ﬁas then, especiaily if it had been dried on a
porceiain plete and was oil free, found to melt at 105°C -
115°C and represented after recrystallising from alcoﬁol almost
pure chlorohydrin., From 120 grams ofldihydronaphthalene ﬁere
obtained on the aversge not more than 95 - 100 grsms of raw |
product, This represented a yield of from 53.5 to 59.5%.

Pollowing Bamberger's method, a hypochlo:ous acid

solution containing 1.75% hypoéhlerous acid was obtained., The
dihydronephthalene (16 grams) was added to the hypochlorous
acid solution (300 ml.) with constant shaking. There was no
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evidence of a reaction taking place after fifteen minutes. The
mixture was left on the mechanical shaker over night. At the
'end of that time, 0il saturated crystals lay at the bottom of
the flask. The crystalline materisl was filtered on a suction
pump and washed with ligroin. The solid was ﬁound-to be

sodium boratelwhich had cerystallized out of the solution.

This procedure was.repeated four times. The ligroin
washings were combined and evaporated, yielding a brownish solid.
This was recrystallized from aleohol and found to have & melting
point of 11300. Bamberger repoited the melting point of tetra=
hydronaphthalene chlorohydrin as 11/ %, A total 1.5 grams of
tetrahydronaphthalene chlorohydrin was obtained from the four
trials.

ATTEMPT TO FORM THE CHLOROHYDRIN BY USE OF BLEACHING

SOLUTION (JAVEX)

Bleaching solution (Javex - 200 gra@s) was treated
with boric acid (100 grams). The crystalline borate crystsle
1lized out. After standing'twehty minutes, the solution was
filtered by suctioﬁ. The solution was then titrated with
standard sodium thiosulphate and found to contain 2.63% hypo-
ehlorous scid. Dihydronaphthalene (17 grams) was added to
the acid solution, an excess of dihydronaphthalene being used
to prevent the formation of the dichloride of dihydronaphtha-
lens., A slight amount of heat was liberated on ehsking. At
the end of an hour, the 0il had become more viscous,  Titration.

with standard sodium thiosulphate showed the presence of
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hypochlorous acid and therefore, the solution was allowed to
stand over night. The 0ll was extracted wiﬁh efher and dried
over anhydrous calcium chloride. The excess ether weas
distilled off. The oil was found to distill over between
205°C and 210°C and was therefore unreacted dihydronaphthalene.

ATTEMPT 70 FORM THE DIEYDRONAPHTHALENE CHLORCHYDRIN BY

THE USE OF BLEACHING SOLUTION (JAVEX)

Second Msethod:

| The rated available éhlorine content of the commercial

golution was given in terms of sodium hypochlorite (12%). The
borie scid treatment of this solution gave only weak acid
‘solutions. It was decided to form the hypochlorous acid by
the sddition of glacial acetic scid to the solution.
Assuming the available chlorine %o be 12% present as sodium
hypochlorite:= o

100 grams of bleaching eolution contained 12 grams Cl,.

35,5 grams of chlorine are present in 52 grems of HOCl.

100 grams of solution contain.3%%5 x 52 3 17.5 gms.uEQCIov
Theoreticelly, 62 grams of HOCl combine with 130 grams of dihydroe
nephthalene. Therefore, theoretically, 17.5 grams of HOCl come
bine with l%éie x 130 = 36.7 grams of dihydronaphthalens.

A 10% exceés of dihydronsphthalens was used to prevent dichloride

formation.

Thus & total of 40.3 grams of dihydronaphthalene was

added. The'reaction warmed up on the addition of the acetic

scid to the mixture of the bleaching solution and dihydronaphv
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thalene. The solution was left shaking over night in darknesse.
The solution was‘extracted with ether and ftreated with sodium
carbonate to remove any acetic acid present. The solution was
then washed and dried over anhydrous calcium chloride. The
ether was aistilled off leaving an oil which proved to be
dihydronaphthalens. |

PREPARATION OF HYPOCHLOROUS ACID SOLUTION

Mothod of Wohl and Sehweitzer (45)

Sodium bicarbonate (50 grams) ﬁas dissolved in water

(600 ml.)s The solution was cooled in an ice bath. Bright
1ight was excluded and a vigorous stream of chlorine bubbled
through the solution until the bicarbonate had just disappeared.
This point was readily recognized from the fact that a sample
portion on warming with barium chloride solution gave no
precipitate.

