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SUMMARY.

T his  th e s i s  d e sc rib e s  an in v e s t ig a t io n  o f th e  s t r u c tu r a l  f a c to r s  

which in flu en c e  th e  s u s c e p t ib i l i ty  o f s u b s t i tu te d  2-n ap h th o ls  to  

a u to x id a tio n . The mechanism of th e se  p ro cesses  i s  d iscu ssed  in  d e ta i l  

in  th e  l ig h t  o f th e  r e s u l t s  o b ta in ed .

P rev ious workers had found th a t  2 -naph tho ls  co n ta in in g  of-branched 

a lk y l s u b s t i tu e n ts  a t  C -l ( e th y l ,  iso p ro p y l, cyclohexy l) a u to x id ise  

r e a d i ly  under extrem ely  m ild c o n d itio n s , th e  o v e ra l l  r a t e  be ing  g re a te r  

f o r  th o se  c o n ta in in g  b u lk ie r  s u b s t i tu e n ts .  2-N aphthols c o n ta in in g  

sm all s u b s t i tu e n ts  a t  C -l (H, m ethyl, benzy l) do not a u to x id ise  a t 

an ap p re c ia b le  r a t e .

I t  i s  proposed th a t  th e  m ajor f a c to r  c o n tro l l in g  th e  o v e ra l l  r a te  

o f a u to x id a tio n  o f s u b s t i tu te d  2-n ap h th o ls  i s  th e  degree o f s t e r i c  

s t r a in  w ith in  th e  m olecule, and e s p e c ia l ly  th e  magnitude o f th e  p e r i -  

in te r a c t io n  between s u b s t i tu e n ts  a t  C -l and C-8 . T h is p e r i - in te r a c t io n  

i s  absen t in  th e  l-a lk y l-l-h y d ro p e ro x y -2 (lH )-n ap h th a len o n es  ( l )  produced 

in  th e  au to x id a tio n  re a c t io n s .  The r e s u l t in g  s t r a in  r e l i e f  i s  thought 

to  be th e  f a c to r  c o n tro l l in g  th e  o v e ra l l  a u to x id a tio n  r a t e s .

I  s e t  out to  p repare  a range o f 2 -naph tho ls in c o rp o ra tin g  a 

v a r ie ty  o f s t r u c tu r a l  fe a tu re s  which may e lu c id a te  th e  fa c to r s  in f lu e n c in g  

th e  au to x id a tio n  r a t e s ,  and to  study th e  r e l a t iv e  r a te s  in  a sem i- 

q u a n t i ta t iv e  manner. S evera l unknown naph tho ls which a u to x id ise  

r a p id ly  under extrem ely m ild co n d itio n s  have been p rep ared , v i z .

1- t - b u ty l -  and l - t - p e n t y l - 2-n ap h th o l, 1-m eth y l-3 , 6- d i - t - b u t y l - 2-n ap h th o l,

l ,8 -d im e th y l-2 -n a p h th o l, and l-iso p ro p y l-6 -b ro m o -2 -n ap h th o l. Aut

o x id a tio n  o f th e se  compounds was found to  g ive th e  corresponding  

hydroperoxides ( l )  in  h igh  y ie ld .  S evera l unknown naph tho ls which 

a re  s ta b le  to  oxygen have a lso  been p rep ared .

A c o n s id e ra tio n  o f th e  r e s u l t s  ob ta ined  shows co n c lu s iv e ly  th a t



th e  a u to x id a tio n  r a te s  o f 2-n ap h th o ls  i s  indeed a fu n c tio n  m ainly 

o f s t e r i c  s t r a i n ,  e le c tro n ic  f a c to r s  being  o f secondary im portance.

Two p la u s ib le  m echan istic  in te r p r e ta t io n s  a re  proposed. I t  i s  thought 

th a t  th e  re a c t io n  o f th e  in te rm ed ia te  2-naphthoxy r a d ic a ls  w ith  

m olecu lar oxygen may be th e  ra te -d e te rm in in g  s te p ,  s in ce  t h i s  invo lves 

th e  removal o f th e  unfavourable ja e r i - in te r a c t  io n , o r th a t  th e  pheno lic  

0-H bond may be weakened as a r e s u l t  o f m olecu lar d i s to r t io n s ,  th u s  

f a c i l i t a t i n g  th e  a b s tr a c t io n  o f hydrogen from th e  naph tho l by th e  

in te rm e d ia te  peroxy r a d ic a l .

Some o f th e  anomalous sp ec tro sco p ic  and chem ical behaviour o f 

th e  compounds under in v e s t ig a t io n  a re  a lso  r e la te d  to  s t e r i c  

com pression.



IBTROPUCTIOH

The term  au to x id a tio n  i s  g e n e ra lly  d e fin ed  as a spontaneous 

r a d ic a l  chain  re a c tio n  between g ro u n d -s ta te  ( t r i p l e t )  m olecu lar oxygen 

and o rg an ic  compounds which occurs a t  m oderate te m p e ra tu re s , and a t  

r e l a t i v e ly  slow r a t e s .  T his i s  in  c o n tra s t  w ith  th e  ra p id  p ro cess  o f 

combustion which ta k e s  p lace  a t  h igh  te m p e ra tu res .

A u tox idation  p ro cesses  a re  o f  prime im portance in  th e  chem ical 

and o th e r  in d u s t r ie s .  They o fte n  prov ide  a cheap and easy  method o f 

producing bu lk  o rgan ic  chem icals* P a r t i c u la r ly  im portan t i s  th e  p ro 

d u c tio n  o f  cumyl hydroperox ide , a c id  c a ta ly sed  decom position o f  which 

p ro v id es  phenol and ace to n e .

The e f f e c t s  o f  au to x id a tio n  a re  o f te n  h ig h ly  u n d e s ira b le . The 

o x id a tiv e  d e te r io ra t io n  o f  b o th  n a tu ra l  and sy n th e tic  o rgan ic  m a te r ia ls  

such as e d ib le  o i l s ,  ru b b e r, and petroleum  p ro d u c ts  can be in h ib i te d  

by th e  a d d itio n  o f  s u i ta b le  a d d i t iv e s . The course  and r a te  o f  a u t

o x id a tio n  o f  many o rgan ic  s u b s tr a te s  can be d r a s t i c a l l y  a l te r e d  by th e  

a d d itio n  o f  t r a c e s  o f im p u r i t ie s .  T h is phenomenon has s tim u la te d  ex

te n s iv e  s tu d ie s  in  th e  a p p lic a tio n  o f bo th  a n tio x id a n ts  and c a ta ly s ts  

designed  on one hand to  r e ta r d  o r  p reven t a u to x id a tio n  p ro c e sse s , and 

on th e  o th e r  to  aco& erate them.

A utox idation  i s  b e liev ed  to  have an im portan t r o le  in  some b io 

lo g ic a l  tra n s fo rm a tio n s  bu t th e  d e ta i le d  mechanism o f  th e  p ro cesses  

ta k in g  p lace  i s  no t o f te n  understood . The p resence  o f  u n sa tu ra te d  

compounds in  e d ib le  o i l s  and f a t s  ren d e rs  them l i a b l e  to  o x id a tiv e



d e te r io r a t io n .  That t h i s  does no t occur to  a  s ig n if ic a n t  e x te n t in  many 

b io lo g ic a l  system s suggests  t h a t  a n tio x id a n ts  a re  p re se n t to  p rev en t i t*  

Tocopherols (v itam in  E) a re  d is t r ib u te d  w idely  th roughout th e  t i s s u e s  o f  

man and an im als, and th e  absence o f  t h i s  from t h e i r  d ie t  has been claim ed 

to  induce many d iso rd e rs  such as d ia b e te s ,  and th e  fo rm ation  o f  blood 

c l o t s .  These co n d itio n s  have been found to  respond to  o th e r  a n tio x id a n ts  

such as 2 ,6 - d i - t  -b u ty l  -4  -methoxyphen© 1.

HO

-to co p h e ro l

I t  i s  b e lie v ed  th a t  s in g le t  m olecu lar oxygen i s  involved  in  th e  

m a jo rity  o f  oxygenation re a c tio n s  which occur in  n a tu re .

Owing to  th e  te c h n o lo g ic a l im portance o f a u to x id a tio n  p ro cesses  and 

to  t h e i r  complex n a tu re , a g re a t amount o f re se a rc h  e f f o r t  has been 

expended in  in v e s t ig a t in g  th e  f a te  o f  o rgan ic  m a te r ia ls  in  au to x id a tio n  

r e a c t io n s ,  th e  f a c to r s  in f lu e n c in g  th e  occurrence o f  th e se  r e a c t io n s ,  

and th e  k in e t ic s  o f th e  r a d ic a l  p ro cesses  in vo lved .

S ev era l re c en t review s^ cover t h i s  su b je c t com prehensively. T his 

review  a ttem p ts  to  o u tl in e  th e  im portan t advances in  re c en t y e a r s .

S tu d ies  o f p h o to se n s itis e d  oxygenation o f o rg an ic  m olecules in v o lv in g  

s in g le t  m o lecu lar oxygen a re  mentioned only  when th e y  a re  considered  

p e r t in e n t  to  th e  d isc u ss io n .

A utox ida tion  p ro cesses  a re  norm ally  in v e s t ig a te d  in  th e  homogeneous 

l iq u id  phase w ith  o r w ithout so lv en t a t  tem p era tu res  below 200° on 

r ig o ro u s ly  p u r i f ie d  sam ples, o r  on samples c o n ta in in g  known q u a n t i t ie s  

o f  im p u r i t ie s .  T h is re a c t io n  alm ost in v a r ia b ly  r e s u l t s  in  th e  form ation  

o f  hydroperox ides, which f re q u e n tly  undergo f u r th e r  decom position.
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Mechanism o f a u to x id a tio n .

The mechanism o f th e  f r e e - r a d ic a l  chain  p ro cess  can be d e sc rib ed

1by th e  fo llo w in g  s e r ie s  o f s te p s  .

I n i t i a t i o n :  P roduction  o f  f r e e  r a d ic a ls  R*

P ropagation : R* + 02 — > R00*

(«)

(b )

(e)

T erm ination :

ROOH + R* 

n o n -ra d ic a l p ro d u c ts  (d )

R00* + HH-

i -R00* J

I n i t i a t i o n  can be achieved in  s e v e ra l ways, and o f te n  more th a n  one 

mechanism o p e ra te s .

Thermal i n i t i a t i o n  i s  no t w e ll understood owing to  th e  p o s s ib le  

com plica tions caused by t r a c e  im p u r i t ie s ,  w a ll e f f e c t s ,  p h o to in i t i a t io n ,
2

e t c . . D irec t the rm al i n i t i a t i o n  has been s tu d ie d  by Bromberg and Muszket , 

in  th e  p resence  o f  h igh  c o n ce n tra tio n s  o f th e  r a d ic a l  scavenger 2 ,6 - d i -  

t-b u ty l-4 -m e th y lp h en o l (IH ). T his s im p lif ie s  th e  k in e t ic s ,  as th e  normal 

chain  p ro cess  i s  in te rc e p te d ,

R00* + IH — > ROOH + I* .

I* i s  a r a d ic a l  which i s  assumed to  be in cap ab le  o f  p ro p ag a tin g  

th e  ch a in , so th a t  th e  chain  le n g th  i s  reduced , in  th e o ry , to  1 . I t  was 

found th a t  th e  s e l f  i n i t i a t i o n  o f  4 a , 4b-dihydrophenanthrene ( l )  (PH2) 

under th e s e  c o n d itio n s  obeyed th e  k in e t ic  ex p ress io n

_  a((o2)
d t

(ph2 )(0 2)

which im p lie s  th a t  th e  i n i t i a t i o n  p ro cess  i s  b im o lecu la r.

PH2 + 02 — » PH* + °00H

(i)



However, o th e r  w orkers suggest a te rm o le c u la r  mechanism,

2HH + 02  > 2E* + H202

as be ing  more f e a s ib le ,  s in ce  t h i s  p ro cess  i s  much le s s  endotherm ic f o r  

most o rgan ic  m olecu les, and indeed th e  s e l f  i n i t i a t i o n  o f  t e t r a l i n  and 

indenftwere found to  obey th e  k in e t ic  e x p re ss io n ,

Bi  -  k± (BH)2(0 2 )
3

where R^ i s  th e  r a t e  o f i n i t i a t i o n  .

S e lf  i n i t i a t i o n  by th e  re a c t io n  o f s u b s tr a te  d i r e c t ly  w ith  oxygen 

to  g ive  ra d ic a ls  becomes a r e l a t iv e ly  unim portant p ro cess  as soon as a 

sm all amount o f  hydroperoxide has been formed, s in ce  hydroperoxide 

decom position i s  a  much more e n e r g e t ic a l ly  fav o u rab le  p ro c e ss . S e lf  

i n i t i a t e d  au to x id a tio n s  a re  f re q u e n tly  su b jec t to  long in d u c tio n  p e rio d s  

w hile  th e  c o n ce n tra tio n  o f hydroperoxide b u ild s  up . T h is phenomenon i s  

known as a u to c a ta ly s is ,  and i s  a t t r ib u te d  to  th e  decom position p ro cesses

ROOH ----- » RO* + *0H

a t  lew co n ce n tra tio n s  o f  hydroperox ide, and

H
R00 HOOR — > RO* + H20 + R00*

a t  h igh  co n cen tra tio n s  o f hydroperox ide, where a hydrogen bonded dimer 

i s  in v o lv ed , and can be d e te c te d  by i . r .  spec tro scopy^ 9

The m a jo rity  o f a u to x id a tio n  re a c tio n s  a re  c a ta ly se d  by l i g h t .  T his 

can be due to  p h o to ly s is  o f th e  s u b s tra te  o r  o f  a su b st r a t  e-oxygen complex 

to  g ive  f r e e  r a d ic a ls ,  as w e ll as p h o to ly tic  decom position o f th e  p roducts  

o f  a u to x id a tio n ,

ROOH R0‘ + *0H,

th e  l a t t e r  p rocess predom inating once th e  r e a c t io n  i s  under way. T his 

p rooess i s  d i s t i n c t  from p h o to se n s itis e d  oxygenations in v o lv in g  s in g le t  

oxygen.

Because o f a u to c a ta ly s is ,  s e l f  i n i t i a t e d  a u to x id a tio n s  a re  u s u a lly  

u n su ita b le  f o r  k in e t ic  s tu d ie s ,  th e  i n i t i a t i o n  r a te s  be in g  ir r e p ro d u c ib le . 

R eproducible r a te s  o f i n i t i a t i o n  can be achieved u s in g  f r e e  r a d ic a l
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i n i t i a t o r s  such as eC - a z o b is is o b u ty ro n i t r i le  which decompose u n i-  

m e lecu la rly  e i th e r  th e rm a lly  o r  photochem ically  in  a  w e ll d e fin ed  

manner.

In 2    > 2 In*

A lte rn a t iv e ly , th e  s a l t s  o f heavy m eta ls  such as Co, Cu, Fe, e t c .

can be used t e  c a ta ly s e  i n i t i a t i o n s .

BH + » R* + H+ + 1^+
However, t h i s  re a c t io n  i s  soon overshadowed by re a c t io n s  between

hydroperoxide and m etal ions such a s ^ a ^

M(n+1)+ + R00H ---- ^ j f +  + boo* + H+

and,

l f + + ROOH -^ M̂ n+1^+ + RO* + OH” .

Of th e  p ro p ag a tio n  s te p s ,  th e  re a c t io n  o f th e  s u b s tra te  r a d ic a l  

w ith  oxygen (s te p  (b ) )  i s  norm ally  considered  to  be f a s t  and n o n -ra te  

de term in ing , w ith  low a c t iv a t io n  e n e rg ie s . T h is  would be expected t e  

be a f a c i l e  re a c tio n  as i t  i s  e s s e n t ia l ly  a r a d ic a l  coup ling  p ro c e ss , 

oxygen being  a d i r a d ic a l  in  th e  ground s t a t e .  Thus, a t  m oderate 

p re s su re s , th e  o v e ra l l  r a te  o f a u to x id a tio n  i s  norm ally  found to  be 

independent o f oxygen p re s su re s .

For p a r t i c u la r ly  s ta b le  r a d ic a ls  such as tr ip h en y lm e th y l however, 

th e  r a t e  o f  re a c tio n  has been shown to  be dependent upon oxygen p re s su re s , 

and th e  r e a c t io n

Ph2C* + 0o = *  Ph2COO*5 2 2
i s  known to  be r e v e r s ib le .  T h is eq u ilib riu m  i s  a r e f le c t io n  o f  th e  

s t e r i c  crowding in  both  th e  trip h en y lm e th y l and th e  trip h eny lm ethy lperoxy
5

ra d ic a ls  .

The r a t e  determ in ing  p ro p ag a tio n  s tep  fo r  th e  m a jo rity  o f  o rgan ic  

s u b s tra te s  i s  th e  re a c t io n  between th e  peroxy r a d ic a l  and s u b s t r a te ,

(s te p  ( c ) ) .  T his i s  norm ally  a hydrogen atom a b s t r a c t io n ,

R00* + RH  > ROOH + R* ,



o r ,  in  th e  case o f unsatuaeated s u b s t r a te s ,  an a d d itio n  r e a c t io n ,
/  1 'R00* + C=G -----> ROOC-C#

x x I V
The o v e ra l l  r a t e  o f au to x id a tio n s  i s  norm ally  found to  be 

p ro p o r tio n a l to  th e  c o n ce n tra tio n  o f  th e  s u b s t r a te ,  EH, which i s  

c o n s is te n t w ith  t h i s  re a c tio n  being  r a te  d e term in in g .

In  th e  case o f  th e  hydrogen atom a b s tr a c t io n  re a c t io n ,  th e  r a t e  

i s  v e ry  s u sc e p tib le  to  th e  chem ical environment o f th e  hydrogen be ing  

a b s tr a c te d , a lthough  p o la r  and s t e r i c  f a c to r s  can a lso  have some 

in f lu e n c e . The e f f e c t  o f s u b s tr a te  s t ru c tu re  on a u to x id a tio n  r a te s  

w i l l  be d iscu ssed  below.

The a u to x id a tio n  o f te rm in a l o le f in s  has been s tu d ie d  by Mayo and

co-w orkers, and has been found to  produce a l te r n a t in g  1 t 1 copolymers

o f  oxygen and s u b s tra te  by th e  p ro p ag a tin g  re a c t io n s ^ ,

R R R R
— CH„COO* + CHj=  C — > — CHrtC00CHrtC *l2 T 

H H TI 2H

R R R R
-C H  COOCH C* + 0 — » -C H  COOCH COO*

tL xL H a.

The e f f e c t  o f  s t ru c tu re  on th e  r a te  can be considered  m ainly in

term s o f  th e  s t a b i l i t y  o f th e  r e s u l t in g  p  -p e ro x y a lk y l r a d ic a l  from th e

a d d itio n  re a c t io n ,  p o la r  and s t e r i c  e f f e c ts  be ing  o f  r e l a t iv e ly  low

im portance. For example, s ty re n e  re a c ts  about tw enty  tim es f a s t e r  th a n
7

v in y l a c e ta te ,  bu t only about one t h i r d  as f a s t  as p-m ethoxystyrene ,

in  accord w ith  th e  resonance s t a b i l i s a t i o n  o f
H

—CHpC*
Ph .

The on ly  te rm in a tio n  re a c tio n  which norm ally  need be considered  

a t  m oderate oxygen p re s su re s  i s

R02 * + R02 * --------^  p ro d u c ts .

as th e  co n ce n tra tio n  o f R* i s  so much lower th a n  th a t  o f RGg*, except



5
when R* i s  p a r t i c u la r ly  s ta b le  . E . s , r .  s tu d ie s  have shewn t h a t ,  a t  

lew te m p e ra tu re s , peroxy r a d ic a ls  combine to  form te t r o x id e s ,

R00—  00R

and a t  h ig h e r tem p era tu res  s e l f  te rm in a tio n  proceeds v ia  i r r e v e r s ib le
8decom position o f th e se  te t ro x id e s  • R u sse ll proposed a c y c lic  t r a n s 

i t i o n  s t a t e  f o r  th e  decom position o f th e  1 -pheny le thy lperoxy  dim er

which has found g en e ra l accep tance f o r  prim ary  and secondary a lk y l-
9

hydroperox ides^•

H , \ m
4  PhCOMe + 10„ + PhCH(OH)Me

Ph Me

T his was confirm ed by deuterium  la b e l l in g  s tu d ie s ,  and by tra p p in g  

th e  r e s u l ta n t  s in g le t  oxygen demanded by th e  V igner sp in -co n v ers io n  

r u le ,  u s in g  9»10-d iphenylan thracene  to  g ive  th e  tra n s a n n u la r  perox ide  (;2)^

Ph

Ph

( 2 )

In  cases  where s in g le t  oxygen has no t been d e te c te d , weak lum in

escence has been observed , and has been a t t r ib u te d  to  th e  decay o f
1 (a )t r i p l e t  ketone to  th e  s in g le t  ground s t a t e  ' .

Employing th e  u su a l s te a d y -s ta te  assum ptions th a t  th e  r a t e  o f 

chain  i n i t i a t i o n ,  R^, i s  equal to  th e  r a t e  o f  chain  te rm in a tio n , and 

th a t  th e  r a t e  <*f th e  two p ro p ag a tio n  s te p s  i s  th e  same, th e  o v e ra l l  

r a te  o f a u to x id a tio n  o f  an o rgan ic  s u b s t r a te ,  RH, i s  g iven  by th e  

e x p re ss io n ,
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_  d (0„) _  i  (BH) d (EO H) k  (BH)H*
at at " a t  p -------

(2kt )

where k^ i s  th e  r a t e  co n stan t fo r  th e  r a te  de term in ing  p ropaga tion  

s te p  ( c ) ,  and 2k^ i s  th e  r a t e  co n stan t fo r  th e  te rm in a tio n  s te p ,

210^*  ^ m olecu les.

The o v e ra l l  r a t e  o f a u to x id a tio n  th e re fo re  depends upon th e  r a te

o f  i n i t i a t i o n  and th e  a b so lu te  v a lu es  o f k and 2k. . These a re  norm ally
P

measured in  independent experim ents u s in g  e i th e r  r a d ic a l  scavengers o r 

i n i t i a t o r s ,  and c a rry in g  out th e  re a c tio n s  to  low conversion  (o f te n  

< 1 $ ), in  o rd e r to  s im p lify  th e  k in e t ic s  and minim ise th e  com plica ting  

e f f e c t s  o f p ro d u c ts .

S t r u c tu ra l  in f lu e n c e s  upon au to x id a tio n  r e a c t io n s .

A ttem pts to  r e l a t e  s t r u c tu r a l  changes to  s u b s tr a te  r e a c t iv i ty  in  

a u to x id a tio n s  a re  com plicated by th e  p o s s ib i l i t y  o f d i f f e r in g  r e a c t iv i ty  

o f  th e  chain  c a rry in g  peroxy r a d ic a l s ,  and by d i f f e r in g  te rm in a tio n  

r a t e s .  Ingo ld  and c o -w o rk e rs^  overcame t h i s  problem by comparing th e  

r a te s  o f  re a c t io n  o f  s e r ie s  o f  c lo se ly  r e la te d  s u b s tra te s  (RH), in  th e  

p resence o f  th e  same hydroperox ide, fo r  example t - b u ty l  hydroperox ide.

The p ro p ag a tio n  and te rm in a tio n  s te p s  can th e n  be assumed to  invo lve  

th e  same peroxy r a d ic a l  by v i r tu e  o f a chain  t r a n s f e r  mechanism.

Chain t r a n s f e r :  R00* + ^BuOOH-------- ^ ROOH + ^BuOO*

P ropagation : ^BuOO* + RH  )  ^BuOOH + R*

R* + 02  > R00*

T erm ination : 2^Bu00*  ^ m olecu lar p ro d u c ts .

In  t h i s  manner, m eaningful comparisons o f  th e  r a te s  o f a u to x id a tio n  

o f d i f f e r e n t  s u b s tra te s  can be made. For example, iso p ro p y l a lco h o l 

i s  ca. f i f t e e n  tim es more r e a c t iv e  tow ards th e  t - b u ty l  peroxy ra d ic a l  

th a n  iso p ro p y l c h lo r id e , bu t only  about one f i f t h  as r e a c tiv e  as d i i s o 

propyl e th e r  (p e r a c tiv e  hydrogen). The r e l a t iv e  r e a c t i v i t i e s  o f to lu e n e , 

e th y l benzene and benzyl e th e r  a re  found to  be in  th e  r a t io  1 : 10 : $0
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r e s p e c tiv e ly  (p e r a c tiv e  hydrogen) tow ards th e  same peroxy r a d ic a l .

Employing th e  same te ch n iq u e , th e  r e l a t iv e  r e a c t i v i t i e s  ©f a lk y l-  

peroxy r a d ic a ls  have been in v e s t ig a te d . The r e a c t iv i t y  o f th e  isom eric  

bu ty lperoxy  r a d ic a ls  to  hydrogen atom a b s tr a c t io n  a re  in  th e  o rd e r

However, t h i s  work shows th a t  th e  d if fe re n c e s  in  r e a c t iv i ty  o f 

a lky lperoxy  r a d ic a ls  a re  sm all, any v a r ia t io n s  be ing  a t t r ib u ta b le  to  

th e  degree o f  <£-b ranch ing  in  th e  carbon ch a in , so th a t  s t e r i c  a cc e ss 

i b i l i t y  i s  p robably  th e  m ajor c r i t e r io n  fo r  peroxy r a d ic a l  r e a c t iv i t y .  

I t  could  th e r fo r e  be considered  ju s t i f i a b l e  to  assume th a t  peroxy 

r a d ic a ls  o f  s im ila r  s t ru c tu re  have s im ila r  r e a c t i v i t i e s  when comparing 

a u to x id a tio n  r a te s  fo r  a s e r ie s  o f c lo se ly  r e la te d  s u b s t r a t e s ^ .

The range o f  o rgan ic  compounds which re a c t  w ith  oxygen i s  to o  

ex ten s iv e  t o  be adequate ly  covered h e re . In  many c a se s , th e  i n i t i a l l y  

formed hydroperoxide decomposes in  s i t u  and i s  never is o la te d .

The fo llo w in g  examples in d ic a te  th e  g e n e ra l i ty  o f t h i s  r e a c t io n .
12In  each c a se , on ly  th e  m ajor p ro d u c ts  o f  a u to x id a tio n  a re  in d ic a te d  •

n -b u ty l >  is o b u ty l >  t - b u t y l

0 0  H

o —*6



•  XQ •

r^ o o H

PhCHO
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- A  A
OOH

HO HO

OH

H H

( in  th e  enol form)

The most s t r ik in g  fe a tu re  o f th e se  examples i s  th e  h igh  degree

o f s e l e c t i v i t y  d isp lay ed  by o rgan ic  s u b s tra te s  in  t h e i r  re a c t io n s  w ith

oxygen. T h is  i s  a d i r e c t  consequence o f th e  r e l a t iv e ly  low r e a c t iv i t y

o f  th e  peroxy r a d ic a l  to  hydrogen a b s tr a c t io n  from th e  m a jo rity  o f

o rgan ic  s u b s t r a te s .  The s tre n g th  o f th e  ROO-H bond has been e stim ated
-1  13to  be c a . 68 k c a l .  mole , which means th a t  t h i s  bond i s  only  s l i g h t ly

—1 27s tro n g e r  th a n  th e  e n o lic  o r  p h en o lic  0-H bond (76-85 k c a l .  mole ) ,  

and a l l y l i c  (c a . 85-88 k c a l .  mole"’’*') o r  b en zy lic  C-H bend (84 k c a l .  mole"”^ ) ,  

and weaker th a n  th e  C-H bonds in  s a tu ra te d  hydrocarbons ( t e r t i a r y  C-H 

ca .93  k c a l .  m o le ~ \ secondary C-H c a . 95 k c a l .  m o le ~ \ prim ary C-H 

c a . 104 k c a l .  m o le ~ ^ )^ a \  T h is i s  a lso  r e f le c te d  in  th e  r a te s  o f 

a u to x id a tio n . A lkanes, o le f in s ,  a l ip h a t ic  ketones e t c . norm ally  au to 

x id is e  very  slow ly , and reasonab le  y ie ld s  o f hydroperoxides a re  norm ally  

ob ta ined  only  by th e  use o f c a ta ly s ts  o r  by employing h igh  tem p era tu res  

o r  p re s su re s . In  th e  cases where th e  bonds to  be c leaved  a re  weaker, 

such as f o r  enam ines, eno ls  and p h en o ls , u n ca ta ly sed  a u to x id a tio n  can



o fte n  reach  com pletion in  s e v e ra l hours o r  le ss*

Large deuterium  iso to p e  e f f e c t s  have been measured fo r  th e  

hydrogen a b s tr a c t io n  s te p . For th e  re a c t io n  o f  th e  t - b u ty l  peroxy 

r a d ic a l  w ith  t e t r a l i n ,  th e  deuterium  iso to p e  e f f e c t  was estim ated  t e  

be in  th e  o rd e r o f 1 6 ^ .  T h is in d ic a te s  a h ig h  degree o f  bond b reak ing  

in  th e  t r a n s i t i o n  s ta t e  le ad in g  to  p ro d u c ts , and, accord ing  to
i

Hammond s p o s tu la te ,  t h i s  t r a n s i t i o n  s t a t e  should  th e re fo re  resem ble 

p ro ducts*^ ,

R00 s H • R .

The s t a b i l i t y  o f th e  in c ip ie n t  r a d ic a l ,  R*, should th e re fo re  be 

a m ajor f a c to r  in  de term in ing  th e  r a t e  o f t h i s  r e a c t io n .

F ac to rs  in f lu e n c in g  f r e e  r a d ic a l  s t a b i l i t y .

The s t a b i l i t y  o f f r e e  r a d ic a ls  i s  in flu en ced  by th e  groups 

a tta ch e d  t o  th e  r a d ic a l  c e n tr e , and e s p e c ia l ly  by th e  a b i l i t y  o f  th e se  

groups to  d e lo c a lis e  th e  u n paired  e le c tro n .

For a lk y l r a d ic a l s ,  th e  o rd e r o f s t a b i l i t y  i s

t e r t i a r y  > secondary > prim ary .

T h is  o rd e r can be a t t r ib u te d  m ainly to  hyperco n ju g atio n .

Much g re a te r  s t a b i l i t y  i s  in tro d u ced  by resonance d e lo c a l is a t io n ,
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While th e se  e f f e c t s  predom inate in  de term in ing  th e  s t a b i l i t y  ©f 

a f r e e  r a d i c a l , p o la r  e f f e c t s  have been shown t© e x e r t some in flu en c e  

upon a u to x id a tio n  r a t e s ,  as w e ll as on e th e r  f r e e  r a d ic a l  r e a c t io n s .  

T h is  has been a t t r ib u te d  to  th e  d ip o la r  n a tu re  o f  th e  t r a n s i t i o n  s t a t e
i -  UR00 : H • R

which i s  though t to  be im portan t in  th e  r a te  de term in ing  hydrogen

a b s tr a c t io n  s te p .  Thus, groups which in c re a se  th e  e le c tro n  d e n s ity

a t  th e  r a d ic a l  c e n tre  f a c i l i t a t e  th e  re a c t io n , th e  peroxy r a d ic a l  be ing

e le c t r o p h i l ic  in  n a tu re . In  phenol a u to x id a tio n s , th e  use o f  th e

Hammett eq u a tio n  employing 6 + s u b s t i tu t io n  c o n sta n ts  lead s  to  a

va lue  o f  -1 .5  f o r  hydrogen a b s tr a c t io n  by peroxy r a d ic a ls  in  accord

w ith  th e  development o f co n sid e rab le  p o s i t iv e  charge in  R in  th e

t r a n s i t i o n  s t a t e ^ .

However, th e se  e f f e c t s  a re  e a s i ly  overshadowed by changes in

s u b s t i tu t io n  on theoC -carbon, so th a t  o x id a tio n  o f benzyl phenyl e th e rs

i s  in s e n s i t iv e  to  s u b s t i tu t io n  on th e  benzyl o r phenyl group, ©wing
16to  th e  pow erful e le c tro n  supply ing  e f fe c t  o f th e  e th e r  oxygen atom .

E lec tro n  w ithdraw ing cC. - s u b s t i tu e n ts  on th e  a tta c k in g  peroxy

r a d ic a l  in c re a se  th e  e le c t r o p h i l i c i ty  o f t h i s  sp e c ie s , so t h a t  th e

benzoyl peroxy ra d ic a l  ( 5 ) was estim ated  to  be ca . 40,000  tim es more

17re a c t iv e  tow ards benzaldehyde th a n  th e  t - b u t y l  peroxy r a d ic a l  •

(3)
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S te r ic  and conform ational in f lu e n c e s .

The t h i r d  f a c to r  which can in flu en c e  th e  r a t e  o f  th e  hydrogen

a b s tr a c t io n  re a c tio n  in  au to x id a tio n s  i s  th e  s t e r i c  requ irem en t. S te r ic

h indrance  can have a dram atic  e f f e c t  on th e  ease  o f hydrogen a b s tr a c t io n

from many o rgan ic  s u b s t r a te s .  However, a t ta c k  by m olecu lar oxygen

i s  no t norm ally  su b jec t to  s t e r i c  in f lu e n c e s , except in  extreme c a se s .

For example, th e  trip h en y lm e th y l r a d ic a l  r e a c ts  slow ly w ith  oxygen»
18and th e  p e rch lo ro trip h en y lm e th y l r a d ic a l  no t a t  a l l  •

The d if fe re n c e  in  r e a c t iv i t y  o f  a lk y l peroxy ra d ic a ls  t o  hydrogen 

a b s tr a c t io n  has been a t t r ib u te d  m ainly to  s t e r i c  f a c to r s ,  so th a t  an 

in c re a se  in  th e  degree o f b ranch ing  in  th e  ̂ -c a rb o n  r e s u l t s  in  a  

d ecrease  in  r e a c t i v i t y '* '^ ,

MeOO* > EtOO* > ^PrOO* > t BuOO* .

The most dram atic  e f f e c t s  o f  s t e r i c  environment a re  seen in  th e  

s u b s tr a te  r e a c t i v i t i e s ,  where th e  a c c e s s ib i l i ty  o f  th e  hydrogen atom 

to  be a b s tra c te d  can be im p o rtan t. ,*£ -D im ethylbenzyl e th e r  i s  one

19f i f t e e n th  as re a c t iv e  as benzy l e th e r  tow ards t - b u ty l  peroxy r a d ic a ls  .

o -S u b s ti tu te d  a lk y l benzenes a u to x id ise  much more slow ly th a n  th e

p -iso m ers , and 1 ,2 ,4 - t r i i s o p ro p y l  benzene a u to x id ise s  only  in  th e  
20fo u r  p o s i t io n  .

■00 H

T his e f f e c t  has been r e la te d  t© a decrease  in  (T-Tf con ju g atio n  

o f th e  C-H bonds in  o -d ia lk y lb en zen es , bo th  in  th e  ground s t a t e ,  and 

in  th e  t r a n s i t i o n  s t a t e  le ad in g  to  p ro d u c ts . T h is can be c o rre la te d  

d i r e c t ly  w ith  s h i f t s  to  s h o r te r  w avelength and a d im inution  in  

ab so rp tio n  i n t e n s i t i e s  in  th e  u .v . sp e c tra  o f th e s e  compounds.
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A s im ila r  e f f e c t  in  1 -a lk y ln ap h th a len es  compared w ith  2 -a lk y l-

naph thalenes has been r e la te d  to  th e  s t e r i c  e f f e c t  o f  th e  n e r i -

hydrogen. T h is  in te r a c t io n  may fo rc e  th e  ad jacen t C -ary l -  C -a lky l

bond out o f  th e  p lane  o f th e  naphthalene n u c leu s . T h is would r e s u l t

in  a breakdown o f ^ -  I t  co n ju g atio n  o f  th e  r in g  w ith  th e  -C-H bond o f

th e  a lk y l group in  th e  t r a n s i t i o n  s t a t e .  Thus l-iso p ro p y ln ap h th a le n e

i s  more s ta b le  to  a u to x id a tio n  th a n  2 -iso p ro p y ln ap h th a len e , p o s s ib ly

as a  r e s u l t  o f  th e  decreased  s t a b i l i t y  o f th e  r a d ic a l  (4)» ©r o f
20th e  t r a n s i t i o n  s t a t e  le ad in g  to  t h i s  r a d ic a l  .

e

An in te r e s t in g  c o n tra s t  to  t h i s  phenomenon can be found in  th e  

a u to x id a tio n  o f s u b s t i tu te d  indanes and te tra h y d ro n a p h th a len e s , as 

d isp lay ed  by th e  fo llo w in g  exam ples.

R e la tiv e  r a t e :  2 9 10

T his can be exp la ined  i f  one co n sid e rs  th e  r ig id  n a tu re  o f th e  indane 

and te trah y d ro n ap h th a len e  sk e le to n s  r e l a t iv e  to  a lky lb en zen es . The 

in c ip ie n t  r a d ic a ls  involved  in  th e  hydrogen a b s tr a c t io n  s tep  must 

be p la n a r , and in  th e  p lane  o f  th e  arom atic  n u c leu s , f o r  maximum 

s t a b i l i s a t i o n .  In  th e  a l i c y c l ic  m olecu les, th e  axialoC-hydrogen to  

be a b s tra c te d  i s  a lread y  c lo se  to  th e  conform ation req u ired  in  th e
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tx a n s i t io n  s t a t e ,  whereas such a conform ation c o n s t i tu te s  on ly  a sm all

20p ro p o rtio n  o f th e  p o s s ib le  conform ers o f th e  n o n -r ig id  a lky lbenzenes •

Shapes o f f r e e  r a d ic a l s .

I t  has been shown th a t  f r e e  r a d ic a ls  have a p re fe ren ce  f o r  a

p la n a r  geom etry, although  t h i s  has been a m a tte r  o f co n tro v ersy  in  
21th e  p a s t . R esu lts  from th e o r e t i c a l  c a lc u la t io n s  were in c o n c lu s iv e , 

bu t th e y  d id  in d ic a te  th a t  th e  energy d if fe re n c e  between a pyram idal 

geometry and a p la n a r  geometry i s  much sm a lle r th a n  f o r  carbonium 

io n s . Recent e . s . r .  s tu d ie s  and ex ten s iv e  chem ical evidence in d ic a te  

t h a t  th e  p la n a r  conform ation i s  p re fe r re d  where p o s s ib le .

The product r a t i o  in  th e  a u to x id a tio n  o f th e  c is -9 -d e c a ly l  r a d ic a l  

i s  dependent upon oxygen p re s s u re s ,  whereas t h a t  o f  th e  tra n s -9 -d e c a ly l  

r a d ic a l  i s  in s e n s i t iv e .

H

H

planar

t rans:  cis  = 7:1 
ROH

c i s - R O H
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At h igh  oxygen c o n c e n tra tio n s , an~excess o f  th e  c is-h y d rep ero x id e
n

i s  formed from th e  c is-perjjp ter. These r e s u l t s  in d ic a te  th a t  th e  c i s -
I I

r a d ic a l ,  which re q u ire s  a r in g  in v e rs io n  to  a t t a i n  a p la n a r  geom etry,

p re fe r s  to  d© so i f  oxygen c o n ce n tra tio n s  a re  s u f f i c i e n t ly  low to

allow  tim e f o r  t h i s  p rocess to  occu r. The t r a n s - r a d ic a l ,  which

re q u ire s  only  a s l ig h t  f le x in g  o f i t s  s t ru c tu re  to  achieve p la n a r i ty ,

shows no dependency upon oxygen c o n c e n tra tio n . T his i s  a c le a r
21in d ic a t io n  th a t  a p la n a r  conform ation i s  p re fe r re d  .

However, th e re  i s  co n sid e rab le  evidence th a t  no n -p lan ar r a d ic a ls  

do e x i s t ,  and a re  r e l a t iv e ly  more s ta b le  th a n  t h e i r  carbonium io n  

c o u n te rp a r ts . Bridgehead r a d ic a l s ,  which have a n o n -p lan ar c o n fig u r

a t io n ,  a re  found to  be le s s  s ta b le  th an  th o se  which can achieve 

p la n a r i ty ,  bu t a re  co n sid e rab ly  more s ta b le  th a n  corresponding  b rid g e 

head carbonium io n s . For example, th e  r e l a t iv e  ease o f decom position 

o f  p e re s te r s  in d ic a te s  th e  r e l a t iv e  s t a b i l i t i e s  o f th e  corresponding  

r a d ic a l s .

X

CLBu

1*0 0*3 0-03
R ela tiv e  r a t e s :

(c o rre c te d  fo r  d if fe re n c e s  in  in d u c tiv e  e f f e c t s )

0*0016

These r e s u l t s  in d ic a te  th a t  s t r a in  decreases  th e  s t a b i l i t y  o f 

r a d ic a ls ,  bu t to  a much sm a lle r e x ten t th an  in  th e  corresponding
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21 13carbonium io n s  . Recent in v e s t ig a tio n s  o f  th e  C h y p e rfin e  s p l i t t i n g s

in  th e  e . s . r .  o f oxygen- and h a lo g en -co n ta in in g  r a d ic a ls  in d ic a te  th a t

22th e y  a re  n o n -p lan a r, f o r  example 

CH2OH , CMe20H , H

&

a y  .

S te r ic  e f f e c t s  a re  alm ost in v a r ia b ly  used to  e x p la in  d ecreases  

in  a u to x id a tio n  r a t e s ,  and t h i s  i s  norm ally  due to  d i f f i c u l t y  o f 

access o f th e  peroxy r a d ic a l  to  th e  a c tiv e  C-H bond.

An in te r e s t in g  example o f  a  case  where s t e r i c  f a c to r s  a re  though t 

to  f a c i l i t a t e  th e  a u to x id a tio n  o f te rp e n ic  aldehydes has r e c e n tly  been 

re p o r te d .

(5*) E - CHO,
i

R * CHZ
j (5d) R SB co2h ,

i
R « CH

(5b) R * CH 3 ,
i

R > 00H (5e) R ** OH,
i

R « CH

(5c) R * 00H,
t

R -  CH.
3 (5 f) R - ch5 ,

i
R -  OH

CHO

CHO

I t  was found th a t  a u to x id a tio n  o f to r u lo s a l  (5a) gave, as w e ll as 

th e  expected ac id  (5 d ), th e  nor-compounds (5b , 5c , 5e, 5 f) and th e  

isom eric  o le f in s  (6 ) .  These a re  thought to  have a r is e n  from
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d ecarb o n y la tio n  o f th e  i n i t i a l l y  formed acy l r a d ic a l  t e  g ive  th e  

r a d ic a l  ( 7 ) ,  which can th e n  re a c t  w ith  oxygen, and a b s tr a c t  an 

a ldehyd ic  hydrogen atom from an o th er m elecule to  g ive  th e  hydroper

oxides (5b , 5 c ) . Reduction o f th e se  and subsequent d ehydra tion  can 

account f o r  th e  o th e r  p ro d u c ts . I t  i s  proposed th a t  th e  m ajor f a c to r  

re sp o n s ib le  f o r  t h i s  anomalous behaviour i s  th e  unfavourab le  1 ,5 -  

d ia x ia l  in te r a c t io n  between th e  form yl group and th e  an g u la r m ethyl 

group, so t h a t  th e  fo rm ation  o f th e  p la n a r  r a d ic a l  (7 ) le ad s  t o  a 

r e l i e f  o f s t r a in  w ith in  th e  m olecule. I t  was found th a t  dehydro- 

a b ie t ic  aldehyde (8 ) ,  where th e  form yl group i s  e q u a to r ia l ,  was much 

more s ta b le  th a n  to r u lo s a l  to  a u to x id a tio n , and a much lower p ro p o rtio n  

o f th e  anomalous p roducts  was found. In  t h i s  c a se , i t  i s  assumed th a t  

th e  1 ,5 -d ia x ia l  in te r a c t io n  i s  le s s  s e r io u s  th a n  in  th e  case o f 

t o lu r e s a l ,  a lthough  i t  may w e ll be t h a t  defo rm yla tion  o f a x ia l  

aldehydes i s  a more f a c i l e  p ro cess  fo r  o th e r  re a so n s . I t  was found 

th a t  co n fo rm atio n a lly  n o n -r ig id  t e r t i a r y  aldehydes such as ( 9 ) gave

much sm a lle r  p ro p o rtio n s  o f th e  decarbonylated  p ro d u c ts , th e  m ajor
25product be ing  th e  de riv ed  ca rb o x y lic  a c id  .

A u tox idation  o f phenols and r e la te d  system s.

The au to x id a tio n  o f phenols in  n e u tra l  and b a s ic  media, and w ith  

o r w ithout th e  use o f c a ta ly s t s ,  has been e x te n s iv e ly  in v e s t ig a te d .

G reat in t e r e s t  has a lso  been shewn by bo th  p h y s ic a l and o rgan ic  chem ists 

in  th e  p ro p e r t ie s  and coupling  re a c tio n s  o f phenoxy r a d ic a ls ,  many 

o f which d isp la y  g re a t s t a b i l i t y 2^ . The r a d ic a l  coupling  o f  phenols 

has been shown to  be involved  in  many b io s y n th e tic  pathways .

The phenoxy ra d ic a l  i s  s ta b i l i s e d  by d e lo c a l is a t io n  o f th e  unpaired  

e le c tro n  throughout th e  arom atic  system .

«
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Phenoxy r a d ic a ls  r e a d i ly  couple to  form 0-C and C-C d im ers, u n le ss  

s t e r i c  h indrance  p rev en ts  o r  r e ta rd s  such d im e risa tio n  p ro c e sse s .

For t h i s  re a so n , th e  behaviour and p ro p e r t ie s  o f  2 ,4 ,6 - t r i s u b s t i t u t e d  

phenoxy r a d ic a ls  (10) a re  o f s p e c ia l  i n t e r e s t ,  s in ce  many o f th e se  

e x is t  as s ta b le  monomers in  th e  absence o f oxygen f o r  long p e r io d s .

T h is  s t a b i l i t y  i s  a t t r ib u te d  m ainly to  th e  s t e r i c  s t r a i n  which would 

be p re sen t in  th e  dim er. For example, 2,4>6 - tr i- t-b u ty lp h e n o x y  (10,

R « ^Bu) i s  com pletely  monomeric bo th  in  s o lu tio n  and in  th e  s o l id  

s t a t e .

R

R

Ph

( 1 1 )( 1 0 )

2 ,4 ,6-Triphenylphenexy i s  a lso  monomeric in  s o lu t io n , bu t e x is t s  

as a dimer ( l l )  in  th e  s o l id  s t a t e .  The g re a te r  tendency o f  th e  l a t t e r  

to  d im erise  i s  a t t r ib u te d  to  th e  sm alle r s t e r i c  requirem ent o f  th e  

phenyl group.

The s t a b i l i t y  o f 2 ,6 - d i - t - b u ty l - 4 - s u b s t i tu te d  phenoxy r a d ic a ls  

i s  m arkedly reduced i f  th e  s u b s t i tu e n t  a t  th e  4-p© »ition co n ta in s  an 

A-hydrogen, owing to  th e  ease w ith  which d is p re p e r tio n a t io n  can occur 

to  g ive  a  quinene m ethide and a phenol.

OH

2

CHR CHR

These s t e r i c a l l y  h indered  r a d ic a ls  have been term ed s ta b le ,  bu t 

in  f a c t  th e  m a jo rity  o f phenoxy r a d ic a ls  r e a c t  ra p id ly  w ith  m olecu lar
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oxygen , which has very  l i t t l e  s t e r i c  requ irem en t. Thus 2 , 4 , 6 - t r i - t -

butylphenoxy i s  d e co lo rise d  by oxygen in  c a . t h i r t y  m inu tes, w hile

2 ,6 -d i-t-b u ty l-4 -p h en y lp h en o x y  re q u ire s  e ig h t h o u rs , and 2 ,4 ,6 -

tripheny lphenoxy  i s  in e r t  to  oxygen. E lec tro n  w ithdraw ing s u b s t i tu e n ts ,

o r  th o se  which in c re a se  th e  co n ju g a tio n , reduce th e  tendency o f th e

r a d ic a l  to  re a c t  w ith  oxygen. The p roducts  o f  th e se  re a c tio n s  a re

norm ally  perox ides o f th e  ty p e  (1 2 ) , a lthough  o r th o -o r th o -  and o r th o -
24para-coup led  perox ides a re  formed in  some cases «

0—0

( 1 2 )

Hydroperoxides h a re  a lso  been is o la te d  from th e se  r e a c t io n s ,  

f o r  exam ple^

0 0  H

I t  i s  in te r e s t in g  to  n o te  t h a t ,  in  th e  case o f pheno ls, th e  

re a c t io n  w ith  oxygen i s  n e t always a f a s t  s te p ,  and indeed , in  seme 

c a se s , does n e t occur a t  an ap p rec iab le  r a t e .  T h is i s  in  c o n tra s t  

w ith  th e  v a s t  m a jo rity  o f au to x id a tio n  re a c t io n s .

Much o f th e  in t e r e s t  in  phenol au to x id a tio n  stems from t h e i r  

an tio x id a n t p ro p e r t ie s ^ . Aromatic amines show s im ila r  a c t i v i t y ,  bu t 

th e y  have no t been so e x te n s iv e ly  in v e s t ig a te d . The main fe a tu re  o f 

a n tio x id a n ts  i s  t h a t  th e y  have r e a d i ly  a b s tr a c ta b le  hydrogens and 

g ive  s ta b le  r a d ic a ls  so th a t  th e y  in te r r u p t  th e  p rop ag a tin g  chain
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-reaction  in  a u to x id a tio n  re a c t io n s .

R00* + ArGH } SOOH + ArO*

ArO* + EH ArOH + R*

T erm ination  th e n  occurs by one o f th e  s te p s

R02 # + ArO° 

ArO* + ArO*

^  m olecu lar p roducts

^  m o lecu lar p ro d u c ts .

For example,
«

R00* - f

^ N dOR

In  cases where th e  phenol has e i th e r  o r  bo th  o ons f r e eI i

th e  r e s u l t in g  r a d ic a l  may be s u f f ic ie n t ly  re a c t iv e  to  con tinue th e  

au to x id a tio n  p ro c e ss , p o ss ib ly  a t  a slow er r a t e .

Howard and Ingo ld  were ab le  to  show th a t  2 ,6 -d i- t-b u ty l-4 -m e th y l-  

phenol-OD i s  about one te n th  as e f f i c i e n t  an in h ib i to r  ©f s ty re n e

phenol must be c leaved  in  th e  slow s tep  o f th e  chain  t r a n s f e r  p ro c e ss . 

A s e r ie s  o f  m eta- and p a ra - s u b s t i tu te d  phenols were c o r re la te d  u s in g

o f  -1*3, in d ic a tin g  th a t  e le c tro n  re le a s in g  s u b s t i tu e n ts  in  th e  phenol 

a c c e le ra te  th e  hydrogen a b s tr a c t io n  p rocess ( c f .  page 13 ). T h is  i s  

no t s u rp r is in g  owing to  th e  known e le c t r o p h i l i c i ty  o f peroxy r a d ic a l s ,  

bu t does in d ic a te  th a t  th e  t r a n s i t io n  s t a t e  does have some p o la r  

c h a ra c te r .

The phenomenon o f synergism , whereby th e  a d d itio n  o f two o r  more 

a n tio x id a n ts  i s  more e f fe c t iv e  th a n  th e  sum o f t h e i r  in d iv id u a l e f f e c t s ,  

has o f te n  been used to  advantage, e s p e c ia l ly  in  overcoming th e  d i s 

advantages o f 2 ,6 -d is u b s t i tu te d  p heno ls, which o f te n  re a c t  to o  slow ly ,

Ka)a u to x id a tio n  as th e  u n d e u te r ia te d  phenol • Thus, th e  0-H bond o f  th e

+ +6  c o n s ta n ts , and th e  v a lu es  o f f  were estim ated  to  be in  th e  o rd e r
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o
and th o se  o f phenols u n su b s ti tu te d  in  th e  o rth j-p o s itio n s  , which a re  

norm ally  to o  re a c t iv e  to  be com pletely  e f f e c t iv e .  T h is i s  exem plified  

by th e  fo llo w in g  scheme1

*  R O O H  +

The in flu en c e  o f s t e r i c  f a c to r s  in  th e  p ro p e r t ie s  o f h indered

phenols has been th e  su b je c t o f in v e s t ig a t io n  f o r  many y e a rs .

Evidence f o r  a d ep artu re  from p la n a r i ty  in  th e se  m olecules i s

accum ulating . T his in c lu d es  anom alies in  i . r « ,  u .v .  and n .m .r .

27sp e c tra  • I t  i s  thought th a t  fo r  2 ,6 -d i- t-b u ty lp h e n o ls , s t e r i c  

eem pression r e s u l t s  in  a weakening o f  th e  0-H bondo E stim ates o f 

76+5 k c a l .  mole”1 fo r  th e  d is s o c ia t io n  energy o f th e  0-H bond in  

h indered  phenols imply th a t  t h i s  bond i s  co n sid e rab ly  weakened 

compared to  th e  value  o f 85 k c a l .  mole 1 fo r  normal ph en o ls. T his

lower value  would f a c i l i t a t e  hom olysis o f th e  0-H bond in  a u to x id a tio n
27o f th e se  m olecules •

S te r ic  crowding would a lso  account f o r  th e  tendency shown by
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h e a v ily  s u b s t i tu te d  phenols to  form 4 , 4-d isu b s titu te d -c y c lo h e x a d ien o n e s

in  many re a c tio n s  in c lu d in g  a u to x id a tio n s , e s p e c ia l ly  vhen t h i s  r e l ie v e s

b u t t r e s s in g  e f f e c t s  w ith in  th e  m olecule * T his occurs even when arom-

a t i s a t io n  would be p o s s ib le . Kharasch and Jo sh i i s o la te d  th e  k e to -

tau tom er ( 13) ©f th e  d iphenol ( 14) by base c a ta ly se d  fe r r ic y a n id e
28o x id a tio n  o f 2 ,6 -d i- t-b u ty lp h e n o l •

(13)

EtOH
slow

OH
( K )

B rom ination o f 2 ,6 -d i- t-b u ty lp h e n o l g ives th e  s ta b le  k e to -tau tem er
2Q

( 15)> which iso m erises  to  th e  phenol (16) on ly  in  a c id ic  media •

( 1 5 )

OH

H

Br
16)

T his phenomenon can be in te rp re te d  as evidence o f s t r a in  w ith in  

th e se  m olecu les, and has been found to  be accompanied by ready a u t

o x id a tio n  in  some c a se s . M ille r  found th a t  th e  cyclohexadienone (17) 

i s  s ta b le  over prolonged p e r io d s , and in e r t  to  atm ospheric oxygen. 

However, th e  p h eno lic  tau tom er (18) i s  converted  to  th e  hydroperoxide 

(19) in  s e v e ra l  h o u rs .

(17)

MeOH 
9 hrs.

0 0  H

( 1 9 )

D O N  
-------->

2) H*

( 18)
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The au th o r p o in ts  out th a t  th e  b u t t r e s s in g  e f f e c t s  o f  th re e

ad jacen t s u b s t i tu e n ts  in  (18) in tro d u ces  severe  s t r a i n  in te  th e  m olecu le,

which i s  no t p re sen t in  th e  s t ru c tu re s  (17) and (19)* T his i s  one o f

th e  r a r e  cases where s t e r i c  e f f e c t s  have been a sso c ia te d  w ith  a c c e l-

30o ra tio n  o f an au to x id a tio n  p rocess  .

A s im ila r  argument could be used to  account f o r  th e  s t a b i l i t y  o f  

th e  k e to -tau to m er (2 0 ), and th e  f a c i l e  a u to x id a tio n  o f th e  phenol (21) 

to  th e  hydroperoxide ( 2 2 ) ^ .

NaOMe
MeOH>

Me ‘OMeOMe
H 0 0

( 22 )( 2 1 )( 2 0 )

The t r i - t - b u ty ld io n e  ( 23) i s  p re sen t in  excess even in  b a s ic
32m edia, and does no t tau to m erise  to  th e  phenol in  weak ac id  •

OH

OH

(23)

The s t a b i l i t y  o f th e  ke to -tau to m ers  o f phenols to  oxygen i s  no t 

s u rp r is in g ,  s in ce  ketones a u to x id ise  very  s low ly , i f  a t  a l l .  However, 

s e v e ra l re p o r ts  o f  f a c i l e  au to x id a tio n  o f r e a d i ly  e n o lis a b le  ketones 

have been re p o r te d . Bredereck and Bauer found th a t  benzene so lu tio n s  

o f th e  s u b s t i tu te d  dimedones ( 24) ,  (R ■ Me, E t , *Pr, ^ u ,  -CHgPh, P h), 

were au to x id ised  to  th e  u n s tab le  hydroperoxides ( 25) in  12-14 h o u r s ^ 0
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HO
R ^ O O H  

° 2

(2f) (25)

The cyclopentandione (26) was converted  to  th e  d ik e to  ac id  (28)

v ia  th e  hydroperoxide ( 27)* on exposure o f benzene so lu tio n s  to  oxygen*

34in  v i r t u a l ly  q u a n ti ta t iv e  y ie ld  over a p e rio d  o f  days .

H 00

26} (27) ( 2 8 )

The indandiones (29) 9 (S -  E t , nP r, nBu, -GH2A r), behave in  a

33 35s im ila r  m anner"*  .

R
3 d a y s >0H

( 2 9 )

I t  was suggested  th a t  th e  f a c i l e  re a c t io n  o f such compounds i s  

due to  th e  a c id i ty  o f th e  doubly a c tiv a te d  oC-hydrogen, but t h i s  seems 

u n lik e ly  in  view o f  th e  s t a b i l i t y  o f th e  k e to -tau to m ers  o f phenols to  

oxygen. A p o s s ib le  ex p lan a tio n  i s  th a t  th e  s t e r i c  com pression caused 

by th e  a lk y l s u b s ti tu e n ts  in  th e  p la n a r  enol form o f th e se  -d ik e to n es  

i s  re lie v e d  in  th e  au to x id a tio n  re a c t io n ,  th u s  a c c e le ra tin g  t h i s  p ro ce ss .
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fe ja c k  found th a t  th e  a lk y lin d an d io n es  ( 29) were in c re a s in g ly  un

s ta b le  to  oxygen as th e  bu lk  o f th e  a lk y l group was in c re a se d , a lthough

35he d id  no t id e n t i f y  th e  i n i t i a l  p ro ducts  o f a u to x id a tio n  . The m ethyl

hydroperoxide from th e  dione ( 29 , R * Me) was c h a ra c te r is e d  r e c e n t l y ^ .

A s im ila r  behaviour i s - e x h ib i te d  by s u b s t i tu te d  enamines and

arom atic  am ines. A s e le c t io n  o f  such compounds which a u to x id ise  to

12hydroperoxides i s  g iven  below •

H

H 00

R -  R» -  Me ; R -  Me,Rf -  *Pr } R -  Me,R* * Ph 5 R,R» - ( ch2)4- .

a:P h  

I
H

R = Me, CH2Ph.

NH

10 H

NHR

1 «2 1 H,R4

■>

NR

00 H

2 Ph
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0,

Ph

00 H

In  a l l  of these examples one could postulate that the formation

of hydroperoxide results in  a release of strain within the molecule.

The recent report of the autoxidation of enamine ( 30-) to the

hydroxylated naphthyridine (3 l)  may proceed via dehydration and

subsequent tautomerisation of the ketone ( 32 ) ,  although the authors

propose an alternative pathway involving hydroperoxide formation at 
36the 5~P®sition •

Me
Et

HO

Me
Et

H 00

Et

(31)

Peri-interections in fused aromatic systems.

Condensed aromatic systems such as naphthalenes and anthracenes 

have a unique steric interaction due to the proximity of substituents 

in the peri-positions ♦ This is  the subject of a comprehensive review 

A large amount of physical evidence has been accumulated in support 

of th is  interaction.

37
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The s t r a in  due to  congestion  between th e  p e r i - s u b s t i tu e n ts  in  

1 ,8 -d im ethylnaphthalene has been e stim ated  a t  about 8 k c a l .  m o le ~ \ 

and i s  ev id en t from th e  d is to r te d  bond ang les  rev ea led  in  X -ray s tu d ie s  

o f  bo th  t h i s  compound and th e  r e la te d  3 -brom o-l>8-d im ethy lnaph tha lene . 

P re d ic tio n s  o f geometry based on s t r a in  m in im isa tion  c a lc u la t io n s  a re  

in  e x c e lle n t agreement w ith  th e  X -ray r e s u l t s ,  th e  most marked d i s 

to r t io n s  be ing  in  th e  p lane  o f  th e  naphthalene n u c leu s9 although  in  

o th e r  system s, severe  bu ck lin g  o f th e  naph thalene  nucleus has been
7Q

observed • The r o ta t io n  b a r r i e r  f o r  th e  m ethyl groups in  1 ,8 -  

d im ethylnaphthalene has been e s t im a te d , ,u s in g  n .m .r . F o u r ie r  tran sfo rm

te c h n iq u e s , a t  3 k c a l .  mole-1  compared w ith  th e  normal va lue  o f 2 k c a l .

-1  39mole fo r  i s o la te d  m ethyl groups .

