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Chemists have long been interested in the
influence exerted by an atom on other atoms in the
same organic molecule, the earliest suggestions on
this subject being put forxward by Markownikoff in
1870 (Annalen I53,256. )

Since then, many investigators have pursued

resegrch in the hope of discovering the nature of this

mutual influence of atoms in an organic molecule,

which makes 1tsell apparent in many ways, such as

ortho—-para or meta substitution in a substituted

benzene nucleus, differences in lability of halogen

atoms 1in isomerides, tautomerism etc.

The usual formulae employed in organic
chemistry do not represent or explaln why differences
should occur, and it has been the aim of sowe chemists
t0 express the cause of such phenomena in a grapnical?

manner and the suggestions of Thiele ( Ann.,I899,306,

- 87),Vorlander,(Ann. ,1902,320,66) ( J.pr.chemie,I1902,66,

| 32I; 1905,71,497; J.C.8.,1909.95.718; 1910,97,84.)

QFry ( J. Amer.Chem.S0c. ,1912,34,664 ), Robinson (T, -I9I6

 109,1029; I9I7,111,958), Vorlander (Ber.,I9I9,52,263 ),

' and Lapworth ( Mem.Manchester,Phil.S0C. ,I920,64,N0.3 ). |

. are to be regarded as fundamental in this sense.

The theory propounded by Lapworth(loc.cit.)

has created much interest. It involved a principle
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| of induced alternate polarity, and grouped together
?many otherwlse disconnected facts e.g. substitution
.in benzene ring,-Y reactivity in aliphatic compounds,
tautomerism, addition of halogen acid to unsaturated
'aliphatic compounds etlcCe., It did not postulate
.the Prime ctause df the difierences but Lapworth (J.
C.5,,1922,121,416) and Robinson and Kermack (J.C.S.,
1922,121,427, ) showed baw such differences could be
' caused, the latter especlaldy stressing the atability
'0f electron octets as being responsible for the
| reactivities obae:veqf

The views put forward by Lapworth in IS20
‘have been substantlated in many ways, Particularly by
' investigations an the reactivity of the halogen atoms
'in a series of aromatic halogen compounds (Lapworth
|and Shoesmith J.C.S.,I1922,I2I,1391; Shoesmith and
%collaborators J.C.S.,1923,123,2698 and 2828; 1924,I24,
1312 and 2279; I1926,127,R14).

The investigations have s0 Tar been confined
1o theiwbenzene series and the present work was carried
:out to discover the similarities which may or may not
exist between benzene and naphthalene halogen compounds
in their behaviour in the light of the oriBinal suggest-
‘ions. Extraordinary interest attaches itself to an
inflvence transmitted from ome ring to the other and
;a mimber of halogen compounds have been prepared and
‘the lapility of the halogens investigated in order 1o

see/
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I. 1if the influence of a substituent on an atom in
the same ring 1s similar to that, already discovered
in the venzene series and

R« Dhow far such influences are transmitted from one
ring to another.

'The classes of compounds examined weze

., I. Various promo-pazphthols t0 compare with the
brouo—phenols.

| 2. Dromo-methyl-naphthalenes to compare with
bromo-toluenes

' 3. {and Bnaphthyl methyl bromides 10 compare with
E‘nenz:gl bromide and

. 4. methoxy and —bromeo-naphthyl-metinyl bromides to
:compa,re wilth the metnoxy- and promec benzvl bromides.
'The full list of compounds investigated 1s as follows:

I. The two isomeric brome-naphthalenes.

el eey

|II. The two lsomeric lodo-napnthalenes

E D o

III. 4-Bromo-<A -naphthol

Bn
or

6-Bromo—-o\ -naphthol

Br



Iv.

Ve

VI.

VII.

Ber
oH
I-Bromec- A-naphthol
8r
OH
I-6-dibromo- A-naphthol
Br
6-Bromo—-A —naphthol oH
(not isolated)
B8r
Br
CH3z
I-Bromo- A -methyl naphthalene
' . CH3
4~-Bromo- o —methyl naphthalene :C
8n
& and A-naphthyl methyl bromide Cy I-l'.,1 CHzBr
CH2Bnr
4~me thoxy-Jd —naphthyl methyl bromide~G::|
OCH3
CrHoBr
methyl
5-me thoxy- A —naphthyl/promide
0CH3 B
I-Bromo—,7 -naphthyl methyl bromide CO CH: B
4—-Bromo—-A£ -napnhthyl methyl bromide CH:Br

=

5-Bromo-/{ —naphthyl methyl bromide

2
C/fz.gl‘ B

Sr
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Considerable difficulties were encountered
throughout the whole research with regard to the pre—
paration of some Of these compounds. Although partly
expected, they were due to the Tfact that comparatively
1ittle 1s.known about this series of naphthalene
'derivatives and the yields of intermediate products
‘are very Low.
| The two reagents used in this research were
;those already employed with great success in previous
éwork, namely hydrogen iodide in agueous acetic acid
?anﬂ agueous alconol. Refictivities were investdgated

‘;at various temperaturesand the following observations
:were mades -

The examination of the reactivity of mono-
'halogenated naphthalene derivatives showed that d—
| bromo- and d.—-1odo naphthalene are more readily re-
iducea by hydriodic acid than the corresponding A

'compounds, a8 will be seen from the:table on. -

The icdo naphthalenes are.mora reactive fthan
ithe bromo naphthalenes.

| The order of ease with which the bromine orf
the bromo-naphthols examined, is removed 1s the
‘following: .

| I-Bromo— 8 -naphthol > 4-bromo--naphthol > &-bromo—
i:x—naphtnol. An important and very large dlfference
‘exists between the latter, when the bromine atom is

in/
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in a different ring from the hydroxyl group and the
former two which behave simllar to the corresponding
bromo—-phenols, excepting that they are much more
readlly reduced in the order I:2 *1:4, the reverse
'of the bromo and iodo phenols (curves IIlpage66).

I:6 @ibromo—/3 —naphthol again is much less
ireactive than the I-bromo-gz -na;phthol,

The action of hydro icdic acid on I-browmo- -2
| _lothyl naphthalens snd 4-brome- . -methyl naphthalens |
 showed that tne bromine of the I:2 compound is more
?reaﬂily removed than that of the I:4 lisomeride, which
‘18 in accordance with the order of reactivity of iodo
toluenes. (figur?} page 67). It 1is noke worthy that
ithe bromo toluenes however are stable towards hydro
Eiodic acld.
| 4 and/g naphthyl methyl bromides were submitted
' to the action of hydro iocdic acid and also aqueous
!alcohol. wWith the former agent no marked difference
EWas observed (fig.IV page 68), the /7 compound being
‘; very slightly more reactive than the 4 derivative.
éThe hydrolysis however showed the reverse order of
%reaetivity and here ye difference was marked. With
| botn compounds the reactions were more rapid than
| With benzyl bremide. The compariscon with the latter
| is given in rigux?: IEgeﬁ%”-

l The order of ease with which the hydrolysis of
;kmethoxy—o( -naphthyl methyl bromide and 5-methoxy-& |
| —naphthyl methyl bromide takes place 1s 4 D 6. There
13/
|
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18 a very marked difference in the rate of hydrolysis
' between the —CH,.Br in the first and the —CH,.Br in
' the second ring. The I:4 compound is very unstable
.and is hydrolysed almost at once. A simllar fact was
obgerved with p- methoxy benzyl bromide which 1s at
‘once coupletely hydrolysed when brought into solution
'in aqueous alcohol.
In the case of the substituted naphthyl

methyl bromldes, such as: ' :

I-bromo-7 —naphthyl methyl bromide

4-Drome—o - & 4 ‘

5- 4 -4 - (] # #
éthe order of ease with which the bromides lost their
ibromine as bromiéion in solution in aguegus alcohol 1s
51:4 > I:5)2:I and compared with the unsubstituted |
!naphthyl methyl bromides; unsubstitutea;rnﬁsubstitutéd.
? The brome naphthyl methyl bromides could not |
%be submitted to the action of hydro lodic acid since
iln addition to the side chaln bromine atom, that in
;the ring would have been removed by the reducing agen#.
| Thusca. representative class of compounds in |
the naphthalene series has been examined. 'Exnerimenté
were also carried out to obtain,

I. Z-methoXy— —naphthyl metnyl bromide ,

e 3 u o o ] i i
3. 6 L e . E ‘ 1
4. 7 . - g . . !

but were/
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were unsuccessful owlng to thne difficulties of obhtain—
ing sufficient quantities of methoxy naphthoilc aclds
‘in the last three isomerides. As described in the
‘preparative part, various methods were tried in order
10 obtain 2-methoxy—L-naphtiyl methyl bromlde. The
fallure of some of these 1s probably due to the steric

iinfluence of the methoxy group in ortho position.

The following pages give an account of the

Epreparation of the following compounds.

I, ol-and ABromo naphthalenes

;2. oA - and-A3-Iodo naphthalenes

' 3, - andA-naphthyl methyl bromides

| 4. I-Bromo- —-naphthol

55. 4~Bromo—- A —naphthgl

| 6. b5-Bromo~d—-naphthol

_: 7. A —Naphthyl carbinol

8, 2-llethoxy-d-naphthaldehyde

'9. 2-Hydroxy—-o\—naphthyl carbinol

]JO « 4~lethoxy—-d -naphthaldehyde

%II. 4-Methoxy-dA-naphthyl carbinol

| I2, 4-Methoxy- ck-naphthyl methyl bromides
13 Attempts to prepare

| 2-Methoxy--naphthyl carbinol and
2-Methoxy—A-naphthyl methyl bromide
' I4. 3-Methoxy-ot-naphthaldehyde

' I68. 3-lMethoxy-od-—-naphthyl car;oinol

| 16. 5-Methoxy-Ok-naphthaldehyde
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| I8,
| 19,

20,
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122.

123,
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25,

9.

5~-lethoxy—-ol —naphthyl carbinol
5=Methoxy—ol -napithyl methyl bromide
6-lethoxy—d —naphthoic acld
7-Methoxy—- K -naphthoic acid

I-Bromo— A-naphthyl methyl bromide
4~-Broo— K — o v "
5—Bromo— ok —naphthaldehyde

6—-Bromo— c.—-naphthyl carbinol

5—-Bromo— i—naphthyl methyl bromide.
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PREPARATIVE.

/3 —Bropmonaphthalen g (Ann.I83,268)
This naphthalene derivative was

;obta.ined from A-naphthylamine by means of a Sandmeyer
;rea.ct.ion. The following proportions were used:

165 gns. A=naphthylamine

I40 c.c. hydrobromic acid e 47% )

I00 c.Ce Water
This mixture was Boiled until the solution was clear,
cooled ,diazotised in the usual way at 0° and th_en
é_adaea to cuprous-bromide solution. The whole was
I then heated on a steam bath for one hour.
%After steanm distillation, A-bromonaphnthalene was

|
' recrystallised from alcohol. mM.DPe 59°%

ol —;odo;}_agil‘bhale;;e. ( Ber. gI886 |‘L9_g Iﬁ’&)

! oL —Diazonaphthalenesulphate was Doil—
| éd with potassium iodide in an acid solution. masas,
%o.ﬂ hydriodic acid is avoided, since slight reduction
| to naphthalene takes place.

e -Iodonaphthalene, a heavy 0il of b.p. 306°, in a
yield of 56%, was obtained by steam distillation of

' the whole.

