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Chemists have long been in te re ste d  in  the 

influence exerted by an atom on ofcher atoms in  the 

same organic m olecule, the e a r lie s t  suggestions on 

th is  subject being put forward by Markownikoff in  

1870 (Annalen 153, ,256. )

Since then, many investigators, have pursued 

research in  the hope o f d iscovering  the nature of th is  

mutual influence of atoms in  an organic m olecule, 

which makes i t s e l f  apparent in  many ways, such as 

o rth o -p a ra  o r meta s u b s titu tio n  in  a su b stitu te d  

benzene nucleus, d ifferences in  l a b i l i t y  o f halogen 

atoms in  isom erides, tautomerlsm e tc .

The usual formulae employed in  organic 

chem istry do not represent o r e x p la in  why d ifferences 

should o ccu r, and i t  has been the aim o r some chemists 

to express the cause of such phenomena in  a g ra p h ica l 

manner and the suggestions of Th ie le  ( A n n .,1899,326,

87 ) ,V o rlä n d e r,(Ann. ,1902,320,66 ) ( J .p r.c h e m ie ,1902,66, 

S S I; IS 0 5 , 7 Ij4 9 7 ; J . C .S. ,1909. 9^.718; 1 9 1 0 ,9 7 ,8 4 .)

Fry  ( J.Amer.Chem.Soc. ,1 9 1 2 ,3 4 ,6 6 4 ), Robinson ( T . *1916 

109.1029: I 9 I 7 . I I I .9 6 8 ) .  Vorländer ( Ber. ,1919,52,263 ), 

and Lapworth ( M em .M anchester,Phil.Soc.,1920,64,N o.3 ). 

are to be regarded as fundamental in  th is  sense.

The tneory propounded by Lapworth( lo c . c i t .  ) 

has created much in te re s t . I t  involved a p r in c ip le  

of/



3

or induced a ltern a te  p o la r it y ,  and grouped together 

many otherwise disconnected fa cts  e .g . s u b s titu tio n  

in  benzene r i n g ,^  y  r e a c t iv it y  in  a lip h a tic  compounds, 

tautomerism, a d d itio n  o r halogen acid to unsaturated 

a lip h a tic  compounds etc.*. I t  d id  not postulate 

the prime edause o r  the differences but Lapworth ( J .

0 .S ..,1922,121,416 ) and Robinson and Kermack ( J . C . S . ,

1922.i s i . 427. ) showed haw such d ifferences could be 

caused, the la t t e r  e s p e c ia lly  stre ssin g  the a t a b i l i t y  

of e le c tro n  octets as being responsible fo r  the 

r e a c t iv it ie s  observed.'

The views put forward by Lapworth in  1920 

have been substantiated in  many ways, p a r t ic u la r ly  by 

in ve stig a tio n s  on the r e a c t iv it y  o f the halogen atoms 

in  a se rie s of aromatic halogen compounds (Lapworth 

and Shoesmith J . C .S . .1922.121.1391; Shoesmith and 

co lla b o ra to rs  J . C . S . . l9 2 g .I2 S .2698 and 2828; 1924,124, 

1312 and 2279; 1926.127.214).

The in v e s tig a tio n s  have so fa r been confined 

to the}■ benzene series and the present work was ca rrie d  

out to discover the s im ila r it ie s  which may o r may not 

e x is t between benzene and naphthalene halogen compounds 

in  th e ir  behaviour in  the l ig h t  o f the o ri& in a l suggest

io n s. E x tra o rd in a ry  in te re s t attaches i t s e l f  to an 

influence transm itted from one r in g  to the other and 

a number o f halogen compounds have been prepared and 

the l a b i l i t y  o f the halogens in ve stig a te d  in  order to 

see/
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I* i f  the influence of a substituent on an atom in  

the same r in g  is  s im ila r  to th a t, already discovered 

in  the benzene se rie s and

2. how fa r such influences are transm itted from one- 

r in g  to another.

She classes of compounds examined were 

; I .  Various broxno-naphthols to compare w ith  the 

bromo-uhenois.

2. bromo-methy1-naphthalenes to compare w ith  

bromo-toluenes

3 . di and /3naphthvl methyl bromides t o compare w ith  

benzvl bromide and

4. methoxv and -brom o-nanhthvl-m e th v l  bromides to 

compare w ith  the methoxv- and bromo benzvl bromides. 

The f u l l  l i s t  of compounds in ve stig a te d  is  as fo llo w s :

1» The two isom eric bromo-naphthalenes.

11% The two isom eric iodo-naphthalenes 
/

a*
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I-Brom o- # -n a p h th o i
OH

I-6 -d lb ro m o - /3-naphthoi
Br

B r
OH

6-Bromo- £ -naphthoi 
(n o t is o la te d )

Qi*

OH

Br

IV . I-B rom o- & -m e th yl naphthalene

4-Bromo- <* -m e th yl naphthalene

Br

V. <*. and /3-naphthyl methyl bromide C(0H^ CH^Br

CHz&r

V I. 4-me thoxy-oí -n a p h th y l methyl bromide-

methyl
5-m ethoxy-c^-naphthyl/brom ide

CHz-Br O C H 3

OC.H3

" T " “— CCr
4 -B ro m o --n a p h th y l  methyl bromide c HzB/-

5-Bromo-X -n a p h th y l methyl bromide
CHzBr B r

B r



Considerable d if f ic u lt ie s  were encountered 

throughout the whole research w ith  regard to the pre

paratio n  o f some o f these compounds* Although p a r t ly  

expected, they were due to the fa ct that com paratively 

l i t t l e  is.known about th is  se rie s  of naphthalene 

d e riv a tiv e s  and the y ie ld s  o f interm ediate products 

are very low*

The two reagents used in  th is  research were 

those already employed w ith  great success in  previous 

work, namely hydrogen iodide in  aqueous a ce tic  acid , 

and aqueous a lco h o l. R e a ctiv itie s , were in ve stig a te d  

at various temperature5and the fo llo w in g  observations 

were made*

The examination of the r e a c t iv it y  of mono- 

halogenated naphthalene d e riv a tiv e s  showed that <k~ 

bromo- and cA.-iodo naphthalene are more re a d ily  re

duced by h y d rio d ic  acid than the corresponding /3 

compounds, as w i l l  be seen from fhfrutable on 

page 5 6 .
‘

The iodo naphthalenes are more rea ctive ' than 

the bromo naphthalenes.

The order of ease w ith  vh ich  the bromine of 

the bromo-naphtho1s examined, is  removed is  the 

fo llo w in g :

I-Brom o- /S -na ph tho i ^  4-brom o-cA-naphthol >  5-brom o- 

oC-naphthol. An Important and v e ry  large difference  

e xists  between the l a t t e r ,  when the bromine atom is  

in/ '■ I

5 .
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in  a d iffe re n t r in g  from the hydroxyl group and the 

former two which "behave s im ila r  to the corresponding 

bromo-phenols, excepting that they are much more 

re a d ily  reduced in  the order 1 :2  ^ 1 : 4 , the reverse 

of the Promo and iodo phenols (curves I Ip a g e 66).

1:6  aibromo-/^ -na ph tho l again is  much less 

re a ctive  than the 1-bromo-# -n a p h th o l.

The action  of hydro io d ic  acid on I-Prom o-/?

-m e th yl naphthalene and 4 -b ro m o «--m e th y l naphthalene

showed that the Promine o f  the 1:2  compound is  more

re a d ily  removed than that of the 1:4  isom eride, which

is  in  accordance w ith  the order o f r e a c t iv it y  of iodo
H I

toluenes, (f ig u re  /page 6 7). I t  is  note w orthy that 

the Promo toluenes however are staple towards hydro 

io d ic  a cid .

ck and/2 naphthyl methyl bromides we re submitted

to the a ctio n  of hydro io d ic  acid and also aqueous

alco ho l, w ith  the former agent no marked d iffe re n ce

was observed (f ig J V p a g e  68), th e c o m p o u n d  being

very s l ig h t ly  more re a c tive  than the ^  d e riv a t iv e .

The h yd ro lys is  however showed the reverse order of

r e a c t iv it y  and here rjef d ifference  was marked. With

both compounds the reactions were more rapid  than

w ith  benzyl bromide. The comparison w ith  the la t te r  
V and V I 

is  g iven  in  f ig u re /  page.69&70«

The order o f ease w ith  which the h yd ro lys is  of

4-methoxy- <£ -n a p h th yl methyl bromide and 5-m e th o xy-^  

-n a p h th yl methyl bromide takes place is  4 ^ 5 .  There 

is/



is  a v e ry  marked d iffe re n ce  in  the rate  o f h yd ro lys is  

between the -C H ^ .B r in  the f i r s t  and the -C H ^ .B r in  

the second r in g . The 1 :4  compound is  very unstable 

and is  hydrolysed almost at once. A s im ila r  fa ct was 

observed w ith  p -  raethoxy benzyl bromide which is  at 

once com pletely hydrolysed when brought in to  s o lu tio n  

in  aqueous a lco h o l.

In  the case o f the sub stitute d  naphthyl 

methyl bromides, such as:

I-bromo-/? -n a p h th yl methyl bromide

4-brom o-^ -  0 m m

5— » *

the order of ease w ith  which the bromides lo s t th e ir  

bromine as bromi&ion in  so lu tio n  in  aqu<3i<ius a lcohol is  

1 :4  1 :5  > 2 :1  and compared w ith  the unsubstituted

naphthyl methyl bromides; u n s u b s titu te d > u «s u b s titu te d . 

The bromo naphthyl methyl bromides could not 

be submitted to the a ctio n  o f hydro io d ic  acid since 

in  a d d itio n  to the side chain bromine atom, th at in  

the r in g  would have been removed by the reducing agent.

TUttSea.representative class o f compounds in  

the naphthalene series has been examined. Experiments 

were also c a rrie d  out to  obtain^

1. 2-m ethoxy-^ -n a p h th y l methyl bromide ,

2 .  3 « «» « tti ,

3. 6 » -< < -  ■ “ “ /

4 .  ? u u M M ,

7 .

b u t  w e r e /



were unsuccessful owing to the d if f ic u l t ie s  o f obtain

ing s u ff ic ie n t  q u a n titie s  o f methoxy naphthoic acids 

in  the la s t  three isom erides. As described in  the 

p reparative  p a r t 8 vario us methods were t r ie d  in  order 

to obtain  2-m ethoxy-k - naphthyl methyl bromide. The 

fa ilu re  o f some of these is  probably due to the s te r lc  

influence o f the methoxy group in  ortho p o s itio n .

The fo llo w in g  pages g ive  an account of the 

preparation of the fo llo w in g  compounds.

1. o(.-and/3rBromo naphthalenes

2. cA' and-/3-lodo naphthalenes

3. and/3-naphthyl methyl bromides

4. I-Brom o- -napht h o i ^

5. 4-Bromo- cA -napht h p l

6. 5-Bromo- «A-napht ho l

7. ck -N ap hth yl carbiinol

8. 2-M ethoxy- <A -naphthaldehyde

9. 2-Byd ro x y - oA-napht h y l ca rb in o l 

TO. 4-Me th o xy- cA -naphthaldehyde

11. 4-Me t hoxy-ot,-napht h y l c a rb in o l

12. 4-M ethoxy-cA-naphthyl methyl bromides

13. Attempts to prepare

2-M ethoxy-ca- naphthyl ca rb in o l and
.

2-M ethoxy-ok-naphthyl methyl bromide

14. 3-Me th o xy- <a  -naphthaldehyde

15. 3-Me thoxy-cA -napht h y l ca rb in o l

16. 5-M ethoxy- cA-naphthaldehyde 

I V/

8.



9.

17. 5-Metiioxy-c*. -n a p n th y l ca rb in o l

18. 5-M ethoxy- cl -napftthyl methyl bromide

19. 6-M ethoxy- c*-naphthoic acid

20. 7-Methoxy- -naphtho ic  acid

21. I-B rom o- ft-naphthyl methyl bromide

22. 4-Bromo- oO- # « «

2.3. 5-Broino- ck-naphthaldehyde

24, 6-BromO”  <*. -naphthy1 ca rb in o l

25, 5-Bromo-<*.-naphth.yl methyl bromide.
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/3 --Bromona-phthalen e  ( Ann. 183.268 )

Tills  naphthalene d e riv a tiv e  was 

obtained f  rom A-naplitliylam ine by means o f a Sandmeyer 

re a c tio n . The fo llo w in g  proportions were used:

15 gms. /s-naphthylamine 

140 c .e . hydrobromie acid 47 f  )

100  c .c .  water 

Tiiis  mixture was b o ile d  u n t il ,  the s o lu tio n  was c le a r« 

cooled«diazotised in  the usual way at 0° and th^en 

added to cuprous-bromide s o lu tio n . The whole was 

then heated on a steam bath fo r  one hour.

A fte r  steam d is t i l la t i o n «  /S-bromonaphthalene was 

re c ry s ta llis e d  from a lc o h o l, m.p. 59°.

d  -iodonaphthalene. (B e r . .I8 8 6 .1 9 .ia ra )

oC '“Diazonaphthalenesulphate was b o il 

ed w ith  potassium iodide in  an acid s o lu tio n . Excess 

o f  h yd rio d lc  acid is  avoided, since s lig h t  reduction 

to naphthalene taxes p la ce .

<*. -lodonaphthalene, a heavy o i l  o f b .p . 206°, in  a. 

y ie ld  of 55fo, was obtained by steam d i s t i l l a t i o n  o f

the whole.

fi -Iodonaphthalene ( B er. ,1881 «¿4 ,804)

As i n  the case? o f /3-bromo-naphtha- 

lene, the corresponding iodo compound was obtained from 

th -naphthylam ine /

PREPARATI YE.



/tf-naphthylamine which was f i r s t  converted in to  the 

sulphate. Owing to i t s  h igh in s o lu b i l i t y  i t  could 

be is o la te d  in  v e ry  pure c o n d itio n , a f a c t ,  which 

influenced considerably the y ie ld s  in  a favourable 

m a n n e r.^  -Naphthylamine sulphate (14 gms. ) suspend

ed in  w a te r, was d ia zo tise d  w ith  the th e o re tic a l 

q u a n titie s  o f a cid  and sodium n i t r i t e  (6  c .e . H2S0u ;

4 gms NaN02) Hydre io d ic  acid  (2  gms. per 1 gram of 

su lp ha te ) of spec, g ra v ity  1*7 was now added.

N itrogen was immediately evolved and a re d  p re c ip ita te  

produced. A fte r h e a tin g  fo r some time on a steam 

bath, the p re c ip ita te  melted to a heavy bladk o i l  

whibh s o lid if ie d  again on co o lin g . This residue was 

now extra cted  w ith  a lc o h o l, f i l t e r e d  and the f i l t r a t e  

d ilu te d  w ith  w ater. C rysta ls  p re c ip ita te d  a fte r  a 

short time and the compound was f in a l l y  p u r if ie d  by 

several subsequent steam d is t i l la t io n s .  I t  had m .p. 54*59

Naphthyl -  1 - methyl bromide.

c< -M e thyl naphthalene was heated to 230° and 

w h ils t being s t ir r e d  by a slow passage of a current o f 

dry a ir  an equal weight o f bromine was g ra d u a lly  added 

durin g  an in te r v a l of ten m inutes. ( B e r . ,  1916.49 .2832 ) 

The stream of dry  a ir  was passed through the re a ctio n  

product in  order to remove any nremaining hydrobromic 

a c id . The product was d is t i l le d  in  vacuo, when about one 

f i f t h  o f the methylnaphthalene was recovered unchang

ed.

N a p h th yl-l -m ethylbr omide/

11.



N aphthyl-l-m ethylbrom lde, to.p. 181°/23 num. was 

obtained f i r s t  as a heavy o i l ,  wh^jLch s o lid if ie d  when 

cooled in  a fre e zin g  m ixture. C iy s ta li is a t io n  from

p e tro l ether y ie ld ed  a fte r  a few re p e titio n s  a pure

compound. ( Both naphthyl methyl bromides are ve ry
0 la e r im a to ry .)

m.p. 52 .

Analyse s : Found: B r ,95» 95/o

C„ EL^Br req uires B r,

Naoht h.y 1 -2-methy 1 bromide. ( Ber. .1884.17.1529)

Bromine vapours are introduced in  a curre n t 

of carbon dioxide gas into/S-m ethylnaphthalene 

maintained at 240° .

¡¡raphthyl-2-methylbromlde was is o la te d  in  a s im ila r
OL /

way to th a t described f o r  the corresponding/compound 

and c ry s ta llis e d  from a lcohol in  large p la te s . m.p.5J6° 

Analyses: Br found 36. I 5°/o c„ HqBr requires 36. 24/0.

The preparations o f hydroxy and also methoxv- 

bromonaphthalenes were undertaken in  order to o b ta in  

Inform at io n :

a. about the influence o f a hydroxy-group e ith e r  in  

the same o r in  d iffe re n t rin g s  on the bromine atom

in  I  p o s it io n , and

b . i t  was hoped, that the methoxy bromo-naphthalenes 

would give the methoxy naphthylbromides. The la t t e r  

scheme was however abandoned f o r  vario us reasons.’