A re c e n t X-ray study o f l,8 -d i(b rom om ethy l)naph thalene  (33) in d ic a te s

t h a t ,  w hile th e  m ajor deform ations a re  in  th e  p lane  o f th e  m olecule

by v ir tu e  o f in -p la n e  bending o f th e  and C g-C ^ bonds, th e re

a re  a lso  e u t-o f-p la n e  deform ations throughout th e  m olecule. T h is  s tudy

rev ea led  co n sid e rab le  d is to r t io n s  o f both  bond ang les and bond len g th s

in  th e  naphthalene n u c leu s . For example, th e  C,-C0 and C„-C bondsX c. ( o

a re  alm ost lo n g er th an  th e  811(1 C5~C6 1)011(18 • Sucl1 d is to r t io n s

could  e x p la in  th e  anomalous r e a c t iv i ty  d isp lay ed  by such compounds.

(33 )

Low tem p eratu re  n .m .r . s tu d ie s  o f th e  dibrom ide (33) and a s e r ie s  

o f r e la te d  compounds in d ic a te d  th a t  th e  b a r r i e r  to  ro ta t io n  about th e  

p e r i - bonds in  th e se  m olecules i s  to© low to  be e stim ated  by t h i s  m ethod^i 

The s u b s ta n t ia l  dow nfield s h i f t  o f th e  p e r i - p ro to n  s ig n a l in  th e
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n .m .r . o f 1 -a lk y ln ap h th a len es  observed by many groups has been a t t r i b 

u ted  to  p e r i - in t e r a c t  io n s . T h is e f f e c t  i s  maximised in  1 - t - b u ty l -  

naph thalenes and 1 ,4 -d i- t-b u ty ln a p h th a le n e s . A sm a lle r dow nfield s h i f t  

o f th e  t - b u t y l  s ig n a ls  r e l a t iv e  to  2 -t-b u ty ln a p h th a le n e  has been 

a t t r ib u te d  to  th e  same i n t e r a c t i o n ^ .

Lew tem peratu re  n .m .r . s tu d ie s  o f 1 - iso p ro p y l-  2-m ethylnaphthalene 

in d ic a te  a very  h igh  b a r r i e r  to  r o ta t io n  o f c a . 13 k c a l .  mele” \  in

c o n tra s t  w ith ^ t-b u ty ln a p h th a le n e s , where th e  b a r r i e r  t o  ro ta t io n  has

42been found to  be low er th a n  expected • T h is can be exp lained  by 

p o s tu la t in g  a low energy conform ation (34) Tor t h i s  m olecule, whereas 

f o r  1 -t-b u ty ln a p h th a le n e s  a l l  conform ations a re  s t r a in e d .

'Me

Me

(34)

In  th e  extreme case o f  1 ,3 ,6 ,8 - t e t r a - t  -b u ty ln ap h th a len e  (3 5 ) , 

Franck and co-w orkers have found th a t  th e  p e r i - s u b s t i tu e n ts  l i e  on 

op p o site  s id e s  o f  th e  mean p lane  o f  th e  naphthalene r in g ,  th e  b a r r i e r  

to  in te re o n v e rs io n  to  th e  m irror-im age conform ation being  g re a te r  th a n  

24 k c a l .  m©le"*\

(35)

The non-equivalence o f th e  b en zy lic  p ro to n s  in  ( 36) a t  e lev a te d  

tem pera tu res i s  tak en  as f u r th e r  p roo f o f th e  h igh  b a r r i e r  to  i n t e r 

conversion  between th e  m irror-im age c o n fo rm a tio n s^ .
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(36)
F u rth e r p h y s ica l evidence o f th e  s e v e r i ty  o f  th e  p e r i - in te r a c t io n  

in c lu d e  anomalous u .v . and i . r .  s p e c tra ,  d i e l e c t r i c  m easurem ents, and 

enhanced a c id i t i e s  o f 1-naph tho ic  ac id s  compared to  2-n aph tho ic  a c id s . 

T h is  l a s t  e f f e c t  i s  r a t io n a l i s e d  as a d e s ta b i l i s a t io n  o f th e  f r e e
■Z’J

a c id  (37) due to  s t e r i c  in h ib i t io n  o f  resonance .

(37)

In  m olecules such as 1 ,8 -d ip h en y ln ap h th a len e , i t  was re e e n tly

re p o rte d  t h a t  th e re  i s  no ex ten s io n  o f co n ju g a tio n , as p e r i - in te r a c t io n s

preven t c o p la n a r ity  o f th e  phenyl groups and th e  naphthalene s y s te m ^ .

A re c en t re p o r t  on th e  flu o rescen ce  o f methyl s u b s t i tu te d  naph thalenes

suggests  th a t  h igh  r a te s  o f in te rsy s tem  c ro ss in g  in  1 ,8-d im ethyl -

naphthalene and 1 , 4 ,4  > 8 -te tram eth y ln ap h th a len e  a re  caused by la ck  o f

45p la n a r i ty  in  th e se  m olecules as a r e s u l t  o f p e r i - in te r a c t io n s  .

The in flu en c e  o f p e r i - in t e r a c t io n s  upon th e  chem ical r e a c t iv i ty

o f s u b s t i tu te d  naphthalene and anthracene d e r iv a tio n s  i s  o f te n  s t r ik in g .

The r e la t iv e  ease o f  a c id -c a ta ly se d  iso m e risa tio n  o f  1 ,8-d im ethy l -

naphthalene to  th e  1 ,7 -isom er compared to  o th e r  dim ethyl naph thalenes

has been a t t r ib u te d  to  th e  r e l i e f  o f s t r a in  in  th e  t r a n s i t i o n  s t a t e
37lead in g  to  th e  C -l p ro to n a ted  d e r iv a tiv e  . In  th e  m a jo rity  o f  c a se s , 

anomalous behaviour o f s u b s tra te s  which age su b je c t to  p e r i - in te r a c t io n s
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in v o lves th e  removal o f t h i s  in te r a e t io n  in  th e  t r a n s i t i o n  s t a t e ,  in  

th e  p ro d u c ts , o r in  both  by lo s s  o f  a ro m a tic ity  in  one r in g ,  le ad in g  

to  te t r a h e d r a l  geometry a t  one o f th e  p e r i - p o s i t io n s . The ra p id  r a te  

o f  hydrogenation  o f  oC -t-bu ty lnaph tha lenes, and th e  h igh  degree o f  

s e l e c t i v i t y  d isp lay ed  in  th e  re a c t io n  has been a t t r ib u te d  to  s t e r i c  

s t r a in  r e le a s e  in  th e  t r a n s i t i o n  s t a t e .

H 2
catalyst

R sc Bu ,R* * H ; R -  R' Bu •

1 ,4 -S i- t -b u t  y ln ap h th a len e  i s  hydrogenated c a . t h i r t e e n  tim es

41more ra p id ly  th a n  naphthalene i t s e l f  •

The photochem ical iso m e risa tio n  o f 1 ,8 -d i- t-b u ty ln a p h th a le n e s  to  

t h e i r  Dewar isom ers i s  un ique. The ex c lu siv e  fo rm ation  o f th e  t r i - t -  

b u ty l Dewar isom er ( 38) can be accounted fo r  by p o s tu la t in g  th e  

ex is ten c e  o f  a b u t t r e s s in g  e f f e c t  between th e  m e ta - t-b u ty l groups. 

None o f th e  isom er (39) d e te c te d ^ .

(38) (3 9 )

P e r i - d im ethylnaphthalenes r e a d i ly  undergo c y c lo a d d itio n  re a c tio n s  

w ith  s in g le t  oxygen to  g ive  tra n s a n n u la r  p e ro x id e s , 1 ,4-D im ethyl- 

naphthalenes re a c t  e x c lu s iv e ly  in  th e  s u b s t i tu te d  r in g .



1 -Met hy ln ap h th a len e  and 1 ,5 -d im ethylnaphthalene a re  in e r t  under th e se  

47co n d itio n s  •

The s u b s t i tu te d  a c r id iz in iu m  ie n s  ( 40) undergo ey e lo ad d itio n

re a c tio n s  w ith  s ty re n e , and th e  in c re a se  in  r a te  f o r  th e  m ethyl

s u b s t i tu te d  cases can be c o r re la te d  q u a l i ta t iv e ly  w ith  in c re a se s  in

p e r i - in te r a c t io n s  w ith in  th e  m olecule. A s im ila r  t re n d  i s  follow ed
48by s u b s t i tu te d  an thracene d e r iv a tiv e s  .

R

&

Ft

1 > 1 ' •  I  ; R
R e la tiv e  r a t e : -  

1 - 1

H,R» » Me ; 

13

R = R* = 

130

The f a c i l e  d e - t -b u ty la t ie n  o f  th e  s tra in e d  naph thalenes ( 41 ) and 

(42) r e l a t iv e  to  th e  d i- t-b u ty ln a p h th a le n e  (43) may be due to  a r e l i e f  

o f s t r a in  in  th e  C ^-pro tenated  in te rm e d ia te s^ 9 ^ ,
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y
No re a c tio n  under th e  same c o n d itio n s .

l - T r i t y l - 2-n aph tho l i s  converted  to  2 -naph tho l and tr ip h e n y l

50c a rb in e l r a p id ly  in  d i lu te  h y d ro ch lo ric  a c id  •

The f a i lu r e  o f  th e  naphthopyran (45) to  undergo a s im ila r  r e a e t ie n  

to  diphenan ( 44) on trea tm en t w ith  potassium  amide in  l iq u id  ammonia 

has been accounted fo r  by p o s tu la t in g  th e  supp ression  o f resonance 

s t a b i l i s a t i o n  in  th e  carbanion  ( 46) due to  s t e r i c  co m p ress io n ^ .



( 4 5 ) (46)

P e r i - e f f e c t8 in  n ap h th o ls .

The chem istry  o f s tra in e d  naph tho ls  might -be expected to  resem ble

th a t  o f th e  s tra in e d  phenols mentioned above. Some evidence f o r  th e

e x is ten c e  o f ke to -tau to m ers  o f  s t ra in e d  naph tho ls  i s  a v a i la b le .  The

ex c lu s iv e  fo rm ation  o f 7-m ethylam ino-1-naphthoi from th e  B ucherer

re a c tio n  on 1 ,7 -n a p h th a len ed io l has been tak en  as evidence fo r  th e

p r e f e r e n t ia l  fo rm ation  o f th e  2 -k e to -tau to m er (47) i 11 th e  i n i t i a l  s te p ,

th e  m ajor in flu en c e  being  th e  g re a te r  r e l i e f  o f s t r a in  in  t h i s  i n t e r -  

37m ediate •

l-H alogeno-2-naphtho ls a re  found to  be anomalously re a c t iv e  to  

s u b s t i tu t io n  by a n i l in e s .  T his was re la te d  to  th e  p resence  o f th e  

ke to -tau to m er (4 8 ) , which can r e a d i ly  undergo n u c le o p h ilic  s u b s t i tu t io n .  

This ty p e  o f re a c tio n  i s  norm ally  a c tiv a te d  by th e  presence  o f s tro n g  

e lec tron -w ithd raw ing  s u b s t i tu e n ts  p laced  in  a p o s i t io n  conjugated  w ith  

th e  carbon atom ca rry in g  halogen , but o p e ra tes  v ia  a d i f f e r e n t  mechanism

NHMe
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in  th e se  c a se s .

NHAr

ArNH

X = Halogen (48)

The f a i lu r e  e f  th e  l-ha logeno-2 -naph thox ide  io n , and l-h a lo g e n o -2-

m ethoxynaphthalenes to  undergo t h i s  re a c tio n  support t h i s  h y p o th esis , 

The naph tho l (5 l)  has heen shown to  e x is t  e n t i r e ly  in  th e  k e to -  

form, hu t th e  isom eric  naph tho l ( 52) does not tau to m erise  to  any 

m easurable e x te n t .

OAc KOH-MeQH

Ac 0  
2

OAc

— >

Examin a tio n  o f models in d ic a te s  th a t  th e  k e to -tau to m er o f ( 52) has a 

se r io u s  s t e r i c  in te r a c t io n  between th e  t - b u ty l  group and H -l, whereas 

th e  s t ru c tu re  ( 51) i s  com pletely  f r e e  o f unfavourable s t e r i c  in te r a c t io n s .  

T h is im p lies  th a t  th e  lo s s  o f arom atic  resonance s t a b i l i s a t i o n  in  th e  

ke to -tau to m er ( 51) r e la t iv e  to  th e  pheno lic  tau tom er i s  ou tbalanced  by 

th e  decrease  in  energy as a r e s u l t  o f th e  r e l i e f  o f s t e r i c  s t r a i n ^ .
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The te tr a c y c lin e s  (49) react with oxygen in  the presence ©f lig h t

to  g ive  th e hydroperoxides ( 50) when the su b stitu en t at th e 7-p o s it io n

i s  ch lorine or bromine, but not when i t  i s  hydrogen. The compound
52contain ing th e larger bromine sub stituen t reacts  more quickly . I t  

i s  l ik e ly  th at s in g le t  oxygen i s  involved in  th ese  rea c tio n s, s in ce  

th ey  do not proceed in  the absence o f l ig h t ,  and may involve th e  in te r 

mediacy o f a transannular peroxide ( c f .  dim ethylnaphthalenes, page 32) .

Me NMe, NMeOHMe.
OH

R CONHR R ONHR
OH OHOH

(50)

R * H,^Bu ; X * H,Cl,Br .

A utox idation  o f n a p h th o ls .

I t  was noted e a r lie r  th at seme hindered phenols which displayed  

keto-en ol tautomerism were a lso  found to  auboxidise r ea d ily . M iller  

has suggested th at t h is  behaviour i s  a ssocia ted  w ith a r e l i e f  o f  s te r ic  

s tr a in  in  the r esu lt in g  hydroperoxide (see  page 24) .

Franck found th at the stra ined  naphthol (53) i s  extremely s e n s it iv e  

to  a ir ,  but did not id e n t ify  th e products o f autoxidation . I t  was

suggested th at t h is  phenol may a lso  exh ib it k eto -en o l tautomerism, but
53no evidence fo r  t h is  has been presented . In t h is  case , formation  

o f a hydroperoxide such as ( 54) would r esu lt in  lo s s  o f arom aticity  

in  both r in g s .

(53)

OOHH
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A s e r ie s  o f 9 -su b s titu te d -1 0 -a n th ra n © ls  (55) > (R * Me, E t , -CHgPh,

Ph, v in y l ) ,  were found to  a u to x id ise  spontaneously  in  e th e r  in  s e v e ra l

h o u rs , g iv in g  th e  hydroperoxides (56) as th e  so le  prim ary p ro ducts  o f

autoxidation . In  some ca ses , the sta b le  keto-tautom ers (57) were
54p rep a red , and found to  be r e l a t iv e ly  in e r t  ttf  oxygen . A nthranol

i s  i t s e l f  known to  exh ib it k eto-en ol tautomerism, and au tox id ises in

55n e u tra l  o r  a lk a l in e  c o n d itio n s  t o  an thraquinone .

r r ^ i
1 . 0 H f  II E t  0  

2
H O O  R

S im ila r  behaviour i s  d isp lay ed  by a s e r ie s  o f 9 -su b stitu ted -1 0 -am in o - 

an th racenes (see  p ag e27)^4*  e a se s , th e  9 -s u b s t i tu e n t

i s  su b jec t to  p e r i - in te r a c t io n s  from bo th  s id e s ,  which im p lies  a 

g re a te r  degree o f s t e r i c  s t r a in  th a n  in  th e  analogous n ap h th a len es, 

and th e  lo s s  o f arom atic  resonance s t a b i l i s a t i o n  energy i s  a lso  

c o n sid e rab ly  l e s s .  No attem pt was made to  c o r r e la te  r e l a t iv e  r a te s  

o f a u to x id a tio n  w ith  th e  s iz e  o f th e  s u b s ti tu e n t  in  th e  9 -p « s it io n  .

When l- iso p ro p y l-2 -n a p h th o l was f i r s t  sy n th es ised  as an i n t e r 

m ediate in  th e  a ttem pted  sy n th e s is  o f to ta ro lo n e  (58) i t  was d iscovered
56th a t  i t  r e a d i ly  took  up one mole o f oxygen to  g ive a hydroperoxide • 

The in v e s t ig a t io n  o f  t h i s  phenomenon was l a t e r  extended to  o th e r

l-a lk y l-2 -n a p h th o ls  (59)> and th e  p roducts were unambiguously id e n t

i f i e d  as th e  l-h y d ro p e ro x y -l-a lk y l-2 ( 1H)-naphthalenones (60 ) ^ 9

(58)
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(59) (60)

R * * P r ,c -h e x y l,SBu .

2-N aphthol i t s e l f  i s  s ta b le  in  a i r  over prolonged p e r io d s , a lthough

59i t  can be oxygenated u s in g  copper I I -p y r id in e  complexes as c a t a l y s t s " .

l-M ethy l-2 -naph tho l i s  re p o rte d  to  a u to x id ise  very  slow ly to

l-h y d rex y -l-m e th y l-2 (lH )-n ap h th a len o n e , t r a c e s  o f t h i s  compound being  

observed a f t e r  a benzene so lu tio n  o f th e  naphtho l had ben exposed to  

a i r  f o r  fo u r  weeks A re - in v e s t ig a t io n  o f t h i s  re a c t io n  in d ic a te d  

th a t  i t  i s  ex trem ely  slow , and i s  no t c a ta ly sed  by common ra d ic a l  

i n i t i a t o r s ,  Treatm ent w ith  a lk a l in e  fe r r ic y a n id e  in  an oxygen atmos

phere gave only  th e  r a d ic a l  dimer (61, R -

(61)

Benzene s o lu tio n s  o f l-e th y l-2 -n a p h th o l were found to  a u to x id ise

in  d if fu se  su n lig h t to  a m ixture o f  th e  hydroperoxide (60, R * E t) ,

and th e  dimer (61, R » E t) over a  p e rio d  o f d a y s^ «

In  g e n e ra l, th e  s u s c e p t ib i l i ty  o f l-a lk y l-2 -n a p h th o ls  was found
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to  c o r r e la te  q u a l i ta t iv e ly  w ith  th e  degree o f  oC-branching in  th e  

a lk y l s u b s t i tu e n t .  I t  was proposed th a t  t h i s  phenomenon i s  r e la te d  

to  th e  degree o f p e r i - s t r a i n  w ith in  th e se  m olecu les.

The work desc rib ed  in  t h i s  th e s i s  ex tends th e  range o f s u b s t i tu te d

2-naph tho ls and a ttem pts to  r e l a t e  th e  degree o f s t r a in  to  th e  o v e ra l l  

r a t e  o f au to x id a tio n  in  a s e m i-q u a n tita tiv e  manner0



DISCUSSION.

In  o rd e r to  in v e s t ig a te  th e  f a c to r s  in f lu e n c in g  th e  a u to x id a tio n  

o f 2 -naph tho ls  in  a sy stem atic  manner, i t  was n ece ssa ry  to  p rep a re  a 

range o f th e se  compounds employing a v a r ie ty  o f  s y n th e tic  ro u te s . A 

l i t e r a t u r e  survey uncovered re p o rte d  p re p a ra tio n s  o f  th e  fo llow ing

2 -n ap h th o ls , which a re  re le v a n t to  th e  p re sen t s tu d y .

R

( 1 )

R -  M ethyl*’2 , e th y l2 ’ n -p ro p y l^ , iso p ro p y l^ ’^ ’^ , iso p ro p en y l^ ’ '*,

7 8 2 8 2 8 9n -b u ty l ’ , se c -b u ty l , n -p e n ty l , is o p e n ty l , n -hexy l , iso h ex y l7 ,

cy clohexy l^’*^, a l ly l* * ,  3>3-<liffl«thylallyl2 ’*^, benzy l2 ’ *2 , t r ip h e n y l-

m ethyl*^, phenyl*-*, 2-hydroxy-1-naphthy l*^ , 1 -m e th y la lly l* ^ .

I t  was a lre ad y  known th a t  l-e th y l-2 -n a p h th o l decomposes in  a i r ^ * ^ ,  

although  th e  p roducts  o f  t h i s  re a c tio n  were no t id e n t i f ie d  u n t i l  

re c e n t ly .  A u tox idation  o f  a benzene so lu tio n  o f t h i s  naph tho l was 

found to  g ive  th e  hydroperoxide (2 , R * E t ) ,  and th e  naphthoxy 

ra d ic a l  dimer (3» R = E t) .

R O O H

( 2 ) (3)

1-M ethyl-2-naphthel d id  no t re a c t  w ith  oxygen to  a s ig n if ic a n t  

ex ten t in  e ig h t days, even in  th e  p resence o f p o te n t ia l  i n i t i a t o r s  

such as c o b a lt I I I  a c e ty la c e to n a te , o r th e  hydroperoxide (2 , R * *P r)^ . 

Treatm ent w ith  aqueous a lk a l in e  potassium  fe r r ic y a n id e  in  th e  presence



o f oxygen produces only  th e  r a d ic a l  dimer (3 , R * Me). The naph th o ls  

( l ,  R -  xP r , c -h e x y l, s e c -b u ty l) were found to  r e a c t  ra p id ly  w ith  oxygen 

to  produce v i r t u a l ly  q u a n t i ta t iv e  y ie ld s  o f th e  hydroperoxides (2 , R *
ji 2 6
P r ,c -h e x y l ,s e c -b u ty l)  9 . 1-B enzyl-2-naphtho l was found to  be in e r t

2
to  oxygen over prolonged p e rio d s  . A l i t e r a t u r e  survey d id  no t re v e a l

any fu r th e r  re p o r ts  o f i n s t a b i l i t y  o f  2 -naph tho ls  to  oxygen. 5>8-Di-

t - b u ty l - l -n a p h th e l  ( 4 ) i s  re p o rte d  to  re a c t  r a p id ly  w ith  oxygen, bu t
18th e  a u to x id a tio n  p roducts  have no t been c h a ra c te r is e d  .

O H

The o rd e r o f r e a c t iv i ty  o f  th e  2 -naph tho ls ( l )  known to  a u to x id ise  

was found to  be ,

R * Me «  Et «  c -h ex y l, s e c -b u ty l K  *Pr , 

which c o r re la te s  w ith  th e  degree o f s t r a in  which would be expected due 

to  p e r i - in te r a c t io n s .  The 1-naphtho l (4 ) would a lso  be expected to  

be su b jec t to  severe  p e r i - s t r a in .

Another p la u s ib le  ex p lan a tio n  fo r  t h i s  o rd e r o f  r e a c t iv i ty  would 

be an in c re a se  in  in d u c tiv e  s t a b i l i s a t i o n  o f th e  in te rm ed ia te  phenoxy 

ra d ic a l  by th e  branched a lk y l groups in  th e  more re a c t iv e  members o f 

th e  s e r ie s ,  th u s  in c re a s in g  th e  r a te  o f th e  hydrogen a b s tr a c t io n  s tep  

in  th e  au to x id a tio n  p ro cess .



Such an in d u c tiv e  r e le a s e  would in c re ase  e le c tro n  d e n s ity  on th e  

oxygen atom o f th e  n ap h th o l, and would th u s  favour a b s tra c t io n  o f  a 

hydrogen atom by th e  e le c tro n  d e f ic ie n t  peroxy r a d ic a l .  However, 

hypercon jugative  s t a b i l i s a t i o n  o f th e  naphthoxy radioal^w ould  be 

expected to  in c re a se  in  th e  o p p o site  o rd e r , th e  m ethyl naphthoxy 

ra d ic a l  g a in in g  th e  maximum degree o f s t a b i l i s a t i o n .

In  o rd e r to  ev a lu a te  th e  f a c to r s  in flu en c in g  th e  s u s c e p t ib i l i ty  

o f  2-n ap h th o ls  to  a u to x id a tio n , i t  was n ecessa ry  to  extend th e  range 

o f th e se  compounds, sp e c ia l  emphasis being  p laced  upon th e  degree o f 

s t e r i c  s t r a in  in  th e  m olecule.

S yn th esis  o f s u b s t i tu te d  2 -n ap h th o ls .

The most obvious method o f increasing the degree o f p e r i- s tr a in  

in  the s e r ie s  discussed above i s  to  introduce a substituent in to  the

1-p o s i t io n  which co n ta in s  a te rtia ry o fc -c a rb o n , v i z . t - b u t y l ,  t - p e n t y l , e t c 4

The only  rep o rte d  naph tho ls  o f t h i s  ty p e  a re  1 -tr ip h en y lm e th y l- 

132-n aph tho l , and a substance assigned  th e  s t ru c tu re  1 , 6- d i - t - b u ty l -  
192 -naph the l . The form er compound was p repared  by th e  a c tio n  o f 

phenylmagne8ium bromide on th e  known o-naphthofuchsone ( 5 ) .  Examin

a tio n  o f models in d ic a te d  th a t  t h i s  m olecule may be su b je c t to  

co n sid erab ly  le s s  s t r a in  th an  l - t - b u t y l - 2-naph tho l s in ce  th e  phenyl 

groups can adopt a p ro p e l lo r - l ik e  conform ation, th u s  avo id ing  severe
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in te r a c t io n s  w ith  H-8. Ph

(5)

F r ie d e l-C ra f ts  t - b u ty la t io n  o f 2-n aph tho l and 2-m ethoxynaphthalene.
19

Buu-Hoi and co-w orkers re p o rte d  th a t  th e  product o f th e  F r ie d e l-  

C ra f ts  re a c t io n  o f 2 -naph tho l w ith  t - b u ty l  c h lo rid e  produced a mono- 

t - b u t y l  d e r iv a t iv e ,  m.p. 120°, and a d i - t - b u ty l  d e r iv a t iv e ,  m .p. 1^9°• 

I t  was proved th a t  th e  monoalkyl d e r iv a tiv e  i s  6 - t-b u ty l-2 -n a p h th o l 

(6 , R = H) by sy n th e s is in g  t h i s  compound independen tly , and th a t  th e  

d ia lk y l  d e r iv a tiv e  can be made from th e  monoalkyl d e r iv a tiv e  by f u r th e r  

t - b u ty la t io n .  T his helped  to  c l a r i f y  th e  extrem ely confused l i t e r a t u r e  

o f t h i s  re a c t io n , in  which many erroneous s t r u c tu r a l  assignm ents 

had been made.

The d i - t - b u ty l  d e r iv a tiv e  was assigned  th e  s t ru c tu re  1 ,6 - d i - t -  

b u ty l-2 -n ap h th o l (7 , R * H), on th e  b a s is  o f analogous re a c tio n s  o f

2-naphtho l w ith  sm alle r a lk y l g roups, and th e  cryp topheno lic  n a tu re  

o f t h i s  compound (in so lu b le  in  aqueous sodium h y d ro x id e). T his 

s t r u c tu r a l  assignm ent was supported  by th e  f a i lu r e  o f th e  compound 

to  couple w ith  diazonium s a l t s ,  bu t t h i s  i s  n e t co n c lu s iv e , s in ce  th e  

compound does not g ive th e  naphthoxide ion  in  aqueous media, and cannot 

couple f o r  th a t  reaso n .

T his s t r u c tu r a l  assignm ent was supported  by l a t e r  workers on th e
20 21b a s is  o f th e  long h a l f - l i f e  o f a derived  r a d ic a l  9

(6) (7) ( 8 )
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The course  o f  F r ie d e l-C ra f ts  t - b u ty la t io n  o f  2-m ethoxynaphthalene

has a lso  been u n c le a r . F e r r is  and Hamer have claim ed th e  p re p a ra tio n

o f 1 -t-bu ty l-2 -m ethoxynaph thalene  as a sh arp ly  m eltin g  s o l id  by t h i s  

22method .
2In v e s tig a tio n s  in  t h i s  la b o ra to ry  rev ea led  th a t  th e  d i - t - b u ty l -  

naph tho l ob ta ined  from th e  t - b u ty la t io n  o f 2 -naph tho l a u to x id ise s  

very  slow ly , t r a c e s  o f a red  compound being  d e te c te d  a f t e r  a benzene 

so lu tio n  o f th e  d i- t-b u ty ln a p h th o l had been shaken in  an oxygen 

atmosphere fo r  s e v e ra l days.

In  view o f th e  unexpected s t a b i l i t y  o f th e  d i- t-b u ty ln a p h th o l t©
22oxygen, and th e  re p o rte d  p re p a ra tio n  o f l-t-b u ty l-2 -m eth o x y n ap h th a len e

by F r ie d e l-C ra f ts  t - b u ty la t io n  o f 2-m ethoxynaphthalene, i t  was decided
23to  r e in v e s t ig a te  th e se  re a c tio n s  .

Lead t e t r a a c e ta t e  o x id a tio n  o f th e  d i- t-b u ty ln a p h th o l was found

to  produce a m ixture co n ta in in g  th e  red  compound p re v io u s ly  ob ta ined

by a u to x id a tio n  o f th e  d i- t -b u ty ln a p h th o l ,  and a second compound which
© 2 ©could be ob ta ined  as c o lo u rle ss  n e ed le s , m.p. 146-148 ( l i t .  147-149 ) 

by f r a c t io n a l  c r y s t a l l i s a t i o n .  The l a t t e r  compound was assigned  th e  

s t ru c tu re  l ,l-d ia c e to x y -3 ,6 -d i- t-b u ty l-2 ( lH )-n a p h th a le n o n e  (9) s a  th e  

b a s is  o f i t s  s p e c tra l  c h a r a c te r i s t i c s .  Mild h y d ro ly s is  o f t h i s  com

pound gave a q u a n ti ta t iv e  y ie ld  o f th e  red  compound p rev io u s ly  ob

ta in e d  from th e  a u to x id a tio n  re a c tio n  o f th e  d i- t -b u ty ln a p h th o l.

T his was assigned  th e  s t ru c tu re  3 ,6 -d i- t-b u ty l-1 ,2 -n ap h th aq u in o n e  

(10) on th e  b a s is  o f th e  fo llow ing  s p e c tra l  c h a r a c te r i s t i c s .  The 

u l t r a v io le t  spectrum  ( u .v .)  (A (EtOH) 225, 260, 348 nm .) bore aQldX t

s t r ik in g  resem blance to  th a t  o f 1 ,2-naphthaquinone (^max (EtOH) 224 ,

250, 340 nm .), as d id  th e  in f r a re d  spectrum ( i . r . )  (v (N ujol) I 69O,IDcOC •
1660 cm. 1 c f .  1 ,2-naphthaquinone V (N ujol) 1690, 1660 cm.” '*').—~ max.

The n u c lea r  m agnetic resonance spectrum  (n .m .r .)  lacked  th e  h igh  f i e ld  

doublet c h a r a c te r i s t ic  o f th e  o le f in ic  p ro ton  a t  C-3 o f 1 ,2-naphtha

quinone.
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Ac >Ac

(9)

( 11)

( 1 0 )

Treatment o f the d i-t-buty ln aphthol obtained by F ried el-C rafts  

a lk y la tio n  o f 2-naphth@l w ith a lk a lin e  potassium ferricyan id e o f  

cobalt I I I  acety laceton ate gave a dimer, m.p. M+ 510, whose

sp ectra l c h a r a c ter is tic s  were extremely sim ilar  to  the s ta r tin g
20naphthol. The m.p. was id e n tic a l to  th at reported by other workers 

fo r  th e product o f a lk a lin e  ferricyan id e oxidation  o f the d i- t -b u ty l-  

naphthel. The same product was obtained in  low y ie ld  when 1-iod o-

5 .6 -d i- t -b u ty l-2 -naphthol was photolysed in  benzene (reported below ). 

This can be assigned the structure ( l l )  on the b a sis  o f i t s  sp eetra l 

c h a r a c te r is t ic s . In p a rticu la r , th e n .m .r. lacked th e low f ie ld  s ig n a l 

c h a ra cter is tic  o f the p e r i-proton in  1-t-butylnaphthalenes (see  in tro 

duction r e f .  41)*

The d i-t-b utyln aphthol can th erefore be assigned the structure

5 .6 -d i-t-b u ty l-2 -n a p h th o l (8 , R » H). This assignment i s  supported 

by the n .m .r. spectra o f the phenol, which show one aromatic proton 

at high f ie ld  {X  5*15 i»  CDCl^) as a broad s in g le t .  This s ig n a l i s  

p r e fe r e n tia lly  sh ielded  r e la t iv e  to  other aromatic protons when the  

spectrum i s  measured in  0^0^ (compared to  CCl^) or in  dim ethyl- 

sulphoxide (dmso) containing sodium hydride (compared to  dmso).
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T his in d ic a te s  th e  presence o f one is o la te d  arom atic  p ro ton  o rth o
23to  th e  hydroxyl group .

F r ie d e l-C ra f ts  t - b u ty la t io n  o f 2-m ethoxynaphthalene w ith  t - b u ty l

c h lo rid e  and aluminium c h lo rid e  gave a m ixture o f  a m ono-t-bu ty l

d e r iv a t iv e ,  m .p. 75»5-76*5°> an<* a d i - t - b u ty l  d e r iv a t iv e ,  m .p. 81-82°.

These were id e n t i f ie d  by comparison w ith  a u th e n tic  samples o f  6 - t -

butyl-2-m ethoxynaphthalene (6 , R =* Me), and 3>6 -d i-t-b u ty l-2 -m e th o x y -

naphthalene (8 , R -  Me), made by m eth y la tin g  th e  p a ren t phenols u sing

sodium hydride  in  dmso follow ed by m ethyl io d id e i o r dim ethyl su lp h a te
T9

in  aqueous sodium hydrox ide. The m elting  p o in t found by Buu-Hoi f o r

th e  m ono-t-butyl methyl ether (6 , R = Me) o f 95° could not be r e -
23produced fo r  a n a ly t ic a l ly  pure samples .

The o rd e r o f r e a c t iv i ty  o f th e  p o s it io n s  in  2-naphtho l on 

e le c tro n ic  grounds i s  1 > 6  > 3  > 8 .  The o rd e r o f s t e r i c  a c c e s s ib i l i ty  

i s  found from in sp e c tio n  o f models to  be 6 > 3  > 8  >  1# I t  must be 

concluded th a t  w ith  bulky reag en t complexes, s t e r i c  fa c to r s  a re  o f 

g re a te r  im portance th an  e le c tro n ic  ones, and th a t  th e  form er i s  mere 

im portan t in  t h i s  c ase . A ll a ttem p ts  to  o b ta in  a t r i - t - b u t y l  d e r

iv a t iv e  by F r ie d e l-C ra f ts  re a c t io n  upon 2-naphtho l o r 2-methoxy- 

naphthalene by pro longing  th e  re a c t io n  tim e , in c re a s in g  th e  r a t i o  o f 

reagen t to  s u b s tra te  e t c . f a i le d  com pletely . The m ono-t-buty l d e r

iv a tiv e s  (6 , R =* H,Me) on fu r th e r  a lk y la tio n  gave only  th e  d i - t -  

b u ty l d e r iv a tiv e s  (8 , R » H,Me).

The F r ie d e l-C ra f ts  t - b u ty la t io n  o f 2-hydroxy and 2-methoxy 

naphthalenes th e re fo re  g ives 6 - and 3 ^ - s u b s t i tu t e d  d e r iv a tiv e s  on ly . 

The slow au to x id a tio n  o f 3 » 6 -d i- t-b u ty l-2 -n a p h th e l I s n©t s u rp r is in g . 

O ther more e la b o ra te  methods must be used to  in tro d u ce  a t - b u ty l  

group in to  th e  1 -p o s itio n  in  2 -naph tho l.

Attempted p re p a ra tio n  o f 1 - t-b u ty l-2 -n a p h th o l.

(a ) By d i r e c t  methods.
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S evera l methods a re  commonly used to  in tro d u ce  a lk y l s u b s ti tu e n ts

in to  th e  1 -p o s it io n  o f 2 -n ap h th o l. F r ie d e l-C ra f ts  a lk y la t io n  has been

shown to  be u n su ccessfu l f o r  th e  in tro d u c tio n  o f bulky groups such as

13t - b u ty l  and trip h en y lm e th y l . The tre a tm e n t o f th e  2-naphthoxide ion  

w ith  a lk y l h a lid e s  i s  a lso  u n su ccessfu l f o r  th e  in tro d u c tio n  o f th e  

t - b u ty l  group, s in ce  t h i s  r e s u l t s  in  th e  e lim in a tio n  o f  HX from th e  

a lk y l h a l id e , HX^.

Na

4  NaX 4

The trea tm en t o f l-brom e-2-m ethoxynaphthalene w ith  t - b u t y l -  

magnesium bromide under a v a r ie ty  o f co n d itio n s  gave a q u a n ti ta t iv e  

y ie ld  o f 2-m ethoxynaphthalene, no t - b u ty la te d  m a te r ia l being  d e te c te d .

The a d d itio n  o f copper h a lid e s  d id  not a l t e r  th e  course o f t h i s  r e a c t i o n ^ .

Treatm ent o f 3 ,6 - d i - t - b u ty  1 -1 ,2-naphthaquinone (£0) w ith  t - b u t y l -  

magnesium c h lo rid e  even under fo rc in g  co n d itio n s  gave only  th e  s t a r t 

in g  quinone.

I t  was th e re fo re  concluded th a t  d ir e c t  methods o f p rep a rin g  1 - t -  

b u ty l-2 -n ap h th o l would no t be su c c e ss fu l. T his d i f f i c u l ty  has been 

experienced  by many workers in  th e  sy n th e s is  o f 1 - t-b u ty ln a p h th a le n e s , 

no d ir e c t  ro u te  to  th e se  compounds having been found.

(b) By in d ir e c t  methods.

( l )  From 1 - te t r a lo n e .
25

I ll in g w o rth  and P e te rs  J sy n th es ised  1 -t-b u ty ln ap h th a len e  from 

1 - te tra lo n e  u sing  t - b u ty l  G rignard reagen t in  an o v e ra l l  y ie ld  o f  2$.

A s im ila r  ro u te  has been employed in  th e  sy n th e s is  o f 1 -cyclohexy l-
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2 6 15(a)naphthalene , and l-p h en y l-2 -n ap h th o l '  . The m ajor problem in

t h i s  approach i s  p ro ton  a b s tr a c t io n  from th e  s u b s t r a te ,  le ad in g  to

even tua l recovery  o f s t a r t in g  m a te r ia l .  Kadesch a sso c ia te d  t h i s

phenomenon w ith  s t e r i c  h indrance  to  a t ta c k  a t  th e  carbonyl group in
27s u b s ti tu te d  1 - te tra lo n e s  ' .  Snyckers and Z o llin g e r  sy n th es ised  a 

s e r ie s  o f 8 -a lk y l-2 -n ap h th o ls  (12, R -  M e,Et, ^ r j P h )  from 7-methexy- 

1 - te tra lo n e  by G rignard a d d itio n  and subsequent a ro m a tisa tio n  and

dem ethylation  in  reasonab le  y ie ld s .  The a ttem pted  sy n th e s is  o f  8 - t -
28b u ty l-2 -n ap h th o l by t h i s  ro u te  was un su ccessfu l .

R

( 12 )

When th e  s u b s tra te  o r th e  reag en t i s  s t e r i c a l l y  h in d e red , com

p e t i t io n  to  th e  a d d itio n  re a c tio n  a r is e s  from en o la te  fo rm ation , o r

from re d u c tio n  o f th e  s u b s tra te  to  th e  corresponding  a lco h o l by t r a n s -

29f e r  o f hydride  ion  from th e  j8 -p o sitio n  o f th e  G rignard reag en t .

D espite  th e se  p o ss ib le  drawbacks i t  was decided to  a ttem pt th e  

p re p a ra tio n  o f  l - t -b u ty l-2 -n a p h th o l  by th e  in d ir e c t  ro u te  shown below*

t
H

BuMgCl
r  ii

(13) 2 6 X (i* ) 

2 H 2C r V a £  1 - P h C O H

P d - C
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Perbenzoic a c id  has been employed to  p rep are  l-p h e n y l-2 - te tra lo n e
15(a)

from 3 1 4-d ihy d ro -l-p h en y ln ap h th alen e  v ' .  The hydroboration  re a c t io n

30follow ed by o x id a tiv e  h y d ro ly s is  was p ioneered  by Brown .

The G rignard re a c tio n  was a ttem pted  on many occasions under a

v a r ie ty  o f c o n d itio n s . I t  was found th a t  th e  t e r t i a r y  a lco h o l ( 13)

was p a r t i a l l y  dehydrated to  th e  d ihydronaphthalene ( 14) du ring  th e

m ild work-up. Treatm ent o f th e  product m ixture w ith  th io n y l  ch lo rid e

in  anhydrous p y rid in e  gave a m ixture o f 1 ,2 -d ihyd ronaph tha lene,

1 - te tr a lo n e ,  and th e  d e s ire d  1 - t - b u ty l - 3 ,4>-dihydronaphthalene ( 14)

(analysed  by com parative g . l . c .  and n .m .r . ) .  The maximum y ie ld  o f

th e  t - b u ty la te d  product (14) was estim ated  to  be c a . 20$. A ll a ttem p ts

to  improve t h i s  y ie ld  by a l t e r in g  th e  p ro p o rtio n s  o f re a c ta n ts  o r th e

r a te  o f a d d itio n  o f 1 - te tr a lo n e ,  o r by changing th e  co n d itio n s  o f th e

29re a c tio n  f a i l e d .  The a d d itio n  o f anhydrous magnesium bromide , which 

can in c re a se  th e  p ro p o rtio n  o f a d d itio n  product in  some c a se s , d id  not 

in c re a se  th e  y ie ld  ©f th e  d e s ired  product in  t h i s  case .

A ttem pts to  remove th e  s t a r t in g  m a te r ia l u s in g  G irard  fT* reag en t 

were u n su ccessfu l. P rep a ra tiv e  chromatography on s i l i c a ,  o r on s i l i c a  

coated  w ith  s i l v e r  n i t r a t e  gave samples o f th e  t-b u ty l-d ih y d ro -  

naphthalene ( 14) co n ta in in g  a la rg e  p ro p o rtio n  o f 1 ,2 -d ih yd renaph tha lene . 

A g re a t d ea l o f m a te r ia l was lo s t  by t h i s  p ro c e ss , p o ss ib ly  as a 

r e s u l t  o f rearrangem ent v ia  th e  s ta b i l i s e d  carbonium io n  ( 15) .

(15)

Vacuum d i s t i l l a t i o n  o f th e  m ixture r e s u l te d  in  ex ten s iv e  

decom position, th e  only pure compound is o la te d  being  1 ,2 -d ih y d ro -
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naph thalene . Owing t© th e  low y ie ld  o f t - b u ty la te d  p ro d u c ts , and th e  

d i f f i c u l ty  o f i s o la t in g  th e s e ,  t h i s  ro u te  was abandoned.

(2 ) By o x id a tiv e  coupling  o f 1-bromo-2 -naphtho1 w ith  m ethyl G rignard

re a g e n t.

The re p o r te d '^  sy n th es is  o f 1 - t-b u ty ln a p h th a le n e  by th e  ro u te  shown 

prompted us to  in v e s t ig a te  th e  g e n e ra l i ty  o f th e  coup ling  re a c tio n  be

tween b en zy lic  t e r t i a r y  h a lid e s  and methyl G rignard re a g e n ts .

MgBr

) = ° dry H Ct

E tO

MeMgBr

( 16)

4*

(18)

(17)

The is o la te d  y ie ld  o f th e  t - b u t y l  d e r iv a tiv e  ( 17) from t h i s  

re a c tio n  was 29^ , and th e  isopropeny l d e r iv a tiv e  (16) could be r e 

cycled by a d d itio n  o f hydrogen ch lo rid e  and subsequent tre a tm en t w ith  

m ethyl G rignard re ag en t.. The t e r t i a r y  ch lo rid e  (18) was never i s o 

la te d ,  owing to  th e  ease w ith  which hydrogen ch lo rid e  i s  e lim in a ted  

to  g ive 1-isopropeny lnaph thalene  (1 6 ).

In  o rd e r to  ga in  experience o f t h i s  r e a c t io n , a model experim ent 

was a ttem pted  using  cumyl bromide as th e  s u b s tr a te .  I t  was hoped 

th a t  t h i s  re a c tio n  could be used to  f in d  co n d itio n s  which would 

op tim ise  th e  y ie ld  o f t - b u ty la te d  p ro d u c t.

Treatm ent o f 1-m ethy lsty rene  w ith  a s a tu ra te d  so lu tio n  o f hydrogen 

bromide in  g la c ia l  a c e t ic  a c id  follow ed by a c o ld , aqueous work-up
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gave an e th e re a l  so lu tio n  o f  cumyl brom ide. T h is could no t be i s o 

la te d  in  a pure s ta t e  f e r  c h a ra c te r is a t io n  owing to  th e  f a c i l e  

e lim in a tio n  o f hydrogen brom ide, but could be analysed  by n .m .r*  

Treatm ent o f anhydrous s o lu tio n s  o f cumyl bromide w ith  e th e re a l 

m ethyl magnesium io d id e  o r bromide under a v a r ie ty  o f co n d itio n s

in v a r ia b ly  produced a m ixture o f 1 -m ethy lsty rene  and th e  cumyl r a d ic a l
20

dimer (19)* Cumyl r a d ic a ls  a re  known to  d im erise  r e a d i ly  .

HOAc
MeMgX

(19)

None o f th e  d e s ired  t-b u ty lb en zen e  was d e tec te d  on n .m .r* The
24re a c tio n  was a ttem pted  in  th e  p resence o f anhydrous cuprous io d id e  ,

b u t th e  p roduct d is t r ib u t io n  under s e v e ra l c o n d itio n s  o f tem p era tu re

and re a c tio n  tim e was v i r t u a l ly  u n a lte re d . The ex c lu s iv e  form ation

of th e  sym m etrically  coupled product in  t h i s  case i s  not easy to

33account f o r ,  in  view o f th e  re p o rte d  p re p a ra tio n  o f th e  analogous

l- t-b u ty l-5 ,6 ,7 » 8 ,- te tra h y d ro n a p h th a le n e  (20) in  ca . 30?o y ie ld  by 

a s im ila r  method to  th a t  used to  p rep are  1-t-b u ty l-n a p h th a le n e  ( 17) ^ ,

d r y  HCt

E t  0
2

MeMgBr ,

( 2 0 )

Sym m etrically coupled dimers were not re p o rte d  in  th e se  c a se s .

A p o ss ib le  ex p lan a tio n  fo r  th e  f a i lu r e  o f th e  r a d ic a ls  (2 l)  and

(22) to  d im erise  i s  th e  s t e r i c  com pression which would be p re sen t in  

th e  d im ers. These ra d ic a ls  may a lso  be le s s  s ta b le  th an  th e  cumyl
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r a d ic a l  due to  s t e r i c  in h ib i t io n  to  resonance d e lo o a l is a t i f n  as a 

r e s u l t  o f n o n -p la n a r ity . l-Iso p ro p y ln ap h th a len e  i s  thought t© auto- 

x id is e  more slow ly th a n  th e  2 -iso p ro p y l isom er because o f th e  lower 

s t a b i l i t y  o f th e  r a d ic a l  (22) (see  in tro d u c tio n  p .l5 )»

( 22)( 21)

The syn theses o f th e  t - b u ty l  d e r iv a tiv e s  (17) and (20) were 

c a r r ie d  out u sing  t - c h lo r id e s .  I t  i s  p o ss ib le  t h a t ,  by u sing  cumyl 

ch lo rid e  in s te a d  o f cumyl brom ide, th e  sy n th es is  o f t-b u ty lb en zen e  

may be su c c e ss fu l.

In  view o f  th e se  c o n f l ic t in g  r e s u l t s , ?i t  was decided to  in v e s t ig a te  

th e  p re p a ra tio n  o f 1-t-bu ty l-2 -m ethoxynaph thalene  by t h i s  method. The 

p o ss ib le  fo rm ation  o f th e  r a d ic a l  dimer ( 23) would a lso  be o f in t e r e s t  

in  th e  p re sen t s tu d y , as t h i s  would provide a p re p a ra tio n  o f a  1 - t -  

a lk y l-2 -n a p h th o l by dem ethylation  o f t h i s  compound.

OMc MeO

(23)

2 -(2 -M ethoxy-l-naph thy l)-p ropan -2 -o l ( 25) was p repared  by t r e a t i n g

l-acety l-2 -m ethoxynaph thalene  ( 24) w ith  methylmagnesium io d id e .

The 1 -a c e ty l d e r iv a tiv e  (24) was ob ta ined  by m ethy la tion  o f

1 -a c e ty l-2 -n a p h th o l, which was prepared  by th e  F r ie s  rearrangem ent o f

2-naphthyl a c e t a t e ^  (rep o rted  below ). I t  was found however, th a t

th e  t e r t i a r y  a lco h o l (25) r e a d i ly  dehydrated to  l-isopropenyl-2-m ethoxy



-  54 -

naphthalene (26) on s tan d in g . Treatm ent w ith  d i lu te  m inera l a c id  

r e s u l te d  in  q u a n ti ta t iv e  conversion  t e  th e  isep ro p en y l compound (2 6 ) . 

T h is was converted  to  th e  t e r t i a r y  c h lo rid e  by trea tm en t w ith  dry  

hydrogen c h lo rid e  in  anhydrous e th e r  a t  0 • The c h lo rid e  eould no t 

be is o la te d  in  a pure s t a t e  owing to  extrem ely  f a c i l e  dehydro

c h lo r in a tio n  to  g ive  th e  isep ro p en y l d e r iv a tiv e  (2 6 ).

OMe

OH

y ^ \ T̂ ^ O M e OMe

(2 4 ) ( 2 5 ) (26)

The G rignard re a c t io n  was c a r r ie d  out in  th e  manner re p o rted  by Van

31Bekkum and oe-w orkers ' • G . l .c .  and n .m .r . a n a ly s is  o f th e  product 

m ixture in d ic a te d  th a t  only  two p roducts  had been formed. These were 

th e  isep ro p en y l d e r iv a tiv e  (2 6 ) , (e a . 94f°) > and 1 -t-b u ty l-2 -m eth o x y - 

naphthalene (c a . 6>fc). The l a t t e r  compound was id e n t i f ie d  by comparison 

w ith  an a u th e n tic  sample o f t h i s  compound from ano ther source (see  below ).

In  view o f th e  low y ie ld  o f th e  d e s ired  p ro d u c t, and th e  d i f f 

i c u l t i e s  involved  in  s e p a ra tin g  i t  from th e  m ajor product (2 6 ), a 

problem which w i l l  be d iscu ssed  f u l ly  l a t e r ,  t h i s  ro u te  to  1 - t - b u ty l -

2 -naph thel was not pursued f u r th e r .  The overwhelming p re fe ren ce  fo r  

e lim in a tio n  by G rignard reag en t in  t h i s  re a c tio n  r e la t iv e  to  th e  

analogous re a c tio n  w ith  2 -ch lo ro -2 -(l-n ap h th y l)p ro p an e  (18) can be 

in te rp re te d  e i th e r  as evidence fo r  g re a te r  s t e r i c  congestion  a t  th e  

1 -p o s itio n  o f 2-methoxynaphthalene r e la t iv e  to  naph thalene , o r as th e  

r e s u l t  o f resonance s t a b i l i s a t i o n  o f p o s i t iv e  charge in  th e  t r a n s i t i o n  

s ta t e  by th e  methoxyl group.

( 3 )  P rep a ra tio n  o f l - t -b u ty l-2 -n a p h th e l  by p erm ethy la tion  o f methyl

2-h y d ro x y -l-n ap h th o a te .
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The anomalous r e a c t iv i ty  o f m ethyl 3»5-di-> t-buty l-4-hydroxy- 

benzeate  ( 27) to  methylmagnesium io d id e  a t  e lev a te d  tem pera tu res to  

g ive 2 ,4 ,6 - tr i- t -b u ty lp h e n © la te  ( 29) has been r a t io n a l is e d  by p o s t

u la t in g  a s tro n g  a c t iv a t in g  e f f e c t  o f th e  m e ta lla te d  hydroxy group 

in  th e  p a ra -p o s i t io n  o f th e  in te rm ed ia te  (2 8 ).

>MgIMg I•OMgl

CO Me OMgl

(27) (28) (29) (30)

The expected isep ro p en y l p h en ela te  ( 30) was a lso  formed in  t h i s  r e a c t io n .

S evera l o th e r  examples o f t h i s  type  o f re a c t io n  a re  known, a l l  

o f which a re  c h a ra c te r is e d  by a g en era l in te rm ed ia te  o f th e  ty p e ,
f

R-X—C—OR'
I

where th e  group R-X-has a s tro n g  +M e f fe c t  which can f a c i l i t a t e

n u c le o p h ilic  displacem ent o f OR1 by th e  a lk y l o r a ry l  group from a 
35G rignard r e a g e n t .

A p o ss ib le  in te rm ed ia te  in  th e  re a c tio n  o f  th e  e s te r  ( 27) i s  th e  

p-quinone m ethide ( 31) .

XXPh^-Ph Ph- •Ph
Me

(31) (32) (33)
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I t  i s  known th a t  1 ,6 -a d d itio n  o f m ethyl G rignard reagen t to  th e
56diphenyl quinone m ethide ( 32) g iv es  th e  phenol (33) • A much more

g en era l method o f exhaustive  a lk y la t io n  o f oxygenated s u b s tra te s  i s  

th e  use o f trim ethylalum inium  a t e lev a ted  tem p e ra tu res , w ith  o r w ithout 

so lvent*  T his re a c tio n  i s  f a c i l i t a t e d  by th e  presence  o f o t-a ry l g roups, 

but t h i s  fe a tu re  i s  not e ss e n tia l*  1-Naphthoic ac id  was su c c e ss fu lly

perm ethylated  in  t h i s  way g iv in g  a 759® y ie ld  o f 1 - t-b u ty ln a p h th a le n e ,

37th e  o th e r product being  1 -isopropenylnaphthalene  . These re p re se n t

two o f th e  most d i r e c t  methods o f geminal a lk y la tio n  o f th e  carbonyl
38group .

M ethyl 2-hydroxy-1-napht ho a te  (34) i s  a r e a d ily  a v a ila b le  s t a r t in g
39m a te r ia l fo r  th e  attem pted  p re p a ra tio n  o f l- t -b u ty l-2 -n a p h th o l  ( 37) 

by one o f th e se  methods. Trim ethylalum inium  was not a v a ila b le  in  

s u i ta b le  q u a n t i t ie s ,  and, owing to  i t s  extrem ely pyrophoric  n a tu re , 

re q u ire s  to  be handled u sing  s p e c ia lis e d  ap p ara tu s . There i s  a lso  a 

p o s s ib i l i ty  th a t  th e  pheno lic  group may n o t be s ta b le  to  th e  extreme 

co n d itio n s  re q u ire d , in  view o f th e  known a b i l i t y  o f aluminium compounds, 

to  c leave  th e  aryl-oxygen bond in  phenols and m ethoxyaryl com pounds^, 

(see  page105)

CO Me

(34)

•OMgl

(35) (37)

H

(36)
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The of-arylmagnesium alkexide (35) could be formed in  ca . 75$ y ie ld  

by reflu x in g  an eth erea l so lu tio n  o f the magnesium s a lt  o f the naphthol 

(3 4 ) , in  th e presence o f an excess o f methylmagnesium iodide fo r  tw elve  

hours. The reaction  could be worked up at t h is  stage with saturated  

aqueous ammonium chloride to  g ive the te r t ia r y  a lcohol (3 8 ) , a*KL 

1-acety l-2 -n ap h th o l.

OH

(38) (39) (40)

I f  th e  re a c t io n  was worked up u sing  d i lu te  m inera l a c id , 1 - is o -  

p ropeny l-2 -naph tho l (39) was is o la te d  in  75$ y ie ld .  The a lco h o l ( 38) 

dehydrated to  th e  isep ro p en y l compound (39) s tan d in g , o r on t r e a t 

ment w ith  d i lu te  a c id . A ll a ttem p ts to  o b ta in  a sample o f th e  i s e -  

propenylnaphthol (39) s u ita b le  fo r  a n a ly s is  f a i le d ^ .  T his compound 

re a d i ly  decomposed on s i l i c a  and during; d i s t i l l a t i o n ,  p o ss ib ly  due to  

p o ly m erisa tion  o r  a u to x id a tio n , o r v ia  re a c tio n  o f th e  isom eric  o r th o - 

quinone m ethide ( 36) .  However, th e  f a i lu r e  o f l- iso p ro p y l- l-h y d ro x y - 

2(lH )-naphthalenone (40) to  dehydrate to  t h i s  o-quinone methide may

in d ic a te  th a t  th e  p e r i - s t r a in  which would be p re sen t in  t h i s  sp ec ie s
2does not favour i t s  form ation  .

In  th e  e a r l i e r  a ttem pts to  c a rry  out th e  exhaustive  m ethy la tion  

re a c t io n , s u f f ic ie n t  tim e was not allowed fo r  complete conversion  o f 

th e  e s te r  (34) to  th e  t e r t i a r y  a lco h o la te  (3 5 ), b e fo re  r a is in g  th e  

tem peratu re  and removing so lv e n t . In  a ty p ic a l  ru n , th e  e th e re a l 

re a c tio n  m ixture was re flu x ed  fo r  2-6 hou rs , b e fo re  d i s t i l l i n g  o f f  

th e  so lv e n t, and h e a tin g  th e  s o l id  re s id u e  a t  9O-13O0 fo r  17-22 hours 

under an atmosphere o f dry n itro g e n .
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The re a c tio n  was werked up u sin g  s a tu ra te d  aqueous ammonium 

c h lo r id e , and th e  product m ixture analysed  by n .m .r . I t  was found 

th a t  th e  n .m .r . o f th e  m ixture changed d ra m a tic a lly  w ith in  m inutes on 

exposure to  oxygen. F ra c tio n a l c r y s ta l l i s a t io n  o f th e  oxygenated 

m ixture from b en zen e -lig h t petroleum  gave p a le  yellow  prism s, a 

p u r if ie d  sample o f which m elted w ith  decom position a t  134-137** T his 

compound was unambiguously id e n t i f ie d  as 1 -t-b u ty l- l-h y d ro p e ro x y - 

2(lH )-naphthalenone ( 4 l ) ,  on th e  b a s is  o f i t s  s p e c tr a l  c h a r a c te r i s t i c s ,  

and by comparison w ith  th e  s p e c tr a l  c h a r a c te r i s t ic s  o f  th e  known
j  6

l-a lk y l- l-h y d rep e ro x y -2 (lH )-n ap h th a len o n es(2 , R = P r ,c -h e x y l)  .

MOO

(41)

The behaviour o f t h i s  hydroperoxide i s  d iscu ssed , p r io r  to  continued 

d iscu ss io n  o f th e  t - b u ty l  naphtho l which must be i t s  immediate p re c u rso r . 

Decomposition of th e  hydroperoxide (4 1 ) .

The t - b u ty l  hydroperoxide (41) was found to  be th e rm a lly  extrem ely 

u n s ta b le . Samples s to re d  in  a f r e e z e r ,  in  th e  absence o f l i g h t ,  had 

p a r t i a l l y  decomposed in  s e v e ra l days. A sample s to re d  in  benzene under 

n itro g en  a t  room tem peratu re  in  d if fu se  l ig h t  had alm ost com pletely 

decomposed in  th re e  days. T . l . c .  in d ic a te d  th a t  a t  le a s t  te n  components 

were p re sen t in  th e  so lu tio n  o th e r th an  unchanged hydroperoxide (4 1 ). 

A fte r  many a ttem pts to  i s o la te  th e se  decom position p roducts in  a pure 

s ta t e  by chromatography, th e  only m a te r ia l which could be com pletely 

c h a ra c te r is e d  was 1 ,2-naphthaquinone, which could be compared w ith  

an a u th en tic  specimen. T his quinone can a r is e  by a m ig ra tio n  o f th e  

t - b u ty l  group to  oxygen, to  g ive  t-b u ta n o l and th e  quinone, a p rocess 

which very  o fte n  occurs w ith oC-ket© hydroperoxides^.
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OH +■>

Analyses o f  n .m .r . sp e c tra  o f th e  m ixture d id  no t re v e a l any peaks 

corresponding  to  t -h u ta n o l ,  however. A lte rn a tiv e  pathways f o r  th e  

breakdown o f t h i s  compound a re  o u tlin e d  below.

+  H0

COH

Many in te rm o le c u la r  re a c tio n s  could a lso  be p o s tu la te d , f o r  example,

OH

« 2 > h

'OH

(£2)
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The iso p ro p y l hydroperoxide (2 , R * xP r) undergoes analogous re a c tio n s

in  b a s ic  m e d ia ^ , and i s  known to  be converted  to  1 ,2-naphthaquinone

43in  m ild ly  a c id ic  media .

The o th e r  components which were tak en  from p re p a ra tiv e  chromato

g raph ic  p la te s  decomposed fu r th e r  b e fo re  th ey  could be c h a ra c te r is e d . 

One of th e se  bands is o la te d  from th e  decom position o f th e  hydro

peroxide (41) had s im ila r  s p e c tr a l  c h a r a c te r i s t ic s  to  m ixtures o f th e  

isom ers ( 42) and (43) > t u t  a lso  con tained  t r a c e s  o f a t  le a s t  one o th e r  

compound whose s tru c tu re  was no t determined*

The hydroxy ketone ( 42) could be prepared  by trea tm en t e f  th e  

hydroperoxide (41 ) w ith  d im ethy lsu lph ide in  e th e r  a t  room tem p era tu re . 

However, i t  could not be is o la te d  in  a pure s t a t e ,  ©wing to  th e  f a c i l e  

k e to l  rearrangem ent to  th e  hydroxyacetophenone (43)•

(42) (43)

The analogous ise p re p y l compound (40) undergoes t h i s  rearrangem ent 

in  b a s ic  m e d ia ^ . The conversion o f cf-hydroxybutyraldehyde (44) to  

a ce to in  (45) proceeds by m ig ra tion  o f a methyl g ro u p ^ .