R —Iodonaphthalene ( Ber.,I88I,J4,804)
As in the case of A-bromo-naphtha~-
lene, the corresponding iodo compound was obtained Ifrom

. /5 -naphthylamine/



1L,
A -naphthylamine which was first converted into the

;sulphate. Owing to its high insolubility it could

be isolated 1n very pure condition, a fact, which
influenced considerably the yiélds in a favourable
;manner. 4 —Nephthylamine sulphate (14 gms.) suspend-
_ed in water, was diazotised with the theoretical
:quantities of acld and sodium nitrite (6 c.c. H,SO0,;
4 gms NaNO,) Hydre iodic acid (2 gms., per 1 gram of

' sulphate ) of spec. gravity 1.7 was now added.
Nitrogen was immediately evokved and a red precipitaté
@produced. After heating for some time on a steam
ibath, the precipitate melted to a heavy bladk oll
;whihh solidified again on cooling. Thils residue was
?now extracted with alcohol, filtered and the filtrate
jdiluted with water. COrystals precipitated after a
;short time and the compound was fimally purified by

?several gsubsequent steam distillations. It had m.p., 54-5%

|
 Naphthyl - 1- methyl bromide.,

« =Methyl naphthalene was heated to 230° and

iwhilst being stirred by a slow passage of a current of

dry air an equal weight of bromine was gradually added

during an interval of ten minutes. (Ber., 1916,49,2832)

. The stream of dry air was passed through the reaction

product in order to remove any remaining hydrobromic

acid, The product was distilled in vacuo, when about one

| fifth of the methylnaphthalene was recoversd unchang-

i ed,

| Naphthyl-1-methylbromide/
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| Naphthyl-I-methylbromide, b.p. I8I°/23 m.m. was
!obtained Tirst as a heavy 0il, wh_jch solidified when
| cocled in a Ireezing mixture. Crystallisation from
petrol ether ylelded after a few repetitions a pure
compound. ( Both naphthyl methyl bromides are very
- lacrimatory. )
| Analyses: Found: Br,&6s 96%
| ¢, H,Br reguires Br, 36, 4450,

aphthyl—2-met omide. (Ber.,I1884,17,I629)

Bromline vapours are introduced in a current

of carbon dioxide'gas into A=methylnaphthalene

'maintained at 240° .

 Naphthyl—-2-methyloromlde was isolated in a similar

‘way to that describved fo: the cornesponﬂingvbompouna

'and crystallised from alcohol in large plates. Mep.56°

?Analyaes: Br found 36.16% €, H,Br requires 36.24%.

| The preparations of hydroxy andi also methoXy-

?promonaphthg;enea were undertaken in order to obtain

| information:

| a. apout the influence of a hydroxy-group either in

éthe same or in different rings on the bromine atom

%in I pogsition, and

} b. it was hoped, that the methaxy bromo-naphthalenes

?WGuld give the methoxy naphihylbromides. The latter |

'Scheme was however abandoned for various reasans!

' I-Bromo-2-methoxynaphthalene., (J.C.8.1879,35,789)
| A -Naphthol in moderatéy concentrated glacial

‘acetic/
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acetic acid solution was heated with the theoretical
\quantity of bromine, dissolved in approximately an

equal volume of glaclal acetic acid. Ihe whole

'solution was cooled during this operation and the
;rlask shaken after each addition of bromine, which

iis quickly absorbed. wagg standing , colourless needles
| crystallise out, which ere/then washed from excess of
lacetic acid with water and dried. m.p. 84° from |

'alcohol.

'The corresponding methoxy compound was obtalned by
ethylating I bromo-2-hydroxy naphthalene with excéss
lof methylsulphate. I.P. 83° .

'4_Bromo-I-methoxy naphthalene was prepared as follows:

- Cco0— 0 G=C =50

U e

s)-0

— =i = =
A=-Naphtyl-carbonate, (Ber.,I894,27,3469. )

Phosgene was passed for three hours into

;u-naphézl (100gus. ) dissolved in a solution of IQ0 gus.
Eof sodium hydroxide in I00 c.c. water, at ordinary
itemperatura, when the X-naphthyl carbonate is precipi=
tated. |
The reaction is finished, when the alkaline solution

ia/




14,
is free from naphthol. After filterlng and washing,
the compound may be crystallised from galcial acetic

acid or benzene. M.p.IZ0°.

Bromination of &~naphthylcarbonate. |
To a hot Solution of 3I gms.4naphthylcarbonate

in 260 c.c. glacial acetic acid I2 c.c.of bromine in
60 c.c. acetic acid are rapidly added with continuous

stirring. The bromo compound crystallises ocut from

;tne hot mixture, is flltered off and washed with

acetic acld.

'It crystallises from a large quantity of benzene in

' needles Of W.D. 214°.

i4—bromo—m—naphxhylcarbonate with alcoholic potassium
5hydr0xiae yields
4-bromo- & —naphthol. Kauffmamn (Ber.,1895.28,3063 )

gsteam
gives m.p. I27°, but when/distilled in an atmosphere

' of nitrogen, the compound was oObtalined as colourless

'1ight needles of m.p. I29°.

During the course of these expeyiments

4-bromo-I-naphthol was observed t0 become very brown

' in the atmosphere. The methylation was therefore

écarried out in an atmosphere of nitrogen in order to

' avold oxydation by the air. The operation was very

difrficult and the following precautions must be taken
10 avoid excess of tar.

In the presence of only a trace Of unmethyl—
methoxy naphthaiene

ated compound, the 4-bromo-I-rmphthe: could not be

 distilled/
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'distilled. The bromo-naphthol in alkaline solution
was shaken with excess of dimethylsulphate at ordin-
raxy temperature for several hours in an atmosphere of
‘nitrogen. The etbereal extract Of the acidifled
ésolution was then several times carefully washed with |
'caustic soda and dried over calclum chloride.
After distillation 1n vacuo a yield corresponding to
20% of the calculated gquantity of ether expected, was |
obtalined. i

I
The following method, which combines the hydrolyses or

| the bromocarbonate and the methylation of the resulting
|
| 4-bromo-I-naphthol in one operation was finally

i
adopted.

{In this way, the separatlion 0 the unstable 4—-bromo=
EI—naphthol was avoided and hence air oxydation reduced
ito a minimum.

The bromocarhonate (20 gms. ) was dissolved

in methylalcoholic potassium hydroxide,(I00 c.c. +

4.8 gms of KOH) and a s8light excess O the theoretical
quantitles of dimethylsulphate and pptasaium.hydraxide
gradyally added from two dropping funnels. The

solution was then heated for about two hours on a i
steam bath. A stream of nitrogen gas was passed 1nt4
the whole during the experiment. The solution was |

Tinally steam distilled and the light oll so obtained?

extracted with ether and washed with alkalXi,
Wwith the aid of a Widmer vacuum distillation |
column (vide Helv.chim.Acta I924,7,59) two fractions

were/
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| were readily separated, namely:
a. o -methoxynaphthalene I74°/I6m.m.
bs < —methoxy-4—~bromonaphthalene
I79° (I8I°), 16 m.m. (IGm.m. )s

Yield 56%, calculated to bromo carbonate.
Analyses; Found:BEr, 83.60%; C, H,OBr

requires: Br, 33.80%.

The small proportion of o metioxy-napnthalene present |

ls due to some unbrominated naphthylcarbonate.

o—I-met hthalene was prepared according

|
ito the following scheme
|

mvo; 5;—; Fe
—
Vo d 4

V=N 6’6‘04 oc s

l ﬂ/}’ Oz
E—
2 5 Oue

Nz

Br

| The nitration of naphthalene was carried out
@ut in glacial acetic acid solution and the *-nitro-
naphthalene (m.p.6I°) comverted by bromimation into
5=bromo-I-nitronaphthalene (Ann. ,I884,222,290 ).

Of the various methods tried, the following
Produced the best results: Broumine (40 gms. ) was

?radually/
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gradually dropped into vigorously stirred, melted
'nitronaphthalene(85 gus. ), the temperature being |
 mainbained between 80 and I00°. Care was taken, that i
' the nitronaphthalene used was absolutely dry.
; After one crystallisation from alcohol a
 substance of m.p. I22° was obtained and was found to |
' be pure bromo-nitronaphthalene. Other methods
iyielded a mixture of S5—-bromo-I-nitronaphthalene, !
unchanged nitronaphthalene anﬂéthird.compound tmspe |
iIGEﬁ. Provably a dibrominated nitro-naphthalene, the
.constitution of which was not ascertained. .
i Considerable difficulty was experlenced in |
!the reduction of the bromo-nitronaphthalene to the
'corresponding amino compound and the diazotation of the
:1atter.

The methods employed were;
‘I, Reduction by means of SnCl, and HCl.

(Ber. ,1902,36,2804 )

‘2. Reduction by means of iron filimgs-and HQl.
The latter ylelded the best results and was therefore

| .

Tinally adopted. . 3

!Faf
Iz comparative purposes details of the first method are

}given.

I0 gms. of &5-bromo—-I-nltronaphthalene were
gradually added te a hot solution of 28 gms. stannous E
échloride in 40 c.c. conc. hydrochloric acid and 50 c.c;
galcohol. The tin double salt was readily formad,

: |
®ag decomposed with sodium hydroxide and the &-bromo— |

- | i
| =
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I-naphthylamine so formed extracted with ether, the
ether evaporated away and the amino-compound separated
 from tar by crystallisation fxémilégroin. It formed.
'blueish-red coloured crystals, m.D. 67°.
' The amino-compound may also be purified by distillat-
‘don in a current of steam. Yield: 25%.
' Yields of 85% however have been obtained when iron
‘filings and a small quantity of hydrochloric acld were
used as reducing agents.

Iron filings (60 gms. ) were added to 40 gus.
;s—bromo—l—nitronaphthalene dissolved in 600 c.cC.
éalcohol and 8 c.c. hydrochloric acid.. After boiling
ithe whole for 2 hours, the solution was made alkalilne
éwith alcoholic potassium hydroxide and filtered hot.
| The alcohol was then paxtly distilled away, when the
;amincﬂcompounﬂ appeared as a dark substance, which was
crystallised from 1igroin., The residues were Iinally

steam distilled.

| The compound was then geen 10 be sllgntly coloured

iplames from ligroin,or needles when steam distilled
iof m.D» 69°, which become dark on exposure to the

iatmnsphere.

The diazoiation of 5-bromo—-I-naphihylamine
:Was carried out in I0% sulphuric acid; IO gms. require
:about I200 c.c. Of acid. The sukphate is ¥Yery in-
| 8oluble and erystallises out: immediately. Continuous
8T lrring was therefore necessary during the operation.
' Less than the theoretical quantity ol sodium nitrite
Was used in order to avoid tarring. The diazotation

took/
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;took Place very slowly and when all the nitrite was
;added the liquld was filtered to remove unchanged
:hromﬂ—naphthylamine.

|The dlazocompounds 1is very stable and evolves nitrogen
'only when heated on the steam bath.

!The hydrolysis was found to be ghe most difficult stage
of this syntheslis on account of the ready formation oﬁ
nydroxyazocompounds. ' |
After many attempts, the method adopted was aa'followé:
The aolufion o the diazotised aamine was added slowly;
to a poiling solution of 33% sulphuric acid and the |
S=bromo—A —naphthol distilled as white needles which
had m.pe. I37°

Only I0% of the expected quantity was obtained hecausé
of the formation of much tar. The propertles of |
5=bromo=I-naphthol are similar to those of the |
corresponding I:4 derivative, described on a prev1ous;
page. |
In order to confirm the & position of the bromine atomn,
a small sampie was methylated and converted via the
magnegiun—compound into I-methoxy-6-naphthatc acld.

The m.p. found was 227° and %88 identical with that |
recorded by Roy&eé and Schedler in J.c.s.1923,1§,1641,?
as the m.p. of Ismethoxy-&-naphthoic acid, which was
Prepared too in the course of this research by the
pjeaenﬁ author.