A hypochlorous scid solution (1200 ml.) was prepared
according to this method. Tit:ation with standardized sodium

thiosulphate'gave the following results:e

1 ml. HOC1l Solution = 6.3 ml., Sodium Thiosulfate Solution

But 1 ml. Sodium Thiosulfate Solution = 003509 gms. HOC1.
1 ml. HOC1 Solution contained .02211 grams HOCl.
% HOC1 in the Solution — 2.21%
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ATTEMPTED PREPARATION OF TETRAHYDRONAPHTHALENE CHLOROHYDRIN
USING WOHL AND SCHWEITZER'S SOLUTION

Dihydronaphthalene (16 grams) was added to the hypoe
chlorous acid solution (250 ml.). The mixture was shaken over
night. Therse was no appearance of cerystals, The o0il at the
bottom of the flask was separated from the solution and dried
over anhydrous caleium chloride. On distillation thé oil
proved to be unreacted dihydronaphthalene.,

PREPARATION OQ THE IODOHYDRIN OF CYCLOHEXENE
Method 6f Brunel (35)

Cyclohexsne (40 grams) was dissolved in ether, free
.Qf alcohol. Water (7 to 8 grams) and yellow mercuric oxide
(55 grams) were sdded to this solution. Finally iodine (124 gms.)
was added portionwise with constant stirring; Heat was
developed and had to be cooled. Stirring was continued ti1l
the colour of the iodiﬁe disappeared.

. The ethereal solution was washed with a concentrated
solﬁtion of potassium iddide, containing as smali.éuantity of
sodium bisulphite to rémove the mercuric iodide and traces of

’iodine which remained. The liquid was dried over anhydrous
godium sulphate or anhydrous calcium chlorides The iodohydrin
was removed fiom the ethereal solution by distillation of the
solvent. It remained in the flask as an oil substence, which

crystallized on cooling = spontaneously, or by seeding.
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. Brunel reported that thé iodohydrin crystallized in
large orthorombic prisms which were cdlorless. When pure, it
was very stable at ordinary temperature and had a very slight
odour., 1t wés insoluble in water, soluble in all proportions
in benzene, very soluble in aleohol, ether, acetic acid, ace=
tone and chloroform. It melted at 41%°~ 42.,5°C and sublimed
in a vacuum at ordinary temperature. It decomposed on heat-
ing above 100°C and was steam distilled with slight decom«
position.

However on following this method, the o0il obtained

did not crystallize even after & long period of cooling.

3T e2 grams of cxude product was obtained.

PREPARATION OF THE IODOHYDRIN OF AMYLENE
Method of Brunel (35)

Amylens (35 grams) was dissolved in ether free of
alcohol (150 grams) and treaﬁed with water (8 grams}, yellow
mercuric oxide (55 grams) and iodine (150 grams) as in the
method of Brunel (35) used in the preparation of the iodohydrin
of eyclohexzene. | ,

In this éase the colour of the iodine did not disappear
with continued stirring. The dark coloured solution was washed
seversl times with a concentrated solution of potassium iodide
containing a little sbdium bisulphite. Eventually an amber
coloured solution was obtained. The ether and unreacted amylene

were distilled off on a steam bath, and a very dark red viscous
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" 0il remained. This oil would not crystallize out even after
prolonged coolinge.
| The 0il was then distilled under a pressure of 10 mm.
A dark o0il distilled over and then decomposition of the liquid
in the distilling flask occurred and iodine was liberated.