OH
'OH

H

(44) (45)

N e ith e r o f th e  isom eric ketones (42) and (43) could be ob tained  

in  a pure s t a t e ,  as th e y  e q u i l ib ra te  even in  n e u tra l  media. The 

a d d itio n  o f a c id  o r base ra p id ly  produces an approxim ately  1 : 1  

m ixture o f th e  two isom ers (e s tim a ted  by n .m .r . ) .  The s p e c tra l
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c h a r a c te r i s t ic s  o f th e  m ixture ( i « r . ,  n .m .r . ,  u .v . ,  m .s .)  can be 

accounted fo r  by th e  two s tru c tu re s  proposed.

The f a c i l e  in te rc o n v e rs io n  o f th e  compounds (42) and (43) compared 

to  th e  analogous iso p ro p y l compounds can be r a t io n a l is e d  in  two ways.

(1 ) The t - b u ty l  group w il l  m igrate  more e a s i ly  th a n  th e  isep ro p y l 

group, owing to  th e  g re a te r  s t a b i l i t y  o f th e  t - b u ty l  carbonium io n .

( 2 ) The g re a te r  s t e r i c  congestion  a t  in  (42) w i l l  favour r e 

arrangem ent to  (43)-

The r e s t r i c t e d  ro ta t io n  o f th e  t - b u ty l  group in  ( 46 ) ,  d e tec te d

45by low tem pera tu re  n .m .r . s tu d ie s ,  would seem to  support t h i s  p o s tu la te  •

No f u r th e r  in v e s t ig a t io n  o f th e  p rocesses involved  in  th e  

decom position o f th e  t - b u ty l  hydroperoxide ( 41) were c a r r ie d  o u t. 

M ethy lation  o f th e  products o f th e  high  tem peratu re  G rignard r e a c t io n .

Owing to  th e  extreme i n s t a b i l i t y  o f l - t -b u ty l-2 -n a p h th o l ,  which 

was assumed to  be th e  p recu rso r o f th e  hydroperoxide (42) ,  i t  was 

necessa ry  to  i s o la te  t h i s  compound in  th e  form o f a s ta b le  d e r iv a t iv e . 

One can p re d ic t  th a t  th e  m a jo rity  o f d e r iv a tiv e s  o f th e  t - b u ty l  naphthol 

(37) and th e  isep ropeny l naphthol (39) w i l l  be o f s im ila r  p o la r i ty ,  

so th a t  th e  choice o f p ro te c tin g  group i s  l im ite d . I t  was decided th a t  

th e  methyl e th e rs  o f th e se  naphtho ls were most l ik e ly  to  be su sc e p tib le  

to  s e p a ra tio n  by p h y s ica l methods.

The m ixture o f naph tho ls produced in  th e  h igh  tem peratu re  G rignard 

re a c tio n  could be m ethylated  re a d ily  by ta k in g  up th e  re a c tio n  m ixture 

in  anhydrous d im ethylsulphexide (dmso), and adding excess m ethyl io d id e , 

u n t i l  th e  b r ig h t co lou r o f th e  naphthoxide ions had been d isp e rsed .
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The choice o f so lv en t in  t h i s  re a c t io n  i s  im p o rtan t, as C -a lk y la tio n  

to  g ive compounds such as (47) i s  expected to  he favoured w ith  

r e s u l t in g  re le a s e  o f p e r i - s t r a in  (see  in tro d u c tio n ) .

(4.7)

Solven ts o f h igh  d ie l e c t r i c  co n stan t such as dmso norm ally r e s u l t  in
46ex c lu siv e  o -a lk y la tio n  .

The s p e c tr a l  and t . l . c .  c h a r a c te r i s t ic s  o f th e  r e s u l t in g  m a te r ia l  

from t h i s  re a c tio n  in d ic a te d  th a t  no phenolic  m a te r ia l rem ained. The 

se p a ra tio n  o f 1 -t-bu ty l-2 -m ethoxynaphthalene (48) from th e  m ixture 

was achieved by column chromatography on s i l i c a  coated  w ith  10$ by 

weight o f s i lv e r  n i t r a t e ,  follow ed by p re p a ra tiv e  t . l . c .  o n  s i l i c a  

p la te s  coated  w ith  s i lv e r  n i t r a t e .  In  t h i s  manner, is o la te d  y ie ld s  

o f c a . 25$  ©f th e  d e s ired  l-t-b u ty l-2 -m eth o x y n ap h th a len e  (48) which 

gave one peak on g . l . c .  could be o b ta in ed . Samples s u i ta b le  fo r  

a n a ly s is  could be p repared  by vacuum d i s t i l l a t i o n .  The m ixture o f 

compounds (48) and (26) could not be sep ara ted  by f r a c t io n a l  d is 

t i l l a t i o n ,  s in ce  th e  l a t t e r  polym erises on h e a tin g .

OMe OMe

4.8) 26) (25)

The o th e r  p roducts o f t h i s  re a c tio n , v i z . 1-ace ty l-2 -m e t hoxy- 

naph thalene , 2 -(2 -m eth o x y -l-n ap h th y l)-p ro p an -2 -o l ( 25) ,  and 1 - iso p ro -  

penyl-2-m ethoxynaphthalene ( 26) were is o la te d ,  and could be c h a ra c te r is e d



by comparison w ith  samples o f th e se  compounds p repared  independen tly .

The m ajor product in  a l l  o f th e  runs was th e  isep ro p en y l d e r iv a tiv e  

(2 6 ), which in d ic a te s  th a t  e lim in a tio n  by th e  a tta c k in g  Grignard 

reagen t on th e  in te rm ed ia te  a lco h o la te  (55) i s  favoured over s u b s t i tu t io n .  

D ehydration o f th e  t e r t i a r y  a lco h o l ( 25) d id  no t occur during  th e  

m ild work-up, s in ce  t h i s  product could be ob ta ined  in  h igh  y ie ld  from 

th e  re a c tio n  o f l-acety l-2 -m ethoxynaph thalene  w ith  methylmagnesium 

io d id e  in  re f lu x in g  e th e r ,  follow ed by m ild work-up.

A summary o f th e  p ro p o rtio n s  o f id e n t i f ia b le  product under d i f f e r e n t  

re a c tio n  co n d itio n s  i s  la id  out in  Table 2 (A ppendix).

The use of th e  h igh  b o il in g  so lv e n t, d i-n -b u ty 1 -e th e r , d r a s t i c a l ly

reduced th e  y ie ld  o f t - b u ty la te d  m a te r ia l .
©At tem pera tu res  h ig h e r th a n  110 , po ly m erisa tio n  becomes s ig n i f ic a n t ,  

a lthough t h i s  does not a l t e r  th e  r e la t iv e  p ro p o rtio n s  o f is o la b le  

m a te r ia ls  s ig n if ic a n t ly  .

The use o f  lower tem pera tu res decreased th e  y ie ld  o f t -b u ty la te d  

m a te r ia l s u b s ta n t ia l ly .

The use o f l-acety l-2 -m ethoxynaph thalene  as a su b s tra te  r e s u lte d  

in  th e  form ation o f a v i r t u a l ly  id e n t ic a l  m ixture as was produced 

usin g  methyl 2 -hydroxy-l-naph thoa te . Dem ethylation o f arom atic methyl 

e th e rs  by methyl Grignard reagen t i s  a w ell known re a c tio n  (see  below ).

The a d d itio n  o f aluminium ch lo rid e  as a p o te n t ia l  lig an d  fo r  th e  

in te rm ed ia te  a lco h o la te  (55) which may c a ta ly se  th e  s u b s t i tu t io n  

re a c tio n  ( c f . trim ethylalum inium ) d id  not improve th e  y ie ld  o f 

t - b u ty la te d  m a te r ia l and in c reased  th e  degree o f p o ly m erisa tio n .

The ex ten sio n  o f re a c tio n  tim e beyond ca . 20 hours a lso  re s u lte d  

in  ex ten siv e  p o ly m erisa tio n .

Summarising, th e  b e s t is o la te d  y ie ld s  o f l- t-b u ty l-2 -m e th o x y - 

naphthalene were ob tained  as fo llo w s.
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Methyl 2-hydro:xy-l-naphth© ate was d isso lv ed  in  e th e r  and added

dropwise to  a s t i r r e d  so lu tio n  o f methylmagnesium io d id e  (o r  brom ide)

(5-11 m olar e x ce ss) , and th e  m ixture was re flu x e d  under dry  n itro g e n

fo r  12-24 h o u rs . The e th e r  so lv en t was th en  d i s t i l l e d  o f f ,  and th e

ore s id u e  h eated  a t  110-115 fo r  18-20 hou rs. The cooled re a c tio n  

m ixture was tak ed  up in  dmso, and excess m ethyliodide added dropwise 

u n t i l  th e  b r i l l i a n t  co lou r o f naphthoxide ions had been d isch arg ed .

The re a c tio n  was worked up u sin g  sa tu ra te d  ammonium ch lo rid e  s o lu t io n . 

P rep a ra tiv e  chromatography was c a r r ie d  out on s i l i c a  coated w ith  

10$ s i lv e r  n i t r a t e .  The m a te r ia l can be p u r if ie d  to  a n a ly t ic a l  

s tan d ard s  by vacuum d i s t i l l a t i o n  (p u r i ty  assessed  by g . l . c .  and n .m .r . ) .

The p roducts from t h i s  re a c tio n  were a lso  is o la te d  as a m ixture 

o f t h e i r  a c e ta te s  by trea tm en t w ith  a c e t ic  anhydride in  dmso, but a l l  

a ttem pts  to  sep a ra te  1- t - b u ty l -2 -acetoxynaphthalene from 1 -iso p ro -  

penyl-2-acetoxynaphthalene were u n su ccessfu l.

In v e s tig a t io n s  o f th e  chem ical and p h y s ica l p ro p e r tie s  o f 1 - t - b u ty l-

2-m ethoxvnaphthalene (4 8 ).

The t i t l e  compound (48) was a co lo u rle ss  o i l  a t  room tem p era tu re , 

which c r y s ta l l i s e d  as c o lo u rle ss  need les  below ca . 5 • Many o f th e  

p h y s ica l p ro p e r tie s  o f t h i s  compound r e f l e c t  th e  s t r a in  in h e ren t in  

i t s  s t ru c tu re .

A comparison o f th e  u .v . sp e c tra  o f th e  isom eric  t-b u ty l-2 -m eth o x y - 

n ap h th a len es(6 ), and (48) shows considerab le  bathochrom ic and hyper- 

chromic s h i f t s  in  th e  longer wavelength ab so rp tio n  bands fo r  th e  

1 - t -b u ty l  d e r iv a t iv e , as w e ll as seme lo s s  o f f in e  s t ru c tu re  fo r  

t h i s  d e r iv a t iv e .



-  65 -

(6 }

Xmax.(Efc0H^  250 ( *h ) 503(«H)

(n m .)  229 259 .5 (3 .65) 316(3.13)

269 (3 .6 1 ) 330(3.31)

(48) 

274(sH) 

252 282(3.74) 

29l ( a h )

323(3.24)

335(sh)

These e f f e c ts  have been no ted  by o th e r w o rk e rs ^ ’ ^  when s tra in e d  

t -b u ty la te d  d e r iv a tiv e s  have been compared w ith  u n s tra in ed  analogues. 

The changes in  th e  u .v . s p e c tra  o f s tra in e d  compounds could nbfc be 

accounted fo r  by s u b s ti tu e n t e f f e c t s  a lo n e . T his has been a t t r ib u te d  

to  a convergence o f ground s t a t e  and ex c ited  s ta t e  energy le v e ls  as 

a r e s u l t  o f d e s ta b i l i s a t io n  o f th e  ground s t a t e ,  caused by severe
n

d is to r t io n s  in  th e  s tra in e d  m olecules (see  in tro d u c tio n  re fe re n ce  37) .

In  l- t-b u ty l-2 -m eth o x y n ap h th a len e , consid e rab le  d is to r t io n s  may a r is e

as a r e s u l t  o f th e  p e r i - in te r a c t io n , and th e  b u t t r e s s in g  e f fe c t  o f

th e  2-methoxyl group.

In  th e  n .m .r . o f (4 8 ), th e  p e r i - p ro ton  i s  seen a t  X  1*54, and i s

co n siderab ly  desh ie lded  compared to  th e  o th e r arom atic p ro to n s , as i s

expected fo r  s t e r i c a l l y  compressed p e r i - p ro tons in  t-b u ty ln ap h th a le n es  

31 47 51 . The in te g ra te d  in te n s i ty  o f th e  H-8  s ig n a l su ffe re d  an

in c re a se  o f 20+5% when th e  t - b u ty l  s ig n a l was doubly i r r a d ia te d .  A

n u c lea r Overhauser enhancement o f comparable magnitude (15%) was

observed between t - b u ty l  and p e r i - H in  n .m .r . s tu d ie s  ©f 1 ,4 - d i - t -  
18bu ty lnaph thalene  • The t - b u ty l  s ig n a l in  th e  n .m .r . spectrum o f 

( 48) ( T 8 . 27) was somewhat desh ie lded  r e la t iv e  to  th e  corresponding 

s ig n a l in  th e  spectrum ®f (6) ( X, 8 . 60) .  T his e f f e c t  was a lso  observed 

in  th e  t-b u ty ln ap h th a len e  s e r ie s ,  and has been a t t r ib u te d  to  th e

18,
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p e r i - i n t e r a c t i o n ^ ’

In  an attem pt t e  e s tim ate  th e  h a r r i e r  t e  ro ta t io n  in  (48)» low
AQ

tem peratu re  n .m .r . s tu d ie s  were undertaken . There was no observab le

0change in  th e  t - b u ty l  s ig n a l on co o ling  to  -150 • T his in d ic a te s  a

p a r t ic u la r ly  low b a r r i e r  to  r o ta t io n  o f th e  t - b u ty l  group in  t h i s

49m olecule. Franck e t  a l .  recorded  extrem ely low b a r r ie r s  to  r o ta t io n  

(6 .5  k c a l. mole*^ o r le s s  ) in  1 - t - b u ty l -  and 1 -8 -d i- t-b u ty ln a p h th a le n e s . 

This phenomenon was a sso c ia te d  w ith  £ e r i - in t e r a c t io n s ,  th e  ex p lan a tio n  

being  th a t  th e  ground s ta t e  conform ations a re  a l l  o f unusually  h igh  

energy, and th a t  no conform ation o f r e la t iv e ly  low energy i s  a v a ila b le  

to  th e se  m olecules.

A r e p o r t ‘d  th a t  1 ,3 ,8 ,- t r i - t -b u ty ln a p h th a le n e  (49) undergoes 

p h o to iso m erisa tio n  to  th e  Dewar s tru c tu re  (50) prompted us to  in 

v e s t ig a te  th e  p h o to ly s is  o f 1 -t-bu ty l-2-m ethoxynaphthalene  (4 8 ).

(50)

I t  was thought th a t  th e  combined compression e f f e c t s  o f th e  2-methoxy 

group and th e  1 - t- b u ty l  group may favour iso m e risa tio n  to  th e  Dewar 

isom er ( 51) > r e s u l t in g  in  s t e r i c  decongestion w ith in  th e  m olecule.

OMe

(51)
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In  th e  ev en t, p h o to ly s is  o f a hexane so lu tio n  ©f (48 ) fo r  tw enty  hours 

employing a medium-pressure mercury lamp re s u l te d  in  recovery  ©f un

changed s t a r t in g  m a te r ia l which had p a r t i a l l y  decomposed. N© o th e r  

sp ec ie s  was p re sen t in  s u f f ic ie n t  q u a n tity  to  be c h a ra c te r is e d .

Extreme care  was tak en  in  p rep a rin g  and i s o la t in g  th e  t - b u ty l  

compound ( 48) t© avoid co n tac t w ith  a c id s , as i t  was thought th a t  

d e - t-b u ty la t io n  may be a f a c i l e  re a c t io n , even under m ild c o n d itio n s . 

T his p rocess  would r e s u l t  in  a decrease  in  s t r a in  in  th e  t r a n s i t i o n  

s ta t e  lead in g  to  th e  C -l p ro to n a ted  in te rm ed ia te  (5 2 ).

(48) (52)

OMe

+ +h

S evera l re p o r ts  o f f a c i le  d e - t-b u ty la t io n  o f s tra in e d  t - b u t y l -  

naphthalenes have been m ade^* In  t h i s  c ase , th e  a c t iv a t in g

e f f e c t  ©f th e  orthe-m ethexyl group should f a c i l i t a t e  t h i s  p ro cess , 

q u ite  a p a r t from th e  in c reased  s t r a in  a r is in g  from s t e r i c  compression 

due to  t h i s  group.

Treatm ent o f ( 48) w ith  dilbfee h y d roch lo ric  a c id  in  methanol a t  

room tem peratu re  r e s u lte d  in  complete conversion t© 2-methoxynaphthalene 

w ith in  e ig h teen  hou rs . S im ila r trea tm en t o f 6- t - b u ty l -2 -methoxy- 

naphthalene (6 , R » Me) and 3>6-d i-t-b u ty l-2 -m ethoxynaph tha lene  (8 ,

R -  Me) fo r  s e v e ra l days re s u lte d  in  q u a n ti ta t iv e  recovery  o f un

changed s t a r t in g  m a te r ia l .

The t - b u ty l  compound (53) i s  reported^*  to  undergo q u a n ti ta t iv e  

d e - t-b u ty la t io n  w ith in  t h i r t y  m inutes in  re f lu x in g  d i lu te  h y d ro ch lo ric  

a c id .



OAc

(53)

P rep a ra tio n  and a u to x id a tio n  o f 1- t - b u ty l -2 -naphtha1 (5 7 ) .

In  view o f th e  i n s t a b i l i t y  o f th e  m ethylated  d e r iv a tiv e  ( 48) t© 

a c id  c o n d itio n s , a h igh  y ie ld ,  n o n -ac id ic  method fo r  th e  dem ethy latien  

o f t h i s  compound was sought.

Many o f th e  re p o rted  b a s ic  methods o f dem ethylation  o f arom atic 

methyl e th e rs  are  a sso c ia te d  w ith  severe c o n d itio n s , poor y ie ld s ,  

long re a c tio n  tim e s , p r e t ic  s o lv e n ts , o r i s o la t io n  problem s. A ll o f
52th e se  methods involve a n u c le o p h ilic  displacem ent re a c tio n  o f th e  type  

- Y* CH -  0 - A r  ------> Y-CH- + OAr ,

where'Y = ~0H, "OR, “OAr, "SR, "SAr, "HH , 'P P h 2 , " I , '~ M e »  •

The method chosen fo r  i n i t i a l  in v e s t ig a tio n  was th e  use o f

53methylmagnesium io d id e  a t  e lev a ted  tem peratu res^  , s in ce  i t  was a lread y  

known th a t  th e  p roducts o f th e  h igh-tem pera tu re  G rignard re a c tio n  on 

l-acety l-2 -m ethoxynaph thalene  were com pletely dem ethylated (see  T able 2 ) .

Repeated a ttem pts to  o b ta in  a c lean  product from t h i s  re a c tio n  

by a l te r in g  th e  re a c tio n  co n d itio n s  were u n su ccessfu l, mainly as a 

r e s u l t  o f p o lym erisa tion  due to  th e  prolonged re a c t io n  tim es re q u ire d  

fo r  complete dem ethylation . The u sual method o f base e x tra c tio n  

follow ed by n e u tr a l is a t io n  and fu r th e r  e x tra c tio n  w ith  organ ic  so lv en ts  

were not s a t i s f a c to r y .  Owing to  th e  cryp t ©phenolic n a tu re  o f th e  

phenol (57)» C la ise n 's  a lk a l i  had to  be employed in  t h i s  p ro cess , 

and i t  was found th a t  so lu tio n s  o f th e  naphthoxide could not be 

s u f f ic ie n t ly  p ro te c ted  to  preven t ex tensive  au to x id a tio n  and de

com position o f th e  r e s u l t in g  hydroperoxide.
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Exposure o f benzene s o lu tio n s  o f th e  impure product fo r  e a . t h i r t y  

m inutes r e s u lte d  in  th e  complete au to x id a tio n  o f th e  naphtho l (37) > 

and th e  form ation  o f th e  hydroperoxide (41 ) (m onitored by n .m .r . ) .  

However, th e  is o la te d  y ie ld s  o f th e  hydroperoxide (4 l)>  ob ta ined  by 

f r a c t io n a l  c r y s ta l l i s a t io n ,  were low, and on occasio n , z ero .

Exposure o f th e  methoxy d e r iv a tiv e  (48) to  methylmagnesium
•  53io d id e  a t  175 f o r  t h i r t y  m inutes ^ produced, as w e ll as un reacted

s ta r t in g  m a te r ia l and th e  d e s ired  naphtho l (37)> * s u b s ta n t ia l

q u a n tity  o f 2-m ethoxynaphthalene, and t r a c e s  o f 2 -n ap h th o l. T his

can be r a t io n a l is e d  by th e  fo llow ing  re a c tio n  scheme.

Me.MgI

1)— Me

2)-t bu

Mgl
>Me
+ > =

HO

T his p rov ides supporting  evidence o f s t e r i c  congestion  in  th e  

t - b u ty l  d e r iv a tiv e  (48)*

In  a model r e a c t io n , dem ethylation o f 5 > 6-d i-t-bu ty l-2 -m ethoxy

naphthalene (a  s t e r i c a l l y  h indered  analogue o f l- t-b u ty l-2 -m e th e x y - 

naphthalene) u sing  sodium th io e th o x id e  in  re f lu x in g  dimethylformamide*^ 

gave a q u a n ti ta t iv e  y ie ld  o f 3 ,6 -d i- t-b u ty l-2 -n a p h th o l.

Q u an tita tiv e  y ie ld s  o f l- t -b u ty l-2 -n a p h th o l  were ob tained  by 

t h i s  method, th e  re a c tio n  being  worked up under extrem ely m ild con

d i t io n s .
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The s p e c tra l  c h a r a c te r i s t ic s  e f  t h i s  compound showed a c lo se  . 

resem blance to  th o se  o f 1-t-buty l-2-m eth© xynaphthalene, which have 

been d iscu ssed  in  d e t a i l .  A c r y s ta l l in e  sample could not be o b ta in ed , 

although t h i s  compound would be expected to  be a s o l id  a t  room temp

e ra tu re . No evidence o f th e  ex is ten ce  o f th e  k e to -tau to m er (54) *as 

ob ta ined  from th e  sp e c tra  o f l- t -b u ty l-2 -n a p h th o l .  R eadily  a u te -  

x id is a b le  s t e r i c a l l y  congested phenols a re  o f te n  found to  form s ta b le

k e to -tau to m ers , which a re  su b jec t to  le s s  s t r a in  (see  in tro d u c tio n ,
51pp. 24, 2 5 ). F ie ld s  and Regan have shown th a t  th e  s tra in e d  

naphtho l (55) e x is t s  in  th e  k e to  form ( 56) in  s o lu tio n . The t e r t i a r y  

hydrogen a t  th e  8 -p o s itio n  in  ( 56) does no t re a d i ly  undergo deuterium  

exchange w ith  D^O.

(54) (55) (56)

The f a i lu r e  o f l - t -b u ty l-2 -n a p h th e l  to  tau to m erise  to  ( 54) may in d ic a te  

th a t  th e  degree o f s t r a in  in  th e  pheno lic  tau tom er r e l a t iv e  to  th e  

k e to -tau tom er i s  le s s  th an  th e  d iffe re n c e  in  resonance s t a b i l i s a t io n  

between th e se  form s.

A q u a n ti ta t iv e  y ie ld  o f l- t-b u ty l-2 -ac e to x y n ap h th a le n e  could be 

ob ta ined  by th e  a d d itio n  o f a c e t ic  anhydride to  th e  re a c tio n  m ixture 

o f th e  dem ethylation experiment above, but t h i s  compound could not be 

induced to  c r y s ta l l i s e  (a  c r y s ta l l in e  d e r iv a tiv e  was being  sought fo r  

X-ray a n a ly s is ) .

Oxygenation of pure samples o f l - t -b u ty l-2 -n a p h th o l  w ith  pure 

oxygen gave high y ie ld s  e f  l-t-b u ty l-l-h y d ro p e ro x y -2 (lH )-n ap h th a len o n e  

( 41) ,  m.p. 154-157°> which was id e n t ic a l  in  a l l  re sp e c ts  to  samples
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ob ta ined  p re v io u s ly . T his re a c tio n  was su b jec t to  an in h ib i t io n  p e rio d  

(10 m in u te s -l hour) when no uptake o f oxygen was reco rded .

When benzene so lu tio n s  o f th e  naphtho l (57) were allowed to  r e a c t  

slow ly w ith  atm ospheric oxygen w ith  o r w ithout s t i r r i n g ,  th e  tim e 

tak en  fo r  th e  complete d isappearance o f s t a r t in g  m a te r ia l was much 

longer in  some cases (up to  th re e  h o u rs ) , and th e  is o la te d  y ie ld  o f 

th e  hydroperoxide (41) co n siderab ly  low er. T . l . c .  in d ic a te d  th a t  

two m ajor components were p re sen t in  th e  oxygenated m ixtures o th e r  

th a n  hydroperoxide. One o f th e se  could be is o la te d  by chromatography, 

and unambiguously id e n t i f ie d  as 1 ,2-naphthaquinone. The o th e r  com

ponent which was is o la te d  by chromatography gave a deep red  so lu tio n  

in  benzene when exposed to  su n lig h t o r u .v . l ig h t  (550nm.). T his red  

co lo u r d isappeared  when th e  sample was s to red  in  th e  dark , o r when 

methanol was added. When t h i s  component was chromatographed in  th e  

p resence o f l i g h t ,  a re d , p o la r  spot was d e tec ted  on s i l i c a  p la te s ,  

which was d eco lou rised  in  th e  dark . The ad d itio n  o f a drop o f a lk a l in e  

fe r r ic y a n id e  to  a so lu tio n  o f t h i s  component in te n s i f ie d  th e  red  

c o lo u ra tio n  i n i t i a l l y ,  and ev en tu a lly  d isp ersed  t h i s  co lour com pletely , 

g iv in g  an in t r a c t ib l e  m ixture o f components which no longer ex h ib ited  

t h i s  behav iour.

T his sp ec ie s  e x h ib its  th e  c h a r a c te r is t ic s  o f a dimer co n ta in in g  

a weak bond which can be re a d ily  cleaved hom o ly tica lly  to  g ive f r e e  

r a d ic a ls .  I t  e x h ib its  th e  fo llow ing  s p e c tra l  c h a r a c te r is t ic s  

* (hexane) 286(sh), 297, 512(s h ) , 520(s h ) , 500 nm.
P18X •

V ( c c i j  1680, 1615, 1585, 1560, 1258, 1100 cm.”1 .
ID8X • 4

m/e 398, 199-

S u f f ic ie n t  m a te r ia l fo r  n .m .r . was not ob ta in ed . These s p e c tra l  

c h a r a c te r is t ic s  can be accounted fo r  by th e  s t ru c tu re  (57)> which may 

be formed in  a te rm in a tio n  s tep  by re a c tio n  between l-t-b u ty l-2 -n ap h th o x y  

r a d ic a ls  ( c f .  au to x id a tio n  o f 1 -e th y l-2 -n ap h th o l, page 41) ,
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-0
hV

>(4.1)

(57)

The long wavelength band (500 nm.) in  th e  u .v . i s  ty p ic a l  ©f phenoxy

54 -1ra d ic a ls  • The bands a t  1258 and 1100 cm, in  th e  i . r .  a re  in 

d ic a t iv e  o f a qu ino l e th e r .

That t h i s  product i s  not formed when l- t-b u ty l-2 -n ap h th © l i s  

oxygenated in  pure oxygen w ith  ra p id  s t i r r i n g  i s  not s u rp r is in g .

The re a c tio n  @f th e  naphthoxy r a d ic a l  w ith  oxygen i s  expected t© be

favoured , s in ce  s t e r i c  h indrance to  d im erisa tio n  w i l l  be severe  (o f ,

54 \s ta b le  h indered  phenoxy ra d ic a ls  Prolonged exposure o f a sample

e f  t h i s  compound to  a i r  re s u lte d  in  th e  form ation o f a t r a c e  o f th e  

hydroperoxide (41)•

Treatm ent ©f 1 -t-b u ty l-2 -n a p h th o l w ith  a lk a l in e  potassium  

fe r r ic y a n id e  in  th e  absence o f ©xygen may g ive a h igh  y ie ld  ©f (57)« 

T his experim ent has not y e t been c a r r ie d  o u t. However, a d d itio n  o f 

a drop o f a lk a l in e  potassium  fe rr ic y a n id e  to  an e th a n e lic  so lu tio n  o f

l- t-b u ty l-2 -n a p h th o l  in  a u .v . c e l l  produced a red  so lu tio n  w ith  an 

id e n t ic a l  u .v . spectrum to  th e  compound assigned  th e  s tru c tu re  (57)• 

F u rth e r in v e s t ig a t io n  o f th e se  processes would seem t© be d e s ira b le .

F u rth e r ro u te s  to  l- t -b u ty l-2 -n a p h th o l were envisaged. Many 

s u b s t i tu te d  naphthalene syn theses invo lv ing  D ie ls-A lder a d d itio n  to  

benzynes^*  ^  could be adapted t© th e  sy n th es is  o f l - t - b u ty l - 2 -

n ap h th o l, fo r  example 47

II
H?

H

R
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S yn thesis  o f 1 - t -n en ty l-2 -n ap h th o l (5 8 ) .

Owing to  th e  d i f f i c u l t i e s  encountered in  th e  p re p a ra tio n  o f  1 - t -  

bu ty1-2-n ap h th o l, th e  sy n th es is  o f an a l te r n a t iv e  l- t-a lk y l-2 -n a p h th @ l,

v i z . th e  t i t l e  compound (58) was undertaken .

55 /Buckle and Haight re p o rted  th e  p re p a ra tio n  o f l - ( l , l - d im e th y l -

pr© p-2-eny l)-2-acetoxynaphthalene ( 64) by th e  C la isen  rearrangem ent

o f  2-(5-m ethylbut-2-enyl© xy) naphthalene (59) i n a m ixture o f a c e t ic

anhydride and q u in o lin e . I t  was suggested t h a t ,  in  th e  absence o f

a c e t ic  anhydride, th e  i n i t i a l l y  formed naphthol (60) undergoes a

rearrangem ent v ia  th e  sp irocyclebu tane  in te rm ed ia te  (6 l)  to  g ive

th e  naphtho l ( 62) ,  which could th en  c y c lise  to  th e  naphthopyran ( 65) .

T his naphthopyran was is o la te d  in  h igh  y ie ld  when a c e tic  anhydride

was n e t used .

Ac
AcO

(60)(59)

(63) (62) (61)

A sim pler mechanism, in v o lv in g  a 1 ,3 -s ig m a trep ic  s h i f t  in  th e  

e th e r  (59) > i s  th e rm ally  fo rb idden  by th e  Woodward-Hoffman r u le s .

The f a i lu r e  o f th e  t-p en ten y ln ap h th o i (60) to  c y c lis e  to  a naphthopyran 

was a t t r ib u te d  to  s t e r i c  crowding as a r e s u l t  o f £ e r i- - in te ra c tio n s .

The t-p e n te n y l a c e ta te  (64) was seen as a s t a r t in g  m a te r ia l fo r
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th e  p re p a ra tio n  o f 1 - t - p e n ty l -2 -naphthe 1 (58) by th e  fo llow ing  method.

LAH,
A c

(64) (65) (58)

S ev era l a ttem pts  t© p repare  l-t-butyl-2**aeet® xynaphthalene from 

th e  a c e ta te  ( 64) by ozonelysis  e f  th e  double bond, follow ed by 

th ie k e ta l i s a t i e n  and d e su lp h u r isa tio n  by Haney n ic k e l have been 

u n s u c c e s s fu l^  •

The sy n th es is  o f 1 - t-p e n ty l-2 -n a p h th o l ( 58) was undertaken by me. 

The p re p a ra tio n  o f th e  d im e th y la lly l e th e r  (59) proceeded smoothly 

as d e sc rib ed , th e  pure product being  ob tained  w ithout undue d i f f i c u l ty .  

The p roducts e f  th e  C la isen  rearrangem ent were su b jec ted  to  column 

chromatography ©n s i l i c a ,  e lu te d  su ccess iv e ly  w ith  l ig h t  petro leum , 

and th en  w ith  l ig h t  petroleum  -  e th y l a c e ta te  m ix tu res. In  t h i s  

manner, reasonab ly  pure samples o f th e  d e s ired  a c e ta te  ( 64) could be 

ob tained  in  moderate y ie ld ,  albng  w ith  unchanged e th e r  (59) and

2-acetexynaphthalene . The m ajor im purity  in  th e  samples o f ( 64) 

ob ta ined  was 2-acetoxynaphthalene. Attempts t© p u r ify  t h i s  compound 

by vacuum d i s t i l l a t i o n  re s u lte d  in  p a r t i a l  decom position. P rep a ra tiv e  

t , l . c .  gave th e  pure a c e ta te  ( 64) as a c o lo u rle ss  o i l ,  which could 

be unambiguously c h a ra c te r is e d  by sp ec tro sco p ic  methods. The 

appearance o f th e  p e r i - p ro ton  s ig n a l in  th e  n .m .r . spectrum a t X 1.80 

can again  be a t t r ib u te d  to  p e r i - s t r a in .

Pure samples o f th e  t-p e n te n y l a c e ta te  ( 64) were hydrogenated 

ra p id ly  in  q u a n tita tiv e  y ie ld s  in  c a « t h i r t y  f iv e  m inutes in  m ethanol, 

u sing  a 10$ pa llad ium -charcoa l c a ta ly s t .  Samples o f l - t - p e n ty l - 2 -  

acetoxynaphthalene ( 65) were p u r if ie d  by vacuum d i s t i l l a t i o n .  A ttempts
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to  hydrogenate impure samples o f th e  t-p e n te n y l a c e ta te  ( 64) p r io r  

to  p u r i f ic a t io n  by chromatography ©r d i s t i l l a t i o n  re s u lte d  in  n® 

re a c tio n .

The u .v . spectrum ©f ( 65) (X (BtOH) 226(4 . 8 ) ,  270.5(5*78),
Z&8JC •

2 78(3 .85 ), 287 (sh ), 318(sh) nm.) bears  a s t r ik in g  resem blance to  th a t

o f l- t-b u ty l-2 -ac e to x y n ap h th a le n e  (X (EtOH) 226(4*9), 268.5(5«68),max •

2 7 8 (3 .7 2 ), 288 (sh ), 320(sh ) nm .).

The s ig n a l corresponding to  H-8 in  th e  n .m .r . o f (65) (X 1 .75)

i s  co n sid erab ly  desh ie lded  r e la t iv e  to  th e  o th e r arom atic s ig n a ls

( c f .  H-8 in  l- t-b u ty l-2 -ac e to x y n ap h th a le n e  X  1 .5 4 ).

The base peak in  th e  mass spectrum  o f ( 65) (®/e 256(M+ ,3 0 ) ,

214(55), 185(100)) corresponds to  th e  lo ss  ®f th e  t -p e h ty l  group, a

p rocess which i s  n e t n©rmally favoured , ( c f .  l - t -b u ty l-2 -a e e to x y -

naph thalene , m/e 242(M+,2 0 ) , 200(60), 185(100)) and may be a sso c ia te d

51w ith  p e r i - s t r a in  in  th e se  m olecules. F ie ld s  and Began found th a t  

th e  lo s s  ©f a t - b u ty l  fragm ent in  th e  mass spectrum ©f (55) i s  a 

h ig h ly  favoured p ro ce ss , and a t t r ib u te d  t h i s  t© p e r i - s t r a in .

OAc

lAc (53)

P rep a ra tio n  and au to x id a tio n  o f 1 - t-p e n ty l-2 -naph tho l (5 8 ) .

The t i t l e  compound could be ob tained  in  q u a n ti ta t iv e  y ie ld  fr®m 

1 - t-p e n ty l-2 -acetoxynaphthalene ( 65) ,  by trea tm en t w ith  lith iu m  

aluminium hydride in  re f lu x in g  e th e r ,  follow ed by a n o n -ac id ic  work-up. 

( I t  was expected th a t  d e a lk y la tio n  would occur re a d ily  in  a c id ic  media, 

c f .  page 67) .  The product was found to  re a c t  ra p id ly  w ith  atm ospheric 

oxygen, and was never ob tained  in  a c r y s ta l l in e  s t a t e .  However, by 

rig o ro u s exclu sion  o f oxygen, samples could be ob ta ined  which d isp layed



s p e c tra l  c h a r a c te r is t ic s  t o t a l l y  com patible w ith  th e  assigned  s t ru c tu re  

(5 8 ) . The expected d esh ie ld in g  ©f th e  p e r i - p ro ton  was observed ( T l . 63) .

Oxygenation o f pure samples o f th e  s tra in e d  naphthol (58) y ie ld e d  

in  ca . t h i r t y  m inutes, v i r t u a l ly  q u a n tita tiv e  y ie ld s  o f 1 - t - p e n ty l -  

l-hydroperoxy-2(lH )-naphthalen@ ne (6 6 ), m.p. 113- 115° (decom position), 

p a le  yellow  need les from l ig h t  petroleum -benzene, whose s p e c tra l  

c h a r a c te r i s t ic s  were extrem ely s im ila r  to  th e  analogous t - b u ty l  hydro

peroxide (4 l)«  On one occasion , uptake o f oxygen d id  not commence 

u n t i l  th e  so lu tio n  had been s t i r r e d  under oxygen fo r  tw elve m inutes.

The hydroperoxide (66) was found to  be even le s s  s ta b le  to  h eat 

o r l ig h t  th an  th e  t - b u ty l  analogue (4 l)»  A sample heated  a t 40° under 

reduced p re ssu re  decomposed e x p lo s iv e ly ,to  a b lack  t a r  con ta in in g  

many components. Samples s to re d  in  th e  dark in  a f re e z e r  p a r t i a l l y  

decomposed over s e v e ra l days. The only product o f t h i s  decom position 

which could be id e n t i f ie d  was 1 ,2-naphthaquinone, which could be 

compared w ith  an a u th en tic  sample.

H00

( 6 6 )

Attempted p re p a ra tio n  o f 1-m e th y l-5 » 6 -d i- t-b u ty l-2 -naphtho l ( 67 ) .

One o f th e  p o ss ib le  exp lana tions fo r  th e  i n s t a b i l i t y  o f 1 - t - b u ty l-  

and 1 - t-p e n ty l-2 -n ap h th o l i s  th a t  th e  in c reased  e le c tro n  d e n s ity  a t  

C—1 in  th e se  compounds compared to  l-m ethy l-2 -naph tho l s t a b i l i s e s  th e  

naphthoxy ra d ic a l  in te rm ed ia te  in  th e se  case s , so th a t  hydrogen ab

s t r a c t io n  by th e  chain -p ropagating  peroxy r a d ic a l  i s  a c c e le ra te d .

The t i t l e  compound (67) should resem ble l-m eth y l-2 -n ap h th o l 

e le c tro n ic a l ly  a t  C -l. I t  was p re d ic te d , however th a t  ( 67) would be 

su b jec t to  co n siderab le  s t r a in  by v ir tu e  o f th e  b u ttr e s s in g  e f fe c t  o f
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th e  3 - t -b u ty l  group; combined w ith  th e  p e r i - in te r a c t io n  between H-8 

and th e  1-m ethyl group. T his s t e r i c  congestion  may r e s u l t  in  mere 

f a c i l e  au to x id a tio n  o f t h i s  m olecule r e la t iv e  t@ l-m e th y l-2 -n ap h th e l.

(67)

The b u ttr e s s in g  e f fe c t  suggested above may w ell be more severe  

th a n  in  th e  case o f 1 ,3 ,8 - tr i- t-b u ty ln a p h th a le n e  (49) > where th e  3 - t -  

b u ty l group r e s u l t s  in  s e le c t iv e  iso m erisa tio n  o f th e  r ig h t  hand r in g  

on p h o to ly s is  (see  pp. 66 , 67) .

The naphtho l (67) resem bles s tra in e d , h ig h ly  s u b s ti tu te d  phenols 

(see  in tro d u c tio n  page 24 e t  seq . )  which re a d ily  undergo a u to x id a tio n .

3 ,6 -D i- t-b u ty l-2 -n a p h th o l (8 , R = H) was chosen as a s ta r t in g  

m a te r ia l f o r  th e  sy n th es is  o f ( 67) .  Three g en era l methods are  a v a ila b le  

fo r  th e  in tro d u c tio n  o f a methyl group in to  th e  l-p © sitio n  o f 2  —

n ap h th o ls , v i z . W olff-Kishner reduction"^  o f th e  1-form yl d e r iv a t iv e ^ ,

59 60n ic k e l-a l lo y  hydrogenolysis o f th e  1-morpholinomethyl d e r iv a tiv e  ,

and red u c tio n  o f th e  1-form yl d e r iv a tiv e  w ith sodium d ih ydro -b is
91

(2-methoxyethoxy) alum inate. Owing to  d i f f i c u l t i e s  encountered in
2th e  p re p a ra tio n  and red u c tio n  o f 1-formy1-2-naph tho l , th e  second 

method was chosen fo r  th e  p re p a ra tio n  o f th e  d e s ired  naphthol ( 67)*

1-Morpholinomethy1 -5 ,6 -d i- t-b u ty l-2 -n a p h th o l (68) was prepared  

in  h igh  y ie ld  by th e  l i t e r a tu r e  method fo r  th e  p a ren t 1-m orphelino-
60m ethyl-2-naphthol . This compound was found to  be in e r t  to  atmos

p h e ric  oxygen over in d e f in i te  perio d s  in  th e  s o lid  s t a t e .  Oxygenation 

o f e th y l a c e ta te  so lu tio n  o f (68) fo r  one week produced a t r a c e  of

3 ,6 -d i- t-b u ty l- l,2 -n a p h th a q u in o n e  (1 0 ). The s t a b i l i t y  o f (68) to  

a u to x id a tio n  could be due to  in d u c tiv e  w ithdraw al o f 'e le c tro n s  by
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n itro g e n , o r to  th e  in tram o lecu la r c h e la tio n  which i s  apparent from 

th e  extrem ely broad 0-H s tr e tc h in g  frequency in  th e  i . r . .  T his may 

in h ib i t  hydrogen atom a b s tra c tio n  in  th e  r a d ic a l  chain  au to x id a tio n  

p roce—

A lte rn a tiv e ly , th e  in te rm ed ia te  hydroperoxide ( 69) may re a d ily  decompose 

to  th e  quinone (1 0 ), so th a t  i n i t i a t i o n  by hydroperoxide does not occur. 

R eaction o f th e  m orpholinom ethylnanhthol (68) w ith Raney-nickel a llo y  

and a l k a l i .

The re a c tio n  was executed accord ing  to  th e  method o f Gandhi and 

59co-workers , and th e  work-up and i s o la t io n  c a r r ie d  out w ith exclusion  

o f oxygen to  g ive c o lo u rle ss  c r y s ta l s ,  m .p. 215-220°(decompositi©n) 

from ch lo ro fo rm -lig h t petro leum . The s p e c tr a l  c h a r a c te r is t ic s  o f t h i s  

p ro d u c t, which was extrem ely u n s tab le  to  oxygen, were in  accord w ith  

th e  s tru c tu re  (7 l)»  T his compound could be formed v i a , th e  mechanism 

o u tlin e d  below.

( 6 8 ) (69)

+  h2o

(68) (70)
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T his mechanism invo lves only th e  a c tio n  o f a lk a l i .  Treatm ent o f an 

e th a n o lic  so lu tio n  o f th e  m orpholinom ethylnaphthol (68) w ith  aqueous 

sodium hydroxide gave a q u a n ti ta t iv e  y ie ld  o f th e  same p roduct. The 

bisnaphthylm ethane (7 l)  was a lso  p repared  d i r e c t ly  from 3 ,6 - d i - t - b u ty l -

2 -naphtho l by trea tm en t w ith  sodium a c e ta te  and formaldehyde in  aqueous 

e th an o l, by analogy w ith  th e  l i t e r a t u r e  p re p a ra tio n  o f th e  pa ren t 

compound (72) ^ .

This re a c tio n  probably  invo lves th e  in term ediacy  o f 1-hydroxy- 

m ethy l-2 -naph tho l, and indeed , when th e  re a c tio n  was m onitored by 

t . l . c . ,  a t h i r d  component was p re sen t u n t i l  th e  s ta r t in g  m a te r ia l 

was com pletely consumed, when only one component could be d e tec ted  

by t . 1 . c . .

The form ation  o f th e  bisnaphthylm ethane (71) by re a c tio n  o f th e  

m orpholinom ethylnaphthol (68) w ith  a lk a l in e  n ic k e l a l lo y  was un

expected , s in ce  1-morpholinom ethyl-2 -naphtho l i t s e l f  g ives h igh  y ie ld s
59o f 1-methy1-2-naphtho l under id e n t ic a l  co n d itio n s  . However, th e

s e l f  condensation o f s u b s t i tu te d  phenols and naphtho ls o f t h i s  type
62—64to  g ive b iary lm ethanes i s  a w e ll known re a c tio n  ~ 4 , (see  o v e r) , 

a lthough th e  aminomethyl d e r iv a tiv e s  norm ally re q u ire  more fo rc in g  

c o n d itio n s , o r e ls e  p r io r  form ation o f th e  m eth iodide.
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1. OH

X « OH, OMe, C l, NR2 . | 72 j

63Gardner suggests th a t  t h i s  re a c tio n  i s  favoured when th e  deaminated 

m oeity can more e a s i ly  s u s ta in  p o s it iv e  charge. The e le c tro n ic  re le a s e  

by th e  t - b u ty l  groups in  (68) may th e re fo re  s t a b i l i s e  th e  t r a n s i t io n  

s ta t e  lead in g  to  th e  p o s tu la te d  quinone methide in te rm ed ia te  (7 0 ).

(70)

I t  i s  a lso  conceivable th a t  s t e r i c  congestion  weakens th e  0-H bond, 

so th a t  h e te ro ly s is  i s  f a c i l i t a t e d .

I t  was a lso  noted th a t  th e  morpholino m ethylnaphthol (68) de

composed f a i r l y  ra p id ly  on s i l i c a  t . l . c .  p la te s  to  give a m ixture 

id e n t ic a l  to  th a t  obtained  from th e  au to x id a tio n  o f ( 71) (see  below ). 

I t  i s  rep o rted  th a t  l-d im ethylam ino-2-naphthol i s  transform ed  in to  

th e  bisnaphthylm ethane (72) on s i l i c a  columns, and t h i s  was a t t r ib u te d

to  th e  am photeric n a tu re  o f s i l i c a 64

■»

(72)
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Owing to  th e  i n s t a b i l i t y  o f th e  d inaph tho l (71) > I t  was not 

p o ss ib le  to  o b ta in  samples s u ita b le  f e r  a n a ly s is .  Treatm ent o f  t h i s  

compound w ith  sodium hydride in  dms®, follow ed by m ethyl io d id e  (2 m oles), 

gave th e  dim ethyl e th e r  (73)» m.p. 275-2780 » which could be f u l ly  

c h a ra c te r is e d .

■OMe

OMe

(73)

The appearance o f th e  p e r i - p ro tons a t  low f i e ld  in  th e  b isn ap h th y l-

methanes (7 l)  and (73) ( t  1.89 and 1.81 re s p e c tiv e ly )  may be due to

d e sh ie ld in g  by th e  second naphthalene nucleus in  th e se  cases.

A utox idation  o f th e  d inaph tho l (7 1 ) .

The i n s t a b i l i t y  o f th e  t i t l e  compound (71) to  oxygen may be due

to  th e  s t e r i c  congestion  in h e ren t in  i t s  s t r u c tu r e .  In  c o n tra s t ,  th e
62—64paren t compound ( 72) ,  i s  no t re p o rted  to  be u n s tab le  in  a i r  " .

2l-B enzy l-2 -naph tho l i s  a lso  s ta b le  to  oxygen .

Oxygenation o f pure samples o f (71) was complete in  60 + 5  m inutes, 

c a . 1.5  moles o f oxygen p er mole o f s u b s tra te  having been tak en  up.

The product was a re d , s e m i-c ry s ta llin e  o i l ,  co n ta in in g  two m ajor 

components which could re a d ily  be sep ara ted  by f r a c t io n a l  c r y s ta l l i s a t io n  

follow ed by chromatography o f th e  re s id u e . Exhaustive oxygenation o f 

1.31  (2 .5  mmole) o f (71) gave 0.90  g . ( 3.3  mmole) o f 3 ,6 - d i - t - b u ty l -

1, 2-naphthaquinone (1 0 ), and 0*44 g» (0.8mmole) o f p a le  yellow  p rism s, 

m .p. 154-157° (decom position) from m ethanol, which were assigned  th e  

s tru c tu re  (74)> th e  b a s is  o f i t s  s p e c tra l  c h a r a c te r i s t i c s .
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The u .v . spectrum (EtOH) 241(4 .98), 268( 5 . 89) ,  279(3 .93),U18 A •

29l ( s h ) ,  516(4 . 02) ,  532(sh) nm.) can he explained in  terms ©f a molecule 

constructed from the two systems l,l-d isu b stitu ted -2 -(lH )-n ap h th a len on e, 

and a su b stitu ted  naphthalene. The band at I 69O cm~  ̂ in  the i . r .  i s  

con sisten t with th e presence ©f a naphthalenone system. Four non

equivalent t-b u ty l groups can be detected in  the n .m .r ., as w ell as 

four n©n-equivalent methylenic hydrogens, which are seen as a complex 

m u ltip let (X 6 .8 -8 .1 ) .  Attempts to  e lucidate the n.m .r. using europium 

s h if t  reagents were unsuccessfu l. The highest ion measured in  the  

mass spectrum i s  536(40). This compound would not analyse correctly  

fo r  C^qH^q02 , p ossib ly  as a r esu lt o f the in c lu sion  o f solvent molecules 

in  i t s  c r y s ta llin e  la t t i c e ,  or because o f the presence o f traces o f  

im p u rities, (see  below). Many samples obtained could not be p u rified  

s u f f ic ie n t ly  to  g ive a clean m elting p o in t, e sp e c ia lly  those samples 

which had been exposed to  mild h eat. The compound was found to  

decompose slow ly in  the so lid  s ta te , or in  so lu tio n  to  giVe tra ces  of  

the naphthaquinone (lO ).

These products can be ra tio n a lised  on the b a sis  o f the fo llow ing  

scheme.
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4- 2H20

(7£)

However, t h i s  scheme does not account f o r  th e  product d is t r ib u t io n  

(which should be (10) : (74) -  2 : 1 i f  t h i s  scheme o p era tes  e x c lu s iv e ly ) , 

nor fo r  th e  f a c t  th a t  ca , 1 .5  moles o f oxygen a re  absorbed in  th e  

oxygenation re a c t io n . The form ation  o f th e  dihydroperoxide (76) may 

be a com petitive  pathway in  t h i s  a u to x id a tio n , th e  ex ten t o f i t s  

form ation being  dependent upon th e  r e la t iv e  r a te s  o f decom position 

and fu r th e r  oxygenation o f th e  mono-hydroperoxide (75) iu  th e  above 

scheme.

iOH
OH

(76)

- f  HO 4- CH 0

Attempts to  d e te c t th e  presence o f hydroperoxides in  t h i s  re a c tio n  

by ca rry in g  out th e  oxygenation a t  low tem peratu re  ( i c e - s a l t  b a th ) 

were u n su ccessfu l.

The p u r i f ic a t io n  o f th e  spirochroman d e r iv a tiv e  ( 74) was f r u s t r a te d
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by th e  presence o f t r a c e s  o f im p u r it ie s , which could no t be removed 

by p h y s ica l methods* These im p u ritie s  could be d e tec te d  in  th e  

expanded n .m .r . spectrum (sh o u ld ers  on th e  t - b u ty l  s ig n a ls ) ,  and in  

th e  mass spectrum (th e  t r a c e  peak a t  522, M+-14 , could not be accounted 

fo r  on th e  b a s is  o f (74 ))• I t  was proposed th a t  th e  spirocoum aran 

(77) could be produced by th e  in tram o lecu la r coupling  p rocess o u tlin e d  

below ( c f .  au to x id a tio n  o f 1 -e th y l-  ( p .4 l )  and l- t -b u ty l-2 -n a p h th o l

( p .71) ) .

f l l f  ll
(71)

0,

-0-H

(77)

T his i s ,  in  f a c t ,  a te rm in a tio n  s tep  in  th e  au to x id a tio n  p ro cess .

In  o rd e r to  t e s t  t h i s  h y p o th e sis , th e  d inaph tho l (71) was 

o x id ised  in  th e  absence o f oxygen w ith  a lk a l in e  potassium  fe r r ic y a n id e , 

to  g ive a high y ie ld  o f p a ie  yellow  f la k e s , m .p. 245- 255° ,  whose 

s p e c tra l  c h a r a c te r is t ic s  were in  accord w ith  th e  s tru c tu re  (77)• 

However, t r a c e s  o f th e  quinone methide dimer (74) were d e tec ted  in  

th e  n .m .r . and mass spectrum , which could have a r is e n  by th e  a c tio n  

o f base upon (71) and d im erisa tio n  o f th e  r e s u l t in g  quinone methide 

(see  above).

The quinone methide dimer (73) i s  a w ell documented compound, and 

has been s tu d ied  by many workers^4“^ .  ig  decompose

th e rm a lly  to  two m olecules o f o-naphthaquinone m ethide, which can th en  

undergo D ie ls-A lder a d d itio n  w ith  d ien o p h iles  to  g ive s u b s t i tu te d  

naphtbo chromans.
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2

The dimer (785 i s  commonly prepared  by therm al de-am inatien  e f  Mannich

base d e r iv a tiv e s  ©f 2-n ap h th o l, by re f lu x in g  in  high b o ilin g  s o lv e n t s ^ .  
66C a t te r a l l  has re c e n tly  rep o rted  t h a t ,  under th e se  c o n d itio n s , th e  

spir© dimer ( 78) isom erisee  i r r e v e r s ib ly  to  form th e  spirophenalene 

(79, H = H).

HO

(79) (80)
I  f in d  th a t  th e  sp iro  dimer (74) i s  produced in  low y ie ld  along

w ith  th e  bisnaphthylm ethane ( 71) when a sample o f 1-m orpholinom ethyl-

3 , 6- d i - t - b u ty l - 2-naphthol ( 68) i s  re flu x ed  fo r  th re e  hours in  m esjty len e .

Samples o f th e  dimer (74) obtained  by t h i s  method were very  impure.

A ttem pts to  isom erise  (74) to  (79, R = ^Bu) by re f lu x in g  th e  form er
66in  g la c ia l  a c e t ic  ac id  produced a sm all q u an tity  o f a compound

co n ta in in g  a hydroxyl group, which was not p re sen t in  s u f f ic ie n t

64q u a n tity  fo r  c h a ra c te r is a t io n . The rep o rted  hydrogen© lysis o f th e

sp iro  dimer ( 78) to  th e  e th y le n e -b is -2-naph tho l (80) could no t be 

reproduced in  th e  case o f th e  t - b u ty l  analogue (74) ,  p o ss ib ly  because 

o f s t e r i c  h indrance to  access by th e  c a ta ly s t ,  o r because o f t r a c e  

im p u ritie s  in  th e  sample employed.
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Attempted p re p a ra tio n  of 1-m eth y l-5 . 6 -d i- t-b u ty l-2 -n a p h th o l (67) by 

hydride red u c tio n  o f th e  o-quinone methide (7Q)«
C - 7  C s i

The known * s u s c e p t ib i l i ty  o f quinone m ethides to  a t ta c k  by
63n u c leo p h ilic  re a g e n ts , and th e  re p o rted  p re p a ra tio n  o f l-m e th y l-2-  

naphthol by hydride red u c tio n  o f o-naphthaquinone m ethide prompted 

me to  in v e s t ig a te  th e  r e a c t iv i ty  o f 1-morpholinomethy1- 3 , 6- d i - t - b u ty l -

2-naphth©l ( 68) to  hydride re a g en ts .

Prolonged trea tm en t o f (68) w ith  lith iu m  aluminium hydride o r 

sodium dihydro-bis(2-m ethe:xyethoxy) alum inate^under re f lu x  co n d itio n s  

re s u lte d  in  th e  recovery  o f unchanged s ta r t in g  m a te r ia l ,  no o th e r 

compound being  d e te c te d .

P rep a ra tio n  o f l~ m ethy l-3 .6~ d i-t~ bu t.v l-2 -naphtho l by hydrogenolysis 

o f th e  m orpholinom ethylnaphthol ( 68) .
\

Owing to  th e  h ig h ly  s u b s ti tu te d  n a tu re  o f th e  naphthol (6 8 ), and 

i t s  low s o lu b i l i ty  in  common s o lv e n ts , th e  c a ta ly t ic  hydrogenolysis 

was no t expected to  be a f a c i le  re a c tio n . The re a c tio n  was attem pted 

under many co n d itio n s  u sing  d i f f e r e n t  m etal c a ta ly s ts ,  so lv e n ts , and 

added ac id  c a ta ly s ts  w ith  no su ccess . Attempts to  p repare  th e  m ethiodide 

to  f a c i l i t a t e  t h i s ,  and some o f th e  p rev io u s ly  mentioned re a c tio n s  ©f 

t h i s  compound were a lso  u n su ccessfu l.

The hydrogenolysis proceeded slow ly in  methanol (0.0075 molar 

s o lu tio n )  employing a pa llad ium -charcoal c a ta ly s t .  Heat was re q u ired  

to  a id  d is s o lu t io n . The re a c tio n  was worked up under n itro g en  to  

g ive a h igh  y ie ld  o f 1-m ethy l-3 , 6- d i - t - b u ty l - 2-naphtho l ( 67) ,  m.p. 

119- 121° ,  th e  s p e c tra l  c h a r a c te r is t ic s  o f which were t o t a l l y  in  accord 

w ith  t h i s  s t ru c tu re .  A sample s u ita b le  fo r  a n a ly s is  could not be 

obtained  owing to  th e  i n s t a b i l i t y  o f t h i s  compound to  oxygen. A 

sample was m ethylated (NaH, dmso, Mel) in  moderate y ie ld ,  to  g ive 

1-m eth y l-3 ,6-d i-t-b u ty l-2 -m eth o x y n ap h th a len e , m.p. 70-71°, which could 

be c h a ra c te r is e d  f u l ly .



Oxygenation ©f pure samples o f th e  naphtho l ( 67) was complete in

3 6 + 5  h o u rs , and f r a c t io n a l  c r y s ta l l i s a t io n  o f th e  product m ixture
ofrom b en zen e -lig h t petroleum  gave p a le  yellow  p rism s, m.p, 139*142 

(decom position) which was assigned  th e  s t ru c tu re  1-hydroperoxy-l-m ethy l-

3 ,6 -d i - t - b u ty l -2 (lH )-naphthalenone (8 l)  on th e  b a s is  o f a n a ly t ic a l  

and s p e c tra l  d a ta .

P rep a ra tiv e  chromatography o f th e  re s id u e  gave a f u r th e r  sample 

o f th e  hydroperoxide (8 1 ), and two o th e r compounds in  sm all q u a n tity .

The le s s  p o la r  o f th e se  was id e n t ic a l  in  a l l  re sp e c ts  to  th e  spirochrom an

(74).

)0H

f l l u pOM r  1)ks k k k  JJ
(81) (82) (83)

The second component, which was h ig h ly  p o la r , and found to  be 

so lu b le  in  aqueous sodium b ica rb o n a te , was assigned  th e  s tru c tu re  

« f-t-b u ty l-2 - a c e ty l - 5 - t -buty lcinnam ic ac id  (82) ( c is  o r t r a n s ) .  The 

s p e c tra l  and a n a ly t ic a l  d a ta  were com plately in  accord w ith  t h i s  

assignm ent. The appearance o f a carbonyl band a t  1735 cm.~^ in  th e  

so lu tio n  i . r .  spectrum suggested th a t  t h i s  compound may e x is t  in  

equ ilib rium  w ith th e  c y c lic  hem iacetal form ( 83) ,  but no evidence 

o f t h i s  was seen in  th e  n*m*r9.

Benzene so lu tio n s  o f th e  hydroperoxide (81) were found to  de

compose slow ly on stand ing  in  a n itro g en  atmosphere in  d if fu se  sun

l ig h t  to  a m ixture of (74) sad (8 2 ). T his p rocess was a c c e le ra te d  

by h e a t, complete decom position having occurred a f t e r  re f lu x in g  a 

benzene so lu tio n  o f (8 l)  fo r  tw enty fo u r hou rs. Many o th e r components 

were produced in  tra c e  q u a n ti t ie s  which could not be id e n t i f ie d .

The form ation o f th e  spirochroman (74) may proceed v ia  th e
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fo llow ing  mechanism.

iOH

2 + 2  HO

Hydroperoxide decom positions in v o lv in g  th e  p roduction  o f hydrogen 

peroxide a re  norm ally ac id  c a ta ly s e d ^ ,  fo r  example,

EtEt H 
Ph26 — 6 — OH 

+
"  ~ " A p l i 2 C +  +  H 2 ° 2  *

I
Products

The absence o f th e  o-quinone (10) in  th e  m ixture i s  probably  a 

consequence o f th e  poor m igratory  a p titu d e  o f th e  m ethyl group, so 

t h a t  th e  p rocess

r 1 --------------> ri “1" MeOH

(10)

i s  no t favoured . The ke to  ac id  (82) may a r i s e  by th e  fo llow ing  process.