6—=Bromo-I-naphthol kas heen recently prepared by

?uson/
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Fuson, J.Amer.Chem.S0c. ,1924,46,2779, in a manner

'similar to the one outlined above and also as

| follows:
|
! Br H B8r /7|' #
L i ]
C"»—— C—icoos c—¢
sasan , .
| C /72 ?’Afa
0=—=C=0 HHO—c=0
Br E‘,'
i ScoH
= |
C¢Cﬁ
0H

The compound described here possesses pProp-

erties similar to those descrived by Fuson.

expepiments , undertaken with a view to obtain in-
formation about the methods of preparing isomeric

%ethoxyana@htggl-maggglbromidea.

It wes hoped to obtain these by the follow-

%ng geries of reactions:

SO Cl, H KOH

| Pa

| HBr
—— R. OHD_BI'

i
Fhere R represents 10 . CoH,—
(In some cases the aldehyde could be obtained by

Gattermann'’s HCN methods (Ann.IS07,357,313) as is

R+ 000H ———> R. 0001 R*CHO— > R.CH,OH |

The following gives an account of preliminary |

shown later ). Therefore preliminary experiments were

#ecessary/




21,

‘necessary in order to discover .to what extent the

écatalytic reduction above mentioned (see Rosenmund,

!Ber.,IQIB,QL,SBEJ could be employed in the naphth—

' alene series.

Therefore, % —-naphthoylchloride was preyareai

'and submitted to the action of hydrogen in presence |
‘of palladihised barium sulphate.

|
The following scheme ShOWS how o -naphtgyii !
|
|

ialdehyde was prepared by such reaction.

Br ErMg C OOk
@ @ " ca"
—_— —
coce COH
S0CL2 /e
e
22

| &k -Bromonaphthalene and mageesium in ethereal sol—
?ution readlly gave the intermediate compound as shown J.
and the ethereal soluticn of this was saturated with
carbon dioxide. |
The resulting pasty mass was then decomposed |
with dilute sulphuric acid snd the ethereal solution |
extraciea with alkall and acidified with hydrochleoric
acid when A -naphthoicacid was precipitated in almost
quantitative yield. It was recrystallised from 26%

‘alconol.  (Ber.,I1904,3%,625 ).

Molecular proportions of the acid and phosphor-

Eousf
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| phosphorous-pentachloride were mixed together and
!warmed on a steam bpath until reaction was completed;
ithe phosphorous—oxychloride distilled away and the
residual X —naphthoylchloride distilled in vacuo. It;
BBd beD. I73°/Isumm. (BeTs 41905,38,180) «

The same acidchloride was also obtained in
a similar way by using thionylchloride instead of

phosphorous pentachloride.

Catalytic reduction t0 X —~naphthaldehyde.

cocé CoH

L 00

Tnis reaction was carried out at a temper-
ature of I60° with a quantity of 5gms of acidchloride |
at a time, dissolved in 25 c.c. Xylene in which 2 gus

of catalyst were suspended. ;
The palladium-bariumsulphate catalyst was prepared as

followsa. |
Twelve gms. Of Ireshly precipitated varium—
sulphate were made into a paaﬁe with 235 ¢.c. 0of hot
water and I gm of palladium chloride 1ln a solutlion of
40 c.c. Of water added. After addition of I gnm.
|0 formalin the solution was made alkaline with
isodium hydroxide and the whole heated to boiling for
some time. The precipitate readlily settled out and i
was filtered off and dried carefully 1ln vacuo, being

now/
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ﬁnow ready for the reduction.
= Hydrogen from a Kipp was passed through a
gseries of washbottles, contalning a, pPpotassium

permanganate and B, conc.sulkphuric acid and then

finally dried by passing 1t over phosphorous pen&oxide}
Ext was led in a very slow stream into the boiling |
1xylene golution. Hydroechloric aclid was slowly evolveh
and ceased after about 4 or 5 hours. The solution i
was then filtered from the catalyst and the aldehyde |
extracted in the usual way with sodiumbisulphite.
From this addition compound, the aldehyde was liber-
ated with warm sodium carbonate solution and extract-
ed with ethex.

The resulting oil distilled at I52° /I3 mm.
and was obtailned in an average yileld of 60%. It
gave a phenylhydrazone (m.p. 234°, red needles )

and a semioxanazone(m.p.258° ).

This showed that the catalytic reduction
method could be employed for the naphthalene series
and the preparation of 3 and 5-methoxXy—- *k-naphthalde=

|hydes, descrived later, was carried out in a simllar
manner. |

A Cannlzzarro feaction was then tried on this
aldehyde 1in order 10 see irf the naphthaldenydes can be
converted in this way to the correaponding carbinols.
A& =Naphthaldehyde gave fairly readily X —-naphthyl-
\carbinol (m.p. 59-60° ) with 25% aleoholic potassium
hydroxide
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8ince a certain amount of reaction is effected by
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hydroxide. |

EXperiments were now carried out to see

methoxy - naphthaldehydes and
methoxXy = naphthylcarbinols.

Methods attempted for aldehyde synthesls were:

Br i

C,H, Mg Br+H.C00 G H_—> C H. . CHO +Mg _

& cae 1 S 00 H, |

( Amn. ,1912,393,215 ) |

and |

|

B . |

(G HNg Br+ _C=N QH—> C H,CH =N C_H, |
C,H,0

i:&?o
Co B o€ OH+ H NeCoHge

This expectation was not realised hecause

of the difficulties experienced in the preparation of |

'I—methoxy-s—bromonaphthalene. which could not be !

in quantities suitable for use as starting

|
In the case of the 2-methoxXy-I-bromonaphtha— ‘

leﬁe, the compound refused to react with magnesiunm anai

hence 2-methoxy-I-naphthyl-carbinol could not he pre- |

This 1is probvably due to steric hindrance,
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'the methoxy-group in ortho position to the bromine b |

Ia.tom.

;ok—ﬁahthlc inol.

'ethyliodide were allowed tO react together and then
;64;gms. of o =bhromonaphthalene, dissolved in I50 c.c.
%ether added to the mixture. When the vigo¥ous react-

‘ion had ceased, formaldehyde vapour, produced by g
|

'heating 25 gus. of trioxymethylene in a retort, was

lout in the hope of improving the yields of carbinol.

iquantlty of carbinol obtained did not justify the

?aaoption of this method for other cases.

The other experiments by which 1t was hoped

'to go directly from halogenated naphthalene %o ;

naphthylcarbinols gave o —naphthylecarbinol (Ber.s '
IQ£I,§&,?59° 1922,56,3406 ) but no substituted carbinoﬂ
was prepared thus, because of the difficulty of
lobtaining I:4 and I:&6—methoxXy-bromonaphthalene, whilst
2'I—methoxy—bromonaphthalene refused to react with
magnesiumvaa already stated.

Magnesium (8 gms. ), 30 c.C. ether and 3 gus.

Pasgsed ine. The whole was continuously stirred and !
kept
the temperature /at &5 .
After working up the reaction mixture in the

usual_manner. a spall yleld of = -naphthylcarbinol

was obtained as white needles of MeDe 59.56 — 60 and
DePs 30I° /760 mm.

A large number of experiments were carried

‘It would have been a very valuable method, but the |
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2=MethoXy-xX —naphthaldehyde and
|

4-methoxy=-o~naphthaldehyde.  (Ann.I907,367,365. )

o and 3 Naphthyl methyl ethsré were ohtalned
‘ag follows: | |
i The naphtnol (50 gms. ), methyl alcohol (50 gms. )
'and cone.sulphuric aclid (IO gus. ) were heated together
at I25° for 4 hours under a reflux condenser and slighi
pressure, produced by a mercury valve. - |
The solutlion was then poured into cold water

and the o0il which separated washed with sodium nydroxs=

ide and distilled. Any unchanged naphthol was re-

[icoverea from he solution.

id.-naphthylmethyl ether has be.p. 269° and -

R -naphthylmethyl ether DeDes 274° and |

: MepPe 72° i

To 50 gms. ofok-naphthylmetnyl ether dissolv-

ed in 200 gms. Of dry benzene 70 c.c. hydrocyanic acia;

and 70 gms. of powglered aluminium chloride were

added. Tpe whole was immersed in a freezing mixture

and a current of dry hydrogen chloride passed into !

the solution for about 2 hours, the temperature being
‘allowed t0 rise slowly from 0° to 45° . i
é By pouring the reaction mixture ongﬁce, the
laldimine hydrochloride was decomposed and after
acldification of the whole with hydrochloric aegid,
benzene and any unchanged naphthylether were removed
by steam distillation and the residue extracted with
ether/
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! ether.

| Both aldehydes were pruified hy conversion

into bisulphite compounds.
The 2-I-aldehyde had m.p. 84° and the 4-I
distilled at 200°/I6um.

Average yield obtained was 60%.

| 4-Methoxy— A-naphthyl-methyl~bromide,

This was obtalned according to the foldewing

gcheme:
OF OCHs OC' K3
CHsO0H ~#CA/
72504 Al
COoO~
OCH3 OCH3
e _—

Cﬁfz 0(7 C’Vz Br

E(T'ne corresponding R-methoxy- A -naphthyl methyl bromirlfe
‘could not be obtained for reasons given later. ) :
Many attempts were made to convert these
;al&ehydes into the methoxy-naphthyl-methylcarbinols,
ibut only in the case of the 4-I compound were they

‘successful.

In both cases, alcoholic potassium—-hydroxlde
0T various concentration and of different temperature |
‘were used. Even when these methoxy-aldehydes were

sutmitted/
|
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' submitted to exactly the same treamment which worked
Iaucceasfully wilth the unsubstitutedc£ -naphthaldenyde
gwhich.,wieldeda{—napnthylcarbinol (see page 23. )

5no change was opserved. . Example o when 25 g8 .
aldehyde was allowed to Stand in contact with 756 c.c.
of 26% potassium hydroxide (I9 gms. KOH in I4 c.c.

H 0 made up 75 c.cC. with alconol) for 25 Bours or 1onger
at room temperature no reaction took place.

Finally a large excess of a concentratea; ”
éaqueous solution of potassium hydroxide (30 gms. of
ialaehyde and 20 gms. of KOH in I5 c.c. H O standing
!for twenty—four hours ) gave the desired 4-methoxy—
Z-naphthyl carbinol., After diluting with water the

'carbinol was extracted with ether, drled over sodium

sulphate and the solwent then evaporated off.
| It crystallised from petxol ether in light,
'colourless needles Of m.p. 35 . (Chem.Abstracts,

| 1920,14, 3406 ).

4-lethoxy—4 —paphthyl-methyl bromide was prepared by

Passing hydrobromic acid into a warm benzene solution
of the carbinol. . A yellow solid'precipitated immed—

lately which, when saturation witlh hydrobromic acid

‘Was comwpleted, was Tiltered off and quickly trans-

ferred to a desiccator.

gescript en Of the yellow crystals obtained.
The solid fumed in alr and could not bhe

jrecrystallisea because of its marked instability.
|Under/
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iUnder the microscope long prismatic needles could Dbe

idiscerned. which however slowly disappeared. In cold
%water it rapldly became liquid, due t0 hydrolysis and
ébromidion could be detected with silver nitrate. It ;
%was impure 4-methoxy—J —naphthyl methyl bromide, m.De. |
apout I10°. |
%It was lmmedlately hydrolysed by aqueous alcohol as

deserived in the experimental part. : !

. Investigation of the actlon of potassium
'nydroxide on 2-methoxy—.{ -naphtnaldehyde showed that
'tnis reagent even as very concentrated solution at a

temperature
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temperature over I00°does not reduce the aldehyde to
the corresponding carbinol.
The ortho position of the methoxy group 1S probably
the cause of this steric influence of the aldehyde
group.