I-Bromo-2~methoxy naphthalene. C J . C . 8 . 1879.3 5 .7-89)

ft-tfaphthol in  moderate^concentrated g la c ia l

a c e tic /

1 3 .



acetic  acid s o lu tio n  was heated, w ith  the th e o re tic a l

q u a n tity  o f bromine, dissolved, in  approxim ately an

equal volume or g la c ia l  a ce tic  a c id . The whole

so lu tio n  was cooled during th is  operation and the

fla s k  shaken a fte r  each a d d itio n  o r bromine, which

is  q u ic k ly  absorbed. On sta n d in g , colourless needles
were

c ry s ta llis e  o u t, which are/then washed from excess of 

a ce tic  acid w ith  water and d rie d , m.p. 84,° from 

alcohol.

The corresponding methoxy compound was obtained by 

E&jthylating I  brom o-S-hydroxy naphthalene w ith  excess 

o r m ethylsulphate. m.p. 85° .

1 3 .

4 Bromo-I-methoxv naphthalene was prepared as fo llo w s :

pC-Nauht^l-carbonate. (B e r . ,1894,27,5468. )

Phosgene was passed fo r three hours in to
by

<*-naphtol (ioogms. ) d issolved in  a s o lu tio n  or 100 gms, 

of sodium hydroxide in  100 c .c .  w a te r, at o rd in a ry  

temperature, when the <x-naphthyl carbonate is  p re c ip i“  

ta t ecU

The rea ctio n  is  f in is h e d , when the a lk a lin e  s o lu tio n  

is  I



is  free from naphthol. A fte r  f i l t e r in g  and washing, 

the compound may he c ry s ta llis e d  from g a ic ia l  a ce tic  

acid o r "benzene. M.p. 130°.

Bromlnatlon of  a^-naphthylcarbonate.

To a hot S o lu tio n  of 31 gms. anaphthylcarbonat e 

in  250 c .e . g la c ia l  a ce tic  acid 12 c .c .o f  "bromine in  

50 c .c .  a ce tic  acid are ra p id ly  added w ith  continuous 

s t i r r in g .  The bromo compound c ry s ta llis e s  cut from 

the hot m ixture , is  f i l t e r e d  o ff and washed w ith  

ace tic  a c id .

I t  c ry s ta llis e s  from a large  q u a n tity  of "benzene in  

needles of m.p. 214°.

4-brom o-*-naphthylcarbonate w ith  a lc o h o lic  potassium 

hydroxide y ie ld s

4-brom o-« . -n a n h th o i. Kauffmann (B e r. .1895.88.3053 )
steam

gives m .p. 127°, hut wheiy d is t i l le d  in  an atmosphere

of n itro g e n , the compound was obtained as colou rle ss

lig h t  needles of m .p. 129°.

Burlng the course o f these experiments

4-brom o-I-naphthoi was observed to become v e ry  brown

in  the atmosphere. The m ethylation was therefore

carried  out in  an atmosphere o f n itro g e n  in  o rder to

avoid oxydation by the a i r .  The operation was v e iy

d if f ic u l t  and the fo llo w in g  precautions must be talcen

to avoid excess of t a r .

In  the presence o f o n ly  a trace of unm ethyl-
methoxy naphthalene 

ated compound, the 4-bromo-l-ttapts*ne± could not be

d is t i l le d I

1 4 .



d is t i l le d .  The bromo-naphthol in  a lk a lin e  s o lu tio n  

was shaken w ith  excess or dim ethylsulphate at ordin

a ry  temperature fo r  several hours in  an atmosphere or 

n itro g e n . The ethereal e x tra ct o r the a c id ir ie d  

so lu tio n  was then several times c a re fu lly  washed w ith  

caustic  soda and d rie d  over calcium  c h lo rid e .

A fte r d is t i l la t i o n  in  vacuo a y ie ld  corresponding to 

SOfo o f the calcu lated  q u a n tity  o f ether expected, was 

obtained.

The fo llo w in g  method, which combines the hydrolyses or 

the bromocarbonate and the m ethylatlon o f the re s u ltin g

4-b ro m o -l-n ap h th o l in  one operation was r i n a l l y  

adopted.

In  th is  way, the separation o f the unstable 4-brom o-

I-n a p h th o l was avoided and hence a i r  oxydation reduced 

to a minimum.
'

The bromocarbPhate (SO gms. ) was dissolved 

in  m eth ylalcoho lic  potassium hydro xide,(100  c .c .  +

4.8  gras o r EOH) and a s l ig h t  excess of the th e o re tic a l 

q u a n titie s  o f dim ethylsulphate and pptasslum hydroxide 

g ra d u a lly  added from two dropping fun nels. The 

solution  was then heated fo r  about two hours on a 

steam b a th . A stream o f n itro ge n  gas was passed in to  

the whole during the experiment. The s o lu tio n  was 

r in a l ly  steam d is t i l le d  and the l ig h t  o i l  so obtained 

extracted w ith  e th er and washed w ith  a lk a l i .

With the aid  of a Widmer vacuum d i s t i l la t i o n  

column (v id e  H e lv.ch im .A cta  1924,7.,59) two fra c tio n s  

were/

1 6 .



were re a d ily  separated, namely:

a. -methoxynaphthalene I74°/l6m.m.

b . -me t  hoxy-4 -b  romonapht halene

179° ( I8 i°  ), 16 m.m. ( 18m.m. ).

1 6 .

Y ie ld  55^, calculated to brorno carbonate.

Analyses; ro u n d :B r, 33.60$; c„ HqQBr 

re q u ire s : B r, 32.80$.

The small p ro p o rtio n  or <* mat hoxy-napht halene present 

is  due to some unbrominated naphthylcarbonate.

5-Bromo-I-methoxvnabhthalene was prepared according 

to the fo llo w in g  scheme

A 'O z MOz A/Vz

///roz

The n it r a t io n  o f naphthalene was ca rrie d  out 

out in  g la c ia l  a ce tic  acid s o lu tio n  and th e < * -n itro - 

naphthalene (m .p .6 l°  ) converted by brom ination in to  

5-b rorno- l-n itro n a p h th a le  ne ( A n n ., 1884,222,290 ).

Of the vario us methods t r ie d ,  the fo llo w in g  

produced the best r e s u lts : Bromine ( 4 0  gms. ) was

gradually/
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g ra d u a lly  dropped in to  v ig o ro u s ly  s t i r r e d , melted 

nitronaphthalene( 85 gms. ),  the temperature "being 

maintained "between 80 and 100°. Care was ta&en, that 

the nitronaphthalene used was absolu te ly  d ry .

A fte r  one c ry s ta llis a t io n  from a lco ho l a 

substance o f m.p. 122° was obtained and was found to 

be pure brom o-nitronaphthalene. Other methods 

yie ld ed  a m ixture o f 5 -b ro m o -l-n itro n a p h th a le n e ,
d

unchanged nitronaphthalene andxth ir d  compound (m .p . 

166°), probably a dibrominated n itro -n a p h th a le n e , the 

c o n s titu tio n  of which was not ascertained.

Considerable d i f f ic u l t y  was experienced in  

the redu ction  of the brom o-nitronaphthalene to the 

corresponding amino compound and the d ia zo ta tio n  of the 

la t t e r .

The methods employed were;

I »  Reduction by means o f S nC la and HC1.

( Rer. ,1 9 0 2 ,^ ,2 8 0 4  )

2. Reduction by means of iro n  filisg a n a n d  HQl.

The la t t e r  y ie ld e d  the best re s u lts  and was therefore 

f in a l ly  adopted.
Fof

in  comparative purposes d e ta ils  o f the f i r s t  method are 

given.

10 gms. of 5 -bro m o -l-n ltrona p h th ale ne  were 

g ra d ua lly  added to a hot s o lu tio n  of 28 gms. stannous 

chloride in  40 c .c .  conc. h y d ro ch lo ric  acid and 50 c .c . 

alcohol. The t in  double s a lt  was re a d ily  farmed, 

m i  decomposed w ith  sodium hydroxide., and the 5-bromo-

i  /



i-naphtbylam ine so formed extracted w ith  e th e r, the 

ether evaporated away and the amino-compound separated 

from ta r  by c ry s ta llis a t io n  £nQm:A4groln. I t  formed, 

b lu e is h -re d  ooloured c ry s ta ls , m .p. 67°.

The ami no-compound may also he p u r if ie d  by d is t i l la t r -  

ion in  a current o f steam. Y ie ld :  2ofo.

Y ie ld s  of 85f» however have been obtained when iro n  

f i l in g s  and a small q u a n tity  of h yd ro ch lo ric  acid were 

used as reducing agents.

Iro n  f i l in g s  (60 grns. ) were added to 40 gms. 

5 -brom o-I-n itronaphthalene dissolved in  600 c .c .  

a lcohol and 8 c .c .  h yd ro ch lo ric  acid .. A fte r  b o ilin g  

the whole fo r  2 hours, the s o lu tio n  was made a lX aline  

w ith  a lco h o lic  potassium hydroxide and f i l t e r e d  hot.

The a lco ho l was then p a r t ly  d is t i l le d  away, when the 

ami no-compound appeared as a dark substance, which was 

c ry s ta llis e d  from l lg r o in ,  The residues were f in a l l y  

steam d is t i l le d .

The compound was then seen to be s l ig h t ly  coloured 

plates from l ig r o in ; o r needles when steam d is t i l le d  

of m.p. 69°, which become darh on exposure to the 

atmosphere.

The d ia zo ta tio n  o f 5-brom o-I-naphthylam ine 

was ca rrie d  out in  10f> su lp h uric  a c id ; 10 gms, require  

about 1200 c .c .  o f a c id . The sulphate is  t e r y  in 

soluble and c r y s ta ll is e s  out: Imm ediately. Continuous 

st i r r in g  was therefore necessary during the o pe ratio n , 

less than the th e o re tic a l q u a n tity  o f sodium n i t r i t e  

was used in  order to avoid t a r r in g .  The d ia zo ta tio n  

too 1/
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tool: place ve ry  s low ly and when a l l  the n i t r i t e  was 

added the l iq u id  was f i l t e r e d  to remove unchanged 

bromo-naphthylamine.

The diazocompounci-e is  ve ry  stable and evolves n itro ge n  

only when heated on the steam bath.

The h yd ro lys is  was found to be the most d i f f i c u l t  stag 

of th is  synthesis on account of the ready form ation of 

hydroxyazocompounds.

A fte r many attem pts, the method adopted was as fo llo w s : 

The s o lu tio n  o f the d ia zo tise d  ‘fc^ilne was added slow ly 

to a b o ilin g  s o lu tio n  o f 32$ su lp h u ric  acid and the 

5-brom o-ok-naphthol d is t i l le d  as white needles which 

had m.p. 137° •

Only 10$ o f the expected q u a n tity  was obtained because 

of the form ation of much t a r .  The p ro p e rtie s  of 

5-brom o-1-naphthol are s im ila r  to those o f the 

corresponding 1 :4  d e r iv a t iv e , described on a previous 

page.

In  order to  confirm  the 5 p o s itio n  of the bromine atom, 

a small sample was methylated and converted v ia  the 

magnesium-compound in to  I-m e thoxy-5-n a p h th û ic acid .

The m.p. found was 227° and id e n tic a l w ith  that 

recorded by Royl© and Schedler in  J . C . S . I 923.73.1641. 

as the m.p. o f Ihm ethoxy-5-na ph tho ic  a c id , which was 

prepared too i n  the course o f th is  research by the 

present author.

5-Brom o-i-naphthoi bas been re c e n tly  prepared, by 

IPuson/



Fuson, J.Amer.Chem.Soc. ,1924,^6,2779, in  a manner 

s im ila r to the one o u tlin e d  above and also as 

fo llo w s :

30 .

^  H Br H V

OH

The compound described here possesses prop

e rtie s  s im ila r  to those described by Fuson.

The fo llo w in g  gives an account of p re lim in a ry  

experiments, undertaken w ith  a view to obta in  in 

form ation about the methods o f preparing isom eric 

me thoxy- naphthy l-m a t hy lb  r  omi de s .

I t  was hoped to obta in  these by the fo llo w 

ing series of re a c tio n s :

SO Cla H + KQH
R.CQQH--------------> R. CO Cl---------------------> Rf CEO-------------^  R.CH.OH

Pa

HBr
 »  R.CHaBr

where R represents MeO . C10 H fo— .

( In  some cases the aldehyde couldi be obtained by 

Gattermann's KCK methods ( Ann.X9Q7.S&7.3IS  ) as is  

shown la t e r  ). Therefore p re lim in a ry  experiments were 

necessary/



necessary in  order to d iscover .to what extent the 

c a ta ly t ic  reduction above mentioned (see Rose mound,

Ber. ,1918,¿1 ,585) could tie employed in  the naphth

alene s e rie s .

There fore , «■ -n a p h th o ylch lo rid e  was prepared 

and submitted to the a ctio n  o f hydrogen in  presence 

of p a lla d ifiise d  barium sulphate.

The fo llo w in g  scheme shows how -naphthyi^- 

aldehyde was prepared by such re a c tio n .

21.

3 r Coo//

COCI CO//

SOC¿¿  r— Pa

o(. -Bromo naphthalene and magnesium in  e th e re a l solr- 

u tio n  re a d ily  gave the interm ediate compound, as shown 

and the e th ere al s o lu tio n  o f t h is  was saturated w ith  

carbon d io x id e .

The re s u ltin g  pasty mass was then decomposed 

w ith  d ilu te  su lp h u ric  acid and the e th ere al s o lu tio n  

extracted w ith  a lk a li  and a c id if ie d  w ith  h yd ro ch lo ric  

acid when -na ph tho icacid  was p re c ip ita te d  in  almost 

qu a n tita tive  y ie ld .  I t  was re c ry s ta llis e d  from  26$ 

alcohol. (B e r. ,1 90 4 ,3 1,6 2 5 ).

M olecular pro portio ns o f the acid and phosphor

ous/



phosphorous-pentachloride were mixed, together and 

warmed on a steam Oath u n t i l  re a c tio n  was completed; 

the phosphorous-oxychloride d is t i l le d  away and the 

residua l -n a p h th o ylch lo rid e  d is t i l le d  in  vacuo. I t  

ffiad b.& . I7s°/l5mm. (B e r. ,1905,38,180 ) *

The same a cid ch lo rid e  was also obtained in  

a s im ila r way by using th io n y lc h lo rid e  instead of 

phosphorous pent a ch lo rid e .

C a ta ly tic  re d u ctio n  to ot -naphthaldehyde;.

38«

coy

f yci

Th is  re a c tio n  was c a rrie d  out at a temper

ature or 160° w ith  a q u a n tity  or 5gms o r a cid ch lo rid e  

at a tim e, dissolved i n  35 c .c .  xylene in  which 2 gms 

or c a ta lyst were suspended.

The oalladium -barium sulohate c a ta ly s t was prepared as 

ro llo w s l

Twelve gms. o r rre s h ly  p re c ip ita te d  barium - 

sulphate were made in to  a paste w ith  235 c .c .  or hot 

water and. I  gm or palladium  ch lo rid e  in  a s o lu tio n  or 

40 c .c .  o r water added. A Tte r a d d itio n  o r I  gm. 

or form alin  the s o lu tio n  was made a lc a lin e  w ith  

sodium hydroxide and the whole heated toe b o ilin g  ro r 

some tim e. The p re c ip ita te  re a d ily  s e ttle d  out and 

was r i l t e r e d  o fr  and d rie d  c a re fu lly  in  vacuo, being 

now/



2 3 .

Hydrogen from a Kipp was passed through a 

series o f w adhbottles, containing a, potassium 

permanganate and con c.su lp hu ric  acid and then

f in a l ly  d rie d  by passing i t  over phosphorous pentoxide

I t  was led in  a ve ry  slow stream in to  the b o ilin g
-

xylene s o lu tio n . H ydrochloric  acid  was s low ly evolved 

and ceased a fte r  about 4 o r 5 hours. The s o lu tio n  

was then f i l t e r e d  from  the c a ta ly s t and the aldehyde 

extracted in  the usual way w ith  sodium bisulphite.

Prom th is  a d d itio n  compound, the aldehyde was liber*- 

ated w ith  warm sodium carbonate s o lu tio n  and e x tra c t - 

ed w ith  e th e r.
.

The re s u ltin g  o i l  d is t i l le d  at 152° ¡ i s  mm. 

and was obtained in  an average y ie ld  o f 60$. I t  

gave a phenylhydrazone (m .p . 234°, red needles ) 

and a semioxamazone(m.p.258°).

This showed that the c a ta ly t ic  red u ction  

method could be employed f o r  the naphthalene series

and the preparation  o f 3 and 5-m ethoxy- o^-naphthalde-
■

hydes, described la t e r ,  was c a rrie d  out in  a s im ila r

manner.

A Cannlzzarro re a c tio n  was then t r ie d  on th is  

aldehyde in  order to see i f  the naphthaldehydes can be' 

converted in  th is  way to the corresponding c a rb in o ls .

-Naphthaldehyde gave f a i r l y  re a d ily  -n a p h th y l- 

carbinol (m .p . 59^60° ) w ith  25$ a lc o h o lic  potassium 

hydroxide/

n o w  r e a d y  f o r  t h e  r e d u c t i o n .



Experiments were now ca rrie d  out to see 

whether hrominated methoxy naphthalenes can he used 

fo r  the p reparatio n  of

a. methoxy -  naphthaldehydes and

hu raethoxy -  naph thylca rb in o ls.