(81) r  11k  ji
'OH ( 82 )

m

Dioxetane in te rm ed ia tes  o f th e  ty p e  ( 84) have been suggested fo r  th e  

base c a ta ly sed  decom position o f o th e r ^ -k e to -h y d ro p e ro x id e s^ , fo r  example,
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+ B H

The decom position o f d ioxetanes should involve th e  e m is s io n  e f  l i g h t ,
68and in  some case s , t h i s  has been d e tec ted  . When th e  hydroperoxide 

(81) was heated  in  dmse, decom position proceeded, but no l ig h t  emmission 

was d e tec te d .

When 1-m e th y l-5 ,6 -d i- t-b u ty l-2 -n ap h th o l ( 67) was oxygenated in  

th e  presence o f trip h en y lp h o sp h in e , th e  re a c tio n  proceeded extrem ely 

slow ly . A fte r one week, only about one h a l f  o f th e  naphthol had 

a u to x id ised . P rep a ra tiv e  chromatography gave a low y ie ld  o f 1-hydroxy- 

l-m ethy l-2 (lH )-naph thalenone ( 85) ,  which could be prepared in  quant

i t a t i v e  y ie ld  by th e  a c tio n  o f dim ethyl su lph ide upon th e  hydroperoxide 

(8 1 ) .

(8 5 )  (8 6 )

The extrem ely slow ra te  o f th e  au to x id a tio n  re a c tio n  in  th e  presence 

o f tripheny lphosph ine  can be in te rp re te d  in  two ways.

(a )  The chain  ca rry in g  peroxy ra d ic a l  i s  reduced t© th e  corresponding 

alkoxy ra d ic a l  (86) by tr ip h e n y l p h o sp h in e^ , and t h i s  r a d ic a l  i s  

incapab le  o f p ropagating  th e  chain  by a b s tra c tin g  a hydrogen atom

from th e  naphthol (67) .

(b) A more l ik e ly  exp lanation  i s  th a t  i n i t i a t i o n  i s  in h ib ite d  by th e  

red u c tio n  o f  th e  hydroperoxide (81) to  th e  a lco h o l (85) as soon as i t

i s  produced. This im plies th a t  i n i t i a t i o n  due to  th e  product hydroperoxide
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i s  im portant in  determ ining th e  o v e ra ll r a te  o f a u to x id a tio n .

In  an in v e s t ig a tio n  in to  th e  p o ssib le  uses o f th e  naphthaquinone 

(10) as a s ta r t in g  m a te ria l fo r  th e  p rep a ra tio n  o f l - a lk y l - 3 ,6 - d i - t -  

b u ty l-2 -n a p h th o ls , i t  was found th a t  trea tm en t ©f t h i s  compound w ith  

m ethyl Grignard reagen t gave ex c lu siv e ly  2-hydroxy-2-m ethyl-3, 6 - d i - t -  

bu ty l-l(2H )-naph tha lenone  (8 7 ), which could re a d ily  be d is tin g u ish ed  

from th e  isom eric k e to l (85) ,  e sp e c ia lly  by th e  presence o f th e  a e e to -  

phenone chromaphere in  th e  u .v . spectrum .

1. MeMgl

(10)

T his Grignard re a c tio n  must involve th e  magnesium alkoxide derived  

from th e  a lco h o l ( 87) .  This may a r is e  p a r t ly  v ia  rearrangem ent o f th e  

isom eric  alkoxide (88 ).

+MgI +MgJ

188)

2
The analogous l-h y d ro x y -l- iso p re p y l-2 (1H) -naphthalenone (40) i s  known 

to  isom erise  in  s tro n g ly  b asic  cond itions to  g ive th e  1-keto  isom er in  

h igh  y ie ld .  The t - b u ty l  analogue (42) isom erises in  m ild ly  b a sic  

co n d itio n s  to  g ive a 1:1 m ixture o f th e  isom eric k e to ls  (42) and (45) 

(see  page 60 ). I t  i s  su rp ris in g  th a t  th e  k e to l (87) was th e  so le  

product o f th e  re a c tio n  in  t h i s  case . This may have a r is e n  by th e  

t o t a l l y  re g io s e le c tiv e  a tta c k  by Grignard reagen t a t  th e  2 -p o s itio n . 

The r e s u l t in g  alkoxide may be u n ab le jte  isom erise  due to  th e  low 

m igratory  a p titu d e  o f th e  methyl group.
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P rep a ra tio n  e f  l-m e th y l-6 -t-b u ty l-2 -n ap h th o l (8 9 ).

A p o ss ib le  exp lanation  fo r  th e  f a s t  r a te  o f au to x id a tio n  o f

1-m ethyl-3 > 6 -d i- t-b u ty l-2 -n a p h th o l and 1 -t-b u ty l-2 -n a p h th o l i s  th a t

th e  a d d itio n a l e le c tro n ic  re le a se  by th e  t - b u ty l  groups s t a b i l i s e s  th e

in te rm ed ia te  phenoxy r a d ic a l ,  and th e re fo re  a c c e le ra te s  th e  p ropagation

s tep  in  th e  au to x id a tio n  process (see in tro d u c tio n ) .

In  o rd e r to  t e s t  th i s  hyp o th esis , th e  p rep a ra tio n  o f th e  t i t l e

compound ( 89) was undertaken. I f  e le c tro n ic  fa c to rs  a re  o f prime

im portance in  determ ining th e  s t a b i l i t y  o f th e  s u b s ti tu te d  n ap h th o ls ,

th e n  th e  naphthol ( 89) should au to x id ise  a t a r a te  which i s  in te rm ed ia te

between 1-m ethyl-2 -naphthol and 3 ,6 - d i - t -b u ty l-l-m e th y l-2 -n ap h th o l.

The naphthol (89) was prepared in  high y ie ld  by c a ta ly t ic  hydro-
60g en o ly sis  o f 6 -t-bu ty l-l-m erphelinom ethy l-2 -naph tho l in  a s im ila r

manner to  th e  method used to  prepare th e  d i- t-b u ty ln a p h th o l (67) .

Prolonged oxygenation o f ( 89) re su lte d  in  a s l ig h t  d isc o lo u ra tio n

o f th e  so lu tio n , but no component o th e r than  s ta r t in g  m a te r ia l could

be d e tec ted  by t . I . e .  o r spectroscop ic  methods. This naphthol would not

seem t© be more re a c tiv e  towards oxygen than  1-m ethy l-2-naphtho l.

P rep a ra tio n  o f 1-pheny1-2-n aph tho ls .

l-P heny l-2 -naph tho l (90, E = H), has been prepared by sev e ra l

15groups, employing m u ltis tag e  ro u tes  . No comment on th e  r e a c t iv i ty

o f t h i s  compound to  oxygen was made. In sp ec tio n  o f models in d ic a te s

th a t  th e  p e r i - hydrogen in  th i s  compound preven ts c o -p la n a r ity  between

th e  naphthalene nucleus and th e  benzene r in g . The degree o f s t r a in  in

(90, R » H) r e la t iv e  to  l-m ethy l-2 -naphtho l i s  d i f f i c u l t  to  p r e d ic t .
69House and co-workers y have found th a t  th e  d is to r t io n s  in  1 ,8 -d ipheny l- 

naphthalene and r e la te d  compounds, where th e  benzene r in g s  l i e  v i r tu a l ly  

p e rp en d icu la r to  th e  naphthalene nuc leus, a re  ex ten s iv e , and a re  

s im ila r  to  th e  d is to r t io n s  found in  1 ,8-d im ethylnaphthalene. However,

l-b en zy l-2 -n ap h th o l i s  s ta b le  to  oxygen, whereas l-e th y l-2 -n a p h th o l



i s  n o t2 . The rep o rted  s t a b i l i t y  e f  l- tr ip h en y lm eth y l-2 -n ap h th e l1^ 

would imply th a t  t h i s  molecule i s  le s s  s tra in e d  th an  1 - t  -bu ty1-2-n a p h th o l, 

1 ,3 -D iphenyl-2 -naphthol i s  a known compound^ and n© comment i s  made 

about i t s  r e a c t iv i ty  w ith oxygen. A com plicating fa c to r  which a r is e s  

in  comparing l-m ethy l-2 -naph thel and 1-pheny 1-2-naphthol i s  th e  e le c tro n  

w ithdraw ing e f fe c t  o f th e  phenyl group, but th i s  should be sm all.

I t  was decided to  prepare l-pheny l-2 -naph tho l and 1-pheny1 -3 ,6 -  

d i - t - b u ty l -2 -naphtho l in  o rder to  compare t h e i r  au to x id a tio n  r a te s  

w ith  each o th e r , and w ith  th e  o th e r su b s titu te d  naphthols under 

in v e s t ig a t  io n .

The ro u te  chosen fo r  th e  p rep a ra tio n  of th e se  compounds i s  

o u tlin e d  below,

R

(90)

H

72S ev era l l i t e r a tu r e  methods' fo r  th e  p re p a ra tio n  o f l-iod© -2-

.72(a),(U ) f a i le d  to  
,72(c )

naph tho l were a ttem pted . Two o f th e se  methods

g ive any o f th e  req u ired  m a te r ia l. The th i r d  method^2^°^ gave a 70$
73y ie ld  o f l- io d o -2 -n a p h th o l. P h o to ly s is "  o f a degassed benzene so lu tio n  

o f l- io d o -2 -n a p h th o l under n itro g en  fo r  21 hours, and p re p a ra tiv e  

chromatography o f th e  product gave a sm all q u an tity  o f th e  known 

d in ap h th o l (91) ,  m.p. 215-217° ( l i t . 1** 216-218°), s ta r t in g  m a te r ia l ,  

and l-p h en y l-2 -n ap h th o l (42$), m.p. 77*5“78*5°» The rep o rted  m-*p.'s^of 

t h i s  compound (65-67° 81-83° ^ 0 0 )  are  considered to  be

erroneous. The m elting  po in t was not depressed on mixing t h i s  product
•J A

w ith  samples obtained  from o th e r sources (and p u r if ie d  in  t h i s  

la b o ra to ry ) , and th e  sp e c tra l  c h a r a c te r is t ic s  o f a l l  th e  samples in  

hand were found to  be id e n t ic a l .
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Prolonged oxygenation ©f a benzene so lu tio n  ©f (90, R = H) p ro 

duced n© o th e r  sp e c ie s , even when th e  p o te n tia l  i n i t i a t o r ,  co b a lt I I I  

a c e ty la c e to n a te , was added.

(91) R = H

(11) R = B u

1-Pheny 1 -3 ,6 -d i- t-b u ty l-2 -n a p h th o l (90f R = ^Bu) was prepared, in  

a s im ila r  manner, along w ith th e  dinaphthol ( l l ) ,  which was id e n t ic a l

to  samples ob tained  by fe rr ic y a n id e  oxidation  o f 3 ,6 -d i- t -b u ty l- 2 -
23 . t  \

n ap h th o l. The unknown naphthol (90, R -  Bu) d isp layed  s p e c tra l  and

a n a ly t ic a l  c h a r a c te r is t ic s  co n sis te n t w ith th e  assigned s t ru c tu re .

Prolonged oxygenation o f (90, R = ^Bu) produced a f a in t  d i s 

c o lo u ra tio n  o f th e  so lu tio n , but th e  only m a te ria l d e tec ted  a f t e r  

seven days was unchanged s ta r t in g  m a te ria l.

The u .v . sp e c tra  o f th e  naphthols (90) a re  v i r t u a l ly  id e n t ic a l  

to  th e  analogous naphthols con tain ing  no s u b s titu e n t in  th e  1 -p o s itio n . 

T his in d ic a te s  th a t  th e  1-phenyl su b s titu e n t i s  not in  conjugation
 ̂ 69w ith  th e  naphthalene nucleus, as would be expected .

The s t a b i l i t y  o f th e  naphthol (90, R » Bu) to  oxygen may be a 

r e s u l t  o f s t e r i c  in h ib i t io n ,  p reven ting  th e  access o f oxygen to  C -l.

T h is argument has been used to  account fo r  th e  s t a b i l i t y  o f 2 ,4 ,6 - t r i -
75phenylphenoxy ( 92) towards oxygen , although extended e le c tro n  de

lo c a l i s a t io n  must a lso  be a c o n trib u tin g  fa c to r  in  t h i s  case .
20The d inaph tho l ( l l )  i s  known to  give a s ta b le  naphthoxy ra d ic a l  . 

By analogy w ith  t h i s  re p o r t ,  and th e  known s t a b i l i t y  o f th e  phenoxy 

r a d ic a l  ( 92) ,  i t  can be p red ic ted  th a t  th e  naphthoxy ra d ic a ls



-  94 -

(9 3 f & = Rk) would be stab le  to  dim erisation, and may be Ise la b le  

in  the so lid  state*

Ph

(93)
Attempts to  prepare (93> R » Br) by the action  ©f fe r r ie  chloride  

or lead d ioxide on l-brom o-3,6-di-t-butyl-2-naphthol resu lted  in  the  

recovery o f ca . 80$ of unchanged startin g  m aterial, and 5 ,6-d i- t -b u ty l-  

1 ,2-naphthaquinone (10) (ca . 10$). Two highly coloured components 

decomposed rapidly  to  a mixture of startin g  m aterial, and the quinone 

(10) on s i l i c a .  No attempt has been made as yet to  prepare (93 > R * Ph).

1-Iodo- and l-b rom o-3 ,6-d i-t-butyl-2-naphthol fa ile d  to  autoxid ise  

to  any measurable extent on prolonged oxygenation. In view o f the  

bulk o f the 1-su b stitu en ts in  th ese cases, these compounds might be 

expected to  be subject to  considerable s tra in . The inductive e ffe c t  

o f an iodine atom should be sim ilar to  that o f a methyl group. The 

fa ilu r e  o f th ese  compounds to  autoxidise cannot read ily  be explained. 

Attempted preparation o f 1.8-dim ethyl-2-naphthol.

The naphthols investigated  so far  are s te r ic a lly  compressed 

mainly by v ir tu e  o f the p e r i- in terection  between H-8 and the sub

s t itu e n t at C -l. The replacement of H-8 by a larger substituent such 

as methyl should increase the stra in  within the molecule dram atically.

I t  has been report e d ^  that 1 ,8-dimethylnaphthalene i s  considerably  

d isto rted  as a resu lt o f the p e r i- in teraction  (see introduction p. 29) .

A cry sta l structure a n a lysis , and stra in  energy minimisation ca lcu la tion s  

in d ica te  th a t the in teraction  between the methyl groups i s  reduced 

mainly by bond-angle d isto rtio n  at the junction between the naphthalene 

nucleus and the methyl groups, but the molecule i s  found to  be
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e s s e n t ia l ly  p la n a r . The naphthalene nucleus in  3-brom o-l,8 -d im ethy l- 

naph thalene  was found by X-ray an a ly s is  to  be buckled*^6. The to ta l ,  

m olecu lar s t r a in  in  1 ,8-dim ethylnaphthalene has been estim ated  a t 

8 .4  k c a l .  mole ^ • (An e a r l i e r  estim ate  o f 7»9 k c a l. mole ^ i s  in  

f a i r  agreement w ith  t h i s  v a lu e ^ ) .

The in tro d u c tio n  of an -OR group in to  th e  2 -p o s itio n  in  l ,8 ~ d i-  

m ethylnaphthalene would be expeeted to  in c rease  th e  degree o f s t e r i c  

co n g estio n . Out o f plane deform ations may be le s s  favoured in  t h i s  

c a se , s in ce  t h i s  could r e s u l t  in  a su b s ta n tia l  decrease in  con jugation  

o f  th e  -OR group w ith  th e  naphthalene nucleus. Several a lk y la ted

1-m ethyl-2 -n aph tho ls  have been rep o rted , and in  no case has any 

comment on t h e i r  r e a c t iv i ty  w ith oxygen been made.

(R ef. 81) (Ref. 82) (page 9 l)

In  a l l  o f th e se  examples, th e  naphthalene nucleus should be e le c tro n 

i c a l l y  more a c tiv a te d  than  in  l,8 -d im eth y l-2 -n ap h th o l. The r e a c t iv i ty  

o f t h i s  compound towards oxygen i s  th e re fo re  o f in te r e s t  in  t h i s  s tudy , 

s in ce  any tendency to  au to x id ise  should be a t t r ib u ta b le  mainly to  p e r i -  

s t r a in .



- 96 -

A re p o rte d  p rep a ra tio n  ©f 1 ,7 ,8 - t rim ethy l-2 -naphtho l was l a t e r
82d iscoun ted  by Ruzicka and co-workers , who proved th a t  t h i s  compound 

was in  f a c t  l ,5 * 6 -tr im e th y l-2 -n a p h th o l. They a lso  syn thesised  1 ,7 ,8 -  

trim ethyl-2-m ethexynaphthalene by an e lab o ra te  ro u te , but d id  not 

re p o r t  th e  corresponding naphtho l. 3-Hydroxyacenaphthene (94)» th e  

only  o th e r  compound o f t h i s  type  to  be rep o rted 8^, i s  not known to  

a u to x id is e , bu t t h i s  compound i s  very d if fe re n t from l,8 -d im e th y l-2 -  

n ap h tho l in  term s o f s t r a in .

(94)

1 ,8 -D isu b s titu te d  naphthalenes are  commonly prepared from 1 ,8 -

n a p h th a lic  anhydride, a re a d ily  a v a ilab le  s ta r t in g  m a te r ia l. Van Bekkum 

31e t  a l . p repared  1 ,8 -d iisopropy lnaph thalene  in  low y ie ld  by an e ig h t 

s tag e  s y n th e s is . S evera l groups have prepared 1,8-dim ethylnaphthalene
Oi

by m u ltis ta g e  red u c tio n  o f 1 ,8 -n ap h th a lic  anhydride . These syntheses 

a re  summarised below.

( 2 ) X = B r ,  Cl

( l )  Hydride red u c tio n . (2) C a ta ly tic  hydrogeno lysis .

( j )  Phosphorus trib ro m id e  o r concen tra ted  hydroch lo ric  a c id .

(4) Hydride re a g en ts , z inc o r aluminium amalgam.
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I  s e t  out to  prepare  l,8-dim ethyl-2-m ethoxynaphthalene from 2-

methoxy-1, 8 -n ap h th a lic  anhydride (95)» which i s  re a d ily  obtained  from
853-methoxyacenaphthenequinone by trea tm en t w ith a lk a lin e  hydrogen

86peroxide . The anhydride (95) i s  sp arin g ly  so lub le  in  th e  m a jo rity  

©f organ ic  so lv e n ts . R e c ry s ta ll is a tio n  from g la c ia l  a c e tic  ac id  gave 

deep yellow  c r y s ta ls ,  m.p. 255-6° ( l i t . 8^ a  ̂ 255°)• R e c ry s ta l l is a t io n  

from la rg e  volumes o f 95?» e thanol gave co lo u rle ss  n eed les , m.p. 261-263 

( l i t . 8^ ^  261-2°). Owing to  th e  low s o lu b i l i ty  o f (95) in  most 

o rgan ic  so lv e n ts , i t  does not re a d ily  undergo re a c tio n , e sp e c ia lly  in

a p ro tic  so lv e n ts . S im ilar problems were encountered in  th e  re a c tio n s
8 Ao f 1 ,8 -n ap h th a lic  anhydride .

87Benkeser e t a l . have rep o rted  th e  one-step  reduc tion  o f arom atic 

carboxyl groups to  methyl groups in  high y ie ld  employing t r i c h lo r o -  

s i la n e ,  and have suggested th a t  th e  re a c tio n  proceeds v ia  th e  anhydride,

, „  S1HC1, , (ArC0)20 SiHCL,. KOH/MeOH,
ArC0oH ------  3 )  o r p AT 3 >  ArCH0SiC lz :-----L------- > ArCH .

2 (ArCO,) SiHCl V ’ 2 5 J

fo r  example,

2 'x  y

6A%

Benzoic anhydride a lso  undergoes red u c tiv e  s i ly la t io n  to  form 

b e n z y ltr ic h lo ro s ila n e •

The re a c tio n  was c a rr ie d  out using th e  anhydride (95) in  th e  

manner re p o rte d 8^ . The only id e n t i f ia b le  p roduct, formed in  low y ie ld ,  

was 4-m ethoxy-lH ,3H -naphtho(l,8-c,d) pyran (96 ), which was id e n t ic a l  

in  a l l  re sp e c ts  to an  au th en tic  sample from another source (see  below ).

The p roduction  o f th e  cy c lic  e th e r ( 96) was not expected. The 

phenanthrene d e riv a tiv e s  (9 7 (a ) , (b )) are  rep o rted  to  give low y ie ld s  

o f c y c lic  e th e r  (9 7 (c)) under th e se  co n d itio n s , and no methyl d e r iv a tiv e s
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88were is o la te d  •

(95)

(96)

OMe (a) R1 = 1

(b) R1 -  :

(c) R'Sr2

(d) r1 = :

R = co2h 

- ch2och2-

-  _ 2

T his was claim ed to  he th e  f i r s t  rep o rted  case o f n u c lee p h ilic  a t ta c k  

o f hydroxide #n carhon d isp la c in g  s i l ic o n ,  hut th e  henzy lic  s i la n e  (97 (d )) 

was n e t is o la te d .  The mechanism o f th e se  re a c tio n s  has not heen f u l ly  

in v e s t ig a te d , and th e  c y c lic  e th e rs  (96) and (9 7 (c )) may he formed v ia  

a d if f e r e n t  mechanism.

Attempted p re p a ra tio n  of 1 .8 -d i(hydroxymethyl) 2-methoxynaphthalene (9 8 ).

The d io l  (98) was prepared in  moderate y ie ld  hy prolonged trea tm en t 

o f 2-m ethoxynaphthalic anhydride w ith  a la rg e  excess of lith iu m  a luminium 

hydride (LAH) in  a benzene-ether so lv en t, u sing  a non-ac id ic  work-up 

to  avoid dehydration  of th e  product to  th e  naphthopyran (98) .  The 

main drawbacks in  t h i s  method a re  th e  extrem ely low s o lu b i l i ty  o f  th e  

anhydride (95) in  e th e r , and th e  low s o lu b i l i ty  o f LAH in  benzene, so 

th a t  n e i th e r  s u b s tra te  nor reagent a re  p resen t in  reasonable concen

tra tio n ® ^ , I s o la t io n  of th e  product i s  made d i f f i c u l t  by th e  form ation 

of aluminium hydroxide in  th e  non -ac id ic  work-up.
QQ

Sodium dihydro-bis(2-m ethoxyethoxy) alum inate (SDA) i s  a s ta b le  

hydride reagen t which i s  com pletely so lub le  in  th e  m a jo rity  o f organic 

so lv e n ts , and o ften  g ives h igher y ie ld s  than  LAH. I t  was hoped th a t  

th e  high s o lu b i l i ty  o f t h i s  reagen t in  benzene may f a c i l i t a t e  th e
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red u c tio n  o f th e  anhydride (95) to  th e  d io l (98) in  th a t  so lv en t. The 

re a c tio n  m ixture can be worked-up using aqueous sodium hydroxide when 

th e  p roducts a re  ac id  s e n s it iv e .

A ddition o f th e  anhydride (95) to  a benzene so lu tio n  o f SDA r e 

s u lte d  in  vigorous effervescence  to  give a deep yellow , homogeneous 

s o lu tio n . This m ixture was re flu x ed  fo r  two hours, th e  re a c tio n  being  

m onitored by t . l . c . .  The product was is o la te d  using  a b asic  work-up, 

and was found to  con tain  two major components, one of which was th e  

d io l  (98)* This compound could be is o la te d  in  up to  30$ y ie ld  by 

f r a c t io n a l  c r y s ta l l i s a t io n ,  but ©n occasion, th i s  y ie ld  was considerab ly  

low er. The d io l  (98) dehydrated re a d ily  in  m ild ly  a c id ic  media to  give 

th e  naphthopyran (96 ). This i s  in  c o n tra s t w ith l,8 -d i(h y d rex y m eth y l)-
a a

naph thalene , which i s  rep o rted  to  be s ta b le  to  ac id s . This d iffe re n c e  

in  r e a c t iv i ty  i s  probably due to  s ta b i l i s a t io n  o f p o s it iv e  charge a t 

th e  ben zy lic  p o s itio n  ortho  to  th e  m ethoxyl.group.

OMe 'OMe

(96)

In  view o f th e  d i f f i c u l t i e s  encountered in  sep a ra tin g  th e  h ig h ly

p o la r  d io l  (98) by chromatography o r c r y s ta l l i s a t io n ,  th e  product of

th e  re a c tio n  was washed w ith d i lu te  hydroch loric  a c id , and subsequent

p re p a ra tiv e  chromatography gave ca . 40$  y ie ld  o f th e  naphthopyran (96 ).

The u .v . spectrum (X „  (BtOH) 2 32 (4 .8 ), 278(sh ), 286(3 .75), 297(3 .68),max •
326(3s27)> 339(5»5l) niB.) i s  s im ila r  to  those  o f o th e r 2-methoxy- 

n ap h thalenes. In  th e  n .m .r . spectrum , th e  h igh  f i e ld  s in g le t  ( X 5«04> 

2H) i s  probably due to  th e  benzy lic  hydrogens a ttach ed  to  th e  o rth o -
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m ethoxylated r in g , th e  low f ie ld  s in g le t  ( X  4 .94 , 2H) being due t©

th e  ben zy lic  hydrogens a ttach ed  to  th e  8 -p o s itio n . The pyran ( 96)

was found to  au to x id ise  slowly in  a i r ,  but th e  products of t h i s  re a c tio n

could not be formed in  s u f f ic ie n t  q u an tity  to  be id e n t i f ie d .  The
90a u to x id a tio n  o f benzy lic  e th e rs  i s  a w ell known process .

The o th e r component from th e  re a c tio n  of SDA w ith 2-m ethoxy-l,8- 

n ap h th a lic  anhydride was a low m elting  so lid  con tain ing  mainly one 

compound, which i s  assigned th e  s tru c tu re  8-hydroxymethyl-2-methoxy-

1-m ethylnaphthalene (99) on th e  b a s is  of th e  fo llow ing d a ta .

The u .v . ( X ,  (BtOH) 233, 276(sh), 286.5, 297, 326, 335(sh) xm.)max •
was s im ila r  to  o th e r 2-m ethoxynaphthalenes. In  th e  i . r . ,  th e  band 

a t  3,400  cm"1 supported t h i s  assignm ent.

•OMe

( 100)

HO

Me

(99)

The n .m .r . d id  not d is tin g u ish  between th e  isom eric s tru c tu re s  (99)

and (100), but th e  s tru c tu re  (99) i s  favoured, s in ce  th e  a c tiv a te d

C-0 bond (o rth o  to  methoxyl) in  th e  d io l (98) would be expected to  be

cleaved more re a d ily  than  th e  r e la t iv e ly  un ac tiv a ted  C-0 bond a t th e

o th e r benzy lic  position*  This compound contained an im purity  (c a .l0 $

estim ated  by n .m .r .) ,  which was assigned th e  s tru c tu re  (101) on th e

b a s is  of a s in g le t  in  th e  n .m .r . a t X 4*17, and a band in  th e  i . r .

a t  1720 cm"1 . These values a re  in  broad agreement w ith  th e  published

d a ta  fo r  1 ,8 -naphthalide  (102), which was obtained  by LAH red u c tio n

91o f th e  corresponding anhydride .

This m ixture proved to  be in sep arab le  by ehromatography, and was 

not in v e s tig a te d  fu r th e r .



-  101

OMeMeOOMe

(101) (102) (103)

91Cason and co-workers re p o rt t h a t ,  w hile 1 ,8 -naph tha lic  anhydride 

re a c ts  w ith  LAH to  give only l,8 -d i(hydroxym ethyl)naphthalene and

1 ,8 -naph tha lide  (102), 2,7-dim ethoxynaphthalic anhydride produces only 

th e  naphthopyran (10}) v ia  th e  corresponding n ap h th a lid e . They 

conclude t h a t ,  w hile naph th alid es  a re  common in te rm ed ia tes  in  th e se  

re a c tio n s , th e  4»9~<liinethoxynaphthopyran ( 103) i s  formed d ir e c t ly ,  and 

no t v ia  th e  d io l ,  d e sp ite  th e  fa c t  th a t  th ey  employed a c id ic  work-up 

c o n d itio n s . In  th e  n o n -ac id ic  work-up of e i th e r  th e  LAH or SDA r e 

duction  o f 2 -m ethoxy-l,8 -naph thalic  anhydride (95) > no naphthopyran 

was d e tec ted  by me. I t  i s  probable th a t  l,8 -d i(h y d ro x y m eth y l)-2 ,7 - 

dim ethoxynaphthalene i s  th e  prim ary product o f LAH reduction  o f th e  

corresponding anhydride, and th a t  dehydration ©f t h i s  compound to  th e  

naphthopyran (10?) occurs very  re a d ily  in  a c id ic  media.

The SDA red u c tio n  of 2-m ethoxynaphthalic anhydride was c a r r ie d  

out a t  room tem perature  (30 h o u rs ) , in  an attem pt to  minimise th e  

p ro p o rtio n  o f th e  over-reduced product (99)> but t . l . c .  in d ic a ted  th a t  

only t r a c e s  o f th e  d esired  d io l had been produced during th i s  tim e .

This ro u te  to  th e  d io l (98) was th e re fo re  abandoned, since  trea tm en t 

o f th e  anhydride (95) w ith LAH gave up to  60$ y ie ld  o f t h i s  compound.

The production  o f 8-hydroxymethyl-2-meth©xy-l-methylnaphthalene 

(99) i s  o f in t e r e s t ,  s ince  i t  might undergo c a ta ly t ic  hydrogenolysis 

to  g ive th e  d esired  l,8-dim ethyl-2-m ethoxynaphthalene, and since  i t s  

form ation under mild SDA red u c tio n  cond itions i s  unprecedented.
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92Cemy and Malek rep o rt th a t  hydroxy-s u b s titu te d  arom atic aldehydes, 

k e to n es , carboxy lic  a c id s , and carb in o ls  undergo reduction  and hydro- 

g en o ly sis  to  give th e  corresponding a lk y l compounds in  high y ie ld  on 

trea tm en t w ith  SDA under fo rc in g  co n d itio n s . This occurs only where 

th e  p o s it io n  o f th e  phenoxide allows resonance s ta b i l i s a t io n  o f th e  

in te rm ed ia te  benzylic  carbonium io n . For example, th e  1-s u b s t i tu te d

2-naphthol* (104), on trea tm en t w ith SDA in  re f lu x in g  xylene fo r  ca .

2 hou rs , g ive > 90$  y ie ld s  o f l-m ethy l-2 -naph tho l.

R 

R=CH0, CO H, CH OH 
2 2 

(104)

In  my hands, SDA red u c tio n  o f l-fo rm yl-2 -naph tho l in  re flu x in g  xylene

gave a 95$ y ie ld  o f l-m ethy l-2 -naph tho l.
95B rew ster e t a l .  have reduced benzy lic  a lcoho ls  to  a lk y l benzenes

employing aluminium chloride-LAE m ixtures in  high b o ilin g  so lv en ts .

Benkeser*^ has reduced arom atic carboxylic  ac id s  to  th e  methyl compounds

by red u c tiv e  s i ly la t io n  followed by a lk a lin e  h y d ro ly sis  (see above).
94Doyle e t a l .  re c e n tly  rep o rted  th e  reduction  o f a c tiv a te d  arom atic 

aldehydes and a ra lk y l ketones to  th e  methylene compounds in  h igh  y ie ld  

employing t r i a lk y ls i l a n e s  in  t r i f lu o r o a c e t ic  a c id . Apart from th e  

c la s s ic a l  Clemmensen and ffolff-K ishner red u c tio n  methods, th e se  a re  

th e  only rep o rted  methods o f one-step  red u c tio n  o f oxygenated fu n c tio n a l 

groups to  th e  corresponding hydrocarbon.

The production  o f th e  m ethylnaphthalene (99) by th e  a c tio n  o f 

SDA seems to  be unprecedented. The a c tiv a tin g  e f fe c t  o f th e  methoxyl 

group would h ard ly  seem to  account fo r  t h i s  f a c i le  hydrogenolysis under 

such m ild co n d itio n s . In  an attem pt to  o b ta in  th e  m ethylnaphthalene 

(99) in  re a so n a b le :y ie ld , a sample of 2 -m ethoxy-l,8 -naph thalic  anhydride
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was t r e a te d  w ith  SDA in  re flu x in g  benzene fo r  22 hours. A cidic work-up 

follow ed by p re p a ra tiv e  chromatography gave a 45$ y ie ld  o f th e  naphtho

pyran (9 6 ), but pure samples o f th e  m ethylnaphthalene (99)» which was 

p re sen t in  sm all q u a n tity , could not be ob ta ined . Many o th e r un id en t

i f i e d  p roducts o f high p o la r i ty  were produced in  t h i s  re a c tio n , along 

w ith  a la rg e  q u an tity  of polymeric m a te r ia ls .

By c a rry in g  out t h i s  re a c tio n  under more fo rc in g  co n d itio n s , i t  

was hoped to  a c c e le ra te  th e  p roduction  o f th e  d esired  8-hydroxymethyl-

2-m ethoxy-l-m ethylnaphthalene (99) and minimise po lym erisa tion . T re a t

ment o f 2 -m ethoxy-l,8 -naph thalic  anhydride w ith SDA in  re f lu x in g  xylene 

fo r  s ix  hours followed by chromatography gave impure samples o f 1 ,8 -  

dim ethyl-2-m ethoxynaphthalene ( 105) (p ro p e rtie s  to  be d iscussed  below) 

and 1 ,8-d im ethy lnaphthalene. A sm all component on t . l . c .  corresponding 

to  th e  monomethyl compound (99) could not be obtained in  a pure s t a t e .

A considerab le  degree o f po lym erisation  occurred during th i s  re a c tio n .

1 .8-Dimethyl-2-methoxynaphthalene was obtained in  a pure s ta te  by 

f r a c t io n a l  d i s t i l l a t i o n  in  ca. 50$ y ie ld . 1,8-D im ethylnaphthalene 

could re a d ily  be p u r if ie d  by c r y s ta l l i s a t io n ,  and could be unambiguously 

ch a ra c te r is e d  by spectroscop ic  methods, and by comparison w ith l i t e r a tu r e
Q A

re p o r ts  o f t h i s  compound • The unexpected production  o f d im ethyl- 

naphthalene w il l  be d iscussed  below. Several a ttem pts were made to  

minimise th e  production  of 1 ,8-dim ethylnaphthalene in  th i s  re a c tio n .

The use o f sh o r te r  re a c tio n  tim es, lower tem peratures (to luene  r e f lu x ) ,  

d if f e r e n t  s u b s tra te s  (naphthopyran (96) ,  and l,8 -d i(h ydroxym ethy l)-2 - 

methoxynaphthalene (98))> a lower p ro p o rtio n  o f SDA did  not 

decrease th e  r e la t iv e  p roportion  o f 1 ,8-dim ethylnaphthalene produced.

In  th e  m a jo rity  o f cases, considerab ly  lower y ie ld s  o f th e  d esired

1.8-dim ethyl«2-m ethoxynaphthalene were ob tained .

I t  has a lready  been shown th a t  8-hydroxym ethyl-l-m ethyl-2-m ethoxy- 

naphthalene ( 99) i s  an in te rm ed ia te  in  th e se  re a c tio n s , and can be
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Is o la te d  under le s s  vigorous co n d itio n s . The hydrogenolysis o f t h i s

compound by SDA was not expected, since  th e  8 -p o s itio n  in  2-methoxy-
92naphthalenes i s  only m ild ly  a c tiv a te d  . 8-Hydroxym ethyl-2-naphthol 

was found to  be reduced very much more slowly th an  th e  1 ,8 - d is u b s t i t -  

u ted  compounds under s im ila r  cond itions (see below ). The f a c i le  

red u c tio n  o f 1 ,8-di(hydrom ethyl)-2-m ethoxynaphthalene, presumed to  

be a common in te rm ed ia te  in  th e se  re a c tio n s , may be a consequence of 

th e  degree o f s t r a in  in  th i s  m olecule, but a d e ta i le d  exp lanation  fo r  

t h i s  behaviour cannot re a d ily  be found.

Treatm ent o f 2-methoxynaphthalenes w ith SDA.

The unexpected production  o f 1 ,8-dim ethylnaphthalene in  th e  above 

re a c tio n s  seemed to  m erit fu r th e r  in v e s t ig a tio n . Treatment of a pure 

sample o f l,8-dim ethyl-2-m ethoxynaphthalene (105) w ith SDA in  re f lu x in g  

xylene fo r  fo u r hours produced a m ixture con tain ing  1 ,8 -d im ethy l

naphthalene (ca . 30i° ty  g . l . c .  and n .m .r .)  and unchanged s ta r t in g  

m a te r ia l . This in d ic a te s  th a t  th e  Ar-0 bond may be cleaved a t  any 

tim e during  th e  SDA red u c tio n  of 2 -m ethoxy-l,8 -naphthalic  anhydride.

I t  was found th a t  2-methoxynaphthalene d id  not re a c t under th e se  

co n d itio n s  over sev e ra l days. S im ila r trea tm en t o f methyl 2-methoxy-

1-naphthoate d id  not produce a d e tec ta b le  q u an tity  o f 1-m ethylnaphthalene, 

and trea tm en t o f l-m ethyl-2-m ethoxynaphthalene gave only unchanged 

s ta r t in g  m a te r i a l^ .  Prolonged (18 hours) trea tm en t o f l - t - b u ty l - 2 -  

methoxynaphthalene w ith SDA under th e se  cond itions produced some

1 -t-b u ty l-2 -n a p h th o l, polym ers, and unchanged s ta r t in g  m a te r ia l.

S im ila r trea tm en t (10 hours) o f l-m ethyl-3> 6-di-t-buty l-2-m ethoxynaph- 

th a le n e  produced an in t r a c t ib le  o i l  con tain ing  ca. IQffc unchanged 

s ta r t in g  m a te r ia l, and many o th e r components which were not id e n tif ie d *

The anomalous form ation o f 1 ,8-dim ethylnaphthalene in  th e  prep

a ra t io n  o f l,8-dim ethyl-2-m ethoxynaphthalene remains unexplained.

This may be a consequence o f p e r i - s t r a in ,  but o th e r s tra in e d  2-methoxy-
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naphthalenes do not behave in  an analogous manner.

The methyl e th e rs  of phenols a re  cleaved by a wide range o f re a g e n ts , 

bu t th e  0-CH^ bond i s  norm ally broken in  p reference  to  th e  0-Ar bond. 

However, i t  has re c e n tly  been re p o r te d ^  th a t  many phenols and m ethyl 

e th e rs  o f phenols can be cleaved in  low y ie ld  a t  th e  0-Ar bond by 

employing excess LAH a t 350°, fo r  example,

CHO

43%

96S u b s titu te d  a n iso le s  (ArOMe) are  repo rted  to  undergo aryl-oxygen 

cleavage on p h o to ly s is  in  th e  presence o f trim ethylalum inium  to  give 

a m ixture o f th e  m ethylated (Ar-Me) and p ro tonated  (Ar-H) d e r iv a t iv e s . 

I t  would seem th a t  aluminium compounds are  unique in  t h i s  re s p e c t. 

P rep a ra tio n  o f 1 ,8-dim ethyl-2-naphthol (107) by SDA red u c tio n  o f

2-hydroxy-1 .8 -naph thalic  anhydride (106).

(106)

■OH

(107)

In  o rd er to  avoid th e  e th e r  cleavage described  above, th e  d ire c t

p re p a ra tio n  o f th e  d esired  dim ethylnaphthol (107) by SDA red u c tio n  of

(106) was attempted* I t  was thought th a t  th e  g re a te r  a c tiv a tio n  o f

th e  naphthalene nucleus by th e  oxide group ( r e la t iv e  to  methoxyl) may
92a lso  f a c i l i t a t e  th isr. re a c tio n  .
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Dem ethylation of 2-m ethoxy-l, 8 -naph thalic  anhydride employing 

hydrogen bromide in  aqueous a c e tic  acid  gave a m ixture of th e  req u ired

2-hydroxy-1 ,8 -naph thalic  anhydride (106), and 7-hydroxy-l-naphthoic 

ac id  (108) which could be separa ted  by f r a c t io n a l  c r y s ta l l i s a t io n .

The anhydride (106) has been repo rted  to  undergo decarboxylation  

to  g ive th e  naphthoic acid  (108) when heated w ith  concen tra ted  sodium 

hydroxide s o lu tio n , or when fused w ith potassium hydroxide*^. Attempts 

to  achieve dem ethylation by hydrogen bromide in  non-aqueous co n d itio n s , 

o r by using  p y rid in e  hydrochloride were unsuccessfu l.

The anhydride (106) when t r e a te d  w ith SDA in  re flu x in g  xy lene, 

gave ca . SQffo y ie ld  of l,8 -d im eth y l-2 -n ap h th o l. However, pure samples 

o f t h i s  compound could not be is o la te d  from th e  re a c tio n  m ixture due 

to  i t s  extreme in s t a b i l i t y  to  oxygen (see below), so th a t  p a r t i a l  

au to x id a tio n  could not be avoided in  th e  course o f is o la t in g  t h i s  

product from th e  by-products. This problem could have been overcome 

by t r e a t in g  th e  re a c tio n  m ixture w ith methyl iod ide  o r  a c e tic  anhydride 

in  dmso, and is o la t in g  th e  re s u l t in g  methoxy o r acetoxy compound.

T his approach has not been attem pted . 1,8-D im ethylnaphthalene was 

not d e tec ted  in  th e  product m ixture.

Oxygenation o f impure samples of th e  dim ethylnaphthol (107) 

ob ta ined  from th i s  re a c tio n  gave a high y ie ld  o f l-hyd roperexy -1 ,8 - 

dim ethyl-2(lH )-naphthalenone (109), which was id e n t ic a l  in  a l l  re sp e c ts  

to  samples obtained  from another source which i s  described  below.

(109)



P rep a ra tio n  o f 8-m ethyl-2-na-phthol (HQ) by reduction  o f 7-hy d ro x y -l-

naphthoic ac id  (108 ).

The p roduction  of 7-hydroxy-l-naphthoic ac id  as a by-product from

th e  re a c tio n  o f 2-m ethoxy-l,8-n ap h th a lic  anhydride w ith hydrogen bromide

prompted us to  in v e s t ig a te  th e  re a c tio n  o f t h i s  compound w ith SDA. A

q u a n ti ta t iv e  y ie ld  of th e  naphthoic acid  (108) could be obtained  by

extending  th e  tim e o f th e  dem ethylation re a c tio n . This might provide

a sim ple p rep a ra tio n  o f 8-m ethyl-2-naphthol which may then  be a lk y la te d

fu r th e r  to  provide a s e r ie s  ©f l-a lk y l-8 -m e th y l-2 -n ap h th o ls . 8-M ethyl-
982-naph tho l ( 110) has been prepared p rev iously  by m u ltis tag e  syn theses .

Treatm ent o f 7-hydroxy-l-naphthoic acid  w ith  SDA in  re f lu x in g  

xylene fo r  s ix  hours gave a m ixture o f two compounds. F ra c tio n a l 

c r y s ta l l i s a t io n  gave a pure sample o f 8-hydroxymethyl-2-naphthol ( i l l )  

(75$) • C ry s ta l l is a t io n  of th e  mother liq u o rs  gave 8-m ethyl-2-naphthol 

(llO ) ( 16%). The low y ie ld  o f 8-m ethyl-2-naphthol in d ic a te s  th a t  th e  

f a c i le  red u c tio n  by SDA of 2-hydroxy-1 ,8-n ap h th a lic  anhydride to  1 ,8 -  

dim ethyl - 2-naphtho l i s  unique to  th i s  m olecule, and th a t  in  g e n e ra l, 

th e  8-p o s it io n  in  2-naphthol i s  not s u f f ic ie n t ly  a c tiv a te d  to  f a c i l i t a t e  

cleavage o f th e  benzy lic  C-0 bond. A q u a n ti ta tiv e  y ie ld  o f 8-m ethyl-

2-naph tho l was obtained from 8-hydroxymethyl-2-naphtho l by c a ta ly t ic  

hyd rogeno lysis .

A lte rn a tiv e  ro u te s  to  l , 8-d im ethy l-2-naphthol (107).

Owing to  th e  d i f f i c u l t i e s  encountered in  p reparing  th e  t i t l e

compound in  a pure s ta te  by ©ne-step reduction  o f 1 , 8-n ap h th a lic

anhydrides, a l te rn a t iv e  ro u tes  to  th i s  compound were in v e s tig a te d .

The naphthopyran (96) could be obtained in  moderate y ie ld  by

red u c tio n  (SDA or LAH) of 2-m ethoxy-l,8-n ap h th a lic  anhydride (95)

follow ed by an a c id ic  work-up. Several attem pts to  reduce t h i s  pyran
99to  2-m ethoxy-l,8-dim ethylnaphthalene by c a ta ly t ic  hydrogenolysis , o r

99 100by using  LAH-aluminium ch lo rid e  m ixtures * were un su ccessfu l.
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l,8-D i(hydroxym ethyl)-2-m ethoxynaphthalene (98), obtained by LAH 

red u c tio n  o f 2-m ethoxy-1,8-naphthalic anhydride, could be c a ta ly t ic a l ly  

hydrogenated over a pallad ium -charcoal c a ta ly s t  in  methanol. When th e  

re a c tio n  was term ina ted  a f t e r  two moles of hydrogen p er mole ©f s u b s tra te  

had been tak en  up, a m ixture con tain ing  fou r id e n t i f ia b le  components 

was ob ta ined . These were is o la te d  by p rep a ra tiv e  chromatography, and 

id e n t i f ie d  as l,8-dim ethyl-2-m ethoxynaphthalene (105) (maximum y ie ld  

50$) and th e  te trahydronaph thalene  d e riv a tiv e s  (112), ( 115) ,  and (H 4)*

OH
HOHO OMeOMeMe

(112) (113) (114)

Many a ttem pts to  augment th e  y ie ld  o f th e  d esired  dimethyl compound 

( 105) f a i l e d .

The hydrogenation o f th e  naphthalene nucleus i s  competing success

f u l ly  w ith th e  hydrogenolysis re a c tio n . This would not norm ally be 

expected. The f a c i le  hydrogenation o f th e se  1 ,8 -d is u b s ti tu te d  compounds 

may be a r e s u l t  o f ja e r i - s t r a in .  I t  has been rep o rted  th a t  1 ,4 - d i - t -  

b u ty ln ap h th a len e , which i s  su b jec t to  considerab le  p e r i - s t r a in ,  i s  

hydrogenated ca . 15 tim es more quickly  than  naphthalene i t s e l f  (see 

In t r o ,  p . 52). Two groups have repo rted  independently  th a t  , in  th e  

c a ta ly t ic  hydrogenolysis of l,8 -d i(hydroxym ethyl)naphthalene, more th an  

two moles o f hydrogen are  taken  u p ^ ^ ) >  One of th e se  g ro u p s^ ^ e ^

id e n t i f ie d  a by-product o f t h i s  re a c tio n , v i z . l-hydroxym ethyl-8-m ethyl- 

1 ,2 ,5 ,4 -te trahydronaph thalene  (115)•

(115)



P u r if ic a t io n  o f 1 ,8-dimethyl-2-m ethoxynaphthalene from th e

hydrogenation re a c tio n  proved to  be d i f f i c u l t ,  s ince  th e  dim ethyl-

te trahyd ronaph thalene  (112) could not be com pletely separa ted  by

p re p a ra tiv e  chromatography. Attempts to  re -a ro m atise  th e  tetrahydr©

d e r iv a tiv e  (112) employing 2 ,3 -d ich lo ro -5 >6-dicyano-p-benzoquinone

(ddq) \  o r by h ea tin g  w ith a pallad ium -charcoal c a ta ly s t  in  high 
102b o il in g  so lv en ts  were only p a r t i a l ly  su cce ss fu l. These re a c tio n s  

converted  th e  te trahydronaphthalene  d e riv a tiv e  (112) to  a m ixture of

1 ,8-dim ethyl-2-m ethoxynaphthalene, and a second component, which was 

probably a dihydronaphthalene d e r iv a tiv e , but which was not c h a rac t

e r is e d . (M ixtures were analysed by g . l . c . . )  Samples o f l,8*-dim ethyl-

2-methoxynaphthalene su ita b le  fo r  an a ly s is  (and g iv ing  one peak on 

g . l . c . )  could be obtained by low tem perature (DriKold-acetone ba th ) 

c r y s ta l l i s a t io n  from pentane. The pure compound i s  an o i l  a t  room 

tem peratu re .

The s p e c tra l  c h a r a c te r is t ic s  of th i s  compound were t o t a l l y  in  

accord w ith  th e  assigned s t ru c tu fe .  Some am biguity a r is e s  in  ass ig n in g  

th e  m ethyl s ig n a ls  in  th e  n .m .r . .  However by comparison w ith th e  n .m .r . 

o f o th e r compounds, th e  s in g le t  a t X(CDCl^) 7*23 can be assigned  to  

th e  1-m ethyl group (c f .  1-m ethyl-2-m ethoxynaphthalene, X  (CDCl^) 

7.25(Ar-CH^)), and th e  s in g le t  a t X  7*10 can be assigned to  th e  

8-m ethyl group ( c f .  1 ,8-dim ethylnaphthalene, X (CDCl^) 7•07(Ar-CH^))•

The u .v . spectrum of (105) (X (EtOH) 232(4 . 8 ) ,  278(sh), 286(3-75),BiftX •

297( 5 . 68) ,  326( 3 . 27) ,  359(3o3l) nm.) su ffe rs  considerab le  bathochromic 

and hyperchroroic s h i f t s  r e la t iv e  to  2-methoxynaphthalene (X (EtOH) 

227(4 . 9 ) ,  262(3 .64), 272( 3 . 68) ,  282 .5 (3 .50), 314(3 .20), 328 .5(3 .30) nm.) 

which may be a sso c ia ted  w ith th e  s t r a in  in  th e  dim ethyl compound (105) ^  

The combined e f fe c t  of th e  two methyl groups in  (105) upon th e  u .v . 

should be a ca . 5-6 nm. red  s h i f t  r e la t iv e  to  2-methoxynaphthalene, 

by analogy w ith  published  d a ta .
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P rep a ra tio n  and au to x id a tio n  o f 1 .8-dim ethyl-2-naphthol (107).

1 ,8-Dimethyl-2-methoxynaphthalene (105) was q u a n tita tiv e ly  de- 

m ethylated u sing  hydrogen bromide in  aqueous a c e tic  a c id . The preduct 

was is o la te d  and r e c ry s ta l l i s e d  w ith th e  exclusion  of oxygen to  give

pure samples o f l,8 -d im eth y l-2 -n ap h th o l as co lo u rle ss  n eed le s , m.p.
092-95 > whose sp e c tra l  c h a ra c te r is t ic s  were com pletely in  accord w ith 

th e  assigned  s t ru c tu re .  A q u a n tita tiv e  y ie ld  o f l,8 -d im e th y l-2 -ace tex y - 

naph thalene , m.p. 60-61.5° could be obtained by trea tm en t o f th e  

naphthol w ith  a c e tic  anhydride in  anhydrous p y rid in e . (A c r y s ta l l in e  

d e r iv a tiv e  was req u ired  fo r  X-ray a n a ly s is .)

Oxygenation of benzene so lu tio n s  o f th e  pure dim ethylnaphthol (1^7) 

was complete in  12 + 2 hours, g iv ing  a high y ie ld  o f 1-hydroperoxy-

l,8 -d iroethy l-2 (lH )-naph thalenone (109), as co lo u rle ss  prism s, m.p. 

144- 6° ,  whose s p e c tra l  and a n a ly t ic a l  c h a ra c te r is t ic s  were t o t a l l y  in  

accord w ith  t h i s  s t ru c tu re . P rep a ra tiv e  chromatography of th e  mother 

l iq u o rs  gave, as w ell as th e  hydroperoxide ( 109) ,  sm all q u a n tit ie s  of 

two fu r th e r  components. Traces o f th ese  components were a lso  produced 

when pure samples of th e  hydroperoxide were d isso lv ed  in  benzene, and 

s to re d  in  d iffu se  su n lig h t under n itro g en  a t room tem perature fo r  

s ev e ra l days. This decomposition was not a cc e le ra te d  by prolonged 

re f lu x in g  in  benzene, but re f lu x in g  in  to luene  re s u lte d  in  complete 

decom position o f th e  hydroperoxide to  a t a r  co n ta in ing  sm all q u a n tit ie s  

o f both  components obtained from th e  au to x id a tio n  re a c tio n . Treatment 

o f a m ethanolic so lu tio n  o f ( 109) w ith aqueous sodium carbonate a t 

room tem perature fo r  tw enty fo u r hours re s u lte d  in  no re a c tio n .

S im ila r trea tm en t w ith 1M aqueous sodium hydroxide fo r  fou r hours a t 

room tem perature  gave a m ixture con tain ing  many components in c lu d in g  

spo ts  on t . l . c .  which corresponded w ith th e  two components obtained 

from th e  au to x id a tio n  re a c tio n  above.

The s p e c tra l  c h a r a c te r is t ic s  o f th e se  components were in  accord



w ith  th e  s tru c tu re s  (116), and ( 117) ,  but complete c h a ra c te r is a tio n  

was not achieved , since  n e ith e r  could be obtained in  a pure s ta t e  in  

s u f f ic ie n t  q u a n tity . These te n ta t iv e  s t ru c tu ra l  assignm ents a re  made 

by analogy w ith  th e  known decomposition products o f 1-hydroperoxy- 

3 > 6 -d i-t-b u ty l-l-m ethy i-2 (lH )-naph thalenone  (81) (see page 87) ,  and 

by comparison o f th e  sp e c tra l  c h a ra c te r is t ic s  of th e se  decom position 

p roducts w ith  ( l l 6 )  and (117). These data  are  f u l ly  rep o rted  in  th e  

experim ental se c tio n .

(116)

0 H

(117)

The production  o f th e  quinone methide dimer (116) may be preceded 

by th e  form ation o f th e  0-C dimer (118), which may decompose th e rm ally  

to  give th e  dim ethyl naphthol (107), and quinone methide monomer. The 

C-0 dimer formed by o x ida tion  of 1-m ethyl-2-naphthol i s  rep o rted  to  

behave in  t h i s  manner1*^.

H
2 +

(116)

2

P rep a ra tio n  and au to x id a tio n  o f l- iso p ro p y l-2 -n ap h th o l (119).

The au to x id a tio n  of th e  t i t l e  compound (119) bas been s tu d ied

p rev io u s ly  and th e  re s u lt in g  hydroperoxide (120) has been f u l ly  ch arao t- 
2 6e r is e d  9 . However, in  o rder to  compare th e  behaviour o f th e  s e r ie s  of

s u b s ti tu te d  naphthols under in v e s t ig a tio n , i t  was necessary  to  study th e  

au to x id a tio n  o f t h i s  naphthol under id e n tic a l  co n d itio n s .
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l-Iso p ro p y l-2 -n ap h th o l was prepared in  moderate y ie ld  by isopropyl*

a tio n  o f sodium 2-naphthoxide in  re flu x in g  to lu e n e , and was sep ara ted

from th e  by-products (2-isopropoxynaphthalene and 2-naphthol) by
2

f r a c t io n a l  d i s t i l l a t i o n  followed by sev e ra l r e c r y s ta l l i s a t io n s  .

Oxygenation o f benzene so lu tio n s  o f t h i s  naphthol gave v i r tu a l ly  

q u a n ti ta t iv e  y ie ld s  o f th e  extrem ely s ta b le  hydroperoxide (120) a f t e r  

16 + 2 hours.

H 0 0 .

r  r  i

(119) (120)

Oxygenation o f a so lu tio n  o f th e  naphthol in  d iffu se  su n lig h t was found 

to  proceed mpch more quickly  in  th e  e a r ly  s tag es  (see Appendix, f ig .A ) , 

bu t th e  tim e taken  fo r  com pletion of oxygen uptake (14 + 2 hours) was 

no t a l te re d  s u b s ta n t ia l ly .  Oxygenation o f a benzene so lu tio n  o f th e  

pure naphthol in  th e  presence o f triphenylphosphine proceded extrem ely 

slow ly, unreacted  s ta r t in g  m a te r ia l being p resen t a f t e r  one week. The 

p roduct, which was is o la te d  by p rep a ra tiv e  chromatography, was th e  

known l-hydroxy-l-isopropy l-2 (lH )-naph tha lenone  (40 ), which could be 

p repared  in  q u a n tita tiv e  y ie ld  by trea tm en t of th e  hydroperoxide (120) 

w ith  dim ethyl su lph ide .

P rep a ra tio n  and au to x id a tio n  of 6-brom o-l-isopropyl-2-naphtho l (121).

F r i e s ^ ^  has repo rted  th a t  6-brom o-l-m ethyl-2-naphthol i s  much 

more s ta b le  to  oxygen than  l-m ethy l-2 -naph tho l. I t  i s  a lso  rep o rted  

th a t  w hile 1 -e th y l-2 -naphthol au to x id ises  f a i r l y  ra p id ly 2 * 6-bromo-

l-e th y l-2 -n a p h th o l i s  s ta b le  to  oxygen^*^. In  o rder to  a s c e r ta in  th e  

e f fe c t  o f an e le c tro n  withdrawing su b s titu e n t such as bromine upon th e  

a u to x id a tio n  re a c tio n  o f unstab le  naph tho ls, an in v e s t ig a tio n  in to  th e  

e f fe c t  o f a 6-bromo su b s titu e n t upon th e  r a te  o f au to x id a tio n  o f th e  

h ig h ly  re a c tiv e  l-iso p ro p y l-2 -n ap h th o l was undertaken.
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The attem pted p rep a ra tio n  of 6 -brom o-l-isopropyl-2-naphthol by 

d ire c t  brom ination o f l- iso p ro p y l-2 -n ap h th o l was only p a r t i a l ly  

su c c e ss fu l, th e  major product being l-b ro m o -l-iso p ro p y l-2 (lH )-n ap h th a l- 

enone (122). This compound was found to  e q u ilib ra te  slowly to  th e  

d e s ired  6-bromo compound when heated in  a sa tu ra te d  so lu tio n  o f hydrogen 

bromide in  g la c ia l  a c e tic  a c id ^ ^ ,  but complete conversion could not be 

achieved in  t h i s  manner.

( 121)

H

(122) (123)

Pure samples o f th e  6-bromonaphthol (121) could not be obtained d i r e c t ly

from t h i s  re a c tio n . By a c e ty la tin g  impure samples o f th e  naphtho l, and

subsequent c r y s ta l l i s a t io n ,  pure 2-acetoxy-6-brom o-l-isopropylnaphthalene

could be obtained  in  low y ie ld ,  which was id e n t ic a l  w ith an au th en tic

sample from ano ther source (see below).

6-B rom o-l-isopropyl-2-naphthol could be obtained in  low y ie ld ,  and
105in  a pure s t a t e ,  by iso p ro p y la tio n  of 6-bromo-2-naphthol in  a manner
2analogous to  th a t  used to  prepare  l- iso p ro p y l-2 -n ap h th o l • D is t i l l a t io n  

o f th e  product m ixture gave impure samples con tain ing  tra c e s  o f 6-bromo-

2-isopropoxy-2-naphthol (123). E x trac tio n  w ith C la isen ’s a lk a l i ,  followed 

by a c id i f ic a t io n  and re -e x tra c t io n  gave th e  req u ired  bromonaphthol (121), 

m.p. 74-77° ( l ig h t  petro leum ). Unchanged 6-bromo-2-naphthol could be 

recovered in  high y ie ld , and re -c y c led . The sp e c tra l  c h a r a c te r is t ic s  

o f th e  bromonaphthol (121) bore a c lose  resemblance to  those  o f 1 - is o -  

p ro p y l-2 -n ap h th o l.

O xygen ation  o f  b en zen e s o lu t io n s  o f  pure sam p les o f  6 -b r o m o -l-  

is o p r o p y l-2 -n a p h th o l  (o b ta in e d  d i r e c t l y  from th e  above r e a c t io n ,  o r  by  

LAH r e d u c t io n  o f  a n a ly t i c a l ly  pure sam ples o f  th e  co rresp o n d in g  a c e ta te ) .,
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was complete a f t e r  80 + 5 hours, one mole o f oxygen having been taken  

up. Removal o f so lven t gave a v i r tu a l ly  q u a n tita tiv e  y ie ld  o f 6-brom© 

l-hydroperoxy-l» isopropyl-2(lH )-naphthalenone (124), m.p, 157-140° 

(b e n z e n e -p e tro l) , whose s p e c tra l  and a n a ly t ic a l  c h a r a c te r is t ic s  were 

com pletely in  accord w ith t h i s  s t ru c tu re . This hydroperoxide was 

found to  be extrem ely s ta b le  to  heat and l ig h t ,  and no o th e r spec ies  

could be d e tec ted  in  th e  so lu tio n  from th e  au to x id a tio n  re a c tio n  

( c f .  th e  hydroperoxide (120), which i s  a lso  extrem ely s ta b le ) .

H 00

Br

The slow ra te  o f au to x id a tio n  o f th e  bromonaphthol (121) r e la t iv e  

to  l- iso p ro p y l-2 -n ap h th o l ( 119) can he in te rp re te d  m ech an is tica lly  in  

many ways (d iscussed  f u l ly  below ), but does in d ic a te  th a t  e le c tro n  

w ithdrawing su b s ti tu e n ts  s t a b i l i s e  2-naphthols towards oxygen.
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A utoxidation  o f s tra in e d  l-a lk y l~ 2 -n ap h th o ls . S te r ic  a c c e le ra tio n  in  

a ra d ic a l  chain  re a c tio n .

