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ABSTRACT

The work desc r i bed  in  t h i s  t h e s i s  i s  concerned w i t h  

p r e p a r a t i o n  and con fo rma t i on  o f  d i h yd ro a r o ma t i c  mo lecu les .

In p a r t  I t he  use o f  a l k a l i n e  m e t a l / l i q u i d  ammonia 

s o l u t i o n s  in  the  p r e p a r a t i o n  o f  d i h y d r o a r o m a t i c  compounds 

i s  rev iewed;  p a r t i c u l a r  emphasis being placed on the e f f e c t  

o f  the s u b s t i t u e n t  on the na tu re  o f  the p roduc ts  ob ta i ne d .

The r e d u c t i o n  o f  seve ra l  benzoic  ac i d  and naph tho i c  acid 

d e r i v a t i v e s  has been i n v e s t i g a t e d  w i t h  a view to  using 

the a l k a l i n e  m e t a l / l i q u i d  ammonia sequence t o  prepare 

s t e r i c a l l y  h i ndered d i h yd ro be n zo i c  ac i ds  and d i hyd ron ap h tho i c  

a c i d s .  I , 4 - D i h y d r o - 8 - m e t h y I - l - n a p h t h o i c  ac i d  and 1 ,4 -  

d i h y d r o - 8 - i s o p r o p y l - I - n a p h t h o i c  ac i d  have been s u c c e s s f u l l y  

prepared by t h i s  method.  In the course o f  t h i s  work the 

re d u c t i o n  o f  the l ac tones  p h t h a l i d e  and na p h t h a l i d e  and 

t h e i r  d ime thy l  analogues have been s t u d i e d .  In these 

cases,  t h e re  i s  c o m p e t i t i o n  between re d u c t i o n  o f  the 

a roma t i c  r i n g  and o f  the  e s t e r  f o r m a t i o n .  Fac tors  which 

i n f l u e n c e  the c o m p e t i t i o n  between these two r e a c t i o n  

pathways have been i n v e s t i g a t e d .

In Par t  11 ev idence f o r  the  con fo rma t i ons  o f  d i h y d r o -  

a roma t i c  r i n g s  i s  rev iewed and the  e f f e c t  o f  the s u b s t i t u e n t s  

i s  d i s cu ss ed .  Nuc lear  magnet i c  resonance (nmr) spec t ro sc op i c  

data f o r  d i h y d ro a ro m a t i c  compounds prepared in Par t  1 

are analysed in d e t a i l ;  these data are then used t o  

de te rmine  the con fo rmat i ons  o f  these c o n f o r m a t i o n a l l y  

b iased and c o n f o r m a t i o n a l l y  locked d i h y d r o a r o m a t i c  r i n g s .
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Aspects o f  the  p r e p a r a t i o n  and p r o p e r t i e s  o f  some 

c o n f o r m a t i o n a l l y  b iased d i h y d ro a ro m a t i c  compounds
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10

CHAPTER 1

INTRODUCTION

Cyclohexa-1,4-dienes (1 , 4 - d i hyd rob enz en es ) ,  1 ,4-

d i hyd ronaph tha  Ienes , and 9 , lO-d ihyd roan th racenes  have

been the s u b j e c t  o f  a c o n s id e r ab le  amount o f  s t udy .

Of p a r t i c u l a r  i n t e r e s t  has been the con fo rma t i ons  adopted
1 2 3by such compounds and t h e i r  d e r i v a t i v e s  ' ’ .

1 , 4 - D ih y d ro a ro m a t i c  r i n g s  can be prepared by severa l  

s y n t h e t i c  r o u t e s .  For example a D i e l s - A d l e r  r e a c t i o n ^  

between a d iene and ace t y l e ne  leads d i r e c t l y  t o  a 1 ,4-  

d i h yd r ob en zen e . P r o p i o l i c  ac i d  and i t s  m e th y l e s te r  

r e a c t  w i t h  1-pheny l  and 1-m e th y Ibu tad iene  r e s p e c t i v e l y  

t o  g i ve  1:1 adducts (1)  and (2) [Scheme 1 ] .  Such compounds 

are a l so  ob ta i ned  f rom the the rma l  decompos i t i on  o f

azo compounds. For example,  Hey, Perk ins  and W i l l i ams 5,6

COOH
I

III _
COOH

(1)

Me
COOMe

H

MeH
COOMeu

b )
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i s o l a t e d  c i  s - and t r a n s - 1 , 4 - d i h y d r o - 4 - t r i t y 1b i pheny 1 (3) 

f rom the produc t s  o f  the decompos i t i on  o f  pheny lazo-  

t r i p he n y I m e t ha n e  (PATM) in  benzene [Scheme 2 ] .  However 

the  most conven ien t  and genera l  p r e p a r a t i v e  rou te  i nvo l ve s  

the r e a c t i o n  o f  a roma t i c  compounds w i t h  a l k a l i  metals
7 Rin l i q u i d  ammonia s o l u t i o n ,  the s o - c a l l e d  B i rch  re d u c t i o n  ’ .

PhN=NCPh3

Ph
P Ph,H

a b
(3)

♦PhsCH + Phz

The aims o f  t h i s  p r o j e c t  are f i r s t l y  t o  study 

in  d e t a i l  some o f  the  f a c t o r s  c o n t r o l l i n g  the e f f i c i e n c y  

and s e l e c t i v i t y  o f  the  B i rch  r e d u c t i o n  procedure and 

second l y  t o  prepare a range o f  d i h yd ro a r o m a t i c  compounds 

by t h i s  procedure w i t h  a view to  i n v e s t i g a t i n g  t h e i r  

con fo rma t i ons  and r e a c t i o n s .



12

CHAPTER 2

THE BIRCH REDUCTION AND RELATED PROCESSES

2 . 1 .  INTRODUCTION

The B i r c h  r e d u c t i o n  i s  the name g iven t o  the process 

by which a roma t i c  compounds are reduced t o  the non

con juga ted  d i h y d ro a ro m a t i c  d e r i v a t i v e s  upon t r e a tm en t  

w i t h  an a l k a l i  metal  in l i q u i d  ammonia s o l u t i o n .  The 

r e a c t i o n  may be c a r r i e d  ou t  in  the  presence o f  a proton
q

donor ,  o r  t h i s  may be added a t  a l a t e r  stage . The reagents 

commonly employed i n c l u d e  the a l k a l i  metals  - l i t h i u m ,  

sodium, and po tass ium,  though meta ls  l i k e  ca l c i um have 

a l so  been used.  React ions w i t h  the metal  s o l u t i o n s  in 

l i q u i d  ammonia o f t e n  employ a c o s o l v e n t ,  such as e t h e r ,  

t e t r a h y d r o f u r a n e  , o r  1 ,2 -d ime thoxye thane  . These increase 

the s o l u b i l i t y  o f  the  o rg an i c  s u b s t r a t e  in the r e a c t i o n  

m i x t u r e ^ ^ .

Other  r e a c t i o n s  in  t h i s  ca tego ry  i nc l u de  the 

d i s s o l v i n g  metal  r e d u c t i o n s  o f  carbon-carbon double bonds 

con juga ted  w i t h  carbony l  groups,  a romat i c  systems or  

o t h e r  carbon-carbon m u l t i p l e  bonds.  D i s s o l v i n g  metal  

r e d u c t i o n s  o f  a roma t i c  systems can a l so  lead t o  t e t r a h y d r o  

d e r i v a t i v e s ^  ^ .

(a)  Reduct ion o f  carbon-carbon bonds

The metal  ammonia s o l u t i o n  i s  c h a r a c t e r i s e d  by 

i t s  a b i l i t y  t o  reduce con jugated carbon-carbon double
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bonds t o  form unconjugated ketones s e l e c t i v e l y  such as 
11(4) The r e a c t i o n  should be c a r r i e d  out  r e l a t i v e l y

CH

C =C H
CH

CH

CH

C=CH
CH

CH

q u i c k l y  s i nce  pro l onged r e a c t i o n  t imes lead t o  the

re d u c t i o n  o f  the  uncon jugated t e r m i n a l  carbon-carbon

double bonds.  The s o l u t i o n  o f  unsa tu ra ted  ketone i s

t r e a t e d  w i t h  more than two e q u i v a l e n t s  o f  sodium or  l i t h i u m

in l i q u i d  ammonia o r  a l o w - m o l e c u la r - w e ig h t  amine ( t he
1 2Benkeser r e d u c t i o n )

Carbon-carbon double bonds con juga ted  w i t h  aromat i c

system or  o t h e r  m u l t i p l e  bonds may a lso  be reduced under

these c o n d i t i o n s .  In t h i s  r e a c t i o n ,  excess o f  p ro ton

donor  i s  r e q u i r e d .  In the  absence o f  the  excess proton

donor  d i m e r i z a t i o n  o f  the  i n i t i a l l y  formed anion r a d i c a l  
1 Ti s  observed [Scheme 3 ] .  The re d u c t i o n  o f  1 ,3 -d i enes

C H 3

P h C =C H ;

PhCH(CH,)j + 

8 0 %

CH, CH,
I I

PhCHCH,CH,CHPh
20 %

CH3 CHa
I I

PhCHGHaCHaCHPh
65 %

(Scheme 3)



14

leads t o  the f o r m a t i o n  o f  c 1 s -a 1kene a t  low tempera tu res  

or  in n o n - p o l a r  media^^ .

CH2=CH-CH=CH2

13%

H3C
\  /

CH

H^ < 1
8 7 /

(b)  Reduct ion o f  a roma t i c  r i n g s

The a b i l i t y  o f  a l k a l i  meta ls  t o  p a r t i a l l y  reduce 

a roma t i c  systems has proved e s p e c i a l l y  use fu l  in  o rgan i c  

s y n t h e s i s .  The f o r m a t i o n  o f  1 ,4 -d i hydrobenzenes  shows 

t h a t  the me ta l - a l coho l -ammon ia  reagent  i s  power fu l  enough 

t o  reduce a benzene r i n g ,  but  s p e c i f i c  enough t o  add 

on l y  two hydrogens^^ ( 5 ) .  A number o f  p o l y c y c l i c  a romat i c

H H

systems,  which have less nega t i ve  r e d u c t i o n  p o t e n t i a l s  

than benzene, are reduced w i t h  an a l k a l i  metal  in l i q u i d
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ammonia in  the  absence o f  an a l c o h o l ,  f o r  example (6)  

Wi th c a r e f u l  a t t e n t i o n  t o  the r e a c t i o n  c o n d i t i o n s ,  i t

Na , NH3 ^

i s  p o s s i b l e  t o  c o n t r o l  the r e d u c t i o n  o f  the p o l y c y c l i c

a roma t i c  systems t o  d i h y d r o - ,  t e t r a h y d r o - ,  and hexa-
1 5hydro-  d e r i v a t i v e s

The d ihydrobenzenes are i n t e r e s t i n g  because they 

can be conver ted  i n t o  compounds i n a c c e s s i b l e  by o th e r  

methods  ̂^ .

OMe o

Thi s r e a c t i o n  i s  o f  a p a r t i c u l a r  impor tance in 

the  s y n th e s i s  o f  c e r t a i n  s t e r o i d s  s i nce the process 

can be used,  f o r  example,  in the  convers i on  o f  an

a n i s o l e r i n g  (7)  t o  a eyelohexenone (8) 10
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..OH

(8)

2 . 2 .  MECHANISM OF THE BIRCH REDUCTION

2 . 2 . 1 .  Basic React ion Pathway

16The bas i c  r e a c t i o n  pathway i s  t hough t  t o  i n v o l v e  

the a d d i t i o n  o f  one e l e c t r o n  t o  g i ve  a r a d i c a l  anion 

(9)  which must be p ro tona ted  (10) be fo re  a d d i t i o n  o f  

a second e l e c t r o n  and p ro ton  can occur  ( I I )  [Scheme 4 ] .

e

(9) (io)
(Scheme 4)

ROH

(11) (5)
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Since ammonia i s  not  a c i d i c  enough t o  p r ov i de  the

p r o t o n ,  i t  i s  necessary t o  use an a l co ho l  f o r  the f i r s t

p r o t o n a t i o n  s te p .  Monocyc l i c  benzene d e r i v a t i v e s  do

not  r e a d i l y  form a r a d i c a l  an ion ,  even in l i q u i d  ammonia,

and r e q u i r e  the  presence o f  an a l c o h o l ,  ammonium c h l o r i d e

or  ano ther  p ro ton  source t o  d i s p la c e  the i n i t i a l

un f avo u rab le  e q u i l i b r i u m  to  the r i g h t .  P o l y c y c l i c

a roma t i c  r i n g s ,  on the o t h e r  hand, g e n e r a l l y  undergo

f a c i l e  t r a n s f o r m a t i o n  t o  the co r respond ing  r a d i c a l  anion

and /o r  d i a n i o n  in the absence o f  an added p ro ton  source.

In these r e a c t i o n s ,  ammonia i t s e l f  serves the r o l e  o f

p r o t o n a t i n g  agen t .

Reduct ion o f  benzene p rov ides  the  s i m p l e s t  example

o f  the above process .  Evidence in suppor t  o f  the mechanism

is  p rov ided  i n  the o b s e rv a t i o n  t h a t  i s  conver ted

i n t o  1 ,4-d i hydrohexaduterober izene (ca 1:1 c i s : t  r  a n s r a t i o )

by B i r c h  r e d u c t i o n ^ F u r t h e r ,  the  presence o f a r a d i c a l

anion c o n t a i n i n g  an unpa i red  e l e c t r o n  which i n t e r a c t s

w i t h  the  e l e c t r o n s  o f  the con juga ted  system, has been

e s t a b l i s h e d  by measurement o f  the e . p . r .  spec t ra  o f
1 8v a r i o u s  r a d i c a l  anion s o l u t i o n s

Such r a d i c a l  anion i n te rm e d i a te s  have very

c h a r a c t e r i s t i c  c o l o u r s .  This  has f o r  example been

demonst rated in  the naphtha lene system [Scheme 5 ] ^ ^ .

The s pe c t r o s c o p i c  s tu d ie s  o f  these spec ies  p rov ides  ev idence

f o r  the  presence o f  a d i a n i o n  o r  r a d i c a l  anion depending
20on the r e a c t i o n  c o n d i t i o n s
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Li
THF

Na^

E W

dark green

Li

TÜF

purple

(Scheme 5)

7 1Bates and coworkers have observed t h a t  k i n e t i c a l l y  

c o n t r o l l e d  p r o t o n a t i o n  o f  a p e n t a d i en y l  anion such as 

(12) leads t o  the  non-con jugated  d iene (5)  r a t h e r  than 

i t s  con juga ted  isomer ( 1 3 ) .  This  i s  summarised in F i g .  1 

and i s  t y p i c a l  o f  the  behav iour  observed in the  k i n e t i c  

p r o t o n a t i o n  o f  pe n t a d i en y l  anions o f  the type ( 1 4 ^ ^ ' ^ ^ .

In o r d e r  t o  s top the r e d u c t i o n  a t  the  d i hyd ro  

s tage ,  i t  i s  necessary t o  p reven t  the i n i t i a l l y  formed 

non -con juga ted  diene (5)  f rom re c o n v e r t i n g  i n t o  the 

anion (1 1 ) .  Th is  r econve rs i on  would a l l o w  the diene (5) 

t o  be i somer i sed  t o  i t s  con juga ted  isomer which is  

s u s c e p t i b l e  t o  f u r t h e r  r e d u c t i o n .  Th e re fo r e ,  the second 

f u n c t i o n  o f  the  a l co ho l  i s  t o  p reven t  the  accumula t i on  

o f  amide ion (NHg") which i s  a s t r o n g e r  base than a l k o x id e  

ion ( R - 0 " ) ,  and f a c i l i t a t e s  t h i s  e q u i l i b r a t i o n .
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X b

26.61 k c a l /  
mol

27.71 k o a i / m o l

A f

F ig .  1: Energy diagram f o r  the  I n t e r c o n v e r s i o n  o f  (5)

and (13) a t  95.0°C.

iT_
CH2=eH-CH=CHa-X ----► CHa CH=CHCH2=X

(I4J

(  X = CH2 or O ]
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C o r r e l a t i o n  w i t h  expe r imenta l  f i n d i n g s  i s  g e n e r a l l y
7 1high , d e s p i t e  the ne g le c t  o f  s t e r i c  and s o l v a t i o n  e f f e c t s  

Thus p roduc t  f o r m a t i o n  i s  g e n e r a l l y  s u b j e c t  t o  k i n e t i c  

r a t h e r  than thermodynamic c o n t r o l .  For example r e d u c t i o n  

o f  benzene produces 1 ,4 -d i hydrobenzenes  r a t h e r  than 

con juga ted  1 , 2 - d i h y d r o  d e r i v a t i v e s .  However i s o m é r i s a t i o n  

t o  the t he rmodynamica l l y  more s t a b l e  isomer i s  observed,  

p a r t i c u l a r l y  i n  cases where the a d d i t i o n  o f  a pro ton
7 1  7  d  9 cz

source i s  de layed ' ' . For example the re d u c t i o n

o f  N^N-d imethy l  p - t o l u i d i n e  (15) leads p redom inan t l y
26(92%) t o  the con juga ted  amine (16) , and the con juga ted

d i h y d r o a n i s o l e  (18) makes 

r e d u c t i o n  o f  a n i s o l e  (17)

d i h y d r o a n i s o l e  (18) makes up 20% o f  the p roduc t  o f  B i rch
27

o

(IS)

Li /NHa  ̂ H;0  
EtC(0HjMe2

VCCHj).

(17)

OCH
Li NH3 

Et^o/EtoH'

CHCH

80/. 20/

(l8)
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2 . 2 . 2 .  T h e o r e t i c a l  S tud ies

(a)  I n t r o d u c t i o n

2 8B i r ch  and coworkers have s tud ied  the  B i rch  re d u c t i o n

by a s e r i e s  o f  ab i n i t i o  mo lec u la r  o r b i t a l  (MO) c a l c u l a t i o n s

on t h i s  r e a c t i o n  pathway.  Examinat ion o f  the nMO o f

benzene shows t h a t  the  added e l e c t r o n  can be accommodated

in e i t h e r  one o f  the p a i r  o f  degenerate eĝ  ̂ o r b i t a l s

(F ig u r e  2 ) .  I f  D symmetry i s  m a in ta i n ed ,  t h i s  leads
®h

Figure  2: Benzene MOs

lb *9

IG2U

l e i g

I32U

p
t o  a degenera te e l e c t r o n i c  s t a t e  f o r  the benzene

r a d i c a l  an ion . The s t a t e  s p l i t s  i n t o  A and ^B2u "u " l u
components f o r  which minimum energy s t r u c t u r e s  can be

2 2de term ined .  The s t r u c t u r e s  o f  A^ and B^ are represented  

as (19)  and (20) r e s p e c t i v e l y  which have very  s i m i l a r
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en e rg i e s .  C a l c u l a t i o n s  suggest  t h a t  the  s t r u c t u r e2 ,

- 1(20)  i s  more s ta b l e  by less than 1 kJmol ” ' but  t h a t  the 

s t r u c t u r e s  can f r e e l y  i n t e r c o n v e r t  as i s  r eq u i re d
2 Q •

e x p e r i m e n t a l l y  s i nce an es r  s tudy on PhH" shows 6

(20)

e q u i v a l e n t  hydrogens.  The r a d i c a l  anion o f  a s u b s t i t u t e d  

benzene has two s t r u c t u r e s  o f  d i f f e r e n t  energ ies  (21) 

and ( 22) .

or

(21)

A
or

(22)

Such r a d i c a l  anions are impo r ta n t  because o f  t h e i r  

invo lvemen t  in  the f i r s t  stage o f  the B i r ch  r e d u c t i o n .  

C a l c u l a t i o n s  show t h a t  f o r  %-bonding s u b s t i t u e n t s  

(X = F.OH.NHg.OCHg) s t r u c t u r e  (21)  i s  p r e f e r r e d  w i t h  

a A ground s t a t e  whereas the %-accept ing s u b s t i t u e n t s  

(X = CHg.COO", CFg,CN,COOH, e t c . )  a l l  p r e f e r r e d  (22) 

w i t h  a B ground s t a t e  and these are exp la i ned  in terms
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o f  the  node p r o p e r t i e s .  In the fo rmer  case,  i . e .  

x -d on a t i n g  s u b s t i t u e n t s ,  the s i n g l y  occupied MO (SOMO) 

has a node, and t h e r e f o r e  zero e l e c t r o n  d e n s i t y  on the 

carbon ad jac en t  t o  the s u b s t i t u e n t  and i s  t h e r e f o r e  f avoured 

by x - e l e c t r b n  donor s u b s t i t u e n t s .  Whereas in the l a t t e r  

case t h e re  i s  a l a rge  o r b i t a l  c o e f f i c i e n t  a t  the ipso 

carbon atom, thus a l l o w i n g  charge t r a n s f e r  i n t o  the

n -a c c ep to r  s u b s t i t u e n t .  These p r e f e r r e d  structures a g r e e

30 32w i t h  the exp e r imen ta l  e . s . r .  data ~ . However the

p r e f e r r e d  s t a t e  o f  the  t o l u en e  r a d i c a l  anion in s o l u t i o n  

i s  ( 2 3 ) ^ ^ ,  whereas B i r c h ' s  c a l c u l a t i o n s ^ ®  suggest  ( 24) .

Exper imen ta l  data suggests t h a t  the f i r s t  steps 

in the  B i r ch  r e d u c t i o n  i n v o l v e  r e v e r s i b l e  e l e c t r o n  

a d d i t i o n  f o l l o w e d  by i r r e v e r s i b l e  p r o tona t i on®^ "®®. 

There fo re  B i r ch  and coworkers use the mo lec u la r  e l e c t r o 

s t a t i c  p o t e n t i a l  (MEP) t o  de termine the path f o r  

p r o t o n a t i o n .  But (MEP) does not  take any account  o f  

c a t i o n s  ( L i ^ / N a ^ )  o r  s o l v e n t  e f f e c t s  because the 

c a l c u l a t i o n s  have been c a r r i e d  ou t  f o r  gas phase i o n s .

They a l so  assume t h a t  no d i a n i on  i s  formed.  For e l e c t r o n  

d o n o r - s u b s t i t u e n t s  i t  i s  p r e d i c t e d  t h a t  p r o t o n a t i o n  should 

occur  o r t h o  or  meta t o  the s u b s t i t u e n t  [Scheme 6 ] .
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Second attack by H'*’ should then be
here a fte r another electron addition . 

(Scheme 6)

For e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t s  ( n - a c c e p t o r s ) va r i ous

r e s u l t s  are o b ta i n e d .  For C^HgNOg"' ,  p r o t o n a t i o n  at

para p o s i t i o n  a f f o r d i n g  (25)  i s  favoured  whereas f o r  
2 _

CgHgCOO "*  ipso p r o t o n a t i o n  l ead ing  to  (26) i s  p r e d i c t e d .  