Methods attempted f o r  aldehyde synthesis were:

B r
C Ho Mg B r+E .C O O  C .E , .— » C |0E„. CEO+-Mg v

OCoH
(Ann. ,1912,393,215 ) 

and

a  >s
CH^Mg Br +

1 c

Clo H *C QE + E^E.C.E«,*

Th is  expectation was not re a lis e d  because 

of the d if f ic u l t ie s  experienced in  the p re p a ra tio n  of 

lHaethoxy-5-bromonaphthalene, which could not he 

obtained in  q u a n titie s  su ita b le  fo r  use as s ta rt in g  

m aterials.

In  the case of the 2-methoxy-l~bromonaphtha- 

lene, the compound refused to  react w ith  magnesium and 

hence 2 -m e th o x y -l-n a p h th yl-c a rh in o 1 could not he pre

pared thus.

Th is  is  probably due to s te r ic  hindrance, 

since a c e rta in  amount of re a ctio n  is  effected  by 

the/

34 .
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the methoxy-group in  ortho p o s itio n  to the bromine -afc 

atom.

The other experiments by which i t  was hoped 

to go d ir e c t ly  from  halogenated naphthalene to 

naphthylcarbinols gave <* -n a p h th y lc a rb ln o l ( B e r.,^  

1921,124,739; I922,£J|,34Q6) hut no su b stitute d  ca rb in o l 

was prepared thus, because of the d i f f ic u l t y  of 

obtaining 1 :4  and 1:5-methoxy-bromonaphthalene, w h ils t  

2 : i-iuethoxy-bromonaphthalene refused to react w ith  

magnesium*sts a lready state'd.

cf -u a b h th v lc a rb in o l.

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

e th ylio d id e  were allowed to react together and then 

64 gms. o f -bromonaphthalene, dissolved in  160 c .c .  

ether added to the m ixture . When the vigorous re a ct

ion had ceased, formaldehyde vapour, produced by 

heating 25 gms. of trioxym ethylene in  a r e t o r t ,  was

passed in .  The whole was continuously s t ir r e d  and 
Kept

the temperature/at 5°.

A fte r  worXing up the re a c tio n  m ixture in  the 

usual manner, a sm all y ie ld  of -n a p h th y lc a rb in o l 

was obtained as w M te  needles of m.p. 69.5 -  60° and

b .p , 301° /760 mm.

A large  number o f experiments were c a rrie d  

out in  the hope of im proving the y ie ld s  o f c a rb in o l.

I t  would have been a v e ry  valuable  method, but the 

quantity o f ca rb in o l obtained d id  not ju s t i f y  the 

adoption o f th is  method f o r  o th er cases.



36.

2-M ethoxy- ot -naphthaldehyde and

_4-m ethoxy-oc-naphthaldehyde. ( Ann.1907,357.565. )

oi and /3 Naphthyl methyl ethers ware obtained 

as fo llo w s:

The naphthol (50 gms. ), methyl a lco h o l (50 gins, 

ana cone •sulphuric acid (10 gras. ) were heated together 

at 125° fo r  4 hours under a re flu x  condenser and s l ig h t  

pressure, produced by a mercury v a lv e .

The s o lu tio n  was then poured in to  cold water 

and the o i l  which separated washed w ith  sodium hydrox

ide and d is t i l le d .  Any unchanged naphthol was re

covered from  tie s o lu tio n . 

d, -naphthylm ethyl ether has b .p . 269° and 

/3 -naphthylm ethyl ether h .p . 274° and

m .p. 72°

To 50 gms. o f -n a p h th y lm e th y l  ether d is s o lv 

ed in  200 gms. o f d ry  benzene 70 c .c .  hydrocyanic a c id , 

and 70 gms. o f powdered aluminium chlo rid e  were 

added. T£e whole was immersed in  a fre e zin g  mixture 

and a current o f d ry  hydrogen c h lo rid e  passed in to  

the s o lu tio n  f o r  about 2 hours, the temperature being 

allowed to r is e  slow ly from 0° to 45° •
Z"o

pouring the re a c tio n  mixture onvic e , the 

aldimine hydrochloride  was decomposed and a fte r  

a c id if ic a tio n  of the whole w ith  h y d ro ch lo ric  a c id , 

benzene and any unchanged naphthylether were removed 

by steam d is t i l la t i o n  and the residue extracted w ith  

ether /



e th e r.

Both aldehydes were p ru lf ie d  by conversion 

in to  b is u lp h ite  compounds.

The S -l-a ld e h yd e  had m.p. 84° and the 4 - I  

d is t i l le d  at 3QQ°/l6mm.

Average y ie ld  obtained was 60$>.

4r-Methoxy- o ^-n ap h th yl-m eth yl-b r omide.

2 7 .

Th is  was obtained according to the fa llo w in g

scheme:

Oft OCfts OC/-/3

CftsOft 
ft* SO#

ftCA/ 
ft Cl"

COft

OCfts OC/-/3

/(Oft ft ór

C ftxO ft CftzBr

(The corresponding 2 -m e th o x y --n a p h th y l methyl bromide
1

could not be obtained f o r  reasons g iven  la t e r .  )

Many attempts were made to convert thesa 

aldehydes in to  the met h oxy-napht hyl-me t  h y l car b in o l s , 

but only  in  the case o f the 4 -1  compound were they 

successful.

In  both cases, a lc o h o lic  potassium -hydroxide 

of various concentration and o f d iffe re n t temperature 

were used. Even when these methoxy-aldehydes were 

submitted/



submitted to e xa ctly  the same treatment which worked 

su ccessfu lly  w ith  the unsubstituted ¿c -naphthaldehyde 

which y ie ld e d o (-n a p h th y lc a rb in o l (see page 23. )

no change was observed. Example, when 25 gms. 

aldehyde was allowed to stand in  contact w ith  75 c .c . 

of 25/0 potassium hydroxide (19 gms. KQH in  14 c .c .

H 0 made up 75 c .c .  w ith  a lc o h o l) fo r  25 S o u r s  o r longer 

at room temperature no reaction took p lace.

F in a lly  a large excess o f a concentrated 

aqueous so lu tio n  o f potassium hydroxide (50 gms. of 

aldehyde and 20 gms. of KOH in  15 c .c .  H O  standing 

fo r  tw e n ty -fo u r hours ) gave the desired 4-m ethoxy- 

J-n a p h th yl carbinol..' A fte r d ilu t in g  w ith  water the 

ca rb ln o i was extracted w ith  e th e r, dried  over sodium 

sulphate and the solvent then evaporated o f f .

I t  c ry s ta llis e d  from p e tro l ether in  l ig h t ,  

colourless needles of m.p. 5 5 ° .  ( Chern.Abstracts,

1 9 2 0 ,1 4 ,  3406).

^M e th o x v-^  -nauht hvl-m e t  h v l bromide was prepared by 

passing hydrobromic acid in to  a warm benzene s o lu tio n  

of the c a rb in o l. A ye llow  s o lid  p re c ip ita te d  immed

ia te ly  w hich, when sa tu ra tio n  w ith  hydrobromic acid 

was completed, was f i l t e r e d  o ff and q u ic k ly  tra n s

ferred to a d e sicca to r.

D escription  o f the ye llow  c ry s ta ls  obtained.

The s o lid  fumed in  a i r  and could not be 

re c ry s ta llis e d  because o f i t s  marked in s t a b i l i t y .

Under/
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Under the microscope long p rism a tic  needles could "be 

discerned, which however s low ly disappeared. In  cold 

water i t  ra p id ly  hecame l iq u id ,  due to h yd ro lys is  and 

hromidlon could he detected w ith  s i lv e r  n it r a t e .  I t  

was impure 4-m ethoxy-of-naphthyl methyl hromide, m.p. 

ahout 110°.

I t  was immediately hydrolysed hy aqueous a lcohol as 

described in  the experimental p a rt .

In v e s tig a tio n  of the action  o f potassium 

hydroxide on S-m ethoxy-^ -naphthaldehyde showed that 

th is  reagent even as v e ry  concentrated s o lu tio n  at a 

temperature/
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temperature over 100 does not reduce the aldehyde to 

the corresponding c a rb in o l.

The ortho p o s itio n  o f the methoxy group is  probably 

the cause o f th is  s te r ic  influence of the aldehyde 

group.

À s im ila r  fa ct was observed by Gattermann 

( A n n .,1888,244,72 ) who discovered that w h ils t

4-m ethoxy-^ -naphthoamide is  hydroiysable w ith  potass

ium hydroxide the corresponding 2 - d e riv a tiv e  is  un

re a ctive  to th is  reagent.

Two methods of converting aldehydes in to  carb ino is  

d ir e c t ly  were t r ie d . The f i r s t  is  summarised as 

fo llow s :
COH

OC/fe
Ctt-'/vo/i 

OC#3

OC/i£
CÏÏ2- Ort 

OC/-/Ô

jS-Methoxy-^ -naphthaldoxime was not reduced by sodium- 

amalgam in  g la c ia l  a ce tic  a c id ,a  re a c tio n  which goes 

re a d ily  in  the benzene s e rie s .

The second method consisted of an attempt to
hydroxy

reduce/aldehyde to a lcohol by means o f aluminium

am alg am .

Ten grams o f 2-hydroxy-naphthaldenyde d isso lv 

ed in  250 c .c .  ether were le f t  in  contact w ith  a c tiv 

ated aluminium f o i l ,  fo r  24 hours. The solve nt was

filte re d /



h yd ro ch lo ric  acid and a fte r  d ryin g  shaken w ith  cold

chloroform . The remaining undissolved substance was

f i l t e r e d  again and dissolved f in a l l y  in  hot chloroforms* 
from which
wfce-reei/s-hydroxy- -n a p h th y l-c a rb in o i c ry s ta llis e d  out 

in  long white needles of m.p. 189°.

This reduction could not be c a rrie d  out on a 

large scale .

The sm all y ie ld s  of only sfo are due to form

a tio n  o f Interm ediate compounds as described by B e tti 

and Mundici (Gaz&etta chira, i t a l .  1906,36 ,6 5 9 ).

An-attempt was made to obtain  2-m ethoxv- 

-nabhthyl-m.eth.vl bromide by brom ination o f 1-m ethyl 

- /3-naphthyl m etnyleth er, prepared as fo llo w s :

3 1 .

f i l t e r e d  a n d  t h e  r e s i d u a l  s o l i d  t r e a t e d  w i t h

H-CQH

r e c i.

C H s

OH OH

CHjJ I

( Ber..,l3G6 |39j 441)

Preparation of d ina b h thvl methane

To/3 -n a p h th p l ( io o  gms. ) d issolved in  120 c .c

alcohol/



alûohol, 55 c .e . of 40$ formaldehyde and 20 gms. of 

c ry s ta llin e  sodium acetate were added, and the whole 

allowed to ,sta n d  fo r  fo ur days at room tem perature.

The c ry s ta llin e  p re c ip ita te  was then f i l t e r e d  o ff  and 

re c ry s ta llis e d  from g la c ia l  a ce tic  a cid , i t  had m.p. 

200^ »

1-mo t  h.vl-2-naPht ho 1.

Dinaphthylmethane (60 gms. ) d issolved  in  

sodium hydroxide s o lu tio n  (60 gms. UaOH in  6Q0 c .c .  of 

w a te r) was reduced w ith  zinc  dust (75 gms. ) by c o ilin g  

the whole fo r 8 hours under re flu x  condenser. I-Methy: 

-2 -n a p h th o i and -n a p h th o l were farmed of which the 

la t t e r  was converted bacic to dinaphthylmethane by a 

fu rth e r a d d itio n  o f formaldehyde a fte r  which the whole 

was again submitted to the a ctio n  of zin c  d u st.

Tnose proceedings were repeated u n t i l  almost 

a l l  the/3 -n a p h th o l had been converged to I-m e th y l-

2-naphthol,

The so lu tio n  was now f i l t e r e d  from the zinc  

dust and formaldehyde again added, in  order to react 

with the re sid u a l/?  -n a p h th o l, which thus could be 

separated, On a c id if ic a t io n  of the f i l t r a t e  a m ixture 

of l-m e th y l-2 -n a p h th o l and dinaphthylmethane was 

p re cip ita te d  and separated from each other by b o il in g  

w ith much w ater, in  which o n ly  m ethyl-naphthol is  

soluble. i-m ethy1- 2- naphthol had m.p. 110°.

The m ethvlether was prepared from the potass

ium s a lt o f I-m e th y l-2 -n a p h th o i w ith  m ethyliodide in

alcoholic/
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a lc o h o lic  s o lu tio n  and a fte r re c ry s ta llis a fc io n  from 

m eth yl-a lcoh o l i-m ethyl-2 -m eth oxy naphthalene was 

obtained, w ith  m.p. 3 9 °.

The hrom inatlon of th is  compound yie ld e d  

only a ta r r y  mass from which no c ry s ta llin e  substance 

could be obtained.

Attempts to  obta in  g-M sthoxy- *  -n a b h th v l methyl bromide

3 -Mot hoxy- cd -naphthaldehyde.

Th is  compound was synthesised according the 

fo llo w in g  scheme

5  /vfa

5 OsH SQ-s/i S O stf

CAf co o v

5 0 s /f OH

COOH

OCHá

COCI COH

OCHj OCH¿

In  order to prepare 3-m ethoxy- * -n a ph th o ic  

acid the method of Royle and Schedler ( J .  C .S . ,192®, 

'¿43, £643) was m odified in  two im portant p laces.

The l-n a p h th yla m in e -3 -& -su lp h o n ic  acid  was 

supplied in  moderately pure cond itio n  by the B r it is h  

EyestUffs Corporation and instead of removing the 

suiphonic/
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sulphonic group in  the 8 p o s itio n  by b o ilin g  the acid 

w ith  7sfo su lp h uric  a c id ,(th e  method employed by Royle 

and S ch e d le r) the amino- sulphonic acid  was reduced 

by sodium amalgam as follow s .One Hundred grams o f the 

acid were dissolved in  IQQQc.c. o f water and 35 gms. 

of sodium hydroxide^and v ig o ro u sly  agitated at 

o rd in a ry  temperature w h ils t  300 gms. of 4$  sodium 

amalgam were s low ly added during 3 hours. The 

mercury was then separated, the s o lu tio n  f i l t e r e d  and 

theft a c id if ie d  w ith  conc. h yd ro ch lo ric  a c id . The 

-n aphthylam ine-3 -sulphonic  acid was p re c ip ita te d  

pure and quantitat?ve)w ere obtained. Ho c r y s t a l l 

is a tio n  was necessary. ( Sulphur content was 14.06jo as 

against 14.3°jo calculated^

S e ve n ty -five  per c e n t- b o ilin g  su lp h u ric  acid 

caused t h e  3 -8 -a c id  to char b a d ly , probably owing to 

commercial Im p u ritie s .

blazotatiOhoof  << -naph thylam ine-3 -sulphonic  a cid .

Eorty  s ix  grams ( s / i o  of a m ol) o f the acid dissolved 

in  an aqueous s o lu tio n  o f 9 gms o f sodium bicarbonate in  

ISO c .c .  water was cooled to about 0° and 130 c .c .  of 

conc. h yd ro ch lo ric  acid added. The f in e ly  d ivid e d  

suspension was d ia zo tise d  by the gradual a d d itio n  of 

14 gms o f sodium n i t r i t e  in  40 c .c .  o f w a te r, the 

temperature now being maintained below 5°, A fte r  the 

so lu tio n  had been saturated w ith  sodium -chloride the 

c ry s ta llin e  l-3 -D ia zo n iu m  c h lo rid e  of canary-ye llow  

colour I



colour was f i l t e r e d  and washed,and to i t  a hot
in  potassium  cyanide

s o lu tio n  (6 0 ° ) of cuprous cyanide/ added. (Th e  cuprous 

cyanide was made up from 63 gms. copper sulphate in  

250 c .c .  water and 55 gms. sodium cyanide in  100 c .c .  

w ater,, fo r every 46 gms of #  -naphthylam ine - 3 -  

sulphonic acid used. )

N itrogen was immediately evolved and the 

rea ctio n  was completed by warming the whole fo r  one 

hour on a steam bath. Concentrated h yd ro ch lo ric  acid 

was then added to the hot s o lu tio n , the p re c ip ita te #  

cuprous cyanide f i l t e r e d  o ff and washed w ith  a l i t t l e  

hot w a te r, the washings and f i l t r a t e s  were then evap

orated to dryness on the steam bath in  a round 

bottomed f la s k , f it t e d  w ith  a steam tra p , under 

reduced pressure.

Care must be taken, that any excess of hyd ro - 

c h lo ric  acid  is  c a re fu lly  avoided since otnerwise a 

troublesome t a r  is  formed. Tne residues were e x tra c t

ed several times w ith  90fo a lcohol in  tne same fla s k  

and then most o f tne a lco n o l d is t i l le d  o ff  under 

reduced pressure, when tne n i t r i l e  c ry s ta llis e d  out in  

f a i r ly  pure co n d itio n , ready to be converted, in to  tne 

potassium s a lt .

I t  was re a d ily  formed on warming tne n i t r i l e  

w ith  the calcu lated  q u a n tity  of potassium carbonate 

in  aqueous s o lu tio n . Tne potassium s a lt  c ry s ta llis e d  

in  long red needles when tne s o lu tio n  was cooled and 

if/
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i f  necessary saturated w ith  potassium c h lo rid e « I t  

may be re c ry s ta llis e d  from potassium c h lo rid e  s o lu tio n .