The r e s u l t s  of au to x id a tio n  s tu d ie s  c a r r ie d  out in  th e  course o f 

t h i s  work a re  summarised in  Table I  of th e  Appendix. Included in  th i s  

t a b le ,  where a p p ro p ria te , are  th e  chemical s h i f t s  (measured in  CDCl^) 

o f th e  p e r i -p ro to n . and th e  y ie ld  of l-a lk y l-l-h y d ro p ero x y -2  (1H) -  

naphthalenone, averaged over th re e  experim ents. The tim e taken  fo r  

uptake o f 0*5 moles o f oxygen p er mole of su b s tra te  (averaged over a t 

le a s t  th re e  experim ents), under th e  standard  cond itions described  

in  th e  experim ental se c tio n , i s  quoted in  each case , s ince  t h i s  

value was found to  be rep ro d u c ib le , and could be measured r e la t iv e ly  

a c c u ra te ly . The t o t a l  tim e taken  fo r  completion of th e  au to x id a tio n  

i s  a lso  g iven , w ith  an in d ic a tio n  o f th e  re p ro d u c ib il i ty  of th i s  

v a lu e . In  some cases, in h ib it io n  periods o f up to  one hour were 

recorded , where no uptake o f oxygen occurred. These are probably 

th e  r e s u l t  o f t ra c e  im p u ritie s  p resen t in  th e  samples employed, and 

a re  not included  in  th e  values rep o rted  since th ey  v a ried  from ©ne 

experiment to  ano ther. I t  i s  p o s s ib le , and even probab le , th a t  a l l  

samples contained tr a c e s  o f both i n i t i a to r s  and in h ib i to r s ,  but th e  

re p ro d u c ib il i ty  o f th e  r e s u l ts  obtained in d ic a te  th a t  th e se  do not 

have a profound e f fe c t  upon th e  o v e ra ll r a te .

A l i s t  o f th e  compounds of in te r e s t  to  t h i s  d iscu ssio n  i s  

o u tlin e d  below, those  which have been found to  au to x id ise  a t an 

ap p rec iab le  r a te  being marked.

R

-OH

2 i 6 2 2 tU n stab le :-  R = Et , TPr , c-hexyl , sec -b u ty l , Bu, t - p e n ty l .
2 2S tab le  R = Me , CHgPh , Ph, 2 -hydroxy-l-naph thy l, isopropenyl, 

C(Me9)0H, iodo , a c e ty l, -earboxymet hyl-.



U n stab le :-  R^ = *Pr R2 = Br

S tab le  R1 = H R2 = S u
] 9  f

R = Me R = Bu

U n stab le :- R = Me

S tab le  : -  R ■ H, morpholinomethyl s 

Ph, iodo , bromo.
1 2 tR = morpholinomethyl, R = Bu

U n stab le :-  R^ = R2 = Me

S tab le  : -  R1 = R2 = H; R1 = C02H, R2 « H; R1 -  -CH2OH, R2 « H.

(11) S tab le (71) U nstable

S tab le  2 -naph tho ls ,

An exam ination o f th e  comprehensive l i s t  o f 2-naphthols which 

have been s tu d ied  in  th e  course o f th i s  work shows t h a t , w ith  one 

exception  (th e  bisnaphthylm ethane (71))> only th o se  compounds having 

an u n fu n c tio n a lised  a lk y l group a t C -l show an app reciab le  tendency 

to  a u to x id ise , d esp ite  th e  fa c t  th a t  some of th e se  s ta b le  naphthols 

must be considerab ly  s tra in e d . In  th e  cases o f 1 -benzy l-, 1 -phenyl-,

1 -iso p ro p en y l-, and l-a c e ty l-2 -n a p h th o l, th e  1 -su b s titu e n ts  can adopt
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a conform ation such th a t  p e r i - in te ra c t io n s  are sm all. In  th e  eases 

o f 1-phenyl- and l-isop ropeny l-2 -naph tho ls  and th e  d inaphthol ( l l ) ,  

th e  u .v . sp e c tra  in d ic a te  th a t  th e  1 -su b s titu e n t i s  not in  con jugation  

w ith  th e  arom atic system (see page 9l)> v iz . th e se  su b s titu e n ts  do not 

l i e  in  th e  p lane o f th e  naphthalene nucleus. The s t a b i l i t y  o f 1 -a c e ty l
m  t'bve-)tMk C o-r

and 1' carb03gTDeth y l-2 -n ap h th o l may be s im ila r ly  explained , but e le c tro n  

withdrawing e f f e c t s ,  and in tram o lecu lar hydrogen bonding w ith th e  

2-hydroxyl group may be more im portan t.

1-P h e n y l-3 ,6 -d i- t-b u ty l-2 -n ap h th o l and th e  d inaphthol ( l l )  seem

to  be even more s ta b le  towards oxygen than  3 > 6 -d i-t-b u ty l-2 -n ap h th o l
2i t s e l f  . This may be a consequence of th e  e le c tro n  withdrawing e f fe c t  

o f th e  1 -a ry l group, o r o f s te r ic  in h ib it io n  to  a b s tra c tio n  o f a 

hydrogen atom by th e  in te rm ed ia te  peroxy ra d ic a l  (see page 95* )• The 

p o ss ib le  exp lanation  fo r  th e  s t a b i l i t y  of l-m orpholinom ethyl-3>6 -d i-  

t-b u ty l-2 -n a p h th o l has been d iscussed  e a r l i e r  (page 78)• S im ilar 

arguments can be proposed to  account fo r  th e  s t a b i l i t y  of 2-(2-hydroxy-

l-n ap h th y l)p ro p an -2 -o l (38 ), which would be expected to  be extrem ely 

s tra in e d  ( c f .  l- iso p ro p y l-2 -n a p h th o l) . In tram olecu lar hydrogen bonding 

may in h ib i t  hydrogen a b s tra c tio n , o r th e  hydroperoxide may decompose 

spontaneously by an io n ic  pathway, thus p reven ting  a u to c a ta ly s is .

s tro n g  in tram o lecu la r H-bonding does e x is t ,  but no evidence o f th e  

form ation o r decomposition of th e  hydroperoxide which has been proposed 

was ob ta ined .

The s t a b i l i t y  of l- io d o -3 > 6 -d i-t-b u ty l-2 -n ap h th o l i s  d i f f i c u l t

The i . r .  spectrum of (38) (>> 3,380-2,400 cm"^) in d ic a te s  th a tffl&X •
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to  account f o r ,  in  view of th e  i n s ta b i l i ty  of th e  1-methyl analogue (67) .  

The re a d ily  p o la r is a b le  iod ine  atom may in troduce  le s s  s t r a in  in to  th e  

system th an  a methyl group, o r th e  derived hydroperoxide may decompose, 

so th a t  i n i t i a t i o n  by hydroperoxide does not occur.

A c o n sid e ra tio n  of th e  fa c to rs  in flu en c in g  th e  r a te  o f au to x id a tio n  

o f 2 -n ap h th o ls .

Those 2-naphthols which are  known to  au to x id ise  re a d ily  have two 

fe a tu re s  in  common, v iz . they  have ahalkyl su b s titu e n t a t C -l, and 

th ey  a re  su b jec t to  s t r a in  as a r e s u l t  of s te r ic  congestion . The 

e le c tro n ic  c h a r a c te r is t ic s  of su b s titu e n ts  on th e  naphthalene nucleus 

a t  p o s itio n s  o th e r th an  C -l have been shown to  be of secondary im portance, 

as in  th e  case of 6 -brom o-l-isopropy l-2 -naph tho l. S tra ined  2-naphthols 

co n ta in in g  no su b s titu e n t a t C -l may a lso  au to x id ise  re a d ily , but no 

such naphthols have, as y e t ,  been prepared . An in v e s tig a tio n  o f a

m olecule such as 8 -t-b u ty l-2 -n a p h th o l would be of in te r e s t  fo r  t h i s
28reason . Snyckers and Z o llin g er have prepared 8 -isop ro p y l-2 -n ap h th o l,

and made no comment on i t s  s t a b i l i t y  in  a i r .  3 >6- 2D i- t - b u t y l - 2-n a p h th o l ,

2which i s  known to  au to x id ise  slowly , may be s tra in e d  by virtue of th e  

b u ttr e s s in g  e f fe c t  of th e  3 - t-b u ty l group.

The exact s te r ic  requirem ents fo r  i n s t a b i l i t y  of 2-naphthols to  

oxygen are  not y e t c le a r .  2-Hydroxycadalene (129)*^ i s  not rep o rted  

to  be u n stab le  to  oxygen, although th i s  compound must be su b jec t to  

considerab le  p e r i - s t r a in  between th e  4 -isop ropy l group and H-5. However, 

hydroperoxide form ation a t C -l would not remove t h i s  in te ra c t io n .  This 

would in d ic a te  th a t  s t r a in - r e l i e f  i s  th e  e s s e n t ia l  fe a tu re  f a c i l i t a t i n g  

th e se  re a c tio n s .

O H

( 129 )
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The mechanism of au tox ida tion  of 2-naphthols (RH) i s  assumed to

involve a ra d ic a l  chain process of th e  type proposed fo r  th e  la rg e

m a jo rity  o f au to x id a tio n  processes (see In tro d u c tio n , p . 5)» v i z . ,

I n i t i a t i o n  : RH  > R’

ROOH ---------> RO* + *0H ? (a )

2 ROOH ---------» RO* + H20 + R00* )

Propagation  : R* + 02 -------- \  R00* (b)

R00* + RH -----\ ROOH + R* (c )

Term ination : R* )
\   ̂m olecules (d)

R00* J

The au to x id a tio n  of 1-isopropy 1-2-naphthol has been shown to  be 

a c c e le ra te d  by th e  ad d itio n  o f ra d ic a l  i n i t i a to r s  (cobalt I I I  a c e ty l-  

a ce to n a te , joC’-a z o b is is o b u ty ro n i tr i le ) ,  and in h ib ite d  by ra d ic a l 

scavengers (2 ,6 -d i- t -b u ty l -p -c re s o l)  . The fa c to rs  which may in flu en ce  

each o f th e  s tep s  (a -d ) in  th e  ra d ic a l  chain process w il l  be d iscussed  

in  tu rn .

I n i t i a t i o n  (s tep  (a ))  (see In tro d u c tio n  p . 5) •

In  th e  e a r ly  stages of au to x id a tio n  (<1fo conversion), where th e  

hydroperoxide concen tra tion  i s  zero or very low, in i t i a t i o n  can be 

induced th e rm a lly , photochem ically, by tra c e  m etal im p u ritie s , by 

w a ll-e f fe c ts  e t c . . These p rocesses are thought to  involve b im olecular 

and /o r te rm o lecu lar p rocesses between su b s tra te  and oxygen, in  which 

th e  weakest bond in  th e  su b s tra te  ( in  th i s  case th e  0-H bond) i s  

homolysed to  give ra d ic a ls .  These processes could th e re fo re  be 

a cc e le ra te d  by a weakening of th e  0-H bond in  th e  2 -naphtho ls. The

0-H bond in  s t e r i c a l ly  congested phenols has been shown to  be considerab ly  

weakened r e la t iv e  to  unhindered phenols ( in tro d u c tio n , p . 25). The

0-H bond in  s tra in e d  2-naphthols may a lso  be weakened, p o ssib ly  fo r  

d if f e r e n t  reasons. Factors which s ta b i l i s e  th e  naphthoxy ra d ic a l  may 

a lso  f a c i l i t a t e  in i t i a t i o n  p ro cesses , but such s ta b i l i s a t io n  cannot
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re a d ily  be r a t io n a lis e d  as being a r e s u l t  of s te r ic  s t r a in ,  s in ce  th e  

form ation o f a p lan a r naphthoxy ra d ic a l does not remove any o f th e  

unfavourable in te ra c t io n s  in  th e se  m olecules.

However, i t  i s  known th a t  in i t i a t i o n  p rocesses a re  norm ally 

c o n tro lle d  by hydroperoxide con cen tra tio n , and can be d i r e c t ly  r e la te d  

to  t h i s  value in  some cases (see In tro d u c tio n , p . 4)* This invo lves 

th e  s te p s ,

R00H ------------> R0* + *0H ,

a t  low co n cen tra tions o f hydroperoxide, and

2 R00H  > R0' + H20 + R00* ,

a t  h igh  concen tra tions o f hydroperoxide. The o v e ra ll  r a te  of a u t-  

o x id a tio n  becomes in s e n s it iv e  to  hydroperoxide co n cen tra tio n  when t h i s  

becomes very  h igh . This dependency upon hydroperoxide con cen tra tio n  

r e s u l t s  in  th e  ty p ic a l  a u to c a ta ly tic  curve fo r  oxygen uptake in  th e  

e a r ly  s tag es  of au to x id a tio n  re a c tio n s . A p lo t of oxygen uptake versus 

tim e fo r  th e  au to x id a tio n  of l- iso p ro p y l-2 -n ap h th o l d isp lay s  t h i s  

shape (see F ig . A, Appendix), i . e . th e  r a te  i s  extrem ely f a s t  in  th e

e a r l i e r  s tag es  (up to  ca. 0 .5  mole uptake of oxygen per mole o f

s u b s tr a te ) ,  and decreases s u b s ta n tia l ly  in  th e  l a t e r  s ta g e s . Homolysis 

o f th e  peroxide bond in  hydroperoxides can be acc e le ra te d  by u .v . l i g h t .  

I  f in d  t h a t ,  when l-iso p ro p y l-2 -n ap h th o l i s  au to x id ised  in  d if fu se  

s u n lig h t, th e  i n i t i a l  g rad ien t of th e  absorp tion  curve fo r  th e  re a c tio n  

i s  g re a te r  th an  fo r  au to x id a tio n s  c a rr ie d  out in  th e  absence o f l i g h t ,  

although th e  o v e ra ll tim e fo r  complete conversion to  hydroperoxide 

i s  not s u b s ta n tia l ly  d if fe re n t  (see F ig . A, Appendix). The 

au to x id a tio n  ra te  of l-iso p ro p y l-2 -n ap h th o l was not n o ticeab ly  a ffe c te d  

by th e  ad d itio n  of 0 .1  mole per mole of su b s tra te  of 1-hydroperoxy-

l-isop ropy l-2 (lH )-naph tha lenone  (120), a lthough, in  t h i s  case , no 

in h ib i t io n  period  was recorded.

When th e  au to x id a tio n  of l-iso p ro p y l-2 -n ap h th o l o r 1-m ethyl-
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5 i6 -d i- t-b u ty l-2 -n a p h th o l was c a rr ie d  out in  th e  presence of t r ip h e n y l-  

phosphine, th e  r a te  was d r a s t ic a l ly  reduced. Two reasons can be 

proposed fo r  t h i s  phenomenon. The alkoxy ra d ic a l  (R0‘ ) produced by 

th e  re a c tio n  ( in tro d u c tio n  r e f .  1 (a ) ) ,

R00* + Ph_P---------------» Ph_P=0 + RO* ,

may be incapab le  of propagating th e  chain . A more l ik e ly  exp lanation  

i s  th a t  th e  removal of th e  hydroperoxide (ROOH) as i t  i s  produced could 

reduce th e  i n i t i a t i o n  ra te  e f fe c t iv e ly  to  zero .

ROOH + Ph2P ----------> Ph P=0 + ROH .
\> 5

The r e s u l ts  d iscussed  above in d ic a te  th a t  i n i t i a t i o n  i s  a major 

f a c to r  in  determ ining th e  o v e ra ll ra te  of au to x id a tio n , and th a t  th e  

s t a b i l i t y  o f th e  0-0 bond in  th e  product hydroperoxides to  homolysis 

w i l l  a f fe c t  t h i s  r a t e .  I t  was found th a t  th e  hydroperoxides produced 

in  th e  au to x id a tio n  of th e  2-naphthols under in v e s t ig a tio n  d isp layed  

a wide range o f s t a b i l i t i e s  to  l ig h t  and h e a t, although th e  mechanism 

o f decom position i s  probably io n ic  in  na tu re  in  th e  m ajo rity  o f cases.

The s t a b i l i t y  of th e se  hydroperoxides does not c o rre la te  w ith th e

ra te s  of au to x id a tio n  of th e  paren t naph tho ls. For example, th e  

iso p ro p y l hydroperoxides (120) and ( 124) ,  and th e  dim ethyl hydro

peroxide ( 109) were found to  be extrem ely s ta b le  to  both heat and 

l ig h t  over prolonged p e rio d s , although th e  paren t naphthols were 

found to  au to x id ise  ra p id ly . The d is so c ia tio n  energy o f th e  0-0 

bond in  a lk y l hydroperoxides has been found to  be a fu n c tio n  of th e  

degree of branching a t th e  of-carbon atom (in tro d u c tio n  r e f .  1 (a ) ) .

The s e r ie s  o f hydroperoxides prepared in  th e  course of t h i s  work 

a re  s t r u c tu r a l ly  very s im ila r , a l l  o f them bearing  a t e r t i a r y  carbon 

o tto  th e  hydroperoxy group. The r e a c t iv i ty  of th e  s e r ie s  o f 2-naphthols 

to  oxygen cannot th e re fo re  be re la te d  to  th e  r a te  o f i n i t i a t i o n  by 

th e  derived  hydroperoxides.

Although in i t i a t i o n  i s  undoubtedly a co n trib u tin g  fa c to r  in
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determ ining th e  o v e ra ll r a te  o f au tox ida tion  of 2 -naphtho ls, i t  cannot 

be invoked to  r a t io n a l is e  t h e i r  r e la t iv e  r e a c t iv i t i e s .  l-M ethy l-2 - 

naphthol and 1-p h e n y l-3 ,6 -d i- t-b u ty l-2 -n ap h th o l do not au to x id ise  a t 

an ap p rec iab le  r a te  even in  th e  presence of p o te n tia l  i n i t i a t o r s  such 

as cobalt I I I  a ce ty la ce to n a te , a lk a lin e  potassium fe rr ic y a n id e , o r 

th e  iso p ro p y l hydroperoxide (120). A comparison of th e  r e la t iv e  

r a te s  o f au to x id a tio n  of th e  s u b s titu te d  2-naphthols in  th e  presence 

o f th e  same ra d ic a l  i n i t i a t o r  (see In tro d u c tio n  p . 5) would help  to  

e lu c id a te  th e  ro le  of i n i t i a t i o n  in  th e se  p ro cesses .

P ropagation  (s tep  (c ))  i R00* + RH ---------> ROOH + R*.

The a b s tra c tio n  of a hydrogen atom from th e  su b s tra te  (RH) by 

th e  in te rm ed ia te  peroxy ra d ic a l  (R00*) i s  norm ally found to  be th e  

r a te  determ ining propagation  s tep  in  th e  au to x id a tio n  re a c tio n s  (see 

In tro d u c tio n  p . 5)» The ra te  o f t h i s  s tep  can be in fluenced  by 

sev e ra l f a c to r s ,  which have been d iscussed  f u l ly  in  th e  in tro d u c tio n .

The r e a c t i v i t y  o f  th e  in te r m e d ia te  p eroxy  r a d ic a l  can have a 

s u b s t a n t ia l  e f f e c t  upon th e  r a t e  o f  t h i s  p ro p a g a tin g  s t e p .  I t  h as  

b een  shown t h a t  th e  r e a c t i v i t y  o f  a lk y l  p ero x y  r a d ic a l s  t o  hydrogen  

a b s t r a c t io n  i s  a fu n c t io n  o f  th e  d eg ree  o f  b ra n ch in g  on th e  eC-carbon, 

and t h a t  p ero x y  r a d ic a l s  o f  s im i la r  s t r u c tu r e  have s im i la r  r e a c t i v i t i e s  

( in t r o d u c t io n ,  p . 9 ) .  The p ero x y  r a d ic a l s  (1 2 5 )  in v o lv e d  in  th e  

a u to x id a t io n  o f  s u b s t i t u t e d  2 -n a p h th o ls  a re  a l l  t e r t i a r y  a t  th e  

nC-carbon, and so  sh o u ld  have s im i la r  r e a c t i v i t i e s  tow ards hydrogen  

a b s t r a c t io n .

,00

(125)
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T h is  h y p o th e s is  co u ld  be r e a d i ly  t e s t e d  by s tu d y in g  th e s e  a u to x id a t io n s  

i n  th e  p r e se n c e  o f  th e  same h y d ro p ero x id e , such  a s  t - b u t y l  h y d ro p ero x id e  

so  t h a t  th e  p ro p a g a tio n  s te p  ( c )  in v o lv e s  th e  same p eroxy  r a d ic a l  

( e . g . ^BuOO*) in  each  ca se  ( in t r o d u c t io n ,  p . 8 ,  r e f .  l l ) .

The d i s s o c ia t i o n  en ergy  o f  th e  R-H bond i s  a l s o  im p ortan t in

d e te r m in in g  th e  r a te  o f  s te p  ( c ) .  In  th e  c a se  o f  h y d ro ca rb o n s, w here 

a C-H bond must be c le a v e d  ( d i s s o c i a t i o n  en erg y  c a .  84-104  k c a l .  m o le”^ ) ,  

t h i s  s t e p  can be en d o th erm ic , s in c e  th e  R00-H bond ( d i s s o c i a t i o n  en erg y  

c a . 88 k c a l .  m ole can be c o n s id e r a b ly  w eak er. The norm al s tr e n g th  

o f  t h e  0-H bond in  p h en o ls  ( c a .  85 k c a l .  m o le” ^) h a s b een  found  t o  be  

c o n s id e r a b ly  redu ced  ( c a . J 6 k c a l .  m ole”^) in  t h e  c a se  o f  s t e r i c a l l y  

c o n g e s te d  p h e n o ls  ( I n tr o d u c t io n , p . 2 3 ) ,  so  t h a t ,  in  t h e s e  c a s e s ,  

s te p  ( c )  w ould be ex p ec ted  t o  be f a i r l y  e x o th e rm ic . The 0 -H bond s tr e n g th  

in  s t r a in e d  2 -n a p h th o ls  may be c o n s id e r a b ly  w eaker th a n  in  u n s tr a in e d  

c a s e s  a s  a r e s u l t  o f  d i s t o r t io n s  o f  bond le n g th s  and bond a n g le s ,  so

t h a t  th e  p r o p a g a tin g  s te p  ( c )  w ould be a c c e le r a t e d .

The e a s e  o f  hydrogen a b s tr a c t io n  from th e  s u b s tr a te  (RH) i s  a l s o  

a f f e c t e d  by  th e  s t a b i l i t y  o f  th e  r a d ic a l  (R ’ ) b e in g  p rod uced . F ree  

r a d ic a l  s t a b i l i t y  can be in f lu e n c e d  by d e l o c a l i s a t i o n ,  p o la r  and 

s t e r i c  f a c t o r s  ( in t r o d u c t io n ,  p . 1 2 ) .

The m ajor s t a b i l i s i n g  in f lu e n c e  upon naphthoxy r a d i c a l s ,  and 

phenoxy r a d ic a l s  in  g e n e r a l ,  i s  d e l o c a l i s a t i o n  o f  th e  u n p a ired  e le c t r o n  

th ro u g h  th e  a ro m a tic  n u c le u s ,  and any d i s t o r t io n s  a s  a r e s u l t  o f  s t r a in  

w ould be ex p e c te d  t o  d e s t a b i l i s e  th e  naphthoxy r a d ic a l  in  t h i s  s e n s e ,  

th u s  r e ta r d in g  th e  hydrogen a b s tr a c t io n  s t e p .

E le c tr o n  r e le a s in g  groups would be ex p ec ted  t o  s t a b i l i s e  th e  

naph th oxy  r a d i c a l s ,  e le c t r o n  w ith d raw in g  groups h a v in g  th e  o p p o s ite  

e f f e c t .  T h u s, 1 - t - b u t y l - 2 -n ap hthoxy  and 1- m e t h y l - 3 ,6 - d i - t - b u t y l - 2 -  

naph th oxy w ould be ex p ec ted  t o  be more s t a b le  th a n  l-m e th y l-2 -n a p h th o x y ,  

and 6 -b r o m o -l- iso p r o p y l-2 -n a p h th o x y  would be e x p e c te d  t o  be l e s s  s t a b le
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th a n  l - i s o p r o p y l - 2-n a p h th o x y . However, l - m e t h y l- 2-n ap hthoxy  sh o u ld  

b e s t a b i l i s e d  by h y p e r c o n ju g a tio n , w hereas l - t - b u ty l -2 - n a p h th o x y  sh o u ld  

n o t .  l ,8 -D im e th y l-2 -n a p h th o x y  sh o u ld  be l e s s  s t a b le  th a n  l - m e t h y l - 6 -  

t - b u ty l-2 -n a p h th o x y  i f  in d u c t iv e  r e le a s e  by a lk y l  groups i s  im p o r ta n t,  

b u t t h e  form er a u t o x id is e s  r a p id ly ,  and th e  l a t t e r  was found t o  be  

v i r t u a l l y  in e r t  tow ard s oxy g en . W hile e l e c t r o n ic  f a c t o r s  p ro b a b ly  

p la y  some r o le  in  d e term in in g  th e  r a te  o f  a u to x id a t io n  o f  th e s e  

n a p h th o ls ,  i t  seem s im probable th a t  th e y  co u ld  a d e q u a te ly  accou n t  

f o r  th e  o b serv ed  d i f f e r e n c e s  in  th e s e  r a t e s .  However, th e  r a t e  o f  

a u to x id a t io n  o f  6 -b r o m o - l- is o p r o p y l-2 -n a p h th o l r e l a t i v e  t o  1 - i s o p r o p y l-  

2-n a p h th o l ( c a .  1 : 4 r e s p e c t iv e ly )  co u ld  be r a t io n a l i s e d  by e l e c t r o n i c  

d i f f e r e n c e s .

S t e r ic  e f f e c t s  may in f lu e n c e  th e  r a te  o f  s t e p  ( c )  in  s e v e r a l  

w a y s. S t e r ic  crow ding in  th e  r e g io n  o f  th e  0 -H bond may r e ta r d  th e  

h ydrogen  a b s t r a c t io n  by th e  a t ta c k in g  p eroxy  r a d ic a l .  The s t a b i l i t y  

o f  some s t a b le  phenoxy r a d ic a l s  t o  oxygen has b een  r a t io n a l i s e d  in  

t h i s  m anner, and 1- p h e n y l- 3 ,6 - d i - t - b u t y l - 2 - n a p h t h o l  may be s t a b le  

f o r  t h i s  r e a s o n . However, th e  ord er  o f  r e a c t i v i t y  o f  th e  n a p h th o ls  

can n ot be e x p la in e d  on t h i s  b a s i s ,  e . g . l - t - b u t y l - 2 - n a p h t h o l  i s  

e x tr e m e ly  u n s t a b le ,  w hereas l -m e th y l-2 -n a p h th o l i s  n o t .

The fo rm a tio n  o f  a n aphthoxy r a d ic a l  from a s t e r i c a l l y  s t r a in e d  

2-n a p h th o l i s  u n l ik e ly  t o  d e c r e a se  th e  s t r a in  in  th e  sy stem , u n le s s  

th e  r a d ic a l  can adopt a n o n -p la n a r  c o n f ig u r a t io n  a t  C - l .  Any d ep a rtu re  

from p la n a r i t y  in  th e  naphthoxy r a d ic a l  sh o u ld  be e n e r g e t i c a l l y  

e x p e n s iv e ,  s in c e  t h i s  w ould d e c r e a se  th e  d eg ree  o f  reso n a n ce  d e l o c a l 

i s a t i o n  o f  th e  u n p a ired  e le c t r o n .  There i s  no e v id e n c e  t h a t  in - p la n e

d e fo r m a tio n s  sh o u ld  be more f a c i l e  in  th e  naphthoxy r a d ic a l  r e l a t i v e

106t o  th e  p a ren t n a p h th o l. S e v i l l a  e t  a l .  have shown by e . s . r .  and 

t h e o r e t i c a l  c a lc u la t io n s  th a t  th e  9~a lk y l - x a n t h y l  f r e e  r a d ic a l s  (1 2 6 ,

R = H, Me, E t , ^Tr, Ph) a re  p la n a r , d e s p it e  th e  s e v e r e  p e r i - s t r a i n  in
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some o f th e se  cases. The b a r r ie r  to  ro ta t io n  of th e  9“su b s titu e n t was 

found to  in c rease  w ith th e  degree o f ^ -b ranch ing , which in d ic a te s  th a t  

th e  s t e r i c  congestion in c reases  p ro p o rtio n a te ly . A ll of th e se  ra d ic a ls  

were found to  re a c t ra p id ly  w ith oxygen..

( 126)

I t  th e re fo re  seems reasonable  to  assume th a t  th e  in te rm ed ia te  

2-naphthoxy ra d ic a ls  under d iscu ssio n  are  p la n a r , and th a t  no r e l i e f  

o f p e r i - s t r a in  i s  achieved in  th e  hydrogen a b s tra c tio n  s tep .

I t  has been found th a t  th e  propagation ra te s  of many au to x id a tio n  

re a c tio n s  a re  dependent upon th e  concen tra tion  o f s u b s tra te , and t h i s  

has been in te rp re te d  as evidence fo r  a ra te -c o n tro l l in g  hydrogen- 

a b s tra c tio n  s te p . An in v e s t ig a tio n  o f th e  in fluence  of naphthol 

co n cen tra tio n  upon th e  ra te  of th e se  au tox ida tions may th e re fo re  be 

o f value in  determ ining th e  fa c to rs  c o n tro llin g  th e  r e la t iv e  au to x id a tio n  

r a te s .

Large deuterium  iso tope  e f fe c ts  have been measured fo r  some 

ra d ic a l-c h a in  p ro cesses . 2 ,6-D i-t-buty l-4-m ethylphenol-0D  was found 

a much poorer an tio x id an t th an  th e  u n d eu teria ted  phenol (ArOH) ( in t r o 

d u c tio n , p . 22), which in d ic a te s  th a t  th e  chain t r a n s f e r  p ro cess ,

ArOH + R00*--- ------------* ArO* + ROOH

is  a slow s tep  in  th e  ra d ic a l  chain p rocess. The ra te s  o f au to x id a tio n  

o f d e u te r ia te d  2-naphthols should be slower th an  those  of th e  un

d e u te r ia te d  compounds i f  s tep  (c) i s  r a te  determ ining. However, i t  

i s  conceivable th a t  th e  k in e tic s  may be d r a s t ic a l ly  a l te re d  by th e  

replacem ent o f th e  phenolic H by deuterium .
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Propagation  (s te p  (b )) : R* +  > R00*

T his s tep  i s  norm ally considered to  be f a s t  and non ra te -d e te rm in in g  

in  a u to x id a tio n  re a c tio n s , and assumed to  be d iffu s io n  c o n tro lle d  

( in tro d u c tio n , p . 5)» However, fo r  p a r t ic u la r ly  s ta b le  r a d ic a ls ,  th e  

re a c tio n  w ith  oxygen can be slow. The tripheny lm ethy l ra d ic a l  r e a c ts  

slow ly , and re v e rs ib ly  w ith oxygen to  form th e  triphenylm ethylperoxy 

r a d ic a l .  The ra te  of re a c tio n  of hindered phenoxy ra d ic a ls  w ith  

oxygen i s  dependent upon s tru c tu re .

R

Time taken  fo r  complete au to x id a tio n : R * R‘ = Bu , 0 .5  hours
4-

R * Bu, R1 = Ph , 8 hours

R = R1 » Ph , v . slow re a c tio n .

E lec tron  withdrawing s u b s ti tu e n ts , o r th o se  extending th e  de

lo c a l is a t io n  o f th e  unpaired e le c tro n , decrease th e  r e a c t iv i ty  o f
54phenoxy ra d ic a ls  towards oxygen . I t  i s  g en e ra lly  assumed th a t  s t e r i c  

hindrance to  a tta c k  by m olecular oxygen i s  not im p o rtan t, oxygen having 

a low s t e r i c  requirem ent.

2-Naphthoxy ra d ic a ls  should be s ta b i l is e d  r e la t iv e  to  phenoxy 

r a d ic a ls ,  by v ir tu e  of th e  more ex tensive d e lo c a lis a tio n  of th e  unpaired 

e le c tro n . I t  th e re fo re  seems reasonable to  p o s tu la te  th a t  th e  slow 

s tep  in  th e  au to x id a tio n  of 2-naphthols may be s tep  (b ) . The re a c tio n  

o f th e  2-naphthoxy ra d ic a l w ith oxygen would be acce le ra ted  by 

fa c to rs  which d e s ta b il is e  th e  naphthoxy ra d ic a l  r e la t iv e  to  th e  peroxy 

ra d ic a l  being  produced. This could occur in  th e  case o f th e  s tra in e d  

2-naphthols under in v e s t ig a tio n , since th e  unfavourable £ e r i - in te r a c t io n  

i s  not p resen t in  th e  product peroxy ra d ic a ls .  The slow ra te  of
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au to x id a tio n  o f 6-brom o-l-isopropyl-2-naphthol r e la t iv e  to  1 -iso p ro p y l- 

2-naphthol i s  compatible w ith th i s  p roposal, s ince  e lec tro n  w ithdrawing 

s u b s ti tu e n ts  are  known to  s ta b i l i s e  phenoxy ra d ic a ls  w ith re sp ec t to  

t h e i r  r a te  of re a c tio n  w ith oxygen# I  have found th a t  th e  naphtho ls 

re a c t much more slowly in  a i r  than  in  pure oxygen (e sp e c ia lly  1 - t - b u ty l-

2 -naphthol -  see p# 71) which suggests th a t  th e  r a te  depends on th e
2

oxygen co n cen tra tio n . In  th e  au tox ida tion  of l-e th y l-2 -n a p h th o l , i t

was found th a t  d im erisa tio n  of l-e thy l-2 -naph thoxy  ra d ic a ls  competed

su c c e ss fu lly  w ith th e  re a c tio n  of th ese  ra d ic a ls  w ith oxygen (see  p# 4l)>

in d ic a tin g  th a t  th e se  processes occur a t s im ila r  r a te s .  I t  could be

argued th a t  fo r  th e  more s t e r i c a l ly  hindered 2-naphthoxy ra d ic a ls ,

e .g . l-t-b u ty l-2 -n ap h th o x y , s te r ic  hindrance to  d im erisa tio n  i s

p ro h ib i t iv e , but I  found th a t  th i s  process did occur when th e  oxygen

co n cen tra tio n  was low (see p . 72) .  In  th e  au to x id a tio n  o f 1 ,8 -d im ethy l-

2 -naph tho l, no naphthoxy ra d ic a l  dimer was d e tec ted , although no

hindrance to  d im erisa tio n  can be invoked in  t h i s  case . Oxygenation

of l-m ethy l-2 -naph tho l or l-pheny l-2 -naph tho l in  th e  presence o f

p o te n t ia l  ra d ic a l  i n i t i a to r s  did not give any hydroperoxides. This

in d ic a te s  th a t  th e  2-naphthoxy ra d ic a ls ,  which must be produced under

th e se  co n d itio n s , re a c t more slowly w ith oxygen than  w ith  each o th e r

in  th e se  cases. A q u a n tita tiv e  study of th e  e f fe c t  o f oxygen

co n cen tra tio n  upon th e  ra te  of au tox ida tion  of 2-naphthols would help

to  determ ine th e  ro le  of s tep  (b) in  th ese  re a c tio n s .

Term ination (s tep  (d )) : R* J
I ------- > m olecular p ro d u c ts .

R00* J

The r a te  o f te rm in a tio n  has been found to  a f fe c t  th e  o v e ra ll  r a te  

o f au to x id a tio n  re a c tio n s  (in tro d u c tio n , p . 9)» co n sid e ra tio n  o f 

th e  fa c to rs  in flu en c in g  th e  te rm in a tio n  s tep  does not help  to  r a t io n a l is e  

th e  r e la t iv e  r a te s  of au tox ida tion  of 2 -naphtho ls. The s t ru c tu ra l ly  

s im ila r  peroxy ra d ic a ls  involved should dim erise a t  s im ila r  r a te s .



-  128 -

D im erisation  o f 2-naphthoxy ra d ic a ls  to  form 0—C dimers (3)> re a c tio n  

o f a naphthoxy ra d ic a l  w ith a peroxy ra d ic a l to  form peroxides (128), 

should be p a r t ic u la r ly  favoured when th e  group R i s  sm all, o r when th e  

naphthoxy ra d ic a l  re a c ts  slowly w ith oxygen.

,0 - 0.

(128)

The dimer (3> R = E t) was is o la te d  in  considerab le  y ie ld  from th e
2au to x id a tio n  o f l-e th y l-2 -n ap h th o l , but was not de tec ted  in  th e  products 

from th e  au to x id a tio n  of l,8 -d im eth y l-2 -n ap h th o l. The peroxides (128) 

have not been d e tec ted  in  t h i s  work. P e r i - s t r a in  may be expected to  

a c c e le ra te  ra th e r  than  re ta rd  th e  te rm in a tio n  s tep s  involv ing  th e  

p roduction  of ( 3) or (128) s in ce , in  both cases, th e  form ation o f a 

te t r a h e d r a l  C -l should remove t h i s  in te ra c t io n .

Summary :

Two p la u s ib le  r a t io n a l is a t io n s  of th e  observed r a te  o f au to x id a tio n  

o f s u b s ti tu te d  2-naphthols emerge from a co n sid era tio n  of th e  mechanism.

(a ) The d is to r t io n s  caused by p e r i - in te ra c tio n s  and o th e r b u ttr e s s in g  

e f fe c ts  may r e s u l t  in  a weakening of th e  0-H bond, th u s  f a c i l i t a t i n g  

th e  hydrogen a b s tra c tio n  s tep  (c ) .

(b) The re a c tio n  of th e  in te rm ed ia te  phenoxy ra d ic a l  w ith oxygen 

(s te p  (b ))  maybe acce le ra ted  by increased  p e r i - s t r a in ,  t h i s  s t r a in  being 

a l le v ia te d  when C-l becomes te tr a h e d ra l .

Much more q u a n tita tiv e  k in e tic  in v e s tig a tio n s  are  necessary  befo re  

any d e f in i t iv e  th e o r ie s  can be proposed to  exp lain  th e  observed a u t

ox id a tio n  r a te s .  I t  i s  conceivable th a t  th e  k in e t ic s ,  o r even th e  

d e ta i le d  mechanism, may vary from one case to  ano ther. However, th e re  

can be l i t t l e  doubt th a t  unfavourable s te r ic  in te ra c t io n s  a c c e le ra te
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th e  o v e ra ll  r a te  o f au to x id a tio n  o f 2-naphtho ls. This observation  

could be employed to  p re d ic t th e  s t a b i l i t y  of unknown 2-naph tho ls, 

and a lso  to  r a t io n a l is e  th e  known re a c t iv i ty  of o th e r en o ls , phenols, 

and enamines towards oxygen (In tro d u c tio n , pp. 19-28).

Evidence o f p e r i - s t r a in  w ith in  2-naphthols.

Many o f th e  compounds s tud ied  in  th e  course of t h i s  work d isp lay

anomalous chemical and spectroscop ic  ( n .m .r . , u . v . , m .s .)  c h a r a c te r is t ic s .

These have been discussed  f u l ly  a t approp ria te  p o in ts  in  th e  t e x t .

In  an attem pt to  ob ta in  a more q u a n tita tiv e  estim ate  o f s t e r i c

s t r a in  w ith in  th e se  m olecules, an X-ray s t ru c tu ra l  determ ination  o f a

s e r ie s  o f 2-acetoxynaphthalenes has been undertaken.

13A s e r ie s  of C n .m .r . sp ec tra  were ob tained , in  th e  hope th a t

some estim ate  o f p e r i - s t r a in  may emerge from a comparison of chemical

s h i f t s .  A nalysis of th e  sp ec tra  of 2-methoxynaphthalene, 1-m ethyl-

2-m ethoxynaphthalene, and l,8-dim ethyl-2-m ethoxynaphthalene, and
109comparison w ith  l i t e r a tu r e  sp ec tra  o f m ethylnaphthalenes , does not 

lead  to  any simple a d d i t iv i ty  ru le s  fo r  th i s  s e r ie s  of m olecules. 

D oddrell10^ found th a t ,  w hile th e  m ajo rity  o f dim ethylnaphthalenes 

obey simple a d d i t iv i ty  ru le s ,  none of th e  carbon resonances in  th e  

spectrum o f 1 ,8-dim ethylnaphthalene c o rre la ted  w ith th e se  ru le s .  The 

■^C n .m .r . spectrum of l,8-dim ethyl-2-m ethoxynaphthalene w ith te n ta t iv e  

assignm ents made by comparison w ith published data  and o th e r sp ec tra  

in  hand, i s  la id  out below. These resonances do not c o r re la te  w ith  

any a d d i t iv i ty  re la tio n sh ip s  which can be s e t up fo r  s u b s titu te d  

naphthalenes o r benzenes.

^(CDCl^) 155*5, s in g le t ,  (C -2), 134-6 and 134*3, s in g le ts ,  (C-8, C-9),

130.8, s in g le t ,  (C-IO), 130. 0 , 128.3, and 127.6, d o u b le ts , (C-4, C-5, C-7), 

123.0, d o u b le t, (C-3) ,  121.3, s in g le t ,  (C -l) , 113*4, d o ub le t, (C -6),

56 .8 , q u a r te t ,  (OCH^), 26 .2 , q u a r te t ,  (8-CH^), 15*0, q u a r te t ,  (l-CH^).
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EXPERIMENTAL.

General :

M elting p o in ts  (m .p.) were recorded on a K ofler microscope h o t-  

s ta g e , and are  uncorrected .

Routine in f ra - re d  ( i . r . )  sp ec tra  (Nujol m ulls , l iq u id  film s) were 

recorded on Pye Unicam S .P . 200 or Perk in  Elmer 257 spectrophotom eters; 

so lu tio n , and potassium  bromide d isc  (KBr) i . r .  sp ec tra  were recorded 

on P erk in  Elmer 257 o r 225 spectrophotom eters.

U ltra -v io le t  (u .v .)  sp ec tra  were measured on a Pye Unicam S .P . 800 

spectrophotom eter as so lu tio n s  in  95% e thano l. E x tin c tio n  c o e f f ic ie n ts  

a re  quoted as log v a lu es , and are placed in  b rack e ts .

N uclear magnetic resonance (n .m .r .)  sp ec tra  were recorded on 

T arian  T-60 and H.A. 100 spectrom eters, using  approxim ately Q.3M so lu tio n s  

in  deu terioch loroform , un less otherw ise s ta te d , employing te tra m e th y l-  

s i la n e  as an in te rn a l  s tan d ard . Double i r r a d ia t io n  experiments were 

c a r r ie d  out on th e  Varian H.A. 100 instrum ent. Carbon-13 n .m .r . sp ec tra  

were recorded by th e  U n iv ers ity  o f Edinburgh F o u rier Transform S erv ice .

Mass sp ec tra  (m .s .) were recorded on a G .E .C .-A .E .I. M.S. 12 

spec trom eter. The m olecular ion (M+) i s  quoted f i r s t  in  a l l  cases.

A ll peaks a re  quoted as a f r a c t io n  of th e  base peqk (100). High 

re s o lu tio n  mass measurements were made on a A .E .I. M.S. 90 2S machine.

M icroanalyses were c a rr ie d  out by Miss F. Cowan and Mrs. W. Harkness.

A n a ly tic a l g a s - liq u id  chromatography ( g . l . c . )  was c a rr ie d  out on 

a P erk in  Elmer F l l  instrum ent using a flame io n is a tio n  d e te c to r , and 

a 2^% S.E . 30 column. Thin la y e r chromatography ( t . l . c . )  was c a r r ie d  

out u sing  Merck K iese lge l H.F. 254 and developed in  20% e th y l a c e ta te -  

l ig h t  petroleum  (b .p . 60-80°) un less otherw ise s ta te d .  P rep a ra tiv e  

chrom atoplates ( l  mm. th ic k )  ( p . I . e . )  were prepared and developed using
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th e  same m a te r ia ls  and conditions unless otherw ise s ta te d .

S o lu tions were d ried  over anhydrous magnesium su lp h a te , and so lv en ts  

removed on a ro ta ry  evaporato r. A ll experiments invo lv ing  re a c ta n ts  

o r p roducts which are  unstab le  to  oxygen were c a rr ie d  out in  an 

atmosphere o f dry n itro g en , and worked up under n itro g en  using  de

oxygenated so lv en ts . In  oxygenation experim ents, th e  term  'q u a n t i ta t iv e ly  

oxygenated' in d ic a te s  th a t  th e  uptake was measured a t re g u la r  in te r v a ls .  

The 's ta n d a rd  co n d itio n s ' used fo r  th e se  experiments a re  defined  in  

th e  experim ental s e c tio n .



-  132 -

EXPERIMENTAL

F r ie d e l-C ra f ts  t -b u ty la t io n  of 2-methoxynaphthalene.

F in e ly  ground aluminium ch lo ride  (0 .5  g . ) was mixed thoroughly , 

w ith  2-methoxynaphthalene (6.3  g . , 0.04 mole) and th e  m ixture suspended 

in  anhydrous l ig h t  petroleum (b .p . 60-80°) (25 ml) in  a round-bottomed 

f la s k  f i t t e d  w ith a re f lu x  condenser and a drying tu b e . t-B u ty l ch lo rid e  

(8.3  g . » 0 .1  mole) was added and th e  system was then  re fluxed  fo r  s ix  

h ou rs , a f t e r  which tim e t . l . c .  (5% EtOAc-petrol) in d ica ted  th e  complete 

d isappearance of s ta r t in g  m a te r ia l, and th e  form ation of two le s s  

p o la r  p ro d u c ts , as w ell as some polymeric m a te r ia l.

D ilu te  hydroch lo ric  acid  was c a re fu lly  added to  th e  cooled re a c tio n  

m ix tu re , and th e  organic la y e r separa ted  o f f .  The aqueous la y e r  was 

e x tra c te d  w ith  e th e r  (3 x 25 m l), and th e  combined organic e x tra c ts  

washed to  n e u t r a l i ty  w ith w ater, d rie d , and so lven t removed to  give 

a p a le  yellow , low m elting s o lid .

F ra c tio n a l c r y s ta l l i s a t io n  of th e  m ixture from m ethanol-w ater 

gave co lo u rle ss  p la te s  of th e  le s s  so lub le  6-t-bu ty l-2-m ethoxy- 

naphthalene (6 , R = Me), (3*8 g*» 44%), m.p. 75*5-76.5°, ( l i t .  95°

35° 22) ,

X (EtOH) 2 29 (5 .0 ), 2 5 0 (sh .) ,  259 .5 (3 .63 ), 269( 5 . 61) ,  3 0 3 (sh .) , max.

516(5 .13), 330(3.31) mn.

V (KBr) 1395 and I 365 (*Bu deform ation), 820 and 810 (2 s e ts  o f
1D8X •

2 ad jacen t arom atio H) cm \

t(CDClz) 2 .1 7 -2 .9 7 , m u ltip le t ,  6H, (A rom atics), 6 .10 , s in g le t ,  3H,
j

( -OCH^) ,  8 .6 0 , s in g le t ,  9H, ( - 0 ( 0 ^ ) ^ ) .  

m/e 214(M+ , 30), 199(100).

Required fo r  C ^H ^O  : C 84*07% , H 8 . 46%

Found t C 84*16% , H 8 . 31% *
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Repeated c r y s ta l l i s a t io n  from methano 1-w ater gave a pure sample 

o f 5 1 6-di-t-butyl-2-m etho:*ynaphthalene (8 , R * Me) as co lo u rle ss  p la te s

(2 .1  g . ,  19$ ) ,  m.p. 81- 82° .

233( 4 . 7 ) ,  253(3 .70), 262( 3 . 76) ,  272( 3 . 72) ,  3 0 0 (sh .) , 

314(3-30), 328.5(3-41) nm.

Vmax.(KBr ) 1390, 1385, 1360, 1355 (^Bu deform ations), 850 (2 a d j. 

arom atic H), cm"'*'.

T(CDCl^) 2 .2 0 -2 .7 0 , m u ltip le t , 4H> (4 arom atic H), 2 .90 , broad s in g le t ,  

1H (arom atic  H^), 6 .12 , s in g le t ,  JH (-OCH^), 8.62 and 8.54> s in g le ts ,  

18H (-C(CH3) 5) . 

m/e 270(M+ , 25), 255(100).

Required fo r  O^Hg^O : C 84.41$ > H 9*65$

Found : C 84. 67$  , H 9.40$ .

The mother liq u o rs  contained only th e se  two compounds (com parative 

g . l . c .  and t . l . c . ) ,  no tra c e  o f s ta r t in g  m a te ria l being d e tec ted .

G .l .c .  a n a ly s is  in d ica ted  th a t  th e  o r ig in a l product m ixture co n sis ted  

o f ca. 60$ o f th e  m ono-t-butyl d e r iv a tiv e , and 40$ of th e  d i - t - b u ty l  

d e r iv a t iv e .

Attempts to  produce a t r i - t - b u t y l  d e riv a tiv e  using  prolonged 

re a c tio n  tim es re su lte d  in  ex tensive  po lym erisa tion , and in c re as in g  

p ro p o rtio n s  of th e  d i- t - b u ty l  d e riv a tiv e .

Treatm ent o f th e  m ono-t-butyl d e riv a tiv e  w ith aluminium ch lo rid e  

and t - b u ty l  ch lo rid e  under id e n t ic a l  conditions gave a s im ila r  m ixture 

o f th e  mono- and d i - t -b u ty l  compounds.

M ethylation  o f th e  t - b u ty l -2-naphthols (6 . R » H) and (8.R = H ).

6 -t-B u ty l-2 -n ap h th o l (2 .0  g . , 0.01 mole) (prepared by F r ie d e l-  

C ra fts  t -b u ty la t io n  of 2-naphthol ) was d isso lved  in  anhydrous dmso 

(5 m l), and added dropwise, under dry n itro g en , to  a s t i r r e d  suspension 

o f petro l-w ashed sodium hydride (0.014  mole) in  anhydrous dim ethyl 

sulphoxide (10 m l). Methyl iod ide (2 .1  g . , 0.15 mole) was th en  added
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to  th e  so lu tio n  in  th re e  p o rtio n s , which was then  s t i r r e d  fo r  f i f t e e n  

m inutes.

The re a c tio n  m ixture was c a re fu lly  d ilu te d  w ith  crushed ic e  

(c a . 30 g») t  aQd ex trac ted  w ith e th e r  (3 x 25 m l). The combined e x tra c ts  

were washed thoroughly  w ith w ater, d rie d , add so lven t removed to  give 

6-t-bu ty l-2-m ethoxynaphthalene (6 , R = Me) which on c r y s ta l l i s a t io n  

from m ethanol-w qter or e thano l-w ater gave co lo u rle ss  p la te s ,  (2 .0  g . , 

93$ ) ,  m.p. and mixed m.p. 75*5-76.5°> id e n tic a l  in  a l l  re sp ec ts  to  

samples obtained  by t -b u ty la t io n  o f 2-methoxynaphthalene. The same 

product could be prepared in  q u a n tita tiv e  y ie ld  by m ethylation  using  

aqueous sodium hydroxide and dim ethyl su lp h ate .

M ethylation of 3> 6 -d i-t-b u ty l-2 -n ap h th o l (prepared by F r ie d e l-
2

C ra fts  t -b u ty la t io n  of 2-naphthol ) using sodium hydride in  dmso, 

follow ed by methyl io d id e , gave a 94$ y ie ld  o f 3 > 6 -d i- t-b u ty l-2 -  

methoxynaphthalene (8 , R = Me), r e c ry s ta l l i s e d  from m ethanol-w ater as 

co lo u rle ss  p la te s  m.p. and mixed m.p. 81-82°, id e n tic a l  in  a l l  re sp e c ts  

to  th e  product o f d i- t -b u ty la t io n  of 2-methoxynaphthalene.

O xidation o f 5 .6 -d i- t-b u ty l-2 -n a p h th o l w ith lead  te t r a a c e ta te .

3 ,6 -D i- t-b u ty l-2 -n ap h th o l (1 .28 g . , 0.05 mole) was d isso lved  in  

g la c ia l  a c e tic  acid  (15 m l), and a c e tic  anhydride ( l  m l). The so lu tio n  

was cooled to  0°, and f re sh ly  c ry s ta l l is e d  lead  te t r a a c e ta te  (3*0 g»)  

added. The m ixture was l e f t  a t room tem perature fo r  one hour, m oisture 

being  excluded, and th e  a c e tic  anhydride d i s t i l l e d  o f f ,  leav ing  ca . 5 ml 

in  th e  re a c tio n  f la s k .  The res id u e  was d ilu te d  w ith w ater, and 

e x tra c te d  w ith  e th e r  (3 x 20 m l). The combined e x tra c ts  were washed 

w ith  w a ter, s a tu ra te d  aqueous sodium b icarb o n ate , and f in a l ly  w ith 

b r in e . The so lu tio n  was d r ie d , and so lvent removed to  give a re d , low 

m elting  s o l id .  T . l . c .  in d ica ted  th a t  no s ta r t in g  naphthol remained, 

and th a t  two products had been produced.

F ra c tio n a l c r y s ta l l i s a t io n  from ethano l-w ater gave th e  le s s
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so lu b le  3>6 - d i - t - b u ty l - l , 2-naphtha<|uinone (10) as b rig h t red  n eed le s , 

m .p. 134-5°.

225(3»4l)> 260(4 . 44)> 348(3.69)» 414(3.26), nm.

^ m a x . 1690,  1660 (conjugated C=0), 860 ( is o la te d  arom atic H), 

810 (2 a d j. arom atic H) cm”'*'.

X (CDCl^) 1 .9 0 -2 .8 5 , m u lt ip le t , 4H, (Aromatics and CH=C-C=0),

8 .60 and 8 . 65 , s in g le ts ,  18H, ((CH^)^C-). 

m/e 270(M+) .

Required f o r  C18H22°2 1 0 79.97$ , H 8.17$

Found : C 79*75$ , H 8.05$ .

The le s s  p o la r  sp ec ie s , l ,l-d ia c e to x y -3 ,6 -d i- t-b u ty l-2 ( lH )-  

naphthalenone (9)> c ry s ta l l i s e d  as co lo u rless  needles from e th an o l- 

w a ter, m .p. 146- 148° .

(EtOH) 245, 329 nm.
I I i O a  o

V (ffu jo l) 1750 (CHxC00-), 1680 (co n j. 0=0) cm”1 .
B I8X  • j

X  (CDCl^) 2 .3 -2 .9 , m u ltip le t ,  4H (arom atics and CH=CH-C»0), 8 . 05 , 

s in g le t ,  6H (CH^COO-), 8 . 76 , s in g le t ,  18H (-C(CH^)^ , a cc id e n ta lly  

c o in c id e n t) .

Treatm ent o f th e  d ia c e ta te  (9 ) w ith aqueous e th an o lic  potassium  

carbonate  on a steam bath  fo r  two hours, and c r y s ta l l i s a t io n  o f th e  

product from e thano l-w ater gave a q u a n tita tiv e  y ie ld  o f th e  quinone 

(10) (o v e ra l l  y ie ld  from 3 > 6-d i-t-bu ty l-2 -naph tho l 98$).

1 -t-B u ty l-2 -naph tho l (5 7 ).

Attempted p re p a ra tio n  o f l-t-butyl-2-m ethoxynaphthalene (48) from

1-bromo-2-methoxynaphthalene.

Treatm ent o f l-bromo-2-methoxynaphthalene w ith t-butylmagnesium 

bromide in  re f lu x in g  e th e r fo r  one hour gave a q u a n tita tiv e  y ie ld  of

2-m ethoxynaphthalene, id e n tic a l  in  a l l  re sp ec ts  to  an au th en tic  sample. 

The a d d itio n  o f anhydrous copper iodide to  an e th e re a l so lu tio n  of
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t  -butylm agnes ium bromide a t  - 70° 24, followed by slow ad d itio n  o f an 

e th e re a l so lu tio n  o f l-bromo-2-methoxynaphthalene, and subsequent 

s t i r r i n g  a t  room tem perature fo r  s ix  hours gave only 2-methoxynaphthalene 

and unchanged s ta r t in g  m a te ria l.

Attempted p rep a ra tio n  of 1 -t-bu ty l-3 .4 -d ihydronaph thalene  (1 4 ).

t-B u ty l magnesium ch lo ride  (0.15 mole) was prepared as an e th e r  

so lu tio n  (25 ml) and excess magnesium f i l t e r e d  o f f .  To th e  s t i r r e d  

s o lu tio n , under n itro g en , was added dropwise r e d i s t i l l e d ,  anhydrous 

o f-te tra lo n e  (14*6 g . ,  0 .1  mole) over one hour. The m ixture was s t i r r e d  

fo r  a fu r th e r  two hours, and l e f t  overnight a t room tem perature under 

dry  n itro g e n .

A sa tu ra te d  so lu tio n  o f ammonium ch lo ride  was c a re fu lly  added w ith 

s t i r r i n g ,  and th e  e th e r  la y e r separated  o f f .  The aqueous la y e r  was 

e x tra c te d  w ith  e th e r  (2 x 25 m l), and th e  combined e th e r e x tra c ts  

washed to  n e u t r a l i ty ,  d rie d , and so lvent removed to  give a pa le  yellow 

o i l  (17.3  £ •)•  T . l . c .  in d ica ted  th e  presence of fou r components, 

in c lu d in g  s ta r t in g  m a te ria l, th e  o th er th re e  being more p o la r .

Comparative t . l . c .  and n .m .r. in d ica ted  th a t  a major product was 

° C -te tra lo l, (prepared independently by th e  trea tm en t of tf - te t ra lo n e  w ith 

LAff in  anhydrous e th e r ) ,  as w ell as th e  derived dehydration p roduct, 

1 ,2 -d ihydro -naph thalene . N .m .r. of th e  mixture in d ica ted  th e  presence 

o f a t  le a s t  two t-b u ty la te d  products.

Attempts to  remove th e  s ta r t in g  ketone using G irard fT f reagent 

were un su ccessfu l.

The o i l  was t r e a te d  w ith th io n y l ch lo ride  in  anhydrous pyrid ine  

to  dehydrate a l l  a lcohols p re sen t. The i . r .  spectrum of th e  recovered 

m a te r ia l in d ic a ted  th a t  th i s  had been achieved (disappearance o f OH bands).

The m ixture was subjected  to  chromatography, and pure samples of 

oC-tetralone and 1 ,2 -dihydronaphthalene were ob tained . A pure sample 

o f 1 - t - b u ty l - 3 , 4-dihydronaphthalene ( 14) was not ob tained . A ll f ra c tio n s



co n ta in in g  t -b u ty la te d  m a te ria l were in tra c ta b le  m ixtures o f u n id e n tif ie d , 

and presumably rearranged , compounds.

P rep a ra tiv e  t . l . c .  gave samples of th e  d esired  m a te ria l as a u - in -  

sep arab le  m ixture w ith 1 ,2 -dihydronaphthalene, ( g . l . c .  a n a ly s is ) . The 

use o f s i l i c a  p la te s  in co rp o ra tin g  s i lv e r  n i t r a t e  d id not improve th e  

s e p a ra tio n . Vacuum d i s t i l l a t i o n  led  to  ex tensive po lym erisa tion .

The n .m .r . (CDCl^) o f th e  impure 1 -t-bu ty l-3 ,4 -d ihydronaph thalene  

(14) showed a m u ltip le t between X  2 .2 -3 .0 , a t r i p l e t  a tt^ 3 .9 6 , J  = 5 Hz, 

1H, (CsCH-CHg-), a m u ltip le t betw eent6 .4 -8 .2 , (-CH^-), and a s in g le t  

a t  X  8 .67  (-C(CH^)^). By comparison of in te g ra ls ,  and employing g . l . c .  

a n a ly s is , t h i s  m a te ria l was estim ated  to  con tain  ca . 30$  o f 1 ,2 -d ih y d ro - 

n aph thalene .

V ( l iq u id  film ) 1392 and 1363 cm”1 (^Bu deform ations).
1B8X •

The re a c tio n  was repeated  sev e ra l tim es, using  la rg e  excesses of 

G rignard reag en t, and heat (refluxed  fo r  up to  72 hours in  e th e r  and 

te tra h y d ro fu ra n ) , but no improvement on th e  o v e ra ll y ie ld  o f th e  

d e s ired  m a te ria l was achieved. (Maximum y ie ld  of 1 - t - b u ty l-3 ,4 - 

dihydronaphthalene estim ated by g . l . c .  and n .m .r . ca . 20$).

Attempted p rep a ra tio n  of t-b u ty l-benzene  v ia  cumyl bromide.

A so lu tio n  o f hydrogen bromide in  g la c ia l  a c e tic  ac id  (0.025 mole) 

was d isso lved  in  e th e r (20 m l), and added dropwise to  a s t i r r e d  so lu tio n  

o f oC —m ethylstyrene ( 2.36 g . ,  0.02 M) in  e th e r (40 ml) a t 0 • The 

m ixture was l e f t  standing  fo r  th re e  hours.

The so lu tio n  was d ilu te d  w ith iced  w ater (30 m l), and th e  e th e r  

la y e r  separa ted  o f f .  The aqueous lay e r was ex tra c te d  w ith e th e r  (2 x 

25 m l), and th e  combined e th e r e x tra c ts  washed w ith iced  w ater, 

s a tu ra te d  aqueous sodium b icarb o n ate , and f in a l ly  w ith b r in e . The 

so lu tio n  was then  evaporated to  20 ml under reduced p ressu re  w ithout 

h e a tin g , and d ried  th re e  tim es over anhydrous magnesium su lphate
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b efo re  being  placed in  a dropping funnel a t 0° .