The presence o f  the c ou n t e r i o ns  may reverse  the s i t u a t i o n  

because t hey  cou ld be asso c ia ted  w i t h  the  negat i ve  reg ion  

around the oxygen atom. At tachment  a t  the  ipso p o s i t i o n

p a r^

H NO, COO"

ips^

(26)

i s  a l so  p r e f e r r e d  by CN" and COOH s u b s t i t u e n t s .  Some 

s u b s t i t u e n t s  however cannot  s u r v i v e  the r e d u c t i o n  c o n d i t i o n s ,  

NOg and CN" f o r  example being themselves reduced.
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(b)  S t r u c t u r e  and S t a b i l i t i e s  o f  c y c l o h e x a d i e n y 1 

r a d i c a l s

o 7
B i r ch  and coworkers have looked a t  the t hermo

d yn a m ic a l l y  c o n t r o l l e d  p r o t o n a t i o n  o f  s u b s t i t u t e d  benzene 

r a d i c a l  an io n .  Al though under the usual  r e a c t i o n  c o n d i t i o n s ,  

t h i s  f i r s t  p r o t o n a t i o n  i s  t hough t  t o  be i r r e v e r s i b l e  and 

k i n e t i c a l l y  c o n t r o l l e d .  The ab- i n i t i o  c a l c u l a t i o n s  were  

c a r r i e d  out  on the  pa ren t  eye lohexad iene and a number 

o f  s u b s t i t u t e d  eye lohexad iene r a d i c a l s ,  w i t h  s u b s t i t u e n t s  

X = H.CHg.CN.NOg.COOH e t c .  as examples o f  it acceptors

and F,OCHg,OH  e t c .  as %-donor.  The c a l c u l a t i o n s  were

f o r  i s o l a t e d  gas phase r e a c t i o n s  and t h e r e f o r e  no s o l ve n t  

e f f e c t s  were i n v e s t i g a t e d .

The c a l c u l a t i o n s  p r e d i c t  the  t hermodynamica l l y  

p r e f e r r e d  p r o t o n a t i o n  s i t e s  o f  s u b s t i t u t e d  benzene r a d i c a l  

anion I t  i s  found t h a t  the « acceptors(CN.NOg) f av o u r  

p r o t o n a t i o n  para to  the  s u b s t i t u e n t ,  whereas « donors 

(OCHg,OH) and CHg p r e f e r  o r t h o  p r o t o n a t i o n .  The COO" 

group i s  found t o  be a very  weak = donor  when a t t ached 

t o  a c y c l o h e x a d i e n y 1 r a d i c a l  f ramework.

^ -A cc ep to r  s u b s t i t u e n t s  are c h a r a c t e r i z e d  by a 

low l y i n g  a n t i b o n d i n g  LUMO (%*X) which can i n t e r a c t  w i t h  

SOMO g i v i n g  one e l e c t r o n  s t a b i l i z a t i o n .  This i n t e r a c t i o n  

i s  s t r o n g e s t  a t  the carbon-atom w i t h  the l a r g e s t  SOMO 

hence a t  C-3 and almost  zero a t  C-2 (F ig u r e  3 ) .



26

f i g .  3

■NI ---------------
I

I
I /

t /
t  >“ /

/

7T*X

j

S u b s t i t u e n t s  which are ^  donors (F.OH.NHg) are 

c h a r a c t e r i s e d  by a h i g h -e ne r gy  doubl y  occupied p o r b i t a l  

which can i n t e r a c t  w i t h  the  SOMO to  g i ve  a s t a b i l i z i n g  

t h r e e - e l e c t r o n  i n t e r a c t i o n .

So these c a l c u l a t i o n s  suggest  t h a t  it accepto rs  reduce 

i pso and /o r  para p r o t o n a t i o n  under i r r e v e r s i b l e  c o n d i t i o n s  

and o r t h o / p a r a  p r o t o n a t i o n s  under e q u i l i b r i u m  c o n d i t i o n s .  

Whi le It donors f a v o u r  i r r e v e r s i b l e  o r t h o  or  meta p r o to n a t i o n  

and t he rmodynamica l l y  c o n t r o l l e d  o r t h o  and para p r o t o n a t i o n .

( c )  R e l a t i v e  r e d u c t i o n  ra tes

Assuming t h a t  p r o t o n a t i o n  t akes p lace a t  the para 

p o s i t i o n  f o r  n accepto r s  and a t  o r t h o  p o s i t i o n  f o r  

n donors ,  the  c a l c u l a t i o n s  suggest  the g r e a t e s t  r a t e  o f  

r e a c t i o n  f o r  n accepto r s  (CN.NOg) and i n te r m e d i a te  r a te  

enhancement f o r  n donors (OCH^). These r e s u l t s  are in
3 5q u a l i t a t i v e  agreement w i t h  e x p e r i m e n t a l l y  observed ra tes  

The exp e r imen ta l  r e d u c t i o n  o f  benzoic  ac i d i s  very  r a p i d ,  

but  o f  m e t a l - i o n  a s s o c i a t i o n ,  and s o l v e n t  e f f e c t s ,  i t
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i s  no t  c l e a r  as t o  whether  the s u b s t i t u e n t  COOH o r  COO" 

bes t  models the  exper imen ta l  s i t u a t i o n  in t h i s  case.

For CHg, the i n t e r p r e t a t i o n  o f  the r e s u l t s  i s  compl i ca ted  

because the methyl  e f f e c t  in s o l u t i o n  i s  the reverse  o f  

t h a t  found in the  g a s - p h a s e ^ ® .

B i rch  and c o w o r k e r s ^ ^ h a v e  a l so  examined 

s u b s t i t u t e d  cy c loh ex ad ie ny l  anions ( 27 ) .  These are s t a b l e  

in  s o l u t i o n  as s a l t s  i n v o l v i n g  the a l k a l i  metal  ca t i o n^ ^  , 

and under c e r t a i n  c o n d i t i o n s  in l i q u i d  ammonia can be 

Stored f o r  seve ra l  days

X

+e"s e",
- e-

C H f

The second p r o t o n a t i o n  s tep in the B i rch  r e d u c t i o n ,  

i . e .  p r o t o n a t i o n  o f  (27)  i s  known e x p e r i m e n t a l l y  t o  occur  

p re do m i na n t l y  para t o  the f i r s t  p r o t o n a t i o n  under 

i r r e v e r s i b l e  c o n d i t i o n s  which i s  c o n s i s t e n t  w i t h  the 

t h e o r e t i c a l  r e s u l t .

The e q u i l i b r i u m  s t r u c t u r e  o f  the cy c l oh exa d i eny l  

an ion has a p l a na r  r i n g .  The r e l a t i v e  isomer energ ies  

and s t a b i l i z a t i o n  energ ies  o f  l - , 2 - ,  and 3 - s u b s t i t u t e d  

c y c lo h e xa d ie n y l  anions are ordered in accordance w i t h
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the  c o e f f i c i e n t s  o f  the HOMO of  cyc l oh ex ad ie ny l  an ion .  

Th e re fo re  «-donors f a v o u r  the 6 - s u b s t i t u t e d  isomer and 

« accep to r s  f a v o u r  the 3 - s u b s t i t u t e d  isomer [Scheme 7]

H C 0 0 -

(•>)

1 KNH

OMe

K N H

(Scheme 7)

rather than C-5

Mo le cu la r  e l e c t r o s t a t i c  p o t e n t i a l s  (MEP) p r e d i c t  t h a t  

k i n e t i c  p r o t o n a t i o n  occurs a t  the carbon atom para to 

t he  f i r s t  p r o t o n a t i o n  ( i . e .  at  C- S) .  This  i s  so 

r e ga rd le s s  o f  s u b s t i t u e n t s  o r  o f  s u b s t i t u e n t  p o s i t i o n .  

P r o to n a t i o n  can a l so  occur  a t  the  o r t h o  carbons but  at  

a s l ower  r a t e .

The f i n a l  step in the B i rch  r e d u c t i o n  i s  the 

p r o t o n a t i o n  o f  the cyc loh ex ad ie ny l  anion t o  form a

1 ,3 - cy c lohexad ienes  o r  1 ,4 - cyc lohexad ienes  . Ab i n i t i o  

c a l c u l a t i o n s ^ ®  i n d i c a t e  1 ,3 - cyc lohexad ienes  t o  be non- 

p l a n a r  w i t h  Cg symmetry w h i l e  1 ,4 - cyc lohexad ienes  are 

p l a n a r  w i t h  Dg symmetry.  This i s  in agreement w i t h  the 

exp e r imen ta l  r e s u l t s .  The energ ies  o f  1 ,4 - cyc lohexad ienes
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and 1 ,3 - cyc loh exa d ie ne s  are found t o  be q u i t e  s i m i l a r .  

Scheme 8 summarizes the f i v e  po s s ib l e  1 ,3 - cyc lohexad ienes  

and 1 ,4 - cy c loh ex ad ie nes  isomers and the path by which 

they  can be formed by i n i t i a l  p r o t o n a t i o n  o f  the  f o u r  

s u b s t i t u t e d  cy c lo h ex ad ie ny l  anions i somers .  The 

1- s u b s t i t u t e d  1 , 3 - cyc l ohexad iene  isomer (29) i s  p r e f e r r e d  

over  a l l  the o t h e r  isomers f o r  a l l  the  s u b s t i t u e n t s .

Th is  i s  in agreement w i t h  the  expe r imenta l  r e s u l t s ^ ^ ^  

f o r  %-donor s u b s t i t u e n t s ,  but  f o r  % -a c c e p to r  s u b s t i t u e n t s

(28)

t he  r e s u l t s  are not  c l e a r .

O
ÏÏ- donor

n-acceptor

(29)

(30)

(31)

(32)

(Scheme 8)

In the above r e a c t i o n  mechanism o f  the B i rch 

r e d u c t i o n ,  the i n i t i a l  e l e c t r o n  a d d i t i o n  produces a r a d i c a l  

anion which r e q u i re s  the  presence o f  p ro ton  source to  

s h i f t  the  e q u i l i b r i u m  to  the r i g h t  (see Scheme 4, p. 16 ) .  

More recen t  work by Rabideau and coworkers *^  i n d i c a t e  

t h a t  in  some p o l y n u c l e a r  compounds and some h i g h l y
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a c t i v a t e d  benzenes,  a second e l e c t r o n  a d d i t i o n  may take 

p l ace t o  produce a d i a n i on  which i s  h i g h l y  ba s i c ^^  and 

p r o t o n a t i o n  by ammonia then takes p lace to  produce a monoanion 

which i s  in  most cases r e s i s t a n t  to  p r o t o n a t i o n  by ammonia^ 

(Scheme 9) and can be a l k y l a t e d  o r  p ro tona ted  by the

+e
-e

ArHR

2RX

ArH' ArH

ArHArH '3
ROH ■

ArH,

(Scheme 9)

a d d i t i o n  o f  s u i t a b l e  reagents  (RX, ROH, H2Ü,NH^C1 , e t c . )  

Anthracene i s ,  f o r  example,  f o l l o w s  the d i a n io n  pathway 

(Scheme 10) .

+61

(Scheme 10)
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2 . 3 .  E x p e r i m e n t a l l y  Observed S u b s t i t u e n t  E f f e c t s

E x p e r i m e n t a l l y  observed s u b s t i t u e n t  e f f e c t s  are 

i n  accord w i t h  the mechanism shown in (Scheme 11) .  

E l e c t r o n - r e l e a s i n g  groups d e a c t i v a t e  the r i n g  and d i r e c t  

the  p r o t o n a t i o n  t o  u n s u b s t i t u t e d  2 , 5 - p o s i t i o n s  (Scheme 11a) 

In c o n t r a s t  e l e c t r o n - w i t h d r a w i n g  groups have the oppos i t e  

e f f e c t ,  p romot i ng  1 , 4 - r e d u c t i o n  at  the p o s i t i o n  bear i ng  

the  s u b s t i t u e n t  (Scheme l i b ) .  A no tab le  exc ep t i on  is

A

Ay

(a) R = NR2 ' , OR', OH, alkyl

(b) R = COOH, C00NH2,Ph

(Scheme 11)

the  r e d u c t i o n  o f  N ^ N - d i m e t h y l a n i l i n e  d e r i v a t i v e  where 

the  ma jor  p roduc t  c o n ta i n s  the con juga ted  l - ( d i m e t h y l a m i n o )

1 , 3 -d i e n e  system^^.  Th is  i s  because,  the  ready a c i d -  

ca ta l y s e d  i n t e r c o n v e r s i o n  o f  enamines a l l ows  e q u i l i b r a t i o n s  

t o  occur  du r i ng  the i s o l a t i o n  o f  the  p roduc t  i f  not  

e a r l i e r ^ ^ .

When both an e l e c t r o n - w i t h d r a w i n g  and an e l e c t r o n -  

dona t i ng  s u b s t i t u e n t  are p r e se n t ,  the a c t i v a t i n g  e f f e c t  

o f  the  e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t  u s u a l l y  c o n t r o l s  

t he  course o f  t he  r e a c t i o n ^ ^ .  I f  t h e r e  i s  a c o m p e t i t i o n  

between s u b s t i t u e n t s ,  the usual  o rd e r  o f  d i r e c t i v e  p r i o r i t y



32

i s :  C=0 > amino > a l k y l .  However many s u b s t i t u e n t s ,  e .g .  

CHgOH, COOMe* e t c .  do not  s u r v i v e  the r e d u c t i o n  c o n d i t i o n s  

u n a f f e c t e d .  The monoalky l  benzoic  ac i ds  g i ve  an i n t e r e s t i n g  

i l l u s t r a t i o n  o f  some o f  the problems which one can see. 

Reduct ion o f  2 - me th y lbenzo i c  ac i d  w i t h  sodium in  l i q u i d  

ammonia g i ves  as expec ted ,  2 - m e t h y l - 1 , 4 - d i h y d r o b e n z o i c  

ac i d  ( 3 3 ) .  Under the same c o n d i t i o n s ,  however,  4 - m e t h y l -

OOH

o

OOH

CH

(33)

benzo i c  ac id  g i ves  a m i x tu r e  o f  uncon jugated t e t r a h y d r o a c i d s  

(34)  and ( 3 5 ) ^ ^ ’ ^®.

COOH

o
N a .N H , ^

OOH OOH

Me
(34)

In the naphtha lene s k e l e t o n ,  changing the  p o s i t i o n  

o f  the methy l  s u b s t i t u e n t  can markedly  a l t e r  the course 

o f  the  r e a c t i o n .  For example,  w h i l s t  r e d u c t i o n  o f  

1-me thy lnaph tha lene  o n l y  occurs i n  the  non-methy la ted  

r i n g  (3 6 ) ,  2 -me thy lnaph tha lene  g ives  (37)  as the major  

p ro du c t ^ ^  t o g e t h e r  w i t h  a s i g n i f i c a n t  amount o f  ano ther  

isomer  (3 8 ) ^ ^ .

*See Chapter  3.
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CH CH

H H. H.

The e f f e c t  o f  methyl  s u b s t i t u e n t s  on d e l o c a l i s e d  

carban ions  has been cons ide red  by severa l  i n v e s t i g a t o r s .  

Olah and coworkers^^  r e po r t ed  t h a t  de p ro to n a t i o n  o f  (39) 

leads t o  (40) and (4 1 ) .  The predominance o f  (41) may

- 60“  C

(41)

i n d i c a t e  t h a t  methyl  i s  less d e s t a b i l i z i n g  ( i f  d e s t a b i l i z i n g  

a t  a l l )  when on a p o s i t i o n  which does not  bear much nega t i ve  

charge in the d e l o c a l i z e d  an ion .  S ta l e y ^ ^  d i d  in f a c t  

conc lude t h a t  a methyl  group i s  d e s t a b i l i z i n g  on a charge-  

bear ing  carbon in anion (43) due t o  i t s  r ap id  convers i on  

t o  ( 4 4 ) .  The e f f e c t  o f  a methyl  group on a non-charge-  

bear i ng  carbon du r i ng  r e d u c t i o n  in a b i pheny l  system w i l l  

be d i scussed l a t e r  (see page 37 ) .
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lyie Me Me

(43) (44) (45)

The e f f e c t  o f  methy l  group on r e l a t i v e  ra tes  appears 

r e l a t i v e l y  smal l  f rom compar ison o f  benzoic  and m- and 

p - t o l u i c  a c i d s .  However,  m - t o l u i c  ac i d  was s l i g h t l y  more 

r e a c t i v e  than benzoic  ac i d  when reac ted  w i t h  a l i m i t e d  

amount o f  sodium in ammonia in  a c o m p e t i t i o n  expe r imen t ,  

w h i l e  t he  para isomer was less r e a c t i v e .  Since the 

c a r b o x y l a t e  group i s  known to  be q u i t e  a c t i v a t i n g  and 

produces 1 , 4 - r e d u c t i o n ,  however ,  t h i s  does appear t o  con f i rm  

the  d i f f e r e n c e s  in t he  e f f e c t  o f  methyl  w i t h  regard to 

i t s  presence on a charge bear ing  or  r e l a t i v e l y  non-charge-  

bea r i ng  carbon.

o oo

T h e r e fo r e ,  we can conclude t h a t  the methyl  s u b s t i t u e n t  

may not  be s imp l y  c a te g o r i z e d  w i t h  regard t o  i t s  e f f e c t  

on r e a c t i v i t y  and r e g i o s e l e c t i v i t y  in  r e d u c t i o n  r e a c t i o n s .

The re d u c t i o n  o f  a n i s o l e  and a n i l i n e  i s  a p a r t i c u l a r l y  

u s e fu l  s y n t h e t i c  r o u te  t o  eyelohexanones th rough h y d r o l y s i s  

o f  the d i h y d r o  i n t e r m e d i a t e s .  The d i r e c t i v e  e f f e c t  o f
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-OCHg^^ and i s  s t r o n g e r  than t h a t  o f  a l k y l

groups so t h a t  (46) g i ves  (48)  v i a  (47)^®.

Me

(46)

Me

(47) (48)

NMe,

o
Li ROH. H ;0

NH

r  NMe, - , NMe.

W e  95%

These d i r e c t i v e  e f f e c t s  have been r a t i o n a l i z e d  by

sugges t i ng  t h a t  i n  a r a d i c a l  an ion ,  the  e l e c t r o n  d e n s i t y

i s  g r e a t e s t  a t  the  atom bea r i ng  the  s u b s t i t u e n t  and at

the p o s i t i o n  para t o  t he  s u b s t i t u e n t  (Scheme 12) f o r
49e l e c t r o n  w i t h d ra w in g  groups and a t  the o r t h o  and meta

50p o s i t i o n s  f o r  e l e c t r o n  dona t i ng  groups

n  CO,Na

N a ,N H ,
o

CH,

e~ -w i t hd raw ing  group

OCHNa.NH 3 e ” -d on a t i ng  group

( S c h e m e  1 2 )
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2 . 4 .  REDUCTIVE ALKYLATION

In t h i s  r e a c t i o n ,  the c y c lo h ex ad ie ny l  anion 

i n t e r m e d i a t e  i s  t r apped by an a lky l  h a l i d e  r a t h e r  than 

be ing p r o t o n a t e d .  The s i t e  o f  the f i r s t  p r o t o n a t i o n  in 

a B i r ch  re d u c t i o n  i s  o f t e n  u n c e r t a i n ,  e . g .  in the case

o f  benzo i c  ac i d (Scheme 13) ,  p r o t o n a t i o n  o f  49 <-* 50

can lead e i t h e r  t o  (51)  o r  t o  ( 5 2 ) .  Of course the f i n a l

p roduc t  (54)  in e i t h e r  case i s  the same. However, t he re

i s  ev i dence in  f a v o u r  o f  a r ou te  v i a  (51) s i nce the 

i n t e r m e d i a t e  (53)  can be me thy la ted  i f  a methyl h a l i d e  

i s  added t o  the  r e a c t i o n  m i x t u r e .

00“00“ 00" 4  COOH

NH,Na.NH,^

(52)(50) (49)

Me COOHH COO

(Scheme 13)
Grossel  and Hayward^^ have a l so  observed t h a t  the r e d u c t i v e  

m é t h y l a t i o n  o f  5 -acenaph tho i c  ac i d g i ves  a 2 a , 5 - d i h y d r o -  

5-methy l  d e r i v a t i v e  (55)  and t h a t  6 - i n d a n o i c  ac i d g i ves  

3a , 6- h y d r o - 6 - m e t h y l i n d a n o i c  ac i d ( 5 6 ) ,  i n d i c a t i n g  t h a t  

t he  f i n a l  a n i o n i c  s i t e  i s  s i t u a t e d  by the carbony l  group.
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Me COzH

(55)

CO2H

The t echn ique  o f  r e d u c t i v e  m é t h y l a t i o n  i s  a l so
c p c p

h e l p f u l  i n  the  b i pheny l  system ’ , which appears to

g i ve  d i f f e r e n t  i n t e r m e d i a t e s  w i t h  d i f f e r e n t  a l k a l i  meta ls  

(Scheme 14) .  The spec ies  where the m é t h y l a t i o n  could

1 Li . NH,
2 CH3 Br

(Scheme 14) in small yield

occu r  are the  r a d i c a l - a n i o n  (5 7 ) ,  the d i a n i o n  (5 8 ) ,  the

(59)(58)(57)

p r o tona te d  monoanion ( 5 9 ) ,  and t h e i r  r e s p e c t i v e  ion p a i r s .  

The proposed mechanism (Scheme 15) f o r  the above m é th y l a t i o n
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i s  t h a t  p r o t o n a t i o n  by ammonia p r i o r  t o  m é t h y l a t i o n .

The i n t e r p r e t a t i o n  o f  t h i s  i s  t h a t  the p ro tona ted  spec ies

NH
e-

RXRX -NH

(Scheme 15)

( 59)

(59) i s  the  d i r e c t  p r e c u r s o r  o f  ( 6 0 ) ,  t h i s  i s  in t u r n  

the  p r e c u r s o r  o f  (62) v i a  p ro ton  a b s t r a c t i o n  f rom the 

4 p o s i t i o n  by amide i o n ,  f o l l o w e d  by a second m é th y l a t i o n  

The observed metal  e f f e c t  may be r a t i o n a l i s e d  as a 

consequence o f  the  much h i g h e r  s o l u b i l i t y ^ ^  o f  sodamide 

than the co r respond ing  l i t h i u m  o r  ca l c i um amide.

A r e l a t i v e l y  h igh c o n c e n t r a t i o n  o f  amide ion in  s o l u t i o n  

i s  e s s e n t i a l  f o r  e f f i c i e n t  p ro ton  a b s t r a c t i o n  du r i ng  t h i s  

s h o r t  t ime p r i o r  t o  second m é t h y l a t i o n .

2 . 5 .  STEREOCHEMISTRY OF REDUCTION AND REDUCTIVE ALKYLATION

Reduct ion in  l i q u i d  ammonia and the  r e l a t e d  r e d u c t i v e  

a l k y l a t i o n  has been re po r t ed  w i t h  emphasis on the e f f e c t s  

o f  s t r u c t u r e  and the  s t e r e o c h e m i s t r y .  Any s te r e o c h e m i s t r y  

ass oc ia t ed  w i t h  r e d u c t i o n  o r  r e d u c t i v e  a l k y l a t i o n  must 

r e s u l t  f rom the  p r o t o n a t i o n  or  a l k y l a t i o n  o f  the f i n a l  

monoanion^^.  The i n te r m e d i a te s  should possess the a b i l i t y
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t o  i n v e r t  a t  the  charged c e n t r e s ,  and should t h e r e f o r e  

be capable o f  adop t i ng  the s t e r i c a l l y  most s t a b l e  

c o n f i g u r a t i o n  and con fo rm a t i on  (see l a t e r  Chapter  6) under 

the  r e a c t i o n  c o n d i t i o n s ' ^ .  The p roduc ts  ob ta i ned  f rom 

them may o r  may not  cor respond t o  these c on fo rm a t i o n s .

