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INTRODUGCT IQON

The Structure of Naphthalene.

To the problem of determining the structure of
naphthalene have been applied many methods, physical
and chemical. Among the physical methods may be
mentioned, measurement of dipole moments, refractiv-
ities, and X-ray spectra. It is intended in this
thesis, to deal with the subject chiefly from the evid-
ence obtained from chemical reactions. In spite of
innumerable researches the structure of naphthalene
still remains indefinite.

That the naphthalene molecule is built up from two

benzene rings having two carbon atoms in common has

b
been shown both by degradation and by synthesis. Grabe
(Ann. , 1866, 149, 20) described some of the earliest

experiments on the oxidation of naphthalene derivatives.



On oxidation, naphthalene itself gave phthalic acid,
a-nitro-naphthalene gave a nitro-phthalic acid, but if

the nitro group were first reduced to give a-amino-

naphthalene then the amine gave phthalic acid.

coor
DX\ DATIOM
Se L1350

g

NMAPHTHALEME PHTHALIC AcID
MNO L MO,
Hooe
ORIDATION \
b. 7
Hobo
GoNITRO NAPHTHALENE [~MITRA-2:2 - FRTIHALIS A1 D
MH L
[ 1.0 1
OAIDATION )
Ce J
COOw
O NAPHTHYEAMIME PHTAAKI. A<\

Therefore, depending upon the nature of the substit-
uent on ring B, A or B was oxidised away to give the
carboxyl groups of phthalic acid.

By (b) naphthalene was shown to contain: -

Cud,, [Ia
and by (C):- @}CHHH

i. e, naphthalene contains two symmetrically placed
benzene rings. This conclusion is in agreement with
the results of work on dipole moments. Weissberger,
Sangewald and Hampson (Trans. Far. Soc., 1934, 30, 884)

prepared the different dichloro-naphthalenes and found
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that the 2: 6-compound had zero dipole moment as would

be expected in a plane symmetrical molecule.

3
SR
2:6-PICHRORO HAPATRALENE
The presence of two benzene rings is confirmed by
synthesis. If the vapour of phenyl butylene is led

over red hot lime, naphthalene is formed with the split-

ting off of two molecules of hydrogen.

- CHz = CHz —CH = CH
CeHs { — CeHy I + 2Hp
CHg = CH —~CH = CH
Phenyl butylene Naphthalene

Again, if cinnamyl-pyruvic acid is heated with concen-
trated hydrochloric acid, naphthoic acid and finally

naphthalene are formed (Erlenmeyer and . Kunlin, Ber.,

1902, 35, 384).

“S
O/ ): ~H.0 ) ~€0a
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oot CHOH
CIMMAMYL -PYRUVIC AID MAPHTHOIE ACiD NATHTHAREMNE.

If naphthalene consists of two "benzene rings",
the structure of these units is worth considering. In
the development of chemical knowledge various formulae

were suggested for benzene, and the most important of

these were : -

3=-0 P D

Kaltul.é.. CLAUS ARMGTRONG- BAEYER
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Pauling and Wheland (J. Chem. Physics, 1933, 1,
362) dismissed all of these except Kekule's which they
retained as giving the best possible representation of
the chemical behaviour of benzene, but they suggested
that probably a small proportion of the total number of
molecules exist in the state represented by Dewar's
formula.

The Claus formula with its para bonds would repres-
ent a very unsaturated molecule and the exact meaning
of the central valencies in the Armstrong-Baeyer formula
is unspecified.

In this connection it is interesting to note that
Sir Wm. Pope has recently referred to the Armstrong-
Baeyer formula as the most suitable for benzeﬁe. At
one time or another each of these formulae was used in

an attempt to represent the chemical properties of

naphthalene graphically. Claus proposed I, Wreden Il

o

—
1y
—_—

and Bamberger III.

)

-

L |

8

)

The Claus and Wreden formulae can be dismissed on the
same grounds as the parent formulae for benzene but the

formula of Bamberger is worthy of consideration if only

2]
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because he claimed it to be the logical deduction from
a vast amount of experimental work. (Ann., 1890, 257, 1)
Bamberger carried out many experiments on the reduction
of naphthalene derivatives., From the fact that he
always obtained a tetrahydro naphthalene he concluded
that one ring was not a benzene ring and since the mole-
cule was symmetrical neither ring could be a benzene

| ring. Later preparations of octahydro and decahydro
naphthalenes showed the foundation of his argument to

be faulty.

Bamberger claimed that by reduction of naphthalene
compounds to give "aromatic" tetrahydro-compounds he
could destroy the peculiar properties which distinguish
derivatives of naphthalené from those of benzene and
the compounds he obtained by reduction behaved like
benzene derivatives, e.g. phenol and ar. tetrahydro-a-
naphthol were easily alkylated by means of methyl alcohol

and hydrochloric acid whereas «-naphthol was not.
oH oY oW

l“l—
o
But in this example, as in all others quoted by Bamber-
ger, he was trying to discriminate between degrees of
activity since all three can be alkylated by dimethyl
sulphate, and to find a formula which would express the
difference. This was almost sure to meet with failure

as formulae are only somewhat crude expressions of the

properties of compounds. Thus a formula containing a
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double bond indicates that bromine will add on at this,
but no indication is given as to the rate at which the
addition will take place.
The Bamberger formula may therefore be discarded.
Therefore the Kekule benzene formula is applied to

naphthalene giving three possible arrangements of bonds :-

8 O B

A B c
Naphthalene may be represented by one of these or by an

equilibrium mixture of all three. An equilibrium mix-
ture was suggested first by Erdmann (Ann., 1893, 275, 191).
In recent work on resonance by Pauling and Wheland
(J. Chem. Physics, 1933, 1, 362) it was indicated that
naphthalene molecules probably exist at some time in all
of these states as well as in many others, but from ob-
servation of chemical reactions there would apbear to be
grounds for an assumption that the bonds are fixed, or
tend to be fixed in position B, and this is the formula
proposed for naphthalene by Erlenmeyer in 1866. This
is the only formula in which both rings are truly aro-

matic.



fixation of bonds.

The evidence for the existence of this phenomenon
is chiefly drawn from examination of semi-reduced com-
pounds. Mills and Nixon (J.C.S8., 1930, 2510) argued
from a purely theoretical basis, by consideration of
the relative sizes of the angles between two single
bonds and & double and a single bond, that the most
stable states, in which there would be least strain in
the molecules of tetralin and hydrindene, could be re-
presented by the following arrangements of double and

single bonds.

L= Cov

n{<
W
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TETRALIR HY O RIM D ERE

As experimentzl confirmation they quoted the brom-
ination of 5-hydroxy-hydrindene when bromine attacked
position 6 wheresgs in 6-hydroxy-tetralin bromiﬁe entered
position 5. Coupling reactions with diazonium salts
occur at the same positions.

Receﬁtly Fieser and Lothrop (J.A.C.8., 1926, 58,
| 2050) investigated the so-called Mills-Nixon effect with
very interesting results. They prepared S5-hydroxy-
4-methyl and 5-hydroxy-6-methyl hydrindenes and found

the former coupled easily with diazo residues while the

latter did not couple at =2ll.
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Whatever thée actual mechanism involved in the sub-
stitution o1 a diazo residue it seems certain that a
double bond is involved (Gattermann, Laboratory liethods
of Organic Chemistry, 2nd Bdition p. 295), and, there-
fore, the inability of 5-hydroxy-6-methyl hydrindene
to couple showed the absence of a double bond between
C, and Cg and indicated that the relative positions of
the double and single bonds were fixed. Bxamination of

6-hydroxy-7-methyl and 6-hydroxy-5-methyl tetralin

showed that both compounds gave azo derivatives indic-
ating that the relative positions of the bonds in
tetralin were not fixed.

J. von Braun and H. Gruber (Ber., 1922, 55, 1710)
performed a Skraup reaction on ar.p-amino-tetralin and
found that two difierent guinolines were obtained.
These they separated, by forming the picrates, and

identified the two quinolines as : -

aw
(i f

It is interesting to note that although two quinolines

were formed indicating the presence of a double bond

sometimes between Cgz and Cg and sometimes between Cgq

and Cq the tetrahydro-anthrapyridene compound was

formed in greater quantity.

Further evidence for the fixed positions of the



bonds in substituted hydrindene molecules has recently

been supplied by Sidgwick (J.C.S., 1936, 1534) who pre-
pared 6:7-dibromo tetralin and 5: 6~dibromo hydrindene,

then compared the dipole moments of these compounds

with these of o'-dibromo benzene and 2: 3-dibromo-5;3 6-

xylene.
By R [EV
[ALE [ LYS
3 R
““i)ie Ll g LA
M,
A, P > Re TSR g A
1 IL m =

Sidgwick found the value of the dipole moment
attributable to the bromine atoms was the same in I, III
and IV but quite different to that in II. Further the
value in II corresponded exactly to the calculated value
for an arrangement of bonds and resultant angles as
shown in the figure. II1 and IV are definitely com-
pounds in which there can be no fixation of bonds there-
fore Sidgwick concluded that there must be no fixation
in I since the value of the dipole is the same in the
three cases. Since the phenomenon of fixed positions
of double bonds in a benzene ring does exist it may or

may not exist in the naphthalene series.
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Bvidence for Erlenmeyer Formula.

(1) Marckwald (Ann., 1894, 279, 1) subjected p-naph-
thylamine, oa-nitro-pg-naphthylamine, a-bromo-g-naphthyl-
amine to a Skraup reaction also a,axy-diamino-naphthalene.
He found that a group in the a-position, which could not

easily be split off, prevented quinoline formatiomn.