A sm all sample was taken  up in  CDCl  ̂ and e th e r was removed under 

reduced p re ssu re . Cumyl bromide has th e  follow ing sp e c tra l c h a r a c te r is t ic s  

^m ax.(lic iu id  1380, 1390 (~C(CH5)2-  deform ation), 770 (5 a d j.

arom atic H), ( c f . efc-methylstyrene V ( l iq u id  film ) 1625 (C=C s t r e tc h ) ,
Ql&X •

890 (C=CH2 deform ation), 780 (5 a d j. arom atic H).

X (CDCl^) 2 .26 -2 .90 , m u ltip le t, 5H (a rom atics), 7*80, s in g le t ,  6H,

( - ( ch3)20 - ) .

Traces o f oC-methylstyrene were de tec ted  in  a l l  sp ec tra .

The so lu tio n  of cumyl bromide in  anhydrous e th e r  (20 ml) was 

added dropwise w ith s t i r r i n g  to  a so lu tio n  o f methyl magnesium bromide 

(0.025  mole) in  e th e r  (15 m l), and th e  mixture was s t i r r e d  a t  room 

tem peratu re  fo r  fou r hours before  being re fluxed  fo r  e ig h t hours. To 

th e  cooled re a c tio n  m ixture was added a sa tu ra te d  aqueous so lu tio n  of 

ammonium c h lo rid e . The organic lay e r was separa ted  o f f ,  and th e  aqueous 

la y e r  e x tra c te d  w ith e th e r  (2 x 25 m l). The combined e th e r  e x tra c ts

were washed w ith w ater, d rie d , and th e  e th e r  so lven t c a re fu lly  removed
;

w ithout h e a tin g , to  give a low m elting , co lo u rle ss  s o l id .

N .m .r. o f th e  product in d ica ted  th e  presence of th e  s ta r t in g  

ot-m ethylstyrene (ca . 25$ ) ,  but no tra c e  of t-bu ty lbenzene could be 

d e tec ted  (by comparison w ith au th en tic  sp e c tra ) . R e c ry s ta ll is a tio n  

from pentane gave co lo u rless  rhombs (1,77 g»> 75^), m*p» 115-118°,

( l i t . '* 2 118-118.5°), o f 1 ,2 -d ip h en y l-1 ,2-dim ethylbutane ( 19)*

X (c-hexane) 217, 258(2.62), 242( s h .) ,  2 4 8 (sh .) , 252(2 .53), 265(2 . 53) am.fll&Z •
^max 1^02» (Aromatic C*C), 1380, symmetrical doublet (-C(CH^)2

defo rm ation), 765 (5 a d j. arom atic H) cm

X ( CDCl^) 2 .94 , s in g le t ,  10H, (A rom atics), 8 . 70 , s in g le t ,  12H, (-CH^).

m/e 238(M+) .

The re a c tio n  was repeated in  th e  presence of anhydrous cuprous 

iod ide  ( l  mole per 2 moles of Grignard reagen t) a t room tem perature
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f o r  tw elve hours. The only is o la te d  product ap art from s ta r t in g  

m a te r ia l ,  was th e  cumyl dimer ( 19) in  80$ y ie ld .

Attempted p rep a ra tio n  o f 1-t-butyl-2-m ethoxynaphthalene (48) from 

l- iso p ro p e n y l-2-methoxynaphthalene (26) .

Dry hydrogen ch lo ride  gas was bubbled through a s t i r r e d  so lu tio n  

o f l- iso p ro p e n y l-2-methoxynaphthalene (300 mgs., 1,5  mmole) ( fo r  

p re p a ra tio n  see below) in  anhydrous e th e r (50 ml) a t 0° fo r  fo u r hours. 

The so lu tio n  was then  poured onto crushed ice  (100 g . ) ,  and th e  e th e r  

la y e r  separa ted  o f f .  The aqueous lay e r was e x trac ted  w ith e th e r  (2 x 

25 m l), and th e  combined e th e r e x tra c ts  were washed to  n e u tr a l i ty  w ith 

iced  w ater, and d ried  th re e  tim es over anhydrous magnesium su lphate  

b e fo re  being reduced to  40 ml w ithout h ea tin g , and d ried  ye t again .

T his so lu tio n  was then  added dropwise, under dry n itro g en , to  a 

s t i r r e d  so lu tio n  o f methyl magnesium bromide (10.0  mmole) in  anhydrous 

e th e r  (10 ml) over one hour a t room tem perature. A fte r s tand ing  a t 

room tem perature fo r  20 hours, t . l . c .  in d ica ted  th a t  a tra c e  o f th e  

d e sired  l - t - b u t y l - 2-methoxynaphthalene had been produced.

The so lu tio n  was re fluxed  fo r  four hours. The Cooled re a c tio n  

m ixture was then  d ilu te d  w ith sa tu ra te d  aqueous ammonium ch lo rid e  

s o lu tio n , and th e  organic la y e r  separated  o f f .  The aqueous la y e r  was 

e x tra c te d  w ith e th e r  (2 x 25 m l), and th e  combined e th e r  e x tra c ts  

washed to  n e u tr a l i ty ,  d rie d , and so lvent removed to  give a p a le  yellow  

o i l  (300 m gs.). T . l . c .  (30$ benzene-petro l) in d ica ted  th e  presence of

l- iso p ro p e n y l-2-methoxynaphthalene (26) and l - t - b u t y l - 2-methoxy- 

naphthalene (48). Comparative g . l . c .  and n .m .r . in d ic a ted  th a t  th e  

product contained ca. 6$  of th e  desired  p roduct, ( fo r  s p e c tra l  da ta  

see below ), th e  only o th e r id e n tif ie d  m a te ria l being s ta r t in g  m a te r ia l.
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The a c tio n  o f Grignard reagen ts  upon 1-methoxycarbonyl- a^d l - a e e ty l -

2 -n ap h th o l.

l-A ce ty l-2 -n ap h th o l.

This was prepared by th e  F ries  rea rran g em en t^  of 2-acetoxy- 

naphthalene (prepared from sodium 2-naphthoxide and a c e tic  anhydride). 

Equimolar amounts of 2-aeetoxynaphthalene and aluminium ch lo rid e  were 

mixed thoroughly  in  a m ortar befo re  being heated a t 60°, th e  tem perature 

being  ra is e d  slowly to  110° over one hour, and held  a t th a t  tem perature 

fo r  a fu r th e r  hour.

The re a c tio n  m ixture was f in e ly  ground, and slowly added, w ith 

s t i r r i n g  to  a la rg e  volume of crushed ic e . The so lu tio n  was a c id i f ie d ,  

and th e  re s u l t in g  p re c ip ita te  f i l t e r e d  o ff  and washed w ith w ater.

Several r e c r y s ta l l i s a t io n s  from l ig h t  petroleum gave pale  yellow  rhombs, 

m.p. 63- 64° ( l i t . ^  64°) in  82$ y ie ld . Small q u a n tit ie s  of 2-naphthol 

(12$) and 6 -ace ty l-2 -naph tho l (4$) were a lso  is o la te d .

l-A ce ty l-2 -n ap h th o l had th e  fo llow ing sp e c tra l c h a r a c te r is t ic s .

V (CHClJ ca. 2500-3500 (ch e la ted  OH), 1625 (C=0) cm"1,max. 5 '
(KBr) 1620 (C=0), 825 (2 a d j. arom atic H), 757 (4 a d j. arom.H) cm”1.

X (CDCl^) - 4 . 6 , s in g le t ,  1H, (OH, D20 exchange), I . 8- 3 .O, m u lt ip le t ,

6H (A rom atics), 7 .20 , s in g le t ,  3H (CH^-C=0).
34Many attem pts to  prepare th i s  compound using th e  rep o rted  cond itions 

gave very low y ie ld s , th e  major product being 2-naphthol.

l-A cetyl-2-m ethoxynaphthalene (24) was prepared by m ethylation  

(NaH, dmso, Mel) of 1-ace ty l-2 -n ap h th o l (86$ y ie ld ) .  C ry s ta l l is a t io n  

from l ig h t  petroleum  gave pa le  yellow prism s, m.p. 57-59° ( l i t . ^  57-9°),

A (EtOH) 225(4.80), 280 .5 (3 .58), 290(3-59), 3 2 0 (sh .) , 333.5(3-49) nm.2B&X •
V (KBr) 1688 (con j. C=0), 815 (2 a d j. arom.H), 755 (4 a d j. arom.H) cm"1. osgc •
X  (CDCl^) 2 .1- 2 . 9 , m u ltip le t ,  6H (arom atics) 6 .12 , s in g le t ,  3H (CH^O-), 

7 .40 , s in g le t ,  3H (CH^-C-0). m/e 200(M+) .
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2 -( 2-Hydroxy-l-naphthy l)p ro p an -2 -o l( 38) and l-iso p ro p en y l-2 -n ap h th o l (59 ) .

A so lu tio n  o f methyl magnesium iodide (3 mmole) was prepared in  

anhydrous e th e r  (20 ml) under dry n itro g en , and a so lu tio n  o f 1 -a c e ty l-

2 -naphthol (190 mg., 1 mmole) in  e th e r (10 ml) was added dropwise w ith 

s t i r r i n g .  A w hite p re c ip i ta te  formed immediately. The m ixture was 

re flu x ed  fo r  two hours, when t . l . c .  in d ica ted  th a t  very l i t t l e  product 

had been formed. When th e  mixture had been re flu x ed  fo r  tw elve hours, 

th e  re a c t io n  was worked up using sa tu ra ted  aqueous ammonium c h lo rid e . 

R e c ry s ta l l is a t io n  of th e  product from pentane gave co lo u rle ss  n eed les , 

m.p. 107- 111° (decom position) (154 mg., 75$) o f 2 -(2 -hydroxy-l-naph thy l) 

propan*2-ol (38).

V v (N ujol) 3,300-2,400 (che la ted  OH), 1380, 1355 ((C H j_C - deform ation),
TD8X# j  £

828 (2 a d j. arom.H), 765 (4 a d j. arom.H), cm**1 .

T  (CDCl^) -1 .2 0 , broad s in g le t ,  1H (chelated  OH, D20 exchange), 6 .70, 

broad s in g le t ,  1H (-0H, D20 exchange), 2 .1-3*0, m u ltip le t ,  6H, (a ro m atic s), 

8 .0 3 , s in g le t ,  6H, ((CH ^^C-).

This compound was com pletely s ta b le  to  atm ospheric oxygen over 

prolonged p e rio d s , but dehydrated on standing  to  l- iso p ro p e n y l-2 -  

naphtho l (3 9 ). Treatment w ith d i lu te  hydroch loric  acid  a t room 

tem perature  gave a q u a n tita tiv e  conversion to  (39 ), b .p . 72° / 0.015  mm.

X (EtOH) 229(4*8), 267(3*61), 277(3*71), 287(3*62), 333(3*42) nm.
y l a T  •

V ( l iq u id  film ) 3,500 (OH), 1620 (con j. C=C), 910 (C=CH ) ,  820max. ^
(2 a d j .  arom.H), 750 (4 a d j. arom.H) cm 1 .

t(CDCl^) 1 .9 -3 .0 , m u ltip le t, 6H (arom atics), 4*23, broad s in g le t ,  1H,

(OH, DgO exchange), 4*37 and 4*85, m u ltip le ts , 2H (CH^-C-CHg), 7*88, 

d o u b le t, J  -  1 H z., 3H, (CH^-C-CH^.

A ll attem pts to  ob ta in  a sample su ita b le  fo r  an a ly s is  (p rep a ra tiv e  

chromatography o r vacuum d i s t i l l a t i o n )  were un su ccessfu l, owing to  

po lym erisa tion  (e sp e c ia lly  rap id  on s i l i c a ) .

Treatm ent o f a f a i r ly  pure sample of th e  naphthol (39) w ith  a c e tic
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anhydride in  anhydrous py rid ine  fo r  ‘twelve hours a t  room tem perature 

follow ed by an aqueous work-up and e th e r e x tra c tio n  gave a pure sample 

o f 2 -acetoxy-l-isopropeny lnaph thalene , as co lo u rle ss  needles from 

pen tane , m.p. 51- 35°»

' ' m a x . 230(4. 8) ,  271(3.78), 281(3.85), 289(3 .71), 320(2.69) no.

V ^ (N ujol) 1770 (a c e ta te  C=0), 1630 (C-C), 915 (C -C H j, 810 (2 a d j.
u lflX  •  c,

arom.H), 750 (4 a d j. arom.H), cm \

X  (CDCl^) 2 .0-3*1, m u ltip le t,  6H (a rom atics), 5*00 and 4*53, m u lt ip le t ,  

2H (C-CHg), 7*70, s in g le t ,  3H, (CH^-COO), 7*93, d o ub le t, J  « 1.5  H z.,

3H (CH5-C=CH2 ).

m/e 226(M+, 25), 184(100).

2-(2-M ethoxy-l-naphth,yl)prbi)an-2-ol (25) and l-isopropenvl-2-m ethoxy- 

naphthalene (2 6 ).

1-Acetyl-2-m ethoxynaphthalene (2 .0  g . ,  0.01 mole) was taken  up in  

anhydrous e th e r  (20 ml) and added dropwise over one hour to  a s t i r r e d  

s o lu tio n  o f methyl magnesium iod ide (0.015 mole) in  e th e r (50 m l), 

which was then  refluxed  under dry n itro g en  fo r  th re e  hours.

S a tu ra ted  aqueous ammonium ch lo ride  was c a re fu lly  added to  th e  

cooled re a c tio n  m ixture, and th e  e th e rea l la y e r  separa ted  o f f .  The 

aqueous la y e r  was ex trac ted  w ith e th e r , and th e  combined e th e re a l 

e x tra c ts  washed w ith w ater, d rie d , and so lvent removed. C ry s ta l l is a t io n  

from l ig h t  petroleum  gave co lo u rle ss  p la te s  (1.95 g*» 91$)» m*p* 95-6° 

(decom position) ̂  of th e  alcohol (25)*

y  (N ujol) 3,500 (OH), 1380, 1370 (-C(CH ) - ) ,  812 (2 a d j. arom.H),
lD&Xe y  ^

750 (4 a d j. arom.H), cm \

X (CDClj) 1*43, broad doublet, J  » 9 H z., 1H (p e r i - H )t 2 .2 -2 .9, 

m u lt ip le t ,  5H (A rom atics), 5*49, broad s in g le t ,  1H (-0H, DgO exchange),

6 .08 , s in g le t ,  3H (-OCH^), 8 .09 , s in g le t ,  6H ( - C tC H ^ - ) .

This compound was found to  dehydrate on mild h e a tin g , and trea tm en t

w ith  d i lu te  hydroch loric  acid  gave q u a n tita tiv e  conversion to
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l-isopropenyl-2-m ethoxynaphthalene (26) as a co lo u rle ss  o i l ,

\» „ x . ( hexane) 232(4 .9 ), 282(3.74), 294( 3 . 68) ,  337(3.44) nm.

Vroax.( l iq u id  film ) 1635 (0 .0 ) , 900 (O.CH2) ,  820 (2 a d j. arom.H),

750 (4 a d j. arom.H) cm ~\

X  (CDCl^) 1 .9 -2 .8 , m u ltip le t ,  6H, (A rom atics), 4*45 and 5*00, m u lt ip le ts ,  

2H (CH5-C=CH2) , 6 .05 , s in g le t ,  3H, (CH^O-), 7*85, doub le t, J  = 1 H z.,

3H (CH3-C=CH2) .

Treatm ent o f m ethyl-2-hydroxy-l-naphthoate (54^ w ith Grignard re a g e n ts .
39Treatment o f methyl 2-hydroxy-1-naphthoate w ith excess methyl

magnesium iod ide  in  re flu x in g  e th e r fo r  tw elve hours followed by a 

n o n -ac id ic  work-up (sa tu ra ted  aqueous ammonium ch lo rid e ) gave a ca . 75$ 

y ie ld  o f th e  t e r t i a r y  a lcohol (38), and l-a c e ty l-2 -n a p h th o l in  ca . 25$  

y ie ld  (see above).

The re a c tio n  of (34) w ith methyl Grignard reagen ts  a t e leva ted  

tem peratu res was attem pted under a v a r ie ty  of cond itions o f tem perature 

and re a c tio n  tim e. A general d e sc rip tio n  of th e  procedure fo llo w s.

Methyl 2-hydroxy-l-naphthoate was taken  up in  anhydrous e th e r  

(c a . 1 Molar so lu tio n ) and added dropwise to  a s t i r r e d  e th e re a l so lu tio n  

o f methyl Grignard reagent (c a . 2 Molar so lu tio n , 5 -H  Molar excess) 

which was magnesium-free. The so lu tio n  was th en  re flu x ed  under dry 

n itro g en  fo r  12-24 hours, before d i s t i l l i n g  o f f  th e  so lven t w ith 

exclusion  o f m oisture.

The res id u e  was heated a t 110-115° fo r  18-20 hours. When th e  

re a c tio n  was worked up a t t h i s  stage employing deoxygenated aqueous 

ammonium ch lo rid e , and w ith rigorous exclusion of oxygen, a m ixture 

co n ta in in g  l-a c e ty l-2 -n a p h th o l,2 -(2 -hydroxy-l-naph thy l)p ropan-2 -o l 

(3 8 ), l-iso p ro p en y l-2 -n ap h th o l (39), and l- t-b u ty l-2 -n a p h th o l (37) 

was o b ta ined . (Analysed by n .m .r. and comparison w ith  sp ec tra  o f 

a u th en tic  sam ples). D e ta ils  of th e  p roportions o f products formed 

under d if f e r e n t  conditions are la id  out in  Table 2 o f th e  Appendix.
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The s p e c tra l  c h a ra c te r is t ic s  of l- t-b u ty l-2 -n a p h th o l ( 37) w il l  be 

re p o rted  below. This compound could not be is o la te d  from th e  m ixture 

o f p ro d u c ts .

Exposure o f a chloroform so lu tio n  of t h i s  m ixture to  atm ospheric 

oxygen fo r  ca . 15 minutes e ffec ted  th e  complete disappearance o f th e  

s ig n a ls  a t t r ib u ta b le  to  ( 37) in  th e  n .m .r. o f th e  m ixture.

F ra c tio n a l c ry s ta l l i s a t io n  from benzene-petro l gave p a le  yellow  

p rism s, m.p. 134-137° (decom position) o f l-h y d ro p e ro sy -l-t-b u ty l-2 (1 H )- 

naphthalenone (4l)»  (Maximum is o la te d  y ie ld  15$) • (S p ec tra l 

c h a r a c te r is t ic s  repo rted  below). On occasions, th e  m.p. o f t h i s  

compound was considerably  lower.

1-t-Butyl-2-m ethoxynaphthalene (4 8 ).

Methyl 2-hydroxy-l-naphthoate (34) was t r e a te d  w ith methyl Grignard 

reagen t as described  above.

The cooled re a c tio n  m ixture was taken up in  anhydrous dmso (5 ml 

p e r gram of (3 4 )), and th e  so lu tio n  s t i r r e d  under dry n itro g en . Methyl 

io d id e  was added dropwise to  th e  cooled so lu tio n  u n t i l  th e  b r ig h t 

co lour of naphthoxide ions had been discharged . The so lu tio n  was 

s t i r r e d  a t room tem perature fo r  a fu r th e r  30 m inutes. Water was added, 

and th e  so lu tio n  was ex trac ted  thoroughly w ith l ig h t  petroleum . The 

combined e x tra c ts  were washed sev e ra l tim es w ith w ater, d r ie d , and 

so lv en t removed. Comparative t . l . c .  (30$ benzene-petro l) and n .m .r . 

showed th a t  th e  product mixture contained l - a c e ty l - 2-methoxynaphthalene 

(24) ,  2- ( 2-m ethoxy-l-naphthyl)propan-2-o l  (25) ,  1-isopropeny1- 2-methoxy

naphthalene (26) ,  and l - t - b u ty l - 2-methoxynaphthalene (48). The r e la t iv e  

p ro p o rtio n s  o f products obtained by th i s  method are la id  out in  Table 2 

o f th e  Appendix.

I s o la t io n  o f th e  desired  1-t-butyl-2-m ethoxynaphthalene (48) from 

th e  re a c tio n  m ixture was complicated by poor sep a ra tio n  on t . l . c .  from 

th e  isopropenyl compound (26). P repara tive  t . l . c .  using  s i l i c a  p la te s
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coated  w ith  10$  by weight of s i lv e r  n i t r a t e ,  and using  20$  benzene- 

p e t ro l  m ixtures as so lv en t, gave a pale yellow o i l  which contained 

t r a c e s  o f th e  isopropenyl compound (26) (<1$  by g . l . c . ) .

For la rg e  sca le  p rep ara tio n s  th e  product was chromatographed on 

a column o f s i l i c a  coated w ith 10$  by weight of s i lv e r  n i t r a t e ,  e lu tin g  

f i r s t l y  w ith  p e t r o l ,  and then  w ith 10$  benzene-petro l m ix tu res , g iv ing  

an o i l  co n ta in ing  ca. 15$ of th e  isopropenyl compound ( g . l . c , ) .  This 

was fu r th e r  p u r if ie d  by p rep a ra tiv e  t . l . c .  to  give an o i l  o f s im ila r  

p u r i ty  to  th a t  obtained by p rep a ra tiv e  t . l . c .  o f th e  crude re a c tio n  

m ixture (above).

Vacuum d i s t i l l a t i o n  (b .p . 80°/0.03 mm.) gave a co lo u rle ss  o i l ,  

which s o l id i f ie d  a t tem peratures below c a . 5°» Y ields o f 25$ o f pure

l - t - b u t y l - 2-methoxynaphthalene (48) could c o n s is te n tly  be achieved by 

t h i s  method.

X (EtOH) 232(4 .8 ), 2 7 4 (sh .) , 262(3.74), 2 9 l( s h .) ,  323(3-24), 335 (sh .) ran. 
id ax •

V m ax.(liquid  film ) 1592, 1562 (-C(CH^)^ deform ation), 805 (2 a d j . arom.H), 

745 (a d j. arom.H) cm ~\

£  (CDCl^) 1.54> doublet of d o u b le ts , ■ 8 H z., Jmê a 88 5 H z.,

1H, (p e ri-H ), 2 . 20- 2 . 92, m u ltip le t ,  5H, (a ro m atics), 6 .20 , s in g le t ,

3H (-OCH^), 8 .27 , s in g le t ,  9H ( -C tC H ^ ) .

There was no observable change in  th e  n .m .r. spectrum on cooling  to  

- 150° 46.

Double i r r a d ia t io n  of th e  t -b u ty l  s ig n a l re su lte d  in  a N uclear 

Overhauser E ffec t on th e  p e r i - s ig n a l, th e  enhancement being measured 

as 20 hk 5$  (compared w ith th e  o th er arom atic s ig n a ls ) .

M+ req u ired  fo r  O ^H ^O  : 214.155757

Found * 214.135803 •

m/e 214(M+ 41$)» 199(100$), 141(22$)
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Required f o r  C^H^gO : 

Found s

C 84.07$ , H 8 . 47$

C 84.24$ , H 8.44$ .

( G .l .c .  was c a r r ie d  out employing a 2^$ S.E. 30 column a t  180°).

Pure samples of l-acetyl-2-m ethoxynaphthalene (24) (maximum 

is o la te d  y ie ld  10$), and l-isopropenyl-2-m ethoxynaphthalene (26)

(maximum is o la te d  y ie ld  55$) were a lso  obtained from th i s  re a c tio n  by 

p re p a ra tiv e  chromatography, and were id e n tic a l  in  a l l  re sp ec ts  to  

samples prepared independently (see above).

Treatm ent o f 1-t-butyl-2-m ethoxynaphthalene (48) w ith m ineral a c id s .

l-t-B utyl-2-m ethoxynaphthalene (44 mg.) was d isso lved  in  methanol 

(5 ml)> and a few drops o f 5M hydrochloric  acid  were added. The 

so lu tio n  was s t i r r e d  a t room tem perature, th e  re a c tio n  being m onitored 

by t . l . c . .  A fte r 18 hours, no s ta r t in g  m a te ria l remained and one more 

p o la r  product had been produced.

Water was added, and th e  so lu tio n  was ex trac ted  w ith e th e r  (2 x 

10 m l). The combined e th e r  e x tra c ts  were washed to  n e u t r a l i ty ,  d r ie d , 

and so lven t removed to  give a co lo u rless  s o lid . R e c ry s ta ll is a tio n  

from l ig h t  petroleum  gave co lo u rle ss  lu s tro u s  p la te s  (32 mg., 100$) 

o f 2-methoxynaphthalene which were id e n tic a l  in  a l l  re sp ec ts  to  an 

a u th en tic  sample.

S im ila r trea tm en t of 3 ,6 -d i-t-buty l-2-m ethoxynaphthalene and 

6-t-butyl-2-m ethoxynaphthalene over prolonged periods (up to  7 days) 

gave a q u a n ti ta tiv e  recovery of s ta r t in g  m a te r ia l.

When hydrogen bromide in  a c e tic  acid  was used, conversion o f 

(48) to  2-methoxynaphthalene was complete in  fo u r hours.

P h o to ly sis  o f 1-t-butyl-2-m ethoxynaphthalene (4 8 ).

The methoxynaphthalene (48) (50 mg.) was d isso lved  in  anhydrous 

hexane (100 m l), and placed in  a p h o to ly sis  apparatus under dry n itro g en . 

The sample was ir r a d ia te d  fo r  20 hours, using a medium p ressu re  mercury 

lamp. The so lven t was removed under reduced p ressu re  to  give a yellow
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o i l  (50 m g.). T . l . c .  (30$ benzene-petro l) in d ica ted  th a t  some po ly 

m erisa tio n  had occurred , and tra c e s  o f a le s s  p o la r  product had been 

formed. S p e c tra l da ta  in d ica ted  th a t  th e  product was mainly s ta r t in g  

m a te r ia l ,  th e  o th e r species being p resen t in  in s u f f ic ie n t  q u an tity  to  

be c h a ra c te r is e d .

O -ace ty la tio n  of products from Grignard re a c tio n  in  s i t u .

The Grignard re a c tio n  was c a rr ie d  out on th e  methyl naphthoate (34) 

a t  110° fo r  18 hours as p rev iously  described .

The cooled re a c tio n  m ixture was d isso lved  in  dry dmso, and a c e tic  

anhydride slowly added u n t i l  th e  b rig h t colour of naphthoxide ions 

had been d ischarged . The m ixture was then  d ilu te d  w ith w ater, and 

e x tra c te d  thoroughly  w ith e th e r . The combined e th e r  e x tra c ts  were 

washed thoroughly  w ith w ater, d rie d , and so lven t removed to  give a pa le  

brown o i l .  P rep ara tiv e  chromatography (20$ EtOA c-petrol) gave a 

m ixture of l-isopropenyl-2-acetoxynaphthalene and l- t-b u ty l-2 -a c e to x y -  

naphthalene (c a . 3 * 1 estim ated by n .m .r. and by comparison w ith 

sp e c tra  o f th e  pure compounds (see above, and below)) which could not 

be separa ted  by chromatography, c r y s ta l l i s a t io n  o r d i s t i l l a t i o n .

The m ixture was t re a te d  w ith LAH in  anhydrous e th e r  (30 m inutes 

r e f lu x ) ,  and subsequently exposed to  atmospheric oxygen. C ry s ta l l is a t io n  

from benzene-petro l gave an o v e ra ll y ie ld  o f 15$  of th e  t -b u ty l  

hydroperoxide (4 l)»  m.p. 134- 157° (decom position).

Demethylat ion of l-t-butvl-2-m ethoxynaphthalene (4 8 ).

(a ) Using methyl magnesium io d id e .
53Many m odifica tions o f th e  l i t e r a tu r e  m e th o d s ' were attem pted w ith 

only p a r t i a l  success.

In  g e n e ra l, l-t-butyl-2-m ethoxynaphthalene (48) was added to  an 

e th e re a l so lu tio n  o f methyl magnesium iodide (3 molar excess) under 

n itro g e n . The so lvent was d i s t i l l e d  o f f ,  m oisture being excluded, and 

th e  re s id u e  heated  inan  o i l  bath  under dry n itro g en . E ther was then
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added to  th e  cooled re a c tio n  f la s k , and a deoxygenated so lu tio n  o f 

ammonium ch lo rid e  added slow ly. The organic la y e r was separa ted  o f f  

and th e  aqueous la y e r thoroughly ex trac ted  w ith e th e r . The combined 

e x tra c ts  were washed w ith w ater, d ried , and so lvent removed. (Work

up was c a r r ie d  out in  a n itrogen  atmosphere).

The re a c tio n  was attem pted a t 120° fo r  18 hours which re s u lte d  in  

conversion o f a l l  th e  s ta r t in g  m a te ria l to  th e  d esired  naphtho l, but 

t . l . c .  and n .m .r . in d ica ted  th e  form ation of s u b s ta n tia l  q u a n tit ie s  

o f polymer.

Treatm ent a t 110° fo r  18 hours re su lte d  in  th e  recovery of a 

m ixture con ta in ing  a sm all amount of s ta r t in g  m a te r ia l, th e  d e sired  

n aph tho l, and polymer.

Treatm ent a t 175° fo r  t h i r t y  minutes gave a la rg e  p roportion  o f 

unreacted  s ta r t in g  m a te ria l, and a su b s ta n tia l  p roportion  o f 2-methoxy- 

naphthalene , as w ell as th e  d esired  naphthol, and t ra c e s  o f 2-naphtho l.

Treatment a t 185-190° fo r  two hours re su lte d  in  p a r t i a l  conversion 

to  th e  t-b u ty ln ap h th o l, but su b s ta n tia l  amounts of s ta r t in g  m a te r ia l,

2-m ethoxynaphthalene, and 2-naphthol were a lso  d e tec ted .

Pure samples o f l- t-b u ty l-2 -n a p h th o l (37) could not be obtained  

from any o f th e se  m ixtures. S t i r r in g  o f th e  m ixtures in  a i r  fo r  t h i r t y  

m inutes re s u lte d  in  conversion o f th e  naphthol to  1 -h y d ro p ero x y -l-t- 

bu ty l-2 (lH )-naphthalenone (41) .  C ry s ta l l is a tio n  from benzene-ligh t 

petroleum  gave th e  hydroperoxide as pale yellow p la te s ,  m.p. 124-137°» 

(decom position), th e  y ie ld s  varying between 0-20$ (based upon (4 8 )) .

A ll attem pts to  ob ta in  sharp ly  m elting samples o f (41) from th e se  

re a c tio n s  were unsuccessfu l.

(b) Using sodium th io e th o x id e .

1 -t-B u ty l-2 -m e th o x y n a p h th a le n e  (642 m g ., 3 mmole) was d is s o lv e d  

i n  anhydrous d im ethylform am ide ( I M F )  (2 0  m l . ) ,  and added t o  a s t i r r e d  

s o lu t io n  o f  sodium th io e th o x id e  (15 mmole -  p rep ared  from p e t r o l  washed
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sodium hydride and e th an e th io l)  in  anhydrous IMF. The so lu tio n  was 

re flu x ed  under dry n itro g en  fo r  th re e  hours.

A s a tu ra te d  so lu tio n  o f ammonium ch lo ride  (50 ml) was added to  

th e  cooled re a c tio n  m ixture w ith s t i r r i n g ,  and th e  so lu tio n  was then  

e x tra c te d  w ith e th e r  (3 x 25 m l). The combined e th e r  e x tra c ts  were 

washed thoroughly  w ith deoxygenated w ater, d rie d , and th e  so lven t 

d i s t i l l e d  o f f  under n itro g en . The by-products (e .g . e th y l methyl 

su lph ide) were blown o ff  in  a n itro g en  stream . The re s u lt in g  yellow  

o i l  was taken  up in  pentane, and ac tiv a ted  charcoal (ca . 20 mg.) added 

to  th e  s o lu tio n . This was then  f i l t e r e d  and so lven t removed to  give

l- t-b u ty l-2 -n a p h th o l (37) as a co lo u rless  o i l  (595 nig., 85$)•

> T (EtOH) 233 ,273 (sh .), 282, 294, 326, 339(sh .) nm.TDcUL •
v ( l iq u id  film ) 3,400 (OH), 1390 and 1362 (-C(CH ) deform ation),QldX t J s
805 (2 a d j. arom.H), 745 (4 a d j. arom.H) cm”1.

X  (CDCl^) 1 . 59, doublet o f doub le ts , J orfcho =  8 H z., Jmeta = 2 H z.,

1H (p e r i  H), 2 .20-2 .80 , m u ltip le t, 4H (Aromatic H 4 -7 ) , 5*13, d o u b le t,

J  = 9 H z., 1H, (Aromatic H 3) ,  4*70, broad s in g le t ,  1H (-0H,

exchange), 8 .22 , s in g le t ,  9H, (-C(CH^)^).

In  a l a t e r  experim ent, th e  cooled re a c tio n  m ixture was quenched

w ith  excess a c e tic  anhydride, and worked up as before to  give a

co lo u rle ss  o i l ,  whose sp e c tra l c h a ra c te r is t ic s  were co n sis te n t w ith

l-t-b u ty l-2 -ace to x y n ap h th a len e , th e  y ie ld  being q u a n tita t iv e .

A (EtOH) 226(4 .9 ), 2 5 9 (sh .), 268 .5 (3 .68), 278(3-72), 2 8 8 (sh .) ,max •
320( s h .)  nm.

)} ( l iq u id  film ) 1775 (C=0), 820 (2 ad j. arom.H), 770 (4 a d j. arom.H) cm"1,
max •

(CCl^) 1768 (C=0), 1395, 1368 (-C(CH^)^ deform ation) cm"1 .

X  (CDCl^) 1 . 54 , doublet o f d o u b le ts , J orfcho -  9*5 H z., Jmeta = 2 H z.,

1H (p e r i  H), 2 .20-2 .70 , m u ltip le t,  4H (Aromatic H 4 -7 ) , 3-10, doub le t,

J = 9 Hz., 1H (Aromatic H 3), 7*70, s in g le t ,  3H (CĤ -C=0), 8.28, s in g le t ,

9H ( ( C H ^ - C - ) .  m/e 242(M+ , 20), 200(60), 185(100).
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1 -H y d ro x y -l-t-b u ty l-2 ( 1H)-naphthalenone (42) and 2 -hvd roxy-2 -t-bu ty l-  

1 ( 2H) -naphthalenone (4 5 ).

The t - b u ty l  hydroperoxide (4 l)  (116 mg., 0 .5  mmole) was d isso lved  

in  anhydrous e th e r  (20 m l), and th e  so lu tio n  was cooled to  0°. Dimethyl - 

su lph ide  was added dropwise to  th e  s t i r r e d  so lu tio n  u n t i l  t . l . c .  

in d ic a te d  th a t  no s ta r t in g  m a te ria l remained. The so lven t was removed 

under reduced p ressu re  to  give a pale  yellow o i l  (105 mg.) which could 

not be induced to  c r y s ta l l i s e .

\  (EtOH) 236, 318 nm.
ID8X»

\) ( l iq u id  film ) 3,400 (H-bonded OH), 1660, broad, (co n j. C=0), 1390,'max.
1365 (^Bu deform ation) cm"1.

X  (CDC1,) 2 .1 -2 .8 , m u ltip le t ,  5H, (CH=CH-C=0 and arom atics), 3*93, 

d o u b le t, J  = 9*5 H z., 1H (CH=CH-C=0), 6 .0 , broad s in g le t ,  1H, (-0H,

DgO exchange), 9^10, s in g le t ,  9H, (-C(CH^)^). 

m/e 216(M+ , 5 ), 160(100).

This was assigned th e  s tru c tu re  1-hydroxy-l-t-bu ty l-2 (lH )-naph thalenone  

(42) ,  bu t a l l  sp ec tra  contained tra c e  peaks a t t r ib u ta b le  to  th e  isom eric

2-hydroxy-2-t-b u ty l-1 (2H) -naphthalenone (43)• A ddition o f a t r a c e  o f ac id

o r base to  a so lu tio n  of (42) gave sp ec tra  corresponding to  a 1 s 1

m ixture of th e se  two isom ers.

A (EtOH) 235, 268, 278, 288, 320 nm. max.
In  th e  i . r .  spectrum, a s l ig h t  broadening o f th e  carbonyl and 

hydroxy bands was d e tec ted .

The peaks in  th e  n .m .r. a t t r ib u ta b le  to  th e  isomer (43) a re  as fo llow s, 

X  (CDCl^) 3.50  and 3*90, doublet o f doub le ts , = 10 H z., 2H,

(-CH^CH-g-), 6 .43 , broad s in g le t ,  1H, (-0H, D20 exchange).

The t - b u ty l  s ig n a ls  in  th e  n .m .r. o f th e  isom eric m ixture are  

a c c id e n ta l ly  co incident ('&9*10)*

A ll attem pts to  is o la te  (42) o r (43) in  a pure s ta t e  were 

unsu ccessfu l.
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Standard cond itions fo r  au tox idation  o f 2 -naphtho ls.

A ll oxygenat i  o n r e a c t  ions have been c a rrie d  out under id e n t ic a l  

co n d itio n s  un less otherw ise s ta te d .

A pure sample of th e  naphthol (normally 3 mmole) was d isso lved  in  

anhydrous benzene (0 .2  molar so lu tio n ) , and s t i r r e d  m agnetically  a t  a 

defined  ra te  and a t room tem perature under a s l ig h t  p o s itiv e  p ressu re  

o f pure oxygen in  th e  absence of l ig h t .  The ra te  of uptake of oxygen 

was m onitored on a b u re tte . A ll oxygenations were continued u n t i l  no 

f u r th e r  uptake o f oxygen was d e tec ted .

Oxygenation o f 1 -t-b u ty l-2 -n ap h th o l (5 7 ).

F resh ly  prepared l- t-b u ty l-2 -n a p h th o l (500 mg., 2.5 mmole) was 

d isso lv ed  in  dry benzene (12.5 m l), and s t i r r e d  in  th e  dark under 

s tandard  cond itions in  an atmosphere of oxygen, th e  uptake being 

recorded a t  re g u la r  in te rv a ls .  (T heo re tica l uptake = 56 m l).

For periods varying between 15 minutes and one hour, ( in  sev e ra l 

independent experim ents), no uptake was d e tec ted . When uptake 

commenced, th e  au tox idation  proceeded extrem ely ra p id ly , 28 ml being 

taken  up in  ^  10 m inutes, and a f t e r  3 0 + 5  m inutes, 52-56 ml had been 

tak en  up, no fu r th e r  uptake being d e tec ted . In  a l l  experim ents, th e  

uptake ceased 50 +, 5 minutes a f te r  i t  had commenced.

The so lven t was removed under reduced p re ssu re , no heat being 

used, to  g ive a p a le  yellow so lid  which was r e c ry s ta l l i s e d  from 

ben zen e-p e tro l to  give pale  yellow p la te s  (510 mg., 88$), m.p. 134-7° 

(decom position) (th e  average y ie ld  over th re e  experiments was 85$) 

o f 1-hydroperoxy-l-t-bu ty l-2 (lH )-naphthalenone (41) •

(EbQH) 235(4.20), 242(4.21), 318(5.91), nm.

V (KBr) 5,400 (OH), 1678 (con j. C»0), 1590 and 1362 (C(CH ) ) cm"1, max♦ < ✓

Vmax.(C° V  3,415 (0H)
t  (CDCl^) 1 .17 , broad s in g le t ,  H (00H, DgO exchange), 2 .20 -2 .80 , 

m u lt ip le t ,  5H (Aromatics and -CH-CH-C=0), 5*91, d oub le t, J  = 9 H z.,



1H, (CH-CH-C-O), 9 .05 , s in g le t , 9H (-C(CH ^),). 

m/e 232(M+ , 2 ) ,  160(100), 159(95) .

T . l . c .  o f th e  mother liq u o rs  in d ic a ted  th e  presence o f more 

hydroperoxide, and many o th e r components. P rep a ra tiv e  chromatography 

gave only a sm all q u a n tity  (15 mg.) o f 1 ,2-naphthaquinone, id e n t ic a l  

in  a l l  re sp e c ts  to  an a u th en tic  sample.

The hydroperoxide was found to  he extrem ely u n s tab le  to  l ig h t  

and h e a t. A sample was d isso lv ed  in  dry benzene, and s to re d  under 

n itro g en  in  d if fu se  l ig h t  fo r  th re e  days. T . l . c .  in d ic a te d  th a t  only 

t r a c e s  o f th e  hydroperoxide rem ained, and a t  le a s t  te n  o th e r sp ec ies  

in c lu d in g  1,2-naphthaquinone had been produced. A pure sample o f 

th e  hydroperoxide s to re d  in  a f re e z e r  under n itro g en  in  th e  absence 

o f l ig h t  had a lso  p a r t i a l l y  decomposed in  th re e  days. A ll a ttem pts 

to  i s o la te  pure samples o f th e se  decom position products from (41) by 

p re p a ra tiv e  chromatography were u n su ccessfu l, and th e se  remain un id en t

i f i e d ,  excep ting  1 ,2-naphthaquinone. One o f th e  components is o la te d  

by chromatography d isp layed  s im ila r  t . l . c .  and s p e c tra l  c h a r a c te r is t ic s  

to  th e  equ ilib rium  m ixture o f th e  isomers (42) and (45) rep o rted  ated-ve* 

bu t a^so contained  one fu r th e r  u n id e n tif ie d  component in  t r a c e  q u a n tity .

The p roducts obtained  by oxygenation o f l - t -b u ty l-2 -n a p h th o l in  

atm ospheric oxygen are  rep o rted  f u l ly  in  th e  d iscu ss io n  s e c tio n  (p . 71)•

1 -t-P en ty l-2 -n ap h th o l (5 8 ) .

2-(5-M ethylbut-2-enyloxy)naphthalene (5 9 ) .

2-Naphthol (28 .8  g . , 0 .2  mole) was d isso lv ed  in  anhydrous dmso 

(20 m l), and added dropwise to  a s t i r r e d  so lu tio n  o f petro l-w ashed 

sodium hydride (4 .8  g . , 0 .2  mole) in  anhydrous dmso (100 ml) under dry 

n itro g e n . The m ixture became v iscous a f t e r  s t i r r i n g  a t  room tem peratu re  

fo r  te n  m inutes. When a fu r th e r  100 ml of dmso had been added, th e  

m ixture became m obile.
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10 7
l-B rom o-3-® ethylbut-2-ene (prepared  by hydrobrom ination o f isop rene  ) ,  

(30 g . ,  0<»2 mole) was d isso lv ed  in  dmso (50 m l), and added dropwise 

to  th e  s t i r r i n g  re a c tio n  m ixture over 50 m inutes, ensuring  th a t  th e  

tem peratu re  remained below 10°, and th e  m ixture was s t i r r e d  a t  room 

tem peratu re  fo r  a fu r th e r  hour.

Water (200 ml) was added to  th e  re a c tio n  m ix tu re , which was th en  

e x tra c te d  w ith  l ig h t  petroleum  (3 1 100 m l). The combined organ ic  

e x tra c ts  were washed sev e ra l tim es w ith  w ater, d r ie d , and so lven t 

removed to  g ive a red  o i l .  T his was c r y s ta l l i s e d  from l ig h t  petroleum  

to  give c o lo u rle ss  p la te s  (28 .4  g*, 67$), m.p* 48-49°, o f 2 -(5 -m ethy l- 

bu t-2 -en y lo x y )naphthalene ( 59 )»

X (EtOH) 2 2 9 (5 .0 ), 252(9h . ) ,  2 6 1 .5 (3 .6 2 ), 272 (3 .65 ), 2 8 2 (sh .) ,
iBOa •

514(3 .15), 328(5.27) nm.
R

V (KBr) 1625 (C=C), 855 (2 a d j .  arom.H), 810 (R9C=C-H1 deform ation^
1DBX • ^

747 (4 a d j .  arom.H) cm \

X (CDCl^) 2 .1 7 -2 .9 3 , m u lt ip le t ,  7H (a ro m a tic s) , 4*40, broad t r i p l e t ,

J  = 7 H z., 1H (-CH2-CH=C(CH^)2 , w ith  sm all a l l y l i c  co u p lin g ), 5*37,

d o u b le t, J  = 7 H z., 2H (-CH2-CH=C), 8 .20 , broad s in g le t ,  6H,

((CHT) nC=CH- , a c c id e n ta l ly  e q u iv a le n t) .—5 d
2~ A cetoxy~ l-(l.l-d im ethy lprop-2~ enyl)naphthalene  ( 64) .

The a l l y l  e th e r  (59) (9 .4  g», 0.045 mole) was d isso lv ed  in  dry 

r e d i s t i l l e d  qu ino line  (56 m l), and a c e tic  anhydride (40 ml) added.

The m ixture was re flu x ed  under dry n itro g en  fo r  12 hours ( in te r n a l  

tem peratu re  165°), cooled and poured onto crushed ic e  (200 ml) b e fo re  

being  e x tra c te d  w ith l ig h t  petroleum  (5 x 100 m l). The combined 

e x tra c ts  were washed w ith  d i lu te  hyd roch lo ric  a c id , w ater, d i lu te  

sodium hydroxide, and f in a l ly  w ith w ater to  n e u t r a l i ty  befo re"being  

d r ie d . Removal o f so lven t gave a brown o i l  (11.2 g . ) .  T . l . c .  (20$ 

EtO A c-petrol) in d ic a ted  th e  presence of tr a c e s  o f s ta r t in g  m a te r ia l ,

2 -acetoxynaphthalene, and one major component o f in te rm ed ia te  p o la r i ty .
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The o i l  was su b jec ted  to  column chromatography on s i l i c a ,  e lu t in g  

w ith  p e t r o l ,  and th en  w ith 5$ EtOAc-petrol m ix tu res . In  t h i s  way,

2-acetoxynaphthalene (2 .2  g . ) ,  and th e  unreacted  e th e r  (0 .9  g .)  were 

is o la te d ,  along w ith  a co lo u rle ss  o i l  (7 .6 g . )  which con tained  t r a c e s  

o f 2 -acetoxynaphthalene.

T his m a te r ia l could be p u r if ie d  by p re p a ra tiv e  t . l . c .  ( 5$  EtOAc- 

p e t r o l )  ( l .4 g .  o f o i l  gave 0 .9  g* of pure p roduct; is o la b le  y ie ld  o f 

pure m a te r ia l was 4*9 g«> 43$)> ancL id e n t i f ie d  as 2 -a c e to x y - l- (1 ,1 -  

dim e th y lp ro p -2 -eny l)naph tha lene  (64) ,

X (EtOH) 2 2 6 (5 .2 ), 270(3 .70), 278(3 .75), 2 8 7 (sh .) , J2 0 (sh .) nm.
IDcLJC •

V ( l iq u id  film ) 1780 (C -0), I 65O (C=C), 1385 ((CH_) C-) 820 (2 a d j.0)8X9 /  W

arom.H), 770 and 750 (m ono-substitu ted  double bond, and 4 a d j. arom.H) cm . 

'C (CDCl^) 1 .8 0 , doublet o f d o u b le ts , = 7 H z., ^met a = ^ ^ z *

(p e r i  H), 2 .1 0 -2 .8 0 , m u lt ip le t ,  4H (Aromatic H ^ r̂ ) , 3*03, d o u b le t,

J  = 8.5  H z., 1H (Aromatic H ^ ) ,  3*63> q u a r te t ,  J ^y « 18 H z., = 9 H z.,

1H (wCHx=CHAHB) , 5.07 and 5*01, AB system , = 18 H z., = 9 H z.,

= 1 .5  H z., 2H, (HXC=CHAHB) ,  7 .7 0 , s in g le t ,  3H (CH^-C-O), 8 .3 0 , 

s in g le t ,  6H ((0H_)oC -). 

m/e 254(M+).

2 -A ccto x y -l-t-o en ty ln ao h th a len e  (6 5 ).

The pure a c e ta te  (64) ( l .2 7 g . ,  0.005 mole) was d isso lv ed  in  

anhydrous methanol (50 m l), and a 10$ pa llad ium -charcoa l c a ta ly s t  

(100 mg.) added.

The m ixture was q u a n ti ta t iv e ly  hydrogenated, 110 ml o f hydrogen 

being  tak en  up in  35 m inutes. (T h eo re tic a l uptake * 112 m l). The 

so lu tio n  was f i l t e r e d ,  and so lven t removed to  g ive a c o lo u rle ss  o i l  

(1 .28 g . ,  100$) o f 2 -a c e to x y -l- t-p e n ty l-n ap h th a le n e  (65) ,  p u r if ie d  by 

vacuum d i s t i l l a t i o n  (b .p . 92° / 0 .02 mm.).

A (EtOH) 22 6 (4 .8 ), 2 7 0 .5 (3 .7 8 ), 278(3 .85), 2 8 7 (sh .) , 318 (sh .) nm.max •
V ( l iq u id  film ) 1780 (C=0), 1385 ((OH )„C -), 820 (2 ad j. arom.H), max •
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770 and 750 (4 a d j. arom.H) cm”^.

X  (CDC15) 1.73» broad d o u b le t, J  =  7 H z., 1H (p e r i  H), 2 .1 -2 .8 , 

m u lt ip le t ,  4H, (Aromatic H ^ ^ ) ,  3*06, d o u b le t, J  = 7*5 H z., 1H,

(Aromatic 7-68, s in g le t ,  3H, (CH^-C=0), 7*85, q u a r te t ,  J  = 7 H z.,

2H, (-CHg-CH ) ,  9 .27 , t r i p l e t ,  J  = 7 H z., 3H (-CHg-CH^).

M+ re q u ired  fo r  ^yj^20^2 1 256.1463

Found : 256. I 46O •

m/e 256(M+ , 30), 214(55), 185(100) .

1 - t - P e n t y l - 2 -n a p h th o l ( 5 8 ) .

The t - p e n ty l  a c e ta te  ( 65) (768 mg., 3 mmole) was tak en  up in  

anhydrous e th e r  (10 m l), and added dropwise under dry n itro g e n  to  a 

s t i r r e d  suspension o f lith iu m  aluminium hydride (130 mg., 3*5 mmole) 

in  anhydrous e th e r  (20 m l). The so lu tio n  was re flu x ed  fo r  t h i r t y  m inutes, 

cooled , and a s a tu ra te d  aqueous so lu tio n  o f sodium su lphate  (degassed) 

added dropwise w ith s t i r r i n g .  The organic la y e r  was sep ara ted  o f f ,  

and th e  aqueous la y e r  e x tra c te d  w ith e th e r  (2 x 20 m l). The combined 

e th e r  e x tra c ts  were washed to  n e u t r a l i ty ,  d r ie d , and so lven t d i s t i l l e d  

o f f  under n itro g en  to  give a p a le  yellow  o i l  ( 64O mg., 100^),

(EtOH) 231 , 2 7 l ( s h .) ,  280, 291, 322.5, 3 3 4 (sh .) nm.max  •

\> ( l i q u i d  f i lm )  3 ,4 0 0  (b road  OH), 1 3 8 0 , d o u b le t  ((CH ,)9C -), 805, max • p &

(2  a d j .  arom .H ), 742 (4  a d j .  arom.H) cm \

X(CDC1 ) 1 .63 , broad d o u b le t, J  = 7 H z., 1H (p e r i  H^). 2 .2 -2 .8 , 

m u lt ip le t ,  4H (arom atic H  ̂ ^ ) ,  3*17, d o u b le t, J  = 7 H z., 1H (arom atic  H^), 

4*88, broad s in g le t ,  1H (OH, I>20 exchange), 7«85, q u a r te t ,  J  = 7 H z.,

2H (-CHg-CH^), 8 .23 , s in g le t ,  6H ( ( C H ^ C - ) ,  9 .18 , t r i p l e t ,  J  = 7 H z.,

3H (-CHg-CHj).

O xygen ation  o f  1 - t - p e n t y l - 2 -n a p h th o l ( 5 8 ) .

The naphthol (58) (640 mg., 3 mmole) was d isso lv ed  in  anhydrous 

benzene, and q u a n ti ta t iv e ly  oxygenated under s tandard  co n d itions in  

th e  dark .
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In  two sep a ra te  experim ents, 33 bad been tak en  up a f t e r  10 ±  2 

m inutes. A fte r 3 0 + 5  m inutes, uptake o f oxygen ceased , 62 and 64 ml 

having been tak en  up in  th e  two ru n s . (T h eo re tic a l uptake *» 67 m l).

On one occasion , an in h ib i t io n  perio d  o f 12 m inutes was d e tec ted  when 

no oxygen uptake occurred . The oxygenation th en  proceeded a t a s im ila r  

r a te  to  th o se  measured p rev io u s ly .

A ddition  o f l ig h t  petroleum  to  th e  m ixture re s u lte d  in  th e  

p r e c ip i ta t io n  o f p a le  yellow  n eed le s , which were f i l t e r e d  o f f  and 

d rie d  under vacuum to  give 1 -hydropero x y -l-t-p en ty l-2 (lH )-n ap h th a len o n e  

(66) (7O8 mg., 95/>)» m.p. 113-115° (decom position). 

h (EtOH) 235 (4 .16 ), 241(4 . 19) .  317(3.89) nm.
UlcLX. •

Vmax_ ( c a 4 ) 3490 (OH), 1672 (c o n j. C-0) cm"1 .

(KBr) 3400 (OH), 1655 (o o n j. C -0), 1395 and 1365 ((CH ) 2C -),

768 (4 a d j .  arom.H), 725 ( c i s -d is u b s t i tu te d  C=C) cnT^.

X (CDCl^) 1 .2 0 , s in g le t ,  1H, (00H, D20 exchange), 2 . 2- 2 . 8 , m u lt ip le t ,

5H (Aromatics and CH=CH-C=0), 3*87, do u b le t, J  = 9*5 H z., 1H (CH=CH-C=0), 

8 .6 0 , broad q u a r te t ,  J  = 7 H z., 2H (-CHg-CH^), 9»03» broad s in g le t ,

6H (non-equ ivalen t (C H ^^C -), 9*20, t r i p l e t ,  J  = 7Hz., 3H (CH^-CHg-).

The hydroperoxide (66) was found to  be extrem ely u n s tab le  to  h e a t.

A sample warmed to  40° in  a w ater ba th  under reduced p re ssu re  v io le n t ly  

decomposed to  a b lack  t a r  co n ta in in g  many components. A so lu tio n  in  

benzene s to re d  under under n itro g en  a t room tem peratu re  in  d if fu se  

su n lig h t decomposed in  12 hours to  many components. T . l . c .  o f th e  

m other l iq u o rs  from th e  oxygenation of th e  naphtho l ( 58) in d ic a ted  

th a t  t h i s  had a s im ila r  com position. The only id e n t i f ie d  component 

was 1 , 2-naphthaquinohe which was id e n t ic a l  to  an a u th en tic  re fe re n ce  

sample.
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1-M e th y l-5 .6 -d i- t-b u ty l-2 -n ap h th o l ( 67) .

P rep a ra tio n  o f l-roorpho linciffle thy l-5 t6 -d i-t-bu ty l-2 -naph tho l (6 8 ) .

A so lu tio n  of 3 » 6 -d i- t-b u ty l-2 -n ap h th o l (12 .8  g . , 0.05 mole) 

(prepared  by F r ie d e l-C ra f ts  t - b u ty la t io n  o f 2 -naphthol ) in  95$ e th an o l 

(50 ml) was cooled to  0 ° . This so lu tio n  was slow ly added, to  a s t i r r e d

so lu tio n  o f morpholine (4 .4  g«, 0.05 mole) and formaldehyde (40$  w/v
\ 0s o lu tio n , 4 ml) over tw enty m inutes, and th e  m ixture s t i r r e d  a t  0 fo r

a fu r th e r  30 m inutes.

The product p re c ip i ta te d  out when w ater was slow ly added to  th e

s t i r r e d  s o lu tio n . T his was f i l t e r e d  o f f ,  washed w ith  w ater, and

re c r y s ta l l i s e d  from e th an o l to  g ive co lo u rle ss  p rism s, ( 16.9  g . , 95$),

m.p. 141-145°* 

> (EtOH) 2 3 6 (4 .7 ), 259( sH .) ,  269(3 .71), 279(3 .73), 2 8 9 (sh .) ,UloJL •

524(5*57), 556(5*46) nm.

Vfflax ( ccl 4 ) 5,400-2,200 (ch e la ted  OH) cm"1

(KBr) 1590, 1560 ( -C(CH^) ^ )» 880 ( 2 adi* arom.H) cm"1 .

% (CDCl^) -0 .9 ,  broad s in g le t ,  1H (o j  d isappears  w ith  ^O ^ 2 .2 -2 .7 , 

m u lt ip le t ,  4H (A rom atics), 5*88, s in g le t ,  2H (-CH2-R ), 6 .23 , broad 

t r i p l e t ,  J  * 5 H z., 4H (CH2-0-CH2- ) ,  7*56, broad t r i p l e t ,  J  * 5 H z.,

4H (-CH2-N-CH2- ) ,  8.50 and 8 . 63 , s in g le ts ,  18H ( ( C H ^ C -) .

m/e 355 (M+) .

Required fo r  C^H^NOg : C 77-70$ , H 9 . 36$  , N 3*94$

Pound : C 77-92$ , H 9-59$ , N 3-88$ .

Reduction of th e  roorpholinomethylnaphthol (68) w ith  Raney-alloy and 

a lk a l i .

The m orpholinom ethylnaphthol (68) (3-55 g*> 0.01 m ole), was added 

to  2M sodium hydroxide so lu tio n  (60 ml) and th e  so lu tio n  re flu x ed  under 

n itro g e n . Ethanol was added u n t i l  th e  m ixture became homogeneous.

(60 ml re q u ire d ) . N ickel-alum inium a llo y  (3 g .)w as slow ly added to  th e  

heated  so lu tio n , m ain ta in ing  a g e n tle  ev o lu tio n  o f hydrogen. When



a d d itio n  was com plete, th e  so lu tio n  was heated  fo r  a fu r th e r  f i f t e e n  

m inutes under n itro g en  when t . l . c .  in d ic a ted  th a t  no s ta r t in g  m a te r ia l 

rem ained, one le s s  p o la r  product having been produced.

The cooled so lu tio n  was f i l t e r e d , ,  and th e  n ic k e l produced 

immersed in  d i lu te  n i t r i c  ac id  befo re  d isp o sa l. The f i l t r a t e  was 

added slow ly w ith  s t i r r i n g  to  d i lu te  hydroch lo ric  ac id  (100 ml) ( to  

p reven t p r e c ip i ta t io n  o f aluminium s a l t s ) .  T his so lu tio n  was th en  

e x tra c te d  w ith  e th e r  (3 x 50 m l). The combined e th e r  e x tra c ts  were 

washed to  n e u t r a l i ty ,  d r ie d , and so lven t d i s t i l l e d  o f f  under n itro g e n  

to  g ive a p a le  yellow  s o l id .  R e c ry s ta l l is a t io n  from ch lo ro fo rm -lig h t 

petroleum  gave c o lo u rle ss  m ic ro c ry s ta ls  (2 .4  g»> 9 1 $ ) ,  m.p. 215- 220° 

(decom position), o f 1 ,1 ’-m e th y le n e -b is -(3 ,6 -d i- t-b u ty l-2 -n a p h th o l)  (7 l)»  

A (EtOH) 22 9 (5 .0 ), 2 7 0 (sh .) , 280(3-93), 2 9 l ( s h .) ,  325(3 . 56) ,  335-5
PIq a  •

(3»58),nm.

V (KBr) 3,540 (OH), 1388 and 1362 (-C(CH ) defo rm ation), 820
IDdX* j  j

(2 a d j. arom.H) cm”1 .

(N ujol) 3,550 (OH) cm*1 .

X  (CDClj) 1 .89 , broad d o u b le t, J  = 8Hz., 2H (p e r i  H^), 2 .1 -2 .7 , 

m u lt ip le t ,  6H (a ro m a tic s) , 4»18, s in g le t ,  2H (-0H DgO exchange),

5 .17 , s in g le t ,  2H (Ar-CH^-Ar), 8 .60 , s in g le t ,  36H ( - 0 ( 0 ^ ) ^ ,  

a c c id e n ta l co in cid en ce).

Base trea tm en t o f l-m orpho linom ethy l*5 .6-d i^ t-bu iy lnaphthalene  (6 8 ) .

The m orpholinam ethylnaphthol (68) (355 mg., 1 mmole), was 

d isso lv ed  in  2M sodium hydroxide (6 ml) and e th an o l (6 ml) w ith  

h e a tin g , and th e  so lu tio n  was re flu x ed  under n itro g en  fo r  fo u r hours, 

when t . l . c .  in d ic a ted  th a t  no s ta r t in g  naphthol rem ained.

The cooled re a c tio n  m ixture was t r e a te d  as above, and r e c r y s t a l l 

is a t io n  o f th e  product from ch lo ro fo rm -lig h t petroleum  gave co lo u rle ss  

need les (200 mg., 16$),  m.p. and mixed m.p. 215- 220° ,  id e n t ic a l  in  

a l l  re sp e c ts  to  th e  m ethylene-bisnaphthol (71) ob tained  above.
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D irec t p re p a ra tio n  of th e  methylene b isnaph tho l ( 7 l ) »

3 ,6 -D i- t-b u ty l-2 -n ap h th o l (1 .28 g . , 0.005 mole) was added to  a 

so lu tio n  o f sodium a c e ta te  (0 .4  g . , 0.005 mole) and formaldehyde 

(40# w/v, 0.006 m ole), in  aqueous e thano l (20 m l). The m ixture was 

re flu x ed  under n itro g en  fo r  two hours , and th en  allowed to  co o l. A 

white p re c ip i ta te  formed, and t h i s  was f i l t e r e d  o f f ,  washed w ith  w ater, 

and r e c r y s ta l l i s e d  from ch lo ro fo rm -p e tro l to  g ive co lo u rle ss  need les 

(1 .5  g . , 100#), m.p. and mixed m.p, 215- 220° ,  id e n t ic a l  in  a l l  re sp e c ts  

to  samples o f th e  methylene b isn ap h th o l (71) ob tained  p rev io u s ly , 

Q -m ethylation of th e  methylene b isn ap h th o l ( 7 l ) »

A f re s h ly  c r y s ta l l i s e d  sample of th e  methylene b isn ap h th o l (71)

(1,57 g - > 3 mmole) in  dry dmso (2 m l), was added dropwise under d iy  

n itro g en  to  a s t i r r e d  suspension o f petro l-w ashed  sodium hydride (84 mg,, 

5 .5  mmole), in  dmso (5 m l), which had p rev io u s ly  been s t i r r e d  a t  room 

tem perature  fo r  30 m inutes. Methyl iod ide  was slow ly added to  th e  

s t i r r i n g  so lu tio n  u n t i l  th e  b r ig h t green co lou r o f th e  b isnaphthoxide 

ion  had been d ischarged .