In the r e d u c t i o n  o f  an a ,B -u ns a tu ra te d  ketone ,  the 

more bas i c  3- p o s i t i o n  i s  p ro tona ted  f i r s t ,  l ea v in g  a more 

s t a b l e  en o la te  an io n .  In the r e d u c t i o n  o f  ( 6 3 ) ,  p r o t o n a t i o n  

should occur  a x i a l l y  a t  the r i n g  j u n c t i o n  because o f  the 

ov e r l a p  requ i remen ts  o f  the o r b i t a l s ,  and t h a t  even i f  

the  c i s  isomer were t he  more s t a b l e ,  the t r a n s  isomer 

should r e s u l t .  I t  was demonst rated t h a t  t h i s  i s  t r u e  

o f  (63) which g ives  (64)  a l though in t h i s  example d e s p i t e

MeMe

Me
(63) (64)

t he  f a c t  t h a t  the  l a t t e r  i s  the  less s tab le isomer formed
57f rom the  less s t a b l e  ca rban ion

9 , 10 -D ia l ky Iph ena n th ren es  undergo s t e r e o s p e c i f i c

c i s  r e d u c t i o n  a t  t he  9 , 1 0 - p o s i t i o n s  

(67)  as so le  p r o d u c t .

15b , so t h a t  (65) g i ves
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oo o o

o o

Reduct ion o f  9 , 1 0 - d i e t h y l - ,  9 , 1 0 - d i b u t y l ,  and 9 - e t h y l -

10-methy l  an thracene w i t h  l i t h i u m / l i q u i d  ammonia has been 
2 3demonst ra ted t o  proceed s t e r e o s p e c i f i c a l l y  t o  p rov ide  

the co r respond ing  t r a n s - 9 , 10- d i a  1k y l - 9 , 10-d ihyd ro an th rac ene  

( 6 7 ) .  On the  o t h e r  hand,  r e d u c t i o n  o f  9 , 10 -d ime thy l  anthracene 

p rov ides  c i s -  and t r a n s - 9 , 1 0 - d i m e t h y l -9 , 10 - d ihyd roan th racene  

i n  a p p r o x im a t e l y  equal  p r o p o r t i o n s .

Li , NH

(67)

R'= R:= C ,H ; , »'Bu , CHjPh

R’= CH, C,H2"5
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These o b s e rv a t i on s  are e x p l i c a b l e  by a mechanism in which

p roduc t  s t r u c t u r e  i s  de termined du r i ng  the f i n a l  p r o t o n a t i o n

s te p .  In the i n t e r m e d i a t e  mono-anion 68a ^ = è 68e,  o r b i t a l
2

o v e r l a p  should f a v o u r  e q u a t o r i a l  o r i e n t a t i o n  o f  R , and 

the  tendency t o  min im i ze  s t e r i c  i n t e r a c t i o n  would r e q u i r e  

a x i a l  o r i e n t a t i o n  o f  f o r  groups l a r g e r  than methyl  

(Scheme 16)^®.

oo

68

(Scheme 16)

Analogous r e d u c t i v e  a l k y l a t i o n  o f  anthracene w i t h  

l i t h i u m  i n  l i q u i d  ammonia and a 1k y 1bromides a lso  proceeds 

w i t h  h igh s t e r e o s e l e c t i v i t y ^ ^ ,  bu t  p rov ides  the 

co r respond ing  c i s - 9 , 1 0 - d i a l k y l - 9 , 1 0 - d i h y d r o a n t h r a c e n e  

(69)  as the  major  p roduc t  (80% f o r  R=CHg,C2Hg).  The minor  

p roduc ts  o f  r e d u c t i v e  a l k y l a t i o n  i s  the t r a ns  i somer .

L i. NHs , RBr

(69)



4 2

In o r de r  t o  i n v e s t i g a t e  f u r t h e r  the  s te r e o c h e m i s t r y  

o f  the r e d u c t i v e  a l k y l a t i o n ,  Rabideau and coworkers^^  

c a r r i e d  out  the r e d u c t i v e  é t h y l a t i o n  o f  naphtha lene and 

d i scove red  t h a t  é t h y l a t i o n  i s  less s e l e c t i v e  than 

m é t h y l a t i o n  and r e s u l t s  in a m ix tu re  o f  both c i  s and 

t r a n s  isomers (Scheme 17) .  In c o n t r a s t ,  anthracene 

p rov ides  ma in l y  the c i s  i somer .  Reduct i ve a l k y l a t i o n  

w i t h  i s o p r o p y l b r o m i d e , however,  leads on l y  t o  f o rm a t i o n

NaNH

MeBr

H X H

Et' H
(Scheme 17)

o f  t he  t r a n s  i somer ,  and t h i s  i s  s i m i l a r  t o  the  behav iour  

o f  an thracene but  i s  more s e l e c t i v e .  These r e s u l t s  can 

be exp la i n e d  f rom the  s te reochemica l  requ i remen t  o f  the 

cyc lohexad iene  r i n g  sys tem^^ .  D e r i v a t i v e s  o f  1 , 4 - c y c I o -  

hexadienes have been shown to  be p l a na r  and i t  was suggested 

t h a t  f o r  1 ,4 - cy c lo he xa d i e ne  i t s e l f  (Scheme 8 ) the p l an a r  

form i s  an energy minimum. I f  the  p o t e n t i a l  we l l  f o r

1 , 4 - d i h y d ro n a p h th a le n e  system resembles (F i gu re  4 ) ,  

a methy l  s u b s t i t u e n t  i n  the  anion migh t  cause on l y  a 

s l i g h t  f o l d i n g  t o  ( a ) ,  which would r e s u l t  i n  g r e a t e r  

access f o r  a l k y l a t i o n  f rom the  same f a s e .  Th e re fo r e ,
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b

(Figure 4)

w i t h  a smal l  a l k y l a t i n g  agen t ,  i . e .  methyl  i o d i d e , more 

r a p i d  a l k y l a t i o n  occurs  c i s  t o  the  methyl  s u b s t i t u e n t  

r e s u l t i n g  in the  s t e r e o s p e c i f i c  p r od u c t i o n  o f  the c i s  

i somer .  I f  the  a l k y l a t i n g  agent  i s  l a r g e r  ( i . e .  i P r -X )  

a s t e r i c  e f f e c t  w i t h  t he  methy l  s u b s t i t u e n t  r e s u l t s ^ ^  

r educ ing  the  ra t e  o f  pseudoax ia l  a t t a c k  and the t r a ns  

p roduc t  p redomina tes .  Th is  i n t e r p r e t a t i o n  subsequent ly  

has been m o d i f i e d  (see p.  108).

2 . 6 .  EFFECT OF CHANGING CONDITIONS OF BIRCH REDUCTIONS

2 . 6 . 1 .  E f f e c t  o f  Meta l s  and Meta l s  Con cen t r a t i on

The meta l s  used in  the  B i r ch  re d u c t i o n  are l i t h i u m ,

sodium and, t o  a l e s s e r  e x t e n t ,  po tass ium,  magnesium and

c a l c i um .  Use o f  l i t h i u m  i s  p r e f e r r e d  over  t h a t  o f  sodium

f o r  t h r e e  re as on s : -  (a)  i t  has h i g h e r  molar  s o l u b i l i t y
2 7and a h i g h e r  r e d u c t i o n  p o t e n t i a l  in ammonia ( - 2 . 9 9  V 

a t  -50°C)  than sodium ( - 2 .5 9  V at  - 50°C) ;  (b)  the r e a c t i o n s
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w i th  l i t h i u m  are c l e a ne r  than w i t h  he av ie r  me ta l s ;  and 

(c )  the ra t e  o f  decompos i t i on  o f  l i t h i u m  s a l t s  t o  amides 

i s  very  s l ow.  In a d d i t i o n ,  l i t h i u m  has a g r e a t e r  tendency 

than sodium to  form s o l v e n t - s e p a r a t e d  r a t h e r  than c o n ta c t  

ion p a i r s  in  s o l u t i o n ^ ^ .

Rabideau and coworkers have observed t h a t  in 

t he  r e d u c t i v e  a l k y l a t i o n  o f  naphtha lene t h e re  i s  a 

s u b s t a n t i a l  d i f f e r e n c e  in behav iour  between l i t h i u m  and 

sodium meta l s  (Scheme 19) .  Treatment  o f  a s o l u t i o n  o f  

naphtha lene in  l i q u i d  ammonia/THF at  -78°  w i t h  l i t h i u m

H CH

CHoBr
NajwHa 
CHgBr

(71) ^ 'C H )
(Scheme 18)

fo l l o w e d  by excess methyl .bromide a f f o r d e d  1- m e t h y l - 1 , 4- 

d i h yd r on ap h th a l ene  (70)  in  good y i e l d  (95%).  In c o n t r a s t ,  

s i m i l a r  r e a c t i o n  w i t h  sodium metal  gave the d ime thy l  

p r o d u c t ,  c i s - l , 4 - d i m e t h y l - 1 , 4 - d i h y d r o n a p h t h a l e n e  (7 1 ) .

In t h i s  r e a c t i o n ,  the  m o n o l i t h i o  anion (L i^J |NCHg)  formed 

on i n i t i a l  a l k y l a t i o n  o f  the  d i l i t h i o  d i a n i o n  ( 2 L i ‘*‘ ,N~) 

i s  s o l v e n t  separa ted and s u s c e p t i b l e  t o  p r o t o n a t i o n  by 

ammonia t o  form (72) (Scheme 19) ,  whereas the cor respond ing  

monosodio anion e x i s t s  as an i n t i m a t e  ion p a i r  (Na^,RCHg) 

ab le t o  p e r s i s t  i n  the  medium s u f f i c i e n t l y  long enough 

t o  undergo a second a l k y l a t i o n ,  l ead ing  t o  f o r m a t i o n  o f  

( 7 3 ) .
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MX + M+//NaphR
NH,

HNaphR + MNaphHg 
(72)

2M ,Naph'
RX RX

M ,NaphR

M^= Na,Li; Naph = Naphthalene; R=CHg

^ NaphR2 + MX 
(73)

(Scheme 19)

More r e c e n t l y  Rabideau has re po r ted  t h a t  t h i s  

o b s e r v a t i o n  i s  q u i t e  dependent  on the cho i ce  o f  

a l ky l  h a l i d e  and t h a t  the  r e s u l t s  are not  genera l  f o r  a l l  

a l ky l  h a l i d e s .  For example,  w h i l s t  use o f  methyl bromide 

gas leads e x c l u s i v e l y  t o  d i m e th y la te d  p r o d u c t ,  use o f  

l i q u i d  methyl  bromide leads t o  a s i g n i f i c a n t  l ower i ng  in 

the  e x t e n t  o f  d ime thy l  a t  ion .
c o

In r e d u c t i o n  o f  p - t e r p h e n y l  ( 7 4 ) ,  the na tu re  o f  

the  metal  employed i n f l u e n c e s  the  r a t i o  o f  o u t e r  t o  i nn e r  

r i n g  r e d u c t i o n .  Thus,  use o f  l i t h i u m  pe rmi t s  p r e f e r e n t i a l  

i n n e r  r i n g  r e d u c t i o n ,  w h i l s t  employment o f  ca l c i um promotes 

o u t e r  r i n g  a t t a c k .  The na ture  o f  metal  a l so  i n f l u e n c e s
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t he  o u t e r / i n n e r  r a t i o  (Ca, 1.2 > Na, 0.39 > L i ,  0 .24)  

and t h i s  o r de r  p a r a l l e l s  t h a t  observed f o r  r e d u c t i o n .

The c i s / t r a n s  r a t i o  proves independent  o f  the me ta l .

In t he  r e d u c t i v e  m é t h y l a t i o n  o f  b i p h e n y l ,  Harvey^^ and 

coworkers i n v e s t i g a t e d  the e f f e c t  o f  me ta l .  Both l i t h i u m  

and ca lc i um i n  ammonia and m e t hy l b r om ide gave (78) as 

t he  so le  p r o d u c t .  Analogous r e a c t i o n  w i t h  sodium gave 

as major  p roduc t s  (78)  and c i s - and t r a n s - 1 , 4 - d i m e t h y 1 -

1 , 4 - d i h y d r o b i p h e n y l  (79)  w i t h  minor  amounts o f  1 , 4 ,4 -  

t r i m e t h y l  -1 , 4 - d i h y d r o b i p h e n y l  ( 8 0 ) .

The c o n c e n t r a t i o n  o f  the  metal  p l ays  a s i g n i f i c a n t  

r o l e  in the course o f  a r e d u c t i o n .  Metal -ammonia s o l u t i o n s  

range f rom those c o n t a i n i n g  e s s e n t i a l l y  f r e e  so l va ted  

e l e c t r o n s  a t  very  h igh d i l u t i o n  (0 .003 M) t h rough s a l t 

l i k e  i n t e r m e d i a t e  s ta t e s  (0 .003 t o  1.0 M) t o  very  h i g h l y  

co nc en t ra t ed  s a l t  s o l u t i o n s  which have m e t a l l i c  p r o p e r t i e s ^  

A high c o n c e n t r a t i o n  o f  meta l s  f av ou rs  a n i o n i c  over  r a d i c a l  

i ntermed i a t e s .

I m p u r i t i e s  such as i r o n  s a l t s ,  water  and perox ides  

may a l t e r  the course o f  r e a c t i o n .  D i s t i l l a t i o n  o f  ammonia 

i n t o  the r e a c t i o n  vesse l  th rough a column o f  bar ium o x i d e ,  

o r  f rom ano the r  vesse l  c o n t a i n i n g  s o l v a t ed  e l e c t r o n s  

e f f e c t i v e l y  removes mo i s t u r e  and t r a c e s  o f  i r o n  s a l t s .

The c o l l i d a l  meta l s  formed on r e d u c t i o n  o f  the l a t t e r  

c a t a l y s e  the  consumpt ion o f  a l k a l i  me ta l s ,  both by 

a m m o n i a ^ a n d  a l c o h o l s ^ ^ .
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2 .6 .2 . Cosol vents

Many papers which s tudy  the B i r ch  re d u c t i o n  s t r e ss  

t he  impor tance o f  the c o s o l v e n t ,  e . g . ,  e t h e r ,  t e t r a -  

h y d r o f u r a n ,  d imethoxyethane o r  d i oxane ,  in improv ing 

the  poor  s o l u b i l i t y  o f  the o rgan i c  m a t e r i a l  in ammonia 

a t  -33°C.  These agents have g e n e r a l l y  been cons idered  

i n e r t  and o f  no consequence t o  the course o f  the  r e a c t i o n .

The e f f e c t  o f  c o s o l v e n t  can be c l e a r l y  seen in  a 

r e d u c t i o n  i n v o l v i n g  a ca rbony l  carbon .  In t h i s  case,  

t he  na tu re  o f  c o s o l v e n t  can have a d e c i s i v e  i n f l u e n c e  

on the compos i t i on  o f  the r e a c t i o n  p r o d u c t s ^ ^ .  When the 

r e d u c t i o n  o f  es t r on e me th y 1 e t h e r  was conducted in a medium 

c o n t a i n i n g  10 p a r t s  o f  ammonia and 3 pa r t s  o f  e t h e r  t he re  

was i s o l a t e d ,  in  a d d i t i o n  t o  the expected 3-methoxy 

A * ' : - e s t r a d i e n e - 1 7 * - o l ,  a 30% y i e l d  o f  a more i n s o l u b l e  

subs tance ,  the  p i n ac o l  ( 8 1 ) .

OH OH

0 /We
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Ether  and d ime thoxye thane ,  two o f  the  most popu la r

" c o s o l v e n t " ,  gave the bes t  y i e l d s  o f  d imer  ( 7- 10%)

e s p e c i a l l y  when the r e a c t i o n  t ime was extended t o  1.5

h o u r s ^ ' ^ ^ .  When no c o s o l v en t  was used, r e d u c t i o n  o f  es t rone

m e t h y l e t h e r  in  ammonia on l y  gave less than 0.5% o f  d ime r .

Wi th t e t r a h y d r o f u r a n , 3 -methoxy -n -propano l  o r  dioxane
67d i m e r i z a t i o n  amounted t o  less  than 1 % 

p. T5 ) .

(see d i s c u s s i o n .

The s o l v a t i n g  agents a l so  a f f e c t  the r e d u c t i v e  

m é t h y l a t i o n  p r oce ss^ ^ .  For example r e d u c t i v e  m é th y l a t i o n  

o f  naphtha lene w i t h  sodium in ammonia-dimethoxyethane 

a t  -78°  a f f o r d s  (82) and ( 8 3 ) ,  whereas in THF (83) i s  

the  ma jor  p roduc t  w i t h  no (82) being produced.

Na/NH, approx.
equal
ra tioDME

(83) ( 82)

recovered naphthalene

H>CH;93%

2 . 6 . 3 .  E f f e c t  o f  Temperature

The e f f e c t  o f  t empe ra tu re  in  the  re d u c t i o n  has a l so
9 63been c on s i de r ed .  Rabideau and coworkers ’ have found 

t h a t  lower  y i e l d s  and more e x te ns i v e  re d u c t i o n  c h a r a c t e r i z e d
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r e a c t i o n s  preformed at  h i gh e r  t emperatu res  ( - 3 3 ° ) .  The 

re d u c t i o n  o f  naphtha lene at  -33°C gave more t e t r a h y d r o  

p roduc t  than d i h yd ro  p r o d u c t ,  whereas a t  lower  

tempera tu res  ( -78°C)  the d i h yd r o  p roduc t  was f avoured 

( Scheme 20 ) .

Na /  NH;
Et,0

17% 82%

Na /  NH;
E t,0  -78° c

(Scheme 20)

Change o f  t empe ra tu re  markedly  a f f e c t s  the y i e l d s  

o f  mono- and d i - m é t h y l a t i o n  p roduc t s  f rom r e d u c t i v e  

a l k y l a t i o n .  The r e s u l t s  f o r  an thracene and naphthalene 

are shown in Table 1. In g e n e r a l ,  over  r e d u c t i o n  and 

p o l y m e t h y l a t i o n  are f avoured  a t  h i gh e r  tempera tu re  as 

one migh t  exp ec t .

TABLE 1 .

Org. Compd. R-X Temp°C alkal i quench
process

ArHgR̂  % ArHRg %

Anthracene MeBr -78 Na normal 15 80
MeBr -33 Na normal 6 85

Naphthalene Mel -78 Na normal 33 51
Mel -33

/
Na normal 18 55
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2 . 6 . 4 .  Quenching Procedure

The o r de r  o f  a d d i t i o n  o f  reagents  o f t e n  d r a m a t i c a l l y  

i n f l u e n c e s  p roduc t  d i s t r i b u t i o n  ^®,and i s  the most 

im p o r t a n t  s i n g l e  v a r i a b l e  t o  c on s i de r  in s e l e c t i n g  a 

r e a c t i o n  p rocedure .  The t h r e e  t echn iques  commonly employed 

d i f f e r  e s s e n t i a l l y  in  t h i s  r e s p e c t .

A. The substance (S) t o  be reduced i s  d i ss o l v e d

in a l c o h o l  and an e t h e r e a l  cos o l v en t  i s  added t o  a s o l u t i o n  

o f  the metal  in ammonia: (M + NH^) + (S + H* ) .

B. The a l k a l i  metal  i s  added t o  a s o l u t i o n  o f  the 

o t h e r  r eagen ts :  (S + NHg+ + M.

C. The p ro ton  source i s  added a f t e r  a s u i t a b l e  

i n t e r v a l  t o  a s o l u t i o n  o f  the o t h e r  r eagents :

(S + NH3 + M) + (H+) .

The cho ice  o f  method i s  dependent  upon the s t r u c t u r e

and p r o p e r t i e s  o f  the  compound t o  be reduced,  and v a r i a t i o n s

o f  these procedures are o f t e n  advantageous f o r  p a r t i c u l a r
27r e a c t i o n s .  For example,  the Wi lds and Nelson m o d i f i c a t i o n  

o f  Method A i n v o l v e s  a d d i t i o n  o f  a s o l u t i o n  o f  the substance 

t o  one o f  the  a l k a l i  meta l s  in  ammonia f o l l o w e d  by a d d i t i o n  

o f  a l co ho l  over  a s h o r t  p e r i o d :  (M + NHg) + (S) + (H^J.

Th i s  t echn ique  has ex te n s i v e  a p p l i c a t i o n  in  the s t e r o i d  

f i e l d .  Rabideau ^ and Harvey^® have found t h a t  the  most 

s ucc es s fu l  method w i t h  p o l y c y c l i c  hydrocarbons is  

Method C in which the  metal  i s  added over  a s h o r t  pe r iod  

t o  a s o l u t i o n  o f  the  hydrocarbon in  ammonia; a f t e r  a 

s u i t a b l e  i n t e r v a l ,  r e a c t i o n  i s  r a p i d l y  quenched w i t h  

w a te r ,  a l co ho l  o r  ammonium c h l o r i d e  (normal  quench
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t e c h n i q u e ) .  Simple r e d u c t i o n  can be accompl ished by 

ra p i d  quenching w i t h  a s t rong  pro ton  source .  In some 

cases,  the  monoanions produced by p r o t o n a t i o n  o f  d i an io ns  

by ammonia (see mechanism, p. 16 )  may be bas i c  enough 

so as t o  be a lso  p ro tona ted  by the ammonia. This can 

lead t o  two r e s u l t s :  ( 1) the  compound produced (ArH^)

i s  r e s i s t a n t  t o  f u r t h e r  r e d u c t i o n ,  or  ( 2 ) the compound 

may be reduced by o t h e r  pathways.  There fore  in case (2)  

the  removal  o f  the su r p lu s  metal  becomes i m p o r t a n t .

The r e d u c t i o n  o f  anthracene t o  9 , 10 - d ihyd roan th racene  

i n v o l v e s  the use o f  f e r r i c  c h l o r i d e  t o  reduce the su rp lus  

metal  and decrease the  o v e r - r e d u c t i o n  o f  anthracene and 

s top p i ng  the r e a c t i o n  a t  the d i hy d ro  s tage .  Since 

r e d u c t i v e  m é t h y l a t i o n  o f  an thracene proceeds v i a  monoanion 

i n t e r m e d i a t e s ,  the presence o f  f e r r i c  c h l o r i d e  is e s s e n t i a l  

t o  consume the su rp lu s  me ta l .  Use o f  f e r r i c  c h l o r i d e  

i n v o l v e s  long r e a c t i o n  t ime so an i nve rse  quenching 

t ech n iq ue  where the ammonia s o l u t i o n  o f  the hydrocarbon 

can be poured i n t o  a l a rg e  volume o f  s a t u ra te d  ammonium 

c h l o r i d e  o r  the  a l k y l a t i n g  agent  i s  b e t t e r  and under 

these c o n d i t i o n s  the  re d u c t i o n  or  r e d u c t i v e  a l k y l a t i o n  

proceeds smooth ly  and g i ves  good y i e l d s .

The y i e l d  o f  d i a l k y l a t i o n  p roduc t  f rom re d u c t i o n

o f  b i pheny l  a f t e r  0.5 minutes reduces on changing the
52metal  f rom sodium to  l i t h i u m  f rom 95% to  10% . An

inc reased t ime i n t e r v a l  between metal  a d d i t i o n  and 

m é t h y l a t i o n  a l so  r e s u l t e d  in  a lower  d i - to  monomethyl  

r a t i o ;  t h i s  t ime e f f e c t  i s  q u i t e  i n t e r e s t i n g  s i nce  i t
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would appear t o  i n d i c a t e  r e l a t i v e l y  slow p r o t o n a t i o n  o f  

a d i s o d io a n t h r ac en e  d i a n i o n ,  t h i s  d i f f e r e n c e  i s  c o n s i s t e n t  

w i t h  the  lower  b a s i c i t y  expected o f  a d i b e n z y l i c  vs .  a 

d i a l l y l i c  an ion .  On t he  o th e r  hand, r e a c t i o n  w i t h  l i t h i u m  

proved t ime i ndependent ,  so t h a t  p r o t o n a t i o n  o f  t he  d i l i t h i o
C -5

d i a n i o n  must be r e l a t i v e l y  r a p i d .  Rabideau rep o r te d  

t h a t  an i nc rease  i n  t he  tim e  i n t e r v a l  be fo re  quenching 

leads t o  a h i g h e r  p r o p o r t i o n  o f  (75)  a t  the  expense o f  

( 7 6 ) .