A silmlilar fact was observed by Gattermann
( Ann. ,1888,244,72) who discovered that whilset
4-methoxXy—«+ —naphthoamide is hydroiysable with potasge-
;1um hydroxide the corresponding 2—- derivative is un-
?reactive to this reagent.
‘Iwo methods of converting aldehydes into carbinols

‘directly were tried. :The Tirst 1s summarised as

follows:
! coH CH WYOH
OCHs 0CH3
—_—
Cro WVH: CH2 0

' ocH3 oc#s
e —

!z—ﬁeﬁhoxyad -naphthaldoxime was not reduced hy sodium—
| :
amalgam in glaclal acetic acid,a reaction which goes
Ereadily in the benzene series.

‘ : The second method consisted of an attempt to

| hydroxy |
|reducq/aldehyde to alcohol by means of aluminium

Ten grams of 2-hydroxyZnaphthaldehyde dissoly—
ed in 250 c.c. ether were left in contact with activ-
iatad aluminium foil, for 24 hours. 7TIhe solvent was

;riltered/
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riltered and the residual solid treated with 6%
hydrochloric acid and after drying shaken with cold
chloroform. The remaining undissolved substance was

filtered again and dissolved Tinally in hot chloroformy
from which |
wheree@/ Z~-hydroxy= < -naphthyl-carbinol crystallised out

'in long white needles of m.p. I89°%

This reductlion could not be carried out on a

large scale.
|

| The small yields of only 5% are due to form-
latio.a of imtermediate compounds as describved by Bettl

|
‘and Mundici (Gazzetta chim.ital. I906,36 ,659).

An attempt was made to obtaln 2-methoXy— <&
'—naphthyl-methyl bromide by bromination of I-methyl

- @-napnthyl metinyletner, prepared as follows:

G'A(:J
6‘/7‘.?

0C 3
(Ber.,1906,39, 44I1)

|
‘Preparation of dinaphthyl methane

alcohol

| To/" -naphthgl ( I00 gms. ) dissolved in I20 c. Ce.
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alaonol, 66 c.c. Of 40% formaldehyde and 20 gms. of
écrystalline godivum acetate were added, and the whole
;allowed to,stand for four days atl room temperature.
The crystalline precipitate was then filtered off and |
&ecrystallised from glacial acetic acid, 1t had m.De.
FOOG'

I-mofhyl-2-naphthol,

| Dinaphthylmethane (60 gms.) dissolved in
sodium hydroxide solution (60 gms. NaOH in 6@0 c.c. OT
%ater) was reduced with zinc dust (75 gus. ) by boiling.
ihe whole for 8 hours under reflux condenser. I-lMethyl
Lé—naphthol and /7 -napnthol were formed of which the
Eaxter was comnverted back to dinaphthylmethane by a
further addition of formaldehyde after which the whole
;as again submitted to the action of zZinc dust.

i Tnose proceedings were repeated until almost
%ll the 2 —naphthol had been converted to I-methyl-
2-naphthol.

} The solution was now filtered from the zinc
Fust and formaldehyde again added, in order to react
with the residual 7 -naphthol, which thus could be
%eparated. On acidification of the filtrate a mixture
bf I-methyl—-2-naphthol and dinaphthylméthane was
ﬁreoipitated and separated from each other by boiling
#ith much water, in which only methyl-naphthol is
soluble. I-methyl-2-naphthol had m.p. IIO .

| The methylether was prepared from tne potass—
%um Salt of I-methyl-2-naphtnol with methyliodide in
alconolje/

|
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;alcoholic gsolution and after recrystallisation frow
:methyl—alcohol I-methyl—-2-methoxy naphthalene was
‘obtained, With m.Dp. 39°

| The bromination of this compound yielded
:only a tarry mass from which no crystalline substance

fcould be obtained.

Attempts to obtain 3-Methoxy-« —naphthyl methyl bromide

| 3-Methoxy- & —naphthaldehyde.
: Tnis compound was syntheslsed according the
|

;rollowing scheme

SOk N N=N-CI

| /Vﬁ-a
| 50sH SOzl SO3/

€ooq coonr

c
|
—_— — _—
' S03/4 04 oCcH3

coct coH

OCH 3 oCcH3

. In order to prepare 3—methoxy- « —napnthoic
acid tne metnod of Royle and Schedler (J.C.S.,I92%,
_;§3{;6ﬁﬂ was moair;éa in two important Pplaces.

The I-naphthylamine-3-8-sulpnonic acld was

pupp;ied in moderately pure condition by the British
Ewestﬂffs Corporation and instead of removing the
sulpnonic/
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sulphonic group in the 8 position by boiling the acid |
with 756% sulphuric acid,(the method employed by Royle
'and Schedler) the amino- sulphonic acid was reduced
| ;'ny sodium amalgam as followsOne Hundred grams ol the
; :aoid were dissolved in I000c.c. of water and 25 gus.
iof sodium hydroxide)and vigokously agitated at
;ordinany temperature whilst 200 gms. of 4% sodium
Eamalgam.were slowly added during 2 hours. The
;mercury was then separated, the solution filtered anaé
E%ﬁeﬁ aci¢iried with conc. hydrochloric acid. The

i & —-naphthylamine—3-sulphonic acid was precipitated
gpure and quantitaLX%g}%gre ohtained. Ne crystall—
Eisatian was necessary. (Sulphur content was I4.0% as
éagainst 14.3% calculatea}

i Seventy-rive per cent . boliling sulphuric acid
;caused the 3-8-acid to char badly, probavbly owing to

;commercial impurities.

‘Diazotabionoof« —naphthylamine—-3-sulphonic acid.

éForty 8ix grams (2/10 of a mol) of the acid dissolvedg
'in anagueous solution of 9 gms of sodium bicarbonate fn
2120'0.0. water was cooled to about 0° and I30 C.C. or%
:conc. hydrochloric aeld added. The Tfinely divided |

' suspension was diazotised by tne gradual addition of
§I4 gius of sodlum nitrite in 40 c.c. of water, the
itemperature now being maintained below 5°, After the
;aolution had been saturated witn sodium-chloride the
?crystalline I-3-Diazonium chloride of canary-yellow

-colour/

|
J |
|
1




356,
colour was filtered and washed,andi to 1t a hot 8
| in potassium-cyanide
solution (60° ) of cuprous cyanide/added. (The cuprous
cyanide was made.up from 62 gms. copper sulphate in
250 c.c. water and 655 gms. sodium cyanide in I00 C.C. |
water,, for every 46 gms of £ -napnthylamine —3-
sulphonic acid used. )
| Nitrogen was immediately evolved and the
.reaction was completed by warming the whole for one
hour on a steam bath. Concentrated hydrochloric acld
‘was then added to the not solution, the precipitateé’E
‘cuprous cyanide filtered off and washed with a little!
;hot water, the washings and Tlltrates were then evap-j
?orated to dryness on the steam bath in a round |
‘pottomed flask, fitted with a steam trap, under
;reducea pPressure.
i Care must be takenF that any excess of hydrOf
|

‘chloric acid is carefully avoided since otherwise a
?troublesome tar is formed. The residues were extract;
ed several times with 90% alcohol in thne same flask
%ana then most of the alconol distilled off under
éreduced pressure, wnen the nitrile crystallised out in
.rairly pure condition, ready to be converted, into the
:Potaasium salt.

| It was readlily formed on warming the nitrile
éwith fhe calculated quantity of potassium carbonate
in agueous solution. The potassium salt crystallised
in long red needles when the solution was cooled and
it/
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;1f necegsary saturated with potassium chloride. It
émax_be recrystallised from potassium chloride solution.
; The preparation of t he pdtassiunm salt is
éacaampanied by a slight hydrolysis of the acid to the
§ d~—naphthoio—3—suiphon1c acid, ammonla being evolved,
éaLreaction which doeg not influence the obtaining oll
‘the hydroxy-naphthoic: acid. Royle and Schedlex
écanvented this nitrile first to the carvoxy-naphtha=
ilane—sulphoﬁate and fused 1t with caustic sodae.
i They boiled the potassium salt of the c¢yan=—
;sulphonic aglid with I0% potessium hydroxide until
ammonia ceased to evolve: and removéd final traces ol
copper by means of hydregen sulphide, passed into the
bolling acidified solution which was then filtered and

evaporated until crystals began t¢ appear. On stand-

I1ng almost the whole of the desired potassium carboxy=
Enaphthalene—eulphonate crystallised out.

| It was found however that the separation of
Zthe intermediate compound is not necesgary at all, but
%tﬁe conversion of the CN group into the COOH can read=—
11y be combined with that of the SO,H group to the
ihydroxyi ( compare DeReP. NO.4I13836 ).

| The finely powdered anhydrous sulphonate was
‘added gradually to fused sodium hydroxzide at I80° .
iEach charge of 26 gms. required 260 gms. of sodium
hydroxide and 50 c.c. water. The mass became dark red
and was vigorously stirred. Ammonia was evolved in
quantity. After having been heated to 230 the melt

solidified/
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solddified gradually. This took place usually after
§/4 of an hour. After dissolving the resulting
solid in water, the sod&ltion was almost neutralized
with conc. hydrochloric acid, animal charcoal added
to the hot solution and the whole left standing for
apout 2 .hours. From the Tfiltered skigntly brown
- coloured solution the Fhydroxy—-« —naphthoic acld was
. precipitated with conc. hydrochloric acid. The acid,
?recrystalliaeﬂ from bolling water or dilute alconol

‘had m.p. 242 ‘and average yield obtained, calculated

irrom the starting material used, namely I-naphthyl—

| amine-3-8-disulphonic acid was I8%.
i
| Methylation of 3-methoxy— «-—naphthoic acid.

| The acid dissolved in an excess of 5% sodium.
;hydraxiae solution was shaken or stirred with an
excess of dimethyl-sulphate, care being taken to
prevent the mixture from becoming acid. The reaction;
was carried out at 40-60°, but was discovered to be
incomplete , although many variations were tried. The|
solution was filtered whilst still alkaline to rempvef
a small quantity of tar and then acldified with |

hydrochloric acid. The precipitatedmethoxy acid was |

_riltered oIff and twice recrystallised from alcohol.
‘It had m.p. I64° instead of I59°

So far, the experimental work was carried

out, except for two variations, according to tne

methods of Royle and Schedler. The subsequent results

were /




38,

;were obtained after many attempts to overcome the
;extraordinary difficulties experienced in this branch
of napnthalene chnemistry.

The methylation was continued as follows.
The methoxy acld remaining in solution after
‘crystallising the main quantity was once more methyl-
‘ated and in order to separate hydroxy and methoxy
écompounﬁ-it was hoped that fraétionname crystallisat—

éion could be used.

|
'—naphtheic acid which had nm.Dp. 159°, 8till contained

It was found however, thal the F-methoxy- «

traces of unmethylated hydroxy naphthoic acid, the
' presence of which was fatal for the preparation of.
|

'tnezcornesponﬂing acid chloride and aldehyde.

70 Tree the methoXy acld Ifrom the hydroXy acld, advan-—
gtage wes taken of the fact that the latter forms an
éinaolubly red dye with dlazotised sulphanilic acid
EWhilst the former remains unchanged. :
| The impure methoxy-naphthoic acid was dis-
éanlvea in dilute sodium hydroxide and diazotised
ianlphanilic acid solution was added until no more red
écolour was formed. After gtanding for 26 hours, the
iacia was precipitate with hydrochloric acid, filtered
:and earefully driled. The whole was then exXtracted
with benzene in a Soxhietl#® apparatus when pure methoxy-—
naphthoic acid of m.p. I60° was obtained, the insol-
Uble red dye remaining in the extractlion thimble.
‘After this treatment, the ylelds diminished

censiderably/
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;conaiderablyg;ﬁha methoxy-naphthoic acid was converted
zto the corresponding acid chloride as follows.