Mo, (BA)
MU,
b. ) NO QGUINMOLINE
My
c. _H
MK,

By (c.) Marckwald demonstrated Cz and Cg could be
involved simultaneously in the formation of pyridene
rings but, it would appear from (b.), they never form

two units in the same pyridene ring.

(2) When the combination of « and p-naphthols with
diazonium salts was examined it was found that in g-
ngphthol a substituent such as a methyl group in the
o-position effectively prevented any coupling, whereas

with a substituent like Cl, coupling took place with
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displacement of halogen. a-naphthol, substituted in

the «, position, unites with a diazonium salt through

Cge
NG My

OH oH
e +chl-|$r1 Mo 3

Fries and Hubner (Ber., 1906, 39, 442).

.
CHy
oM
+C HoM e ) NO AZD COMTPOUND
¢c. Hewitt and Mitchell (J.C.S., 1912, 89, 1172).
i ol @ Wy MO,

oH oH
+MO, ('.LH LS MeL e

d. od o
L K S D
+ C&HSI‘IZ Mo _____*
X *® p

(3) Henry (Ber., 1877. 10, 2041) and Wegscheider

(Monatshefte, 1895, 16, 140) suggested a mechanism for

the etherification of B-naphthol with an alcohol and

mineral acid, as follows s~

+1H, 0
w__, " ——_? m .
OH oR
OH iR

Davis: (J.C.S., 1900, 77, 33) showed that Cl-, NOg-,

CHg- substituted at C; practically stopped fhe etherif-

ication.
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(4) Claisen (Ber., 1912, 45, 3157) prepared the alkyl
ethers of g-naphthol and p-naphthol with a substituent
at C,. He examined the effect of heat on these ethers
and found that the former suf%ered an intramolecular
rearrangement giving rise to a-alkyl-g-naphthol, whereas

the latter were perfectly stable.

0f3Hy on
Jﬂuﬂ;_ﬁ

O Hy

3 NO CHANGE

(52) Zincke (Ber., 1883, 21, 3379) performed experi-
ments on the chlorination of A-naphthol. One molecular
equivalent of chlorine gave «-chloro-g-naphthol. Fur-
ther chlorination.in acetic acid or chloroform solution

gave a dichloro-ketone and then a tetrachloro-ketone.

sotiess Jeoiie oA

(5D) Fries (Ber., 1908, 41, 2614) performed a similar

set of reactions with a-methyl-pg-naphthol.

CHs cﬂ.s oL CHy "
mo“ mo
0
]oe

(6) Bergman and Hirshberg (J.C.S., 1936, 331) exam-

ined the dissociation constants of naphthoic and chloro-
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naphthoic acids. Their results were as follows : -
cooH CooW o coow
('S

Compound: -
Dissociation

Constant: - H'¢® 3-9 H-05

@
taoH cooH caoH
Compounds ~ :
co

Dissociation

Constant: - H'67 3% h-37

As was expected from the Erlenmeyer formula the

lowering of the value of the dissociation constant by

Cl- at Cy in a-naphthoic acid was in the same proportion

as that produced by Cl- at C; in B-naphthoic acic. The

comparatively great effect of Cl- at Cg in a-naphthoic
acid cannot be explained by transmission of effect
through double bonds.

These results show that p-substituted naphthalenes

are further substituted in the a-position but not in the

Ba-position i.e. the ortho positions in p-substitutea

naphthalenes are shown not to be equivalent and for some

reason a second substituent tends to attach itself to

C, rather tham to C,.
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Double bonds between C,C, and C3C, might account for all
the reactions quoted above. The above five points are
all compatible with the unsymmetrical formulae A and C,
therefore Fieser (J.A.C.S., 1935, 57, 1459) set out to
show that the naphthalene molecule is symmetrical. He
prepared 2:7-dihydroxy naphthalene and showed that diazo
residues attached themselves to C, and Cg. Next he
prepared a compound in which C, and Cg were involved in
a seven membered rings this compound would not unite

with diazonium salts.
diazo al CHiMIN  M:N-CHy

Ho OH Mo oH
+al HeM:nex —_—

H on
+aC H M:iNer ————4 MO AZO COMPOUND

The alkyl ethers of this substituted comp;und were
prepared and were found to be stable towards hest. The
more conclusive of these two tests is the coupling with
diazonium salts for this process almost certainly in-
volves a double bond in some manner or other, since it
has been shown that diazo residues will unite with the
enolic form of acetoacetic ester as well as with com-
pounds of the butadiene type.

CHg. CO. CHy. COOH CHg. C. (OH)=CH. COOE t.

Keto form of aceto-acetic ester Enol form.
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CHp=CH. CH=CH,

Butadiene

CH,

Had there been a double bond between C5Cg or CgC,
one diazo residue would presumably still have entered
the molecule. The lack of a double bond in these pos-
itions is further evidence that the double bonds in a
substituted naphthalene molecule do not oscillate.

Fieser concluded that herein lay the reason for
the differences between naphthalene and benzene - why
naphthalene is more unsaturated than benzene and gener-
ally less aromatic.

The above reactions also show that when the g,
position of naphthalene is substituted it is almost im-
possible to substitute the B, position, but Marckwald's
experiment with a,«, dismino-naphthalene showed that the
B1Bo positions could be substituted simultaneously, and

are therefore not dissimilar.
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Phenomenon of Activation by Unsaturated Groups.

The experimental evidence in this thesis is based
on the assumption that a bromine atom substituted in the
naphthalene molecule can be activated under certain “
positional conditions by a nitro group. It has long
been known that a nitro group substituted in methane
activates the methyl group so that it will readily enter

into chemical reactions. Carboxyl, nitrile and all

similar unsaturated groups have the same effect.
CH
3

"
3CH, G-cHy  _Hasoy

Hbc c_“a'

Further this activating effect can be transmitted
through a double bond and through a conjugated system
of double bonds, e.g. the methyl groups in ethyl acetate

and ethyl crotonate are similarly activated.

CH3-C=0 CHg-CH=CH-C=0
l I
0. CoHg O.CgHsy
Ethyl acetate Ethyl crotonate

The evidence collected by  Fuson (Chem. Reviews,
1935, 16, 1) showed this effect to be of general applic-
ation, He quoted applications of the principle to o
and p'-disubstituted benzenes by Angeli in work on the
nitro-toluenes. The benzene ring (Kekule formula) is
a conjugated system of double bonds, and as expected

Angeli found the methyl group in o' and p' nitro-toluenes
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to be reactive but not that in m nitro-toluene.

[
R R,
0

kS

NO,
Also he found that in o' dinitro benzene one nitro
group could be replaced by amino, hydroxyl or methoxyl

by means of ammonia, aqueous alkali and sodium methoxide.
“0.._
OH
Aau
MO NH, > Mo,
LS NH,
W{;
D

Angeli's work demonstrated the effect which one
substituent in a benzene ring might have on another.
If this principle of activation be applied to compounds
in the naphthalene series further evidence will be
obtained of the positions of double bonds and whether

these bonds are mobile or tend to be fixed.
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Subject of Research.

The principle of activation outlined above forecasts
the results of experiments on the mobility of the halogen
stom in nitro-bromo and nitro-chloro-naphthalenes.

The following compounds should have reactive

halogen: -

MO, MNO
mh . m .
B

And the following inactive halogen: -

NO .
Hot_
(19 )
B~
Y : j

Activity of the halogen in this compound would depend
on the ability of the double bond common to thq two
rings to transmit the effect.

As a means of testing the applicability of the
theory of activation to the determination of the posi-
tions of double bonds it was decided to prepare bromo-
nitro compounds of the tetralin and hydrindene series,

€. go

Mo CcH, N6, - [,
’L{' (1% u( Ba /":'ﬂ B Cha Nn\q
He W
. / . {
B A HSE - No, «

it 'E

- F

=i
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Since there is no fixation of bonds in the tetralin
series the bromine atoms in I and II should be reactive
but since in hydrindene there is a double bond perman-

ently situated between Cs and Cg the bromine atom should

be reactive in III but not in IV.

In the literature there are several references to
methods of determining the reactivity of halogen in
‘bromo-nitro benzenes. A. H. Rheinlander (J.C.S., 1923,
3099) investigated the activity towards aniline, methyl-
aniline, aniline hydrochloride and sodium ethoxide but
the most convenient reagent for our purpose seemed to
be piperidine. Brewin and Turner (J.C.S., 1928, 332)
heated the bromo-nitro compounds with piperidine in
boiling benzene for several hours, then weighed, in a
Gooch crucible, the precipitated piperidine hydrobromide.
'Salkind (Ber., 1931, 64, 289) on the other hand deter-
mined the amount of piperidine hydrobromide foémed by
titration in aqueous solution with silver nitrate and
potassium thiocyanate. This method can be applied to
émaller quantities of the bromo-nitro compound and was
therefore selected by us. Salkind found that in 1l:4-
bromo-nitro-nsphthalene 58% of the bromine was removed |
after heating with piperidine at 50°C for 24 hours.
Under similar conditions 7% of bromine was removed from
'the 1: 5 compound. These results gre not in agreement

‘with the results of our experiments to be described later.
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PREPARATIONS - NAPHTHALENE SERIES,

Preparation of Bromonitronaphthalenes.

Those methods of preparation which have been des-
eribed in detail in the literature have been given in
outline only in this thesis while methods which have

been modified in any way have been described in full.

Preparation of 1:2- and 1l:4-bromonitronaphthalenes.

NH. NH-CO-CH,

CHly-cool

(F-“b‘ cv),0

ﬂ\i-c.o-c.llj l"' H‘Oa

No,
+

Ho
ALc. W, 80,
Nt NH
mﬂﬁL
J' NoO
[3n
@Hox

MNMH-ca- e,

&

et

MO,
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The corresponding nitro-amines were prepared and
isolated by the method of Hodgson and Walker (J.C.S.,
1933, 1205) i.e. the a-aceto-naphthalide was nitrated
in glacial acetic acid containing acetic anhydride and
the mixture of nitro-amines, obtained by hydrolysis was
separated from nitrobenzene solution by precipitation
as 4-nitro-l-naphthylamine hydrochloride and 2-nitro-1-
naphthylamine sulphate respectively.