The p re p a ra tio n  of t  he potassium s a lt  is; 

accompanied by a s l ig h t  h yd ro lys is  of the acid to  the 

-n a p h th o ic -3 -sulphonic a cid , ammonia being evolved, 

at re a ctio n  which does not influence  the o b ta in in g  ofi 

the hydroxy-naphthoic, a c id . Boyle and Schedler 

converted th is  n it  r i l e  f i r s t  to the earboxy-naphtha>“ 

lene-sulphonate and fused i t  w ith  caustic  soda.

They b o ile d  the potassium s a lt  of the cyan- 

sulphonic acid  w ith  10f  potassium hydroxide u n t i l  

ammonia ceased to evolve' and removed f in a l  traces of 

copper by means of hydrogen su lp h id e , passed in to  th e  

b o ilin g  a c id if ie d  s o lu tio n  which was then f  i l te re d  and 

evaporated u n t i l  c ry s ta ls  began to appear. On stand

ing almost the whole of the desired potassium carboxy- 

naphthalene-sulphonate c ry s ta llis e d  o ut.

I t  was found however that the separation of. 

the interm ediate compound is  not necessary at a l l ,  but 

the conversion of the CB group in to  the COOH can read

i l y  be combined w ith  th a t of the SQ5H group to the 

hydroxyl ( compare-D.R.P. B o.413836).

The f in e ly  powdered anhydrous sulphonate was 

added g ra d u a lly  to fused sodium hydroxide at 180°.

Sach charge o f 25 gms. required 250 gms. o f sodium 

hydroxide and 50 c .c .  w ater. The mass became darh red 

and was v ig o ro u s ly  s t i r r e d .  Ammonia was evolved in  

quantity. A fte r having been heated to 230 the melt

s o lid if ie d I
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s o lid if ie d  g ra d u a lly . Th is  took place u s u a lly  a fte r 

|/4 of an hour. A fte r  d is s o lv in g  the re s u ltin g  

s o lid  in  w a te r, the s o lu tio n  was almost n e u tra lize d  

w ith  conc. h yd ro ch lo ric  a cid , animal charcoal added 

to the hot so lu tio n  and the whole le f t  standing fo r  

about 2 .hours. Prom the f i l t e r e d  s l ig h t ly  brown 

coloured s o lu tio n  the 3 -h y d r o x y --n a p h t h o ic  acid  was 

- p re c ip ita te d  w ith  conc. h yd ro ch lo ric  a c id . The a cid , 

re c ry s ta llis e d  from b o ilin g  water or d ilu te  a lco ho l 

had m.p. 242 °and average y ie ld  obtained, ca lcu lated  

from the s ta rt in g  m a te ria l used, namely I -n a p h th y l- 

am ine-3 -8 -d isu lphonic  acid  was 18$.

M ethvlatlon o f 3-methoxv- <<-naphthoic  a c id .

The acid d issolved in  an excess o f 5$ sodium 

hydroxide s o lu tio n  was shaken o r  s t ir r e d  w ith  an 

excess of d im e th yl-su lp h a te , care being taken to 

prevent the mixture from becoming a cid . The re a ctio n  

was c a rrie d  out at 4 0 -6 0 %  but was discovered to be 

incomplete, although many v a ria tio n s  were t r ie d .  The 

so lu tio n  was f i l t e r e d  w h ils t  s t i l l  a lk a lin e  to remove 

a small q u a n tity  of ta r  and then a c id if ie d  w ith  

hydrochloric  a cid . The p recip itate im ethoxy acid  was 

f ilte r e d  o ff  and tw ice re c ry s ta llis e d  from a lco ho l.

I t  had m.p. 154° instead o f 159°.

So f a r ,  the experimental work was c a rrie d  

out, except fo r two v a r ia t io n s , according to the 

methods o f Royle and Schedler. The subsequent re su lts  

were/
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were obtained a fte r many attempts to overcome trie 

e xtra o rd in a ry  d if f ic u lt ie s  experienced in  th is  branch 

of naphthalene chem istry.

The m ethylation was continued as fo llo w s.

The methoxy acid remaining in  s o lu tio n  a fte r  

c ry s ta llis in g  the main q u a n tity  was once more methyl

ated and in  order to separate hydroxy and methoxy 

compound i t  was hoped that fractio n n a te  c r y s t a l l is a t 

ion could he used.

I t  was found however, th at the 3-methoxy- 

-naphthoic acid which had m.p. 159% w t i l l  contained 

traces o f unmetljylated hydroxy naphthoic a c id , the 

presence o f which was f a ta l fo r  the p reparatio n  of- 

the  ̂ corresponding acid ch lo rid e  and aldehyde.

TO free the methoxy acid from the hydroxy a c id , advan

tage was taken of the fa c t th a t the la t t e r  forms an 

in so luble  red dye w ith  d ia zo tise d  s u lp h a n ilic  acid 

w h ilst the former remains unchanged.

The impure methoxy-naphthoic acid was d is 

solved in  d ilu te  sodium hydroxide and d ia zo tise d  

su lp h a n ilic  acid s o lu tio n  was added u n t i l  no more red 

colour was formed. A fte r  standing fo r 25 hours, the 

acid was p re c ip ita te  w ith  h yd ro ch lo ric  a c id , f i l t e r e d  

and c a re fu lly  d r ie d . The whole was then extracted 

w ith benzene in  a Sox&ietfc® apparatus when pure methoxy 

naphthoic acid o f m .p. 160° was obtained, the in s o l

uble red dye remaining in  the e x tra c tio n  th im b le .

A fte r  th is  treatm ent, the y ie ld s  dim inished 

considerably/
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considerably* Bna metthoxy-naphthoic acid was converted 

to the corresponding acid c h lo rid e  as fo llo w s .

Ten grams o f the p u r if ie d  potassium s a l t ,  

obtained by the a d d itio n  o f a th e o re tic a l q u a n tity  of 

20fo a lc o h o lic  potassium hydroxide and subsequent 

evaporation to dryness, were added to a v ig o ro u s ly  

s t irre d  mixture of 18 gms. o f benzene and 18 gms. of 

th io n y lc h lo rid e  at o rd in a ry  temperatures The re a ctio n  

mixture was then warmed on a steam bath and potassium 

chloride  s e ttle d  o u t, when i t  was f i l t e r e d  hot and 

washed w ith  anhydrous e th e r. The remaining benzene, 

ether and excess o f th io n y lc h lo rid e  were evaporated 

in  vacuo and the re sid u a l l iq u id  d is t i l le d  under 

diminished pressure, a process, which is  im possible 

if. any traces o f hydroxy acid ¿represent. The chloride, 

may also be c ry s ta llis e d , from petroleum ether (b .p .  

40—60 °) from which i t  c ry s ta llis e s  in  ye llo w  needles o f 

p up. 79°, (Pound C l: 15. 25; C,*Ef o2Cl requires Cl 

I6.08fo) but even then, i f  hydroxy acid is  p resent, the 

chloride is  useless fo r  c a ta ly t ic  re d u ctio n .

3-Methoxv- -nanhthaldehvde was obtained in  the

same apparatus as that i n  the p re lim in a ry  experiments,

which showed, that Rosenmunds c a ta ly t ic  red u ctio n

could be extended to naphthoylchlorides in  o rd e r to

obtain naphthaldehydes.
♦

The q u a n titie s  used were 

0.6 gms. of SHmethoxy- -ha ph tho yl c h lo rid e ,

I  gm. o f c a ta ly s t and 10 e .e . o f xylene at a 

temperature/
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temperature of 160 °.

The redu ction  was completed in  fo u r hours, 

when th e  hot xylene s o lu tio n  was f i l t e r e d  from the 

ca ta lyst and th e » shaken w ith  sodium b is u lp h ite  

so lu tio n  f o r  several hours, when a white a d d itio n  

compound was formed. Th is  was decomposed w ith  warm 

sodium carbonate' s o lu tio n  and the aldehyde extracted 

w ith  e th e r. I t  c ry s ta llis e d  from petroleum ether 

in  b e a u tifu l rhombic p la te s , which have m .p. 60°.

Pound: c, 77.12; H ,5 .3 5 , Ca  H/o 0^ req uire s C, 77.45;

K, 5 , 3 7 . ^

Itb ii-ve  p -n itro p h e n y l hydrazone, b r ic k  red needles 

m.p. 197°, semlcarbazone, white needles from aqueous 

alcohol m .p. 200° and oxime, white needles from 

aqueous a lc o h o l, m .p. 102°. 

g-Ifethoxv- °< -n a p h th v l c a rb ln o l.

Th is  compound was obtained from the aldehyde 

(0.9gms. ) which was allowed to stand fo r 3 days in  con

tact w ith  I  c .c .  of 66 fo potassium hydroxide, being 

heated on the water bath every 24 hours f o r  10 minutes..

3-m ethoxy-^ -n a p h th y l c a rb in o l c ry s ta llis e s  from 

water in  f in e ,c o lo u rle s s  needles which have m .p. 8 8 °. 

Pound: C :76.lfo ; H:6.42fo; 0n H/zOz requires 

C ;? 6 .5 0 f; H: 6.38fo.

The q u a n tity  o f SH&ethoxy-^ -n a p h th y l c a rb in - 

01(5 mg. ) f i n a l l y  obtained was so sm all that 11 was 

not possible  to proceed, to the Snaethoxy- *  -n a p h th yl 

methyl bromide* In  the course o f th is  synth e sis, 

yields/
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yie ld s  were £ound to be v e ry  poor, e s p e c ia lly  on 

account or the ne ce ssity  To r great p u r ity  in  the 

reduction or the acid c h lo rid e .

These in v e s tig a tio n s  however openeh up a

way which lead to the preparation  o r va rio u s Isom eric

methoxy-naphthyl c a rb in o ls , or which the 1:5  (and
T h e  1 :5

l : s  as above 'were prepared.-««ft/w ill be described in  

-a  y. ro llo w in g  se ctio n .

In  order to see:? i r  t ie  hydroxy-naphthoic 

acids could be re a d ily  obtained, the d i s t i l la t i o n  o r 

a mixture^ o r sodium- «c -naphthylam lne-s-sulphonate w ith  

twice i t s  weight o r r in e ly  powdered potassuim r e r r o -  

cyanide was attempted. Appreciable q u a n titie s  o r 

ammonia were evolved. Prom the d a r i o i l  which d i s t i l l 

ed over o n ly  a sm all q u a n tity  or pure n a p h th o n ltrlle  

was obtained which was hydrolysed by b o ilin g  w ith  

sulphuric acid and y ie ld e d  a Tte r c r y s ta ll is a t io n

4-ramino-/? -na ph th o ic  acid which had m .p. 205-° .

Since i t  was not round possible  to increase 

the y ie ld s  o r amino-naphthoic a c id , the conversion to 

hydroxy-naphthoic acid by means or d ia zo ta tio n  and 

hydrolysis  was not attempted and the scheme was aband

oned in  ravour or the synthesis which has been des

cribed in  the previous pages..

4 1 .
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5-M ethoxv- ^  -n a n h th v l methyl bromide.

5-Methoxy-°f -naphthaldehvde.

5-Methoxy-s< -naphthaldehyde lias been prepared 

toy the c a ta ly t ic  reduction  o r 5 -m ethoxy-^ -n a p h th o y l- 

chloride  In  a s im ila r  maimer to the one describe*! r o r  

the 3-m ethoxy-^ -naphthaldehyde.

* “ haphthylam ine-5-eulphonlc acid was convert

ed in to  l->cyanonaphthalene*-5“ Sulphonic acid by the; *se«t 

ufâthod o r  Royle and Schedler ( J . C . S . .1923,123.1645.) 

and then by the a d d itio n  o r  the calcu lated  qu a n tity  

o r  potassium, carbonate in to  the corresponding potass

ium s a lt «  25 gms• o r  which ( i n  sm all q u a n titie s  at a 

time ) were: added t o  a v ig o ro u s ly  s t i r r e d ,  ruaed 

mixture o r  250 gms. o r  sodium hydroxide and 60 gms. o r  

water at a temperature which was allowed to r is e
& O

slowly irom  180 to 230 .(compare 0 .R .R  413836).

Ihe mass, which r i n a l l y  b e c a m e ? s o lid , was cooled 

and 5 -h yd ro xy- < -na ph th o ic  acid was lib e ra te d  rrom it s  

aqueous s o lu tio n  by a d d itio n  o r co nc. h yd ro ch lo ric  

acid; a lte r  re e ry a ta llis a t lo n  from d ilu te  a lcohol the 

acid melted at 235^

The acid (20 gms. ) d issolved in  a s o lu tio n  

or is  gms. o f potassium hydroxide in  280 c .c .  o r w ater, 

was v ig o ro u s ly  s t ir r e d  w ith  15 gms. o r  dim ethyl 

sulphate at 50 P fo r  about I  hour, and the a llca ll ne 

solution r i l t e r e d  and a c id ir ie d . The 5 methoxy- 

naphthoic/
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naphthoic acid so p re c ip ita te d  was obtained free from 

the corresponding hydroxy-acid  by a llow ing i t  to stand 

in  an a lk a lin e  s o lu tio n  o f d ia zo tise d  s u lp h a n ilic  acid 

fo r 24 h o u rs ,a fte r which th e so lu tio n  was a c id if ie d  

and the p re c ip ita te  c a re fu lly  d rie d  and extracted 

w ith  benzenei

Any sample of the corresponding acid  ch lo rid e

obtained from. 5-m ethoxy-^ -naphtho ic  acid which was
'

not treated  in  such a way was ve ry  d i f f i c u l t  tec d i s t i l ..
A ta rry  residue was le f t  in  the d is t i l la t i o n  flaslc, 

containing almost a l l  acid c h lo rid e  which was put in to  

i t .

as  in  the 3 methoxy^ naphthoic acid the Si-

met hoxy-^-naphthoic acid fiD fidnup. 228° (compare Fuson,

J.Am er.Chem .Soc.,1924,46,2787) had to be q u ite  free

from the hyd ro xy-acid  before conversion in to  the

acid c h lo rid e .

The acid  was dissolved in  the ca lcu lated

quantity o f 20<jo a lc o h o lic  potassium, hydroxide, an d

the s o lu tio n  evaporated to dryness. The d rie d  potass*-

ium s a lt  (1 0  gms. ) was added to alarge excess o f

vigorously s t ir r e d  th io n y l ch lo rid e  (1 8  c .c .  ) i n  the.

same q u a n tity  o f d ry  benzene. The whole was f in a l l y

heated on the water bath fo r  about 5 m inutes, cooled.

and f i l t e r e d  from p re c ip ita te d  potassium ch lo rid e

and a c id , and then the benzene and th io n y l ch lo rid e  
o ff

were: evaporated/under reduced pressure . The re s id u a l 

5-methoxy-*- naphthoyl c h lo rid e  was d is t i l le d  in  vacuo. 

It/
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I t  Had b .p . 194°/I I  Baa. and m .p. 80- 81° in  heavy 

canary ye llow  coloured needles from  p e tro l e tn e r. 

Analyses:

Pound: C l 15,Vf>; Ca H O t Gl requires C l I6.Qfo.

5-MetHoxv-^ -naphthaldehvde.

5-methoxy-</ -napH tdoyl cH loride (5  gms. ) in  

xylene (2 5  c .c .  ) in  contact w ltn  p a lla d in is e d  "barium 

sulpHate was reduced by a current o r d ry  Hydrogen T o r  

rive  Hours, tHe tem perature 'or tne "batH "being 170°. 

(compare Rosenmund.Ber. .191 8 .5 1.5 9 1 ). IHe aldehyde 

was separated in  tHe usual Bianner as the b is u lp h ite  

compound. I t  c ry s ta llis e d  from  l ig h t  petroleum ether 

in  l ig h t  ye llo w  p la te s , m.p. 66 0 .

A n a ly s e s :

Pound: C, 77.45 ; H 5 .5

C,z iu o *  req uires C, 77.45 H 5.4fo.

Ihe p -n it r o  phenylhydrazone rorms red needles m .p. 2 4 6 °  

from d ilu te  a ce tic  a c id , the aem icarbazone^ine needle«
o

m.p. 246 , from  d ilu te  acetic  acid and the oxiaie/needles 

m .p. 104° , from water o r aqueous a lco ho l.

-c-Raphthol,/?-naphtn.ol and th e ir  methyl ethers 

were submitted to the a ctio n  o r hydrogen in  a s im ila r  

manner, in  order to conrirm  that a r in g  red u ctio n  does 

not take p la c e . Ro change was observed.

In  o rder to a sce rta in  the rate  o r reduction- 

of the acid c h lo rid e , the amount o f hydrogen c h lo rid e  

evolved was t i t r a t e d  w ith  standar d a lk a li  s o lu tio n  §s 

shown/
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Hours

*
1
l i
2
3
4
5
6

In  order to obta in  

' 5 -J^th Q x y-o i-n a P h th vl c a rb ln o l. the aldehyde was sub- 

mittad to the a ctio n  o f aqueous potassium hydroxide as 

fo llo w s.

5 -M s th o x y --n a p h th a ld e h yd e  (5  gms. ) was 

allowed to stand f o r  3 days in  contact w ith  66$ potass

ium hydroxide (5  gms. KOH -3  c .c .  water and I  c .c .  

absolute alcohol.) Every 34. hours the whole was 

heated on a steam hath fo r  10 minutes to a temperature 

of 70° and was allowed to cool s lo w ly  to room temp

erature.