? Ten grams of the purified potassium salt,
Eobtained by the addition of a theoretical quantity of
-20% alcoholic potassium hydroxide and subsequent
levaporation to dryness, were added to a vigorously
;stirnad mixture of I8 gms. of benzene and I8 gus. oI
éthionylchloride at ordinary temperature. The reaction
imixture-was then warmed on a steam bath and potassium
Echloride settled out, when 1t was filtered hot and
iwa.shed with anhydrous ethere. The remaining benzene,
ether and excess of thionylchloride were evaporated

im vacuo and the residual liquid distilled under
?diminiahea Pressure, a process, which is im@ossible
gif,any traces of hydroxy acid asepresent. The chlorida
:may also be crystallised from petroleum ether (Db.p.
401600J from which it crystallises in yellow needles ol
ém.p. 79 °, (Found €l: I5.25; C. H,0,C1 requires Cl
!16.08%) but even then, if hydroxy acid is present, the
?chloride is useless for catalytic reductlon.

| Z-lethoXv— 4 —paphthaldenvde Was obtained in the
isame apparatus as that in the preliminary experiments,
which showed, that Rosemmunds catalytic reduction |
could he extended to naphthoylchlorides in order 1o
Obtain naphtnaldehyde§.

‘The quantities used were

. 0.6 gms, of &methoxy- «-naphthoyl chloride,
l

i Igm. of catalyst and IO c.c. oI Xylene at a

temperature/
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temperature of I60°.

The reduction was completed in four hours,
‘when the hot Xylene solution was Iiltered from the
catalyst and-%#hBen shaken wlth sodium bisulphite
golution for several hours, when a white addition
compound was formed. This was decomposed with ﬁarm
'sodium carbonate solution and the aldehyde extracted
éwith ether. It crystallised from petroieum ether
Ein veautiful rhombic plates, which have m.p. 60°.
.I‘ound: Cy, "7.12; Hy5.36, C,s Hio 02 Tequires C, 77.45;
Hy 5.37.7% '
Itv8ave p-nitrophenyl hydrazone, brick red needles
;m.p. 197 °y semicarbazone, wnite needles from aqueous
;alcohol m.p. 200° and oxime, white needles from
agueous alcohol, m.pe 103°.
3=-lethoxXy— « —naphthyl carbinoil.

| This compound was obtained from tne aldehyde
;(O.SEms.) which was allowed to stand for 3 days in coﬁ-
tact with I c.c. of 66% potassium hydroxide, being i
‘heated on the water bath every 24 hours for IC minutes.
!3—metnnxy-=4—naphthyl garbinol crystallises Irom
!wamer in fine,colourless needles which have m.P. 88 e |
‘Found: 0:76.1%; H:6.425; C, H.O0: requires
C:76.50%; H: 6.38%.

The gquantity of ZF-methoxXy-« =—naphthyl carbin-—
501(5 ng. ) finally obtained was so small that 1t was |
?not possible to proceed to the 3=methoxy—<« —naphthyl
émﬁmhyl bromide. In the courge of this synthesls,

yields/
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yields were found to be very poor, especially on
'account of the necessity for great purity in the
reduction of the acid chloride.

These investigations however opened up a
way which lead to the preparation of various isomeric
:methoxy-naphthyl carbinols.nglg?éeh fhe I1:6 (and

1:3 as aﬁovgﬁwEra prepa;edpaﬁ&/will be described in

a> followlng section.

| In aorder to see iT the hydroxy-naphthoic
éaaids could bhe readlly obtained, the distillation of
‘a mixture of sodiwm—« —naphthylamine-3-sulphonate with
gtwiee its welght of finely powdered potassuim ferro-—
|cyanide‘was attempted. Appreciable gquantities of
!ammnnia'were evolved., From the dark oil which distill~
ed over only a small quantity of pure naphthonitrile
was obtained which was hydrolysed by boiling with
;sulphuric acld and yielded after crystallisation
géeamino-/.? -naphthoic acid which had m.p. 206° .

| Since 1t was not found possible tC increase
#he vields of amino-naphthoic acid, the conversion to
iydroxyhnaphthoic ackd by means of diazotation and
@y&rolysis was not attempted and the acheme was aband-
5ned in favour of the synthesis which has been des—

Cribed in the previous pages.

Preparation/



42,
Preparation oth
S~-Methoxy— « =—naphthyl methyl bromide.

ThoX V=« =na haldehvde

| 6~MethoXy-« =-naphthaldehyde has heen prepared
by the catalytic reduetion of 5-methoxy~<A —naphthoyl—
échloride in a similar manner to the one descrived Ifor
gthe Z~riet hoxy=—A4 -naphthaldehyde.

% 4 =Naphthylamine~&—sulphonic acid was convert=-
iea into I-cyanonaphihalene=-&—sulphonic acld by the mes
‘methed of Royle and Schedler (J.C.S.,I1925,123,1643)
?amn then by the addition of the calculated quantity
'of potassium carbonate into the corresponding potass—
iunm salt, 26 gms. OF which (in small quantities at a
étime) weyre added to a vigorously stirred, fused
'mixturGEOr 260 gms. of sodium hydroxide and 60 gms. OF
water at a temperature: which was allowed to rise
slowly from Ieoato 230° .(compare O.R.R 413836 ).

The mass, wplch Ffinally became # solid, was cooled

ganﬁ 5-hydroxy- £ —naphthoic acid was liberated from its
iaqueoua solution by addition of co nc. hydrochloric
éacid; after recrystallisation from dilute alcohol the |
‘acid melted at 235°.

| The acid (20 gms. ) dissolved in a solution

of I6 gms. of potassium hydroxide in 280 c.c. of walerx,
was vigorouély stirred with I6 gms. of dimethyl

sulphate at 50 ° for about I hour, and the alkaline

|solution filtered and acidified. The 6 methoxy—- «
inaphtnoicj '
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naphthoic acld so precipitated was ocbtained free Lfrom
' the corresponding hydroxy-acid by allowing it to stand
éin an alkaline solution of dlazotised sulphanilic aeid
for 24 hours,after which theselution was acidified
gand the precipitate carefully dried and extracted
'with benzenes |
| Any sample of the corresponding acid chlaride
obtained Irom &-methoxy—+ —naphthoilc acid which was
énot treated in such a way was very @irfficult tm distil.
EA tarry residue was left in the distillation flask,
;containing almost. all acid chloride which was put into
11-.
| As in the 3 methoxy« naphthoic acid the &-
' methoXy-«- naphthoic acid @fim.p. 228° (compare Fuson,
iJ.&mer.cnem.soc.,1924.46,2?87J had to be quite free
%zxam the hydroxy-acid before conversion into the
!acid chloride.
i The aclid was dissolved in the calculated
quantity of 20% alcoholic -potassium hydroxide, an d
‘the solution evaporated to dryness. The dried potass~—
éium salt (10 gms. ) was added to alarge excess Of
@vigorously stirred thionyl chloride (I8 c.c.) @n the:
!same quantity of dry benzene. The whole was finally
;heameﬁ 6n the water path for about 6 minutes, cooled.
ianﬁ Tiltered fxom precipitated potassium chloride
j and acid, ag%fﬁhen the benzene and thionyl chloride
\Were> evaporated/under reduced pressure. The residual
wﬁ-methoxyn4~nagnthoyl chloride was distilled 1in ¥acuo.
It/
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a o :
It had b.p. 194°/II om. and m.p. 80-8I in heavy
| canary yellow coloured needles from petrol ether.
:Analyses:

Found: ClL I5.7%; C, H,0,CL requires Cl I6.0%.

iﬁ—Methoxx-d —naphthaldehyde.
: 5-methoXy-« —napnthoyl chloride (5 gms. ) in
|xy1ene (256 c.c. ) in contact with palladinised barium
iaulphate'was reduced by a current of dry hydrogen fox
?rive hours, the temperature of the bath being I?O‘i
kcompare Rosenmund ,Ber. ;I19I18,51,69I )¢ The aldehyde:

‘was separated in the usual manner as the bisulphite
Icompounﬂ. It crystallised Trom light petroleum ether
in 1ight yellow paates, m.pP. 66

Analyses:

‘Found: C, 77.45 ; H 5.5
icmltmoz requires C, 77.45 ; H 5.4%.
;The p-nitro phenylhydrazone forms red needles m.p. 246°
‘rrom dilute acetic acid, the semicarbazone, fine needles
m.p.24b ¢ from dilute acetic acld and the oxiume, needleﬁ
I o P 104 ° s from water or agueous alcohol.

<-Naphthol ,4-naphtnol and their methyl ethers
iwere submitted to the action of hydrogen in a similar
Imanner, in order to confirm that a ring reduction does
not take place. No change was observed.

In order to ascertain the rate of reduction:

0f the acid chloride, the amount of hydrogen chloride

‘evolved was titrated with standar d alkali solution as
shown/
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i _

' Shown in the following table and in Fig.I page 47.

Hours % acid chloride reduced

40

; &0
% 71
28
86
9I
93
94

O U1 > &1 DO B - oj-

| In order to obtain
! MethoXy—Jd=naphtnyl car inol, the aldenyde was sub=
nitted to the action of agueous potassium hydroxide as
follows.

5-Me thoxXy- A —napnthaldehyde (5 gms. ) was
allowed to stand for 3 days in contact with 66% potass—
ium hydroxide (5 gus. KOH -3 c.c. water and I C.cC.

absolute alcohol. Every 24 hours the whole was

heated on a steam bath for I0 minutes to a temperature
%of 70° and was allowed to cool slowly to room temp-
gera.ture. '
5-Methoxy— «£ —naphthyl carbinol crystallised
from water in colourless needles and had m.D. 98°.
(Pound: C,76.5%; H, 6.34%; C, H. 0.requires

C,76.5%; H,6.38% )

§=Me thoXy— K=naphthyl metnyl broumide,

Was prepared by passing dry hydrogen bromide into a
Warm benzene solutlon of tne carbinol, until satur-
atlon was completed. The iiquia was then separated
from the water, which was formed during the bprominat—
lon/
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;bromination and evaporated to dryness in a desiccator.
iThe golld residue was then extracted with petmleum
'ether (b.p. 40 - 60°). It crystallised from this
?solvant in white prismatic needles of m,p.65-66°,
Found Br, 31.2% 0;,H;,0 Br requires Br 31.9%,

éThe compound is not lacrimatory but produces a burn-
:ing gengation on the skin and does not fume in the

|alr as the 1:4 compound does.

The hydrolysis of 5-methoxy-« -naphthyl

' methyl bromide is described in the experimental part.
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\preparation of I:6 and I:7 me thoxy- & -naphthoic acid.

a menner simlilar to that described for 5—methoxy— K
-naphthyl methyl bromide.

The necesgary A —naphthylamine—€é-sulphonic
acid was supplied by British Drug Houses Ltd., ATter
900 gms. of this starting material had been converted |
to the napnthoic acid via the nitrile, it was dis-
covered that 11 was not.pure I:6 compound but contain—
ed at least 60% I:7 isomeride. As a mixture of these
two hydroxy-naphtholc acids would not have served the |

purpose to obtaln pure end products, various atteuptis

were made to separate these compounds. Owlng to the
%ract that both 1somerides did not vary sulficlently
éin solubllity in any solvents to ensure a successful
Eseparation by means of fractlonnate crystallisation,
wthe solubllity of barium, calcium and sodium salts
wes. imvestlgated. Conirary to expactatiqns)it was
found that the barium and calclum salts of both acids
Were very socluble in water and only the aifference.or'
solubility of the sodiumsalts led to the hope of a
Successful separaticn. After the mixture had been
roughly divided into two;parts, one ¢f which was
chiefly I:6 with a little I:7 and the other I:7 with

a little I:6 hydroxy-naphthoic acid, by fractionad
‘erystallisation/ _

These experiments were undertaken in the hope

‘of obtaining 6-methoxy— A-naphthyl methyl broumide, in:'

-
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crystallisation from dilute alcohol, in which the I:6
isomeride is the more sodubke, the two parts were
purifled separately as follows. The hydroxy naphthoié

acids were digsolved In a small bulk of hot sodium

\carbonate solution., When this was allowed to cool
?slowly, the sodium salt of 7-hydroxy—9\-naphthoic

jacid_ crystallised ocut and was digested with a small
\quantity of water in order to dissolve the traces of
ithe more soluble salt of fie I:€ isomeride which might
have crystalllsed out too. This pProcess was repeated
geveral times'and thus rendered possible the obtalning
of a very pure 7-hydroxy-o-naphthoic acid of m.D. 255.