PREPARATION OF THE IODOHYDRIN OF DIHYDRONAPHTHALENE
Method of Leroux (34) | ‘

Do & solution of dihydronaphthalene (26 grams) in
ether (looigrams) was added water (about 4 grams), yellow
mercuric oxide (22 grams) and then little by little with con-
stant stirring iodine (50 grams). The reaction had to be
carried out with cooling on ice bath. After the abserption
of the iodine, the slightly coloured liquid was separated
from the mercuric iodide formed during the reaction, washed
with a solution of potassium iodide and then finally washed
with water. The ether solution, dried with anhydrous sodium

gulphate, was concentrated by distilling off two thirds of

the ether. The remaining ether in the solution was allowed
to evaporate off spontaneously. The crystalline iodohydrin
was purified by washing with ether and then recrystallizing

from bbiling alcohol. It separated as colorless prismatie

erystals which melted sharply at 1200C. Progressive heating
altered the melting point, This iodohydrin changed repidly

even in darkness. Thus it hed to be reacted immediately.
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ATTEMPTED PREPARATICN OF JTE$RAHYDRONAPHTHALENE OX1DE

As the iodohydrin of'dihydfonaphthalane was unstable,
an attempt was made to convert the oil to tetrahydronaphthalene
oxide.

The oil was dissol#ed in dry ether. Freshly melted
and pulverized sodium hydroxide (3 grams) was added to the cold
solution. The reaction mixture was shaken periodically during
the space of two days. At the end of this time, the ethereal
solution was decanted from the solid snd the ether distilled off.
A so0lid separated out from the residual liquid. On purification
this solid was identified as naphthalens resulting from the im-
pure dihydronaphthelene from which the iodohydrin was prepared.

However, no evidence of the required oxide could be detected.

PREPARATION OF THE CHLOROHYDRIN OF AMYLENE

A saturated solution of calcium hypochlorite (Matheson
H.T.H.) was made up énd the excéss calcium hypochlorite filtered
off on a suction pump. 4 1 ml;'sample of the solution was
placed in an erlenmeyer and diluted with water. Potassium
jodide solution (10 ml. 10%) was sdded and the solution then
acidified giadually with acetic acid as it was titrated with
sfandard sodium thiosulphate solution using starch as the indi=
‘ éator. The percentage of hypochlorous acid in the solution was
'_ealculatéd and slso the aemount of this acid necessary to react

with the amylene (% mole). A 10% excess of the amylene was




used to prevent the formation of dichlorides.‘

The amylene was then added to the caleculated amount
of caleium hypochlorite solution in’é three-necked flask
equipped with stirrei, reflux condenser and dropping funnel.
As the mixture was agitated, the acetic acid (% molé) was
added dioP by drop-to the solution. The reacfion mixture was
placed in a salt ice mixture. Stirring was continued for two
‘hours and the mixture was set'aside over night. 'Titration.of
the solution after sﬁanding shbwed the sbsence of hypochlorous
acid in the'soluﬁion. The chlorohydrin was separated from the
Amixture by steam distillation. The aqueous layer of distillate
(about 3 to 3% litres) was éaturated with sélt end the chloro=
hydrin extracted with ether. The ethereal solution was dried
over anhydrous sodium suiphate end the ether :emoved'by dise
tillatién. ihe residual oil was distilled under reduced pressure.

Calculations:«

Weight of i0dine USEd-=-m=memee-=c--=-x w--== € ,2002 grams.
Bumber of ml. of sodium thiosulphate required in the tie
tration of jodine=wewmececccncncccccnracnas - 8 15,6 ml.

1 ml. of sodium thiosulphate 2002 gms. of iodine.
15.6

.0128 gms. of iodine.

But 126.5 gms. of 10dine =~-=- 26,25 gms, of hypochlorgus
acid,

0128 " o " igégg x 26.25 gms. of hypo=
L ]

chlorous ascid.

.00266 gms, of hypochlorous
' 861&-0

1 ml. of sodium thiosulphate % ,00266 grams of hypochlorous acid.




Weight of Amylene US04 ~wee=w- B L T DD p——— --ww 3 38,5 gmg,.

Weight of Hypochlorous acid required =eeeeaewe= 3 26 "

1 ml. of Hypochlorous scid solubtion /30.9 ml. sodium thio=
sulphate.