76
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CHAPTER 3

REDUCTION OF CARBOXYLIC ACID DERIVATIVES

3 .1 .  INTRODUCTION

The r e d u c t i o n  o f  c a r b o x y l i c  ac i d d e r i v a t i v e s ,  i . e . ,

e s t e r s  and amides,  g i ves  d i f f e r e n t  p r od u c t s .  The re d u c t i o n

o f  e s te r s  by sodium metal  and a l coho l  in  l i q u i d  ammonia

to  form an a l co ho l  i s  known as the Bouveau l t -B lanc  
48procedure . Es ters  can a l so  be reduced w i t h  l i t h i u m  

a luminium hyd r i d e  o r  c a t a l y t i c  hydrogena t ion  w i t h  a copper 

chromic c a t a l y s t .  I f  the r e d u c t i o n  i s  c a r r i e d  out  in 

the  absence o f  a p ro ton  donor ,  f o r  example,  w i t h  sodium 

i n  xy l ene  or  sodium and l i q u i d  ammonia, d i m e r i z a t i o n  takes 

p l ace and t h i s  s y n t h e t i c a l l y  us e fu l  process i s  known as 

t he  a c y l o i n  c o n d e n s a t i o n ^ ^ ' ^ ^ .  Kharasch^^ i n v e s t i g a t e d  

the  re d u c t i o n  o f  e thy l benzoate w i t h  sodium/ammonia/benzene 

and found a wide v a r i e t y  o f  p roduc ts  depending on the 

r e a c t i o n  c o n d i t i o n s  (Scheme 21 ) .

o

OzEt

/ CcH benzaldehyde benzoic acid 
N a / N H s  —-—^  benzoin benzamide

benzil benz ilic  acid

(Scheme 2 1 )



In c o n t r a s t ,  Rabideau^^ has reduced a 1kyl benzoates 

t o  the co r respond ing  1 , 4 - d i h y d r o  compounds in good y i e l d  

by the a d d i t i o n  o f  wate r  p r i o r  t o  t h a t  o f  the metal  

( Scheme 22) .

54

o
*  1.5 HgO ♦ 2.5 Na J f ,

NH 3

CO2R

R I  C2H 5 or f-Bu

(Scheme 22)

Kharasch ' s  c o n d i t i o n s  a f f o r d  benzoin as the major  

p roduc t  because no p ro ton  source i s  p resen t  p r i o r  to  

a d d i t i o n  o f  the m e ta l ,  but  in  Rab ideau 's  p rocedure ,  water  

i s  a c t i n g  t o  p r o to n a te  the r a d i c a l  anion be fo re  d i m e r i z a t i o n  

takes  p l a ce .

e.
H 2O

dimer , etc.

CO2R

H, 0 NH4CI

H CO2R
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Rabideau and coworkers observed t h a t  r educ ing  e s t e r

in  the absence o f  water  does not  g i ve  the des i r ed  p r o d u c t .

They found t h a t  a l t hough a l c o h o l s  have been used t o

p r o to n a te  r a d i c a l  an ions and s h i f t  the i n i t i a l  e q u i l i b r i u m ,

the  e f f i c i e n t  use o f  wate r  in t h i s  c a p a c i t y  appears t o

be r a t h e r  unusua l .  Accord ing  t o  t h e i r  r e s u l t ,  e l e c t r o n

a d d i t i o n  must be t a k i n g  p lace more r a p i d l y  than d e s t r u c t i o n

o f  the  metal  by wa te r .  Rabideau has a lso repor ted  t h a t

t he  biphenyl e s t e r  i s  reduced r e g i o s p e c i f  i c a l  l y  under

these c o n d i t i o n s  a f f o r d i n g  on l y  a s i n g l e  p r od u c t ,  a l though

r e d u c t i o n  o f  b i pheny l  c a r b o x y l i c  ac i d leads to  two 
7 7produc t s  (Scheme 23 ) .

o

o

C0 2 H

27 '/.

o

o

COjEt

(Scheme 2 3 )
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3 .2 .  REDUCTIVE FISSION

Meta l -amine reduc ing  agents and o th e r  d i s s o l v i n g  

metal  systems can b r i n g  about  a v a r i e t y  o f  r e d u c t i v e  f i s s i o n  

r e a c t i o n s  which are use fu l  in  s y n t h e s i s .  Thus a l l y l  or  

b e n z y l a l c o h o l  are r e a d i l y  c leaved by meta l -amine systems^®. 

These types  o f  f i s s i o n  r e a c t i o n s  have been w ide l y  used 

in  s t r u c t u r a l  s t u d i e s  and a l so  f o r  the r e d u c t i v e  removal  

o f  uns a tu ra ted  groups used as a p r o t e c t i n g  agent f o r  amino, 

im ino ,  hyd roxy l  and t h i o l  g roups.  They have been o f  g r ea t  

as s i s t a nc e  in the  e l u c i d a t i o n  o f  the s t r u c t u r e s  o f  a number 

o f  n a t u r a l l y  o c c u r r i n g  a l l y l  and benzyl  a l c o h o l s .  Thus, 

the  s t r u c t u r e  o f  the a l co ho l  l anceo l  (92) was n e a t l y  

con f i rmed by r e d u c t i o n  w i t h  sodium and a l co ho l  in  l i q u i d  

ammonia t o  the known sesqu i t e rpene  hydrocarbon b i sabo lene

(93 )48 .

C jH jO H

CHoOH CH

(9 2) (93)

In the above example,  the a l l y l i c  group i s  c leaved 

s p e c i f i c a l l y  w i t h o u t  r e d u c t i o n  o f  the o l e f i n i c  double 

bonds .

Such r e a c t i o n s  are b e l i e v ed  t o  proceed by f o r m a t i o n  

o f  a r a d i c a l  anion f o l l o w e d  by e l i m i n a t i o n  o f  a s ta b l e



57

10anion o r  some good l e a v in g  group 

o f  the r e s u l t i n g  r a d i c a l  w i t h  thi  

p r o t o n a t i o n  g i ve  the p roduc t  (Scheme 24)

Fu r th e r  r e a c t i o n

o f  the r e s u l t i n g  r a d i c a l  w i t h  the metal  and subsequent

56

Me

Me

Ç -O H
Me

Na/NHj.

C 2H 5OH

MeO

We

\ W e

(Scheme 24)

A l l y l i c  a l c o h o l s  may be c leaved w i t h  va r y i ng  degrees 

o f  ease depending on s u b s t i t u t i o n .  Benzyl  a l co ho l  i s  

r e d u c i b l e  t o  t o l u e n e ^ ^ ,  but  p-methoxybenzy1 a 1 coho 1 (94) 

undergoes min imal  hy d r og eno l y s i s  under a p p r o p r i a te

Ç H 2OH

o C j H sOH^ o

CHoOH

Me

c o n d i t i o n s  and the  r i n g  i s  reduced i n s t e a d .  4 -Me thy Ipheny1 

m e th y l c a r b i n o l  can be made t o  undergo nu c le a r  r e d u c t i o n  

in  the  presence o f  t - b u t a n o l  by p r e l i m i n a r y  f o rm a t i o n  

o f  the a l k o x i d e ,  hyd rog eno l y s i s  being i n h i b i t e d  by the

charge on the oxygen 7 3 a For the same reason,  t r e a t m e n t
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o f  benzy l  a l co ho l  w i t h  l i t h i u m  in e t h y l  amine y i e l d s  the
71t e t r a h y d r o b e n z y l a l c o h o l  , no t  the hydrocarbon .

The r e d u c t i v e  f i s s i o n  o f  a l l y l  o r  benzyl  a l co ho l s  

can be p reven ted ,  i f  necessary ,  by co n v e r t i n g  them i n t o  

the co r respond ing  a l k o x id e  ions by r e a c t i o n  w i t h  sodamide 

o r  o t h e r  s t r ong  base (95) ( 9 6 ) .

Me yMe
C H =C H -C ^O H  C H jC H jC -O H

TOe ^  Me

1  N a /N H , ^
o N a / NHj

O
(96)
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CHAPTER 4 

RESULTS AND DISCUSSION

4 . 1 .  8-METHYL-1,4-DIHYDR0-1-NAPHTHOIC ACID

4 . 1 . 1 .  I n t r o d u c t i o n

8 -Me thy l - 1  , 4 - d i h y d r o n a p h th o i c  ac i d (97) i s  of

i n t e r e s t  as a crowded and p o t e n t i a l l y  c o n f o r m a t i o n a l l y

l ocked d i hyd ronaph tha  1ene (see l a t e r ,  p.  126).  A l o g i c a l

r o u te  t o  prepare  (97) i s  f rom 8 -hydroxymethy1naphtho i c

ac id  (103) but  t h i s  l a t t e r  r a p i d l y  c y c l i s e s  t o  na ph t ha l i de

( 1 00 ) .  Several  r ou tes  t o  n a p h t ha l i de  are repor ted  in 
71the  l i t e r a t u r e  . The pathway chosen proved to  be very 

s a t i s f a c t o r y .  The on l y  d i f f i c u l t y  in Scheme 25 a r i s e s  

f rom the f o r m a t i o n  o f  a m ix tu re  o f  ( 100) and the e s t e r  

( 9 9 ) t h i s  l a t t e r  be ing i s o l a t e d  in the h i gh e r  y i e l d .

O n  P
CHO œ O H

NaBH4
c n mOIO OIO

( 102)

CHj CO OH

COOMe

OIOHoOH

o OIO
(98)

(Scheme 2 5 )

CH2OH ÇOOH

oTb
( 1 0 3 )
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4 . 1 . 2 .  Reduct ion o f  na ph t ha l i de

I t  was decided i n i t i a l l y  t h a t  the most e f f i c i e n t  

r o u te  to  8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac i d (97)  would 

be f rom re d u c t i o n  o f  the s a l t  l i t h i u m  8- ( hydroxymethy1) -  

1-naphthoate  (9 8 ) ,  s i nce r e d u c t i o n  o f  na ph t ha l i de  i t s e l f  

migh t  r e s u l t  in a number o f  s ide r e a c t i o n s .  Reduct ion 

o f  l i t h i u m  8 - ( hydroxymethy1) - 1-naph thoate  by l i t h i u m  metal  

i n ammonia s o l u t i o n  a f f o rd e d  (97) in very good y i e l d  (90%).

The e f f e c t  o f  va r y i n g  the r e a c t i o n  c o n d i t i o n s  on the 

r e d u c t i o n  was a l so  i n v e s t i g a t e d  (Table 2 ) in o rder  to  see 

whether  8 -methy l  naph tho i c  ac i d  could be i s o l a t e d  as a r e a c t i o n  

i n t e r m e d i a t e  o r  t o  see whether  c o n d i t i o n s  could be found 

which would a f f o r d  8 -methy l  naphtho i c  ac id  in good y i e l d .

Wi th 4 mole e q u i v a l e n t  o f  l i t h i u m ,  r e d u c t i o n  o f  (98) gave 

8 - m e t h y l - 1 , 4 - d i h y d r o - l - n a p h t h o i c  ac i d  e x c l u s i v e l y  and no 

s t a r t i n g  m a t e r i a l  was recovered .  Using 2 molar  e q u i v a l e n t  

o f  l i t h i u m  metal  (97)  was a l so  ob ta i ned  in good y i e l d .

However w i t h  1 mole e q u i v a l e n t  o f  the a l k a l i  metal  on l y  

75% o f  p roduc t  (97) was ob ta i ned and 25% o f  naph t ha l i d e  

was recovered .

When (98) was t r e a t e d  w i t h  2 mole e q u i v a l e n t  o f  sodium 

metal  in l i q u i d  ammonia, 1 , 4 - d i h y d r o n a p h t h a l i d e  (104) was 

formed (Scheme 11) .  When (104) was reduced under the 

same c o n d i t i o n s ,  8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac id (97) 

was o b ta i n e d .
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ÇH2OH cOOLi

O
1 Nb/ nh

2 NH4CI

(104)

ÇOOH

(97)
(Scheme 26)

TABLE 2. Meta 1/Ammonia Reduct ion o f  L i t h i um 8- (hydroxy 

m e th y l ) - 1 - n a p h th o a te  (98)

Metal No. of mol. 
equiv.

Solvent Quenching technique % prod. 
(97)(104)

% recovered 
naphthalide

1 Li 4 EïgO NH^Cl added a fte r 
lith ium .

90 - -

2 Li 2 EtgO II 82 - -

3 Li 1 EtgO II 75 - 25

4 Na 2 . Et OH No NH^Cl was added 92 - -

5 Na 2 NH^Cl was added a fte r 
sodium.

- 94

6 Na 1 EtgO 11 82 -

7 Na 2 Eton II 64 -

8 Na 2 EtgO Water was added before 
sodium

60 20 20

9 Na 2 EtgO NH^Cl was added before 
sodium

90
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TABLE 3. M e ta l /  Ammon i a Reduct ion o f  Naphtha l i de  (100)

Metal No. o f mol. 
equiv.

Solvent Quenching technique % product. 
(97)(104)

% recovered 
naphthalide

Li 4 ether NĤ Cl was added a fte r 90 -
lith ium

Na 2 ether NĤ Cl was added a fte r 25 65 10
sodium

Subsequent i n v e s t i g a t i o n  demonst rated t h a t  d i h y d ro -  

na p h t h a l i d e  (104) i s  not  e a s i l y  prepared unless the s a l t  

(98)  i s  very dry  ( e . g . ,  kept  in a d e s i c c a t o r  f o r  not  less 

than one week) .  When l i t h i u m  8 - ( hydroxymethy1 ) naphthoate 

i s  reduced by sodium metal  (2 mole e q u i v a l e n t )  in ammonia 

s o l u t i o n  in the presence o f  added wa te r ,  (97) i s  formed.

I t  i s  i n t e r e s t i n g  t o  note t h a t  Rabideau could on l y  ob ta i n  

e t h y l - 1  , 4 -d i hyd rob enz oa te  f rom e thy Ibenzoa te  by re du c t i o n  

in the presence o f  wa te r .  Under anhydrous c o n d i t i o n s  d im e r i c  

p roduc t s  were i s o l a t e d  (see p. 53 ) .  Table 2 shows t h a t  

8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac i d  (97) could be ob ta i ned  

i n most cases;  i t  was on l y  when very  dry  s a l t  and superdry  

s o l v e n t  were employed t h a t  1 , 4 -d i h y d ro n a p h th o i c  ac i d (104) 

cou ld be ob ta i ned in very good y i e l d .  In some cases a 

m i x tu re  o f  (97)  and (104) was formed which was very 

d i f f i c u l t  t o  be separa ted .

The re d u c t i o n  o f  na ph t ha l i de  (100) i t s e l f  was a lso 

a t t empted us ing 4 mol .  e q u i v a l e n t  o f  l i t h i u m  me ta l ;

8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac i d  (97) was i s o l a t e d  in 

a good y i e l d .  Reduct ion o f  (100) w i t h  2 mol .  e q u i v a l e n t
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o f  sodium gave a m ix tu re  o f  (97) and (104) which when 

f u r t h e r  reduced w i t h  2 mol .  e q u i v a l e n t  o f  sodium gave 

8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac i d e x c l u s i v e l y .  The 

p o s s i b l e  rou tes  to  8- m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac id may 

be envisaged in which be nz y l i c -ox yg en  c leavage occurs 

e i t h e r  as the f i r s t  (Scheme 27) or  second s tep .

The f o r m a t i o n  o f  1 , 4 -d i hyd ronaph tha  1ide would seem 

to  suggest  t h a t  r e d u c t i o n  o f  the carboxy l  s u b s t i t u t e d  r i n g  

i s  the f i r s t  s tep in the re d u c t i o n  of  nap h t ha l i de  d e r i v a t i v e s  

and t h a t  b e nz y l i c -o xy g en  c l eavage occurs at  a l a t e r  s tage.

1 , 4 -Dihydronaphtha  1i de i s  p robab l y  formed v i a  the 

i n t e r m e d i a t e  (105) [Scheme 28 ] .

This ob s e rv a t i o n  i s  p a r t i c u l a r l y  impo r tan t  s ince 

i t  e x p l a i n s  our  i n a b i l i t y  t o  d e te c t  8-methy l  naphtho i c  ac id 

in p roduc t  m i x tu res  f rom these r e a c t i o n s .

An a t t emp t  was t h e r e f o r e  made t o  t r a p  the i n te rm e d i a t e  

anion (106) in o rd e r  t o  i n v e s t i g a t e  the mechanism in more 

d e t a i l .  1 , 4 -D ihydronaphtha  1i de was reac ted w i t h  sodamide 

in  l i q u i d  ammonia to  generate anion (106) which might  f ragment  

to  8-methy l  naph tho i c  ac id  [Scheme 29] or  be cap tured by 

methyl  i o d i d e .  However on l y  na ph t ha l i de  was recovered which 

p robab l y  formed by o x i d a t i o n  o f  (104) s i nce 1 , 4 - d i h y d r o -  

n a p h t h a l i d e  i t s e l f  i s  not  very s ta b l e  and r e a d i l y  

a romat i zes  t o  n a ph th a l i d e  i f  not  kept  under n i t r o g e n .

Treatment  of 1,4 - d i  hydronaphtha 1 ide w i t h  b u t y l  l i t h i u m  in 

t e t r a h y d r o f u r a n  and then quenching o f  the r e a c t i o n  m ix t u r e  

w i t h  methyl  i od id e  d i d not  produce the des i r ed  a l k y l a t e d  

p r o d u c t ,  but  i ns tead  gave naph th a l i de  t o g e t h e r  w i t h  

a very  smal l  amount o f  8 -methy l  naphtho i c  ac i d (107) ( 1 0 %).
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ÇHz COO'C H ^-O H C O O

O

C H , C O O - CH COO"

Me C O O -

NH,

CH

C O O ”Me

H ,0

Me COOH

(Scheme 27)

CH2 OH COOLi

e -
2 H

O

Me CO

COOHMe

(Scheme 2 8 )
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base Mel

(loe)

Me COOH

o o

Me

v ia

(Scheme 29)

COOLi

o o

Me COOH

NH4CI

Me COOH

Na N H j

NH

M e l T  Me rO O H

o

M el

(Scheme 30)

Me COOH

o

Me COOH

oo

(Scheme 31
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The i n v e s t i g a t i o n  o f  t h i s  r e a c t i o n  pathway was t e r m i na ted  

a t  t h i s  s tage s i nce  t r a p p i n g  the d ihydronaphtha  1i de anion 

(106) proved t o  be d i f f i c u l t  and no f u r t h e r  work on t h i s '  

m é t h y l a t i o n  was c a r r i e d  ou t .

Reduct i ve m é th y l a t i o n  o f  8-m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  

ac i d  was a l so  un su c c es s fu l .  This process i s  p robab l y  prevented 

by the s t e r i c  h i ndrance o f  the 8-methy l  group and no f u r t h e r  

a t t emp ts  t o  get  the methy la ted  produc t  was c a r r i e d  out  

[Scheme 30 ] .

The B i r ch  re d u c t i o n  o f  l ac tones  l i k e  (10.0) and t h e i r  

d e r i v a t i v e s  does not  p rov ide  a d i r e c t  s y n t h e t i c  rou te  to 

8 - a l l y l - l - n a p h t h o i c  a c i d .  8 -Methy1 - 1 -na ph tho i c  ac i d (107) 

can however be prepared by subsequent  o x i d a t i o n  o f  

8 -methy1-1 ,4-d ihydronaphthoic  ac id  (97) us ing d i c h l o r o -  

d icyanoqu inone (DDQ) [Scheme 31 ] .

4 . 2 .  REDUCTION OF ANALOGUES NAPHTHALIDES AND PHTHALIDES

In o rde r  t o  i n v e s t i g a t e  the re d u c t i o n  o f  na ph t ha l i de  

and i t s  s a l t  in more d e t a i l  a s e r i e s  o f  analogues were 

prepared and reduced under a v a r i e t y  o f  c o n d i t i o n s .

These i nc l u d e d :  3 , 3- d i m e t h y l n a p h t h a l i d e  (10 8 ) ,  3 ,3 -  

d i m e t h y l p h t h a l i d e  (109 ) ,  p h t h a l i d e  (110) and t h e i r  s a l t s  

( 11 1 ) ,  ( 112) ,  and (113) r e s p e c t i v e l y .
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o
( 110 )

Me^ÇOH COOLi

( 111)

COOLi

( 1 1 2 )

COOLi

'S;^CH20H

(113)

4 . 2 . 1 . a ,a - D i m e t h y l n a p h th a l i d e

o!,o:-Dimethy 1 naphtha 11 de was prepared as descr i bed  
75by Bauer , but  in poor y i e l d  and i t  proved d i f f i c u l t  to  

separa te  (108) f rom naph tho i c  anhyd r i de .  L i t h i u m 8 - 

( 2- h y d r o x y p r o p y l ) naphthoate ( 111) was then prepared from

(108) by the same method as had been used f o r  l i t h i u m  

8 - ( 2 -hydroxyme thy1 ) naphthoate (9 8 ) .  Metal /ammonia re duc t i on  

o f  t h i s  m a t e r i a l  ( 111) was then c a r r i e d  out  under a v a r i e t y  

o f  c o n d i t i o n s  (Table 4 ) .

8 - I s o p r o p y l - 1 , 4 - d i h y d r o - l - n a p h t h o i c  ac id (114) was 

ob ta i ned  in a l l  cases but  on l y  in very low y i e l d .  From 

the t a b l e  below i t  was obvious t h a t  the use o f  more l i t h i u m  

gave a b e t t e r  y i e l d  o f  (114) and less s t a r t i n g  m a t e r i a l  

was recovered .  The on l y  problem w i t h  t h i s  r e du c t i o n  was 

the  d i f f i c u l t y  o f  s ep a ra t i ng  the p roduc t  f rom the s t a r t i n g
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TABLE 4. Reduct ion o f  l i t h i u m  8- ( 2 -h yd ro x y p r op y 1 ) naphthoate 

(111) to  g i ve  the p roduc t  8 - i s o p r o p y l - l  , 4 - d i h y d r o -  

1-na ph tho i c  ac i d (114)

Meta 1 mole
e q u i v a l e n t

So 1 vent Product  (114) % *SM %

Li 2 e th e r 6 85

Li 4 II 23 77

Li 10 II 55 40

Na 2 e t h e r 20 70

*(SM) i s  the s t a r t i n g  m a t e r i a l  recovered which was a m ix tu re  

o f  8 - ( 2 - h y d r o x y p r o p y l ) - l - n a p h t h o i c  ac i d (117) and # ,# - 

d i m e th y 1 naphtha 1 i de (108) .