The diazotisation and subsequent Sandmeyer Reaction
were adapted from the work of Hodgson and Walker (J.C.S.,
193%, 1621) on 4:4'-dichloro-3:3'-dinitrodiphenyl and
the same procedure found application in performing all
later preparations of the same type. The low solubil-
ity of some amines in cold glacial acetic acid necessi-
tated this procedure. The calculated quantity of sodium
nitrite, finely powdered, was added slowly to the con-
centrated sulphuric acid, contained in a beaker which
was cooled in iced water. When all the sodium nitrite
had been added the beaker was heated slowly and the con-
tents stirred until their temperature reached 70°C.

When solution was complete, the mixture was cooled to
room temperature. The weighed amount of nitroamino-
naphthalene was stirred into the solution slowly while
the temperature was kept below 20°C, by cooling the
beaker in iced water. An equal volume of glacial
acetic acid was then added slowly while the temperature

remained below 30°C. This dizzo solution was run grad-
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vwally, with stirring, into a solution of cuprous bromide
in concentrated hydrobromic acid. When evolution of
nitrogen had ceased, water was added, the resultant pre-
cipitate filtered off, and worked up.
Experimental Data.

S Acetylation and nitration.

240 gms. o-naphthylamine

220 cc. acetic anhydride

1600 cc. glacial acetic acid

40 cc. + 76 cc. conc. nitric acid.

Yields - 255 gms. of mixture of 2 and 4-nitronaph-
thylamines,
82 gms. 4-nitro-l-naphthylamine,
25 gms. 2-nitro-l-naphthylamine.
Properties of 2-nitro-l-naphthylamine: -
Crystallised from alcohol M. P. 143°C. (Quoted 144°C
by Hodgson and W;iker)

Attempted benzoylation gave back the original amine.

Properties of 4-nitro-l-naphthylamine: -
Crystallised from slcohol I P. 195°C (Quoted 194-5°C
by Hodgson and Walker)

Benzoyl derivative M. P. 222°C (Quoted 224°C)

b. Diazotisation of 2-nitro-l-naphthylamine.
24 gms. 2-nitro-l-naphthylamine
7.5 gms. sodium nitrite’
75 ecc. conc. sulphurie acid

75 ce. glacial acetic acid



23.

19 gms. cuprous bromide

130 ccs. conc. hydrobromic acid.

Yield: - 7.5 gus.
Properties of 2-nitro-l-bromo-naphthalenes -

Crystallisation from alcohol gave yellow needles,

1LP. 99°C (Quoted 97°C).

C. Diazotisation of 4-nitro-l-naphthylamine.
25 gms..4—nitro-l-naphthylamine
7.5 gms, sodium nitrite
75 ccs. conc. sulphuric acid

75 ces. glacial acetic acid

12 gms. cuprous bromide

130 ccs, conc. hydrobromic acid.

Properties of l-bromo-4-nitro-naphthalene: -
Crystallisation from alcohol gave yellow needles,
IL.P. 86°C (Quoted 85°C).

Note. The substance seemed to soften at 84° but

| two further recrystallisations did not sharpen the

melting point.



Preparation of 2:1- and 2:6-bromonitro-naphthalenes.

L R
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The corresponding nitro-asmines were prepared by
the method of Saunders and Hamilton (JoA.C.8., 1932,
54, 638). The diazotisations and Sandmeyer Reactions

were carried out exactly as before.

Experimental Data.

Qe Acetylation and nitration of f-naphthylamine.
400 gms. pf-naphthylamine
600 cc. glacial acetic acid
300 cc. acetic anhydride

020 cc. conec. nitric acid

b. Hydrolysis, and separation of isomers.
420 gms. nmixture of nitro-naphthalides
1680 cc. alcohol

420 cc. conc. hydrochloric acid.

Yields: - 140 gms. l-nitro-2-naphthylamine
24 gms. 6-nitro-2-naphthylamine
7.5 gms. 8-nitro-2-naphthylamine.

Properties of l-nitro-2-naphthylamine: -
Crystallisation from alcohol gave orange-yellow
prisms M.P. 127°C (Quoted 127°C).

Sym. -trinitrobenzene derivative M.P. 115°C (Quoted

115-6°C).

Properties of 6-nitro-2-naphthylamine: -
Crystallisation from glacial acetic acid gave golden

plates M.P. 206-7°C. Saunders and Hamilton quoted the
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melting point as 203°C3 the Sample prepared softened at
203°C and finally melted at 206-7°C.

Acetyl derivative M,P. 222°C.

Properties of 8-nitro-2-naphthylamines -
Crystallisation from alcohol gave red prisms I P.
104°C (Quoted 103.5°C).

'Acetyl derivative M.P. 198°C.

Ce Diszotisation of l-nitro-2-naphthylamine.
25 gms. l-nitro-2-nsphthylamine
7.5 gms. sodium nitrite
75 cc. conc. sulphuric acid

75 cc. glacial acetic acid

19 gms. cuprous bromide

130 ce. conc. hydrobromic acid.
Yields - 10 gms. 2-bromo-l-nitro-naphthalene.

Properties of 2-bromo-l-nitro-naphthalenes; -
Crystallisation from alcohol gave reddish yellow

needles M.P. 103°C (Quoted 102-3°C).

d. Diazotisation of €-nitro-2-naphthylamine.
25 gms. 6-nitro-Z-naphthylamine
7.5 gms. sodium nitrite
75 ec. cone. sulphuric aecid

75 cc. glecial acetic acid

19 gms. cuprous bromide

130 ce. cone. hydrobromic zcid.
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Yield:s - 9 gus,
Properties of Z-bromo-6-nitro-naphthalene.

Crystallisation from glacial acetic acid gave brown-
ish-yellow needles M.P. 190°C. Further recrystallis-
ation did not raeise the melting point.

Analysis by Weiler, Oxford.

Found: N, 5.6% 5 Br, 3l.3%.

Calculateds N, 5.56%; Br, 31.7%.

AEn attempt to prepare the sym-trinitrobenzene deriv-

ative was unsuccessful.

Preparation of l1-bromo-5-nitro-naphthalene.

MO, MO

_jiih_+

B
1-Bromo-5-nitro-naphthalene was obtained in an

experiment which was primarily carried out in an attempt
to prepare l-bromo-8-nitro-naphthalene by an anelogy
with the method given by Ferrero and Caflisch (Hel. Chim.
Acta, 1928, 11, 806) for the preparation of l-chloro-8-
nitro-naphthalene.

20 gms. a-nitronaphthalene was well mixed with
.5 gm. ferric chloride, and placed in a flask which was
heated to 60-70°C on a water bath. The mixture became
liquid and az good stream of bromine vapour was passed
in for an hour and hydrobromic acid was evolved. The
'product was washed with water and sodium carbonate sol-

ution, then dissolved in alcohol and the solution boiled

with animal charcoal. Repeated crystallisation from
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alcohol gave yellow needles IL P. 121°C (Quoted 122.5°C).
Yields - 4 gms,
Analysis by Weiler:

Found: N, 5.3%; Br. 31.5%.

Calc. N, 5- 6%; BI‘, 31. 7%-

Preparation of 1:4-dibromo-8-nitro-naphthalene.

oo

B Bromination of naphthalene. cf. (Ber., 1931, 64,

953, Chem. Abstracts, 1931, 25, 2714)

100 gms. naphthalene

350 ccs. carbon disulphide
95 ccs. bromine

150 ccs. carbon disulphide.

The solution of naphthalene in carbon disulphide
was cooled in an ice bath and the solution of bromine
in carbon disulphide added fairly rapidly. The mixture
was allowed to stand overnight (21 hrs.) before the
carbon disulphide was evaporated on a steam bath. Bx~
:cess bromine was removed by washing the oily product with
sodium hydroxide. The oil was dissolved in ether and

the solution dried over calcium chloride. The ether was

removed and the resulting oil stirred with petrol ether
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(B.P. 40-60°), when a solid separated. This was fil-
tered off. Fractional crystallisation from petrol
ether (B.P. 40-60°) raised the melting point of a portion

from 55° to 75°C (approx.). One more crystallisation,

this time from alcohol gave long white needles I.P.
81-83°C.
From two experiments with the above guantities 30

gms. l: 4-dibromonaphthalene was obtained.

b. Nitration. Cf. Salkind (Ber., 1931, 64, 958).
19 gms. 1l:4-dibromonaphthalene

110 ces. cone. nitric acid.

These were stirred in a flask at approximately
54°C for 4 hours, After cooling, the precipitate was
filtered off in a sinter glass crucible - no water being
added to the nitration mixture. The precipitate was
crystallised repeatedly from glacial acetic acid giving
pale yellow needles of 1l:4-dibromo-8-nitro-naphthalene.
M.P. 118°C (Quoted 116-7°C).

Yield: - 6.5 gms.

Preparation of 2-bromo-3-nitro-naphthalene.

B
NH. M SO, S HHy NSO, €H -CHy
Iln\. '-SA'I_
— Ty Ton
[E7 fax
M-S0, CH CHy My
H:_'—‘-OH ?

G R
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(1S

NH,
Sn_, Al CIALO 3 e
fn Hee ?
A (3.7

e Toluene p-sulphonyl-p-naphthalide.
Morgan and Micklethwait (J.C.S., 1912, 101, 148).

100 gms. P-naphthylamine
136 gms. p-toluene sulphonyl chloride
300 ccs. pyridene.