The re a c tio n  m ixture was d i lu te d  w ith w ater (20 m l), and e x tra c te d  

w ith  e th e r  (3 x 20 m l). The combined e th e r  e x tra c ts  were washed 

thoroughly  w ith  w aterj d r ie d , and so lven t removed. R e c ry s ta l l is a t io n  

from acetone-w ater (o r ethano1-w ater) gave c o lo u rle ss  p la te s  ( 1.5  g . ,

90$ ) ,  m.p. 275-278°, o f th e  dim ethyl e th e r  (73)*

> (EtOH) 227( 5 . 0 ) ,  2 3 3 (sh .) , 284(3 .89), 2 9 4 (sh .) , 329(3-17) nm.max •

V „ „  (N ujol) 1390, 1365 (-C (C H ,),) , 840 (2 a d j .  arom.H) cm'1max• j  j

(KBr) 1385, 1360 ( S u ) ,  830 and 822 (2 s e ts  o f 2 a d j. arom.H) cm"1.

% (CDCl^) 1 ,81 , do u b le t, J  * 8 H z., 2H (p e r i  Hq,q i ) ,  2 .5 0 -2 .9 0 , m u lt ip le t ,

6H (A rom atics), 5*10, s in g le t ,  2H (Ar-CH^-Ar), 6 .00 , s in g le t,6 H , (-OCH^),

8.45 and 8 .7 3 , s in g le ts ,  36H, (2 s e ts  of2-C(CH ,)_).
“ 3 3

m/e 552 (M+, 100).

Required fo r  • C 84*73# » H 9*48$

Found : C 84.99# , H 9.66$ .



Oxygenation o f th e  methylene b isn ap h th o l (7 1 ) .

S o lu tio n s  o f th e  b isn ap h th o l (71) were found to  tu rn  red  spontan

eously  in  a i r ,  although c r y s ta l l in e  samples were reasonably  s ta b le .

A f r e s h ly  c r y s ta l l i s e d  sample (1 .31 g . ,  2 .5  mmole) was d isso lv ed  

in  dry benzene (10 ml) and e th y l a c e ta te  (20 m l), (th e  naphthol i s  

sp a rin g ly  so lu b le  in  benzene), and q u a n ti ta t iv e ly  oxygenated under 

s tandard  co n d itio n s  in  th e  dark . (T h eo re tic a l uptake o f oxygen = 56 ml, 

assuming 1 mole o f oxygen re a c ts  w ith  1 mole o f s u b s tr a te ) .

A fte r 1 0 + 2  m inutes, 28 ml o f oxygen had been taken  up.

A fte r  6 0 + 5  m inutes, 79 o f  oxygen had been tak en  up, and ho fu r th e r

uptake was d e tec te d .

The so lven t was removed to  g ive an orange, se m ic ry s ta llin e  o i l ,

(1*35 g .)>  co n ta in in g  two m ajor components, and no s ta r t in g  m a te r ia l. 

F ra c tio n a l c r y s ta l l i s a t io n  from ben zen e-p e tro l gave orange n eed les , 

m.p. and mixed m.p. 134- 5° ,  which were id e n t ic a l  in  a l l  re sp ec ts  to

3 ,6 -d i- t-b u ty l-1 ,2 -n ap h th aq u in o n e  (1 0 ), ob tained  from th e  o x id a tio n  

o f 3 > 6 -d i- t-b u ty l-2 -n ap h th o l (above).

P rep a ra tiv e  t . l . c .  o f th e  mother liq u o rs  (30$ b e n zen e -p e tro l) , 

gave more o f th e  quinone (o v e ra ll  y ie ld  0.90  g . ,  66$), and a much le s s

p o la r  component which gave yellow  prism s from methanol (0 .44 g*» 32$ ) ,

m.p. 154-157° (decom position). S p e c tra l c h a r a c te r is t ic s  in d ic a ted  

th a t  t h i s  i s  th e  te tra - t-b u ty l- l ,2 -d ih y d ro b e n z o (f )c h ro m a n -2 '- sp iro -  

l-n ap h tha len -2 -one  (74 ).

> (EtOH) 241(4 .98), 268(3 .89), 279(3 .93), 2 9 l( s h .) ,  316(4-02),
IDcUL •

332( s h .)  nm.

Vmax (CC14 ) 1688 ( ° onj* C=s°)> 1365 (-C(CH5) 5) ,  1210 and 1080

(e th e r  C-0 s t r e tc h )  cm“\

(KBr) I 69O, 1390, 1362, 1215, 1090; 830, 815 (2 s e ts  o f 2 a d j .  arom.

-1cm •

X (CDCl^) 2 .3 -2 .9 , m u lt ip le t ,  8H (Aromatics and -CH=C-C=0), 6 .8 -8 .1 ,
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n ju l t ip le t , 4H (-CH2-CH2- ,  a l l  n o n -equ iva len t\ 8 ,42 , 8 .5 8 , 8 . 64 , 8 .6 8 , 

a l l  s in g le t s ,  56H, (-C(CH^)^, a l l  n o n -eq u iv a len t) . 

t  (C6B6) , 8 . 24 , 8 .58 , 8 . 72 , 8 .80 , a l l  s in g le ts ,  56H,

The use o f Europium s h i f t  reag en ts  d id  not e lu c id a te  th e  spectrum , 

m/e 536(M+ , 40 , quinone methide d im er), 522 (*/0, spirocoumaran (77))>

268 (40 , quinone methide monomer), 255 (100, quinone methide monomer

-  CH^), 211 (50, quinone m ethide monomer -  ^Bu).

I t  was found th a t  th e  sp iro  dimer (74)» when kept in  so lu tio n  fo r

c a . 12 h o u rs , o r in  th e  c r y s ta l l in e  s ta t e  a t  room tem perature  fo r  

s e v e ra l days, decomposed p a r t ly ,  g iv ing  tr a c e s  o f h ig h ly  p o la r  m a te r ia ls , 

a long w ith  a t r a c e  o f th e  quinone (10).

The in te n s i ty  o f th e  522 peak in  th e  m .s. v a r ie s  fo r  d i f f e r e n t  

sam ples. In  th e  p u re s t sample ob tained  (m.p. 154-157°) t h i s  peak was 

b a re ly  d e te c ta b le .

Expansion o f th e  t - b u ty l  reg ion  in  th e  n .m .r . sp e c tra  o f impure 

samples showed shoulders which corresponded e x ac tly  w ith  th e  n .m .r . 

o f methylene sp iro  compound (77)• One o f th e  shoulders could no t be 

accounted f o r ,  however. In  th e  expanded n .m .r . o f th e  p u re s t samples 

o f (74) o b ta in ed , th e se  shoulders were b a re ly  d e te c ta b le . These were 

ob ta ined  by is o la t in g  and r e c r y s ta l l i s in g  (74) w ithout th e  use o f 

h ea t s e v e ra l tim es .

P rep a ra tio n  o f th e  te tra -t-b u ty l-1 ,2 -d ih y d ro b en z o (f)co u m a ra n -2 , - s p iro -  

l-n ap h th a len -2 -o n e  (7 7 ) .

F resh ly  prepared  methylene b isnaph tho l (7 l)  (524mg*> 1 mmole) 

was d isso lv ed  in  e th e r  (15 ml) and a so lu tio n  o f potassium  fe rr ic y a n id e  

(1 .4  g . )  and sodium hydroxide (0 .4  g») in  deoxygenated w ater (15 ml) 

added. The two phase m ixture was s t i r r e d  v ig o ro u sly  under n itro g en  

fo r  two hou rs . The organic la y e r  was separa ted  o f f ,  and th e  aqueous 

la y e r  e x tra c te d  w ith e th e r  (2 x 10 m l). The combined e th e r  e x tra c ts  

were washed to  n e u t r a l i ty ,  d r ie d , and so lven t removed to  give a p a le
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green s o l id .  R e c ry s ta l l is a t io n  from 95$ e th an o l gave p a le  yellow  

f la k e s ,  (510 mg., 98$), m.p. 245- 255°* of  th e  spirocoumaran (77)» 

Repeated c r y s ta l l i s a t io n s  d id  not sharpen th e  m elting  p o in t.

X (EtOH) 241(5-0 ), 268( 5 . 91) ,  280(3-94), 2 9 4 (sh .) , 317(4-11), 337
IDeLJL •

( s h .)  nm.

V (CCL.) 1695 (co n j. C=0), 1590 and 1565 (-C(CH ) ) ,  1228 and 1090,max. j  j
(e th e r  C -0), 850 (2 a d j. arom.H) cm ~\

(KBr) 1688, 1586, 1560^ 828 and 812 (2 s e ts  o f 2 arom.H) cm"’̂ .

% (CDCl^) 2 .2 -2 .8 , m u lt ip le t ,  8H, (arom atics and CH=C-C=0), 6.10 and 

6 . 65 , doublet o f d o u b le ts , J  = 16 H z., (-CHg-)» 8 . 4O, s in g le t ,  93, 

6 .62 , s in g le t ,  92 9 6 .68 , broad s in g le t ,  18H (fo u r -C(CH^)^).

Examination o f am plified  sp e c tra  showed sm all shoulders on th e  t - b u ty l  

s ig n a ls  corresponding to  th e  spirochroman (74)• 

m/e 522 (M+ , 50), 505 (100), 556 ( t r a c e ) .

Comparative t . l . c .  o f th e  spiro-compounds showed th a t  th e y  have 

very  s im ila r  r . f . ' s ,  and s ta in in g  p ro p e r t ie s .

P rep a ra tio n  o f th e  spirochroman (74) by p y ro ly s is  o f th e  m orpholino- 

m ethylnaphthol (6 8 ) .

The m orpholinom ethylnaphthol (6d) (180 mg., 0 .5  mmole) was re flu x ed  

in  m esity lene  (5 ml) under n itro g en  fo r  th re e  hou rs. The so lven t was 

d i s t i l l e d  o f f ,  and p re p a ra tiv e  chromatography ( 50$  b en zen e-p e tro l) g§ve 

a yellow  s o l id ,  r e c r y s ta l l i s e d  from methanol as prism s, m.p. 150- 155°

(95 mg., 71$) which was s im ila r  (mixed m .p ., i . r . ,  n .m .r . ,  u .v . )  to  

th e  samples o f (74) obtained  p rev io u s ly , but a ttem pts to  o b ta in  a 

c lea n ly  m elting  sample f a i l e d .  A spot on t . l . c . ,  id e n t ic a l  to  th e  

b isn ap h th o l ( 71) disappeared on exposure to  a i r ,  and th e  naphthaquinone 

( 10) was d e tec ted  but not is o la te d .

P rep a ra tio n  o f l-m eth y l-5 » 6 -d i-t-b u t.y l-2 -n ap h th o l ( 67) .

For an account o f th e  re a c tio n  o f th e  m orpholinom ethylnaphthol (68) 

with hydride reag en ts , see d icu ssio n  s e c tio n .



H ydrogenolysis o f th e  m orpholinom ethylnaphthol (6 8 ) .

The m orpholinom ethylnaphthol (68) (1.07 g . ,  5 mmole) was 

d isso lv ed  in  th e  minimum q u a n tity  of anhydrous m ethanol, (400 m l), and 

a 10$ pa llad ium -charcoa l c a ta ly s t  (50 mg.) added.

The so lu tio n  was q u a n ti ta t iv e ly  hydrogenolysed. A fte r 18 hou rs , 

uptake o f hydrogen ceased, 67 ml having been absorbed. (T h eo re tic a l 

uptake = 67 m l). The c a ta ly s t  was f i l t e r e d  o f f ,  and so lven t d i s t i l l e d  

o f f  u n t i l  c r y s ta l l i s a t io n  commenced. This and a l l  subsequent o p e ra tio n s  

were performed under n itro g e n . The p re c ip i ta te  was f i l t e r e d  o f f ,  and 

washed w ith  deoxygenated w ater, and th en  w ith  ic e -c o ld  m ethanol.

R e c ry s ta l l is a t io n  from l ig h t  petroleum  gave c o lo u rle ss  prism s 

(620 mg., 90$ ) ,  m.p. 119- 121° ,  o f 1-m e th y l-5 ,6 -d i- t-b u ty l-2 -n a p h th o l (67) 

A (EtOH) 235(4 . 8 ) ,  2 5 9 (a h .) , 269(3 . 63) ,  279(3-66), 2 8 9 (sh .) , 321(3-27)max •

334(3-31) nm.

Vmax.(CCV  3615 (°H) ’ 1390 and 1362 ^ Bu) om_1*
(KBr) 3600 (OH), 1389, 1365 and 1355 ( B u ) ,  812 (2 a d j .  arom.H) cm'

X (CDCl^) 2 .2 -2 .7 , m u lt ip le t ,  43 (a ro m a tic s) , 4 *65 , broad s in g le t ,  1H,

(OH), d isappears  w ith  D20, 7*54* s in g le t ,  53 (-CH^), 8.50 and 8 .62 ,

2 s in g le ts ,  18H (-C(CH ) ) .

m/e 270 (M+, 90 ) 1  255 (100), 286 ( tra c e  im p u rity ).

0-m ethylation  o f 1-m eth y l-5 .6 - d i - t -b u ty l-2 -naphthol ( 67) «

F resh ly  prepared naphthol ( 67) (270 mg., 1 mmole), was m ethylated 

in  dmso, using  sodium hydride and methyl io d id e . The product was a 

p a le  yellow  o i l  (506 m g.). T . l . c .  (10$ ch lo ro fo rm -p e tro l) in d ic a ted  

th e  presence o f two components. Vacuum d i s t i l l a t i o n  gave a c o lo u rle ss  

s o lid  which c r y s ta l l i s e d  as prism s from m ethanol-w ater, (210 mg., 74$)> 

m.p. 70- 71° ,  o f 1-m ethy l-5 ,6 -d i-t-bu ty l-2 -m ethoxynaph tha lene .

A (EtOH) 234(5-0), 2 7 l( s h .) ,  280(3-73), 2 9 0 (sh .) , 312(2-97),max •
526. 5( 5 . 06) nm.

V , { m t )  1590, 1555, (^Bu), 812 (2 a d j. arom.H) cm"1, max •



X (CDCl^) 2 .1 -2 .7 , m u lt ip le t ,  43 (A rom atics), 6 .2 0 , s in g le t ,  53 ( “OCH^), 

7 .4 4 , s in g le t ,  5H (Ar-CH^) ,  8.52 and 8 .60 , two s in g le ts ,  18H, (-C C C H ^).

No s ig n if ic a n t  change was d e tec ted  in  th e  n .m .r . spectrum a t  -  120°. 

m/e 284 (M+ , 9 l ) ,  269 (100).

Required fo r  C ^H ^O  : C 84.45$ , 3 9*92$

Found : C 84*66$ , H 9*97$ •

Oxygenation o f 1 -m ethyl-5 .6 -d i- t-b u ty l-2 -n a p h th o l ( 67) .

The naphthol ( 67) was found to  he u n s tab le  to  atm ospheric oxygen, 

b reak ing  down to  g ive th re e  components separab le  by t . l . c .  (20$ EtOAe- 

p e tro l^ .

A pure sample o f th e  naphtho l (810 mg., 5 mmole) was d isso lv ed  in

dry benzene (15 m l), and q u a n ti ta t iv e ly  oxygenated. (T h eo re tic a l

uptake * 67 ml) in  th e  dark .

A fte r 1 4 + 2  hours 55 ml had been taken  up.

A fte r  5 6 + 5  hours 62 ml had been taken  up, and no fu r th e r  uptake was

d e tec te d .

Removal o f so lven t gave a s o l id  which c r y s ta l l i s e d  as p a le  yellow  

prism s from b en zen e -lig h t petroleum  (no h e a t ) (765 mg., 85$), m .p. 159- 142° 

assigned  th e  s tru c tu re  l-h y d ro p e ro x y -l-m e th y l-3 ,6 -d i- t-b u ty l-2 ( lH )-  

naphthalenone (31).

(EtOH) 23 7 (4 .2 ), 2 4 5 (sh .) , 317(3.75) nm.
ujgIX •

V (C C l.) 3500 (OH), 1678 (co n j. C -0), 1390 and I 36O ( S u ) ,  835 (2 a d j. max. 4
arom.H) cm \

(KBr) 1662 (co n j. C -0), 1385, 1365 ^ B u ) , 825 (2 a d j. arom.H) en f1 .

X (CDCl^) 0 .7 5 , ▼. broad s in g le t ,  1H (-00H, I^O exchange), 2*3-2.85, 

m u lt ip le t ,  43, (arom atics and -CH-C-C-0), 8 .53 , s in g le t ,  33 ( is o la te d  

-CH^), 8.67  and 8 .70 , two s in g le ts ,  18H ( - ^ C H ^ ) .  

m/e 302 (M+ , t r a c e ) ,  284 (1 2 ), 201 (100).

Required fo r  : C 75*46$ , H 8 . 67$

Found : C 75*47$ , 3 8 . 76$  .
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T . l . c .  o f th e  mother liq u o rs  showed th re e  components, id e n t ic a l  

to  th o se  produced in  g re a te r  q u a n tity  when th e  naphthol was exposed 

to  atm ospheric oxygen. P rep a ra tiv e  t . l . c .  gave a component much le s s  

p o la r  th an  th e  hydroperoxide (8 l)  (30 m g.), g iv in g  pa le  yellow  m icro

c ry s ta ls  from m ethanol, m.p. 145- 155° ,  which were id e n t ic a l  in  a l l  

re sp e c ts  ( in c lu d in g  mixed m .p .) to  samples o f th e  spirochroman (74) 

ob tained  in  p rev ious experim ents.

The second component, a c o lo u rle ss  s o l id ,  gave need les from 

ch lo ro fo rm -p e tro l (15 mg*)» m.p. 152- 155° ,  which d isso lv ed  in  aqueous 

sodium b icarb o n ate  w ith  e ffe rv escen ce . T his was « C -t-b u ty l-2 -ace ty l-5 - 

t-b u ty l-c in n am ic  ac id  (8 2 ).

1 (EtOH) 2 5 6 (sh .) , 295(3.38) nm.IDcLX •
S) (C C l.) 3510 (non-bonded OH), 3500-2500 (H bonded OH -  in tra m o le c u la r) , max. 4
1755 (weak, acid ; C=0 monomer), 1735 (hem iacetal form ), I 69O and 1685

(ac id  dimer C=0 and CH^-C-O) cm \

(KBr) 3500-2200 (H bonded OH), 1688 and 1678 (a c id  C=0 and CH^-C-0), 

1625 (C=»C), 833 (2 a d j. arom.H) cm"1.

'E (CDCl^) 2 .2 7 -2 .8 0 , m u lt ip le t ,  3H, (A rom atics), 3*10, s in g le t ,  1H, 

(-CH=C-C02H), 7*47, s in g le t ,  3H (C ^-C -O ), 8 .7 3 , s in g le t ,  18H,

(a c c id e n ta lly  co inciden t -C(CH^)^).

m/e 287 (M+-  CH ,̂ t r a c e ) ,  284 (M+-  H20, t r a c e ) ,  257 (M+-C02H, 25) ,

245 (M+-  t Bu, 100).

Required fo r  C-^H^O^ : C 75*46$ , H 8 . 67$

Found : C 75 . 60$  , H 8.73$ *

Oxygenation o f 1-m e th y l-5 .6 -d i- t-b u ty l-2 -n a p h th o l (67) in  th e  presence 

o f tr ip h en y lp h o sp h in e .

A sample o f th e  naphthol (67) was oxygenated in  benzene in  th e  

presence o f 1 mole o f triphen y lp h o sp h in e . A fte r 48 hou rs , no s ig n if ic a n t  

uptake had been d e tec te d .

N .m .r. o f th e  re a c tio n  m ixture in d ic a ted  th a t  ca . 10$ o f th e



s t a r t in g  naphthol had re a c te d  to  g ive ano ther compound. P . I . e .  (10$ 

EtO A c/Petrol) gave an impure sample o f l-h y d ro x y -l-m e th y l-3 , 6 - d i - t -  

bu ty l-2 (lH )-naph tha lenone  (85) which was prepared  independently  by th e  

a c tio n  o f dim ethyl su lph ide on th e  hydroperoxide (81) in  anhydrous 

e th e r .

\ , ax .(EtOH) 312(4 .03), 243(4.33) nm.

(H ujol) 3470 (OH), 1670 (c o n j. C -0). 1385, 1360 ( S u ) ,  830,IDoUC •
(2 a d j .  arom.H) cm \

X  (CDCl^) 2 .4 -2 .9 , 4H (A rom atics.and -CH=C-C=0). 6.05> broad s in g le t ,  

1H (0H,D20 exchange), 8 .50 , s in g le t ,  JE ( is o la te d  CĤ ) ,  8.64  and 8 . 67 , 

s in g le ts ,  18H ( - 0 ( 0 ^ ) ^ ) .  

m/e 286 (M+ ) .

P rep a ra tio n  o f 2-hydroxy-2-m ethyl-5 , 6 -d i- t -b u ty l- 1  (2H )-naphthalenone 

(87) from th e  quinone (1 0 ) .

5 ,6 -D i-t-b u ty l-1 ,2 -n ap h th aq u in o n e  (270 mg., 1 mmole) was d isso lv ed  

in  anhydrous e th e r  (10 m l), and added dropwise w ith  s t i r r i n g  to  a 

so lu tio n  o f methyl magnesium io d id e  (1 .5  mmole) in  anhydrous e th e r  

(15 m l). The m ixture was re flu x ed  fo r  th re e  hours under n itro g e n .

A so lu tio n  o f ammonium ch lo rid e  was c a re fu lly  added to  th e  cooled , 

s t i r r i n g  re a c tio n  m ix ture, and th e  organic la y e r  sep ara ted  o f f .  The 

aqueous la y e r  was e x tra c te d  w ith  e th e r  (2 x 10 m l), and th e  combined 

e th e r  e x tra c ts  were washed, d r ie d , and so lven t was removed to  g ive a 

yellow  o i l  (285 m g.). P rep a ra tiv e  chromatography (20$ EtOA c-petrol) 

gave th e  hydroxy naphthalenone (87) as a c o lo u rle ss  o i l  (190 mg., 66$), 

th e  rem aining m a te r ia l being unreacted  quinone.

A„,„v (EtOH) 225, 232( s h . ) ,  273, 303( s h .)  nm.
QlflUk e

V ( l iq u id  film ) 5550 (OH), 1682 (co n j. C=0), 1624 (co n j. C=C), max.

855 (2 a d j. arom.H) cm”\

X (CDCl^) 2 .5 -2 .9 , m u lt ip le t ,  3H (a ro m a tic s) , 3»87> s in g le t ,  1H, 

(-CH=C-C(CH^)0H), 7*92, broad s in g le t ,  1H (-0H , l^O exchange), 8.55>
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s in g le t ,  ( is o la te d  -CH^), 8.63  and 8 .70 , s in g le ts ,  18H (-C(CH^)^), 

m/e 286 (M+).

l-M orpholin (b inethy l-6 -t-bu ty l-2 -naphtho l.
2

The naphthol was prepared  from 6- t - b u ty l - 2-naphtho l by a 

procedure id e n t ic a l  to  th a t  used to  p repare  l-m orpholinom ethyl-3 , 6-  

d i - t - b u ty l - 2-naphtho l (above).

R e c ry s ta l l is a t io n  from e thano l gave s i lv e ry  p la te s  (85% y ie ld ) ,  

m .p. 155-157°. ■ :

X (EtOH) 232. 5(4 . 8 ) ,  257( s h . ) ,  2 6 6 .5 (3 .5 9 ), 276. 5(3 . 64), 287(3.46),
IDcIjl •

326( s h . ) ,  338(3 .35), nm.

V (CHOI,) 3200-2300 (in tram o lec u la r  H bonded CE) cm- 1 .
Q )SX * j

(KBr) 815 and 810 (2 s e ts  o f 2 a d j. arom.H) cm \

%  (CDClj) 2 .1 3 -3 .0 2 , m u lt ip le t ,  5H (A rom atics), 5*86, s in g le t ,  2H,

(Ar-CH2-N ), 6 .20 , broad t r i p l e t ,  J  = 5 H z., 4H (eH2-0-CH2) ,  7 . 33 , 

broad t r i p l e t ,  J  = 5 H z., 4H (CH2-H-CH2 ) , 8 . 60 , s in g le t ,  9H ( ( C H ^ C - ) ,  

(OH s ig n a l not d e te c te d ) , 

m/e 299 (M+) .

1 -Met.h.y 1 -6 - t-b u ty  1 -2 -naphtho i (89 ) »

l-M orpho linom ethy l-6 -t-bu ty l-2 -naph tho l (0 .9  g - , 3 mmole) was 

d isso lv ed  in  th e  minimum q u a n tity  o f anhydrous methanol (120 m l), and 

10J& palladium  on charcoal c a ta ly s t  (90 mg.) added.

The m ixture was then  s t i r r e d  in  a hydrogenation ap p ara tu s , th e

uptake o f hydrogen being recorded . (T h eo re tic a l uptake 67 m l). A fte r

30 m inutes, th e  uptake o f hydrogen ceased, 67 ml having been absorbed.

The re a c tio n  m ixture was f i l t e r e d ,  and so lven t evaporated o f f .  The 

r e s u l t in g  m a te r ia l was taken  up in  e th e r , and th e  e th e r  so lu tio n

washed w ith w ater, d r ie d , and so lven t removed to  g ive a s o lid  lyhich

was r e c r y s ta l l i s e d  from petroleum  (60- 80° ) to  g ive co lo u rle ss  f ib ro u s  

need les (6 4 0 rog., 100/ ) ,  m.p. 110- 112° , o f l-m e th y l-6- t - b u ty l - 2-naphtho l 

(89 ),
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)\ (EtOH) 232(4 .81), 2 5 8 (sh .) , 267( 3 . 66) ,  2 7 6 .5 (3 .7 3 ), 2 8 7 (sh .) ,in c«j£ 0

3 2 8 (sh .) , 558(3.41) nm.

V (CC1 .) 3615 (OH) cm'1 ,max. 4
(KBr) 885 ( is o la te d  arom.H), 820 and 805 (2 s e ts  of 2 a d j. arom.H) cm 1 . 

X  (CDCl^) 2 .0 5 -2 .4 8 , m u lt ip le t ,  42 (4 arom.H), 3*02, d o u b le t, J  * 9 H z.,

1H (arom atic  H^), 5*20, broad s in g le t ,  1H (OH I^O exchange), 7«45» 

s in g le t ,  52, (Ar-CH^), 8 .60 , s in g le t ,  92 ((CH^)^C-). 

m/e 214 (4 0 ), 199 ( 100) .

Required fo r  C ^H ^O  : C 84.07$ , H 8.47$

Found : C 85 . 83$  , H 8.54$ .

Oxygenation o f 1-m e th y l-6 -t-b u ty l-2 -n ap h th o l (8 9 ) .

A benzene so lu tio n  of ( 89) was s t i r r e d ' i n  an oxygen atmosphere 

fo r  th re e  days. No uptake o f oxygen was recorded , and a q u a n tita tiv e  

recovery  o f th e  naphtho l was achieved, and although a s l ig h t  d isc o lo u r

a tio n  had occurred , no o th e r sp ec ie s  was d e tec te d .

l-P heny l-2 -naph tho l (90. R = H ).

l-Io d o -2 -n ap h th o l was prepared  in  70$  y ie ld ,  m .p. 92- 93°> ( l i t . * ^ 0  ̂

92- 93° )  by th e  l i t e r a tu r e  method^*^?^ .

F resh ly  prepared l-io d o -2 -n ap h th o l (1 .08 g . ,  4 mmole) was d isso lv ed  

in  pu re , dry benzene (200 m l), degassed a t th e  w ater pump, and p laced  

in  a p h o to ly s is  apparatus w ith a s t i r r e r .  The system was flu sh ed  w ith  

n itro g e n , and i r r a d ia te d  fo r  21 hours using  a medium p ressu re  mercury 

vapour lamp. The re a c tio n  m ixture was washed w ith  10$ sodium meta

b is u lp h ite  and th en  w ith w ater, d r ie d , and so lven t removed. The 

r e s u l t in g  o i l  (0.93 g .)  was sub jec ted  to  p re p a ra tiv e  t . l . c .  (15$ CHCl^- 

p e t ro l )  from which th re e  components were is o la te d .

The le a s t  p o la r  band gave c o lo u rle ss  need les from m ethanol-w ater 

(0.37  s . ,  42$), “ .P- 7 7 .5 -7 8 .5 ° , ( l i t .  65-67° 15^a \  81-83° 15^ ) ,  o f

l-p h en y l-2 -n ap h th o l. Mixed m.p. w ith a u th en tic  samples from ano ther



-  169 -

s o u rc e ^  were not depressed .

X (EtOH) 2 3 1 (4 .7 ), 2 6 8 (sh .) , 279(3 .74), 2 8 9 .5 (s h .) ,  3 2 6 (sh .) ,

334(3.50) nm.

Vmax.(°CV  3560 (°H) 0nrl-
(KBr) 1612, 1591, 1494 (arom. C=C), 820 (2 a d j. arom.H), 7^5, 755,

(5 a d j .  arom.H, and 4 a d j. arom. H) cm \

T(CDC1t ) 2 .1 -2 .9 , m u lt ip le t ,  11H (A rom atics), 4*87, "broad s in g le t ,  1H, 

(OH), D20 exchange, 

m/e 220 (M+).

Required fo r  C ^H ^O  : ® 87 . 25$  , H 5*49$

Pound : C 87.2376 , H 5-70$ .

The hand o f in te rm ed ia te  p o la r i ty  (490 mg.) was unambiguously id e n t i f ie d
n *

as s ta r t in g  m a te r ia l .  The hand o f h ig h est p o la r i ty  (56 mg.) gave pa le  

brown c ry s ta ls  from ch lo ro fo rm -p e tro l, m.p. 215- 217° ( l i t . 1^ 216-218°) 

o f 1 ,1 ’-h inaphtho1 - 2 ,2 ',  id e n t ic a l  in  a l l  re sp e c ts  (in c lu d in g  mixdd m .p .) 

to  an a u th en tic  sample made by fe rr ic y a n id e  o x id a tio n  o f 2 -naph tho l. 

Oxygenation o f 1-phenyl-2-naphtho1 .

l-P h eny l-2 -naph tho l was s t i r r e d  in  benzene in  an oxygen atmosphere 

fo r  5 days. No uptake o f oxygen was recorded , and a q u a n tita tiv e  

recovery  o f unreacted  s ta r t in g  m a te ria l was achieved . The a d d itio n  

o f co b a lt I I I  ace ty lace to n a te  d id  not r e s u l t  in  any re a c tio n .

l-P h e n y l-5 .6 -d i- t-b u ty l-2 -n a p h th o l (90. R = ^Bu).

l- Io d o -3 ,6 -d i- t-b u ty l-2 -n a p h th o l was prepared by th e  method used 

to  p repare  th e  p a ren t l- io d o -2 -n a p h th o l^ ^ c  ̂ in  92$  y ie ld  from 3 ,6 -d i-  

t-b u ty l-2 -n a p h th o l, and gave pa le  yellow  need les from m ethanol-w ater, 

m.p. 85-87° (decom position). 1

(EtOH) 237, 2 7 2 (sh .) , 282, 2 9 2 (sh .) , 321, 335 nm.max •
VI (N ujol) 3550 (oh ), 835 (2 a d j. arom.H) cm"1 , max.
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'Z (CDCl^) 2 .1 -2 .6 , m u lt ip le t ,  4H (a ro m atic s) , 4*00, s in g le t ,  1H,

(-0H, D̂ O exchange), 8.60 and 8 .50 , s in g le ts ,  18H, (-C(CH^)^).

The iodonaphthol (1 .9  g . , 0.005 mole) was d isso lv ed  in  benzene 

(250 ml) and photolysed fo r  fo r ty  hours under dry n itro g e n .

P rep a ra tiv e  chromatography o f th e  product m ixture (15$ CHCl^- 

p e t ro l )  gave th re e  id e n t i f ia b le  components, although t r a c e s  o f many 

o th e r components were d e tec te d .

The le q s t  p o la r  band (160 mg., 15$) gave co lo u rle ss  p la te s  from 

m ethanol, m .p. 532- 534° ( l i t . 20 331-333°), o f l , l * - d i - ( 3 ,6 - d i - t -  

b u ty l-2 -n ap h th o l)  ( l l ) .

A (EtOH) 252, 2 6 8 (sh .) , 278, 2 8 8 (sh .) , 520, 534 wn. max •
y  (N ujol) 3550 (OH), 85O (2 a d j. arom.H) cm”^. max •
'C(CHCl^) 2 .0 -3 .1 5 , m u lt ip le t ,  8H (A rom atics), 4*68, s in g le t ,  2H,

( 2 OH, D20 exchange), 8 .45 , and 8 . 64 , s in g le ts ,3 6 H  (-C(CH^)^).

This was id e n t ic a l  in  a l l  re sp e c ts  to  a sample o f th e  b inaph tho l
23prepared  by fe rr ic y a n id e  o x id a tiv e  coupling o f 3 ,6 -d i- t-b u ty l-2 -n a p h th o l .

The band o f in te rm ed ia te  p o la r i ty  (420 m g., 25$) gave co lo u rle ss  

prism s from m ethanol-chloroform , m.p. 180-182°, o f 1-p h e n y l-3 ,6 -d i- t-  

b u ty l-2 -n ap h th o l (90, R = ^Bu).

■\ (EtOH) 254(4*8), 269(5*79), 2 7 8 .5 (5 .8 5 ), 2 8 8 (sh .) , 522(3 .44),
id a x  •

534(5.55) nn.

V (oci.) 3530 (OH), 820 (2 a d j .  arom.H) cm*1 , max# 4

Z  (CDCl^) 2 .2 -2 .9 , m u lt ip le t ,  9H (A rom atics), 4 .53 , s in g le t ,  1H,

(-0H , DgO exchange), 8.62 and 8 .47 , s in g le ts  18H (-C(CH^)^), 

m/e 332 (M+).

Required fo r  $2/^28® ! C 86.70$ , H 8.49$

Pound : C 87.03$ , H 8*65$ .

The band o f h ig h est p o la r i ty  (40 mg.) was not in v e s t ig a te d .
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“bOxygenation o f l-phen .y l-5 , 6 -d i- t-b u ty l-2 -n a p h th o l (90« R ■ Bu).

The naphthol wae d isso lv ed  in  benzene and oxygenated under 

stan d ard  co n d itio n s  fo r  seven days. No uptake of oxygen was reco rd ed , 

and, although a t r a c e  of a more p o la r  component was d e tec ted  on t . l . c . ,  

r e c r y s t a l l i s a t io n  gave a q u a n tita tiv e  recovery o f s t a r t in g  m a te r ia l .

l-Brom o-5«6 - d i - t -b u ty l-2 -n a p h th o l.

This was prepared  in  98$ y ie ld  by trea tm en t o f 3 > 6 -d i- t-b u ty l-
22-naph tho l w ith  one mole o f bromine in  carbon te t r a c h lo r id e ,  g iv in g

opa le  yellow  need les from m ethanol, m.p. 70-71 •

A ,  (EtOH) 235(4 .7 ) ,  26o(sh .) ,  269(3 . 68) ,  279(3 .72), 289(3,57),
Til cl a e

320(3 .28), 333(3.41) nm.

V (N ujol) 3500 (OH), 820 (2 a d j .  arom.H) cm .
BIHY e

X  (CDC1,) 2 .0 -2 .6 , m u lt ip le t ,  4H, (A rom atics), 3*84* s in g le t ,  1H,

(-0H, Do0 exchange), 8.62 and 8.49> s in g le ts ,  18H (-C(CH ,)_). 

Oxygenation e f  1 -io d o -. and l-b ro m o -5 .6 -d i- t-b u ty l-2 -n ap h th o l.

No o x id a tio n  products were d e tec ted  when benzene so lu tio n s  were 

oxygenated fo r  5 days.

1 .8-D im ethyl-2-naphthol (107)*

2-M ethoxy-li8 -naphthalic  anhydride (9 5 ).

3-Methoxyacenaphthene quinone was prepared in  78$ y ie ld  from

2-m ethoxynaphthalene and diphenyloxalim ide ch lo rid e  by th e  method o f
QC q

S taud inger s t  a l .  and gave yellow  p la te s  from a c e tic  a c id , m.p. 224-6 ,

( l i t . 85 224- 6° ) .

2-M ethoxy-l,8 -naphthalic  anhydride (95) was prepared  from th e

acenaphthene quinone by trea tm eh t w ith a lk a lin e  hydrogen peroxide
86in  e thano l in  86$ y ie ld  • R e c ry s ta l l is a t io n  from a c e tic  ac id  gave 

deep yellow  m ic ro c ry s ta ls , m.p. 255-256° ( l i t . 8^ a  ̂ 255°). R ec ry s ta l

l i s a t io n  from a la rg e  volume o f e thano l (95$) gave c o lo u rle ss  n eed le s ,
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m.p. 261-26J0 ( l i t . 86^  261-262°).

(H ujol) 1772, 1755; 825 (2 a d j .  arom.H), 750 (3 a d j .  arom.H).
IDcUC •

T . l . c .  (5^ MeOH/CHCl^) in d ic a te d  th a t  th e  m a te r ia l was pure .

Attempted p re p a ra tio n  o f 1 ,8-dim ethyl-2-m ethoxynaphthalene by a d ir e c t  

ro u te .

The n ap h th a lic  anhydride (228 mg., 1 mmole) was suspended in  

a c e to n i t r i l e  (5 m l), and t r i c h lo r o s i la n e  (1 .8  g . ,  12 mmole) added.

The m ixture was re flu x ed  under dry n itro g en  fo r  one hour.

T ri-n-propylam ine (0 .7  ml, 5*3 mmole) was added to  th e  cooled 

re a c tio n  m ix tu re , keeping th e  tem perature  below 15°• The m ixture was 

th en  re flu x ed  fo r  16 hou rs, cooled and e th e r  (10 ml) added. The 

so lu tio n  was f i l t e r e d  ( to  remove amine h y d ro ch lo rid e ), and so lven t r e 

moved. The re s id u e  was tak en  up in  methanol (2 m l), and th e  so lu tio n  

re flu x ed  f o r  one hour. C la is e n ^  a lk a l i  (2 ml) was then  added to  th e  

cooled m ix tu re , which was re flu x ed  fo r  a fu r th e r  19 hours .

The cooled re a c tio n  m ixture was d ilu te d  w ith  w ater (10 m l), and 

e x tra c te d  w ith  e th e r  (3 x 10 m l). The e th e r  e x tra c ts  were washed w ith  

d i lu te  h y d roch lo ric  a c id , and th en  with w ater to  n e u t r a l i ty ,  d r ie d , 

and so lv en t removed to  give a brown polym eric o i l  (130 mg). P rep a ra tiv e  

t . l . c .  (30$ EtOA c-petrol) gave a co lo u rle ss  s o l id  which gave need les 

from e th e r - l ig h t  petroleum  (60 mg., 3Qf°)t m.p. 62-63°, of  4-methoxy- 

-lH ,3 H -n aph tho (l,8 -c ,d )py ran  ( 96) .

)  (EtOH) 232(4 . 8 ) ,  2 7 8 (sh .) , 286(3 .75), 297(3-68), 326(3 . 27) ,IDcuC •

339(5.31) nm.

V (CC1„) 2835, 2820 (-CH -0-CH -  and 0 -C 8 ,), 1625, 1600, 1510,

(Arom. C»C) cm’ 1 .

(N ujol) 830 (2 a d j. arom.H), 770 (3 a d j. arom.H) cm’ 1 .

X (CDCl^) 2 .2 5 -2 .9 5 , m u ltip le t ,  5H (A rom atics), 4*94 and 5*04,

s in g le ts ,  4H (-CH^-O-CH^-), 6 .12 , s in g le t ,  3H (-OCH^). 

m/e 200 (M+) .



No le s s  p o la r  product was d e tec te d . The pyran (96) was found to  be 

u n stab le  to  oxygen. Several more p o la r  p roducts were d e tec ted  on 

t . l . c .  a f t e r  a benzene so lu tio n  had been oxygenated fo r  24 hou rs .

These could not be formed in  s u f f ic ie n t  q u a n tity  to  be c h a ra c te r is e d .

1 ,8 —33i(hydroxymethyl)2-methoxynaphthalene (9 8 ) .

2 -M ethoxy-l,8 -naphthalic  anhydride (5«7 &•» 0.025M) was suspended 

in  anhydrous benzene (100 m l), and anhydrous e th e r  (50 m l). LAH 

( 2.3  g»f 0.06  mole) was added, and th e  m ixture was re flu x ed  under dry 

n itro g e n  fo r  two days, e th e r  (25 ml) being added a f t e r  24 hou rs .

The re a c tio n  m ixture was allowed to  co o l, and excess LAH was 

destroyed  by c a re fu l a d d itio n  o f e th y l a c e ta te  to  th e  s t i r r e d  so lu tio n .

A sa tu ra te d  aqueous so lu tio n  o f sodium su lphate  was th en  added, and 

th e  organic la y e r  sep ara ted  o f f .  The aqueous suspension of aluminium 

s a l t s  was e x tra c te d  sev e ra l tim es w ith hot e th y l a c e ta te .  The combined 

organ ic  e x tra c ts  were cash ed  w ith d i lu te  sodium hydroxide, and then  

w ith  w a ter, d r ie d , and so lven t removed to  give a p a le  yellow  s o l id .  

R e c ry s ta l l is a t io n  from e th y l a c e ta te -p e t ro l  gave p a le  yellow  prism s 

(3»3 6l$)» m.p. 132-134° o f l,8-di(hydroxym ethyl)2-m ethoxynaphthalene

(9 8 ),

V (N ujol) 3300 (H bonded OH), 828 (2 adj. arom.H), 775 (3 a d j .  arom.H3&X •
H) cm**1 .

X (C^D^N) 4*03 and 4*10, s in g le ts ,  4H, (-CH20H), 6 .20 , s in g le t ,  3H (-OCH^).

D ilu te  hyd roch lo ric  acid  was added to  th e  aqueous re s id u e , and 

th e  bulk  was e x tra c te d  w ith e th e r  (3 tim e s ) . The combined e x tra c ts  

were washed, d r ie d , and so lven t removed to  g ive a p a le  yellow  o i l .  

R e c ry s ta l l is a t io n  from e th e r - l ig h t  petroleum  gave co lo u rle ss  n e ed le s , 

m.p. 62-63° (0*95 £•> 19$) o f th e  naphthopyran ( 96) ,  id e n t ic a l  in  a l l  

re sp e c ts  to  a sample obtained from th e  ch lo ro s ila n e  red u c tio n  (above).
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Treatm ent o f 2-m ethoxy-lt 8 -n ap h th a lic  anhydride (95) w ith  sodium 

dih.ydro-bis(2-m ethoxyethoxy) alum inate (SPA).

The a n h yd rid e  (95) (2 2 8  mg., 1 mmole) was f i n e l y  ground and 

su spend ed  in  anhydrous b en zen e  (2 0  m l ) ,  and SDA (7 0 $  w /v  s o l u t io n  in  

b e n z e n e , 6 mmole) added t o  th e  s t i r r e d  su s p e n s io n  under dry n i t r o g e n .

The r e s u l t in g  deep yellow , homogeneous so lu tio n  was re flu x ed  fo r  two 

h o u rs .

The cooled , dqrk green re a c tio n  m ixture was d ilu te d  w ith 5M aqueous 

sodium hydroxide, and e x tra c te d  thoroughly  w ith  hot e th y l a c e ta te .  The 

combined organic  e x tra c ts  were washed w ith w ater, d r ie d , and so lv en t 

removed. R e c ry s ta l l is a t io n  from e th y l a c e ta te - l ig h t  petroleum  gave 

p a le  yellow  prism s, m.p. 132- 134° of l,8-d i(hydroxym ethyl)-2-m ethoxy- 

naphthalene (98) (maximum y ie ld  30$ ) ,  id e n t ic a l  in  a l l  re sp ec ts  to  

a sample obtained  by LAH red u c tio n  o f (95)* On occasions, th e  is o la te d  

y ie ld  was considerab ly  low er.

T . l . c .  (3 0 $  E tO A c-p e tro l)  in d ic a t e d  t h a t  a se c o n d , l e s s  p o la r  

com ponent was p r e s e n t  in  s u b s t a n t ia l  q u a n t i ty .  T h is  i s  d e s c r ib e d  b e lo w .

The anhydride (95) (2 2 8  mg., 1 mmole) was t r e a te d  w ith  SDA in  

re f lu x in g  xylene fo r  2 hours as above. The cooled , dark green re a c tio n  

m ixture was c a re fu lly  d ilu te d  w ith  3M hydroch lo ric  acid  w ith s t i r r i n g .  

The p a le  yellow  organic la y e r  was separa ted  o f f ,  and th e  aqueous la y e r  

e x tra c te d  w ith  e th e r  ( tw ic e ). The combined organic  e x tra c ts  were 

washed w ith  w a ter, and th en  w ith d i lu te  sodium hydroxide, and f in a l ly  

w ith  w ater to  n e u t r a l i ty .  The so lu tio n  was d r ie d , and so lven t removed 

to  give a p a le  yellow  o i l  (170 m g.).

P rep a ra tiv e  chromatography (25$ E tO A c-petrol) gave two m ajor 

components, a lthough tra c e s  o f o th e r , h igh ly  p o la r  components were 

p re s e n t .

The le s s  p o la r  band ( r . f .  0.55> 75 38$) gave co lo u rle ss

need les from l ig h t  petroleum , m.p. 62-63° , id e n t ic a l  in  a l l  re sp e c ts



to  th e  naphthopyran (96) p rev io u s ly  prepared  by red u c tiv e  s i ly l a t io n  

o f th e  anhydride, (95)• The more p o la r  band ( r . f .  0 .2 5 , 40 mg.) was 

a c o lo u r le s s , low m elting  s o l id ,  (m.p. ca. 60- 70° ) .

A (EtOH) 233, 2 7 6 (sh .) , 28655, 297, 326, 335(sH .) nm.
u/Oa  •

V (N ujol) 3400 (OH), 1720 (la c to n e  C=0), 1615, 1600, (Arom. 0*0),max.

835 (2 a d j. arom.H), 7^5 (3 a d j .  arom.H) cm \

X (CDCl^) 2 .2 -2 .9 , m u lt ip le t ,  5H (A rom atics), 4 .8 3 , s in g le t ,  2H, 

(Ar-CH2-0H), 6 .10 , s in g le t ,  3H (-OGH^), 7 .2 0 , s in g le t ,  3H (Ar-CH^) ,

8 .2 5 , broad s in g le t ,  1H (-CHgOH, d isappears w ith  D20 ) , (a lso  a sm all 

s in g le t  a t  4*17 (la c to n e  -CH2) ) .

This was an in sep a rab le  m ixture o f ca . 90$ (by n .m .r .)  o f 1-m ethyl- 

8-hydroxym ethyl-2-m ethoxynaphthalene (99) ^ d  th e  2-m ethoxy-l,8- 

n ap h th a lid e  (101).

No fu r th e r  in v e s t ig a tio n  o f t h i s  m ixture was undertaken.

By prolonged re f lu x in g  (up to  22 hours) o f th e  n ap h th a lic  anhydride

(95) i n benzene w ith  a f iv e  m olar excess o f SDA, th e  y ie ld  of th e  

naphthopyran (96) could be in c reased  to  45$, t u t  t h i s  re s u lte d  in  

ex ten siv e  po ly m erisa tio n , and th e  production  o f many u n id e n tif ie d  

components.

Treatm ent o f th e  naphthopyran (96) w ith SDA.

The naphthopyran (96) (200 mg., 1 mmole) was d isso lv ed  in  

anhydrous xylene (20 m l), and SDA ( l . l  ml o f 70$ w/v so lu tio n  in  benzene, 

1 mmole) syringed  in to  th e  s t i r r i n g  so lu tio n . The so lu tio n  which 

im m ediately tu rn s  a dark green co lo u r, was th en  re flu x ed  under dry 

n itro g e n , th e  re a c tio n  being monitored by t . l . c .

A fte r fo u r hours, no s ta r t in g  m a te ria l rem ained. The so lv en t was 

th en  d i s t i l l e d  o f f  under reduced p re ssu re , and th e  re s id u e  d isso lv ed  

in  e th e r  (50 m l). D ilu te  sodium hydroxide so lu tio n  was c a re fu l ly  

added, and th e  m ixture t r a n s fe r re d  to  a sep a ra tin g  funnel and shaken.

The aqueous la y e r  was ex tra c te d  w ith  a fu r th e r  p o rtio n  of e th e r ,  and



th e  e th e re a l e x tra c ts  washed to  n e u t r a l i ty ,  d r ie d , and th e  so lv en t 

removed to  g ive a brown o i l  (190 m g.).

T . l . c .  (50$ b en zen e -p e tro l) in d ic a te d  th e  presence o f th e  d e s ired

l,8-dim ethyl-2-m ethoxynaphthalene (105) along w ith  more p o la r  components, 

one le s s  p o la r  component, and some polym eric m a te r ia l .

P . I . e .  (50$ b en zen e-p e tro l) gave two major f r a c t io n s .  The le s s  

p o la r  o f th e se  was a low m elting  s o lid  (purp le  s ta in  w ith  e e r ie  su lp h a te ) 

(50 mg., 32$ ) whose s tru c tu re  was confirmed to  be 1 ,8-dim ethylnaphthalene 

m.p. (m ethanol-w ater) 61-63°, co lo u rle ss  .p la te s  ( l i t . ^  63° ) ,

> (EtOH) 228(4 .91), 2 7 6 (sh .) , 285(3-80), 2 9 3 (sh .) , 347(2.89) na.IQoa •

V (N ujol) 1605, 1595, (Ar C*c), 780 (3 a d j. arom.H) cm- 1 , max.
X(CDCl^) 2 .3 3 -2 .9 0 , m u lt ip le t ,  6H, (A rom atics), 7*07, s in g le t ,

6H, (Ar-CHj). 

m/e 156 (M+) .

The more p o la r  component was a co lo u rle ss  o i l  w ith  id e n t ic a l  

s p e c tra l  c h a r a c te r is t ic s  to  re fe ren ce  samples o f 1 ,8-dim ethyl-2-m ethoxy- 

naphthalene ( 105) (rep o rted  f u l ly  below) (65 mg., 35$).

The rem ainder o f th e  m a te r ia l co n sis ted  o f an orange, i n t r a c t ib le  

o i l  co n ta in in g  a t le a s t  th re e  components o f h igh  p o la r i ty .

Treatm ent o f th e  anhydride (95) w ith SDA under fo rc in g  c o n d itio n s .

2 -M ethoxy-l,8 -naphthalic  anhydride (460 mg., 2 mmole) was added

w ith  s t i r r i n g  to  a so lu tio n  o f SDA (8 mmole) in  dry xylene (20 m l).

The anhydride d isso lv ed  w ith e ffervescence  to  give a dark green so lu tio n . 

T his so lu tio n  was re flu x ed  fo r  6 hours under dry n itro g e n , and th e

so lven t was th en  d i s t i l l e d  o f f  under reduced p re ssu re .

The re s id u e  was taken  up in  e th e r  (50 m l), and 5M sodium hydroxide 

so lu tio n  (50 ml) slowly added w ith s t i r r i n g .  The aqueous la y e r  was 

e x tra c te d  w ith  two fu r th e r  p o rtio n s  o f e th e r , and th e  combined e x tra c ts  

washed to  n e u t r a l i ty  w ith w ater, d r ie d , and th e  so lven t removed to  g ive 

a dark red  o i l  (450 mg.)
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Chromatography on s i l i c a  e lu te d  w ith  p e t r o l ,  and subsequently  

w ith  5$ b en zen e -p e tro l, gave 1 ,8 -d im ethylnaphthalene (130 mg., 42$ ) ,  

and l,8 -d im ethyl-2-m ethoxynaphthalene (105 ) (210 m g.), th e  complete 

sep a ra tio n  of which proved extrem ely d i f f i c u l t  by chromatography.

The methoxynaphthalene was p u r if ie d  by f r a c t io n a l  d i s t i l l a t i o n  

(b .p . 85-90°/0 .05  mm), g iv ing  a co lo u rle ss  o i l  (190 mg., 50$) id e n t ic a l  

in  a l l  re sp e c ts  to  re fe ren ce  samples (see below ). The m a te r ia l balance 

in  t h i s  experiment co n sis ted  o f polym ers, which were produced in  

co n sid erab le  q u a n tity  in  a l l  ru n s .

A s im ila r  m ixture was ob tained  by t r e a t in g  l,8 -d i(h y d ro x y m eth y l)- 

2-m ethoxynaphthalene (98) w ith SDA under th e  same co n d itio n s .

Treatm ent o f th e  anhydride (95) w ith a f iv e  molar excess o f SDA 

in  re f lu x in g  to lu en e  ( in te r n a l  tem perature  110°) fo r  th re e  to  s ix  

hours gave a lower is o la te d  y ie ld  (maximum 35$) o f th e  d esired  1 ,8 -  

dimethy1-2-m ethoxynaphthalene, along w ith s u b s ta n tia l  amounts (up to  

30$ is o la te d  y ie ld )  o f 1 ,8 -d im ethy lnaphthalene. S everal more p o la r  

components were d e tec ted  on t . l . c .  but were not in v e s t ig a te d .

Treatm ent o f l,8-dim ethyl-2-m ethoxynaphthalene (105) w ith SDA.

The methoxynaphthalene (105) (90 0.5mmole) was d isso lv ed  in  

anhydrous xylene (5 ml) and SDA so lu tio n  in  benzene (0 .5  mmole) syringed  

in to  th e  f la s k .

The so lu tio n  was re flu x ed  fo r  fo u r hours under dry n itro g e n , and 

th en  th e  so lven t was removed, and th e  re a c tio n  m ixture worked up using  

5M sodium hydroxide so lu tio n  as befo re  to  give a p a le  yellow  o i l  (85 mg.) 

co n ta in in g  ca . 30$ o f 1 ,8-dim ethylnaphthalene (n .m .r . and g . l . c .  e s tim a tio n ) , 

s t a r t in g  m a te r ia l (c a . 70$) and tr a c e s  o f polym eric m a te r ia l.

Treatm ent o f o th e r 2-methoxynaphthalenes w ith  SDA in  re f lu x in g  

xylene i s  f u l ly  rep o rted  in  th e  d iscu ssio n  s e c tio n .
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1-M ethyl-2-naphthol.

Treatm ent of l-fo rm y l-2 -n ap h th o l w ith  SDA in  re f lu x in g  xylene
92fo r  two hours according to  th e  method o f Cerny e t  a l .  gave 1-m ethyl-

2-naphthol (95$), m.p. 109- 110° ( l i t . 1 *2 109- 110° ) ,  id e n t ic a l  in  a l l  

re sp e c ts  to  an a u th en tic  sample.

2-Hydroxy-1 ,8 -n ap h th a lic  anhydride (106).

2-M ethoxy-l,8 -naph thalic  anhydride (95) (2 .28  g . , 10 mmole) was 

added to  a 45$ w/ v so lu tio n  o f hydrogen bromide in  g la c ia l  a c e tic  acid  

(40 m l), and w ater (20 m l), and th e  so lu tio n  was re flu x ed  under n itro g en  

fo r  th re e  hours.

The cooled re a c tio n  m ixture was d ilu te d  w ith w ater (20 m l), and

th e  product p re c ip i ta te d  out as a p a le  yellow  s o l id ,  which was

f i l t e r e d  o f f ,  and washed thoroughly  w ith  w ater. T . l . c .  (5$ m ethanol- 

chloroform ) in d ic a te d  th e  complete d isappearance o f s ta r t in g  m a te r ia l .  

(S h o rte r re a c tio n  tim es give some s ta r t in g  m a te r ia l) .

R e c ry s ta l l is a t io n  from acetone gave p a le  yellow  fib ro u s  need les 

(0 .9  g . ,  42%), m.p. 249-251° ( l i t . 97 245-6°),

V (N ujol) 1765> 1720, (anhydride C=0), 805 (2 a d j. arom.H), 750,
IB 8>X •

(3 a d j. arom.H), 3600-2500 (H-bonded OH), cm"’\

The re s id u e  ( l . l  g .)  was a lso  a p a le  yellow  s o l id ,  but had

d if f e r e n t  s p e c tra l  c h a r a c te r i s t ic s .  R e c ry s ta l l is a t io n  from e th an o l-  

w ater gave p a le  yellow  prism s o f 7-hydroxy-l-naphtho ic  ac id  (108) ( 1.05  g . , 

56%), m.p. 255-8° ( l i t . 108 255-6°).

A (EtOH) 232(4 .80), 292(3 . 67) ,  3 0 4 (sh .) , 3 2 4 (sh .) , 342(3.73) rm.a) ax •
V (N ujol) 3600-2200 (COpH and H-bonded OH), 1695 (ac id  C=0), 840, 

ip a x  •

(2 a d j. arom.H), 76O (3 a d j . arom.H) cm \  

m/e 188 (M+).

The re a c tio n  was repeated  in  th e  absence o f w ater, in  o rd er to  

avoid decarboxyla tion  of th e  anhydride (106), but complete dem ethylation 

could not be achieved. The use o f p y rid in e  hydroch loride produced a 

polym eric t a r .
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1 ,8-D im ethyl-2-naph tho l (107) from 2 -hydroxy-l. 8 -n ap h th a lic  anhydride (106 ).

2-H ydroxy-1 ,8-naphthalic  anhydride (216 mg., 1 mmole) was f in e ly  

ground and suspended in  anhydrous xylene (10 m l). A so lu tio n  o f SDA 

(11 mmole) in  benzene was added slow ly, and th e  s u b s tra te  d isso lv ed  

w ith  e ffe rvescence  to  give an orange so lu tio n . T his was re flu x ed  

( in te r n a l  tem perature  141°) under dry n itro g en  fo r  th re e  hou rs , a l iq u o ts  

being  tak en  a t  re g u la r  in te r v a ls .  The cooled re a c tio n  m ixture was 

d i lu te d  w ith  e th e r  (30 m l), and d i lu te  su lp h u ric  ac id  c a re fu l ly  added 

w ith  s t i r r i n g ,  m ain ta in ing  an atmosphere o f n itro g e n . The aqueous 

la y e r  was e x tra c te d  tw ice  w ith  e th e r ,  and th e  combined organic  ex b rac ts  

washed to  n e u t r a l i ty ,  d r ie d , and th e  e th e r  removed by d i s t i l l a t i o n  

under n itro g e n . A ddition  o f l ig h t  petroleum  to  th e  rem aining so lu tio n  

in  xylene gave a yellow  p r e c ip i ta te ,  which was f i l t e r e d  o f f  and 

r e c r y s ta l l i s e d  from l ig h t  petroleum  to  g ive l,8 -d im eth y l-2 -n ap h th o l 

(110 mg., 64$ ) as p a le  yellow  n eed le s , m.p. 90- 94° (decom position), 

whose s p e c tra l  c h a r a c te r is t ic s  were s im ila r  to  a re fe ren ce  sample from 

ano ther source (below ), but which contained t r a c e s  o f th e  hydroperoxide ( 109)*

I s o la t io n  of ab so lu te ly  pure naphthol from t h i s  re a c tio n  was 

never achieved , owing to  th e  prolonged work-up, and th e  n e c e s s ity  to  

remove by -p ro d u cts . A ll samples contained  t r a c e s  o f th e  hydroperoxide 

and could not th e re fo re  be used fo r  rig o ro u s comparison w ith  pure 

samples obtained  from ano ther source (below ).

Oxygenation o f impure 1 .8 -d im ethy l-2 -naph tho l (from above).

Samples obtained  from th e  above re a c tio n  absorbed ca . 60-80$ o f 

th e  th e o r e t ic a l  volume of oxygen, th e  re a c tio n  being  completed a f t e r  

1 5 + 5  hou rs , and th e  only is o la te d  product being  th e  hydroperoxide 

( 109) although tr a c e s  o f th e  o th e r components d iscussed  below were 

d e tec te d . In  g en era l impure samples of th e  naphtho l (107) were 

oxygenated a t  a slow er r a te  th an  pure sam ples.



8-M ethyl-2-naphthol (110) from 7-hydroxy-1-naphtho ic  ac id  (108).

7-H ydroxy-l-naphthoic ac id  (940 mg., 5 mmole) was f in e ly  ground 

and suspended in  anhydrous xylene (30 m l), and SDA so lu tio n  (7 m l, 25 mmole) 

was added w ith  s t i r r i n g .  Benzene was d i s t i l l e d  o f f ,  and th e  homogeneous 

so lu tio n  re flu x ed  under dry n itro g en  fo r  s ix  ho u rs . Treatm ent o f th e  

cooled re a c tio n  m ixture w ith  d i lu te  su lp h u ric  a c id , follow ed by 

e x tra c tio n  w ith  e th e r  and removal o f most o f th e  so lv en t as p rev io u s ly  

d e sc rib ed , gave a p a le  yellow  so lu tio n  in  xy lene.