COOH

o
Me

(1 1 5 )

M eX O H  COOH

o

MegCOH COOH

0 0
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m a t e r i a l .  P u r i f i c a t i o n  by c r y s t a l l i s a t i o n  proved 

u n s a t i s f a c t o r y  and the c r y s t a l l i n e  m a t e r i a l  sought  f o r  

m i c r o a n a l y s i s  was i n i t i a l l y  p u r i f i e d  by p ic  e l u t i n g  the 

m i x tu r e  on s i l i c a  g e l .  The use o f  2 mol .  e q u i v a l e n t  o f  

sodium gave b e t t e r  y i e l d  o f  8- ( i s o p r o p y l ) - l , 4 - d i h y d r o -

1-n ap h th o i c  ac i d (114) than 2 mol .  e q u i v a l e n t  o f  l i t h i u m .  

Th is  i s  p robab l y  due t o  the g r e a t e r  tendency o f  sodium 

to  form co n ta c t  ion p a i r s  r a t h e r  than s o l v e n t - s e p a r a te d  

ion p a i r s  in s o l u t i o n  in  ammonia s o l u t i o n .  The d i f f i c u l t y  

o f  reduc ing  ( 111) was a t t r i b u t e d  t o  the crowded a l k y l  group 

in the 8 - p o s i t i o n  which makes re d u c t i o n  more d i f f i c u l t  

than f o r  ( 9 8 ) .

Me^CH OOH

(114)

Reduct ion o f  a , a - d i m e t h y 1 naphtha 1i de (108) i t s e l f  

w i t h  4 mol .  e q u i v a l e n t  o f  l i t h i u m  s u r p r i s i n g l y  gave a low 

y i e l d  (20%) o f  (114) s i m i l a r  to  t h a t  ob ta i ned  from 

r e d u c t i o n  o f  (111) .  This r e d u c t i o n  was c a r r i e d  out  on l y  

once in o rde r  t o  compare the ease o f  r e d u c t i o n  o f  (108) 

w i t h  t h a t  o f  ( 111) .  The quenching techn ique  was the same 

in a l l  cases.  I t  was not  p o s s i b l e  t o  examine the e f f e c t  

o f  changing the s o l v e n t  on t h i s  r e du c t i o n  even though e th e r  

i s  not  a good s o l v e n t  f o r  a , a - d i m e t h y l n a p h t h a l i d e .
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The  ̂H nmr spectrum o f  8- i s o p r o p y l - 1 , 4 - d i h y d r o - l - 

naphtho i c  ac i d (114) has been f u l l y  analysed in o rder  to  

see the e f f e c t  o f  the 8 - a l l y l  group on the r i n g  con fo rmat i on  

( see l a t e r ,  p . 126) .

In a d d i t i o n  to  8- i s o p r o p y l - 1 , 4 - d i h y d r o - l - n a p h t h o i c  

a c i d ,  some n o n - a c i d i c  m a t e r i a l  was recovered and in some 

cases t h i s  was the major  p r od u c t .  Thin l a y e r  chromatography 

( t i c )  showed two p r odu c t s ,  the nmr spec t ra  o f  which showed 

no pro tons  in the o l e f i n i c  reg ion  but  o th e r  peaks at  6 

(CDCIg) :  7 .3 -7 .1  (ArH,m);  3.5 (broad H);  1.6 (CH^.s ) ;

1.7 (CHg,s) .  IR shows peaks at  3400 (OH), 1710 (0=0) cm"^.  

From these data i t  was t hought  t h a t  some of  the d i m e th y l -  

na p h t h a l i d e  (108) and 8 - ( 2- h y d r o x y p r o p y l ) - 1-naph tho i c  

ac i d  (117) were e x t r a c te d  in the n o n - a c i d i c  s o l u t i o n .

I t  was not  known whether  (117) was formed a f t e r  e x t r a c t i o n  

o r  whether  i t  was in e q u i l i b r i u m  w i t h  ( 108) ,  t h i s  l a t t e r  

be ing e x t r a c t e d  as n o n - a c i d i c  m a t e r i a l .  In o rde r  to  

i n v e s t i g a t e  t h i s  ma t t e r  f u r t h e r ,  the n o n - a c i d i c  e x t r a c t s  

were r e f l u x e d  w i t h  10% sodium hyd rox ide  f o r  one hour and 

the  m ix tu re  was then e x t r a c t e d  w i t h  e th e r  to  g i ve  non- 

a c i d i c  m a t e r i a l  which was found (nmr) to  be e x c l u s i v e l y  

d i m e t h y l n a p h t h a l i d e  ( IR shows no a l c o h o l i c  band) .  There fo re  

in  the re d u c t i o n  p rocess ,  not  a l l  o f  l i t h i u m  8 - ( 2 - h y d ro x y 

p r o p y l )  - 1-naph thoate  was reduced but  some o f  the  s t a r t i n g  

m a t e r i a l  was recovered e i t h e r  as a , a - d i m e t h y l n a p h t h a l i d e  

o r  as 8 - ( 2-h yd ro x y p ro p y1 ) -1 -n a p h th o i c  a c i d .  For t h i s  reason 

excess l i t h i u m  metal  was used in the re d u c t i o n  o f  the s a l t  

( 111) in  the hope o f  improv ing the y i e l d  o f  reduced p rodu c t ,  

as was indeed observed.  Ne i t h e r  8 - ( 2 -h yd ro xy p r op y1) -



71

1 , 4 - d i h y d r o - l - n a p h t h o i c  ac id (116) nor 1 , 4 - d i h y d r o d i m e t h y l - 

n a p h t h a l i d e  (115) have been de tec ted  amongst the re d u c t i o n  

p r o d u c t s .  The low convers i on  observed f rom re d u c t i o n  o f  

( 111) may we l l  r e f l e c t  the i n s o l u b i l i t y  o f  t h i s  m a t e r i a l  

under the r e a c t i o n  c o n d i t i o n s .

4 . 2 . 2 .  3 , 3 - D i m e t h y l p h t h a l i d e

3 , 3 - D i m e t h y l p h t h a l i d e  (109) was i n i t i a l l y  prepared 

us ing the method o f  E i sner  and coworkers^^ ,  but  the y i e l d  

ob ta ined  was very  poor .  A b e t t e r  y i e l d  was ob ta i ned  by 

us ing p h t h a l i c  anhydr ide  and the procedure descr i bed  by 

Bauer^^ and i s o l a t i o n  o f  the p roduc t  in t h i s  case was e a s i e r  

L i t h i u m  2 - ( 2 - h y d r o x y p r o p y 1 )benzoate (112) was then prepared 

by r e f l u x i n g  (109) w i t h  l i t h i u m  hydrox ide  in wa te r .

CH
COOLi

(1 0 9 ) (112)

Reduct ion o f  l i t h i u m  2 - ( 2 - hy d r ox yp r op y 1)benzoate 

was c a r r i e d  ou t  under a v a r i e t y  o f  c o n d i t i o n s  (see 

Table 5 ) .  The re d u c t i o n  gave a number o f  i n t e r e s t i n g  

r e s u l t s .  Reduct ion o f  (109) w i t h  4 mol .  e q u i v a l e n t  o f  

l i t h i u m  gave an a c i d i c  m a t e r i a l  as wh i t e  c r y s t a l s  which 

had b (CDCI3 ):  6 . 3 - 5 .8 (2H, q, CH = CH); 2.5 (4H, s,  CHg) 

1.5 ( 6H, s,  CHg). The i n f r a - r e d  o f  t h i s  m a t e r i a l  shows
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a peak a t  1740 (C=0) cm"^.  The above p roduc t  was ob ta i ned  

pure and in high y i e l d  and was not  contaminated e i t h e r  

by s t a r t i n g  m a t e r i a l  o r  by n o n - a c i d i c  p r od u c t .  Spec t roscop i c  

data p o i n t  t o  a d i h y d r o a r o m a t i c  m a t e r i a l  which could have 

t he p o s s i b l e  s t r u c t u r e  (118) - ( 120 ) .  S t r u c t u r e  (118) 

can be exc luded s i nce  o l e f i n i c  pro tons  would not  be 

m u tu a l l y  s t r o n g l y  coup led .  I t  has not  ye t  proved po ss ib l e  

to  d i s t i n g u i s h  between s t r u c t u r e s  (119) and (120) f o r  t h i s  

m a t e r i a l .  One p o s s i b l e  method f o r  i d e n t i f y i n g  the s t r u c t u r e  

o f  t h i s  compound would be to see whether  i t  would undergo 

a D i e l s - A l d e r  r e a c t i o n  (Scheme 32) w i t h ,  f o r  example,  e i t h e r  

(122) o r  ( 123 ) .

X

X

H3
Ha

j

F  M - P h

u

(122)

o

(123)

(Scheme 32)

When l i t h i u m  2 - ( 2 - hy d r ox yp ro py 1)benzoate was reduced 

w i t h  10 mol .  e q u i v a l e n t  o f  l i t h i u m  metal  a d i f f e r e n t  

p roduc t  was formed.  This was i d e n t i f i e d  as 1 , 4 -d i h y d ro -
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3 , 3 - d i m e t h y l p h t h a l i d e  (121) on the bas i s  o f  i t s   ̂H nmr 

spect rum.  This compound i s  r a t h e r  uns tab le  (perhaps as 

a r e s u l t  o f  s t r a in )  and a l l  a t tempts  to p u r i f y  i t  f a i l e d .

I f  (121) (which i s  an o i l )  i s  l e f t  t o  stand f o r  24 hours 

below 0°C in  a i r  i t  a roma t i zes ,  I t  can,  however,  be s to red  

f o r  seve ra l  days under n i t r o g e n .  At tempts to d i s t i l  (121) 

under reduced pressure (10 mm) r e s u l t  in decompos i t i on .

There fo re  a l l  the analyses o f  (121) were c a r r i e d  

ou t  on the crude m a t e r i a l  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

I t  was t hought  t h a t  m é t h y l a t i o n  o f  1 , 4 - d i h y d r o - 3 , 3 -  

d ime thy l  phtha 1 ide would g i ve  more&stable compound which 

cou ld not  a romat i ze  or  i somer i ze  r e a d i l y .  Thus 1 ,4-  

di  hydro-  1 -methy 1 -3 , 3-d imethy 1 phtha 1 i de (124) was prepared ,  

a l though w i t h  some d i f f i c u l t y .  Reduct i ve m é th y l a t i o n  o f  

l i t h i u m  2 - ( 2 - hy d r o x y p r o p y 1)benzoate on l y  gave 1 ,4 - d i h y d r o -

COOLi

o Li
NH:

CHH,C

NH

( 1 1 2 )
( 1 2 1 ) ( 1 2 4 )

3 , 3 - d i m e t h y 1p h th a 1i de (121) o r  the d i hyd ro  isomer (120) 

t o g e t h e r  w i t h  recovered s t a r t i n g  m a t e r i a l .  However ( 1 2 4 ) 

was s u c c e s s f u l l y  prepared f rom the r e a c t i o n  o f  ( 121) w i t h  

sodamide in ammonia f o l l o w e d  by a d d i t i o n  o f  methyl  i o d i d e .

1 , 4 - D i h y d r o - 1-methy1-3 , 3 - d im e t h y1ph th a1i de (124) i s  more
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s ta b l e  than (121 ) .  I t  i s  an o i l  which could not  be r e a d i l y  

p u r i f i e d  by c r y s t a l l i s a t i o n  or  d i s t i l l a t i o n  (because of  

a r o m a t i z a t i o n ) but  a pure sample was i s o l a t e d  by p ic  f o r  

the s pe c t r o s c o p i c  ana l yses .

Changing the s o l v e n t  gave d i f f e r e n t  r e s u l t s  f o r  when 

l i t h i u m  2- ( 2-h y d ro x y p ro p y 1) benzoate ( 112) was reduced w i t h  

4 mol .  e q u i v a l e n t  o f  l i t h i u m  in e th e r  as a c o s o l v e n t ,  the 

so le  p roduc t  ob ta ined  was(ii9)or(120)^but  in super dry e thano l

1 . 4 - d i h y d r o - 3 , 3 - d i m e t h y l p h t h a l i d e  (121) was formed.

Reduct ion w i t h  10 mol .  e q u i v a l e n t  o f  l i t h i u m  metal  in e thano l  

gave the same p r o d u c t ,  i . e .  ( 121) ,  but  in no b e t t e r  y i e l d .  

Rabideau has suggested t h a t  the presence o f  water  i s an 

e s s e n t i a l  p r e r e q u i s i t e  f o r  the f o r m a t i o n  o f  d i hydro  

p ro d u c t s ,  a p roposa l  suppor ted by the above o b s e rv a t i o n s .

No o th e r  s o l v e n t s  have ye t  been employed in an at t empt  

t o  i n v e s t i g a t e  these e f f e c t s  in more d e t a i l  but  t h i s  r e s u l t  

p a r a l l e l s  the o b se rv a t i on s  made in  the p r e p a r a t i o n  o f  

8 -me thy1- 1 , 4 -d i h y d ro n a p h th o i c  ac i d in the presence o f  wa te r .

Reduct ion o f  3 , 3 - d i m e t h y l p h t h a l i d e  (109) ,  gave 

e n t i r e l y  d i f f e r e n t  r e s u l t s  t o  those o f  l i t h i u m  2- ( 2-hyd roxy -  

p r op y 1 ) benzoate (112) .  When (109) was reduced under B i rch  

c o n d i t i o n s ,  no d i h y d ro a ro m a t i c  compounds were formed but  

a p roduc t  was ob ta i ned  which by nmr shows no o l e f i n i c  

p ro tons  but  on l y  a roma t i c  p r o to ns .  The ^H nmr spectrum 

o f  t h i s  m a t e r i a l  i s  r a t h e r  s imple having ô(CDClg) :

7 .4 -7 .1  (4H, m, A r H ) ; 2.5 ( 3 H , s ) ;  1.6 ( lH , s ,OH)  exchanges 

w i t h  DgO; 1.5 ( 6H, s ) .  I n f r a r e d  shows no carbony l  

ab s o rp t i o n  but  a peak a t  3400 cm” ^. This p roduc t  has
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been ass igned the s t r u c t u r e  (125) on the bas i s  o f  these 

d a t a .

3 CH

o

(1 2 0 ?) ( 1 2 5 )

This p roduc t  a r i s e s  f rom re d u c t i o n  o f  the e s t e r  

ca rbony l  group r a t h e r  than the a romat i c  r i n g .  Reduct ion 

o f  3 , 3 - d i m e t h y l p h t h a l i d e  w i t h  4 mol .  e q u i v a l e n t  o f  l i t h i u m  

metal  in ammonia gave two p r od u c t s ,  the d i hydro  isomer 

(120) 45% and (125) 50%. Use o f  10 mole e q u i v a l e n t  o f  

l i t h i u m  metal  a f f o rd e d  (125) as the so le r e a c t i o n  p ro du c t .

Thus B i r ch  r e d u c t i o n  o f  the l i t h i u m  s a l t  (112) leads 

t o  a romat i c  r i n g - r e d u c e d  p r o d u c t .  In c o n t r a s t ,  under 

these c o n d i t i o n s  the l ac tone  d i m e th y 1p h th a 1i de undergoes 

the r e d u c t i o n  o f  the e s t e r  g roup.  These r e s u l t s  c o n t r a s t  

markedly  w i t h  those found f o r  p h t h a l i d e  i t s e l f ,  as r epor ted  

in the next  s e c t i o n .

4 . 2 . 3 .  P h t h a l i d e  and i t s  S a l t

L i t h i u m  2 - ( hydroxymethy1)benzoate (113 ) ,  which was 

prepared f rom the r e a c t i o n  o f  p h t h a l i d e  w i t h  l i t h i u m  

hydrox ide  in wa te r ,  was reduced by a l k a l i / m e t a l  l i q u i d  

ammonia s o l u t i o n s .
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COOH

( g r " o

OOLi

(113)(128)

Table 6 summarizes the va r i ous  re d u c t i o n  c o n d i t i o n s  

used.  Reduct ion o f  l i t h i u m  2 - ( hydroxymethy1 ) benzoate (113) 

w i t h  10 mole e q u i v a l e n t  o f  l i t h i u m  metal  in ammonia 

a f f o rd e d  an a c i d i c  p roduc t  in a good y i e l d  (80%). (No 

non-ac id  p r o d u c t ( s )  were i s o l a t e d . )  NMR, i r ,  ms, and 

combust ion analyses were a l l  c o n s i s t e n t  w i t h  the f o r ma t i o n  

o f  1 , 4 - d i h y d r o - 2 - ( h y d r o x y m e t h y l ) b e n z o i c  ac id (126) .  From 

the nmr da ta ,  i t  was c l e a r  t h a t  the re d u c t i o n  occur red 

in the a roma t i c  r i n g  bu t  not  in  the a l c o h o l i c  f u n c t i o n .

The r e a c t i o n  m ix tu re  was c lean and easy t o  work up.

No s t a r t i n g  m a t e r i a l  cou ld be de tec ted  in the p roduc t  

m i x t u r e .  For compar ison,  the re d u c t i o n  o f  o - t o l u i c  ac id 

(128) was a l so  i n v e s t i g a t e d .  In t h i s  case under the same 

c o n d i t i o n s ,  a good y i e l d  o f  1 , 4 - d i h y d r o - o - t o 1u i c  ac id (129) 

was i s o l a t e d  t o g e t h e r  w i t h  a n e g l i g i b l e  amount o f  non- 

a c i d i c  m a t e r i a l  which was i d e n t i f i e d  as 2 ,2 ' - d i m e t h y l - 

b i b en z y l  ( 127 ) .  Comparison o f  the re d u c t i o n  o f  (98) shows 

t h a t  (98)  can be reduced both in the a romat i c  r i n g  and 

a t  the b e n z y l i c  p o s i t i o n  e a s i l y  (even w i t h  T mol e q u i v a l e n t  

o f  l i t h i u m  me ta l )  w h i l s t  (113) i s  not  e a s i l y  reduced in 

the s i de c ha in .  This i s  p robab l y  because o f  the hydroxy l  

l ea v in g  group in  anion (130) ,  r e q u i r i n g  an u n s a t i s f a c t o r y

1 , 3- e l i m i n a t i o n  pathway,  i s  p o s i t i o n e d  y  r e l a t i v e  t o  the
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TABLE 6 . Reduct ion o f  l i t h i u m  2 - ( hydroxymethy1 )benzoate 

w i t h  l i t h i u m  metal  in l i q u i d  ammonia.

Metal Mole
equiv.

Solvent Quenching method Acidic*
prod.%

Non-'*’
acidicX

S.M.++

Li 10 ether NH^Cl was added at 
the end

80 - -

Li 4 ether II 70 23 -

Li 2 ether 1 1 90 - -
Li 10 ether NĤ  was added f i r s t 50 - 30
Li 10 ether HgO was added f i r s t 80 - 15

*Acid ic product is  1,4-dihydro-2-hydroxymethylbenzoic acid 
■‘’2 ,2 ' -b i benzyl
++Phthalide

COOH CHCH

(■•26) (127)

TABLE 7. Reduct ion o f  p h t h a l i d e  w i t h  metal /ammonia

Metal Mole
equiv.

Solvent Quenching method Acidic

%

Non-
acid ic*

%

S.M.

%

Li 10 ether NH^Cl was added 
at the end

- 64 36

Li 5 ether II - 60 36

*non-acidic is  the dimer 2 ,2 '-d im ethylb ibenzyl.
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CHôOH CO2H

CH2OH

(130) (131)

charge cen t re  whereas in (131) i t  i s  in a e p o s i t i o n .

In o rd e r  to  i n v e s t i g a t e  f u r t h e r  the produc ts  ob ta i ned  from 

metal /ammonia re d u c t i o n  o f  l i t h i u m  2- ( hydroxyme thy l ) benzoa te ,  

the  ac id f u n c t i o n  o f  o - t o l u i c  ac i d (128) and o f  1 , 4 - d i h y d r o -  

o - t o l u i c  ac i d  (129) were each r e a d i l y  reduced by l i t h i u m  

aluminium hyd r i de  to  g i ve  as p roduc ts  a -hydroxyme thy1 

xy l ene  (132) and 1 , 4 - d i h y d r o - a - h y d r o x y m e t h y 1 xy l ene (133) 

r e s p e c t i v e l y  in high y i e l d .  No ev idence was found f o r

CO2 H

o Me

(129) (132)

C H 2OH

O '
(133)

Me

the f o r m a t i o n  o f  any o f  the produc ts  (128) - (133) in the 

re d u c t i o n  o f  ( 113 ) .  Only a smal l  q u a n t i t y  o f  n o n -a c i d i c  

m a t e r i a l  was observed which was i d e n t i f i e d  as r e s u l t i n g  

f rom a c y l o i n  condensat i on  (see l a t e r ,  p. 80 ) .

Reduct ion o f  l i t h i u m  2 - ( hydroxymethy1 ) benzoate (113) 

w i t h  4 mol .  e q u i v a l e n t  o f  l i t h i u m  metal  in ammonia 

s o l u t i o n  gave some o f  the  n o n - a c i d i c  m a t e r i a l  (23%) and 

a c i d i c  m a t e r i a l  (70%), the l a t t e r  being i d e n t i f i e d  as
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1 , 4 - d i h y d r o - 2 - ( hydroxymethy1) benzoic  ac id ( 129) .

However, when t h i s  exper iment  was repeated once more, no 

n o n - a c i d i c  m a t e r i a l  was observed.  Reduct ion o f  l i t h i u m

2- ( hyd roxymethy l ) benzoa te  in the presence o f  water  ( the  

c o n d i t i o n s  used by Rabideau f o r  the p r e p a r a t i o n  o f  d i hydro  

compounds) o r  ammonium c h l o r i d e  d i d  not  change the course 

o f  the r e a c t i o n  o r  improve the y i e l d s .  In f a c t  the s a l t  

(113) cou ld  be reduced r e a d i l y  even w i t h  2 mole e q u i v a l e n t  

o f  l i t h i u m  m e ta l .  No a t tempts  were c a r r i e d  out  to  use 

sodium metal  and i n v e s t i g a t e  the d i f f e r e n c e  between the 

two me ta l s ,  s i nce  the p r i o r i t y  was given to  s o l v i n g  the 

problem o f  the  o r i g i n  o f  the n o n - a c i d i c  m a t e r i a l .