It was still more dlfficult to obtain pure

‘samples of 6-hydroxy—d —naphtholic acid af&m.p. 209°
EWhich could be however separated in a pure ‘condition |
by suificient repetitions of the fractional - crystall-
1sat lon. —

It could not have been foreseen that a pProduct
supplied as < -naphthyl amine 6-sulphonic acid would
contaln more than 5?% of its I:7 isomeride,otherwise
Ethe trouble e® some process of separation could have
been avolded and the purification carried out at the
naphthyl-amine sulphonic acld stage by means of'theirf

sodium salts.

S—Methqu—ci—naphthoic acid and

llethoxy— o -naphtholc acid.

These compounds were obtalned by methylating

the /
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'the corresponding hydroxy-naphtholc acids with
excess of dlmethyl sulphate.
6-llethoxy— o« —naphthoic acid crystallised
ifrom agqueous alcohol or petrolieum ether in colourless
Iprismatic needles of m.pP. 183",
' Found C, 69.20; H,5.I, CoHis0, requires 4
C, 69.23; H,4.8I.

57~M9thoxy—ck—naphthoic acld crystallised Trom petrol—é
‘eum ether in colourless silky needles of m.p. I69°. |
_Found C, 69.60; H,5.I0; C . H, 0,
requires C,69.23 H,4.4;

Neitner acld would give a crystallilne potass&
1um galt and thﬁ actlion of thionyl chloride and even or
|phospnorous penta chloride gawe very impur e acid |
Ichloriﬁe from which only a trace of aldehyde could be

obtained.
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I-Bromo=- A-naphthyl-me thyl bromide and

4~-Bromo=- & —naphthyl-mnethyl bromide.

the methogpgﬁe compounds were obitalned according

to /iayer and Sieglitz (Ber.,1922,56,1839) by
bromination of X and A-methylnaphtnalene and side

chain bromination of the reactlion products.

| To & and A-methylnaphtnalene (4&.4 gus. )
;dissolved in carbon disulphide, 64 gms. of bromine

éWere glowly added, and the whole warmed on a steam

ébath untlil the SOIutioné becane bright yellow. After
iayaporation away of the hydrovbromic acid and carbon
disulphide the compounds were distilled under reduced
épressure.

| I-Bromo—/3 -methyl naphthalene had b.p. I65—I?O°/15 mm.
‘and 4-Bromo-d -methyl naphthalene 162-164 [12 mm. |

| The side chain bromination of both compounds |
!was carried out at 2IO°, at which temperature bromine
(32 gms. ) was added to the bromo-methylnaphthalene

(44 gms. ), within 20 minutes, a current of air being

passed all the time to ensure eflficient bromination.

| The reactlon products were then cooled and
?the g0lids recrystallised from ligroin.

| 4~Bromo- & =naphtnyl methyl bromide crystall-—
igsed in white needles Of m.pP.104° and I-Bromo— 3 -
-naphthyl methyl bromide in similar needles of

m.p, I02-I08°.
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' B=Bromo- ot —naphthyl methyl bromide.
' Thls compound was obtained by the following

'geries of reactions:

CooH COoH cocyt
51"2 S0C¢ 2
| Br
|
g CHz O Cti B

Sesloe

| Br

5—~-Brouo—ock=naphthoic acid was prepared by

\the method of Hausamann (Bers ,1876,9,1517; J.I.pr.
Cheute 1888,38,156; J. Amer.Chem.S0C.,I925,47,III9). |

ok —Naphtnoic acid, dissolved in glacial acetic
acld was warmed and an excess ol bromine added. on
cooling, the brominated naphtholc acid crystallised
!Out, was Tiltered off, washed with acetic acld and
lcrystallised from alconol. It had m.p. 26I .
Previous investigators have given the melting

point Of the acid as 242 and 246°, but it WA8 found to

be 26I°, after several crystallisations from 90%

alcohol from which it was obtained as large, white
plates. (Found: Br, 3I.40%; C, H 0,Br requires

Br 31.85%. ) |
M ~naphthoyl chloride, ( J.Amer.Chem.S80C. ;1925
gﬁ,IIIQ) Was prepared as rollows. 5-bromo-co-naphthoic
a.cid/

|
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!acid (20 gms. ) mixed with 5 molecular proportions of

ithionyl chloride were heated under reflux condenser
!on a steam bath, until solution of tne acid was
| completed.( Five hours were necessary). The liguid
‘was then cooled and filtered and unchanged thionyl
(chloride distilled off under reduced pressure. The
iresidue, which solidified on cooling gave a 70% yielal
ior the chloride in colourless plates, which, when
| crystallised frompetroleum ether (b.p. 80-I00° ) had
im.p. 84°. '

This acld chloride was then subnitted to

catalytic reduction with hydrogen in presence of

palladfﬁised barium sulphate under similar conditions

to those adopted for methoxy-naphthoyl chlorides. The -
laldehyde was again extracted with sodium bisuiphite |
;andatpaaaddﬁtinn sompound decomposed with concentrated
Ieodium carbgnate solution.

| 5=Bromo—< —naphthaldehyde has m.p. I03-I07 , and
écrystalliaes from petroleum ether (b.p. 80-I00.) in
Icolourless prismatic needles.

(Found: Br 33-86%; C, H,OBr requires 34.05%),

p-nitro-phenyl hydrazone m.D. 263° from acetic acid;

\semicarbazone, colourless needles from agueous acetic
Eacid m.p. 263°; and oxime, colourless needles from
aqueous aleohol, m.P. I38-I39 .

—~Bromo- L =naphthyl carbinol

was obtained from the aldehyde (I.5 gms. ) which waé
!a.llov.fed/
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'allowed to stand for three days in contact with 66%
'aqueous potasgsium hydroxide, being heated on the
' steam bath every 24 hours for 10 minutes. §-Bromo-
naphthyl carbinol crystallised from petroléum ether
- (b.p. 80 — 100° ) in fine white needles of m.p. 124°,
(Found ¢, 560 H,4-1 ; C12Hg@BR
requires (,55.69; H,3.81.7% |

. b—Bromo-« -naphthyl methvl bromide.

wae prepared by passing éry hydrogen bromide into a
warm benzene solution of the carbinol, until saturat-
Eion was completed, The liquid was then separated from
%the water which was formed during bromination and

' evaporated to dryness in a desiccator, The solid

' residue was then extracted with petroleum ether
;(b.p. 40° - 60°), It erystallised from this solvent
éin white needles of m.p. 1019,

?(Hydrolysable bromine 26.7%, Br.CjoHg-CH,Br

jrequiras 26+8%).

| The compound is not lacrimatory but produces
éa burning sensation on the skin,

The hydrolysis of 6-bromo-<« -naphthyl methyl

bromine ig described in the experimental part.
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EXPERIMENTAL.

Reduction of mono—nalogenated. naphthalene derivatives
and 4 - and g —naphthol by means of hydro jodic acid.

4 — and /J-bromo, & - and 4-i0d0 naphthalene
and d — anﬂ/ﬂ—naphthal were reduced 1in a thermostat
lat 100°%
Approximately 0.I7 gm. of these compounds
'were welghed out in 25 c.c. Standard flasks. Ten
‘c.c. Of glacial acetic acid and IO c.c. of freshly
distilled hydrgiodic acid (8p.gr.I.663) were then added
and the whole thoroughly mixed and kept in a thermo-
'8tat for 4 hours.
The libverated iodine was estimated by titrat-
ion with standard sodium thiosulphate solution.
| The results are summarised in the followlng
étable where under ¢ the actual reduction time 1n
iminut.ea and under X the percentage reduction 1is g.*».v'em.i
'The latter 1s calculated from the equation 3
C, H,-Hal + 2 HI = C, H,7H.Hal + L.
W represents the weights.

;The results are as follows:

A =bromo naphthalene /
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é t in hours W X %
Ia‘; -=hromo naphthalene 4 0,091 4.5
;3 - v v 4 0.163 0.0
L = 10;‘10 naphthalene < 0.19% 62.0
Vg = g 4 0.1I73 7.0
‘4 - naphthol T 0N 0.0
fp - naphthol 4 - 0. I70 0.0

|

In order to ascertain if iodine is liberated
;by influences others than that of the hydroiodic acid
’\',,f'_fi(suCh as 2 R GHLI—PR p«f}iﬂﬁf,n +1,) special experiments |
f|were carried éut.
| 4 — and ¢ —iodo naphthalene were dissolved in

Iglacial actelc acld and placed in the thermostat at
?IOO0 under the same conditions as the reductions
gcarried out before, except that no hydroiodic acid was
Ia.daed, but it was found that «~ andl - i10do naphth-
lalene did not undergo change under these conditions.
The congentration of the hyarpi iodic acid

and to aismallepiextent the amount of firxee iodine 1in
#t. both influencé the rate of reduction and therafor@;
:a gseries of reduct_ions were as far as possible |
carried out on the same day and with the same hydry
lodic acid.

As lodine 1s slowly Yéliberated from a
sexutioﬁ of hydrgiodic acid on account of atmospheric
pxyuation, a blank experiment was carried out at the
ﬁame time and conrpections applied 1in each case.

For/
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For temperatures between 25°%and I00° boiling
fvapour thermostats have been employed. The glass
istopperad measuring flask, containing the compound
ito be reduced in glacial acteic acid solution and
‘hydro iodic acid, was immersed for a definite period
iof time in the vapour of the liquid, which was boiling
!in a wide necked flask, fitted with a reflux condenser.
 Any desirable temperature may be obtained in this way
by the choice of a liquid of a sultable bolling point.
Reductions at I00 °were also carried out in a

glycerin bath, kept at this temperature, when a large

number 0f experiments could be accomplished at once.

| Reduction of the mono halogenated phenols by means

‘of nydrg iodic acid.

Approximately 0.I7 gmn. o0f the three hydroxy— |
Wwomo naphthols prepared, was dilssolved in IS5 c.c. ©of
glacial acetic acid and to each solution,placed in a
b C.C. glass stoppered measuring Tlask, 6 C.C. OF
constant boiling hydrg iodic acid added. The whole
was then carefully mixed and placed in a thermosdatl aﬂ
76. (vapour of boiling carbon tetrachloride ). |
The liberated lodine was estlmated as before. By
thig method, reduetion curves from 2-I; I-4 and I-5

hydroxy=bromo naphthol were obtalned:

E t min. x %

| 2 hydroxy-I~bromo naphthol I5 96
I CHE (] # 15 94
T: (1] -5 ] o 60 6
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‘W, t 'and x gave the same significance as before.
on account of the rapid reduction of.the 2-I and I-4
‘hydroxy-bromo naphthol under these conditions, both we

were reduced at 25 °, the comparison is as fo0llows.