The B-naphthylamine was dissolved in pyridene and
the p-toluene sulphonyl chloride addeds the solution
became bright red in colour. The mixture was boiled
gently under reflux for 1 hour to complete the conden-
sation and the solution became brown and clear. The
mixture was poured into excess dilute hydrochloric acid
with stirring. An o0ily layer formed from which thé
aqueous layer was decanted. Alcohol was added to the
ioil giving first solution, but after a few minutes the
toluene p-sulphonyl-B-naphthalide separated. The pre-
cipitate was filtered off and recrystallised from glacial
acetic acid until the melting point remained constant at
133°C (Quoted 134°C).

Yields - 190 gms.

b. 1l-bromo-2-p-toluenesulphon-naphthalide.

Consden and Kenyon (J.C.S., 1935, 1595).
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190 gms. toluene-p-sulphon-f-naphthalide

630 ccs. chloroform

34,2 ccs. bromine in 126 ces. chloroform.

The naphthalide was dissolved in chloroform and
the bromine solution added fairly rapidly. When evol-
ution of hydrobromic acid had ceased and the solution was
clear the mixture was heated under reflux for 13 hours.
On warming, copious fumes of hydrobromic acid were first
evolved and some white needles separated from the sol-
ution (hydrobromide of free base produced by partial
hydrolysis). On cooling, the precipitate was filtered
off and the filtrate evaporated to small volume on the
steam bath. Ligroin was added to the residue, giving
an 0oil which solidified on stirring. The precipitate
was filtered off and crystallised from aqueous alcohol,
giving 1l-bromo-2-p-toluenesulphon-naphthalide I.P.

100°C (Quoted 99°C).

Ce 1: 3 dibromo-2-p~-toluenesulphon-naphthalide.
153 gms. l-bromo-2-p-toluenesulphon-naphthalide
460 ccs. pyridene

21.35 ccs. bromine.

The monobromo compound was dissolved in pyridene
' and the bromine added slowly. The mixture was allowed
to stand overnight and the solution remained clear. The

whole was poured into dilute hydrochloric acid and stir-
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reds the aqueous layer was decanted and the oily layer
stirred with alcohol. At first the o0il went into

solution but on rubbing and standing a solid separated

which was filtered off.

de Hydrolysis to 1l:3-dibromo=-2-naphthylamine.
The precipitate from (c¢) was dissolved in excess

warm concentrated sulphuric acid and the solution poured
into a large volume of water. A pinky-white precip-
itate of 1:3 dibromo-2-naphthylamine separated, which
was filtered off and crystallised once from alcohol
giving a product M.P. 117°C (Quoted 119°C).

Yields - 40 gus.

Notes - An attempt was made to prepare the dibromo-

p-toluene-sulphon-naphthalide directly without preparing
the monobromo (J.C.S., 1932, 2733) but in spite of pre-

cautions to prevent charring a sticky product was always

obtained which could not be crystallised.

€. 2-amino-3-bromo-naphthalene.
Consden and Kenyon (J.C.S., 1935, 1595).
40 gms. dibromonaphthylamine
320 ces. R.S.
40 gms. granulated tin

320 ccs. conc. hydrochloric acid.

The mixture was refluxed for 3 hours when the sol-

ution became clear except for inorganic material. The
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solution was filtered hot. On cooling, shining plates
of the hydrochloride of 2-amino-3-bromo-naphthalene
separated; these were filtered off and the free base
obtained by treatment with excess bench sodium hydroxide
solution. 2-amino-3-bromo-naphthalene was obtained
with a melting point of 171°C (Quoted 173°) by recrys-
tallisation from alcohol.

Yields- 10 gms.

it 3-bromo-2-nitro-naphthalene.
Several attempts were made to find a method of

sl
sS1lum

)]

oxidising an amino group to a nitro group using pota
‘persulphate and sulphuric acid, followed by perhydrol as
oxidising agents. No definite results were obtained.

Hantzsch and Blagden (Ber., 1900, 33, 2554) des-
cribed a method by which they replaced an amino group
attached to an aromatic nucleus by a nitro group e. 3.
from p-chloraniline they prepared p-chloronitrobenzene.
First the p-chloraniline was diazotised to give p-chlorp-
benzene diazonium sulphate which in the presence of
cupri-cupro-sulphite (CuS03,CusS05,2H;0) and sodium
nitrite reacted to give p-chloronitrobenzene.

We decided to perform g similar reaction on 2-
bromo-3-nitro-naphthalene.
' (1) Preparation of cupro-cupri-sulphite.

Abegg, Anorganische Chemie Vol.II, Part I Page 556.

10 gms. copper sulphate crystals were dissolved in

100 ccs. water and 2N sodium hydroxide added until all
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Ithe copper had been precipitated as hydroxide. Sulphur
dioxide gas was passed into the suspension, cooled in

iced water, yielding finally a dark green solution. On

warming, a red precipitate of cupro-cupri-sulphite was
obtained weighing 5 gms.
(2) Preparation of diazo solutiomn.
6 gus. 3-bromo-2-naphthylamine
3 ccs. conec. sulphuric acid
26 ccs. water

2 gms. sodium nitrite in solution.

The amine was converted to its sulphate by addition
of sulphuric acid. A paste of the sulphate in 26 ccs.
water was transferred to a small flask, cooled in iced
water. The sodium nitrite solution was added slowly
with stirring and the mixture became red in colour.

(3) Introduction of nitro group.
10 gms. cupro-cupri-sulphite
32 gms., sodium nitrite

120 ccs. water.

This mixture was stirred mechanically in a flask
and the diazo solution from (2) added fairly slowly.
There was brisk evolution of gas and until this had
ceased the mixture was stirred at room temperature.
Distillation with super-heated steam was used to separ-
ate the bromonitro-compound, but the method was not very

satisfactory due, probably, to the low volatility of the



54,

compound. The product was crystallised from alcohol

giving pale yellow needles M.P. 84°C (Quoted 83°C by
Vesely, Chem. Abstracts, 1925, 19, 3486).

Yields- .5 gnm.

The product was examined by an elements test for
nitrogen and bromine. By heating an aqueous-alcoholic
solution with zine and calcium chloride a solution was
obtained which reduced ammoniacal silver nitrate. These
tests gave confirmation of the presence of bromine and
nitro groups.

Analysis by Weiler.

Found: N, 5.7% 3 Br, &3:4.

Cale. N, 5.6%4 3 Br, 31.7%.

Preparation of l-chloro-8-nitro-naphthalene

Ferrero and Caflisch (Hel. Chim. Acta, 1928, 11, 806).
0o NO, cL

Cl
Felly ?

20 gms, &«-nitro-naphthalene and .5 gm ferric chlor-
ide were well mixed in a flask. The flask was kept at
a temperature between 65° and 70°C while a good stream
of chlorine was passed into the mixture for three hours.
The product was washed with water and sodium carbonate.
solution and dissolved in hot alcohol. The alcoholie
solution was boiled twice with animal charcoal, filtered
and allowed to cool. This process raised the meltingl

'point from 65-83°C (approx.). White needles separated,
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which after repeated crystallisation from alcohol,
melted at 97°C (Quoted 94°).

Yield: - 2 gms.
Preparation of 1l-Chloro-2-nitro-naphthalene.

10 gms. l-amino=-2-nitro-naphthalene
3 gms. sodium nitrite
30 cecs. conc. sulphuric acid

30 ccs., glacial acetic acid

5.2 gms. cuprous chloride

52 ccs. conc. hydrochloric acid.

The usual procedure for diazotisation and Sand-

meyer reaction was adopted.

The product, crystallised from alcohol, melted
at 77°C (Quoted 76°C).

Yield: - 4 gms.

Preparation of 2-Chloro-l-nitro-naphthalene.
Method: - Exactly as above.

Product crystallised from alcohol melted at 98°C

(quoted 95°C).
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PREPARATIONS = TETRALIN SERIES.

Preparation of Bromonitrotetralins.

s & X g em
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) L) 8 ; N-DH‘
H‘k W “:.
l‘.ﬂ.L CH = “.'l-
ey He
" NW-co-CHy MH-co-en,
—_— —+
H]C\ “\. O
H, Hy v
L5

CH,
Bn
e
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8. 6=-Aceto-tetralin.
Cf. W. Scharwin (Ber., 1902, 35, 2511)

50 gms. powdered aluminium chloride

200 gms. carbon disulphide
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40 gms. tetralin
34 gms. acetic anhydride B

100 gms. carbon disulphide.

A was placed in a flask fitted with a cork bearing
a condenser, a dropping funnel and a stirrer. B was
added to A over a period of one hour and the temperature
rose to about 30°C. Copious fumes of hydrochloric acid
were evolved. The temperature was raised to about
60°C by heating on a water bath and after one hour evol-
ution of hydrochloric acid had practically ceased.
The mixture was poured into iced water in a separating
funnel. Concentrated hydrochloric acid was added to
dissolve the aluminium hydroxide produced and the whole
shaken vigorously. The carbon disulphide layer was
run off and dried over calcium chloride. The carbon
disulphide was evaporated on the steam bath, and the
residual oil distilled in vacuo. The fraction B.P.
150-1°C at 11-12 mms. was collected as 6-acetotetralin.

Yield: - 24 gms.

N.B. 10 gms. tetralin were recovered.

By several repetitions of this experiment a quantity

of 6-acetotetralin was obtained.

b. 6-Acetotetralin oxime.
Cf. "Gattermann ILaboratory Methods of Organic

Chemistry" p. 334, and Ber., 1902, 35, 2511.

75 gms. 6-acetotetralin

400 ccs. alcohol.
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57 gms. hydroxylamine hydrochloride

114 ccs. water.