A ddition  o f l ig h t  petroleum  gave a golden p r e c ip i ta te ,  which was 

f i l t e r e d  o f f ,  and r e c r y s ta l l i s e d  from EtO A c/petrol to  give yellow  

p la te s  m.p. 164-6° (650 mg., 75$)» of 8-hydroxymethyl-2-naphth©l ( i l l ) ,

A (EtOH) 229(4 .82), 268(3 .61), 278(3 .73), 2 8 9 .5 (3 .6 6 ), 32ffl(sh.),
IDSX •

332 .5 (3 .43) nm.

V (N ujol) 3400 (non-bonded OH), and 3500-2600 (H-bonded OH), 1620Sl&Z •
and 1595 (arom. C*C), 855 ( is o la te d  arom.H), 825 (2 a d j. arom.H),

750 (3 a d j .  arom.H) cm"^.

X  (D^dmso) 0 .3 0 , s in g le t ,  1H (Ar-OH, D̂ O exchange), 2 .2 -3 .0 , m u lt ip le t ,

6H, (a ro m a tic s) , 4*80, t r i p l e t ,  J  * 4*5 H z., 1H (CH^-OH, D̂ O exchange),

5 .18 , d o u b le t, J  * 4*5 H z., 2H (CH^-OH).

X (C(-Dj.N) 1 .5 -2 .8 , m u lt ip le t ,  (arom atics and so lv e n t) , 4*57» s in g le t ,

2H, (CHg-OH). 

m/e 174 (M+).

The mother liq u o rs  contained  a le s s  p o la r  component, and removal

o f so lven t under reduced p ressu re  gave a low m elting  s o lid  (130 m g., 16$)
or e c r y s ta l l i s e d  from methano1-water as co lo u rle ss  n eed le s , m.p. 70-71 > 

( l i t . ^ 8 70-71°), assigned th e  s tru c tu re  8-m ethyl-2 -naphtho l (110) 

based on th e  fo llow ing  d a ta .

A (EtOH) 228(4 .79), 269(3-66), 27 8 .5 (3 .7 6 ), 290 (3 .68 ), 3 2 2 (sh .) ,
ID A X  e

333(3-37) no.



(o f .  1-M ethyl-2 -n ap h th o l,

* (EtOH) 251(4 .84), 270 (3 .71 ), 280(3 .80), 291(3 .71), 325(5 .30),
id a x  •

335(3.40) am .).

V  (N ujol) 3300 (H-bonded OH), 855 ( is o la te d  Ar-H), 825 (2 a d j .  arom.H),
Bl&Xe

750 (3 ad jacen t arom.H) cm”\

V  (CDCl..) 2 .2 -3 .1 0 , m u lt ip le t ,  6H (A rom atics), 4*86, broad s in g le t ,

1H, (OH, D20 exchange), 7«43> s in g le t ,  3H> (Ar-CH^). m /el58 (M )

8-M ethyl-2-naphthol (llQ ) from 8-hydroxyroethyl-2 -napht ho1 ( i l l ) .

8-Hydroxymethyl-2 -naphtho l (174 Big., 1 mmole) was d isso lv ed  in  

m ethanol, and 10% pallad ium -charcoa l c a ta ly s t  (20 mg.) was added.

The so lu tio n  was th e n  s t i r r e d  under an atmosphere o f hydrogen, th e  

uptake being  recorded . A fte r 70 m inutes, th e  uptake o f hydrogen 

ceased , 19 ml having been tak en  up. (T h eo re tic a l ab so rp tio n  22 m l).

The c a ta ly s t  was f i l t e r e d  o f f ,  th e  so lu tio n  d r ie d , and so lven t removed 

to  g ive a p a le  yellow  s o l id ,  r e c r y s ta l l i s e d  from m ethanol/w ater to  

g ive c o lo u rle ss  need les (160 mg., 100%) o f 8-m ethyl-2 -n ap h th o l, 

id e n t ic a l  in  a l l  re sp e c ts  to  samples obtained  above.

The attem pted p re p a ra tio n  o f 1 .8-dim ethyl-2-m ethoxynaphthalene (105) 

from th e  naphthopyran (96) .

(a) H ydrogenolysis.

Prolonged hydrogenation o f ( 96) over a 10% pallad ium -charcoal 

c a ta ly s t  in  methanol re s u lte d  in  th e  recovery o f pure s t a r t in g  m a te r ia l .  

The a d d itio n  o f c a ta ly t ic  amounts of p e rc h lo ric  a c id , o r th e  use o f 

g la c ia l  a c e t ic  ac id  co n ta in ing  a t r a c e  o f p e rc h lo r ic  acid  as c a ta ly s t  

d id  not r e s u l t  in  conversion to  th e  d e sired  p ro d u c t. The re a c tio n  

was a lso  attem pted employing Adam's c a ta ly s t  in  methanol co n ta in in g  

a t r a c e  o f concen tra ted  hydroch lo ric  a c id .

(b) Lithium aluminium hydride -  aluminium c h lo r id e .

The naphthopyran (200 mg., 1 mmole) was d isso lv ed  in  anhydrous 

e th e r  (10 m l), and added to  a cooled so lu tio n  o f LAH (38 mg., 1 mmole)



and aluminium ch lo rid e  (266 mg., 2 mmole) which had p rev io u s ly  been 

s t i r r e d  f o r  30 m inutes a t 0°.

The m ixture was re flu x ed  under n itro g en  f o r  24 hou rs . E thy l a c e ta te  

was added to  th e  cooled re a d tio n  m ix tu re , and th en  d i lu te  h y d ro ch lo ric  

a c id . E x trac tio n  w ith  e th e r ,  and work-up in  th e  usual manner gave an 

in t r a c t i b l e  o i l  co n ta in ing  a t le a s t  fo u r components ( t . l . c .  30% EtOAc- 

p e t r o l ) ,  and a la rg e  p ro p o rtio n  o f h ig h ly  p o la r  m a te r ia l .  None o f th e  

d e s ired  product was d e tec ted  in  th e  n .m .r . .

The re a c tio n  was rep eated  u sing  a l i i  m ixture o f LAH and 

aluminium ch lo rid e  w ith  no success .

When th e  re a c tio n  was attem pted a t room tem peratu re  fo r  24 hou rs , 

th e  product co n sis ted  o f some phenolic  m a te r ia l ,  but m ainly o f s t a r t in g  

m a te r ia l .

H ydrogenolysis o f 1 ,8-di(hydroxym ethyl)-2 -m ethoxynaphthalene (9 8 ).

(a )  The d io l  (98) (55 0.25 mmole) was d isso lv ed  in  e th y l a c e ta te

(5 m l), and 10% pallad ium -charcoa l c a ta ly s t  (10 mg.) added. The 

m ixture was q u a n t i ta t iv e ly  hydrogenated a t  room tem peratu re  under a 

s l ig h t  p o s i t iv e  p re ssu re  of hydrogen. (T h eo re tic a l uptake o f hydrogen 

fo r  hydrogenolysis o f both C-0 bonds * 11 m l).

A fte r 10 hours , 2 ml of hydrogen had been taken  up.

A fte r 26 hours , 13 ml of hydrogen had been taken  up.

The re a c tio n  m ixture was f i l t e r e d ,  d r ie d , and so lven t was removed 

to  give a co lo u rle ss  s e m i-c ry s ta llin e  o i l  (42 m g.). T . l . c .  (50% EtOAc- 

p e t r o l )  in d ic a ted  th a t  no s ta r t in g  m a te ria l rem ained, and two le s s  p o la r  

components had been produced.

P rep a ra tiv e  chromatography (50% EtO A c-petrol) gave a co lo u rle ss  

o i l  ( r . f .  0 .7 ) ,  (15 n ig .), which was assigned  th e  s tru c tu re  1 ,8 -d im eth y l- 

5 ,6 ,7 »8-tetrahydro-2-m ethoxynaphthalene (112) on th e  b a s is  o f th e  

fo llow ing  d a ta .

h (EtOH) 287(5 .20), 2 8 2 (sh .) , 278(3.21) nm.
D38X #



V ( l iq u id  f ilm ) 1600, 1580 (arom. C=C), 795 (2 a d j .  arom.H) cm-1 , max .
X  (CDCl^) 2.98  and 3*26 , AB q u a r te t ,  * 9 H z., 2H (a ro m a tic s) ,

6 .2 0 , s in g le t ,  3H (-OCH^), 6 .5 - 7 .5 , m u lt ip le t ,  3H (CH^-CH-Ar and -CHg-Ar), 

7 .8 0 , s in g le t ,  $K (CH^-Ar), 8 .1 0 -8 .3 3 , m u lt ip le t ,  4H, 

(-CH(CH5 )-CH2-CH2-CH2-A r), 8 .8 5 , d o u b le t, J  = 7 .5  H z., 3H (CH^-CH). 

m/e 190 (M+).

The second more p o la r  component gave c o lo u rle ss  need les from l ig h t

petroleum  (23 m g.), m .p .111- 112° ,  and was assigned  th e  s tru c tu re

8-hydroxym ethyl-l-m ethyl-5 >6 , 7 , 8- t e trah y d ro -2-m ethoxynaphthalene ( 113)>

)i (EtOH) 2 7 8 .5 (3 .2 7 ), 2 8 2 .5 (s h .) ,  287(3*26) nm.max*
V ( c c i j  3630 (OH), 1595, 1580 (ArC=C) cm*1 , max. 4

(KBr) 802 (2 a d j. arom.H) cm*1 .

X  (CDCl^) 3.10  and 3 . 32 , AB q u a r te t ,  -  8 H z., 2H, (A rom atics),

6 .2 2 , s in g le t ,  3H (-OCH^), 6 . 3O-6 . 42 , m u lt ip le t ,  2H (HO-CHg-CH, non

eq u iv a len t ) ,  6 .7 0 -6 .9 5 , m u lt ip le t ,  1H (HO-CHg-CH-), 7 .25 , broad t r i p l e t ,

J  * 5 H z., (-CHg-GHg-Ar), 7*78, s in g le t ,  3H (CH^-Ar), 8 .0 -8 .4 , m u lt ip le t ,  

4H (-CHg-Cfig-CHg-Ar), 8 .42 , broad s in g le t ,  1H (-0H, DgO exchange), 

m/e 206 (M+) .

(b) The d io l  (98) (436 mg., 2 mmole) was d isso lv ed  in  th e  minimum 

q u a n tity  o f methanol (30 m l), and 10$ pa llad ium -charcoa l (40 mg.) added. 

The so lu tio n  was q u a n ti ta t iv e ly  hydrogenated a t  room tem peratu re . 

(T h eo re tic a l uptake o f hydrogen fo r  th e  p roduction  o f 1 ,8 -d im eth y l- 

2-m ethoxynaphthalene » 90 m l).

A fte r  30 m inutes, 90 ml of hydrogen had been absorbed.

A fte r  10 ho u rs , 114 ml o f hydrogen had been absorbed.

The so lu tio h  was f i l t e r e d ,  d r ie d , and th e  so lven t was removed. 

P rep a ra tiv e  t . l . c .  (50$ EtO A c/petrol) gave two f r a c t io n s .  The le s s  

p o la r  f r a c t io n  ( r . f .  O.85) (254 mg., 67$) was id e n t ic a l  in  a l l  re sp e c ts  

to  th e  d im ethy lte trahydronaphthalene (112) obtained  above. The more 

p o la r  f r a c t io n  ( r . f .  O.51) gave need les from p e tro l  (82 mg., 20$),
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m.p. 110-111°, id e n t ic a l  in  a l l  re sp e c ts  to  th e  hydroxymethyl- 

te trah y d ro n ap h th a len es  ( 113) ob ta ined  above.

(c )  The re a c tio n  was rep ea ted  on th e  d io l  (456 mg., 2 mmole) as above.

When 90 ml o f hydrogen had been tak en  up (30 m in u tes), th e  re a c tio n

was stopped. P rep a ra tiv e  t . l . c .  (30% b en zen e-p e tro l) gave fo u r f r a c t io n s .

The le a s t  p o la r  f r a c t io n  (20 mg.) was id e n t ic a l  in  a l l  re sp e c ts  

to  th e  d im ethy lte trahydronaph thalene  (112) ob tained  p re v io u s ly . The 

second f r a c t io n  ( r . f .  0 .8 0 , 220 m g.), a co lo u rle ss  o i l ,  co n sis ted  of 

c a . 5$ o f th e  d im ethy lte trahyd ro  compound (112) and l,8 -d im e th y l-2 -  

methoxynaphthalene (105) (e s tim a ted  by g . l . c . )  This could not be 

fu r th e r  p u r if ie d  by chromatography, o r by f r a c t io n a l  d i s t i l l a t i o n .

The th i r d  f r a c t io n  ( r . f .  0*50, 60 mg.) was a co lo u rle ss  s o l id  id e n t ic a l  

in  a l l  re sp e c ts  to  th e  hydroxym ethyltetrahydronaphthalene (113)• The 

fo u r th  f r a c t io n  ( r . f .  0 .14 , 50 mg.) gave p a le  yellow  c ry s ta ls  from 

e th e r - p e tr o l ,  m.p. 110-120°. S p e c tra l d a ta  were c o n s is te n t w ith  th e  

s tru c tu re  1 ,8-di(hydroxym ethyl) - 5 ,6 ,7 ,8 - t etrahydro-2-m ethoxynaphthalene ( 114)» 

/* (EtOH) 279, 2 8 3 (sh .) , 288 nm.
ID&X •

V (N ujol) 3550 (H-bonded OH), 1600, 1590 (ArC-C), 1250 (Ar-OCH ) ,
0)& X • p

795 (2 a d j .  arom.H) cm \

X (CDCl^) 2.86 and 3*20, AB q u a r te t ,  J^g = 8 H z., 2H (A rom atics),

5 .22 , d o u b le t, J  * 6 H z., 2H (-HO-CJ^-Ar), 6 .1 6 , s in g le t ,  3H» ( “OCH^),

6 .3 5 -6 .8 0 , m u lt ip le t ,  3H (H0-CH2-CH-Ar), 7*22, broad t r i p l e t ,  J  = 6 H z.,

2H (-CH2-CH2-A r), 7 .2 , 2H (-0£ , I>20 exchange), 7*9-8 .4 , m u lt ip le t ,

4H (-CH2-CH2-CH2-A r). 

m/e 222 (M+) .

No f u r th e r  in v e s t ig a tio n  of t h i s  compound was undertaken .

The dimethylmethoxynaphthalene (105) could be p u r if ie d  by low 

tem peratu re  c r y s ta l l i s a t io n  (D riK old/acetone ba th ) from pen tane , g iv in g  

co lo u rle ss  m ic ro c ry s ta ls , m.p. c a . 5° (180 mg., 50$).

X (EtOH) 23 2 (4 .8 ), 2 7 8 (sh .) , 286(3 .75), 297 (3 .68 ), 326(3 . 27) ,  339(3.31) Ml.
ulcU X e



V ( l iq u id  film ) 1615, 1600, 1510 (ArC=C), 815 (2 a d j . ,  arom.H),
ID SIX •

755 (3 a d j. arom.H) cm”\

T(CDCl^) 2 .5 0 -2 .9 0 , m u lt ip le t ,  5H (A rom atics), 6 .10 , s in g le t ,  5

(-0CH_), 7.23 and 7 .1 0 , s in g le ts  6H (Ar-CH_) .
“ 5 ” 5

m/e 186 (43 ) ,  171 ( 100) .

Required fo r  C15H14°  : c 85 . 85$  , H 7 - 5 ^

Found : C 84-00$ , H 7 . 69$  .

(G .l .c .  2^$ SE 50, 200°, r e te n tio n  tim es s (112) = 5 m inutes,

( 105) = 4 * 5  m in u tes .)

Attempted r e - aromat i s a t  ion o f th e  d im ethyIte trahydronaphthalene (112 ).

(a )  The te trah y d ro n ap h th alen e  (112) (190 mg., 1 mmole) was d isso lv ed  

in  dry benzene (5 m l) , and 2 ,5 -d ic h lo ro -5 , 6-dicyano-p-benzoquinone 

(DDQ) (500 mg., 2 .2  mmole) added. The so lu tio n  was re flu x ed  fo r  a 

t o t a l  o f 24 hou rs , a t  th e  end o f which tim e a t r a c e  o f a le s s  p o la r  

component rem ained. A ll a ttem pts to  a t t a in  a q u a n tita t iv e  conversion 

to  l,8 -d im ethyl-2-m ethoxy-naphthalene f a i le d .  The product was d ilu te d  

w ith  p e tro l  to  p re c ip i ta te  th e  o x id is in g  agent and th e  hydroquinone 

b y -p ro d u ct, and subsequent chromatography on s i l i c a  e lu te d  w ith  p e t r o l ,  

gave th e  dimethylmethoxynaphthalene ( 105) contam inated w ith  about 10$ 

(es tim ated  by g . l . c )  o f a dihydronaphthalene.

Treatm ent o f m ixtures w ith  DDQ under vary ing  cond itions d id  not 

produce th e  pure p roduct.

(b) The te trahyd ronaph thalene  (112) (190 mg., 1 mmole) was d isso lv ed  

in  dry to lu en e  (25 m l), and 10$ pallad ium -charcoal (25 mg.) was added. 

The so lu tio n  was re flu x ed  fo r  a t o t a l  o f te n  hou rs , a stream  o f  dry 

n itro g e n  being  bubbled through th e  so lu tio n .

The re a c tio n  m ixture was f i l t e r e d ,  and so lven t removed to  g ive 

th e  dimethylmethoxynaphthalene (105) (190 *£>•) contam inated w ith  a 

d ih y d ro -d e riv a tiv e  ( c a . 8-10$ by g . l . c . ) .

The re a c tio n  was repeated  in  re f lu x in g  xylene w ith  a s im ila r
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r e s u l t .

The dihydronaphthalene contam inant (d e tec ted  in  i . s ,  as an M-4-2 

peak) was not is o la te d .

l,8 -D im ethy l-2 -naph tho l (107 ).

To l,8 -dim ethyl-2-m ethoxynaphthalene (105) (930 mg., 5 mmole) was 

added a 45% w/v so lu tio n  o f HBr (15 m l), and r e d i s t i l l e d ,  deoxygenated 

w ater (15 m l). The m ixture was re flu x ed  under n itro g en  fo r  40 m inutes. 

The cooled re a c tio n  m ixture was d ilu te d  w ith  w ater (25 m l), and 

e x tra c te d  under an atmosphere o f n itro g en  w ith  e th e r  (3 x 20 m l). The 

combined e th e re a l e x tra c ts  were washed w ith w ater, sa tu ra te d  sodium 

b icarb o n ate  so lu tio n  and f in a l ly  w ith  s a tu ra te d  b r in e , d r ie d , and 

so lv en t d i s t i l l e d  o f f  under n itro g en  to  g ive a p a le  yellow  s o lid  (860 mg 

100%). R e c ry s ta l l is a t io n  from e th e r - l ig h t  petroleum  gave c o lo u rle ss  

need les  (780 mg., 91%), m.p. 92- 95° (decom position), o f 1 ,8 -d im eth y l-

2-naphtho l ( 107) ,

> (EtOH) 339, 328.5, 295.5 , 284, 274, 234 nm.
Qj a X  •

V (N ujol) 3400, (broad, OH), 830 (2 a d j. arom.H), 760 (3 a d j. arom.H) max.
X (CDC1t ) 2.5*3*2, m u lt ip le t ,  5H, (A rom atics), 5*20, broad s in g le t ,

3
1H, (OH, D̂ O exchange), 7*28 and 7*13, s in g le ts ,  6H (arom atic CH^’s ) .  

Longer re a c tio n  tim es r e s u l t  in  po ly m erisa tio n .

Treatment o f th e  naphthol (107) w ith a c e t ic  anhydride in  anhydrous 

p y rid in e  a t  room tem perature  fo r  tw elve hours gave a q u a n tita tiv e  y ie ld  

o f 2 -aceto x y -l,8 -d im eth y ln ap h th a len e , which g ives c o lo u rle ss  prism s 

from l ig h t  petroleum  (40-60°) m.p. 60-61.5°»

a (EtOH) 22 8 (4 .9 ), 2 7 5 (sh .) , 283(5-77), 2 9 2 (sh .) , 3 0 3 (sh -), 325(2-92)
u lflX  •

V (N ujol) 1760 (CH C00-), 820 (2 a d j. arom.H), 755 (3 a d j. arom.H) cm"1D&X • y

X  (CDC1t ) 2 .2 -3 .0 , m u lt ip le t ,  5H (A rom atics), 7*10 and 7*33, s in g le ts ,
3

6H (Ar-CH^), 7 .65 , s in g le t ,  3H, (CH^COO-).

m/e 214 (M+, 20), 172 (M -  ke ten e , 100), 157 (M -  (ketene + CH^), 28).

-1cm .

nm.



Required fo r  0 ^ H ^ 0 2 : C 78*48 % > H 6.59%

Found : C 78*10% » H 6.61% .

Oxygenation o f l,8 -d iro e th y l-2 -n ap h th o l (107 ).

Pure 1 ,8 -d im ethy l-2 -naphtho l (516 mg., 3 mmole) was d isso lv ed  in  

anhydrous benzene (15 m l), and oxygenated under standard  co n d itio n s , 

th e  uptake of oxygen being recorded a t re g u la r  in te r v a ls .  (T h eo re tic a l 

uptake = 67 m l).

A fte r 3 + 0 . 2  hou rs, 33 ml had been absorbed.

A fte r 1 2 + 2  hou rs , 65 ml had been absorbed, and no fu r th e r  uptake o f 

oxygen was d e tec te d . (R esu lts  averaged over th re e  experim en ts.)

Removal o f so lven t gave a yellow  s o lid  (610 m g.), r e c r y s ta l l i s e d  

from b en zen e -lig h t petroleum  (60-80°) to  give c o lo u rle ss  p rism s, (570 mg 

94%) o f 1 -hydroperoxy-l, 8 -d im ethyl-2(lH )-naphthalenone (109) ,  m .p. 144-6 

(decom position ),

(Et0H) 235 (3 .9 2 ), 241(3 .92), 317(3.82) nm.
m a x  •

Vmax (CC1 ) 3500 (OH), 1680 (c o n j. C=0) cm*1 .

(KBr) 1660, 800 ( 3 a d j. arom.H), 765 ( c i s - d is u b s t i tu te d  double 

bond) cm*1.

't'(CDCl^) 0 .9 7 , broad s in g le t ,  1H (-00H, D̂ O exchange), 2 .62 , d o u b le t,

J  = 10 H z., 1H (CH-CH-C=0), 2 .7 0 -2 .9 3 , m u lt ip le t ,  3H (A rom atics),

3 .85 , d o u b le t, J  * 10 H z., 1H (CH=CH-C»0), 7 .3 3 , s in g le t ,  3H (CH^-Ar),

8 .4 7 , s in g le t ,  3H (CH^-CR^OH).

m/e 204 (M+) , 187 (M -  OH), 172 (M -  MeOH).

Required fo r  ^ 2^ 12^3 : ® 70.58% , H 5*92%

Found s C 70 . 46% , H 6.13% *

P rep a ra tiv e  chromatography (20% EtO A c-petrol) o f th e  mother liq u o rs  

(30 mg.) gave th re e  components.

The le a s t  p o la r  component (10 mg.) gave p a le  yellow  p la te s  from 

m ethanol, m.p. 155- 157° (decom position), and i s  thought to  be th e  

quinone methide dimer ( l l 6 ) .

(S*00) 23 5 (4 .8 ), 2 8 8 (sh .) , 299(3 .99), 320( s h . ) ,  336 (sh .) nm.max •



-  188 -

V (KBr) 1680 (co n j. C=0), 820 (2 a d j. arom.H), J6 0  (3 a d j. arom.H) cm \Dl&Z *

m/e 340 (M+ , 14), 171 (100), 157 (70) ,  129( 100) .

T his compound was not ob tained  in  s u f f ic ie n t  q u a n tity  to  be unambiguously

c h a ra c te r is e d .

The second component (12 mg.) was id e n t ic a l  in  a l l  re sp e c ts  to

th e  hydroperoxide ( 109) .

The most p o la r  component (ca . 10 mg.) was never is o la te d  in

s u f f ic ie n t  q u a n tity  fo r  c h a ra c te r is a t io n . I t  f a i le d  to  s ta in  on s i l i c a

p la te s  when developed w ith  e e r ie  ( ty p ic a l  o f an a c id ) ,  and was thought

to  be th e  acety lcinnam ic ac id  ( 117) ,

h (EtOH) 263 nm.max •
V (C C lJ  3500-2600 (H-bonded OH), 1700 (C=0) cm'1 ,max. 4
The compound d isso lv ed  in  aqueous sodium b icarbonate  w ith  e ffe rv escen ce .

1-Iso p ro p y l-2 -n ap h th o l (119 )«

T his was prepared by iso p ro p y la tio n  o f sodium 2-naphthoxide in
2anhydrous to lu en e  in  th e  manner rep o rted  .

The naphtho l was is o la te d  in  a pure s ta t e  by f r a c t io n a l  d i s t i l l a t i o n

(b .p . 98-104°/0 .01 mm.). The d i s t i l l a t e  was tak en  up in  e th e r ,  washed

w ith  aqueous sodium hydroxide, and then  w ith  w ater, d r ie d , and so lven t

removed. Three c r y s ta l l i s a t io n s  from b en zen e-lig h t petroleum  gave

co lo u rle ss  n eed le s , m.p. 72-74° ( l i t .^ * ^  72-74°) (55$)• The s p e c tra l
2c h a r a c te r is t ic s  were id e n t ic a l  to  those  rep o rted  fo r  t h i s  naphthol . 

Oxygenation o f l- iso p ro p y l-2 -n ap h th o l (119).

A pure sample of th e  naphthol (119) (560 mg., 3 mmole) was 

d isso lv ed  in  anhydrous benzene (15 m l), and oxygenated under standard  

co n d itio n s .

A fte r  4 + 0 . 5  hours, 35 ml o f oxygen had been absorbed.

A fte r 1 6 + 2  hours, 67 ml o f oxygen had been absorbed.

A p lo t of oxygen uptake versus tim e in  one o f th e se  experim ents i s
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shown in  F ig . A of th e  Appendix.

Removal of so lven t and r e e r y s t a l l i s a t io n  from benzene gave

l-h y d ro p ero x y-l-isop ropy l-2 (lH )-naph tha lenone  (120) (590 m g., 90$ ) t

Oxygenation of th e  naphthol (119) in  th e  presence o f one mole o f 

tripheny lphosph ine  proceeded extrem ely slow ly. A fte r seven days, some 

unreacted  s ta r t in g  m a te ria l was s t i l l  p re se n t. The p ro d u c t, is o la te d

2(lH )-naphthalenone (4 0 ), which could be prepared  in  h igh  y ie ld  from 

th e  hydroperoxide ( 120) by trea tm en t w ith  dim ethyl su lph ide in  e th e r .

6-Bromo-l-iso-propyl-2-»na-phthol (121 ).

(a )  By brom ination o f l- iso p ro p y l-2 -n a p h th o l (119).

F resh ly  c r y s ta l l i s e d  l- is o p ro p y l-2-naph tho l (560 mg., 5 mmole) 

was taken  up in  g la c ia l  a c e t ic  ac id  (10 m l), and a s tandard  so lu tio n  

o f bromine in  a c e tic  ac id  ( 3.2  ml, 3 mmole) was added dropwise w ith  

s t i r r i n g  over t h i r t y  m inutes under dry n itro g e n .

A fte r s tand ing  a t room tem perature  fo r  12 hou rs , w ater (50 ml) 

was added, and th e  so lu tio n  e x tra c te d  w ith  e th e r  (3 x 20 m l). The 

combined e x tra c ts  were washed w ith w ater, aqueous sodium b ica rb o n a te , 

d r ie d , and so lven t removed to  give an orange o i l ,  which could not be 

induced to  c r y s t a l l i s e .  This was taken  up in  e th e r ,  and washed w ith 

d i lu te  aqueous sodium hydroxide, and then  w ith  C la ise n 's  a lk a l i .

The C la ise n 's  a lk a l i  e x tra c ts  were a c id i f ie d  and e x tra c te d  w ith  

e th e r .  The e th e r  e x tra c ts  were washed, d r ie d , and so lven t removed. 

R e c ry s ta l l is a t io n  from b en zene-petro l gave p a le  brown need les (180 mg., 

15$ ) ,  m.p. 70- 77° o f impure 6 -b rom o-l-isopropy l-2 -naph tho l (121).

The o r ig in a l  e th e r  e x tra c ts  (base in so lu b le )  were washed, d r ie d , 

and so lven t removed to  give impure l-b ro m o -i-iso p ro p y l-2 (lH )- 

naphthalenone (122), which could not be p u r if ie d .

whose s p e c tra l  c h a r a c te r is t ic s  were
2 6id e n t ic a l  to  those  rep o rted  ' f o r  t h i s  compound.

2
by p re p a ra tiv e  chromatography, was th e  known 1 -h y d ro x y -l-iso p ro p y l-
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} (EtOH) 240, 315 nm.
Q)€UC •

V ( l iq u id  film ) 3400 (OH o f th e  naphthol (1 2 1 )), I 69O (c o n j. C*0) cm \B18JC •
t  (CDC1-) 1 .9 -3*1, m u ltip le t (Aromatics and CH=CH-C=0), 4*06, d o u b le t,

3
J  = 10 H z., 1H (GH=CH-C=0), J . 6 Q, h e p te t ,  J  = 6.5  H z., 1H (-CH(CH5)2 ) ,

9 .03 , d o u b le t, J  * 6.5  H z., 6H (-CH(CH5)2 ).

A ll sp e c tra  contained bands a t t r ib u ta b le  to  th e  naphthol (121).

The bromonaphthalenone (122) was taken  up in  a so lu tio n  o f 

hydrogen bromide in  g la c ia l  a c e t ic  a c id , and re flu x ed  fo r  tw elve hou rs . 

Water was added, and th e  so lu tio n  e x tra c te d  w ith  e th e r .  T . l . c .  in d ic a te d  

th a t  both  (121) and (122) were p re sen t in  s u b s ta n tia l  q u a n tity .

Treatm ent o f t h i s  m ixture w ith  a c e tic  anhydride in  anhydrous 

p y rid in e  follow ed by f r a c t io n a l  c r y s ta l l i s a t io n  gave 2 -acetoxy-6 - 

b rom o-l-isopropylnaphthalene (310 mg., 23$ ) which gave c o lo u rle ss  

f ib ro u s  need les from l ig h t  petro leum , m.p. 88. 5- 90 . 5° t 

Jl (EtOH) 232(4 .84), 2 7 0 (sh .) , 279(3 .87), 2 9 0 (sh .) , 311(3-06),
Q loX  •

326(3.02) nm.

V (KBr) 1758 (CH C00), 900 ( l  is o la te d  arom.H), 820 (2 a d j. arom.H), max. j
815 (2 a d j. arom.H) cm 1 .

r(CDCl5) 1 .9 -3*0, m u lt ip le t ,  5H (A rom atics), 6 .2 7 , h e p te t ,  J  •  7Hz.,

1H (-CH(CH5)2 ) ,  7*64, s in g le t ,  3H (CH^-C-O), 8 . 55 , d o u b le t, J  -  7 H z.,

6H (-CH(CH3) 2) . 

m/e 306, 308 (M+) .

Required fo r  C ^ H ^ O ^ r  : C 58.66$ , H 4*92$ , Br 26.01$

Pound : C 58.80$ , H 5*00$ , Br 26.25$ *

6-BromQ-l-isoprop.yl-2-naph.thol from 6-broroo-2-naphthol.

6-Bromo-2 -n a p h th o l" ^  (22.3 g*, 0 .1  mole) was d isso lv ed  in  a 

so lu tio n  o f sodium methoxide, prepared by adding sodium (2 .4  g* , 0 .1  mole) 

to  anhydrous methanol (70 m l). The methanol was removed under reduced 

p re ssu re , and anhydrous to lu en e  (50 ml) added. The to lu en e  was removed 

under reduced p re ssu re , and t h i s  process o f adding and removing to lu en e



rep eated  a fu r th e r  th re e  tim es to  remove t r a c e s  o f m ethanol.

To th e  re s id u a l  co lo u rle ss  sodium 6-brom o-2-naphthoxide was 

added anhydrous to lu en e  (75 ml) and then  2-bromopropane (10 m l). The 

m ixture was re flu x ed  under dry n itro g en  ( in te r n a l  tem peratu re  125- 150° )  

fo r  tw enty fo u r hou rs, a f u r th e r  th re e  10 ml p o rtio n s  o f 2-bromopropane 

being  added a t approxim ately s ix  hour in te r v a ls .

To th e  cooled re a c tio n  m ixture was added w a ter, and th e  to lu en e  

la y e r  sep a ra ted . The aqueous la y e r  was th en  e x tra c te d  w ith e th e r  (tw ice) 

and th e  combined organic e x tra c ts  washed w ith 1M sodium hydroxide 

so lu tio n .

The aqueous la y e rs  were combined and a c id i f ie d ,  and th e  r e s u l t in g  

p r e c ip i ta te  f i l t e r e d  o f f ,  washed w ith  w ater, and d ried  to  g ive 6-bremo-

2-naph tho l (16 .5  g*» 74%)*

The organic  e x tra c ts  were th en  ex tra c te d  w ith  C la ise n 's  a lk a l i  

(2 x 25 ml) under an atmosphere of n itro g e n . The a lk a lin e  e x tra c ts  

were c a re fu l ly  a c id i f ie d ,  cooled in  an ic e  b a th , and e x tra c te d  e th e r  

( th re e  t im e s ) . The combined e th e r  e x tra c ts  were washed to  n e u t r a l i ty ,  

d r ie d , and so lven t removed to  give a brown o i l  (5*8 g*)> c o n s is tin g  

m ainly o f 6 -b rom o-l-isopropy l-2 -naph tho l ( l 2 l ) .

P u r if ic a t io n  was achieved by f r a c t io n a l  d i s t i l l a t i o n  (b .p . 127-150°/

0.015  mm.), follow ed by r e c r y s t a l l i s a t io n  from l ig h t  petroleum  to  give 

yellow  prism s (2.4  g . , 9$)i m.p. 74-77° of  6-brom o-1-isopropyl-2 -  

naphthol ( l 2 l ) ,

» (EtOH) 237( 4 . 9 ) ,  273( 5 . 63) ,  283(3 .71), 294(3 .58), 234(3 . 34) ,max.
245(5-56) nm.

V (N ujol) 5400, broad*(H-bonded OH), 885 ( is o la te d  arom atic H),
ID&X e

820 (2 a d j. arom.H), 805 (2 a d j. arom.H) cm ~\

(CDCl^) 1.95-5*10, m u lt ip le t ,  53 (A rom atics), 5*15> s in g le t ,  1H 
5

(-0H, D̂ O exchange), 6.15> s e p te t ,  J  = 6.5  H z., 1H ((CH^^CH-), 8 ,50 , 

do u b le t, J  « 6 .5  H z., 6H ((C H ^C H -).
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6-B rom o-l-isopropyl-2-acetoxynaphthalene was prepared  from t h i s  

naphthol as described  p rev io u s ly  to  g ive a sample id e n t ic a l  in  a l l  

re sp e c ts  to  th a t  prepared by an a l te rn a t iv e  ro u te .

Oxygenation o f 6-brom o-l-isopro-pyl-2-naphthol (121).

F resh ly  c r y s ta l l i s e d  bromonaphthol (121) (795 mg. , 5 mmole) was 

d isso lv ed  in  dry benzBBte (15 ml) and oxygenated under standard  

c o n d itio n s , th e  uptake of oxygen being  recorded a t  re g u la r  in te r v a ls .  

(T h eo re tic a l uptake = 67 m l).

A fte r 2 5 + 2  hours, 33 ml had been taken  up.

A fte r  80 + 5 hou rs , 65 ml had been taken  up, and no fu r th e r  uptake 

was d e tec te d .

The so lven t was removed under reduced p ressu re  to  give a yellow  

s o l id .  R e c ry s ta l l is a t io n  from b en zen e-lig h t petroleum  gave p a le  yellow  

need les (885 mg., 100$), m.p. 137-140° (decom position) of 6-brom o-l- 

h y d ro p ero x y -l-iso p ro p y l-2 ( 1H)-naphthalenone (124)» 

a (EtOH) 2 5 9 (sh .) ,  245(4 .44), 306( 3 . 88) nc .ID»a •
V (C C lJ  3500 (OH), 1680 (c o n j. C=0) cm- 1 .

ID E X  #

(KBr) I 665 (co n j. C=0), 815 (2 a d j. arom.H), 890 ( is o la te d  arom.H)

X (CDCl^) 0 .5 4 , S, 1H (00H, D̂ O exchange), 2 .4 -2 .5 , m u lt ip le t ,  2H, 

(Aromatics H  ̂ and H 

2 .70 , d o u b le t, J  = 10 H z., 1H (CH=CH-C=0), 3-82, d o u b le t, J  -  10 H z.,

1H (CH«CH-C-0), 7 .87 , s e p te t ,  J  = 7 H z., ((C H ^ C H -), 9.12 and 9 .14 , 

two d o u b le ts ,J  -  7 H z., 6H (non-equivalen t CH ^'s). 

m/e 296 and 298 (M+).

Required fo r  C1:tHlz OzBr : C 52.52$ , H 4*41$ , Br 26.88$15 15 5

Found : C 52.41$ , H 4*74$ , Br 27.40$ .

The oxygenation was repeated  on a sample prepared from th e  trea tm en t 

o f pure 2 -acetoxy-l-b rom o-l-isopropy lnaph thalene  w ith  LAH in  anhydrous 

e th e r  under dry n itro g en  ( l  hour r e f lu x ) ,  g iv ing  th e  same r e s u l t s  w ith in  

th e  l im its  o f experim ental e r ro r .

Q) , 2 .54 , d o u b le t, = 1 H z., 1H (Arom atic, H^),

-1cm 9



-  193 -

APPENDIX 

Table 1

Substituted  2-naphthol

Time taken for  : -

Iso la ted  
y ie ld  o f  

Hydro
peroxide

w

Chemical
S h ift

o f
H-8
( t )

Uptake of 
0 .5  moles 
o f oxygen 
per mele. 

(hours)

Complete 
Aut- 

oxidation  
(hours)

1-methyl ------ ca 7*85

1-isopropyl 4 ±  0 .5 16 + 2 90 8.08
X

2 + 0 .5 1 4 + 2

l-isopropyl-6-brom o 25 + 2 8 0 + 5 100 7.95

1 -t-b u ty l ^10 min. 0.53+: 0 .1 85 8.41

1 -t-p en ty l ^10 min. 0 .5  + 0 .1 95 8.37

1-methyl- 3 ,6 -d i-t-b u ty l 1 4 + 2 36 + 5 85 ca 7*8
t t *

bisnaphthylmethane (72) 1 0 + 2  min 1 + o . l ------ 8.11

1 ,8-dimethyl 3 ±  0 .2 12 + 2 94 wmamw—

This experiment was carried out in  d iffu se  sunlight on a bright day.

t  This experiment was carried out in  eth y l acetate-benzene so lu tio n .

*  The downfield s h if t  o f th is  proton may be a resu lt o f mutual

deshield ing by the two naphthalene system s.
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A utoxidation o f l-iso p ro p .y l-2 -n ap h th o l (119 ).

Fig.A

20

OX

0 = Aut o x id a tio n  in  d if fu se  su n lig h t. 

X = A utoxidation in  dark .



-  197 *

INTRODUCTION REFERENCES.

1 .( a )  J.K . Kochi (E d .) , 'F ree  R a d ic a ls ',  In te rs c ie n c e , 1973> V o l .I I ,  i h . I .

(b) J .  B e t ts ,  Q uart.R ev ., 1971> 22. > 265.

(c ) G. S c o tt ,  'Atmospheric O xidation and A n tio x id a n ts ', E ls e v ie r , 1965*

(d) f .O . Lundberg (E d .) , 'A u tox idation  and A n tio x id a n ts ' ,  In te rs c ie n c e , 

1961, V e ls .I  and I I .

2. A. Bromberg, K.A. Muszket, J.Amer.Chem.Soc., 1969> 21 » 2860.

5. D .J. C arlson , J .C . Robb, T rans.Faraday  S e c ., 1966 , 62 , 3405*

4. L* R eich, S .S . S t iv a la ,  'A u tox idation  o f Hydrocarbons and P o ly o le f in s 1, 

Dekker, New York, 1969*

5. E.G. Janzen, F .J .  Johnston , C.A. Ayers, J.Amer.Chem.Soc., 1967,

82 , 1176.

6 . F.R. Kayo, Acc.Chem.Res., 1968, 1, , 193*

7. J.A . Howard, Can.J.Chem., 1972, 22. > 2298.

8. K. Adamic, J.A . Howard, K.U. Ingo ld , Chem.Comm., 1969, 303.

9 . G.A. R u sse ll, J.Amer.Chem.Soc., 1957 > 22. , 3871*

10. R.E. K ellogg, J.Amer.Chem.Soc., 1969» 21  > 5433*

11. S. Korcek, J.H .B . C henier, J .A . Howard, K.U. Ingo ld , Can.J.Chem .,

1972, 22  > 2285, and r e f s ,  th e re in .

12. D. Swem (E d .) , 'O rganic P e ro x id e s ', In te rs c ie n c e , 1971> pps. 106- 

127.

15. L.R. Mahoney, M.A. Da Rooge, J.Amer.Chem.Soc., 1970, 2 2  > 406J.

14* J»A. Howard, Adv.Free Rad.Chem., 1972, 4 , > 4 9 •

15. G.S. Hammond, J.Amer.Chem.Soc., 1955> 21  > 334*

16. K.U. Ingo ld , Acc.Chem.Res., 1969, 2. , 1, and r e f s ,  th e r e in .

17* J.A . Howard, S. Korcek, Can.J.Chem., 1970, £1  , 2165.

18. M. B a l le s te r ,  Pure and Appl.Chem., 19&7* 12 > 123*

19. J.A . Howard, K.U. Ingo ld , Can.J.Chem., 1970, 4 ® , 873*

20. V.V. Voronenkov, A.N. Vinogradov, V.A. Belyaev, Russ.Chem.Rev.,

1970, 22  > 944.



-  198 -

21. see B.C. Nonhebel, J .C . Walton, 'F ree  R adical Chem istry*,

Cambridge U n iv .P ress, 1974> Ch.4» fo r  a review  o f t h i s  s u b je c t .

22. A .J. Dobbs, B.C. G ilb e r t ,  R.O.C. Norman, J.Chem.Soc. (A ), 1971> 124* 

25.- R. Caput0 , L. P re v ite ra ,  P. Menaco, L. Mangoni, T etrahedron ,

1974, 20 , 963.

24 . E.R. A ltw icker, Chem.Rev., 1967» §]_ » 475*

25. A.R. B a tte rsb y , W.I. T ay lo r, 'O xidative  Coupling ©f P h e n o ls ',

A rnold, 1967*

26. H.R. Gersmann, A.F. B ick e l, J.Chem .Soc., 1962, 2356, and r e f s ,  

th e r e in .

27. G.A. N ik ifo rov , V.V. Ershov, Russ.Chem.Rev., 1970, 22. > ^44*

28. M.S. Kharasch, B .S. J o sh i, J.Org.Chem ., 1957 > 22 , 1439*

29. V.V. Ershov, A.A. V o lod 'k in , Chem.Abs., 1962, 22. > 12337c.

50. B. M ille r ,  J.Amer.Chem.Soc., 1967, 82. , 168$.

31. T. M atsuura, K. Ogura, J.Amer.Chem.Soc., 1967, 82 , 3846.

32. T . M atsuura, K. Ogura, T etrahedron , 1968, 24 , 6167*

33. H. B redereck, G. Bauer, Ann., 1970, 739 , 117•

34* 0. B isch o ff , A. Reich©, Z e i tc h r i f t  Chem., 1968, 8. , 384*

35. G. Wejack, B e r ., 1938, J l  , 1102.

36 . J . J .  A rtu s, J . J .  Bonet, A.E. Pena, Chem.Comm., 1973> 579*

37* V. Balasubramaniyan, Chem.Rev., 1966, 66 , 567•

38. D. B rig h t, I .E .  Maxwell, J .  deBoer, J .C .S . P erk in  I I ,  1973> 2101,

and r e f s ,  th e r e in .

39* A. S a ika , A. Kawamori, R. Takagi, J.M ag.R es., 1972, 2. > 324*

40* J .B . R obert, J .S . S h e rf in sk i, R.E. Marsh, J.D . R oberts, J.Org.Chem .,

1974, 2 2  * 1152.

41* H. Van Bekkum, T .J .  Nieuwstad, J .  Van B am eveld , P. K lapw ijk,

B.M. W epster, Rec.Trav.Chim ., 1969> 88 , 1028, and r e f s ,  th e re in .

42. A. Maunschreck, L. E rn s t, Chem.Ber., 1971> 104 , 228.

43* J*F. Anderson, R.W. Franck, W.L. M andella, J.Amer.Chem.Soc.,

1972, 2A. 9 4608, and r e f s ,  th e re in .



-  199 -

44- H.O. House, D.G. K e e p s ill , W.J. Campbell, J.Org.Chem*, 1972,

2L > 10°5-
45. A. R e ise r , T.R . W right, J.Chem .Phys., 1973, 5 2  > 3435•

46 . W.L. M andella, R.W. Franck, J.Amer.Chem.Soc., 1973, 25. » 971, 

and r e f s ,  th e re in .

47* H.H. Wasserman, D.L. Larsen, Chem.Comm., 1972, 253*

43. C.K. B radsher, N.A. P o r te r ,  T.G. W allis , J.0rg*Chem ., 1974,

3£  , 1172.

49* D.L. F ie ld s , T.H. Regan, J.Org.Chem ., 1971, 36 > 2986.

50. A. Schenberg, A. M ustafa, A.F. Shalaby, J.Amer.Chem.Soc*, 1955, 

I I  , 5756.

51. M. Bosco, L. F o r la n i, P .E . Todesco, J.Chem.Soc. (B ), 1970, 1742.

52. M. Schach von W ittenau, J.Org.Chem ., 1964, 2£ , 2746;

A .I . S c o tt ,  C .J . Bedford, J.Amer.Chem.Soc., 1962, 84. , 2271*

53* Franck, K. Yanagi, J.Org.Chem ., 1968, > OH*

54* 0. D u fra isse , A. E tien n e , J .  Rigaudy, B ull.Soc.C him .France, 1948,

804, and r e f s ,  th e re in .

55* Y. O gata, Y. Kosugi, K. H ate, T etrahedron , 1971, 21 , 2705.

56* J .  C am duff, Ph.D. T h e s is , Univ. ©f Glasgow, 1963*

57. D.G. Leppard, Ph.D. T hesi* , U n iv e rs ity  o f  Glasgow, 1969.

58* J .  C am duff, D.G. Leppard, Chem.Comm., 1969, 829*

59* Brackmann, E. Havinga, Rec.Trav.Chim ., 1955, l i  , 1021.

60. K. F r ie s ,  B e r .,  1914, £L , U 93-



-  200 -

DISCUSSION REFERENCES.

I .  7 .S . Gandhi, H. Mori, E. Schwenk, Chem.Pharm.Bull.Japan, 1964,

12 , 112 and r e f s ,  th e re in .
T>u/v, d sJL .

2* D.G. Leppard, Ph.D. T h es is , Univ. o f (llasgow-, 1969*

5«(a) M.L. Khorana, S.H. P a n d it, Ind ian  J.Chem ., 1963? 1. > 489*

(b) K. P r ie s ,  Annalen, 1924, 459 , 232.

4- K. Takeda, H. Osaka, J.Pharm .Soc.Japan, 1955, 2 5  > 210.

5* J .  C arnduff, Ph.D. T h e s is , Univ. o f Glasgow, 1963*

6 . J .  C am duff, D.G. Leppard, Chem. Comm., 1967* 829*

7* E. fe n k e r t ,  R.D. Youssefych, R.G. Lewis, J .lm er.C hem .S oc., i 960, 

82 , 4675.

8 . E. G u la ti, S. S eth , K. Venkataraman, J .P rak t.C h em ., 1933,

41 , 177;

B.C. McKusick, J.Amer.Chem.Soc., 1948, 25. > 2196.

9 . A. B elorossova, V. E p sh ste in , L. A ngert, U ch.Zap.Y aroslavsk. 

T e k n o l.In s t . ,  1962, 8, > 123-

10. B. A lb e r t i ,  Annalen, 1926, 450 , 304»

I I .  L. C la isen , B e r ., 1912, 45  > 3160.

12. V.A. Zagoreosky, J.G en.C hem .(U .S.S.R .) ,  1957* 22 » 3055*

13* A. Schonberg, A. M ustafa, A.F.A.M. Shalaby, J.Amer.Chem.Soc.,

1955* 22. > 5758, and r e f s ,  th e re in .

14. D.R. Buckle, E.S. Weight, Chem.Comm., 1969, 922.

15»(a)W.A. Henderson, E.P. Ullman, J.Amer.Chem.Soc., 1965, 82 » 5424*

(b)R. Huisgen, L.A. F e i le r ,  P .O tto , Chem.Ber., 1969, 102 , 3405»

(c)D .L. F ie ld s , J.Org.Chem ., 1971, 55  , 3002.

16. R. Pummerer, F. F ra n k fu rte r , B e r ., 1919, 52  > 1403*

17* J .  Green, D. McHall, Chem. and In d . ,  1964, 45  > 1801.

18. R .f . Franck, K. Yanagi, J.Org.Chem ., 1968, 45  > 811.



-  201 -

19. H. P . Buu-Hoi, H. LeBihan, P . Binon, P . R ayet, J . Org. Chem. ,

1950, 1 1  , 1060, and r e f s ,  th e re in .

20. A. R eiker, N. Z e lle r ,  K. Schurr, E. M uller, Annalen, 1966, 697 , 1.

21. G.A. Razuvaev, M.L. K hidekel, V.B. B e r lin s , Dokl.Akad.Nauk.,

U .S .S .R ., 1962, l£ j  , 1071.

22. R.T. F e r r is ,  D. Hairier, J.Chem .Soc., i 960 , 1409*

25 . P.A. Brady, J .  C am duff, D.G. Leppard, T e t .L e t . ,  1972, 4185*

24 . T. Kauffmann, A ngew .C h.Int.Ed., 1974, 291, and r e f s ,  th e re in .

25. E. I l l in g w o rth , A.T. P e te rs , J.Chem .Soc., 1951> 1602.

26. J.W. Cook, C.A. Lawrence, J.Chem .Soc., 1936, 1431*

27* R.G. Kadesch, J.Amer.Chem.Soc., 1944, 66 , 1207*

28. F. Snyckers, H. Z o llin g e r , H elv.C him .A cta., 1970, 1294*

29 . C. Gardner, H.B. Boyles, J.Amer.Chem.Soc., 1951, 2 1  , 870.

50. H.C. Brown, C.P. Garg, J.Amer.Chem.Soc., 1961, 82, , 2951*

51. H. VanBekkum, T .J .  Nieuwstad, J .  VanBamevald, P. K lapw ijk,

B.M. ffepste r, R ec.Trav.C him ., 1969, 88 , 1028.

52. D. Bryce-Sm ith, J.Chem .Soc., 1956, l603«

33* J.W. Burnham, f .P .  Duncan, E .J . E isenbraun, O rg .P re p .P ro c .In t. ,

1973, 1  , 285.

34. E ls e v ie r 's  Encyclopaedia, S e rie s  I I I ,  12B , 2374*

35. J .  Kahovec, J .  P o s p is i l ,  Chem. and In d . ,  1969, 489, and r e f s ,  th e re in .

36. P .L . J u l ia n ,  W.G. G is t, J.Amer.Chem.Soc*, 1935, 22. > 2030.

37* A. M eis te rs , T. Mole, Chem.Comm., 1972, 595-

J.K . Kochi, R.G. Salomon, J.Org.Chem ., 19739 2®, , 3715*

38. B.M. T ro s t , M .Preckel, J.Amer.Chem.Soc., 1973t H  * 7862, and

r e f s ,  th e re in .

39. I.M. Hunsberger, J.Amer.Chem.Soc., 1950, 22 , 5626.

40. T. S everin , I .  Ipach, S y n th es is , 1973» 796.

41. D. Swera (E d .) , 'O rganic P e ro x id e s ', In te rs c ie n c e , V o l.I I ,  1970.

42* J .  C afnduff, D.G. Leppard, Chem.Comm., 1971, 975*



-  2 0 2  -

43« R.B. Marks, B .Sc. T h e s is , Univ. o f Glasgow, 1972.

44 . S. D anilov, E. V. D anilova, B e r ., 1934, 62. , 24 .

45* M. Nakamura, M. Oki, T e t .L e t . ,  1973 (lO ), 727*

46 . W.J. LeNoble, S y n th es is , 1970, 1 , 1.

47* R.W. Franck, E.G. L eser, J.Amer.Chem.Soc., 1969, 21  > 1577

48. I  thank Dr. J .E . Anderson, Univ. C ollege, London, fo r  c a rry in g

out t h i s  experim ent.

49* J*E. Anderson, R.W. Franck, W.L. M andella, J.Amer.Chem.Soc., 

1972, 21  > 4608.

50. W.L. M andella, R.W. Franck, J.Amer.Chem.Soc., 1973> 21  > 971*

51. D.L. F ie ld s , T.H. Regan, J.Org.Chem ., 1971> 2® > 2986.

52. G .I. F e u t r i l l ,  R.N. M irring ton , T e t .L e t . ,  1970, 1327, and r e f s ,  

th e re in .

53* A.L. W ilds, W.B. McCormack, J.Amer.Chem.Soc., 1948, JO > 4127* 

Wfchoden der Organische Chemie>, Houben-Weyl, Meerwein, M uller, 

(E d s .) , Vol. IV, 1964, p . 160.

54* E.R. A ltw icker, Chem.Rev., 1967, 62 , 475*

55. D.R. Buckle, E.S. Waight, Chem.Comm., 1969, 922.

. 56. J .  C am duff, unpublished work.

57• G. Lock, Monatsh, 1954, 82 » 802.

58. A. R u sse ll, L.B. Lockhart, O rg .Synth ., C o ll. Vol. I l l ,  463 .

59* V.S. Gandhi, H. M ori, E. Schwenk, Chem.Pharm.Bull.Japan, 1964, 

12 , 112.

60. S.V. Liebermann, E.C. Wagner, J.Org.Chem., 1949> M, > 1008)

R.L. S h rin e r , G.F. G r i l lo t ,  W.O. T e e te rs , J.Amer.Chem.Soc., 

1946, 68 , 946.

61. A. Shimomura, I . B .  Cohen, J.Chem .Soc., 1921, 119 , 746)

K. F r ie s ,  E. Hubner, B e r ., 1906, 22. > 439*

62. A. M erijan , P.D. Gardner, J.Org.Chem ., 1965, 22  > 3965*

63 . P.D. Gardner, H.S. R afsan jan i, L. Rand, J.Amer.Chem.Soc., 1959> 

81 , 3364.



-  203 -

6.4. M.S. Chauhan, F.M. Dean, D. M atkin, M.L. Robinson, J . C . S. P erk in  I ,  

::i973, 120.

65 . R. Pummerer, E. C herbu liez , B e r ., 1919> 22  > 1392.

66. G. C a t te r a l l ,  Chem.Comm., 1974, 41.

67 . H.-U. Wagner, R. Gomper, 'Chem istry o f Quinones1, In te rs c ie n c e ,

Ch. 18, 1145.

68 . P. McCapra, Y.C. Chang, Chem.Comm., 1968, 22, and r e f s ,  th e r e in .

69 . H.O. House, D.G. K o e p s ill , W.J. Campbell, J.Org.Chem ., 1972,

I I  , 1003, and r e f s ,  th e r e in .

70. D. B rig h t, I .E . Maxwell, J .  DeBoer, J .C .S . P erk in  I I ,  1973t 101.

7 1 . ' J .S .  H astin g s , H.G. H e lle r , J .C .S . P erk in  I ,  1972, 1839*

7 2 (a ) .J .E . Marsh, J.Chem .Soc., 1927? 3164*

(b) P .S . Varma, K. R ajah, J .Ind .C hem .S oc., 1933> 10 , 595*

(c ) R. M eldola, J.Chem .Soc., 1885, 41  > 525*

73• P.O. Sammes, S y n th es is , 1970, 636;

R.K. Sharma, N. Kharasch, Angew.Chemie, I n t .E d . ,  1968, 36.

74» I  thank W.A. Henderson and D.L. F ie ld s  fo r  p rov id ing  samples

of t h i s  compound.

75. A.L. Buchachenko, 'S ta b le  R a d ic a ls ',  C onsu ltan ts Bureau, New York, 

1965, p . 90.

76 . M.D. Jameson, B.R. P enfo ld , J.Chem .Soc., 1965, 528.

77. J .  P a rk e r, J .  Vaughan, E. Wong, J.Org.Chem ., 1958, 22 » 1373*

78. M. Sy, J .  O iry , B ull.S oc .ch im .F rance, 1967, 10 , 3759;

M.L. Khorana, 3.Y. P a n d it, Ind.J.C hem ., 1963* 1, , 489*

79. M.J. G allagher, M.D. S u therland , A u stra l.J .C h em ., 1965, 18 » 1111.

80. W. Cdcker, J .  Chem.Soc., 1946, 36.

81. G. T raverso , Gazzeta C h .I t a l . ,  1966, 22  9 1186.

82. L. Ruzicka, K. Hofmann, H. S chellenberg , H e lv e tica , Chim. A c ta ., 

1936, 12 , 1391.

83 . E ls e v ie r 's  Encyclopaedia, S e rie s  I I I ,  12 , 133.



-  204 -

84(a) V. B oeckelheide, M. Goldman, J.Org.Chem ., 1954, 12  > 575•

(b) R.E. B ey ler, L.H. S a r e t t ,  J.Amer.Chem.Soc., 1952, 24  , 1406.

(c ) W. R eid, H. Boden, Chem.Ber., 1958, 21  » 1354*

(d) W.J. M itc h e ll, R.D. Topsom, J .  Vaughan, J.Chem .Soc., 1962, 2  , 2526.

(e ) J.W. Burnham, E .J . E isenbraun, O rg .P re p .P ro c .In t. ,  1972, 4  , 35*

85» H. S taud inger, H. G o ldste in , E. Schlenker, H elv e tica  Chim.Acta,

1921, 4  , 342.

86(a) R .I . D avies, I.M. H eilb ron , F. I rv in g , J.Chem .Soc., 1932, 2  , 275*

(b) J .  Cason, A. Weiss, S.A. M onti, J.Org.Chem ., 1968, 22 > 3404*

87. R.A. B enkeser, K.M. Foley , J.M. Gaul, G.S. L i, J.Amer.Chem.Soc.,

1970, 21  > 5232.

88. K. Ramakrishnan, P. B ic k a rt, Chem.Comm., 1972, 1338*

89 . Cambrian Chemicals Ltd.

90. A. R eiche, H.E. S ey fa rth , F. Brand, Annalen, 1969, 725 , 93*

91. J .  Cason, D.M. Lynch, A. Weiss, J.Org.Chem ., 1973> 21  > 1944*

92. M. Ceray, J .  Malek, Coll.Czech.Chem.Comm., 1970, 22  > 3079*

93* J.H . B rew ster, S.O. Osman, H.O. Beyer, H. Hopps, J.Org.Chem .,

1964, 22 , 121.

94* C.T. West, S .J .  Donnelly, D.A. K o v is tra , M.P. Doyle, J.Org.Chem .,

1973, 22  > 2675.

95* J* C am duff, R.B. Marks, p r iv a te  communication.

96 . J .  Furukawa, K. Omura, 0 . Yamamoto, K. Ishikaw a, Chem.Comm., 1974, 77* 

97* E ls e v ie r 's  Encyclopaedia, S e rie s  I I I ,  12B , 4272.

98. E ls e v ie r 's  Encyclopaedia, S e rie s  I I I ,  12B , 1395*

99* R.L. A ugustine, (E d .) , 'R ed u c tio n ', Dekker, 1968.

100. A.L. Meyer, R.B. T urner, T etrahedron , 1971> U . > 2614, and r e f s ,

th e re in .

101. D. Walker, J.D . H ieb e rt, Chem.Rev., 1967, 62 , 153*

102. L.F. F e is e r , M. F e is e r , 'Reagents fo r  Organic S y n th e s is ',  Wiley,

1967, P* 778 e t seq . .



103. H. Hellmann, J.L.W. Pohlmann, Annalen, 1961, 642 , 28;

L .I .  Smith, J.W. Hom er J r . ,  J.Amer.Chem.Soc., 1938, 60 , 676.

104. K. F r ie s ,  Schimmelschmidt, Annalen, 1930, 484, 290.

105. C.F. Koelsch, O rg .S yn th ., C o ll. Vol. I l l ,  132.

106. M.D. S e v i l la ,  G. Vincov, J.Phys.Chem ., 1968, 24  , 3635*

107. H. S tau d in g er, W. K rie s , W. S c h i l t ,  H elv.Ch.A cta, 1922, 1  9 243

108. L.F. F e is e r , H.L. Holmes, J.Amer.Chem.Soc., 1936, 24  9 2319*

109. D oddre ll, J .C .S . P erk in  I I ,  1973, 1333;

J .B . S to th e rs , fC-13 N.M.R. S pectroscopy’ , Academic P re s s , 1972