When p h t h a l i d e  (110) was reduced using 5 molar  

e q u i v a l e n t s  o f  l i t h i u m ,  the major  p roduc t  was the non- 

a c i d i c  m a t e r i a l  ob ta i ned  above (60%) w i t h  some o f  a c i d i c  

m a t e r i a l  (36%). The re d u c t i o n  o f  p h t h a l i d e  w i t h  10 molar  

e q u i v a l e n t  o f  l i t h i u m  gave a s i m i l a r  r a t i o  o f  n o n -a c i d i c  

m a t e r i a l  (64%) t o  a c i d i c  m a t e r i a l  (36%). The a c i d i c  m a t e r i a l  

was not  very  pure and was shown s p e c t r o s c o p i c a l l y  ( i r ,  

nmr) t o  c o n s i s t  o f  a m i x tu re  o f  the s t a r t i n g  m a t e r i a l  ( 110) 

and 2 - ( 2 - h y d r o x y m e t h y l ) benzoic  ac id  ( 134) .  The major  

component o f  the n o n - a c i d i c  f r a c t i o n  was p u r i f i e d  by 

d i s t i l l a t i o n  t o  g i ve  a compound which has very s imple 

 ̂H nmr spec t ra  ô(CDClg) 7.2 ( 8H, s, ArH);  2.9 (4H, s,  CHg); 

2.3 ( 6H,s ,  CHg). I n f r a - r e d  spec t roscopy  showed no C=0 

o r  OH bands and a very smal l  peak a t  1700 cm"^ which was 

t hough t  t o  be i m p u r i t y .  The mass spectrum showed major  

peaks at  m/e 210, 195, 119 and 105. From these data i t



81

C02H

(134) (127)

was suggested t h a t  the p roduc t  might  be a dimer f o r  which 

the  s t r u c t u r e  (127) was proposed.  This i s c o n s i s t e n t  w i t h  

the mass s p e c t r a l  and nmr da ta .  The hydrocarbon (127) 

cou ld have a r i s e n  th rough a c y l o i n  d i m e r i z a t i o n  f o l l ow ed  

by re d u c t i o n  (Scheme 33) :

o

H,OH

L i^ H a

n h I ct

(l27)

oo

C H -C
o

(136)
(Scheme 33)

Such a pathway would not  be unreasonable f o r  a l ac tone  

under these c o n d i t i o n s ,  t he re  being precedents  f o r  the 

a c y l o i n  r e a c t i o n  in a l k a l i  m e t a l / l i q u i d  ammonia s o l u t i o n s  

(Scheme 33 ) ^^ .  I f  a s u f f i c i e n t  excess o f  a l k a l i  metal  

was p r e s e n t ,  p roduc t  (B) might  then be reduced t o  the 

hydrocarbon (C) (Scheme 34 ) .  The re d u c t i o n  o f  es te r s  to  

a l c o h o l s  i s  c a r r i e d  out  in the presence o f  a p roton donor
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th rough an i n i t i a l l y  formed anion r a d i c a l .  In the absence 

o f  a p ro ton  donor ,  the metal  c a t i o n - r a d i c a l  anion pa i r s  

d im e r i z e  and undergo the f u r t h e r  changes i n d i c a t e d  a t  the 

s ide  cha in  t o  form an a-hydroxy  ketone a f t e r  h y d r o l y s i s ^ ^ . 

Th is  b i m o l e c u l a r  r e d u c t i o n  o f  e s t e r s ,  c a l l e d  the a c y l o i n  

r e a c t i o n ^ ^ ,  has proved o f  spe c ia l  va lue f o r  the p r e p a ra t i o n  

o f  medium and l a rge  r i n g s .

OzMe

A B C

(Scheme 34)

An a u t h e n t i c  sample o f  the hydrocarbon 2 , 2 ' - d i m e t h y l  

b i be nzy l  (127) was prepared by Gr ignard cou p l i ng  (Scheme 

35 ) .  The y i e l d  f rom t h i s  r e a c t i o n  was very  good and a

CH

(127)
(Scheme 35)

pure sample o f  (127) was ob ta i ned by d i s t i l l a t i o n .  This 

m a t e r i a l  had s p e c t r a l  p r o p e r t i e s  and phys i ca l  data 

i d e n t i c a l  w i t h  t h a t  found f o r  the compound i s o l a t e d  f rom 

the  re d u c t i o n  o f  p h t h a l i d e .
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In o rde r  t o  i n v e s t i g a t e  f u r t h e r  the pathway by which 

2 , 2 ' - d i m e t h y l b i b e n z y l  i s  formed,  a t t empts  were made to  

prepare o , o ' - t o I u i n  ( 2 , 2 ' - d i m e t h y l b e n z o i n ) (136) (See 

Appendix c ) which was be l i ev ed  t o  be the i n t e rm e d ia te  

which would lead to  the f o rm a t i o n  o f  the dimer (127) .

P rep a ra t i o n  o f  o , o ' . t o l u i n  (136) through ac y l o i n

condensat i on  us ing the e s t e r  e t h y l  2-methy Ibenzoate (137)

w i t h  sodium in l i q u i d  ammonia f a i l e d .  No a c y l o i n  adduct

(136) cou ld  be de tec ted  or  i s o l a t e d  from red uc t i o n  of

p h t h a l i d e  de s p i t e  seve ra l  a t t empts  w i t h  va ry i ng  molar

p r o p e r t i e s  o f  l i t h i u m .  Another  a t t emp t  t o  prepare (136)
77was by benzoin condensat i on  us ing the aldehyde (138) 

but  t h i s  a l so  proved un su c ce s s fu l .  A l t hough ,  t he re  are 

many rev iews in the 1i t e r a t u r e ^ ® f o r  the 

p r e p a r a t i o n  o f  compounds l i k e  o , o ' - t o l u i n  (136) none o f  

t he methods desc r i bed proved to  be s a t i s f a c t o r y .  In some 

cases i r o n i c a l l y ,  the dimer  2 , 2 ' - d im e t h y l b i b e n z y l  was 

i s o l a t e d  i ns tead  o f  o , o ' - t o l u i n .

CH

(137)

o

OH ^3

r - g

(136)

HO

(138)

F i n a l l y ,  a rou te  t o  o , o ' - t o l u i n  was found which 

i nvo l ve d  re d u c t i o n  o f  ac i d c h l o r i d e  (141) w i t h  Mg/MgIg.

The problem w i t h  t h i s  procedure i s  the low y i e l d  o f  the 

benzoin p roduc t  (13%) due to  the i n s t a b i l i t y  o f  the ened io l
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(139) which o x i d i z e s  r e a d i l y .  There fore  the re d u c t i o n  

must be c a r r i e d  out  as f a s t  as po ss ib l e  t o  minimize the 

f o r m a t i o n  o f  o x i d i z e d  m a t e r i a l  (Scheme 36) .

9^3 OH OHCH
COCI

(141)

o moo o

I

(Scheme 36)
The benzoin (136) was then reduced under the same 

c o n d i t i o n  p r e v i o u s l y  employed f o r  r e d u c t i o n  o f  p h t h a l i d e .  

The product,  ob ta i ned f rom t h i s  r e d u c t i o n  was the dimer 

2 , 2 ' - d i m e t h y l b i b e n z y l  (127) in very good y i e l d  (94%).

No ev idence being ob ta ined  f o r  any b y - p ro d u c t s .

Me Me

o o

t  CUSO 4/ Py . I
(127)

(Scheme 37)

The ease o f  t h i s  r e a c t i o n  suggests t h a t  

d e t e c t i o n  o f  i n t e rm e d i a t e s  l i k e  (136) du r i ng  the re du c t i o n  

o f  p h t h a l i d e  or  the e s t e r  (137) would p robab l y  be very
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d i f f i c u l t .  However when 0 , 0 ' - t o i  i l  (140) was reduced 

i t  gave o , o ' - t o l u i n  (136) but  not  2 , 2 ' - d im e t h y l b i b e n z y l  

( 127 ) .  To make sure t h a t  the re du c t i o n  o f  0 , 0 ' - t o i  i l  led 

t o  o , o ' - t o l u i n  o n l y ,  the reduced produc t  was ox id i ze d  

and 0 , 0 ' - t o i  i l  (140) was recovered (Scheme 37) .

For compar ison the  re du c t i o n  o f  benzoin was a lso 

i n v e s t i g a t e d  under the same r e a c t i o n  c o n d i t i o n s .  In t h i s  

case the re d u c t i o n  d i d  not  go comple te l y  to  the dimer 

b i b e n z y l .  P u r i f y i n g  the  m ix tu re  by p i c  gave very l i t t l e  

o f  b i b enz y l  and some o f  benzoic  ac i d and o th e r  by -p roduc ts  

had not  ye t  been f u l l y  c h a r a c t e r i z e d .

U n f o r t u n a t e l y ,  l ack  o f  t ime d id  not  pe rmi t  the 

p r e p a r a t i o n  o f  2 , 2 ' - ( h y d r o x y m e t h y l ) b e n z o i n  which could 

f i t  n i c e l y  w i t h  the scheme proposed f o r  the re du c t i o n  of  

p h t h a l i d e .  But i t  would appear t h a t  2 ,2 ' - d im e t h y l b i b e n z y l  

i s  formed by a pathway i n v o l v i n g  o , o ' - t o l u i n  as an 

i n t e r m e d i a t e .  The re d u c t i o n  o f  p h t h a l i d e  t o  the dimer 

(127) r e q u i r e s  dry  c o n d i t i o n s .  On the o th e r  hand, 

r e d u c t i o n  o f  the l i t h i u m  2- ( 2-hydroxyme thy l ) benzoa te  w i th  

or  w i t h o u t  the presence o f  water  on l y  a f f o r d s  the d i hydro  

ac id  (126) .

The d i f f e r e n c e s  observed in the re d u c t i o n  pathways 

f o r  p h t h a l i d e  and 3 , 3- d i m e t h y l p h t h a l i d e  may we l l  r e f l e c t  

s t e r i c  h i ndrance to  d i m e r i z a t i o n  o f  the i n i t i a l l y  e s t e r  

r a d i c a l  anion in the l a t t e r  compound which would p reven t  

a c y l o i n  condensa t ion .  In the l a t t e r  compound t h e r e f o r e  

s imple re d u c t i o n  o f  the e s t e r  f u n c t i o n  becomes the dominant  

r e a c t i o n  pathway.  In c o n t r a s t  r e d u c t i o n  o f  the l i t h i u m  s a l t s  

o f  these compounds leads to  d i h yd r oa ro ma t i c  d e r i v a t i v e s .
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PART I I

A STUDY OF SOME CONFORMATIONALLY BIASED AND LOCKED DIHYDROAROMATIC

COMPOUNDS
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CHAPTER 5

CONFORMATION OF 1 , 4-DIHYDROAROMATIC RINGS

5 . 1 .  INTRODUCTION

The con fo rma t i on  o f  1 , 4-d ihydrobenzene (5)  and i t s

d e r i v a t i v e s  have been s tu d i ed  f o r  many yea rs .  Recent l y ,

l a r g e l y  due t o  the con t i nued development  o f  nmr

sp e c t ro s co p i c  t e c h n iq u e s ,  i n v e s t i g a t o r s  such as F i n e t ,

Roberts and o the rs  have i n v e s t i g a t e d  a v a r i e t y  of
8 2co n fo rm a t i o n a l  problems . The c y c l o h e x a - l , 4 - d i e n e  r i n g  

mo ie ty  occurs in t h r e e  types o f  compound: I , 4 - d i h y d r o 

benzenes ( 5 ) ,  1 , 4 -d i hyd ron aph tha len es  (142) and 9 ,10-  

d i hyd roan th racene  ( 6 ) .  For each o f  these systems t he re  

has been co n s i de r ab l e  c on t r ov e rs y  concern ing  some aspects 

o f  i t s  s t e r e o c h e m i s t r y ^ ^ .

For many yea rs ,  the 1 , 4 - cyc lohexad iene  r i n g  system

was g e n e r a l l y  cons idered  to  f a vo u r  a boat -shaped
8 3con fo rma t i on  (143) even though a p l ana r  s t r u c t u r e  was

suggested in 1949 on the  bas is  o f  an a n a l y s i s  o f
1 2 3v i b r a t i o n a l  spec t ra  . Subsequent l y  Raman and i n f r a r e d  ,

e l e c t r o n  d i f f r a c t i o n ® ^  and nmr s t u d i e s w e r e  c a r r i e d  out

Some r e p o r t s  suggested a p l a na r  geometry f o r  the paren t

compound ( 1 4 3 ' ) .

(14 3) ('43')
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In 1959, Herbste in®^ p r e d i c te d  f rom se m i - e m p i r i c a l  

c a l c u l a t i o n s  t h a t  f o r  cy c l o h e x a - l  , 4 -d i ene  the s ta b le  

co n fo rma t i on  has a d i h e d r a l  angle o f  about  a = 140° (144) 

w i t h  a p o t e n t i a l  b a r r i e r  f o r  the i n v e r s i o n  o f  the molecule 

f rom the " f o l d e d "  t o  the " r e ve rse  f o l d e d "  s t r u c t u r e  o f  

about  1.5 kca l  mol ^ . For 9 , 10 -d ihyd roan th racene  a d i h e d r a l  

angle o f  about  150° w i t h  a p o t e n t i a l  b a r r i e r  f o r  boat  

i n v e r s i o n  o f  about  0.8 kca l  mo l “  ̂ was deduced. He a lso 

re po r ted  t h a t  the s t r a i n - e n e r g y  curves ob ta i ned  f o r  (145) 

i n d i c a t e  the p l a na r  con fo rma t i on  as the more s t a b le  in 

good agreement w i t h  exper iment .

C2,C3O

Laane and Lord®^ subsequen t l y  noted t h a t  f o r c e  f i e l d  

c a l c u l a t i o n s  f a v o u r  a p l an a r  energy minimum. More recen t
o 7

ab i n i t i o  c a l c u l a t i o n s  have suppor ted t h i s  v iew.  These

l a t t e r  a l so  p r e d i c t  a E = 0.95 ev f o r  the energy s p l i t t i n g
88i n  the p h o to e l e c t r o n  spectrum (Exper imen ta l  a E = 1.0 ev) 

w i t h  the f i r s t  i o n i z a t i o n  p o t e n t i a l  a t  9.0 ev (Expe r imen ta l  

8 .9  e v ) .

D re id i n g  Models,  f o r  example suggest  t h a t  cyc l ohexa -
891 ,4 -d i e ne  should adopt  a puckered boat  con fo rmat i on  (146) 

a = 145°,  but  the r i n g  i s  very f l e x i b l e  and ev idence f o r  

the  p r e f e r r e d  con fo rmat i ons  o f  such r i n g s  has been ambiguous



89

A v a r i e t y  o f  t echn iques  have been employed t o  t h i s  end, 

and w h i l s t  the s i t u a t i o n  now appears to  be reso l ved  f o r

(l4 6j

t he p a re n t ,  the e f f e c t  o f  s u b s t i t u e n t s  about  the cyc lohexa-

1 ,4 -d i en e  r i n g  remains u n c e r t a i n ,  as does the i n t e r 

p r e t a t i o n  o f  some o f  the sp e c t r os co p i c  da ta .

D i r e c t l y  r e l a t e d  to  (5) are 1 , 4 -d i hyd ronaph tha lenes  

(70) and 9 , 10 -d ihyd roa n th ra cen es  ( 6 ) .  The degree o f  

pucke r i ng  o f  the d i h yd ro a r o m a t i c  r i n g  in each o f  these 

cases w i l l  be de f i ne d  by the angle a which is  the angle 

between the planes C^-Cg-Cg-C^ and ^ ( 146) .

5 .2 .  DIFFRACTION METHODS

Since these a l l ow  d i r e c t  d e te rm i n a t i o n  o f  the s t r u c t u r e  

o f  the molecu le they  would seem to  p rov ide  d i r e c t  i n s i g h t  

i n t o  the con format i ons  o f  d i h y d r o a r o ma t i c  r i n g s .

There have been two e l e c t r o n  d i f f r a c t i o n  s tud ies
AQ

o f  c y c l o h e x a - l  , 4 -d i ene  (5) i t s e l f  ’ . From the e a r l i e r

o f  these®^ i t  was concluded t h a t  a p l ana r  con fo rmat ion  

( Dp ) was presen t  in the gas phase,  a l t hough the au thors  

d i d  not  exc lude the presence o f  smal l  amounts o f  o th e r
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co n fo rm a t i o n s .  In a l a t e r  s t udy ,  by Oberhammer and Bauer®^, 

i t  was suggested t h a t  D a l l i n g a  and Toneman had assumed 

a geometry in o rde r  t o  analyse t h e i r  da ta .  Oberhammer 

and Bauer,  on the o th e r  hand, i n t e r p r e t e d  t h e i r  own data 

in termed o f  a puckered geometry w i t h  a = 159.3° .  However, 

t h i s  a n a l y s i s  has been r e c e n t l y  c r i t i c i s e d ® ^ s i n c e  i t  

has been po in ted  out  t h a t  Oberhammer and Bauer neg lec ted 

t o  a l l o w  f o r  sh r i nkage e f f e c t s  a r i s i n g  f rom rap id  

v i b r a t i o n a l  mot ions o f  wide amp l i tude - the ev idence f o r  

t he l a t t e r  be ing p rov ided by i n f r a r e d  s t ud ies  (see p. 92 ) .  

I t  i s  no t ab le  t h a t  Oberhammer and Bauer 's  geometry does 

r e q u i r e  a r a t h e r  long C=C bond c f .  the ' no rma l '  bond l ength  

found by D a l l i n g a  (Table 8 ) .

TABLE 8 . C-C bond l eng th  in e y e l o h e x a -1 ,4 -d i ene  from 

e l e c t r o n  d i f f r a c t i o n  data

Oberhammer Da 11i nga

C 1 - C 2 1.511 1 .496 A°

C2-C3 1.347 1 .334 A°

At tempts  have been made t o  c a r r y  out  an X- ray 

d i f f r a c t i o n  o f  e y e l o h e x a - 1 , 4 -d i ene  a t  low temperatu re  

( -49°C)  but  i t  has not  ye t  proved p o s s i b l e  to  s a t i s f a c t o r i l y

show these data 91 However, the s t r u c t u r e s  o f  severa l

d e r i v a t i v e s  have been re p o r t e d .  For example,  both cyc lohexa-
q  p

1 , 4 - d i e n y l - 1 - g l y c i e n e  (147) and d ime thy l  2 ,3 ,5 , 6- t e t r a -
9 3p h e n y l c y c l o h e x a - l , 4 - d i e n e - l , 4 - d i c a r b o x y l a t e  (148) have
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COOMe
COOH Ph Ph

Ph Ph

(147) a = I80°C
COOMe

(148) a = 180°

p la na r  c y c l o h e x a - l , 4 - d i e n e  r i n g s .  Ear l y  work on 4 ' - b romo-  

t r a n s - 1 , 4 - d i h y d r o - 4 - t r i t y l b i phenyl (149) suggested a puckered

r i n g  w i t h  a  = 165 0 94 A more recen t  s tudy suggests t h a t  

CPh,
Ar

H CPf

Ar = p BrCfiH6^4

(149) a = 165

t he  d i h yd ro a r o m a t i c  r i n g  i s  almost  p l ana r  he re^^ .  The 

i n t e r p r e t a t i o n  o f  these data must ,  however,  be t r e a t e d  

w i t h  cau t i o n  s i nce  the e f f e c t  o f  l a t t i c e  f o r ces  on 

con fo rma t i on  i s  u n c e r t a i n .  Indeed i t  has been found t h a t  

w h i l s t  X- ray c r y s t a l l o g r a p h y  shows t h a t  9 , 10 -d ihyd roan th racene  

( 6 ) i s  h i g h l y  puckered (a = 145° )^ ^ ,  9 , 1 0 - d i h y d r o - 1 , 2 : 5 , 6 -  

d i benzanthracene (145) i s  p l an a r  (a = 180° )^ ^ ,  p o s s i b l y  

a consequence o f  l a t t i c e  e f f e c t s .
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5 .3 .  VIBRATIONAL SPECTROSCOPY

An a l t e r n a t i v e  approach t o  the problem l i e s  in the

study o f  the v i b r a t i o n a l  spec t ra  o f  c y c l o h e x a - l  , 4 -d i ene

(5) w i t h  a view to  de te rm in ing  the symmetry o f  the mo lecu le .

The e a r l i e s t  s tudy  by Gerding and Haale^ us ing i r  and Raman

spec t roscopy  favoured  a s l i g h t l y  d i s t o r t e d  D« s t r u c t u r e .
h

S i m i l a r  conc lus i ons  were subsequent ly  drawn f rom a f u r t h e r  
9 7Study o f  the pure r o t a t i o n a l  Raman spectrum o f  cyc lohexa-

3
1 ,4 -d i e ne  (5)  and compar ison o f  the i r  and Raman spec t ra  

o f  (5)  and c y c l o h e x a - l  , 4 - d i e n e - d ^ . The d e f i n i t i v e  work 

on the s u b j e c t  and p robab l y  on the c y c lo h e x a - l  , 4 -d i ene  

problem as a whole was, however,  c a r r i e d  out  by Laane and 

Lord®^.  They have observed the boat  i n v e r s i o n  made in 

the f a r - i n f r a r e d  spect rum o f  1 ,4 -d i hydrobenzene i t s e l f .

The spect rum has been analysed in terms o f  a p o t e n t i a l  

w e l l  w i t h  a f l a t t e n e d  base,  but  hav ing an energy minimum 

co r respond ing  t o  the p l a na r  s t r u c t u r e .  However, i t  i s  

suggested t h a t  v i b r a t i o n a l  quantum l e v e l s  as high as the 

f i f t h ,  which has an amp l i tude  cor respond ing  to  an o s c i l l a t i o n  

f rom a = 155° t o  a = -155°C,  would be s i g n i f i c a n t l y  

popu la ted  [ c a .  10%] a t  room temp er a tu re .  In such a 

de fo rm a t i on  the t ime spent  near  the e x t r e m i t i e s  o f  the 

v i b r a t i o n a l  mot ion i s  much g r e a t e r  than t h a t  spent  c l ose 

t o  the energy minimum s i t u a t i o n .  I t  f o l l o w s  t h a t  a t i me -  

averaged geometry co r respond ing  t o  a = ca.  160° as measured 

by e l e c t r o n  d i f f r a c t i o n  andnmr i s  not  c o n s i s t e n t  w i t h  a 

p l a na r  energy minimum (see F igure  4 ) .
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5 . 4 .  DIPOLE MOMENT STUDIES

W h i l s t  in a s y m m e t r i c a l l y  s u b s t i t u t e d  p l anar

d i h y d ro a ro m a t i c  system, the d i p o l e s  assoc ia ted  w i t h  the

va r i ou s  s u b s t i t u e n t s  should can ce l ,  pucker i ng o f  the

molecu le should i n t r od u c e  a d i p o l e  moment which should

i nc rease  w i t h  i ncreased pu cke r i n g .  Indeed 9 , 1 0 - d i h y d r o -
98anthracene has been found t o  have a d i p o l e  moment 

] i = 0.4D,  c o n s i s t e n t  w i t h  the puckered geometry observed 

c r y s t a l l o g r a p h i c a l 1 y .

61 / I  = 0-4 D

Cl'
(i so) W = o.sD (5)/i = 0.l3D

Two c y c l o h e x a - l , 4 - d i e n e s  have been s t u d i e d .  A value

o f  0.30D was rep o r ted  f o r  1 , 4 - d i c h l o r o c y c l o h e x a - l  , 4 -d i ene
o 99(150) f rom which an angle  o f  pucker  a = 166 , was deduced

The d i p o l e  moment o f  the pa ren t  system (5)  was found t o

be r a t h e r  lower  ( /  ̂= 0.13D) but  the au t ho rs^ ^^  suggested

t h a t  the exper imen ta l  e r r o r  here was q u i t e  l a r g e .  They

c a l c u l a t e d  t h a t  a con fo rma t i on  having a = 155° would show

y = 0.60D whereas a = 180° would show y = OD and i n t e r p r e t e d

t h e i r  r e s u l t  i n  terms o f  a r i n g  o f  geomet ry.



5 .5 .  PHOTOELECTRON SPECTROSCOPY

101 10?H e i l b r on n e r  ’ has s tud ied  the p h o to e l ec t r on  

spec t ra  o f  a s e r i e s  o f  3 ,6 -b r i d g e d  cy c l oh exa - I  , 4 -d i enes

(151) and o f  c y c l o h e x a - l  , 4 -d i ene  (5) i t s e l f .