Percentage Hypochlorous seid in the soluticn = §,28%
Volume of Hypochlorous acid solution used-~~ € 325 ml,
Weight of Acetic acid 1S4 wweccecwcceccncconacen 3 32 gms,

Woight of Amylene Chlorohydrin obtained = 15.4 gra
(bep. 600~ 6400/10 mm.)

Theoretically 70 grams of Amylene should yield 122. 5 grams
" of Anmylense Chlorohydrin.

Percontags yield = 12%4 x 100 = 23%'

FREPARATION OF CHLOROHYDRIN OF 0-CHLOROCYCLOHEXANOL

A saturated solution of calcium hypochlorite (Matheson
H.T.H.) was made up and the excess caleium hypochlorite filteréd
off on & suction ﬁumps A1l ml. samples of the solution was placed
in an erlenmeyer'and diluted with water. DPotassium iodide
solution (10 ml. 10%) were added and the solution then ascidified
gradually with acetic acid as it was titrated with standard
sodium thiosulphate soclution using starch as‘the indieator, \The
percentage of h&pochlorous acid in the solution was éalculated
end also the amount of this scid necessary to react with the
cyclohexzene (% mole). A& 10% excess of the eyclohexene was used

to prevent the formation of dichlorides.
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The cyclohexene was then added to the calculated
amount of the csleium hypochlorite solution placed in & 500 cec.,
three~necked flesk equipped with stirrer, rqflux condenser and
dropping funnel. As the mixture'was agitated, the acetic acid
(% mble) was added drop by drop to the solution. As a great
deal of'heat was produced by the reaéticn; a salt ice-mixture
was used for cooling purposes. The mixture was stirred for twe
hours; then left to stand over night. Titration of a 1 ml.
sample showed that no hypochlorous acid remained in the
solution. An oily layer separsted out on top. fThe chlorohydrih
was separated from the mixzture by steam distillation. The
aqueous layer of distillate (about 3% 1itrés) was saturated

with salt and the chlorohydrin extracted with ether. The
ethereal solution was dried over anhydrousvsodium sulphate and
the ether removed by distillation. The residual oil was disw
tilled under reduced pressure. It began to distill over at 9900
(24 mm.) as a colorlesé 0il and the fraction passing over‘be-

tween 99°C = 105°C was collected. Yield obtained was 21.8 grams.

This procedure wes repeated using boric scid in
place of acefic acid as the acidifying agent. The yields

obtesined were less than those obtained by the above method.
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ATTEMPTED PREPARATION OF TETRAHYDRONAPHTHALENE OXIDE

Dihydronaphthalene (% mole) was treated with & ssture
ated solution of the calcium'hypochlorite as in the previous
case of amylene and cyclohexene with the exception that ether
(30 ml.) was sdded to make the dihydronaphthalene more miscible
ﬁith thé hypochlorous acid solution. After the reaction with
the hypochlorous acid was over, the ether 1ayer was separated
off in a separatory funnel. This solution was then'treated
with sodium hydroxide, amecording to the method of Bamberger
and Lodter (41) until just basic. The solution was then ex-
tracted with ether and driéd over anhydrous sodium sulphate.
The ether was distilled off leaving en oil. As distillation
was continued, a colorless oil distilled over at 60°C and
. econtinued to do so as the tempsrature squly'rosé steadily to
205°C. At this point the upward trend of the temperature was
8lower. A new fraction was collected at this point. The oil
coming over in the second fraction solidified in the receive
ing flask. The temperature rose to 257°C. The product dis=-
tilling over crystillized to a partially crystallized greenish
" 80lid which fumed in ﬁhe open atmosphere. Time did not permit

8 purification of this produet to bé attempted.




CONCLUSIONS AND RECCMMENDATIONS

” Difficulty waes met in building up & supply of die
hydronaphthalene and also in converting it to the chloro-
bydrin, the intermediate step in the formation of tetrahydro=-
naphthalene oxide. Thus time did not permit the sjnthesis of
3=-pxotetrahydronaphthalene~2-suceinic acid to be attempted as
was pr oposed.