5-Methoxy- «( -n a p h th yl ca rh in o l c ry s ta llis e d  

from water in  co lou rle ss needles and had m .p. 98°, 

(Found: C ,7 6 .5/0; H, 6 .34$; requires

0 ,7 6 .5 $ ; H ,6 .3 8 $ ).

S-r-Methoxv-o(.-naphthvl methyl bromide ,

was prepared by passing d ry  hydrogen bromide in to  a

warm benzene s o lu tio n  of the c a rb in o i, u n t i l  s a tu r -
1

ation was completed, me l iq u id  was then separated 

from the w a te r, which was formed during the b rom inat- 

ion/

4 5 .

s h o w n  i n  t h e  f o l l o w i n g  t a b l e  a n d  i n  F i g . I  p a g e  4 7 .

$ acid ch l0r 4.de reduced

40
60
VI
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brom ination and evaporated to dryness in  a d e sicca to r. 

The s o lid  residue was then extra cted  w ith  petroleum 

ether ( ’o .p . 40 -  60°). I t  c ry s ta llis e d  from th is  

solvent in  w hite p rism a tic  needles o f m .p .65-66°.

Found Br, 31*3$ C i 2H T i O Br re q u ire s  Br 31«9$.

The compound is  not la crim a to ry  but produces a burn

ing sensation on the skin and does not fume in  the 

a ir  as the 1:4 compound does.

The h y d ro ly s is  o f 5-methoxy-cC -n a p h th yl 

methyl bromide is  described in  the experim ental p a rt .

4 6 .



4 7 .
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These experiments were undertaken in  the hope 

of obtain ing  6-methoxy-<*~naphthyl methyl bromide, in  

a manner s im ila r  to that described ro r 5-m ethoxy- «. 

-n a p h th yl methyl bromide.

The necessary <*-naphthylam ine-6-sulphonic 

acid was supplied by B r it is h  Drug Houses L t d . , A Tte r 

900 gms. o£ th is  s ta rt in g  m a te ria l had been converted 

to the naphthoic acid/v ia  the n it  r i l e ,  i t  was d is 

covered th a t i t  was n o t .pure 1:6  compound but contain

ed at le a st 6 0 i : 7  isom orlde. As a mixture o r  these 

two hydroxy-naphthoic acids would not have served the 

purpose to obta in  pure end products, vario us attempts 

were made to separate these compounds, owing to the 

Tact that both isomerides did not va ry  s u rr ic ie n t ly  

in  s o lu b i l i t y  in  any solvents to ensure a successrul 

separation by means o r rra ction na te  c r y s t a ll is a t io n , 

the s o lu b il it y  or barium , calcium and sodium s a lts  

was,; in ve stig a te d . Contrary to e x p e c ta tio n s .It  was 

round that the barium and calcium  s a lts  o r both acids 

were very soluble in  water and o n ly  the d irre re n ce  or 

s o lu b ility  or the sodiumsalts led  to the hope or a 

successrul separation. A Tte r the mixture had been 

roughly d iv id e d  in to  two ..parts, one o r which was 

chieriy  1 :6  w ith  a l i t t l e  i :7  and the o ther 1:7  w ith  

a l i t t l e  1 :6  hydroxy-naphthoic a c id , by rra c tio n & l 

c ry s ta llis a tio n /

p r e p a r a t i o n  o r  1 : 6  a n d  1 : 7  m e t h o x y - - n a p h t h o  1  c  a c i d .



c ry s ta ll is a t io n  from d ilu te  a lco h o l, in  which the 1:6 

i  some rid e  is  the more s o lu b le , the two parts were 

p u rif ie d  separately as fo llo w s. The hydroxy naphthoic 

acids were dissolved in  a small hu lk  o f hot sodium 

carbonate s o lu tio n . When th is  was allowed to cool 

slowlys the sodium s a lt  o f 7 -h y d ro x y -<*.-n a ph th o ic  

acid c ry s ta llis e d  out and was digested w ith  a small 

qua ntity  o f water in  order to d issolve  the traces of 

the more soluble s a lt o f tie 1 :6  isomeride which might 

have c ry s ta llis e d  out too. This process was repeated 

several times and thus rendered possible the o b ta in ing  

of a ve ry  pure 7 -h y d r o x y --n a p h t h o ic  acid o f m.p. 355°.

I t  was s t i l l  more d i f f i c u l t  to obta in  pure 

samples o f 6 -h yd ro xy- -naphtho ic  acid o f dm. p. 209° 

which could be however separated in  a pure co n ditio n  

by s u ff ic ie n t  re p e titio n s  o f the f r a c t io n a l ■ c r y s t a l l -  

i  sat ion.

I t  could not have been foreseen th a t a product 

supplied as -naphthy 1 amine 6 -sulphonic acid, would 

contain more than 50<fo of its  1 :7  isom eride, otherwise 

the trouble^iL-Som e process o f separation could have 

been avoided and the p u r if ic a t io n  c a rrie d  out at the 

naphthy1-amine suiphonic acid stage by means o f th e ir  

¡sodium s a lts ,

6 -M e th o x y --n a p h th o ic  acid and

7-Methox y -  d -n a p h th o ic  a c id .

These compounds were obtained by m ethylating

4 9 .

the /



5 0 .

the corresponding hydroxy-naphthoic acids w ith  

excess o f dim ethyl sulphate.

6-1SB t  hoxy- oi -napht ho i  c ac i  d c rys t a l 1 i  s e d 

from aqueous alcohol or petroleum ether in  colourless 

prism atic needles o f m.p. 183°.

Found C, 69.20; K ,5 . I ,  C laH,o 0 3 requires ;

C, 69. 23; H ,4 .81.

7-Methoxy-oO-naphthoic acid c ry s ta llis e d  from p e tro l

eum ether in  colourless sillcy  needles o f m.p. 169°. 

Found C, 69.50; H ,5 .I0 ;  C iaH lO04 

requires 0,69.23 H ,4 .4 ;

N either acid would give a c ry s ta llin e  potass* 

ium s a lt  and the a ctio n  of th io n y l ch lo rid e  and even of 

phosphorous penta. ch lo rid e  gave v e ry  impur e acid 

chloride  from which only a trace o f aldehyde could he 

obtained.
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1-Brom o- /3-naphthy 1-m ethyl bromide and

4-Bromo- -n a p h th yl-m e th yl 'bromide,

t h e  m e t h o d 1! ! 0  c0fflP o u n ( l s  were obtained according 

to/Mayer and S i& g litz  ( Ber. ,I922,£|>,I839) by

brom ination of ^  and f i -methylnaphthalene and side

chain brom ination of the rea ctio n  products.

To oc and /S -me t  hylnapht hale ne (4=7.4 gms. )

dissolved in  carbon d is u lp h id e , 54 gms. o f bromine

were s lo w ly  added, and the whole warmed on a steam

bath u n t i l  the so lu tio n s  became b rig h t y e llo w . A fte r

evaporation away o f the hydrobromic acid and carbon

disulphide the compounds were d is t i l le d  under reduced

pressure.

I-Bromo~-/3 -m e thyl naphthalene had b .p . 165-170°/is  mm. 

and 4 -Bromo- -m e th yl naphthalene 162-164° / l2  mm.

The side chain brom ination o f both compounds 

was c a rrie d  out at 2 io ° , at which temperature bromine 

(32 gms. ) was added to the br o mo-me t  hylnapht hale ne 

(44  gms. ), w ith in  20 m inutes, a current o f a ir  being 

passed a l l  the time to ensure e iff ic le n t brom ination.

The re a ctio n  products were then cooled and 

the so lid s  re c ry s ta llis e d  from l ig r o in .

4-Brom o-oc«naphthyl methyl bromide c r y s ta ll 

ised in  white needles of m .p.i04° and I-B rom o- -  

naphthyl © ethyl bromide in  s im ila r  needles of 

jm.p, loss -io e °.



5-Brom o-<*• -n a n h th v l methvl bromide.

Th is  compound was obtained by the fo llo w in g  

series o f re a ctio n s:

5 2 .

COO H  COO/i c o c ¿

5-Broffio-oc-naphthoic acid was prepared by 

the method o f Hausamann (B e r. ,1876,£,1517; j r . f .p r .  

Chemie 1888,^8,155.; J .  Amer.Ohem.Soc. ,1925,^7,1119 ).

ot.-Naphthoic a c id , d issolved in  g la c ia l  a ce tic  

acid was warmed and an excess of bromine added. On 

cooling, the brominated naphthoic acid c ry s ta llis e d  

out, was f i l t e r e d  o f f ,  washed w ith  a c e tic  a cid  and 

c ry s ta llis e d  from a lc o h o l. I t  had m.p. 261°.

Previous in v e s tig a to rs  have g iven the m elting 

point of the acid as 242° and 246°, but itw § £  found to 

be 261° a fte r  several c ry s ta llis a t io n s  from 90$ 

alcohol from which i t  was obtained as la rg e , white 

p lates. (Pound: B r, 31.40$; Cl0 H^O^Br requires 

Br 31.85$. )

:5-Brofflo-qC -n a n htho vl c h lo rid e . ( J .  Amer.Chem.Soc. ,1925, 

47,1119) was prepared as fo llo w s . 5-bromo-c<-naphthoic 

acid/



acid (20 gms. ) mixed, w ith  5 molecular proportions of 

th io n y l ch lo rid e  were heated under re flu x  condenser 

on a steam hath, u n t i l  so lu tio n  o f the acid  was 

completed.( Five hours were nece ssa ry). The l iq u id  

was then cooled and f i l t e r e d  and unchanged th io n y l 

chlo ride  d is t i l le d  o ff  under reduced pressure. The 

residue , which s o lid if ie d  on cooling gave a 70jo y ie ld  

of the c h lo rid e  in  colourless p la te s , w hich, when 

c ry s ta llis e d  frompetroieum ether ( t u p .  80-100° ) had 

m. p » 8 4  *

This acid ch lo ride  was then submitted to 

c a ta ly t ic  reduction  w ith  hydrogen in  presence o f 

p a lla d iiiis e d  barium sulphate under s im ila r  conditions 

to those adopted f o r  methoxy-naphthoyl c h lo rid e s . The 

aldehyde was again extracted w ith  sodium b is u lp h ite  

and.:, the a d d itio n  sompound decomposed w ith  concentrated 

sodium carbonate s o lu tio n .

5 -B ro m o --n a p h th a ld e h vd e  has m.p. 103-107°, and 

c ry s ta llis e s  from petroleum ether (b .p .  80-100°) in  

colourless p rism a tic  needles.

(Found: Br 3 3 ^ 5 $ ; o„ Hi 0Br requires 3 4 .0 5 ^ ), 

p -n itro -p h e n y l hydrazone m.p. 263° from a ce tic  a c id ; 

semicarbazone, co lourless needles from aqueous a ce tic  

acid m.p, 263°; and oxime, colourless needles from 

aqueous a lc o h o l, m.p. 138-139°.

5-BromQ- o<. -n a p h th v l carb in o l

was obtained from the aldehyde ( 1.5  gms. ) which was 

allowed /

5 3 .



a llo w e d , t o  s t a n d  f o r  t h r e e  d a y s  i n  c o n t a c t  w i t h  6 6 $  

a q u e o u s  p o t a s s i u m  h y d r o x i d e ,  b e i n g  h e a t e d  o n  t h e  

s te a m  b a t h  e v e r y  24 h o u r s  f o r  10 m i n u t e s .  5 -B ro m o -  

n a p h t h y l  c a r b i n o l  c r y s t a l l i s e d  f r o m  p e t r o l e u m  e t h e r  

( b . p .  80 -  100° ) i n  f i n e  w h i t e  n e e d l e s  o f  m .p .  1 2 4 ° .  

(F o u n d  0 ,  5 6 . 0  H, 4  • !  ; CnH^QBa»

r e q u i r e s  G , 5 5 * 6 9 ;  H , 3 » 8 l . %

5 -B ro m o - ^  - n a p h t h y l  m e t h y l  b r o m id e , 

w as p r e p a r e d  b y  p a s s i n g  d r y  h y d r o g e n  b r o m id e  i n t o  a  

w arm  b e n z e n e  s o l u t i o n  o f  t h e  c a r b i n o l ,  u n t i l  s a t u r a t 

io n  w as  c o m p le t e d .  T he l i q u i d  w as t h e n  s e p a r a t e d  f ro m  

t h e  w a t e r  w h ic h  w a s  f o r m e d  d u r i n g  b r o m l n a t i o n  a n d  

e v a p o r a t e d  t o  d r y n e s s  i n  a  d e s i c c a t o r .  The s o l i d  

r e s i d u e  w as t h e n  e x t r a c t e d  w i t h  p e t r o l e u m  e t h e r  

( b . p .  4 0° -  6 0° ) .  I t  c r y s t a l l i s e d  f ro m  t h i s  s o l v e n t  

i n  w h i t e  n e e d l e s  o f  m . p .  1 0 1 ° .

( H y d r o l y s a b l e  b ro m in e  2 6 * 7 $ , B r . C i o H ^ . 0 H 2Br 

r e q u i r e s  2 6 . 8 $ ) .

The com pound  i s  n o t  l a c r i m a t o r y  b u t  p r o d u c e s  

a  b u r n i n g  s e n s a t i o n  o n  t h e  s k i n .

T he h y d r o l y s i s  o f  5- b r o m o - •=< - n a p h t h y l  m e th y l  

b ro m in e  i s  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  p a r t .

5 4 .
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«

R e d u c t io n  o r  m o n o - h a lo g e n a ta d  n a p h t h a l e n e  d e r i v a t i v e s  

a n d  °i-  a n d /?  - n a b h t h o l  b y  m ean s  o f  h y d ro s  i o d i c  a c i d .

a{ -  and/2-bromo, and/7-iodo naphthalene 

and oi -  and/ 3 -n a p h th o l were reduced in  a thermostat 

at 100*.

Approximately 0,17 gm. of these compounds 

were weighed out in  25  c .c .  standard fla sk s  » Ten 

c* c. of. g la c ia l  a ce tic  acid and 10 c .c .  o f fre s h ly  

d is t i l le d  hydr^fiodic a c id fs p .g r. 1.653 ) were then added 

and the whole thoroughly mixed and kept in  a thermo

sta t f o r  4 hours.

The lib e ra te d  iodine was estimated by t i t r a t 

ion w ith  standard sodium thiosulphate s o lu tio n .

The re s u lts  are summarised in  the fo llo w in g  

table where under t  the actual reduction  time in  

minutes and under x  the percentage reduction  is  g iven . 

The la t t e r  is  calcu lated  from the equation :

C/0 r J .H a l  f  2 HI -  C„ R,*H.Hal + I* .

W represents the w eights.

The re-sults are as fo llo w s :

*< -bromo naphthalene /

EX PER IM EN TAL»
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<A -bromo naphthalene
t  in  hours 

4
W

0.091
X

4 .5

S3 ~ u 8 4 0.163 0.0

<< -  iodo naphthalene 4 0.195 62.0

/3 -  0 • 4 0.173 7.0

4  -  naphthol 4 0. 171 0 .0

/3  -  naphthol 4 0.170 0.0

In  order to a scerta in  i f  iodine is  lib e ra te d

by influences others than that of the h ydro io dlc  acid

(such as 2 R I  —>*r  yifipfc'Si + i j  sp e cia l experiments

were c a rrie d  out.j

«i -  a n d ^ -io d o  naphthalene were d issolve d  in  

g la c ia l a cte ic  acid and placed in  the thermostat at

100° under the same conditions as the reductions

carried  out b e fo re , except that no h ydro io d ic  acid was 

added, but i t  was found that o f- a n a /? -  iodo naphth- 

alene d id  not undergo change under these co n d itio ns.

The concentration of the h y d r^  io d ic  acid
•*

and to a i,sm aller: extent the amount of fre e  iodine in  

i t ,  both influence the rate o f reduction  and therefore' 

a series o f re d u c tio n s  were as fa r  as possible 

carried out on the same day and w ith  the same hydps^ 

iodic a cid .

As iodine is  slow ly ^ l ib e r a t e d  from a

solution o f h yd r^ lo d ic  acid on account o f atmospheric
■

oxydation, a blank experiment was c a rrie d  out at the 

same time and connections applied in  each case.

For/



lo r  temperatures between 25°and 100° b o ilin g  

vapour thermostats have been employed. The glass 

stoppered measuring f la s k , containing the compound 

to be reduced in  g la c ia l  aeteic acid s o lu tio n  and 

hydro io d ic  a c id , was immersed f o r  a d e fin ite  period 

of time in  the vapour of the l iq u id ,  which was b o ilin g  

in  a wide necked f la s k , f i t t e d  w ith  a re f lu x  condenser. 

Any desirable  temperature' may be obtained in  th is  way 

by the choice of a l iq u id  of a su ita b le  b o il in g  p o in t. 

Reductions at io o ^w e re  also c a rrie d  out in  a 

g ly c e r in  b a th , kept at th is  temperature, when a large  

number o f experiments could be accomplished at once.

Reduction of the mono halogenated phenols by means 

of hydrgi io d ic  a c id .