95

(151)

a , n = 1 ; c , n = 3

b , n = 2 ; d , n = 4

The i n t e r a c t i o n  o f  two %-bonds w i t h  each o th e r  w i l l  

r e s u l t  in a s p l i t t i n g  o f  l e v e l s  (F i gu re  5) l ead ing  to  two 

occupied energy l e v e l s ,  the energy d i f f e r e n c e  between the 

two occupied l e v e l s  (aE) r e f l e c t i n g  the ex te n t  o f  t h i s  

i n t e r a c t i o n .  This phenomenon i s  a pu r e l y  th rough space 

e f f e c t  ( 15 2 ) ,  but  super imposed upon i t  w i l l  be a through 

6 bond e f f e c t .  In c y c l o h e x a - l , 4 - d i e n e  t h i s  can be

(152)

(153)
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FIGURE 5.
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cons ide red  t o  i n v o l v e  the C-H bonds o f  the methylene groups

e . g .  (153) and has been desc r ibed as a hype rcon juga t i on
1 03i n t e r a c t i o n .  Hofmann and Dewar have shown t h a t  these

two i n t e r a c t i o n s  occur  in  oppos i t e  senses and are very

g e o m e t r i c a l l y  dependent .  In the p l an a r  con fo rmat ion  the

h y p e rc o n j u g a t i v e  i n t e r a c t i o n  i s  found t o  dominate.  In
1 03F igure  5 Hofmann's f u l l  i n t e r a c t i o n  diagram is

p resen ted .  For c y c l o h e x a - l , 4 - d i e n e  two n - e l e c t r o n  l e v e l s

are indeed observed a t  8 .8  ev and 9.8 ev ( i . e .  aE = 1.0 e v ) .

For a p l an a r  r i n g  ( 5 ) ,  Hofmann c a l c u l a t e s  aE = 0.65 ev.

Dewar^^^ on the o th e r  hand, using the geometry o f

Oberhammer and Bauer®^ ( i . e .  a = 160°) p r e d i c t s  a E = 1.0 ev.

D e w a r h a s  determined the co n fo r m a t i on a l  dependence o f
102

a E (see F igure  5 ) .  More r e c e n t l y  He i l b r on n e r  has 

presented the r e s u l t s  o f  a s i m i l a r  s tudy us ing both 

Hofmann's and Dewar 's t h e o r e t i c a l  approaches.  In p r i n c i p a l  

p h o to e l e c t r o n  spec t roscopy  should be ab le t o  probe the 

r i n g  con fo rma t i on  but  t h e re  i s  at  p resen t  no s u i t a b l e  

r e fe r en ce  p o i n t .
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5 .6 .  OTHER APPROACHES

Shoulder  and c o w o r k e r s h a v e  suggested t h a t  s i nce

1 , 4 - c y c l o h e x a d i e n e - l - a l a n i n e  (147) behaves as an an ta g o n i s t  

f o r  p h e n y la l a n i ne  the cyc lohexad iene r i n g  i s  " e s s e n t i a l l y  

p l a n a r "  in  t h i s  compound (see p. 9 1 ) .

^COOH

NHgU
(1 4 7 )

5 . 7 .  STRUCTURAL CALCULATIONS

The e a r l i e s t  con fo rm a t i o n a l  c a l c u l a t i o n s  were 

per formed by Herbstè in®^ and have a l r eady  been d i scussed .  

These suggested t h a t  c y c l o h e x a - l , 4 - d i e n e  i t s e l f  i s  f o l d ed  

( a  = 1 4 0 ° )  w i th  “  1 . 5  kcal  m o l " ' .a

More s o p h i s t i c a t e d  c a l c u l a t i o n s  by Dashevsk i i  and 

coworkers^^^  p r e d i c te d  an energy minimum f o r  a = 1 5 8 . 5 °  

in very  c l ose  agreement w i t h  Oberhammer and Bauer ' s  e l e c t r o n  

d i f f r a c t i o n  data®^ ( a  = 1 5 9 . 3 ° )  even though these l a t t e r  

r e s u l t s  were not  a v a i l a b l e  at  the t ime .  However, the 

c a l c u l a t i o n s  i n d i c a t e d  t h a t  a p l a na r  geometry i s  on ly  

0 . 1 3  kca l  mol"^ h i gh e r  in energy,  l ead ing  the au thors  to 

suggest  t h a t  w h i l s t  the e q u i l i b r i u m  con fo rma t i on  i s  non- 

p l a n a r ,  t h e re  should no rma l l y  be a con s i de r ab l e  p o pu la t i o n  

o f  the  p l a na r  form.  H e r b s t i e n ' s  con fo rmat i on  was, however,  

found t o  be severa l  kcal  mo l ' ^  h i ghe r  in energy .  These
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c a l c u l a t i o n s  a l so  p r e d i c te d  a value f o r  the heat  o f  

hyd rogena t i on  o f  52.26 kcal  mol~^ in c l ose  agreement w i th  

t he  re po r t ed  va lue (53 .9  kcal  m o l " ^ ) .  S t r a i n  energy
on

c a l c u l a t i o n s  c a r r i e d  out  by Oberhammer and Bauer using

geomet r i es  (both  p l an a r  and puckered)  de r i ved  f rom t h e i r

own e l e c t r o n  d i f f r a c t i o n  data and the p l ana r  geometry
84proposed f rom D a l l i n g a ' s  s tudy c l e a r l y  showed t h a t  

the  p l a n a r  geomet r i es  are more s t a b le  by 6-10 kcal  mol~^.

The a u th o r s ,  however ,  regarded the c a l c u l a t i o n s  as 

u n r e l i a b l e  s i nce these appeared unable t o  s a t i s f a c t o r i l y  

p r e d i c t  the heat  o f  i s o m é r i s a t i o n  t o  the 1 ,3 - i somer  (a l though 

t hey  here assumed t h a t  c y c l o h e x a - l , 3 - d i e n e  was no n -p lan a r .

For p l a n a r  c y c l o h e x a - l , 3 - d i e n e  = 3.14 kcal  mol ^

c f .  12.7 kcal  mol"^ which they  c l a im  s i nce was

exp ec te d l y  q u i t e  s m a l l ) .

A 1 l i n g e r  and Sprague^®^ found t h a t  f o r ce  f i e l d  

c a l c u l a t i o n s  c l e a r l y  f avoured  a p l a na r  energy minimum in 

a sha l low  p o t e n t i a l  we l l  as i n d i c a t e d  by Laane and Lo rd ' s  

d a ta .  The op t im i sed  geometry was c l ose  t o  t h a t  r epor ted  

by D a l l i n g a  and Toemann and the c a l c u l a t e d  heat  o f  f o rm a t i o n  

(24.22 kca l  m o l " h  was c l ose  t o  the expected value (26.3 

kca l  m o l ' M .  They concluded t h a t  the p o t e n t i a l  we l l  

i n d i c a t e s  t h a t  the molecu le i s  p l an a r  on the average but  

o s c i l l a t i n g  between boat  fo rms.  They comment t h a t  the 

boat  geometry proposed by Bauer f rom e l e c t r o n  d i f f r a c t i o n  

work took  no account  o f  the p o s s i b i l i t y  t h a t  r ap id  mo lecu la r  

v i b r a t i o n s  would lead t o  an apparent  band sho r ten ing  s i m i l a r  

t o  t h a t  expected f o r  the puckered s t r u c t u r e ^ .
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S e l f - c o n s i s t e n t  f o r c e  f i e l d  c a l c u l a t i o n s  o f  Ermer 
1 08and L i f s o n  a l so  p r e d i c te d  a p l an a r  energy minimum f o r  

( 5 ) .  Once again i t  was found t h a t  w h i l s t  angle s t r a i n  

f avou rs  a puckered geomet ry ,  t o r s i o n a l  s t r a i n ,  i . e ,  the 

r o t a t i o n  b a r r i e r  about  a C-C s i n g l e  bond, favours  p l a n a r i t y .  

In c y c l o h e x a - l  , 4 -d i ene  (5)  the t o r s i o n a l  s t r a i n  f a c t o r s  

domina te ,  l ead ing  t o  a p re fe rence  f o r  a p l anar  geometry.  

R o t a t i o n a l  b a r r i e r s  about  C -a r y l  bonds in 9 , 1 0 -d i h y d ro 

anthracene ( 6 ) are much l ower ,  and thus t h i s  l a t t e r  f avours  

a puckered con fo rma t i on  to  minimise angle s t r a i n .  I t  i s  

po in t ed  out  here t h a t  H e r b s t e i n ' s  c a l c u l a t i o n s  d i d not  

c on s id e r  t o r s i o n a l  s t r a i n .
1 no 10 7

Both Ermer and A 1 l i n g e r  have c r i t i c i s e d
89Oberhammer and Bauer ' s  e l e c t r o n  d i f f r a c t i o n  s tudy 

commi t t i ng  t h a t  these au thors  have m i s i n t e r p r e t e d  the 

s h o r t  Cg-Cg bond l eng th  in terms o f  puckered geometry,  

f o r  r a p i d  v i b r a t i o n s  w i l l  reduce the measured Cg-Cg 

d i s t a n c e ,  i . e . ,  one sees a p r o j e c t i o n  o f  a puckered r i n g  

on a p lane .

a appears as

O
Ahlgrenand o the rs  have repor ted  a^ i n i t i o  

c a l c u l a t i o n s  on c y c l o h e x a - l , 4 - d i e n e  ( 5 ) .  They have 

compared p l an a r  ( D a s h e v s t i i )  and puckered (Oberhammer and



1 0 0

Bauer) ( a  = 1 5 9 . 3 ° )  geome t r ies ,  us ing Oberhammer and Bauer ' s
89bond l eng th  data in both cases.  These c a l c u l a t i o n s

i n d i c a t e  t h a t  the p l an a r  con fo rmat i on  has the lower energy

by 7.4 kca l  m o l " ^ .  For both con format ions  the sepa ra t i on

o f  the  two occupied %-e lec t ron  l e v e l s  i s  found t o  be
1 n 7

ca.  0 . 9 5  ev ( c f .  1 . 0 0  ev expec ted l y  ) .
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CHAPTER 6

CONFQRMATIONALLY LOCKED AND CONFORMAT IONALLY FLEXIBLE 

DIHYDROAROMATIC RINGS

6 . 1 INTRODUCTION

Since the f i r s t  p a r t  o f  t h i s  p r o j e c t  i s  concerned 

w i t h  the mechanism o f  the B i rch  re du c t i o n  and the e f f e c t  

o f  s t r u c t u r a l  m o d i f i c a t i o n  on the course o f  the r e a c t i o n ,  

i t  i s  c l e a r l y  impo r tan t  t o  i n v e s t i g a t e  the re du c t i o n  of  

a wide range o f  aromat i c  ac ids  w i t h  d i f f e r e n t  s u b s t i t u t i o n  

p a t t e r n s .  Th is  i s  a l so o f  i n t e r e s t  t o  us s ince much t ime 

and e f f o r t  has been spent  e l u c i d a t i n g  the con fo rmat ions  

o f  1 , 4 -d ihydrobenzenes , 1 , 4 -d i hyd ronaph tha lenes  , and

9 , 10 -d i hy d roan th racenes .

9 , 10 -Dihydroanthracenes are ap pa r e n t l y  f o l d ed  ( i n t o  

a geometry s i m i l a r  t o  t h a t  suggested by D r i e d in g  models) 

and r a p i d l y  i n v e r t ,  in the absence o f  o th e r  s u b s t i t u e n t s  

( 1 5 4 )  and ( 1 5 4 ' ) .

H

a  z= 145
(154) (154' )
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1 ,4-Dihydrobenzenes behave r a t h e r  d i f f e r e n t l y ,  f o r  

t h e r e  are two compet ing e f f e c t s  which c o n t r o l  the 

con fo rma t i on  (see Figure  6 ) .  Bond angle s t r a i n  favours  

a double minimum p o t e n t i a l  energy we l l  s i nce  the t e t r a h e d r a l  

bond angles are most r e a d i l y  accommodated in a boat  geometry 

whereas t o r s i o n a l  i n t e r a c t i o n s  about  the C^-Cg, C^-C^,

C4-C5 , and Cg-Cj bonds f a v o u r  a p l an a r  r i n g  co n f o rm a t i on .  

These two i n t e r a c t i o n s  are o f  s i m i l a r  magni tude in 1 ,4-  

d ihydrobenzene (cyc lohexa-1  , 4 -d i en e )  i t s e l f  and t he re  is

FIGURE 6 .

a

OL -  angle of folded

ev idence t h a t  t h i s  molecule l i v e s  in a very sha l low 

v i b r a t i o n a l  p o t e n t i a l  energy we l l  which a l l ows  rap id  

v i b r a t i o n a l  f l e x i n g  about a p l a na r  energy minimum geometry.

1 , 4 -D ihydronaph tha lenes  appear to  adopt  con fo rmat ions  

in  between the two ext remes represented by the o th e r  

s t r u c t u r e s  .

Grossel  and coworkers^^^  have determined con format ions  

o f  a number o f  d i h yd ro a r o ma t i c  r i n g s .  However, the 

i n t e r p r e t a t i o n  o f  such data i s  not  t r i v i a l  and has indeed 

proved t o  be r a t h e r  c o n t r o v e r s i a l .  The aim i s  t o  d e r i ve  

a se t  o f  r e fe rence  data f rom c o n f o r m a t i o n a l l y  r i g i d



103

s t r u c t u r e s  and then t o  e x t r a p o l a t e  these r e s u l t s  to  the 

f l e x i b l e  systems.  They have c a r r i e d  c r y s t a l l o g r a p h i c  

s t r u c t u r e  d e te rm in a t i o ns  (X - ray )  o f  se l ec ted  s t r u c t u r e s  

t o  p ro v i de  f u r t h e r  i n f o r m a t i o n  on the con fo rmat i ons  of  

the  r i g i d  systems and t o  examine the e f f e c t  o f  the c r y s t a l  

l a t t i c e  f o r c es  on the mo lecu la r  con fo rmat i ons  o f  f l e x i b l e  

s t r u c t u r e s .

6 .2 .  NUCLEAR MAGNETIC RESONANCE (NMR) STUDIES

6 . 2 . 1 .  1 ,4-Dihydrobenzenes

NMR s t ud ies  p rov ided  a s e n s i t i v e  probe i n t o  the

geometry o f  d i h yd r oa ro ma t i c  compounds. Al though 1,4-

d ihydrobenzene i s  a r e l a t i v e l y  s imple mo lecu le ,  the

d e t e r m i n a t i o n  o f  the r i n g  con fo rmat ion  by spe c t r osc op i c

means ( e . g .   ̂H nmr) has proved p a r t i c u l a r l y  d i f f i c u l t .

Problems which a r i s e  are due t o :  ( i )  i d e n t i c a l  chemical

s h i f t s  f o r  n o n - e qu i v a le n t  p rotons  which are o f t e n  observed

in d e r i v a t i v e s  o f  ( 155) ;  ( i i )  un usu a l l y  l a rge  coup l i ngs

(8-10 Hz) which were measured across the r i n g  f rom one

a l l y l i c  p roton to  the o t h e r .  Such l a rge  cou p l i ngs  a r i s e

because the methylene C-H bonds (a t  C-1 and C-4) are able

to  i n t e r a c t  through the double bonds (157) - such an

i n t e r a c t i o n  being c a l l e d  h o m o a l l y l i c  coup l i ng  (F ig u re  7 ) .

The p l a n a r  con fo rm a t i on ,  (155) has two cou p l i ng  cons tan ts

[ 5 j  and _] ( 157) ,  but  in a puckered r i n g  the
—L r  3 n s —c 1 s

s i t u a t i o n  i s  d i f f e r e n t .  The methylene pro tons  occupy e i t h e r  

a pseudoax ia l  ( f ^ )  or  a pseudoequator i a 1 (v^ )  p o s i t i o n
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and t h e r e f o r e  ^u s t  i n v o l v e  a pseudoax ia l  and a

ps eu do equ a to r i a l  pro ton (®J /  ) ,  whereas . may
a e n

r e s u l t  f rom pseudoax ia l - pseudoax ia l  (^J /  ) or
5 “ '"ap se ud o e q u a to r i a l - p s e u d o e q u a t o r i a l  ( ^J /  ) i n t e r a c t i o n s

17 G e
Garbisch and G r i f f i t h  prepared the two isomers (158a)

and (158b) and measured the two h o m o a l l y l i c  cou p l i ng

FIGURE 7.

J trans

J c is

H H

(157)

c o n s ta n t s :  = 9 .53 ,  and ~ 8.04 Hz. Karp lus^^^

p r e d i c t e d  t h a t  f o r  a p l an a r  s i t u a t i o n  (159) should

equal  ^ i ^ r a n s  ^^  ̂ gen e r a l i sed  system; but  A tk i nson and 

Perk i ns  concluded from the spec t ra  o f  the d i h y d r o 

b i p hen y l s  (160) t h a t  the t r a ns  cou p l i ng  ^J^rans ^^G^t  be
5g r e a t e r  than the c i s  coup l i ng  by as much as 25%.

Since then t h e r e  have been many s tu d ie s  concern ing the

r e l a t i o n s h i p  between h o m o a l l y l i c  coup l i ng  cons tan ts  and

the geomet ry.  Perk ins and co w or ke r s^ ^ ’ ^^^ observed long-

range coup l i ngs  in severa l  1 ,4 -d i hydrobenzene d e r i v a t i v e s .

For example,  in ( I58a)  and (158b) = 11 and 7.5 Hz
5

r e s p e c t i v e l y .  They suggested t h a t  may be sm a l l e r

than f o r  a p l an a r  r i n g  and t h e r e f o r e  t h a t  (158)—t  r  â n s
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must be puckered.  Marsha l l  and coworkers^^^  prepared (161a) 

and (161b) and found t h a t  the h o m o a l l y l i c  cou p l i ng  cons tan ts  

were n e a r l y  i d e n t i c a l  f o r  these s te re o i so mer s .  There fo re

they  p r e d i c t e d  t h a t  i c i s ^ ^ - t r a n s  r a t i o  gave on l y  rough 

ap p ro x ima t i on  to  the pucker i ng and the s u b s t i t u e n t s  on

(161) caused the pucke r i ng .

(158a) (158b)

HVCOOH
Dv J K .  .D

D 'H4

He Hd

H

(159)

(161a) (161b)

Then they  concluded t h a t  (158) and (161) are both puckered.  

More r e c e n t l y  these authors  have changed t h e i r  i n t e r 

p r e t a t i o n  o f  these data and now they  propose t h a t  (161) 

i s  e s s e n t i a l l y  p l a n a r .

In r ecen t  s t ud ies  o f  s u b s t i t u t e d  cyc lohex-1  , 4 - d i e n e s , 
1 1 0  1 1 A

Grossel  and coworkers ' have i n v e s t i g a t e d  d i f f e r e n t l y  

s u b s t i t u t e d  c y c l o h e x a - 1 , 4 - d i e n e s . They re po r t ed ^ ^^  nmr 

and c r y s t a l l o g r a p h i c  s tud ies  o f  t r a n s -1 , 4 - d i  h d r o - 4 -  

t r i t y l b i p h e n y l  ( 163) s u g g e s t s t h a t  t h i s  compound favours  

p l a n a r  con fo rma t i on  having a = 171.8° in the c r y s t a l .
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The isomer c_i_s-l , 4 - d i  hydro-  4 - t r i t y l b i p h e n y l  (162) a lso 

adopts a s o l i d  s t a t e  geometry in which the d i hy d ro a ro ma t i c  

r i n g  i s  a lmost  p l a n a r .

(162) (163)

Rabideau and coworkers^*^ ’  ̂  ̂  ̂  ̂^^ approached the

problems by p repa r i ng  3 - f l u o r o - 1 , 4 - d i h y d r o b e n z e n e

d e r i v a t i v e s  (164,  a , b , c ) .  They t r i e d  to measure the
3 3g e o m e t r i c a l l y  dependent v i c i n a l  Jn and Jw coup l i ngs
""4 F  ” ^4F

in o rd e r  t o  d e f i ne  the s te re oc h em is t r y  o f  the e n t i r e  r i n g .  

They expected t h i s  to  be a p a r t i c u l a r l y  i n f o r m a t i v e  

approach f o r  de te rm in ing  r i n g  con fo rmat i on  s i nce p r o to n -  

f l u o r i n e  cou p l i ng  i s  g e n e r a l l y  much l a r g e r  than p r o to n -  

p ro ton  c o u p l i n g .  F u r t h e r ,  replacement  o f  hydrogen w i th  

f l u o r i n e  - a very e l e c t r o n e g a t i v e  s u b s t i t u e n t  - should 

r e s o l v e  the a c c i d e n ta l  chemical  s h i f t  equ i va lences  o f

and . In the event  t h i s  proved not  to  be so and they 

cou ld  not  o b ta i n  ana l ysab le  nmr data because o f  chemical  

s h i f t  eq u i v a le nce s .  Useful  nmr r e s u l t s  were,  however,  

ob ta i ned  f rom the compounds (164d) and (165) i n d i c a t i n g  

a p l a n a r  con fo rmat ion  in each case.
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( l6 4 )  (a , ,R = S i(c H j;  

(b),R = m_ F Ph

(c)̂ R = COOH 

WXRcCHgOH

^ C H g O H

COOH COOH
CH,0 OCH

(166)

COOH

ca), R = 0 H3

1 1 7Rabideau a l so  r e - i n v e s t i g a t e d  the con fo r m a t i on a l

geometry o f  (166) and (167 ) ,  and in c o n t r a s t  to  the e a r l i e r
118sugges t i on  o f  Grossel  and Perk ins  t h a t  these are p l anar  

(on the bas is  o f  h o m o a l l y l i c  cou p l i ng  c o n s t a n t s ) ,  he proposed 

t h a t  both compounds are s l i g h t l y  puckered and t h a t  a l k y l -  

s u b s t i t u e n t s  have l i t t l e  e f f e c t  on the magni tude o f  the 

h o m o a l l y l i c  c ou p l i ng  c on s ta n t s .  More r e c e n t l y ,  Grossel
1 1 Q

and coworkers have determined the s o l i d  s t a t e  

con fo rma t i on  o f  2 ,6 - ( 1 6 7 )  and 3 , 5 - d i m e t h y l - 1 , 4 - d i h y d r o -  

benzoic  ac i d ( 168) ,  the fo rmer  i s  indeed puckered 

(a = 171.6° )  as suggested by Rabideau whereas the l a t t e r  

i s  p l a n a r .  C l e a r l y  s t e r i c  i n t e r f e r e n c e  between the 

ca rboxy l  s u b s t i t u e n t  and ne ighbou r ing  methyl  group is



108

r e l i e v e d  by pucker ing  o f  the d i hydrobenzene r i n g  in such 

a manner as t o  p lace the carboxy l  s u b s t i t u e n t s  pseudo-pseudo 

a x i a l ;  i t  i s  i n t e r e s t i n g  t o  note t h a t  in 3 , 5 -d i m e th y l  

d e r i v a t i v e  t o r s i o n a l  i n t e r a c t i o n  between the C^-H and 

C-methyl  bonds are minimized in the p l an a r  r i n g .  In t h i s  

case t h e r e f o r e  the a l k y l  s u b s t i t u e n t s  f a v o u r  a p l an a r  r i ng  

and may we l l  steepen the s i de  o f  the v i b r a t i o n a l  

p o t e n t i a l  energy w e l l .

6 . 2 . 2 .  1 , 4 -D ihydronaphtha  lenes

In o r de r  t o  i n v e s t i g a t e  f u r t h e r  the con fo rmat i on  

o f  1 , 4 - d i h y d r o a r o m a t i c  systems,  severa l  d i f f e r e n t  s t ud ies  

have been c a r r i e d  out on the conformat ion o f  1 ,4 - d i  hyd ro 

naphtha lenes in the hope o f  g a i n i ng  more i n s i g h t  i n t o
1 1 2t he  c o n t r o v e r s y .  Ma rsha l l  and Folsom i n v e s t i g a t e d  the

nmr spect rum o f  1 , 4 -d i h y d ro n a p h th o i c  ac i d (142) and deduced

t h a t  the s t r u c t u r e  i s  boat -shaped on the bas is  o f  the

magni tude and v i c i n a l  and a l l y l i c  co up l i ng  co n s t an t s .