95 gms. potassium hydroxide

95 ccs., water

B and C were cooled in ice and added fairly slowly
to A with cooling. A precipitate of potassium chlor-
ide was formed. The whole was refluxed for 3 hours on
a water bath and poured into a litre of water. An oily
precipitate separated. The solution was made acid by

addition of glacial acetic acid and a crystalline pre-

cipitate soon separated. This was filtered off and

dissolved in alcohol; to the hot alcoholic solution was

added half its volume of water and the solution reheated.

On cooling slowly colourless prisms of 6-acetotetralin

oxime appeared which melted at 104°C (Scharwin quoted

needles LP. 106°C). :
Yield: - 65 gms.

C. Beckmann KRearrangement to 6-acetamino-tetralin.
Several unsuccessful attempts were made to carry
out the Beckmann Change using phosphorus pentachloride,
and concentrated sulphuric acid as reagents. Refer-~
ence was made to the work of Blatt and Barnes (J.A,C.S.,
1934, 56, 1150) on methyl benzoin oxime, in which they
used benzene sulphonyl chloride as reagent. We found
by experience that the best results were obtained when

the transformation was performed on small quantities;

with larger quantities charring became very noticeable
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and a considerable amount of material was lost. 5 gm.
portions of oxime were therefore treated separately.
5 gms. 6-acetotetralin oxime
50 ccs. pyridene

6 ccs. benzene sulphonyl chloride.

The oxime was dissolved in pyridene and the solution
cooled in iced water. The benzene sulphonyl chloride
was added slowly with stirring so that the temperature
remained below 20°C, and the liquid rémained clear
although coloured brown. After standing for 3 hours
at room temperature, the solution was poured into excess
iced hvdrochloric acid with stirring. In a well-mani-
pulated experiment there was no charring and crystals
separated from the solution on standing for some hours.
The precipitate was recrystallised from ligroin giving
colourless needles of 6-acetsmino-tetralin melting at
107°C (Scharwin quoted 107°C).

Yields - 3 gms.

de Nitration of 6-Acetamino-tetralin.

(S8chroeter, Ann., 1921, 426, 66)

72 gms. 6-acetamino-tetralin were treated in six

portions.

| 12 gms. 6-acetamino~tetralin
o 48 ccs. glacial acetic acid.
5 5.6 ccs. conc. nitric acid

4 ccs. conc. Ssulphuric acid.
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B was added drop by drop to 4 with stirring. The
temperature rose slowly znd care was taken to keep it
below 45°C, particularly during the first ten minutes
after the acid had been added. The mixture was allowed
to stand for % hour, and was then poured into iced water,

with stirring, to give a rather sticky yellow precipit-

ate.
The precipitates from the six experiments were
subsequently treated together. The solid was shaken
first with 150 ccs. cold alcohol and then with two
portions of 50 ccs. The solid was no longer gummy,
and was dissolved in 125 ccs. of hot alcohol. On cool-
ing, fine yellow needles of 6-acetamino-7-nitro-tetralin,
M.P. 132-3°C, separated and were filtered off. Crys-
tallisation from 110 ccs. alcohol raised the melting |
point to 134-5°C. Further crystallisation of a sgmple
from benzene did not change the melting point. (Schroeter
quoted M.P. 134-5°C)
Yields - 23 gms. 6-acetamino-7-nitro-tetralin.
The filtrate from the first crystallisation (125
ccs. ) was evaporated until all the alcohol had been
' removed. To the residue 25 ccs. of alcohol were added,
and a solution obtained which on cooling deposited
impure 6-acetamino-5-nitro-tetralin, The filtrate
 from this precipitate was evaporated and the residue

treated with 5 ccs. of alcohol. On cooling a furtherE
' guantity of impure 6-acetamino-5-nitro-tetralin was

'obt i - . :
ained, 6 acetamlno-5-n1tro-tetralin was purified
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by crystallisation from a benzene-ligroin solution and

was obtained as colourless plates M.P. 127-8°C (Schroeter

quoted needles M.P. 128-9°C).

Yield: - 7 gus.

e. Hydrolysis of 6-Acetamino-7-nitro-tetralin and

6-Acetamino-5-nitro-tetralin.

Bach scetyl compound was boiled for 10 minutes with
four times its weight of alcohol and twice its weight
of concentrated hydrochloric acid.

6-acetemino-7-nitro~-tetralin gave red needles,
which, after crystallisation from alcohol, melted at
125-6°C. (Quoted 126~7°C)

ﬁ—acetamino-5—nitro-tetralih gave red needles,
'which, after crystallisation from alcohol melted at

94°C. (Quoted 96°C)
[ £ 6-Bromo-7-nitro-tetralin.

4 gms. 6-amino-7-nitro-tetralin
1,2 gms. sodium nitrite
12 ccs. conc. Ssulphuric acid

12 ccs. glacial acetic acid

3 gms. cuprous bromide

21 ccs. conc. hydrobromic acid.

The diazotisation and Sandmeyer reaction were

fcarried out exactly as the corresponding reactions in
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the naphthalene series. Crystallisation of the product

from methyl alcohol gave pink-red prisms which melted
at 53-54°C. (Vesely and Chudozilov quoted 50-51°C.

Chem. Soc. Abstracts, 1925, 128, 1056)
Yield: - 1.2 gnms.
Analysis by Weiler:
Found: N, 5.3% 3 Br, 31.3%.
Cale.: N, 5.5% 3 Br, 3l.3%.

g. 6-Bromo-5-nitro-tetralin.

3 gms. 6~amino-5-nitro-tetralin
1l gm. sodium nitrite
10 ccs. conc. sulphuric acid

10 ccs. glacial acetic acid

3 gms. cuprous bromide

21 ccs. conc. hydrobromic acid.

The product was very soluble in hot alcohol, and
practically insoluble in the cold, crystallising in
golden plates melting at 103-4°C (quoted 101-2°0)1

Yield: - 1.3 gnms.

Analysis by Weiler:

Found: N, 5.7% ; Br, 30.6%.

Calec.: N, b.5%4 3 Bry, 31l.3%.
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PREPARATIONS = HYDRINDENE SERIES.

Preparation of Bromonitro-hydrindenes.
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This work was originally modelled on a paper by
Borsche and Bodenstein (Ber., 1926, 59, 1909), who

claimed to obtain from 5-acetamino-hydrindene by brom-
ination and nitration 5-acetamino-6-bromo-hydrindene ,

and S5-acetamino-4-nitro-hydrindene respectively.

(2
! MH-co- f.lb
\r.u,

HNOy oo M
\\\“ /C mH-eo-eH, : 14
"\ ‘““)

The instructions of Borsche and Bodenstein were followed

‘<Dﬁu co.eHy

exactly to the boint at which the above amino-bromo

and amino-nitro compounds: were supposed to be obtained;
By methods of diazotisation previously d escribed ig this
thesis the amino group was replaced by an -NOg group

in the first case and by a -Br atom in the second. The
products of the two experiments were shown to be iden-
tical by the method of mixed melting points. That

5: 6 compounds were obtained in each case and not 5:4

was suggested by the evidence which has been collected
for the presence of a double bond between Cs and Cg in
ihydrindene and confirmed by the work of Sidgwick and
ESpringal (J.C.S., 1936, 1534) who used the method of
'Borsche and Bodenstein to prepare 5: 6 amino-bromo-

hydrindene and so the 5: 6-dibromo-hydrindene. The



45,

dipole moment of this compound agreed with the moment

calculated for a compound of formula: -

L
4 i
X i

<l

ae 5-Aceto-hydrindene.

35 gms. hydrindene
34 gms. acetic anhydride
100 gms. carbon disulphide

50 gms. aluminium chloride

200 gms. carbon disulphide.

The procedure was exactly as in the preparation of
6-aceto-tetralin, An attempt was made to perform the
preparation on a large scale but the percentage yield
decreased rapidly as the guantities were increased,
therefore, it was necessary to repeat the preparation
many times on & small scale. In the vacuum distill-
'ation the fraction boiling at 134-5°C under 11 mms.
jpressure was collected as 5-aceto-hydrindene.

Yield: - 20 gms.

b. 5-Aceto-hydrindene oxime.

110 gms. 5-aceto-hydrindene

800 ccs. alcohol

97 gms. hydroxylamine hydrochloride

194 ccs. water
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162 gms. potassium hydroxide

162 ccs. water.

The method of preparation was the same as that used

in the preparation of 6-aceto-tetralin oxime. The pro-

duct was crystallised twice from agueous alcohol, giv-
ing colourless prisms (or plates) melting at 113-4°C.
Two further crystallisations only raised the melting
point to 115-6°C although Borsche and Bodenstein quoted
119°C as the melting point of the pure compound.

Yield:s - 108 gus,
Ce Beckmann Transformation to 5-Acetamino-hydrindene.

5 gms. 5-aceto-hydrindene oxime
5 ccs. benzene sulphonyl chloride

50 ccs. pyridene.

In all, 105 gms. aceto-hydrindene oxime were
treated in 5 gm. portions.

The hydrindene compound was dissolved in pyridene
and the solution cooled in iced water to a temperature
below 5°C. The benzene sulphonyl chloride was added
in a fairly rapid series of drops with stirring. The
temperature was observed to rise, and the best results
‘were obtained when it was kept below 20°C.

About § hr., after the addition of benzene sulphonyl
'chloride some samples were removed from the cooling
bath; on standing for 4 hours these became very dark

coloured and charred slightly, as was discovered on
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pouring into iced dilute hydrochloric acid. Other

samples were clear although brown in colour, and were

quite clean when poured into hydrochloric acid; from
these, large needles (or prisms) separated overnight while
the charred samples required treatment to remove a

black o0il and induce crystallisation.