Approxim ately 0.17 gm. of the three hydroxy- 

lromo haphthols prepared, was dissolved in  15 c .c .  of 

g la c ia l a ce tic  acid and to each sol u t io n ,p la ced  in  a 

25 c .c .  g lass stoppered measuring f la s k , 5 c .c .  of 

constant b o ilin g  hydr/' io d ic  acid  added. The whole 

was then c a re fu lly  mixed and placed in  a thermostat at 

75? (vapour of b o il in g  carbon te tra c h lo rid e  ).

The lib e ra te d  iodine was estimated as before . By 

th is  method, red u ction  curves from s - i ;  1 -4  and 1-5 

hydroxy-bromo naphthol were obtained:

t  min. x <$>
2 h yd ro x y -l“ bromo naphthol 15 95

I  » - 4 -  “ * 15 94

I « - 5-  « « 60 6

WI

5 7 .



w, t  and x  &save the same s ig n ifica n c e  as before.

On account o f the rapid  reduction of. the 2 - i  and 1 -4  

hydroxy-bromo naphthol under these c o n d itio n s , both we 

were reduced at 25 the comparison is  as fo llo w s.

2 -Hydroxy-1-bromo naphthol l-H ydroxy-4-brom o naphthol

58.

w t  min x/o w t min xfo

0.17 gnu 15 36 0.177 15 15

50 63 30 27

45 76 45 38

90 96 90 62

120 100 120 72

I :  G-Dibrom o-/?-naphthol ( Proc. chem.Soc. 1889,71 ) 

and ortho and para bromo phenol were reduced under 

the same co n d itio n s.

l :6 “Dibromo-/7 -na ph th o l

W t  min Xfo

0,179 15 9

30 17

45 24

90 44,

120 54.

ortho I
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ortho 'bromo phenol para 'bromo phenol

w t  min x f w t  min xfi
0.17 30 2.7 0.17 30 2.6

60 &.Q 60 3 .8

120 7.1 120 5.0

These ta b les are g ra p h ic a lly  represented in  fig u re  

I I  page 66.

H y d r o ly s e s  o f  

gf -  a n d / 3 - n a p h t h y l  m e th y l  b ro m id e  

I - h r o m o - ^ - n a p h t h v l  m e th y l  b ro m id e  a nd

4 -h ro m o -” a - n a p h t h y l  m e th v l  b ro m id e  

s - h r o m o -  Ji - n a p h t h v l  m e th y l  b r o m i d e .

The hydrolyses o f these compounds were 

c a rrie d  out at 25 °* The h yd ro lys in g  agent used was 

90 p e r cent aqueous a lc o h o l. At th is  temperature 

hydrolyses proceeded v e ry  slow ly and were also 

c a rrie d  out at 60 °.

H ydro lysis  at 25? .

Each compound (0 .5  gm. approx. ) in  a 100 c .c .  

standard f la s k  was d issolved in  90 c .c .  absolute 

a lco ho l. The s o lu tio n  10 c .c .  o f d is t i l le d  water 

were added and a fte r  the whole had been thoroughly 

mixed, 'the fla sks were placed in  a thermostat at 2 5  

Ten c .c .  o f th is  s o lu tio n  were w ith  drawn from  time 

to ,tim e , poured in to  excess of water and the free  

hydro bromic acid  estim ated by t i t r a t io n  w ith  

standard/



standard ammonium hydroxide s o lu tio n , methyl red being 

used as in d ic a to r.

In  the fo llo w in g  tables t  represents the 

time from the commencement of the experiment and x 

the percentage of h y d ro ly s is , calcu lated  from the 

equations:

60.

Ore H7 .  CH2 B r/ HQH -  

and

B r. C/c) H* • CHjBr r  HOH = 

w h ils t w is  the weight

J, -N ap h thyl methyl 

bromide, 

w 0.502 gm.

t  in  hours x$

24 37

48 59

72 73

96 82

120 87

168 93

240 97

312 98

Eor/

K f  Gü 2Q'H. y- HBr

B r. C/M H^.CHz0H^H B r, 

in  grams used.

/ d  -h 'aphthyl methyl 

bromide. 

w 0.565 gm.

t  in  hours x$

24 27

48 45

72 60

96 70

120 78

168 87

240 93

312 97



Fox  c o m p a r i s o n  t h e  h y d r o l y s i s  o f  f r e n z y !  'b r o m id e  I s  

g i v e n  l ie  r e :

B e n z y l  f r r o m l d e .  i - f r r o m o -  A  - n a p h t h v l

6 1 .

m e t l i v l  " b r o m id e ,  

w 0 . 5 0 3  g m .

t  h o u r s Xc/o t  h o u r s X<fo

2 4 1 7 4 8 1 6

4 8 3 0 9 6 3 1

7 2 4 1 1 4 4 4 2

96 5 1 1 9 2 5 1

1 2 0 5 9 2 4 0 5 9

1 6 8 7 0 3 1 2 6 8

2 4 0 8 1 3 6 4 7 4

3 1 2 8 6

3 6 4 8 8

- f r r o m o -  << -- n a n h t h v l 5 - f r r o m o - ^ - n a . n h t h v l

m e t h y l  " b r o m id e . m e t h v l  " b r o m id e .

W 0 . 5 1 2  g m . w 0 . I 6 2  g m .

h o u r s x/o t  h o u r s x $

4 8 3 3 6 4

9 6 5 9 4 8 1 8

1 4 4 7 6 9 6 5 2

1 9 2 8 3 1 4 4 6 8

2 4 0 8 6 2 4 0 79

3 1 2 8 9

3 6 4 90



T w e n t y  c . c .  o f  a  s t a n d a r d  s o l u t i o n  o r  t h e  

b r o m i d e s  I n  a b s o l u t e  a l c o h o l  ( 1 0 2  c . c .  ) w e r e  p l a c e d  

i n  a  s t a n d a r d  2 5  c . c .  f l a s k ,  5  c . c .  o f  w a t e r  a d d e d  

a n d  t h e  v o lu m e  w a s  m ad e  e x a c t l y  2 5 ;  c . c .  b y  t h e  a d d i t i o n

o f  a b s o l u t e  a l o o & o l .  T h e  w h o le  w a s  t h o r o u g h l y  m ix e d/
a n d  t h e  f l a s k  t h e n  im m e r s e d  i n  t h e  v a p o u r  o r  b o i l i n g  

c h l o r o f o r m  f o r  a  d e f i n i t e  i n t e r v a l  o f  t i m e .

T h e  c o n t e n t s  o f  t h e  f l a s k s  w e r e  w a s h e d  i n t o  

e x c e s s  o f  w a t e r  a n d  t h e  f r e e  h y d r o  b r o m i c  a c i d  

t i t r a t e d  b y  a  s t a n d a r d  s o l u t i o n  o f  a m m o n iu m  h y d r o x i d e  

a s  b e f o r e .  I n  t h e  f o l l o w i n g  t a b l e ,  t  a n d  x  h a v e  t h e  

sa m e  s i g n i f i c a n c e  a s  b e f o r e .

g f . n a n h t h v l  m e t h y l  b r o m i d e .  /d  - n a o h t h v l m e t h v l  b r o m i d e

6 3 .

H y d r o l y s i s  a t  So*7 .

r t  h o u r s  x f i  t '  h o u r s  x<J>

4 9  i  3©

1 7 2  I  ‘ 5 0

2  9 1  2  7 5

4  9 7  4  9 2

8  . 9 9  8  9 4

I - f r r o m o - / ?  n a u h t h v l  m e t h y l .  j d 2 S f i f l P r  * -M & t& PX k  
b r o m i d e .  m e t h y l  b r o m i d e .

t  h o u r s  x fo  t  h o u r s  x fo

i 10 i 20
1 1 8  I  3 7

2  2 9  2  5 7

4  4 8  4  8 2

8 73  8  9 4
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F o r  c o m p a r i s o n  t h e  h y d r o l y s i s  o f  f r e n z y !  b r o m i d e  a t  

6 0 °  i s  g i v e n  H e r e .

(J.C.S..1926,124.331. )

xji 
22 
39 
5 9  

8 0  

88

H y d r o l y s i s  o f

4 - M e t h o x y - ^  - n a p h t h y l  m e t h y l  f r r o m id e  a n d

5 - M e t h o x y -  ^ - n a p h t h y l  m e t h y l  f r r o m i d e .

E a c h  o f  t h e s e  c o m p o u n d s  i n  2 6  c . c .  s t a n d a r d  f l a s k s  

w e r e  d i s s o l v e d  i n  a b s o l u t e  a l c o h o l  ( 0 . 0 6  g m . i n  e v e r y  

10  c . c .  ) .  T o  t h e  s o l u t i o n s  d i s t i l l e d  w a t e r  w a s  a d d e d  

t o  p r o d u c e  9 0 ^  a q u e o u s  a l c o h o l  a n d  a f t e r  t h e  w h o le  

h a d  b e e n  t h o r o u g h l y  m i x e d ,  t h e  f l a s k s  w e r e  p l a c e d  i n  

a  t n e r m o s t a t  a t  2 5 ° .  F i v e  c . c .  o f  t h i s  s o l u t i o n  w e r e  

w i t h  d r a w n  i m m e d i a t e l y  a f t e r  t h e  a d d i t i o n  o f  t h e  

w a t e r  a n d  p o r t  i o n s  o f  t h e  r e m a i n d e r  a f t e r

d e f i n i t e  i n t e r v a l s  o f  t i m e .  T h e  f r e e  h y d r o  b r o m i c  

a c i d  w a s  a g a i n  e s t i m a t e d  f r y  t i t r a t i o n  w i t h  s t a n d a r d  

a m m o n iu m  h y d r o x i d e  s o l u t i o n  a s  b e f o r e .  ^

4 -M e tg a o xy(j

w 0 . 4 6 1  gm  t  h o u r s

12
1
2 
4  

8
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4 - M e t h o x y -  «< - n a p h t h v l  5 - M e t h o x y -  <k - n a p h t h y l  

mùtolr. frJPaJLfl?.»  m e.t3a.yi b r o m i d e .

m i n s . x$> t  h o u r s X°/o

5 8 0 3 1 0

* 2 4 5 0

4 8 73

9 6 87

S a m p le s  o f  t i i e  t i t r a t e d  1 : 5  c o m p o u n d  w e r e  

h e h t e d  f o r  a  s h o r t  t i m e  o n  t h e  s t e a m  h a t h ,  w h e n  

h y d r o l y s i s  w e n t  a l m o s t  t o  c o m p l e t i o n .  ( 9ofo )

S u f f i c i e n t  1 : 5  d e r i v a t i v e  w a s  n o t  o b t a i n e d  

f o r  r e d u c t i o n  e x p e r i m e n t s  a n d  L a p w o r t h  a n d  S h o e s m i t h  

( J . C . S .  . l 9 2 S , i s i . i g 9 i  ) h a v e  e s t a b l i s h e d  t h e  n o n * -  

r e d u c i b i l i t y  o f  p - m e t h o x y  b e n z y l  b r o m i d e ,  s o , o w i n g  

t o  t h e  s i m i l a r i t i e s  b e t w e e n  t h i s  a n d  t h e  1 : 4  c o m p o u n d  

t h e  l a t t e r  w a s  n o t  r e d u c e d .

R e d u c t i o n  o f

I - B r o m o - / ^  - m e t h y l  n a p h t h a l e n e  a n d

4 - B r o m o -  j, -  . * ■

A p p r o x i m a t e l y  0 . 1 7  g n u  o f  t h e s e  c o m p o u n d s  w e r e  w e i g h e d  

o u t  i n  2 5  c . c .  s t a n d a r d  f l a s f c s  a n d  d i s s o l v e d  i n  1 0  c . c .  

g l a c i a l  a c e t i c  a c i d .  T e n  c . c .  o f  f r e s h l y  d i s t i l l e d  

h y d TfS i o d i c  a c i d  ( s p . g r .  1 . 6 5 2 ) w e r e  t h e n  a d d e d  a n d  

k e p t  i n  a  t h e r m o s t a t  a t  I 0 Q ° f o r  2 ,  4  a n d  6  h o u r s .

T h e  l i b e r a t e d  i o d i n e  w a s  e s t i m a t e d  b y  t i t r a t i o n  w i t h  

s o d iu m /
>*- The s a m p l e  u s e d  h e r e  w a s  o n e  o f  80/a 

p u r i t y .  I t  p r o b a b l y  c r y s t a l l i s e s  w i t h  b e n z e n e  

o f  c r y s t a l l i s a t i o n .



s o d i u m  t h i o  s u l p h a t e  s o l u t i o n  a s  b e f o r e .

T h e  r e s u l t s  a r e  s u m m a r is e d  a s  f o l l o w s :

• 6 6 .

I - B r o r a o -  ^ - m e t h y l  4 r - B r o m o - ^  - m e t h y l

n a p h t h a l e n e «, n a p h t h a l e n e .

t  h o u r s  x$> t  h o u r s  x fo

2  6 0  2  2 9

4  7 8  4  5 0

6  8 8  6  6 2
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l i g u r e  i l

R E D U C T I O N

Of
B r o m o - n a p h t h o l a  and, B ro m o  p h e n o l s  

w i t h  h y d i ^  i o d i c  a c i d .

T e m p e r a t u r e  : 2 5 ° .



6 7 .

REDUCTIOW
O í

I - B r o m o -  [i  -  m a t n y l  n a p i r t h a l e n e ’ a n d  4 r - B r o m o -  ° c ~ m e t i j y l
n a p h t i i a l e n e  

f c y d r /  i o d i c  a c i d .

TBMPERATURE: 100°e

g jg u re .  I I I .



6 8 .

P igure IV

R E D U C T I O N

or
° 6-  a n d  -  / s - N a p h t h y l  m e t h y l  U r o  m l d e  w i t h  h y d r X

i o d i c  a c l d .
i

T E M P E R A T U R E :  7 7 ° .

■f 1, V fiours



HYDROLYSIS
o r

*  .a n d  /3 n a p h t h y l  m e t h y l  b r o m i d e  1 : 2  a n d  4 : 1 b ro rn o -  
n a p h t h y l  m e t h y l  b r o m i d e  a n d  b e n z y l  b r o m i d e .

Temperature 6 0°

69 .
F ig u re  V.

r
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C o m p a r i s o n  o f  t h e  H y d r o l y s e s  c u r v e s .

o f
Jy - n a p h t h y l - m e t h y l  b r o m i d e

5 - r a e t h o x y - ^ ; - n a p h t h y l  m e t h y l  b r o m i d e  ( r e d )

5 - b r o m o - ^  - n a p h t h y l  methyl b r o m i d e

T e m p e r a t u r e  2 5 ° ,

7 1 .

FIGURE V II .

CHz.3nCD
OCHs

art*.#/'

fc, Aoc/rs'
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DISCUSSION OF RESULTS.

I t  i s  now  g e n e r a l l y  a d m i t t e d  b y  

c h e m i s t s  t h a t  t h e  i n f l u e n c e s  d e t e r m i n i n g  t h e  r e a c t i v 

i t y  o f  a n  a t o m  i n  a n  o r g a n i c  m o l e c u l e  m a y  h e  g r o u p e d  

u n d e r  t h r e e  h e a d s ,  n a m e l y  a .  s t e r i c  o r  s t r u c t u r a l  

i n f l u e n c e s ,  b .  g e n e r a l  p o l a r  i n f l u e n c e s  a n d

c .  i n d u c e d  p o l a r  i n f l u e n c e s  ( v i d e  L a p w o r t h  a n d  

S h o e s m i t h  C . S ,  , I 9 2 2 , L 3 I , I 3 9 I ) . T h e  s t e r i c  o r  

s t r u c t u r a l  e f f e c t s  a r e  g e n e r a l l y  a p p a r e n t  i n  a r o m a t i c  

o r g a n i c  c o m p o u n d s  w h e n  t h e  s u b s t i t u e n t s  a r e  i n  o r t h o  

p o s i t i o n  t o  o n e  a n o t h e r .

T h e  g e n e r a l  p o l a r  e f f e c t  h o w e v e r  i s  d u e  t o  

t h e  i n f l u e n c e  o f  t h e  s u b s t i t u e n t  o n  t h e  m o l e c u l e  a s  

a  w h o le  ( c o m p a r e  L a p w o r t h , M e m . M a n c h e s t e r  P h i l . S o c .  , 

1 9 8 0 , 6 ? ,  N o . 3 ,  K e r m a c K  a n d  R o b i n s o n  J . C . S .  , 1 9 8 2 , 1 2 1 , ,  

427;  A r m . R e p o r t s  1 9 2 2 , £ 9 , 9 8 .  )

T h e  p r e s e n t  i n v e s t i g a t i o n s  h a v e  b e e n  s u c c e s s 

f u l  i n  s h o w in g  h o w  t w o  o f  t h e s e  i n f l u e n c e s ,  n a m e ly  t h e  

g e n e r a l  a n d  s t e r i c ,  a f f e c t  r e a c t i v i t y  i n  t h e  n a p h t h 

a l e n e  m o l e c u l e .