2-HydroXy—I-bromo naphthol  I-Iydroxy—4-hbromo naphthol

W t min x% W t min X%
| 0,17 gmn. - 15 36 0.I77 I5 5 |
| 30 63 30 27 |
45 76 45 8

90 96 90 62

120 100 120 72

I:6-Dibromo-3-naphthol ( Proc. chem.Soc. I889,7I)
and ortho and para bromo phenol were reduced under

the same conditions.

\1:6-Dipromo—4 —naphthol

W t min x%
0.I79 I6 9
30 I7 |
45 24
% s
I20 b4. E

ortho/
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ortho bromo phenol para bromo phenol
W t min x% W t win X%
EO.I'? 30 e 7 Q. I%7 30 e 5.
60 5.0 60 5.8
I20 7.1 I20 560

These tables are graphically represented in figure
II page 66.

Hydrolyses of

| A_—_and 4 -naphthyl methyl bromide

I-bromo-Z—-naphthyl methyl bromide and
4-bromo- £ —naphthyl methyl bromide
S5-bromo- 4 —naphthyl methyl bromide.

The hydrolyses of these compounds were
carried out at 26°% The hydrolysing agent used was

90 per cent agmeous alcohol. At this temperature

| hydrolyses proceeded very slowly and were also

carried out at 60 s
Hydrolysis at 267

Each compound (0.5 gm. approx. ) in a I00 c;c.
gtandard flask was dissolved in 90 c.c. absolute
alcohol. The solution IO c.c. of disgilled water
were added and after the whole had been thowvoughly
mixed, the flasks were placed in a thermostat at 25°
Ten c.c. of this solution were with drawn from time
to,time, poured into excess oI water and the free
hydro bromic acid estlmated by titratlion with
standard/
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standard ammonium hydroxide solution, methyl red being

;uaed as indicator.

In the following tables t represents the
?time from the commencement of the experiment and x
' the percentage of hydrolysis, calculated from the

equationss

G, H,.CH,BrHOE =  C, H,.CH,0H » HBr
| and
| Br.C,, H,.CH,Br+ HOE - Br. G, H,.CH,OHH Br,

@whilst w 1s the weight in grams used.

| o —Naphthyl methyl /3 =Naphthyl methyl
i bromide. bromide.
W 0.502 gm. W 0.565 gm.
%t in hours x% t in hours x%
‘ 24 37 24 27
48 59 48 45
72 73 72 60
96 82 96 70
120 87 I20 78
168 93 168 87
240 9% - 240 93
312 98 312 97

For/
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For comparison the hydrclysis of benzyl bromide is

glven here:

Benzyl bromide. I-bromo— /4 —naphthyl
methyl bromide.
w 0.503 gm.

t hours x% t hours x%
24 I7 48 I6
48 30 o6 31
72 41 I44 42
96 bl 192 5
120 59 240 68
I68 70 312 68
240 81 364 74
312 86
364 88
|
| 4-Dbrojo- o« —paphthyl 5-bromo- -napnthyl
: ethvl ide. methyl bromide.
W 0.5I2 gme. : w 0.I62 gn.
t hours x% t hours x%
. 48 33 6 4
| 96 | 59 48 STe
l 144 76 96 62
| 192 83 I44 68
240 86 240 79
312 89

364 90
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Hydrolysis at 60° .

ITwenty c.c. 0of a standard.solution of the
promides in absolute alcohol (I02 c.c. ) were placed
'in a standard 25 c.c. flask, 5 c.c. of watar added
'and the volume was made exactly 25.c.c. by the addition
of avsolute aloohol. The whole was thoroughly mixed '
iand the Tlask then lmmersed in the vapour of boiling
Ichloroform for a delinlte interval ol time,.

i The contents of the flasks were washed into

;excess of water and the free hydro bromic acid |
titrated by a standard solution of ammonium hydroxiaei
as npefore. In the following table, Tt and X have the

same signifTicance as before.

4. naphthyl methyl bromide. /& =paphthylmethyl bromide
"t hours x% %’ hours x%
5 49 % 32
I 72 1 © 80
2 oI 2 75
& o7 4 92
8 S9 8 94

5 I-brouo=« naphihyvl methyl 4—bromo—4 —naphthyl

] de. methyl bromide.

.t hours x% t hours x%
3 I0 % 20
I 18 I 3%
2 29 2 57
- 48 = 82
8 73 8 94
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| For comparison the hydrolysis of benzyl bromide at
1 60° is given here.

| $3.C.8.,1926,124,221. )

W 0.46I gu t hours x%
22
39
59
80

w B M o+ e

88

Hydrplysis of

4~liethoXy—« —naphthyl methyl bromide and

6-Methoxy— ( —naphthyl methyl bromide.

| -

'Each of these compounds in 26 c.c. sStandard flasks

}were digsolved in absolute alcohol ( 0.06 gm. in every

!IO GaCol )s To the solutions distilled water was added
't0 produce 90% aqueous alcohol and after the whole
%had been thoroughly mixed, the flasks were placed in
'a toermostat at 25°  Five c.c. of this solution were
with drawn immediately after the addition of the

Water and adepeszportions of the remainder after
idefinite intervals of time. The free hydro bromic
‘acid was again estimated by titzation with standard

‘anmonium hydi"oxio.e solution as before.

%Me‘@mxy¢
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4~}etNOX V= £ —nanhthvl S-Methoxy— 4 —naphthyl
nethyl bromide. methyl bromide.
t mins. x% 1 hours x%
5 80 3 I0
e 24 50
| 48 _ 73
| 96 87

Samples of the titrated I:5 compound were
'heated for a short time on the steam bath, Wwhen
‘hydrolysis went almost to completion.(90%)
| Surficient I:5 derivative was not obtained
éfor reduction experiments and Lapweorth and Shoesmith
!(J.G.S..1922,;g;,1391) nave established the non-
‘reducibility of p-methoxy benzyl bromlde, so.owing
éto the similarities between this and the I:4 compound
itne latter was not reduced.
‘Reduetion of
| I-Bromo-7 —methyl naphthalene and
4~Bromo— 4 — -
éAppraximatély 0.I7 gm. of these compounds were weighed
lout in 26 c.c. standard flasks and dissclved in IO c.c.
glacial acetic acid. Ten c.c. of freshly distilled
hydrg iodic acid (sp.gr. I.652) were then added and
Xept in a thermostat at I00 for 2, 4 and 6 hours.
‘The liberated lodine was estimated by titration with
iaodium/ ;
: w The sample used here was one of 80%

purity. It probably crystallises with benzene
| of crystallisation.
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i godium thio sulphate solution as before.

The results ave summarised as follows:

I-Bropo— & —pmethyvl - 4-Bromo—sA —methyl

| :

‘ naphthalene. naphthalene.
t hours x% t hours x%
2 60 2 29
4 78 4 50

6 88 6 62
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Figure L1,

REDUCTION
ol.

Bromo-naphthols and Bromo phenols
with hydre iodic acid.

Temperature: 25 .
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Figure III,

- REDUCTION

ol

I-Bromo- /- methyl naphthalene > and 4-Bromo- <-methyl
naphthalene :
wit_h hydr¢ iodic acid.

TEMPERATURE: I00° .

Br CHs3
Dj - @
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Flgure V.

HYDROLYSIS
of

« and 4 naphthyl methyl bromide I:2 and 4:I bromo-
naphthyl methyl bromide and benzyl bromide.

Temperature 60°

CHBn
CH28r
7 — B e
C'h Bn 8r

\a:,']l
|
|

.

CHeBr
7/ ZARae gusis

& Aao'/*s
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FIGURE VII.

Comparison of the Hydrolyses Curves.

of
4 —-naphthyl-methyl bromide

5-methoxy— £ -naphthyl methyl bromide (red)

b-bromo- -naphthyl methyl bromide

Temperature 25°,

CHiBn
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DISCUSSION OF RESULIS.
=

It 1s now generally admitted by
‘chemists that the influences determining the reactiv—
lity of an atom in an organic molecule may be grouped
under three heads, namely a. steric or structural
inTluvuerces, "h. general polar influences and
¢c. induced polar influvences (vide Lapworth and
' Shoesmith J.C.S.,1922,I21,1I39I ). The steric or
 structural efrfects are generally apparent in aromatic
;organic compounds when the substituents are in ortho
‘position to one another.

The gemaral polar effect however is due to
the influence of the substlituent on the molecule as
a whole (compare Lapworth,Mem.Manchester Phil.Soc. ,
11920,67, No.3, Kermack and Robinson J.C.8.,I1922,I2I,
427; Ann.Reports I922,19,98.)

. The present investigations have been succeés-
ii‘ul in showing how two of these influences,namely the
general and steric, affect reactivity in the naphth-
alene molecule.

It was not possible to Judge the magnitude |
of the third efrect i.e. the alternating effect, because
of the somewhat unexpected difficulties of preparing
I:3 and I:6 derivatives in the naphthalene series. It
émust be noted that the methods of preparing the.

‘carpinol of the I:3 compound/
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compound have been carefully

CH: OH worked ocut and the starting
' material for I:6 and I:%7
0C#4s  derivatives,namely 6 methoxy—
naphtholc acld and 7-methoxy -
naphthoic acild has also been
‘prepared. Time did not permit the 1oﬁg repetitions
'necesaary for the preparation of the I:3 derivative
in a quantity, sufficlent to prepare the bromide.
In general however, 1t may now be stated
:tham when we have the substituents in the same ring
the reactlviti€s are almost comparable with those
already noted in the benzene serles. There are
‘however several very important differences between
naphthalene and the corresponding bvenzene derivatives
to be especially noted, namely the rapid reduction of
;I—bromo-/ﬁ—naphthol and the reduction of I-bromo- 7
methyl naphthalene and 4-bromo—-dJ —methyl haphthalene.
A suggestlon as to why this 1s so 1s put forward 1ater;
: The transmission of an influence from one
fring to another is apparent from
. a. the slight reduclbility of &—bromo-4 —napnthol,
a.n effect due to the hydroxyl group; |
| b. the slow reduction of Z-6-dibromo-< —naphthol,
an erfect due to the bradmine atow;
E C. the slow hydrolysis of 5-bromo—- A-naphthyl metnyl,--i
?bromide also due to the bromlne atom and |
| d. the hydrolysis of 5—methoxy-., —naphthyl methyl
@ramiae/
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bromide, more rapid than that of the unsubstituted

compound due to the presence of the methoxy group.

Enhanced reactlivity due to Tautomerism.

One of the most note worthy phenomena met
;with here 1s the great reactivity towards hydrg iodic
;acid of « nuclear bromine when in ortho and para
%position to a hydroxyl or a methyl group, especially
éis this so in the I:2 derivatlves. Tautomeric
?mo@.iiﬁ_i-'cation are well known t0 be more prevalent in
?‘bhe naphthalene series than in the benzene series
a.nd again more prevalent in I:2 than in I:4 derivat-
ives as e.g. the identity orf« —nitroso—ﬂ—napnthol

‘and oxlme of naphthoquinone.

bt
LY

o

|
‘and azobenzene-/J =naphthol and phenyl-hydrazone or

N-OH NO
il

naphthoquinone.

N HCL : N: L
! I

N
u ;
[Ij=o '\/:I/\/\l-OH

In/
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In the benzene series p-quinonoid forms are
recogniged to be m@re stable than ortho quinonoid
forms but in the naphthalene series the reverse is the
case,

In thls way 1t is readily apparent that
1-bromo- z-naphthol (1) would more easily glve the
ketonic tautomer ( II) than the isomeric 4-hromo-« —

'naphthol would give (IV). In presence of hydriodic
acld the unstable intermediate product (III) would be

' produced and lose IBr %o form /7 -naphthol.