The crystals were purified by crystallisation from
petrol ether (B.P. 100-120°C) and a colourless product
melting at 106-7°C was obtained (Quoted 108°).

Yield: - 25 gm.

d. 5-Acetamino-6-nitro~hydrindene.

1l gms. b5-acetamino-hydrindene
100 gms. conc. nitric acid.

Acetamino-hydrindene was added slowly to nitric ;
acid, contained in a flask cooled in iced water, so that
the temperature did not rise above 20°C - there was not
much tendency for the temperature to rise. The sol-
ution was set aside for 2 hours, and then poured into
iced water with stirring. A clean yellow precipitate
‘was filtered off. A sample, twice crystallised from |
aqueous alcohol gave yellow needles melting at 108-9°C.
Borsche quoted the product of nitration melting at 107“?.
?e. 5-Amino-é-nitro-hydrindene. i
|
The main portion of the product from (d) was boileh

for 20 minutes with 44 gms. alcohol and 22 gms. conc.
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hydrochloric acid; the colour of the solution became

dark brown. The solution was poured into 300 ccs. of

water and a red precipitate appeared which on crystall-
isation from alcohol gave red prisms melting at 126-7°C.
(Borsche guoted 128°C as the melting point of the com-
pound he called 5-amino-4~nitro-hydrindene. )

Yields -~ 7 gms.
f. 5-Bromo-6-nitro-hydrindene.

6. 5 gms. 6-nitro-5-amino-hydrindene
3.4 gms. sodium nitrite
34 ces. conc. sulphuric acid

34 ccs. gZlacial acetic acid.

9 gms. cuprous bromide

90 ces. conc. hydrobromic acid.

The method was that described for similar compounds

of the naphthalene series. The product was dissolved
in methyl alcohol, and the solution boiled with animal
| charcoal. 6-nitro-5~bromo~hydrindene was pbtained a8
golden-yellow needles, melting at 44°C by low tempera-
ture crystallisation from methyl alcohol.

Yield: - 2.2 gus.

Analysis by Weiler:

Found: N, 6.0% 3 Br, 32.8%.

Calc- : N, 60 0% ; BI‘, 35. 0%0



49.

Se 5-Acetamino-6-bromo-hydrindene.

25 gms. bS-acetamino-hydrindene
125 ccs. glacial acetic acid

8 ccs. bromine,

As bromine was added to the solution of acetamino-
hydrindene in acetic acid with shaking a precipitate
soon separated which increased in guantity when the mix-
ture was allowed to stand. After half an hour the
whole was poured into iced water, and the precipitate
filtered off. Crystallisation from alcohol gave col-
ourless needles melting at 143°C (Quoted 143°C).

Yield: - 40 gms. (damp).
h. 5-Amino=-6=-bromo~-hydrindene.

The product from (g) was boiled for 13 hours with

250 ccs. of 20% hydrochloric acid. A hydrochloride
separated from the solution during the hydrolysis.

After being cooled the solution was filtered and the
hydrochloride decomposed with concentrated ammonis sol-
ution diluted with half its volume of water, An o0il
separated which soon became solid, and on crystallisation
from methyl alcohol gave nearly colourless needles
melting at 46°C (Quoted 43°C).

| Yield:s - 18 gus.

i. 5-p-Toluenesulphon-amino=-4: 6-dibromo-hydrindene.
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18 gms. S-eamino-G-bromo-hydrindene

16. 5 gms. p-toluene sulphonyl chloride

50 ccs. pyridene

4.5 ccs. bromine.

The amine was dissolved in pyridene, and p-toluene
sulphonyl chloride added. The condensation was com-
pleted by boiling for 20 minutes; the solution was
cooled to room temperature. Bromine was added slowly
and the mixture allowed to stand overnight. Large
crystals separated, but the whole was poured into dilute
hydrochloric acid with stirring giving a sticky solid
which could be filtered off. A clean product was ob-
tained by treating the sticky mass with 100 ccs. hot
alcohol. The precipitate was filtered off, and recry-
stallised from a large volume of alcohol giving colour-
less prisms melting at 199-200°C.

Yield: - 12 gms.

Analysis by Weiler:

FPounds Br, 36.74 3 8, 7+1%.

Cale.: Br, 35.9% 3 B, 7.1%.

Je 5-Amino-4: 6-dibromo-hydrindene.

11 gms. 5-p-toluenesulphon-amino-4: 6-dibromo-
:hydrindene was dissolved in approximately 110 ces. warm
.concentrated sulphuric acid. The solution was poured
into a large volume of water giving a colourless pre-~

cipitate melting at 70°C. Crystallisation of & sample

from alcohol raised the melting point to 71°C.
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Analysis by Weiler:
Found: Br, 53.8%.

Calc.: Br, 54.9%.
k. 5-Amino-4-bromo-hydrindene.,

The product from the above was heated for 1 hour
with 40 ccs. alcohol, 40 ccs. concentrated hydrochlorice

acid and 8 gms. tin. After 40 minutes the solution

became clear of organic mmterial. The solution was
filtered hot, and poured into 250 ccs. 2N sodium hydrox-
ide. A bulky white precipitate was obtained with a
very high melting point or decomposition point (215°C).
Since this was precipitated from alkaline solution it
could not be a hydrochloride, and was presumed to be a
compound of the amine and stannous chloride. For its
decomposition hot concentrated caustic potash was used
giving a grey precipitate ﬁhich was extracted repeatedly
with alcohol. A fine grey precipitate remained insol-
uble aﬁd was removed with difficulty by filtration.
The filtrate was diluted with approximately its own vol-
ume of water; the solution became milky and overnight
long white needles separated which melted at 50-51°C.

Yields - 2 gms.

On mixing some of this product with 5-amino-6-
bromo-hydrindene on porous tile the mixture became oily

and disappeared into the tile.
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Analysis by Weiler:

Found: N, 6. 47‘; 9 BI‘ ’ 39. 8%-

Calc.: N, 6.6% Br, 37.6%.

Note. - The decomposition of the tin compound was
unsatisfactory, and at this stage a quantity of material

was believed to be lost.
1. 4-Bromo=-5-nitro-hydrindene.

2 gms. S5-amino-4-bromo-hydrindene
l.5 ccs. conc. sulphuric acid
.8 gms. sodium nitrite in 5 ccs. water

10 cecs. water.

The amine was converted to its sulphate and a

paste of the sulphate in 10 ccs. of water placed in a
small flask when it was cooled and stirred mechanically.
Sodium nitrite solution was added slowly giving a green
solution which was added with cooling and stirring to a
mixture of 3.7 gms. cupro-cupri-sulphite, 1l gms. sodium
nitrite and 45 ccs. water. There was brisk evolution
of gas and the mixture was allowed to stand for 3 hour
before being steam distilled. A pale yellow oil
| apveared in the distillate and was isolated by extraction
'with ether, and subsequent evaporation of the ether.

An attempt was made to crystallise the oil by dissolving
'in 5 cc. methyl alcohol and freezing out. This was

' followed by attempted precipitation by petrol ether

(B.P. 40-60°) and freezing in ice-salt mixture and in
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carbon dioxide snow. This merely gave three layers
with perhaps a trace of solidy; the solution became
homogeneous as the temperature rose to normal. The
solvents were removed on the steam bath and in a vacuum
desiccator. It was found possible to solidify a small
guentity of the o0il in carbon dioxide snow but it could
be melted at the temperature of tap water.

Yield: - .3 gm. (approx.)

An attempt to determine the boiling point by a
micro-method was not very satisfactory and it is only
possible to say that it waa above 230°C. The oil
became very dark coloured at this high temperature, and
decomposed.

Anslysis by Weiler:

Found: N, 4.254 ; Br, 35.2%.

Gale.s Ns 6.05 5 .Bry 35%.
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Semi-quantitative lixperiments.

(J. Salkind, Ber., 1931, 64, 289)

Approximately 0.15 gm. of halogeno-nitro-compound
was weighed accurately in a test tube provided with a
ground glass stopper. l cc. of piperidine was added
from a pipette, and the tube immersed in a thermostat
at 40-50°C. After a definite interval of time the
contents of the tube were washed into a separating fun-
nel with distilled water (about 50 ccs.) and sheken up
with pure benzene. The benzene removed organic mater-
igl from the aqueous layer while the halogen was left
behind. In most cases a good separation was obtained,
and the aqueous lsyer was left almost or completely col-
ourless. The halogen in the solution wzs determined
by Volhard’s lMethod, by titration with silver nitrgte
and potassium thiocyanate, ferric alum being used as
indicator.

In reactive halogeno-nitro-compounds of the benzene,
naphthalene, tetralin and hydrindene series the halogen
was removed by piperidine giving piperidine hydrochloride
or hydrobromide and a compound of piperidine and the

nitro hydrocarbon e. g.

HD‘L 'n\'lui.
(E1S N.CgHo
..fac‘sl'l“l\l -— —'? + CEIH“ NHB}\
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On mixingz with water the piperidine hydrochloride

'or hydrobromide went into solution with decomposition

| into piperidine and free acid while the other organic

material remained in suspension colouring the solution

yellow. Before the zmount of hydrochloric or hydro-

bromic acid formed could be determined volumetrically

the colour had to be removed - extraction with pure
benzene served.
For the titration, standerd solutions of silver

nitrate 2nd potassium thiocyanate of approximately N/5

|
0]

concentration were prepared and stzndardised eccurately.