I t  w a s  n o t  p o s s i b l e  t o  J u d g e  t h e  m a g n i t u d e  

o f  t h e  t h i r d  e f f e c t  i . e .  t h e  a l t e r n a t i n g  e f f e c t b e c a u s e  

o f  t h e  s o m e w h a t  u n e x p e c t e d  d i f f i c u l t i e s  o f  p r e p a r i n g  

1 : 3  a n d  1 : 6  d e r i v a t i v e s  i n  t h e  n a p h t h a l e n e  s e r i e s .  I t  

m u s t  b e  n o t e d  t h a t  t h e  m e t h o d s  o f  p r e p a r i n g  t h e  

c a r b i n o l  o f  t h e  1 : 3  c o m p o u n d /



c o m p o u n d  h a v e  b e e n  c a r e f u l l y  

CtfzOM w o r k e d  o u t  a n d  t h e  s t a r t i n g  

m a t e r i a l  f o r  1 : 6  a n d  1 : 7  

d e r i v a t i v e s ,  n a m e ly  6 m e t h o x y -  

n a p h t h o i c  a c i d  a n d  7 - m e t h o x y  -  

n a p h t h o i c  a c i d  h a s  a l s o  b e e n  

p r e p a r e d .  T im e  d i d  n o t  p e r m i t  t h e  l o n g  r e p e t i t i o n s  

n e c e s s a r y  f o r  t h e  p r e p a r a t i o n  o f  t h e  1 : 3  d e r i v a t i v e  

i n  a  q u a n t i t y , , s u f f i c i e n t  t o  p r e p a r e  t h e  b r o m i d e .

I n  g e n e r a l  h o w e v e r ,  i t  m a y  n o w  b e  s t a t e d  

t h a t  w h e n  w e h a v e  t h e  s u b s t i t u e n t s  i n  t h e  s a m e  r i n g  

t h e  r e a c t i v i t i e s  a r e  a l m o s t  c o m p a r a b l e  w i t h  t h o s e  

a l r e a d y  n o t e d  i n  t h e  b e n z e n e  s e r i e s .  T h e r e  a r e  

h o w e v e r  s e v e r a l  v e r y  i m p o r t a n t  d i f f e r e n c e s  b e t w e e n  

n a p h t h a l e n e  a n d  t h e  c o r r e s p o n d i n g  b e n z e n e  d e r i v a t i v e s  

t o  b e  e s p e c i a l l y  n o t e d ,  n a m e ly  t h e  r a p i d  r e d u c t i o n  o f  

l - b r o m o “  ^ - n a p h t h o l  a n d  t h e  r e d u c t i o n  o f  i - b r o m o -  ^  

m e t h y l  n a p h t h a l e n e  a n d  4 - b r o m o - c l  - m e t h y l  h a p h t h a l e n e .

A  s u g g e s t i o n  a s  t o  w h y  t h i s  i s  s o  i s  p u t  f o r w a r d  l a t e r .

T h e  t r a n s m i s s i o n  o f  a n  i n f l u e n c e  f r o m  o n e  

r i n g  t o  a n o t h e r  i s  a p p a r e n t  f r o m

a .  t h e  s l i g h t  r e d u c i b i l i t y  o f  5 -b r o m o - « *  - n a p h t h o l ,  

a n  e f f e c t  d u e  t o  t h e  h y d r o x y l  g r o u p ;

b .  t h e  s l o w  r e d u c t i o n  o f  2 - 6 - d i b r o m o - y  - n a p h t h o l , 

a n  e f f e c t  d u e  t o  t h e  b r o m i n e  a t o m ;

c .  t h e  s l o w  h y d r o l y s i s  o f  5 - b r o m o - ^ - u a p h t h y l  m e t h y l -  

b r o m i d e  a l s o  d u e  t o  t h e  b r o m in e  a t o m  a n d

d .  t h e  h y d r o l y s i s  o f  5 - m e t h o x y - ^  - n a p h t h y l  m e t h y l  

b r o m i d e /

7 3 .



7 4 .

b r o m i d e , m o r e  r a p i d  t h a n  t h a t  o r  t h e  u n s u b s t i t u t e d  

c o m p o u n d  d u e  t o  t h e  p r e s e n c e  o r  t h e  m e t h o x y  g r o u p .

E n h a n c e d  r e a c t i v i t y  d u e  t o  T a u t o m e r i s m .

O n e  o r  t h e  m o s t  n o t e  w o r t h y  p h e n o m e n a  m e t  

w i t h  h e r e  i s  t h e  g r e a t  r e a c t i v i t y  t o w a r d s  h y d r #  i o d i c  

a c i d  o r  c< n u c l e a r  b r o m in e  w h e n  i n  o r t h o  a n d  p a r a  

p o s i t i o n  t o  a  h y d r o x y l  o r  a  m e t h y l  g r o u p ,  e s p e c i a l l y  

i s  t h i s  s o  i n  t h e  I :2  d e r i v a t i v e s .  T a u t o m e r i c  

m o d i f i c a t i o n  a r e  w e l l  K n o w n  t o  h e  m o r e  p r e v a l e n t  i n  

t h e  n a p h t h a l e n e  s e r i e s  t h a n  i n  t h e  b e n z e n e  s e r i e s  

a n d  a g a i n  m o r e  p r e v a l e n t  i n  1 : 2  t h a n  i n  1 : 4  d e r i v a t 

i v e s  a s  e . g .  t h e  i d e n t i t y  o r ^ f - n i t r o s o - y ^ - n a p h t h o i  

a n d  o x im e  o r  n a p h t h o q u i n o n e .

N-OH Mo

a n d  a z o b e n z e n e - / ?  - n a p h t h o l  a n d  p h e n y l - h y d r a z o n e  o r  

n a p h t h o q u i n o n e ,

M HCZ. m.cl

i n  I
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I n  t h e  b e n z e n e  s e r i e s  p - q u i n o n o i d  f o r m s  a r e  

r e c o g n i s e d  t o  b e  m o r e  s t a b l e  t h a n  o r t h o  q u i n o n o i d  

f o r m s  b u t  i n  t h e  n a p h t h a l e n e  s e r i e s  t h e  r e v e r s e  i s  t h e  

c a s e .

I h  t h i s  w a y  i t  i s  r e a d i l y  a p p a r e n t  t h a t  

1 - b r o m o - n a p h t h o l  ( l )  w o u ld  m o r e  e a s i l y  g i v e  t h e  

k e t o n i e  t a u t o m e r  (ll) t h a n  the i s o m e r i c  4 - b r o m o - c {  -  

n a p h t h o l  w o u l d  g i v e  ( I V ) .  I n  p r e s e n c e  o f  h y d r i o d i c  

a c i d  t h e  u n s t a b l e  i n t e r m e d i a t e  p r o d u c t  ( i l l )  w o u ld  b e  

p r o d u c e d  a n d  l o s e  I B r  t o  f o r m  /$ - n a p h t h o l .

T  7

OH

7if

3 *  H
7?

H Q r

- Z&r ->

T h e  g r e a t e r  r e l u c t a n c e  o f  t h e  1 : 4  c o m p o u n d  t o  a s s u m e  t h e  

t a u t o m e r i c  f o r m  ( I V ) w o u l d  a c c o u n t  f o r  i t s  g r e a t e r  

s t a b i l i t y  t o w a r d s  h y d r i o d i c  a c i d .

I n  t h e  b e n z e n e  s e r i e s  p - b r o m o  p h e n o l  i s  m o r e  

u n s t a b l e  t h a n  t h e  o r t h o  i s o m e r i d e ,  b u t  f a r  m o r e  s t a b l e  

t h a n  e i t h e r  o f  t h e  n a p h t h o l s  e x a m i n e d ,  w h i l s t  4 - l o d o  

r e s o r c i n o l ,  a  c o m p o u n d  w h i c h  w o u l d  r e a d i l y  r e a c t  i n  

i t s  k e t o  f o r m ,  i s  r e d u c e d  i m m e d i a t e l y  b y  h y d r i o d i c  

a c i d  ( S h o e s m i t h , H e t h e r i n g t o n  a n d  s l a t e r ,J.O.S., 1 9 8 4 ,

1 3 4 . 1 3 1 3 ) .  On t h e s e  l i n e s  t h e  d i f f e r e n c e s  b e t w e e n  t h e  

b r o m o - n a p h t h o l s  a n d  b r o m o  p h e n o l s  a r e  e x p l i c a b l e .



T h e  i m p o r t a n c e  o f  t h e  a b o v e  t h e s i s  i s  r e c o g 

n i s e d  w h e n  w e  e x a m in e  t h e  r e a c t i v i t i e s  o f  t h e  b r o m o  

m e t h y l  n a p h t h a l e n e s  o f  t h e  f o r m u l a  B r .  0/o Eg . C H 3 .

T h e  1 : 2  a n d  t h e  1 : 4  i s o m e r i d e s  a r e  c o m p o u n d s  i n  w h i c h  

à n u c l e a r  b r o m in e  a t o m  h a s  b e e n  r e n d e r e d  l a b i l e  

t o w a r d s  h y d r ^  i o d i c  a c i d  b y  t h e  p r e s e n c e  o f  a  GEj  

g r o u p ,  a  p h e n o m e n a / ? n o t  p a r a l l e l e d  i n  t h e  b e n z e n e  s e r i e s  

a n d  o n e  „ w h i c h  i s  o f  g r e a t  i m p o r t a n c e  a s  i t  s h o u l d  l e a d  

t o  t h e  p r e p a r a t i o n  o f  v a r i o u s  b r o m o - / ^ - m e t h y l  n a p h t h 

a l e n e s  ( v i a  f u r t h e r  b r o m i n a t e d  c o m p o u n d s  a f t e r  r e m o v a l  

o f  t h e  l a b i l e  b r o m i n e  b y  h y d r jz f  i o d i c  a c i d ]  o n  t h é  s a m e  

l i n e s  a s  t h o s e  a l r e a d y  e m p lo y e d  b y  p r e v i o u s  w o r k e r s ,  

i n  t h e  i n v e s t i g a t i o n  o f  6 - b r o m o -  2 - n a p h  t h o l .

H e r e  a g a i n , t h e  e a s e  o f  r e d u c t i o n  o f  t h e  b ro rn o  

d e r i v a t i v e s  b y  h y d r o  i o d i c  a c i d . m u s t  b e  d u e  t o  t h e  

p r e s e n c e  o f  a  x e t o n i c  f o r m ,  a s  r e p r e s e n t e d  i n  t h e  

| f o l l o w i n g  d i a g r a m .

Jc- "

œ

CHô
+ #3 r+Z

7 6 .

T h a t  t o l u e n e  d o e s  e x i s t  a t  a  h i g h e r  t e m p e r 

a t u r e  i n  a  s i m i l a r  f o r m  h a s  b e e n  r e c e n t l y  p o s t u l a t e d  

b y  I



b y  S c h o r i g i n  ( B e r „  , I 9 2 6 , £ 9 , 2 5 Q 2 ) e s p e c i a l l y  w i t h  

r e g a r d  t o  t h e  s u b s t i t u t i o n  i n  t h e  s i d e  c h a i n  o f  

a r o m a t i c  c o m p o u n d s  ( v i d e  a l s o  B a r n e t t  a n d  M a t t h e w s ,

B e r .  , 1 9 2 6 , ^ 9 , 1 4 2 . ^ 9 ) .  S u b s t i t u t i o n  i n  t h e  s i d e  c h a i n  

o f  t o l u e n e  b y  H a l o g e n ,  , O H  o x y d a t i o n  e t c . , i s  

e x p l a i n e d  b y  a s s u m i n g  t a u t o m e r i c  f o r m s  a s  r e p r e s e n t e d  

I n  t h e  f o l l o w i n g  d i a g r a m s .

T h e  s e c o n d ,  a p p a r e n t l y  m o r e  r e a c t i v e  f o r m  

i s  p r o d u c e d  b y  i m p o r t a t i o n  a n d  i n c r e a s e  o f  e n e r g y  i n  

r e a c t i o n s ,  t a k i n g  p l a c e  u n d e r  t h e  i n f l u e n c e  o f  h i g h e r  

t e m p e r a t u r e , u l t r a  v i o l e t  l i g h t ? e t c .  I t  i s  a s s u m e d  

t h a t  t h e  e n t e r i n g  m o l e c u l e s  a r e  p r i m a r y  a t t a c h e d  t o  

t h e  d o u b l e  b o n d  ( i : 7 )

7 7 .

c?j (7)

j*r /
.fi

iT-Z/Ci

a n d  i n  t h e  s e c o n d  p h a s e  o f  t h e  r e a c t i o n ,  t h e  u n s t a b l e

a d d i t i o n  c o m p o u n d  d e c o m p o s e s  a n d  t h u s  t h e  n o r m a l  

p o s i t i o n  o f  t h e  d o u b l e  b o n d s  i n  t h e  b e n z e n e  n u c l e u s  i s  

r e a d j u s t e d .

T h e  a u t h o r s  d i s c o v e r e d  t h a t  t h e  o p t i c a l  

p r o p e r t i e s  o f  t o l u e n e  a t  h i g h  t e m p e r a t u r e  a r e  i n  

a c c o r d a n c e  w i t h  s u c h  a  v i e w .  T h e  g r e a t e r  t e n d e n c y  

o f  t a u t o m e r s  t o  e x i s t  i n  t h e  n a p h t h a l e n e  s e r i e s  

w o u l d I



w o u l d  t h u s  a c c o u n t  s a t i s f a c t o r y  f o r  t h e  g r e a t  r e a c t i v 

i t y  o f  b r o m o - m e t h y l  n a p h t h a l e n e s .

,  T h e r e  i s  a  b i g  d i f f e r e n c e  b e t w e e n  t h e  r a t e  

o f  r e d u c t i o n  o f  t h e  1 : 2  a n d  4 : 1 b r o m o  n a p h t h o l  a n d  

t h e  i : 5  i s o m e r i d e .  T h i s  b e a r s  o u t  t h e  s u g g e s t i o n s  o n  

w h i c h  t h e  d i s c u s s i o n  o f  t h e  r e a c t i v i t y  o f  t h e  i s o m e r -  

i d e s  i n  t h e . f i r s t  r i n g  a r e  b a s e d ,  s i n c e  t h e  e x i s t e n c e  

o f  a  s i m i l a r  t a u t o m e r i c  f o r m  i s  n o t  t o  b e  e x p e c t e d  

i n  t h e  5 - b r o m o - < * f ~ n a p h t h o l ,  w h i c h  w o u ld  a c c o u n t  f o r  

i t s  g r e a t e r  s t a b i l i t y  t o w a r d s  h y d r o  i o d i c  a c i d .  I t  i s  

e v i d e n t  h o w e v e r  t h a t  i n  t h i s  c a s e , t h e  g e n e r a l  e f f e c t  

i s  t r a n s m i t t e d  t o  a  c e r t a i n  e x t e n t  f r o m  t h e  f i r s t  

r i n g  t o  t h e  s e c o n d ,  t h e  h y d r o x y l  g r o u p  i n  I  p o s i t i o n  

t h u s  i n f l u e n c i n g  s l i g h t l y  t h e  b r o m in e  a t o m  i n  

5  p o s i t i o n .

7 8 .

R a p i d  h y d r o l y s i s  o f  n a p h t h y l  m e t h y l  b r o m i d e .

T h e  r a p i d i t y  w i t h  w h l c h - n a p h t h y l  m e t h y l  

b r o m i d e  i s  h y d r o l y s e d  a s  c o m p a r e d  w i t h  Vne/3  i s o m e r 

i d e  i s  a  f u r t h e r  e x a m p le  o f  t h e  r u l e  q u o t e d  r e c e n t l y  

b y  S h o e s m i t h  a n d  T a y l o r  (J. C.S .  ,1926,127.,2832 ) w h i c h

w a s  f i r s t  p r o p o u n d e d  b y  O l i v i e r  ( R e c . t r a v . c h i m .,1923,
wxii cli

42,775). T h e  r u l e / i s  o f  f a i r l y  g e n e r a l  a p p l i c a t i o n  

i s  a s  f o l l o w s :  i n  a  s e r i e s  o f  i s o m e r i c  b e n z y l  h a l i d e s ,  

t h o s e  i s o m e r i d e s  i n  w h i c h  t h e  - C H ^ . H a l  g r o u p  i s  

a t t a c h e d  t o  t h s t b j> a r h o n  .a to m  o f  t h e  b e n z e n e  n u c l e u s ,  

w h i c h  i s  a t t a c h e d  d u r i n g  s u b s t i t u t i o n  o f  t h e  

c o r r e s p o n d i n g /
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c o r r e s p o n d i n g  b e n z e n e  d e r i v a t i v e ,  a r e  t h e  o n e s ,  f r o m  

w h i c h  h a lo l g e n  i s  m o s t  r e a d i l y  r e m o v e d  b y  a q u e o u s  a l c o 

h o l  a s  h y d r o l y s i n g  a g e n t .  A 3  i s  well K n o w n , up t o  

t e m p e r a t u r e s  o f  a b o u t  6 0 °  s u b s t i t u e n t s  e n t e r  t h e  

n a p h t h a l e n e  m o l e c u l e  i n  oC p o s i t i o n  a n d  c< - n a p h t h y l  

m e t h y l  b r o m i d e  i s  m o r e  r a p i d l y  h y d r o l y s e d  t h a n  t h e  

/$ I s o m e r i d e .  T h e  c o m p o u n d  i s  r e m a r k a b l y  r e a d i l y  

h y d r o l y s e d  a n d  t h e  u l t i m a t e  c a u s e  m u s t  b e  r e g a r d e d  a s  

d u e  t o  t h e  u n s t a b i l i t y  o f  o n e  o f  t h e  c e n t r a l  e l e c t r o n  

o c t e t s  ( K e r m a c k  a n d  R o b i n s o n ,  J . q . s . .1 9  3 8 . 1 8 1 .4 3 7  ) .  

w h i c h  w o u l d  r e s u l t  i n  a  c o n d i t i o n  o f  a f f a i r s  r e p r e s 

e n t e d  b y  t h e  f o l l o w i n g  d i a g r a m ,  t h e  h e a p i n g  u p  o f

‘ e c t r o n s  o n  t h e  t e r m i n a l  b r o m i n e  a to m

f o l l o w s ,  w h i c h  m e a n s  t h a t  t h e  d - B r  l i n k a g e  w o u l d  n o w  b e

p o t e n t  f a c t o r  g o v e r n i n g  t h e i r  r e a c t i v i t y  t o w a r d s  a  

h y d r o l y s i n g  a g e n t ,  a s  w i l l  b e  s e e n  i n  t h e r m e t h o x y - n a p h ^  

t h y l  m e t h y l  b r o m i d e s  w h i c h  f o l l o w .

o f  i o d i n e  c o m p a r e d  w i t h  b r o m i n e  a c c o u n t s  f o r  t h e  

s t a b i l i t y  o f  t h e  b r o m o  c o m p o u n d .

r e n d e r i n g  i t  e x t r e m e l y  r e a d i l y  r e m o v e d  

a s  b r o m i d e  i o n .  I n  t h e ^ i s o m e r i d e , 

t h e  c o n d i t i o n s r u l i n g  a r e  r e p r e s e n t e d  a s

s t r o n g e r  t h a n  i n  t h e  o( - i s o m e r i d e .