Phere is reason to coneclude that tetrahydronaphthslene
oxide may be arrived at through the chlorohy&rin of 1,4~dihydro=-
naphthalene prepared by the use of high test hypochlorite.
Although the volatility of the oxide does give & means of
purification, it is felt that the next step in a continuation
of the problem would be to purify the 1,4-dihydronaphthalsne
used in the initial step, in ordgr that asccurate determinations
of the yield in each step might be accomplished.

The 1,4~dihydronaphthalene would be prepared by
either the method of Bamberger and Lodter or that of Scott and
Walker using the dimethyl ether of ethyleﬁe glycol. 2,3-dibromo-
1,4-dihydronaphthalene would then be produced by bromination of
the 1,4-dihydronaphthalene.
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2,3-d1bromo-1,4~dihydronaphthalene could be yecrystallized from

methanol. Scott and Walker (29) found that the dibromo compound
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derived from dihydronaphthalene prepared by their method and
recrystallized from methanol had a melting point of 71°C -
71.6°C which corresponds fairly closely with the melting point
of 2,3=dibromo=1,4=-dihydronaphthalene (71.5°C = 72°C)., Fole
lowing purification, the dibromide would be converted back

%o 1,4-dihydronaphthalene by the method of Strauss (42) as
follows:-

- 2,3=dibromo=l,4-dihydronaphthalene (12.6 grams) is
sdded a1l at once to zinc filings (21 grams) coversd by
absolute alcohol (100 ecc.) at 30°C. The reaction soon com=
mences and the temperature rises to sbout 65°C. The mixture
is maintained at 50°C - 65°C till a test portion shows that
' the dibromide has disappeared. The solution is then decented
from the metal, diluted with water and the o0il which is thus
precipitated teken up in ether. After washing with brine
solution to remove the aleohol, the ethereal solution is drisd
and evaporated. The residue consists of pure 1,4-dihydro~
naphthalens melting at 24°C « 259C, (yield of 5.4 grams).

The chlorohydrin of 1,4-dihydronephthalens would be
prepared by adding gradually scidifying a saturateé solution
of calecium hypochldrite containing 1,4~dihydronaphtha1ehe.

It is felt that it might be advantageous to run a
blank ssturated solution of caleium hypochlorite, along with
the reasction. By titrating samples from each flask over.
frequent intervals, it would be possible to determine the fall
in concentration due to the reaction and that due to a deteri=

oration of the solution. When the fall in concentration of

hypochlorous acid in the two flasks became equal over equal




T

intervals of time, it céuld be concluded that the reaction was
complete.

The product would then be filtered strongly on a
suction pump and washed with water and then thoroughly with
low boiling ligroin. The chlorohydrin of 1,4~dihydronephthalene
would then be purified by recrystallization from alcohol.

The pure chlorohydrin could then be dissolved in just
the necessary Quantity of alcohol and treated with a solution
of sodium hydroxide. The tetrahydronaphthalene oxide obtained
in this manner eould be then recrystallized from water if
necessary.

‘Bamberger and Lodter (27) prepared monoketotetra«

hydronaphthalene

from tetrashydronaphthalene chlorohydrin aeccording to the
following procsdure:=

Not too large a guantity of tetrahydronaphthelene
chloiohydrin (about 15 grams)} was heated with 2 to 2% times
the quantity of quinoline in a retort over an oil bath; At
sbout 225°C the brownish yellow adiution began toﬁﬁoil.li
Boiling was continued for eight to twelve ﬁinutes,and -3
solid mixture of (waterf quinoline, naphthelene and a little
ketone distilled over. 'As soon as effervescence cdased, the

retort was placed in position for steam distillation., The



condensate was shaken thoroughly with dilute sulphurie acid
to precipitate the naphthalene dissolved in the quinoline,
and then extracted with ether. The residue was digested
with sodium bisulphite and then repeatedly treated with
ether which removed, in addition to the ketone, the afore-
mentioned organic substances. The sulphite solution yielded
the ketone as a light brown oil by warming with dilute sule
phuric acid. This o0il was purified by distilling underx
reduced pressure. The yield.obtained was about 18% theore
tical. |

By using monoketotetrahydronaphthalene, it might be
possible to carry out a similar set of reactions to those done

by McRae, Charlesworth, and MacFarlane (7) on eyclohexanone.
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