The normality of the silver nitrate wos determined by

|titration against weighed quantities of potassium brom-|

ide, =nd the volume of silver nitrate solution equival
ent to 1 cc. of potassium thiocyanate solution was det

mined by titration using ferric indicator.

|
Tl
|
er-
|
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Results.
Compound Weight Vol. Time  Temp. % bromine

(gms. ) piperidine (hrs.) (°C) removed

A

W 1466 1 =0 47 101

. 1506 Al 3. b 47 101
. 1506 1 ¢ O 47 90. 6

MO

= . 1526 1 20 47 99.8

» 1454 1 3¢ 5 47 99 5
. 1556 i€ ) 47 69+ 8
« 1522 i +H 47 63.0
. 1515 1 ) 42 45.8
» 1473 1 ] 4e 4949
. 1488 1 B kA " 54.2
. 1494 i D de 46, 2

Ar
. 1466 1 26 47 97 5
. 1420 1 <0 47 98. 1

MO, |
. 1542 1 3¢ B 47 97 4
o LB 3 s+ 5 47 65. 0
. 1515 1 ) 4z 53, 0
. 1516 a3 .« S 4e 53.b
: 2066 + 6 .5 G 79 2

@

‘ 1432 1 26 47 0
. 1460 i 168 47 0

™o
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Compound. Weight Vol. Time emp. /% bromine
(gms.) opiperidine (hrs.) 8@ removed
L8
« 1515 1 b D) de 1
0',\.4
. 1494 1 2K A2 0
B NO.
% + 1613 1 24 4z 0
MO
. 0646 o5 .9 42 U
R~ i
1 4 45 Ol
G MO~
m 1812 15 25 45 0
[J1
MO, .
. 1492 15 «5 45 50, 6
PO
P
. 1489 1 oD 45 45. 6
MO~
. 1478 Ik e 5 45 cea. 43



Compound Weight Vol. Time  Temp. % bromine
(gms. ) piperidine (hrs.) (°C) removed
H\D
“ s
. L5056 5, 2e 45 50. 9
PRl NS
K . 1008 38 2 45 7.9
. 1037 1 ‘D 45 5.1
e H0s-
. P
f/v . 0780 1 2 45 1. 3
o . 1498 1 22 45 2. 6
(50"
M.
W< : 0997 i b 45 13.0
ﬂ"\' 1
Shy . 0929 1 2 45 11.8
+ LDED ik, 22 45 Flat
* A~
chv -
rMO. 1
¢< . 0964 ol Pe 45 8;.8(?)
t E o
£

compound might easily be attributed to impurity.

ysis gave 2 high result for halogen content.

The amount of halogen apperently removed from this

Anal-

it was found that the figures were not absolutely

\reproducible, and therefore the experiments were termed

'semi-quantitative.

However, the essential point was

|
lactivity or non-activity of the halogen in the halogeno-
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nitro-compounds rather than varistion in degree of act-

ivity.

DIe0Us s IO N

The bromo-nitro-compounds of the naphthalene series
were on the whole easily obtained. An interesting and
surprising result was obtained in the bromination and
chlorination of o-nitro-nephthalene, when the 1:8-chloro-
‘nitro-compound and the 1: 5~bromo-nitro-compound were
Tormed by the same procedure. Perhaps there is some~
thing analogous here to the phenomenon guoted by lieyer-
‘Jacobson 2, 2, 335 of a transformation from 1:8-di-

chloronaphthalene to 1: 5-dichloronaphthalene by heating

‘'with conc. hydrochloric acid.

@ e L
4L
__;L__r_?
<90
Ca

' If the 8: 1-bromo-nitro-naphthalene were less stable
than the 5:1-bromo-nitro-compound the former might
change immediately into its isomer.
| 1: 8~-bromo-nitro-naphthalene seemed to be difficult

to obtain, and after it had been discovered that the
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bromine atom in 13 S-bromo-nitro-naphthalene was inactive
it was decided to substitute l: 4-dibromo-8-nitro-naph-
thalene for the former since this had bromine and nitro
groups in the required relative positions. The prepar-
ation of the 2: 3-bromo-nitro-nsphthalene promised to pro-
vide some difficulty since it was known to be difficult

to substitute the f, position in a p, substituted naph-
thalene molecule. However by reference to Bell’s work

(J.C.BSe, 1932, 2732) on the powerful ortho directing
action of the p. toluene-sulphonamido-group it was poss-
ible to obtain first s 1: 3-dibromo-Z-amino-naphthalene.
Consden and Kenyon (J.C.®.,, 1935, 1596) had found it
possible to remove the bromine atocm attached to C; by
means of tin and hydrochloric acid to give R2: 3-amino-
'bromo-naphthalene, i.e. the bromine atom attached to C;
was more labile than that zttached to Cg. This fact
may be explained by the presence of z double bond between
'C, and Cs and a single bond between Cg and Cg.

Attempts to oxidise the amino group to the nitro
graup, following the work of Meisenheimer (Ber., 1919,
52, 1172) using potassium persulphate and sulphuric
acid as oxidising agent, or the work of Dino, Bigiavi
and Corrado Albanese (Zentralblatt, 1935, 1348) (who
Iobtained nitrobenzene from scetanilide by means of per-
| hydrol) geve no satisfactory results, and it became
énecessary to resort to = method of diszotisation. A.

| Hantzsch and J. W. Blagden (Ber., 1900, 33, 2554) des-
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cribed an experiment whereby they obtained from p-naph-
‘thalene diazonium sulphate and potassium nitrite solu-
‘tion, in the presence of cupro-cupri-sulphite (CuS0z,Cugs0g,
2H50) , B-nitro-naphthalene. The mixture yielded the
desired compound, though the yield was small.

The preparation of the bromonitrotetralins and
Ihydrindenes, seemed on first sight gquite straight for-
ward, but the early stages in both series involved some
tedious processes. The Friedel-Craft Reaction was found
to be most easily and satisfactorily manipulated when
!less than 50 gms. of hydrocarbon was treated at one tim#;
it was therefore necessary to repeat this stage many
Itimes to give an adequate supply of acetotetralin or |
Iacetohydrindene. Oxime formation took place readily
but the transformation from oxime to acetamino compound
'proved a temporary obstacle, to be overcome finally by
using benzene sulphonyl chloride as Beckmann reagent.
| The heat produced in the transformation prohibited work

on a large scale; when 10 gm. portions were used it was

!found diffiecult to control the temperature adeguately.
Therefore 5 zm. portions were treated throughout. The
%efficiency of the transformation seemed to vary to some
;extent but an average yield would be approximately 55%.
‘ Borsche and Bodenstein (Ber., 1926, 59, 1909)
iclaimed to obtain 6-bromo-5-acetamino~-hydrindene and |
:4-nitro-5-acetamino-hydrindene by bromination and nit-

|

ration respectively of 5-acetamino-hydrindene. From



the amines of those we hoped to obtesin 6-bromo~5-nitro
hydrindene which would have resctive bromine and 5-bromo-

4-nitro-hydrindene which would have inactive bromine.

MO,

S W
™o, / A
| A
Q“v Cid

1

|Having obtzined the products of the two processes, we

mezsured the activity of the bromine in each and foundF
it to be the same. This seemed suspicious and since |
the samples had melting points within two degrees of
each other it was decided to find the melting point of;
a mixed sample. The result of this investigation
proved conclusively that the products from the two pre-—I
parations were identical. It seemed most likely that |
 they were the 5: 6-compound and reference to the work of
Sidgwick and Springal (loc. cit.) proved this. Inves-

' tigation then showed that doubt had slready been cast on
iBorsche’s results by Lindemann and Bruhin (Ber., 1927,

' 60, 439). |
Apparently it is difficult to attach a substituené

' to C4 in a hydrindene molecule already substituted at
ICs. Therefore, by analogy with the naphthalene series

it was decided to experiment with the strongly ortho

| directing p. toluenesulphon-amido-group in pyridene sol=

' ution. 6-bromo~-5-amino~hydrindene was converted to
|

.6-bromof5—p-toluenesulphon-amino-hydrindene and brom-
inated i : . |
d in pyridene solution. By this mezns a dibromo-



p-toluenesulphoneminohydrindene was obtained, and by
hydrolysis a dibromcaminohydrindene.

Agein by anslogy with the naphthalene séries, it
was thought that it might be possible to remove the

bromine attached to Cg and to -C-NHy; througn a double
bond by means of tin and hydrochloric scid. Actually

a monobromo-amine was obtained which was shown by the
:metnod of mixeﬁ melting points to be different from 6-
bromo-5-amino-hydrindene and was presumed to be 4-brouo-
S-amino-hydrindene. The amino group was replaced by a
nitro giving an oil. The amount obtained was so small
that it was impossible to effect further purification of
the product than that afforded by steam distillation and
extraction of the distillate with ether. It was de-
cided to perform a reactivity measurement on this crude
:product, for which analysis figures showed the halpgen
'content to be rather high and the nitrogen to be corres-
Ipéndingly low for a compound of composition CgoHgNOgBIT.
The result - 8% of halogen apparently removed in 22
‘hours - was sufficiently low when compared with 70%
!removed from pure 5: 6-compound to justify an assumptioﬁ
ithat halogen attached to C, was really inactive.

é After nitration of zcetamino-tetralin, difficulty
?was experienced in separating the isomers when Schroeter's

Imethod was followed exactly. 6-acetamino-7-nitro-tet-
Ira,lin was easily obtained pure but the 6-acetamino-5-
nitro-compound had to be extracted from a tarry residue.

!In 2 second experiment the tar was removed by washing
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with cold alcohol before any separation was attempted,
and two clean products were obtained although the 5-

nitro-6-acetamino-tetralin was in small yield.

Theoretical.

The detection of double bonds by this principle of
activation was previously used by Mills and Smith in
the isoquinoline series (J.C.8., 1922, 121, 2724).

In all compounds in the nsphthalene series, in

which, on the Erlenmeyer formula, bromine was linked to
nitro through a double bond or conjugated system of double

\bonds the bromine wae reactive towards piperidine.