_.__.?77
7 7
Br H
B
7 5)‘ ﬂ T
oH [::]:jjj=o oL
Br H ﬂ75
r
on o
- 8r 7
0

EThe greater reluctance of the 1:4 compound to assume the
étautomeric form (IV) would account for its greater
istability towards hydriodic acid,

| In the benzene series p-bromo phenol 1ls more
Eunstable than the ortho lsomeride, but fer more stable
éthan either of the naphthols examined, whilst 4-iodo
%reaorcinol, a compound which would readily react in

'its keto form, is reduced immediately hy hydriodic

?acid (Shoesmith,ﬂétherington and Slater,J.C.S.,1924,
;ng,lslaJ. On these lines the dif@erences between the

‘bromo-naphthols and bromo phenols are explicable,
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The impormance of the above thesis 1s recog-
niged when we exawine the reactivities of the bromo
methyl naphthalenes of the formula Br. C, Hs CHjz.

The I:2 and the I:4 isomerides are compounds in which
a nuclear bromine atom has been rendered labile

towards hydrZ iodic acid by the presence of a CHs
.group, a phnenomenannot paralleled 1n the benzene series
and one,which 1s of great luportance as it should lead
0 the preparation of various browo-7-methyl naphth- |
‘alenes(via further brominated compounds after removal
of the labile bromine by hydrZ iodic aeid)on the same
lines as those already employed by previous workers,

in the investigation of 6é-bromo-2-naphtnol.

| Here again the ease of reduction of the bromo
‘derivatives by hydrs iodic acid.mist be due to the

presence of a ketonic form, as represented in the

followlng dlagram.

e
0

CHs
+ HBr+7

That toluene does exlst at a higher temper—

ature in a similar form has been recenily postulated

iby/
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by Schorigin (Bers,I926,59,2502) especially with
regard to the substitution in the side chain of
aromatic compounds (vide also Barnett and Mattheﬁa,
Ber. ,1926,59,142:8). Substitution in the side chain
of toluene by Halogen, NO,, OH oxydation etc., is
explained by assuminé tautomeric forms as represented
in the folleowing diagrams.

The second, apparently more reactive form
is produced by importation and increase of energy in
reactlions, taking place under the influence of higher
 $emperature,ultra violet light etc. It is assumed
.thax the enﬁering molecules are primary attached to

'the double bond (I:7)

(7) (7)
: CH3 = CFHb
g
\H UAAS
~C72-C
#ACL

and in the second phase of the reaction, the unstable
:addltion compound decomposes and thus the mormal
iposition of the double nonds in the benzene nucleus 1s
ireadjusted. '

_ The authors discovered that the optical
gprope@ties of toluene at high temperature are in
Eaccordance with such a view. The greater tendency

iof tautomers to exist in the naphthalene series
|

would/



78, :
would thus account satisfactory for the great reactiv—

ity of bromo—methyl naphthalenes.
% There 1s a blg difference between the rate
of réduction of the I:2 and 4:I bromo naphthol and
| the I:5 isomeride. This bears out the suggestions on
- which the discussion of the reactivity of the isomer=
ides in the Tirst ring are based, since the existence
of a similar tautomeric form is not to be expected
in the 5~bromo—-+«-napnthol, which would account for
its greater stability towards hydro lodic acide It 1is
evident however that in this case,6the general efrect
is transmitted to a certaln extent from the first
ring to the second, the hydroxyl group in I position
- thus influencing slightly the bromine atom in

' 5 position.

' Rapid hydrolysis of £ naphthyl methyl bromide.

The rapidity with whichd —naphthyl methyl
bromide is hydrolysed as compared with the 7 isomer—
iide is a Tfurther example of the rulq/quoted recently
| by Shoesmith and Taylor (J.C.8.,1926,127,2832) which
;was first propounded by Olivier (Rec.trav.chim.,I923,
!gg,?75). The zﬂig?is of fairly genmeral application
E13 as follows: in a seriss of 1someric benzyl halides,
éthose isomerides in which the —-CH,.Hal group 1s
éttached 10 thatcarboncatom of the benzene nucleus,
wnich 1s attacked during substltution of the

' corresponding/
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corresponding benzene derivative, are the ones, from

which halogen is most readily removed by aqueous alco-
hol ag hydrolysing agent., As 1s well known, up to
:f:.empe:ratures of about 60° substituents enter the
naphthalene molecule in ( position and « -naphthyl
methyl bromide is more rapidly hydroiysged than the
/3 Lsomeride. The compound is remarkably readlly
hydrolysed and the ultimate cause must be regarded as
due to the unstability of one of the central electron
‘octets ( Kermack and Robinson, J.0.8.,1922,121,427),
‘which would result in a condition of affairs repres-
ented by the following diagram, the heaping up of
C—2” electrons on the terminal bromine atom
| rendering it extremely readily removed
as bromide ion, In the 4y -isomeride,
j the conditionsruling are represented as
Follows, which means that the O-Br linkage would now be
stronger than in the o -isomeride.
€~ 8/ me heaping up of electrons on the

fterminal bromine atom in all readily

== : hydealysed halidés is doubtless the

;potent. factor governing their reactlvity towards a

ihydrolyaing agent, as will be seen in thermethoxy-naphs

ithyl methyl bromides which follow. |

| T The great reactivity of «£ lodo naphth—

S alene towards hydro ilodlc acid is

praebably due to the same cause, the
carbon atom becoining extra ordinarily
negative. The great inherent "positivity"

' of lodine compared with bromine accounts for the

| stability of the bromo compound,
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Rapid hydrolysis of 4-methoxy—« —naphthyl methyl

bromide.

It was pointed out inthe introduction that
an influence is transmitted from one ring to another, |
but the difference of reactivity observed by hydrolys=—
ing 4-methoxy— AL —naphthyl methyl bromide and

5 ] _&_ (1] L1 i

ghows that the transmission is much more efrfective |
when carried through carbon atoms which are all in theé
same ringe The great lability of the bromine atom |
in the I:4 compound 1s exactly what would have been

| expected from consideratlons of electron dlsplacement |
'( Robinson,J.C.Ss,1926,128,40I ) or the stapility of |
felectron octets (Robinson and Kermack,J.C.S.,I1922,

fIBI 1437) as 1s seen from the diagram. In accordance |

%5 ‘with Robinsons views the |
N - electroms are regarded as |
'e moving rrbm the oxygen atomjg
07 in the manner denoted by '

-

the arrows. Explained more

fully,itawill be seen from this figure thatl the 4

carbon atom hecomes surrounded by © ekeetrons and in

0 00 order to rebulld its |
SC B,
\\_,, -~ stable 8 electron shell m
e 0 !
% . (1 ¢ oneselectron passes
e C (3)

along the nucleus

hetween the' carpon atomfa

Ganaes PG 7 |
,0 C c- (Z{} ... in ,?an.d 3 POSitiOng the
(R distur‘aance/
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.disturbance being repeated ﬁé C, - The process goes
Torward until finally the electrons forming the usual
co-valency between C and Br are diminished and the
bromine atom 1s then readlly removed by means of a
‘hydrolysing agent. |

IT the same mechanism of displacement of
electrons applies in 5-methoxy-4~naphthyl methyl
‘bromide, that 1s to say if the disturbance of the
'electronic equilibrium is caused by the oxygen attach-
'ed to the nucleus carbon in § position the efrect
' should be some what similar. The electron shift from
'the b to the I position 1s a process which evidently
' does not take place s0 readily as from the 4 to the I
owing to the peculiar position of the two central
carbon atoms, which would necessitate the transmission
.of the influence via 6 or 4 position, around the
inucleus. Although this should not weaken the trans-
:mission to the extent as 1s proved by the experiment,
Eit mist e something of thils nature whicn 1s causing
the Big difference in reactivity between I:4 and I:6
éisomerides. It may be however, that only a general
%errect is transmitted from the 5 to the I position,
;a suggestion born out by the behaviour oI the 5-bromo=
é A -naphthyl methyl bromide where the general effect
%13 markede

The action of 4-methoxy—o -naphthyl methyl
‘bromide towards agueoms alcohol makes 1t evident that

ia close relationship exists between this and the

écorresponaing/
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corresponding compound in the benzene series, namely
‘p-methoxy-benzyl . bromide. As already stated in
'the experimendal part, 4-methoxy—L —naphthyl methyl
‘bromlde was at once completely hydrclysed: when brought
'in solution in agueous alcohol. Lapworth and Shoesmith
(7.C.8.,1922,I21,I398) found that the extremely high
:speed at which alkalis act on the ortho and para
methoxy-benzyles bromides did not render it possibdle
| to measure the reaction veloeity in dilute alcohal at
'35°. Even When only agqueous alcohol was used hydroly-
sis was almost compléted after 5 minutes a result '
Esimilar to that found hy hydrolysing 4—-methoxy— A -
énaphthyl methyl bromide.
| 4-methoxy—- —naphthyl methyl bromide as well
éas p-methoxy benzyl bromide fumedd in the air and

édecomposed very quickly.
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Brom-n_aghthyl methyl bromides.

The order of reaetivity of the browmo-naphthyl
methyl hromides 1s,unsubstituted ot-naphthyl wmethyl
bromide > 4-bromo— \-naphthyl methyl bromide > 5~bromo—
ot=napntinyl methyl bromide and unsubstituted A-naphthyl
methyl bromide > I-bromo—A-naphthyl methyl bromide.

"It 1s thus shown that aybromine has a
conslderable general effect from the 4814l the 5 posite
:ion l.e. the general effect is transmitted through |
:both rings and p;/’the non reactlvity of the I;z
:derivative 1s dve to causes already noted by Shoeamith
‘and Slater ( J.C.8.,1926,127,2I4) in the benzene |
‘series. Il was there pointed out that this is
fprobably not steric effect in the general accepted
sense, a conclusion arrived at also by oliver ( Rec.
itraar.chim.,lszz,gg,??s) a few monthns later.

i The most interesting point in this series
éis the marked diminutlion in the réactivity caused by

|
2 bromine atom in 5 position which is greater than

gthat caused by a bromine atom in 4 position but this is
in accordance with the substitution hydrolysis rule |
!alréady referred to on page 78 . It is however

%a remarkaple fact that bromine introduced into a
inaphthalene molecule should render the browmdides so
iunreactive'towards a hydrolysing agent, and with OuWr
éghé present knowledge it is difficult to say why it

éshould/
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the ring in which they are present (c.f. the great
Teactivity of the I:4 metnoxy benzyl compounds ) and
substitution takes place in the same ring. It can
with confidence be prophesied that 4-nitro—el-
naphthyl methyl bromide and 4-carboxy—d-naphthyl
‘methyl bromide would lose their bromine with great
'difficulty 1n agqueous alcohol.

It is Tinally of interest to note the views
of Scheribe (Ber.,I1926,59,2664 ) who has been able
to conlirm the theory of the directing influence of
positlive and negati¥e groups in henzene substitution
on a purely physical vasis,i.e. the absoyption

spectrex oI various substifuted henzene derivatives.

Much more work remains to be done on
similar lines in the naphthalens serles but as will be
;seen from the foregoing a large number of interesting
points have arisen all of which can be classified and
examined quite satidfactorily when considered in the

light of previous investigations.
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SUMMARY,

The investigations have shown that in naphthalene compounds
a. An influence is transmitted from one ring to

the other.

b. The behaviour of substituted aryl methyl
bromides in the naphthalene series when
substituents are present in the same ring.
is markedly similar to that of the corres-

ponding compounds in the benzene series.

c. 8Slight differences exist batween-ths two ser-
ies in the case of nuelear substituted halogen
derivatived but, these are easily explicable
by a theory based on the existence of taub-

omeric modifications in the naphthalene series.

d. All the hydrolyses recorded are in accordance
with the suggestion of Olivier, regarding the
rates of hydrolysis of the bromides and

substitution in the naphthalene nucleus,