— ^ T h e  h e a p i n g  u p  o f  e l e c t r o n s  o n  t h e  

t e r m i n a l  b r o m in e  a t o m  i n  a l l  r e a d i l y  

 h y d r b l y s e d  h a l i d e s  i s  d o u b t l e s s  t h e

T h e  g r e a t  r e a c t i v i t y  o f  i o d o  n a p h t h 

a l e n e  t o w a r d s  h y d r o  i o d i c  a c i d  i s  

p r o b a b l y  d u e  t o  t h e  s a m e  c a u s e ,  t h e  

c a r b o n  a t o m  b e c o m i n g  e x t r a  o r d i n a r i l y  

n e g a t i v e .  T h e  g r e a t  i n h e r e n t  " p o s i t i v i t y “



R a p i d  h y d r o l y s i s  o f  4 - m e t h o x y - ^  - n a p h t h y l  m e t h y l

b r o m i d e .

I t  w a s  p o i n t e d  o u t  i n t h e  i n t r o d u c t i o n  t h a t  

a n  i n f l u e n c e  i s  t r a n s m i t t e d  f r o m  o n e  r i n g  t o  a n o t h e r ,  

h u t  t h e  d i f f e r e n c e  o f  r e a c t i v i t y  O b s e r v e d  b y  h y d r o l y s 

i n g  4 - m e t h o x y -  <k- n a p h t h y l  m e t h y l  b r o m i d e  a n d

5 -  » ■'

d h o w s  t h a t  t h e  t r a n s m i s s i o n  i s  m u c h  m o r e  e f f e c t i v e  

w h e n  c a r r i e d  t h r o u g h  c a r b o n  a t o m s  w h i c h  a r e  a l l  i n  t h e  

s a m e  r i n g ,  T h e  g r e a t  l a b i l i t y  o f  t h e  b r o m i n e  a to m  

i n  t h e  i : 4  c o m p o u n d  i s  e x a c t l y  w h a t  w o u ld  h a v e  b e e n  

e x p e c t e d  f r o m  c o n s i d e r a t i o n s  o f  e l e c t r o n  d i s p l a c e m e n t  

( R o b i n s o n , J . C . S * , 1 9 3 6 , 1 2 8 , 4 0 1  ) o r  t h e  s t a b i l i t y  o f  

e l e c t r o n  o c t e t s  ( R o b i n s o n  a n d  K e r m a c k , J .C.S . . , 1 9 2 3 ,

1 3 1 » 4 2 7 )  a s  i s  s e e n  f r o m  t h e  d i a g r a m .  I n  a c c o r d a n c e  

r w i t h  R o b i n s o n s  v i e w s  t h e

8 0 .

t h e  a r r o w s .  E x p l a i n e d  m o r e  

f u l l y ,  i t  a w i l l  b e  s e e n  f r o m  t h i s  f i g u r e  t h a t  t h e  4  

c a r b o n  a t o m  b e c o m e s  s u r r o u n d e d  b y  9 e l e c t r o n s  a n d  i n

o r d e r  t o  r e b u i l d  i t s

electrons a r e  r e g a r d e d  a s  

m o v in g  f r o m  t h e  o x y g e n  a to m ,  

i n  t h e  m a n n e r  d e n o t e d  b y

p a s s e l e c t r o n  p a s s e s  

a l o n g  t h e  n u c l e u s  

b e t w e e n  t h e  c a r b o n  a t o m s

4
i n l a n d  3  p o s i t i o n ,  t h e  

d i s t u r b a n c e /

s t a b l e  8  e l e c t r o n  s h e l l  n



8 1 .

at
d l s t u r b a n c e  " b e in g  r e p e a t e d  j^r g 2 .  T h e  p r o c e s s  g o e s  

f o r w a r d  U n t i l  f i n a l l y  t h e  e l e c t r o n s  f o r m i n g  t h e  u s u a l  

c o - v a l a n c y  " b e tw e e n  C a n d  £ r  a r e  d i m i n i s h e d  a n d  t h e  

" b r o m in e  a t o m  i s  t h e n  r e a d i l y  r e m o v e d  "by m e a n s  o f  a  

h y d r o l y s i n g  a g e n t .

I f  t h e  s a m e  m e c h a n is m  o f  d i s p l a c e m e n t  o f  

e l e c t r o n s  a p p l i e s  i n  5 - m e t h o x y - a f - n a p h t h y l  m e t h y l  

" b r o m id e ,  t h a t  i s  t o  s a y  i f  t h e  d i s t u r b a n c e  o f  t h e  

e l e c t r o n i c  e q u i l i b r i u m  i s  c a u s e d  b y  t h e  o x y g e n  a t t a c h 

e d  t o  t h e  n u c l e u s  c a r b o n  i n  5  p o s i t i o n  t h e  e f f e c t  

s h o u l d  b e  so m e  w h a t  s i m i l a r .  T h e  e l e c t r o n  s h i f t  f r o m  

t h e  5  t o  t h e  I  p o s i t i o n  i s  a  p r o c e s s  w h i c h  e v i d e n t l y  

d o e s  n o t  t a K e  p l a c e  s o  r e a d i l y  a s  f r o m  t h e  4  t o  t h e  I  

o w in g  t o  t h e  p e c u l i a r  p o s i t i o n  o f  t h e  tw o  c e n t r a l  

c a r b o n  a t o m s ,  w h i c h  w o u ld  n e c e s s i t a t e  t h e  t r a n s m i s s i o n  

o f  t h e  i n f l u e n c e  v i a  6  o r  4  p o s i t i o n ,  a r o u n d  t h e  

n u c l e u s .  A l t h o u g h  t h i s  s h o u l d  n o t  w e a K e n  t h e  t r a n s 

m i s s i o n  t o  t h e  e x t e n t  a s  i s  p r o v e d  b y  t h e  e x p e r i m e n t ,  

i t  m u s t  b e  s o m e t h i n g  o f  t h i s  n a t u r e  w h i c h  i s  c a u s i n g  

t h e  g i g  d i f f e r e n c e  i n  r e a c t i v i t y  b e t w e e n  i : 4  a n d  I : s  

i s o m e r i d e s .  I t  m a y  b e  h o w e v e r ,  t h a t  o n l y  a  g e n e r a l  

e f f e c t  i s  t r a n s m i t t e d  f r o m  t h e  5  t o  t h e  I  p o s i t i o n ,  

a  s u g g e s t i o n  b o m  o u t  b y  t h e  b e h a v i o u r  o f  t h e  5 - b r o m o -  

< - n a p h t h y l  m e t h y l  b r o m i d e  w h e r e  t h e  g e n e r a l  e f f e c t  

i s  m a r k e d .

T h e  a c t i o n  o f  4 - m e t h o x y - - n a p h t h y l  m e t h y l  

b r o m i d e  t o w a r d s  a q u e o u s  a l c o h o l  m afces i t  e v i d e n t  t h a t  

a  c l o s e  r e l a t i o n s h i p  e x i s t s  b e t w e e n  t h i s  a n d  t h e  

c o r r e s p o n d i n g /



c o r r e s p o n d i n g  c o m p o u n d  i n  t h e  b e n z e n e  s e r i e s ,  n a m e ly  

p - m e t h o x y - b e n z y l b r o m i d e .  A s  a l r e a d y  s t a t e d  i n  

t h e  e x p e r i m e n t a l  p a r t ,  4 - m e t h o x y - ^ - n a p h t h y l  m e t h y l  

b r o m i d e  w a s  a t  o n c e  c o m p l e t e l y  h y d r o l y s e d :  w h e n  b r o u g h t  

i n  s o l u t i o n  i n  a q u e o u s  a l c o h o l .  L a p w o r t h  a n d  S h o e s m i t h

( J . C . S . , I 9 S 3 , 1 2 1 , 1 3 9 8 )  f o u n d  t h a t  t h e  e x t r e m e l y  h i g h
-

s p e e d  a t  w h i c h  a l k a l i s  a c t  o n  t h e  o r t h o  a n d  p a r a  

m e t h o x y - b e n z y l e s  b r o m i d e s  d i d  n o t  r e n d e r  i t  p o s s i b l e  

t o  m e a s u r e  t h e  r e a c t i o n  v e l o c i t y  i n  d i l u t e  a l c o M l  a t  

2 5 ° .  E v e n  w h e n  o n l y  a q u e o u s  a l c o h o l  w a s  u s e d  h y d r o l y 

s i s  w a s  a l m o s t  c o m p l e t e d  a f t e r  5  m i n u t e s  a  r e s u l t  

s i m i l a r  t o  t h a t  f o u n d  b y  h y d r o l y s i n g  4r-me t h o x y -  -  

n a p h t h y l  m e t h y l  b r o m i d e .

4 - m e t h o x y - o C - n a p h t h y l  m e t h y l  b r o m i d e  a s  w e l l  

a s  p - m e t h o x y  b e n z y l  b r o m i d e  f u m e d . ,  i n  t h e  a i r  a n d  

d e c o m p o s e d  v e r y  q u i c k l y *

8 2 .
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B r o m o - n a p h t h y l  m e t h y l  b r o m i d e s

The o r d e r  o r  r e a c t i v i t y  o r  t h e  b r o m o - n a p h th y l

m e t h y l  b r o m i d e s  i s , , u n s u b s t i t u t e d  ^ - n a p h t h y l  m e t h y l  

b r o m i d e ^  4 - b r o m o -  ^ - n a p h t h y l  m e t h y l  h r o m id e  y  5 - b r o m o -  

o u “ i i a p h t h y l  m e t h y l  b r o m id e  a n d  u n s u b s t i t u t e d  / S - n a p h t h y l  

m e t h y l  b r o m i d e  J> l - b r o m o - / ô - n a p h t h y l  m e t h y l  b r o a i i d e .

c o n s i d e r a b l e  g e n e r a l  e r r e c t  r r o m  t h e  t h e  5  p o s i t 

i o n  i . e .  t h e  g e n e r a l  e r r e c t  i s  t r a n s m i t t e d  t h r o u g h  

b o t h  r i n g s  a n d  by /  t h e  n o n  r e a c t i v i t y  o r  t h e  1 :2  

d e r i v a t i v e  i s  d u e  t o  c a u s e s  a l r e a d y  n o t e d  b y  S h o e s m l t h  

a n d  S l a t e r  ( J . C . S . ,1986.127,214 ) i n  t h e  b e n z e n e  

s e r i e s .  I t  w a s  t h e r e  p o i n t e d  o u t  t h a t  t h i s  i s  

p r o b a b l y  n o t  s t e r i c  e r r e c t  i n  t h e  g e n e r a l  a c c e p t e d  

s e n s e ,  a  c o n c l u s i o n  a r r i v e d  a t  a l s o  b y  O l i v e r  ( R e c .  

t r a v . c h i m .  ,1923,42,775) a  re v /  m o n t h s  l a t e r .

i s  t h e  m a r k e d  d i m i n u t i o n  i n  t h e  r e a c t i v i t y  c a u s e d  b y  

a  b r o m i n e  a t o m  i n  5  p o s i t i o n  w h i c h  i s  g r e a t e r  t h a n  

t h a t  c a u s e d  b y  a  b r o m in e  a t o m  i n  4 , p o s i t i o n  b u t  t h i s  i s  

i n  a c c o r d a n c e  w i t h  t h e  s u b s t i t u t i o n  h y d r o l y s i s  r u l e  

a l r e a d y  r e r e r r e d  t o  o n  p a g e  7 8  .  i t  i s  h o w e v e r

a  r e m a r k a b l e  r a c t  t h a t  b r o m in e  i n t r o d u c e d  i n t o  a  

n a p h t h a l e n e  m o l e c u l e  s h o u l d  r e n d e r  t h e  b r o m i d e s  s o  

u n r e a c t i v e  • t o w a r d s  a  h y d r o l y s i n g  a g e n t ,  a n d  w i t h  

p r e s e n t  k n o w le d g e  i t  i s  d i r r i c u l t  t o  s a y  w h y  i t  

s h o u l d /

I t  i s  t h u s  s h o w n  t h a t  i b r o m in e  h a s  a

T h e  m o s t  i n t e r e s t i n g  p o i n t  i n  t h i s  s e r i e s
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t h e  r i n g  i n  w h i c h  t h e y  a r e  p r e s e n t  ( c . f .  t h e  g r e a t  

R e a c t i v i t y  o f  t h e  1 : 4  m e t h o x y  b e n z y l  c o m p o u n d s  ) a n d  

s u b s t i t u t i o n  t a k e s  p l a c e  i n  t h e  sa m e  r i n g .  I t  c a n  

w i t h  c o n f i d e n c e  h e  p r o p h e s i e d  t h a t  4 - n l t r o - a t -  

n a p h t h y l  m e t h y l  " b r o m id e  a n d  4— c a r b o x y — <*■ - n a p h t h y l  

m e t h y l  " b r o m id e  w o u ld  l o s e  t h e i r  " b ro m in e  w i t h  g r e a t  

d i f f i c u l t y  i n  a q u e o u s  a l c o h o l .

I t  i s  f i n a l l y  o f  i n t e r e s t  t o  n o t e  t h e  v i e w s  

o f  S c h e r i b e  ( B e r .  , 1 9 2 6 , ¿ 9 , 2 6 6 4  ) w h o  h a s  "b e e n  a b l e  

t o  c o n f i r m  t h e  t h e o r y  o f  t h e  d i r e c t i n g  i n f l u e n c e  o f  

p o s i t i v e  a n d  n e g a t i v e  g r o u p s  i n  " b e n z e n e  s u b s t i t u t i o n  

o n  a  p u r e l y  p h y s i c a l  b a s i s , i . e .  t h e  a b s o r p t i o n  

s p e c t r e #  o f  v a r i o u s  s u b s t i t u t e d  b e n z e n e  d e r i v a t i v e s .

Much more work remains to be done on 
similar lines in the naphthalene series 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 satisfactorily when considered in the 
li^it of previous investigations.



S U M M A R Y .

T h e  i n v e s t i g a t i o n s  h a v e  s h o w n  t h a t  i n  n a p h t h a l e n e  c o m p o u n d s

a .  A n  i n f l u e n c e  i s  t r a n s m i t t e d  f r o m  o n e  r i n g  t o

t h e  o t h e r .

b .  T h e  b e h a v i o u r  o f  s u b s t i t u t e d  a r y l  m e t h y l

b r o m i d e s  i n  t h e  n a p h t h a l e n e  s e r i e s  w h e n  

s u b s t i t u e n t s  a r e  p r e s e n t  i n  t h e  s a m e  r i n g ,  

i s  m a r k e d l y  s i m i l a r  t o  t h a t  o f  t h e  c o r r e s 

p o n d i n g  c o m p o u n d s  i n  t h e  b e n z e n e  s e r i e s .

c .  s l i g h t  d i f f e r e n c e s  e x i s t  b e t w e e n  t h e  tw o  s e r 

i e s  i n  t h e  c a s e  o f  n u c l e a r  s u b s t i t u t e d  h a l o g e n  

d e r i v a t i v e s  b u t ,  t h e s e  a r e  e a s i l y  e x p l i c a b l e  

b y  a  t h e o r y  b a s e d  o n  t h e  e x i s t e n c e  o f  t a u R -  

o m e r i c  m o d i f i c a t i o n s  i n  t h e  n a p h t h a l e n e  s e r i e s .

d .  A l l  t h e  h y d r o l y s e s  r e c o r d e d  a r e  i n  a c c o r d a n c e

w i t h  t h e  s u g g e s t i o n  o f  O l i v i e r ,  r e g a r d i n g  t h e  

r a t e s  o f  h y d r o l y s i s  o f  t h e  b r o m i d e s  a n d  

s u b s t i t u t i o n  i n  t h e  n a p h t h a l e n e  n u c l e u s .