MO, [£Y8 e
mﬁﬁ mﬂom m
Mo,

In 2-bromo-6-nitro-naphthalene the bromine and nitro
groups were linked by a conjugated system of three double

bonds but the bromine was non~-reactive.

This conjugated system involved the double bond
écommon to the two rings. The properties of the double
!bond comunon to the two rings can scarcely be normal dnd
therefcre it was not unexpected that this bond should be
‘incapable of transmitting the activating effect.

Particularly interesting and important was the non-
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reactivity of the bromine in certain ortho and peri

positionsy this also was predicted from Fuson’s theory.

Moy
— R

3~ MO, J} MOy,

B

This non-reactivity seemed to indicate that the activ-
ation really was due to the presence of a double bond or

conjugated system of double bonds in a fixed position

and not to the mere proximity of the groups. Further,
substituents in the peri positions are normally very
rezctive, yet in the bromo-nitro-series the bromine atom

wes not activated by the nitro-group.

E78
e CH,
/ MO, MO,
He !
N\ An
< e,

Of the two bromo-nitro-hydrindenes investigated,

' the 5: 6-compound, in which on former evidence the nitrg

' and bromine groups were linked by a double bond, had a

'very reactive bromine atom - 70% of bromine being removed

|in & hxs The 4: 5-bromo-nitro-compound was obtained im

too small quantity as an oil to permit of adequate pur-

ification but s measurement on the crude product gave

' 8% as the amount of bromine removed in 22 hours. An

analysis of this crude material showed the halogen con-

tent to be higher than that of the pure substance and i

it is possible that the above 8% was entirely attribut-
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utable to impurity.

In any case the difference in activity of the brom-
ine atom in the two compounds is sufficient to justify
the assumption that the double bond is the controlling

factor in activation.

o cH ey
- -
u]‘lf An M R
H HL_
s ™o
U‘\; = h\c'“u

dxasmination of the tetralin compounds brought to
light a strange anomaly. The 6~bromo-7-nitro-compounq
had reactive bromine (but not nearly so reactive as in
the hydrindene or naphthalene series) whereas the 5-
bromo-6-nitro~-compound had completely inactive bromine,
This fact cast some doubt upon the structure and compos-
ition of the compoﬁnd but anslysis showed it to contain
bothanitro group and a bromine gtom, and from the method
of synthesis it must have been the 5-bromo-6-nitro com=~
pound.

In the naphthalene series, activity measurements,
| based on Fuson’s theory of activation of one group by
another linked to it through a double bond or conjug-
| ated system of double bonds, indicated the same arrange-
ment of bonds in the nucleus of bromo-nitronaphthalenes
' as Fieser had supported for the nucleus of hydroxy-
inaphthalenes by investigation of the coupling reactionj
between naphthols and diazonium salts. The same par-l
|
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allelism exists between the arrangement of bonds in
bromonitrohydrindenes, methyl hydroxyhydrindenes, and

~ 2

5: 6- dibromo-hydrindene exsmined by Sidgwick and Springal,

L=}

but in the tetralin series Fieser’s and Sidgwick’s work
indicated oscillation of the bond arrangement in methyl
hydroxy-tetralins and 5: 6-dibromotetralin while activity
mezsurements indicated a fixed arrangement in bromonitro-
tetralins.

It is interesting to note the following reactions

of 6-aminotetralin and 6-acetaminotetralin.

/ He I 1/“» W
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These resctions probably indicate =z preponderance
in ordinary 6-sminotetralin of the form having a double

‘bond between Cg and Cg.

A
2!

“3\
Oy i

On the other hand in the case of é-hydroxytetralin
there would appear to be an excess of the form having a

|double bond between Cs and Cg.
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Lindemann (Ann., 1928, 462, 24) showed that certain
chloronitrobenzenes can be deactivated by introduction
of a methyl group or of an amino group and in the latter
case reactivated by subsequent acetylation. This showed

that different substituents have z different effect on

the activity of halogen in nitrochlorobenzene.

NO, MO, NO,.
Hs('. e \‘\_3

H MO MO Ho\-
Ca

e
LR

=i
=

Lindemann found that in each case the methyl group
had a depressing effect on the activity of the chlorine
stom - the effect increased from I - III.

It appears from observations.in the tetrelin, hyd-
‘rindene and naphthelene series that the arrangement of
'bonds in a substituted benzene ring attached to another

hydrocarbon ring (which may be regarded as a side chain)
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depends upon two factorss -
(1) The nzature of the side chain.
(2) The nature of the substituents or perhaps the polar-
ity of the substituents.
The first of these conditions was demonstrated
stereochemically by Mills and Nixon (J.C.S., 1930, 2510)-.
Bromonitrohydrindenes and bromonitrotetralins can
be regarded as ortho bromonitrobenzenes with further

substituents on Cg and Cg.

“D -
3 ar we N
H “‘]
e ™o

N NO, \ i =
The trimethylene and tetramethylene side chains both
| .
permit activity in 5: 6-bromo-nitrobenzenes but not in
4: 5- nor 5:4-bromo-nitrobenzenes.  Naphthalene too is |
a 2:3-substituted benzene molecule where the side chain
is 2 butadiene chaing this unsaturated chain permits

activity of 4:5- and 5: 4-bromonitrobenzenes but not of

[5: 6-bromonitrobenzenes.
I (£78
| e MO,

| If activity of the bromine is to be attributed to

| .
ithe presence of a double bond between the carbon atoms

' to which the nitro and bromine groups are attached in

'the benzene ring then trimethylene and tetramethylene

[chains have the effect of fixing the arrangement
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of double and single bonds in one way and the butadieneg

| chain in another way.

' This is as would be expected from the chemically
similar nature of trimethylene and tetramethylene chains.
| By starting from the reactive bromonitrobenzene a
isatisfactory theory of the effect of hydrocarbon side
Ichains on the arrangement of bonds can be worked out
'but an attempt to apply the same theory to 5-hydroxy-
benzene to be further substituted at Cy; and Cg is not

guite so simple.

B on

In this case tetramethylene has an effect intermediate
between that of trimethylene and butadiene, similarly
for 5-aminobenzene. | :
What is the effect of trimethylene, tetramethylene
snd butadiene substituents on a simple benzene ring %
For the cazse of butadiene we have the Raman Spectra

observations of Kohlrsusch (Ber., 1935, 68, 893) that

the molecule of naphthalene must be symmetrical suggesﬁ-
ing the same arrangement of bonds in the hydrocarbon asg
|exists in the bromonitronasphthelenes.

i The combined effect which the tetramethylene ring |
'and the substituénts on the benzene ring will have on

| the arrangement of double and single bonds in the benz%ne
ring of a particular compound veries as the substituents

| are changed. In bromonitro compounds this combined |
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effect is similar to that of the trimethylene chaing
in hydroxy compounds it is similsr to that of the buta-
diene chainy and in the methyl hydroxy compounds it is
|intermediate between these two effects.

In so far as Fuson’s theory of activation is
apolicable to the determination of the positions occupied
by double bonds in an aromatic molecule. throughout the

series of halogenonitronaphthalenes examined the arrange-

ment of bonds is: -

| In bromonitrotetralins and hydrindenes the arrange-

|
| ments are: -

| oW -

. Investigations in the hydrindene and tetrslin series

ihave forced the qonclusicn that the arrangement of double

;and single bonds in the benzene nucleus of an aromatic

Imolecule depends largely on the nature of any substit~|

' uents and side chains attached to the ring. Therefore,
from the experiments on bromonitronsgphthalenes no defin-
ite conclusions can be drawn concerning the arrangement

i . g L3 e
' of bonds in an unsubstituted naphthalene molecule, nor|

| in 2 molecule having different substituents.



o UMMARY,

The following compounds were prepared for the pur-

pose of meazsuring the reactivity of the halogen atom in

each.
Naphthalene Series.
(78 R MU,
[::]:i:j»wh ¢ q
o,
Mo,
MO, Mo,

O S

Tetralin Series.
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Hydrindene Series.
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/
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The reactivity of the halogen towards piperidine
was determined volumetrically. fdegerded for the most
;part qualitatively the results were as predicted from
Fuson’s theory of activation by unsaturated groups and

| from the formulae for naphthalene and hydrindene but
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not that for tetralin predicted by previous workers.

W - & W pd R / Q-
T =" W
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MAPHIVALEME TETRALIN HYDRINGEME
From evidence obtained here and from the work of

'previous authors it was concluded that the nature of
the substituents on an aromatic ring had a powerful in-
fluence on the arrangement of bonds in the ring and
therefore slthough our results with regard to the naph-
thalene series were in agreement with the Erlenmeyer
formula for naphthalene we do not consider ourselves
justified in claiming this work to be evidence in fav-
‘our of the Brlemmeyer formula for an unsubstituted naph-

'thalene molecule.

In conclusion the author wishes to acknowledge
the guidance and encouragement given by Dr. Neil
Campbell throughout this research, a grant from the
iMoray Fund and the award of a Research Scholarship by
!the Carnegie Trust.



SDDENDUL .

It should be pointed out that the references to the phenomenon
of resonance given on pages 4 and 6 do not represent the most recent
conceptions. In the older theory a fluctuation between the various
structural forms was postulated. This has now been discarded and
the theory accepted is expressed by Sidgwick (Sidgwick's Organic
Chemistry of Nitrogen. Revised by Taylor and Baker p. xv) "If a
molecule cgn have two or more different structures in the oréinary
organic sense of the term, then under certain conditions its actual
state is neitner one nor the other, but something intermediate be-
tween the two, which partakes to some extent of the properties of
both but cannot be expressed in the usual structural symbols.”

It was however felt that the time was not ripe to attempt an

interpretation of our results in the light of the resonance theory.