L a te r ,  as a r e s u l t  o f  va lues ob ta i ned  f o r  the h o m o a l l y l i c

c ou p l i ng s  they  p r e f e r r e d  a p l an a r  co n fo rm a t i o n .  However,

more recen t  work i n v o l v i n g  the measurement o f  th ree-bond
120carbon-carbon coup l i ngs  about  (142) and the h o m o a l l y l i c

121carbon-carbon cou p l i ng  about  (169a) and (169b) t o g e t h e r

w i t h  a t h e o r e t i c a l  p r e d i c t i o n  t h a t  g/^- t rans Hz)
117 1f o r  a p l a na r  d i hydrobenzene r i n g  ’ have led to  the

co n c l us i o n  t h a t  (142) and i t s  s imple d e r i v a t i v e s  are
1 09somewhat puckered.  F u r t he r  suppor t  f o r  t h i s  view comes
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(142) (169)

H COOH

a , X = H , Y = D

b , X = D  , Y = H

f rom X- ray s tudy o f  (169,  X=Y=H) which shows a f o l d ed  r i n g  

a = 169.2° ,  however the con fo rma t i on  o f  (169) may we l l  

be i n f l u e n c e d  by s t e r i c  i n t e r f e r e n c e  between the carboxy l  

group and Hg.

Rabideau and coworkers^^  ’ ^ h a v e  prepared severa l

1 ,4 -d i hy d r on aph tha lene s  in an a t t empt  t o  r e so l ve  the 

c on t r o v e rs y  concern ing  i t s  con fo rm a t i o n .  They prepared 

compound (170) and analysed i t s   ̂H nmr spectrum us ing s h i f t  

reagents  and t r i p l e  i r r a d i a t i o n .  Comparison o f  the data 

f o r  (170) w i t h  t h a t  f o r  1 ,4 - d i h y d ro n ap h th a o i c  ac id (171) ,  

r evea led  t h a t  the h o m o a l l y l i c  cou p l i ng  cons tan ts  are 

s m a l l e r  f o r  (170) (Jy^ = 3.8 Hz) than (171) (Jj  3.5Hz ) ,  

f u r t h e rm o r e  the ^ - t r a n s  r a t i o  i s  s i m i l a r  f o r  both 

compounds. They t h e r e f o r e  concluded t h a t  both o f  them 

have a s i m i l a r  geomet ry .  I n t r o d u c t i o n  o f  a l a rge  

s u b s t i t u e n t  p r o v i d e s ^ d i f f e r e n t  r e s u l t  and (172) was 

prepared as a r e p r e s e n t a t i v e  o f  a h i g h l y  puckered mono 

s u b s t i t u t e d  1 , 4 -d i h y d ro n a p h th a le n e .  Such a con fo rmat ion  

i s  suppor ted by the f a c t  t h a t  the c i s h o m o a l l y l i c  coup l i ng  

con s ta n t  ( J^ ^ ) has dropped to  1.8 Hz. This i s  reasonable
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s ince  as the s u b s t i t u e n t  becomes pseudoax ia l  p ro tons  H

and adopt  a pseudoequator i a  1/pseudoequato r i a  1 r e l a t i o n s h i p ,  

which reduces the coup l i ng  c on s ta n t .  The change in geometry 

o f  (172) i s  due to  increased s t e r i c  i n t e r a c t i o n s  o f  

s u b s t i t u e n t  w i t h  the aromat i c  r i n g  and Hg. For compar ison

COOH

4 (171)

(i7o) R = C D 2 0 H
l ” 2)R -c (c H 3 )p H

o f  the above geometry w i t h  a r i g i d  boat  shaped model 

compound, the e s t e r  (173) and a l coho l  (174) were prepared 

both o f  which r e q u i r e  a locked boat  shaped d ihydronaphtha  1ene 

r i n g .  H o m o a l l y l i c  co up l i ng  cons tan ts  o f  8.5 Hz fo r ^ax / ' éx  

r e l a t i o n s h i p  and 3.2 Hz f o r  ^ x / ^ q  co u p l i n g  were found.

Grossel  and coworkers®^ have p r e v i o u s l y  prepared 2a , 5-d i hyd ro -  

acenaphtho i c  ac i d (173b) and observed a s i m i l a r  value f o r

i c i s
1 24They l a t e r  r e po r ted  an X- ray s t r u c t u r a l  an a l y s i s

which shows a = 146.5° f o r  the d i hyd ronaph tha lene  r i n g .

b.R = H
( l7 3 )

O

/ ( c h .)OH
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I t  would t h e r e f o r e  seem t h a t  a s i n g l e  l a rge  s u b s t i t u e n t  

such as C(CHg)20H fo r c es  the 1 ,4 - d i h yd r on ap h th a len e  r i n g  

i n t o  a boat  con fo rm a t i o n .  On the o th e r  hand, sm a l l e r  groups 

such as COgH and CDgOH lead to on l y  a s l i g h t  degree o f  

p u c k e r i n g .  There i s  no ev idence f o r  a p l ana r  s t r u c t u r e  

i n s u b s t i t u t e d  d i hydronaphtha lenes  . In suppor t  o f  t h i s
1 p c

view Grossel  has prepared 1 , 4 - d i h yd roo c tadeu te ronapha lene

(175) and found t h a t  = 7.15 Hz and ^J^rans  ̂ 4.55 Hz

( i . e .  i s ^ ^ - t r a n s   ̂ 1 -57) .  Here t h e re  e x i s t s  the 

p o s s i b i l i t y  o f  bo a t - bo a t  e q u i l i b r a t i o n  l ead ing  t o  a t ime
5

averaged value f o r  ^ c i s *  These cou p l i ngs  appear t o  p rov ide

the f i r s t  c l e a r  ev idence f o r  a boat  geomet ry.
51Reduct ion o f  4 -me thy1 - 1-n aph tho i c  ac i d a f f o r d s  

two isomers o f  1 , 4 - d i h y d r o - 4 - m e t h y l - l - n aph tho i c  ac id

(176 ) .  The spec t ra  o f  the produc t  m i x tu re  may be i n t e r p r e t e d  

in  terms o f  unequal  p r o p o r t i o n s  o f  c i s  and t r a ns  i somers.

I t  i s  suggested t h a t  the co up l i ng  values r e f l e c t  a s l i g h t l y  

g r e a t e r  pucker i ng  as a r e s u l t  o f  s t e r i c  i n t e r a c t i o n s  between 

methyl  group and C-5 a romat i c  p ro to n .

COOH

°  , „ 6, '■ '«
The major  s t e r i c  f a c t o r s  in the d e r i v a t i v e s  o f  (142)

a r i s e  f rom i n t e r a c t i o n  o f  l a rge  C-1 o r  C-4 s u b s t i t u e n t s  

w i t h  the p rox imate pe r i - hyd rog en  atoms. These e f f e c t s  are 

minimi zed by pucker ing  o f  the 1 ,4 -d i hy d ro nap h th a len e  r i n g .
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6 . 2 . 3 .  9 , 10 -D ihydroanthracenes

9 , 1 G-Dlhydroanthracene ( 6 ) has been shown by X-ray 

d i f f r a c t i o n ^ ^  t o  be non-p lana r  (a = 145°) and i s  presumed 

to  undergo rap id  b o a t - t o - b o a t  r i n g  i n v e r s i o n  even at  low
1 A C

t empera tu res  . There i s  genera l  agreement t h a t  the c e n t r a l  

r i n g  o f  9 , 10-d ihy d ro an th r ac ene  e x i s t s  in a boat  c on fo r m a t i on .  

In c o n t r a s t  the p r e f e r r e d  con format ions  o f  9 - s u b s t i t u t e d  

d e r i v a t i v e s  have been a ma t te r  o f  some c o n t r o v e r s y .  Whi le 

R=H in (177) undoubted ly  i n v e r t s  r a p i d l y  between e q u i v a l e n t  

boat  c o n f o r m e r s ^ ^ ^ ' ^ ^ ^ ,  the presence o f  a 9 - s u b s t i t u e n t  

can s h i f t  the e q u i l i b r i u m  to  f a v o u r  one o f  the two forms 

(178a) in which R is  pseudoax ia l  o r  (178b) where R is  

pseudoequator i  a 1.

o

(178a)
R

(178b)
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12 7Rabideau and coworkers have prepared a se r i es  

o f  9 - a 1k y 1 ( pheny1 ) - 9 , 10-d ih ydroan th racenes  and the 

s u b s t i t u e n t s  were shown to p r e f e r  a pseudoax ia l  l o c a t i o n .  

These r e s u l t s  which c o n t r a d i c t  e a r l i e r  r e p o r t s  show t h a t  

9 - t - b u t y l  ( 179a) ,  9 - i s o p r o p y l  (179b) and 9 - e t h y l  groups 

(179c)  f a v o u r  a pseudoax ia l  o r i e n t a t i o n .  However in the 

case o f  the 9-methy l  and 9-pheny l  d e r i v a t i v e s  t he re  is 

some p o p u l a t i o n  o f  the o th e r  conformer  at  e q u i l i b r i u m .

For the d i s u b s t i t u t e d  d e r i v a t i v e s ,  i t  was found t h a t  

c i s - 9 , 1 0 - d i a l k y 1 - 9 , 10 -d ihyd roanth racene (180) f avours  an 

o r i e n t a t i o n  in which the a l k y l  groups are d i pseudoax ia l ,  

whereas the t r a n s - i s o m e rs  undergo rap id  bo a t -boa t  i n v e r s i o n

a » R = t-b u ty l 
b ' R = isopropyl 
c ' Ft = ethyl

C K(179)
CR

H,C

H

R=H

(181)(180)
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H o m o a l l y l i c  cou p l i ng  cons tan ts  were measured in an 

a t t emp t  t o  r e so l ve  the d i s pu te  about  the con fo rmat i ons  

o f  mono s u b s t i t u t e d  9 , 10 -d ihyd roan th racenes .  Rabideau 

and coworkers^^  found t h a t  c i s - 9 , 1 0 - t e r t - b u t y l - 1 0 - e t h y l  -

9 , 10 -d ihyd roan th racene (180) has a l a rge  ( f o r  d i h y d r o 

an thracenes)  h o m o a l l y l i c  cou p l i ng  cons tan t  o f  1.3 Hz as 

compared w i t h  the more normal va lue o f  0.3 observed w i t h  

c i  s - 9 - i s o p r o p y l - 1 0 - e t h y l - 9 , 10 -d ihydroan th racene  (181) .

6 . 3 .  VIBRATIONAL EFFECTS VS. BOAT-BOAT INVERSION

V a r i a b l e  t emperatu re  p ro ton  nmr spec t ra  o f  1 , 4 - d i h y d r o -  

hexadeut robenzene (182) have been ob ta i ned  in o rde r  to
1 28probe f u r t h e r  the compar ison with ( 5 ) .  Grossel  and Perk ins

observed an i nc rease in 0 ^  ^  t r a ns  the t emperatu re  is

lowered w h i l s t  ^ ^^^ remains unchanged. The e f f e c t

o f  tempera tu re  should be ma n i f e s t  in the c i s - and t r a n s -

h o m o a l l y l i c  co up l i ng  cons tan t  o f  s u b s t i t u t e d  d i hyd robenzenes .

This change in ^ t r a n s  ^^ c o n s i s t e n t  w i t h  an e a r l i e r

p roposa l  t h a t  bo a t -boa t  v i b r a t i o n s  could a f f e c t  the

magni tude o f  h o m a l l y l i c  c o u p l i n g s .  The observed i nc rease

in  f o r  d i hydrohexadeuterobenzene (182) i s  in—t  rans
q u a l i t a t i v e  agreement w i t h  a c a l c u l a t e d  i nc rease o f  23%

based on Bol tzman p o pu la t i on s  f o r  the v i b r a t i o n a l  s t a te s
129found in  the gas phase o f  d ihydrobenzene . Grossel  and 

coworkers a l so  found t h a t  the t r a ns  cou p l i ng  ==

3.4 Hz in (183) )  in the f a i r l y  r i g i d  boat  shaped d i h y d r o 

a roma t i c  r i n g  in  (183) i s  i n s e n s i t i v e  (<1%) t o  t emperatu re  

over  a 120° range.
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(182)

OOH

(183)

6 .4 .  THEORETICAL DEPENDENCE OF COUPLING ABOUT A DIHYDRO

AROMATIC RING

A number o f  a t tempts  have been made t o  p r e d i c t  

t h e o r e t i c a l l y  the dependence o f  the va r i ous  i n t e r p r e t a t i o n  

c o u p l i n g  cons tan ts  w i t h  co n fo rm a t i o n .  Grossel  and coworkers 

have used va r i ous  l i t e r a t u r e  data to  p r e d i c t  the v a r i a t i o n  

o f  v i c i n a l ,  a l l y l i c  and h o m o a l l y l i c  coup l i ngs  about  a 

d i h y d ro a ro m a t i c  r i n g  w i t h  c o n fo rm a t i o n .  These data have 

been compared w i t h  exper imenta l  values both to  p rov ide  

i n s i g h t  i n t o  the con fo rmat ions  o f  the d i h y d r o a r o ma t i c  

d e r i v a t i v e s  and to  assess the p r e c i s i o n  o f  c a l c u l a t i o n .

In F igure  ( 8 ) ,  i s  presented the v a r i a t i o n  o f  v i c i n a l

co u p l i n g  w i t h  r i n g  con fo rmat i on  based on c a l c u l a t i o n  of
1 30Pople and coworkers . For a p l an a r  r i n g  the v i c i n a l  

c o u p l i n g  t o  pseudoax ia l  and pseudoequa to r i a l  p ro tons  should 

o f  course be i d e n t i c a l .  As the r i n g  puckers coup l i ng  

t o  the pseudoax ia l  p ro ton  decreases in magni tude as ove r l ap  

between the C-H bonds d im in i shes  and passes th rough a 

minimum va lue ca.  2.5 Hz f o r  a = 160°. In c o n t r a s t  cou p l i ng  

t o  the  pseudoequa to r i a l  p roton inc reases  w i t h  increased 

r i n g  puc ke r i n g .
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In F i gures  (9) and (10) are presented two sets  of

c a l c u l a t i o n s  r e l a t i n g  to  a l l y l i c  cou p l i ng  about a d i h y d ro -
137a roma t i c  r i n g .  The f o r mer ,  due to  B a r f i e l d  seems to

approx imate  more c l o s e l y  the a v a i l a b l e  expe r imen ta l  da ta .

For example,  a l l y l i c  cou p l i ng  to  a pseudoax ia l  pro ton decreases

f rom = -1 . 5  Hz in a p l an a r  r i n g  to  ca. 3.0 Hz when

a = 140°.  The l a r g e s t  expe r imen ta l  values f o r  t h i s

i n t e r a c t i o n  are ca.  = - 3 .2  Hz. The o th e r  c a l c u l a t i o n s  
1 22due t o  Marsha l l  suggest  a s i m i l a r  geomet r i c  dependence 

but  passes through a minimum value o f  ca.  -4 Hz. Coupl ing 

t o  the pseudoequa to r i a l  p ro ton  passes through 0 and becomes 

p o s i t i v e  as r i n g  pucker i ng i nc re ases .

The con fo r m a t i on a l  dependence o f  h o m o a l l y l i c  coup l i ng  

has been the su b je c t  o f  much c o n t r o v e r s y .  In F igure ( I I )  

are compared c a l c u l a t i o n s  o f  Grossel  and Pe rk i n s ,  and 

Marshal  and coworkers .  I t  i s  not  c l e a r  whether  cl or
— C 1 b

- t r a n s  should be the g r e a t e r  in  the p l an a r  d i hydrobenzene 

r i n g .  However i t  i s  c l e a r  t h a t  as the r i n g  f o l d s ,  c i s  

d i pseudoax ia  1 cou p l i ng  i nc reases  in magni tude reaching 

a maximum va lue f o r  a  = 145°.  Cis d i p se u d o e q u a t o r i a l  

c o u p l i n g  r a p i d l y  decreases to  a very  low value when 

a = 140°.  The t r a ns  c ou p l i ng  a l so  decreases as r i n g  

pucke r i ng  inc reases  but  at  less  r a t h e r  than s lower  r a t e .

Grossel  has compared these c a l c u l a t i o n s  and has 

argued t h a t  M a r s h a l l ' s  data ove res t im a te  h o m o a l l y l i c  

c o u p l i n g  by a f a c t o r  o f  2. He no tes ,  as i s  shown in 

F igure  ( I I )  t h a t  i f  t h i s  f a c t o r  i s  taken i n t o  account  the 

two sets  o f  c a l c u l a t i o n s  p r e d i c t  an e s s e n t i a l l y  s i m i l a r  

geome t r i c  dependence f o r  the h o m o a l l y l i c  c o u p l i n g s .
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This i s  f u r t h e r  emphasised by a compar ison o f  the geomet r i c  

dependence o f  t  

i n F i gure  (12 ) .

dependence o f  the h o m o a l l y l i c  cons tan t  r a t i o —C 1 S — 1 1 a n s
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FIGURE 8 .

V icinal coupling (J^ g) in puckered cyclohexa-1,4-diene 130
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FIGURE 9.

A l l y l i c  coupling in cyclohexa-1,4-diene as a function of 
137ring puckering
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FIGURE 10.

INDOcalcuIations fo r  cycIohexa-1,4-diene af ter  Marshall and 

coworkers showing a l l y l i c  coupling values.
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FIGURE 12.

ra t io  in cyclohexa-
1,4-diene. (a) Grossel and Perkins

177(b) Marshall and coworkers
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CHAPTER 7 

RESULTS AND DISCUSSION

7 . 1 .  1 ,4-DlHYDROPHTHALlDES

 ̂H NMR spectrum o f  1 , 4 - d i h y d r o - 3 , 3 ' - d i m e t h y 1ph th a1i de 

(121) i s  shown in  F igure  (14) and the cor respond ing  spec t ra  

o f  the methy la ted  d i hyd roph tha  1 i de (124) i s  shown in F igure 

( 1 5 ) .  These spec t ra  were analysed using the sp in s i m u l a t i o n  

programme (ITACAL) and Figures (14A) and ( ISA) i nc l ud e  

t he s imu la ted  spec t ra  f rom these analyses r e s p e c t i v e l y .

In Table 9 are l i s t e d  the cou p l i ng  cons tan ts  ob ta i ned  

f rom a n a l y s i s  o f  the  ̂H nmr o f  (121) and (124 ) .  The protons  

have been assigned the s te r eo ch em is t r y  shown in F igure 

(13)  as a r e s u l t  o f  compar ison o f  cou p l i ng  cons tan ts  about  

the  d i h yd ro a r o m a t i c  r i n g  w i t h  those found f o r  o th e r  

d i h y d ro a ro m a t i c  a c i d .  A no tab le  f e a t u r e  o f  a spectrum 

o f  (121) i s  the p a r t i c u l a r l y  l a rge  h o m o a l l y l i c  coup l i ng  

^ = 13.7 Hz. This i s  the l a r g e s t  value ye t  repor ted  

f o r  c y c l o h o m o a l l y 1i c  c ou p l i ng  and must r e f l e c t  a h i g h l y  

puckered boat  con fo rmat i on  f o r  the dihydrobenzene r i n g  

in  (121) which i s  the r e s u l t  o f  the con fo rmat i on  l oc k i ng  

e f f e c t  o f  the fused l ac tone  r i n g .  The h i g h l y  puckered 

con fo rma t i on  o f  the d i h y d r o p h t h a l i d e  u n i t  i s  a l so  r e f l e c t e d  

in  the o t h e r  cou p l i ng  c on s ta n t s .  For example the v i c i n a l  

c o u p l i n g  between pseudoax ia l  p ro tons H-1 and H-4,  and the 

v i c i n a l  ne ighbours  H-2, H-3 and H-6 are a l l  r e l a t i v e l y  

smal l  l y i n g  in  the range 2 . 1 - 2 . 5  Hz. The s l i g h t  d i f f e r e n c e
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TABLE 9. Frequencies and coupling constants fo r  the ring protons in 

1,4-dihydro-3,3-dimethylphthal ide (121) and 1,4-dihydro-l -methyl- 

3,3-dimethylphthal ide (124) as obtained by computer simulation of 

t he i r  400 MHz spectra in CDClg.

P.m.r. spectral 
parameters

I ,4-dihydro-3,3- 
dimethylphthal ide 

(121)

1,4-dihydro-l-methyl- 
3 ,3-dimethy1phtha1ide 

(124)

(a) frequencies
1479.595

^̂2 2419.902 2447.034

^3 2370.359 2359.342

^4 1088.354 1107.871

^5 1109.377 1079.322

^6 2306.775 2331.236

(b) coupling constants i i
J ( l ,2 ) 2.466

J ( l ,3 ) -3.126
J ( l ,4 ) 13.709
J( l ,5 ) 6.369
J(1.6) -3.143 1

J(2.3) 9.734 9.252
0(2,4) -2.957 -3.227

0(2.5) -1.001 -0.604

0(2,6) -0.012 -0.006

0(3,4) 2.328 1.911

0(3,5) 4.659 5.230

0(3,6) 1.184 1.038

0(4,5) -21.938 -21.729 !

0(4,6) 2.111 1.794 i

0(5,6) 5.573
i

6.316

l ine width 0.5 Hz 0.5 Hz
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FIGURE (13)

(121) X = H ,  

(124) x = m ^

between Jj- ^ and Jg ^ an the one hand and g an the other 
may reflect a substituent effect due to the alkyl group 
on the double bond bearing the latter proton. The allylic 
couplings g, g and ^ all have a magnitude greater 
than -3 H z , These values are all once again consistent 
with interaction with pseudoaxial proton on a highly 
puckered dihydrobenzene ring (and should be negative).
In contrast the vicinal couplings Jg g and Jg g are both 
relatively large suggesting that the C-Hg and C-Hg bonds 
are each almost coplanar. With C-Hg the allylic coupling 
Jg 5 is very small as expected for a pseudoeguatorial proton 
The coupling Jg g is not normally measurable since the 
protons H-3 and H-6 are normally equivalent; the value 
of approximately T Hz observed for this coupling is similar 
to the only other values previously observed in a highly

T 32puckered ring (cis-2a,5-dihydrobenzocyclobutene-oic acid)
An unusual aspect of the data for (121) lies in the 
relatively high value for the trans homoallylic coupling 
J^ g (6-4 Hz) which can be compared with the value of
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( 4 .7  Hz) observed by Rabideau in numbers o f  d i h y d r o t r 1ptycene 
133

c a r b o x y l i c  ac i d  . The i n t e r p r e t a t i o n  o f  these values 

i s  not  c l e a r  and may r e s u l t  f rom s u b s t i t u e n t  e f f e c t  and 

t h i s  w i l l  need f u r t h e r  i n v e s t i g a t i o n .  The cou p l i ng  observed 

f o r  t he  methylated d i h y d r o p h t h a 1ide (124) are s i m i l a r  but  

no t  i d e n t i c a l  t o  those found f o r  ( 121) .  These d i f f e r e n c e s  

are b e l i e v e d  t o  be s i g n i f i c a n t  and may r e f l e c t  d i f f e r e n t  

s t e r i c  i n t e r a c t i o n s  r e s u l t i n g  from i n t r o d u c t i o n  o f  the 

e x t r a  methy l  s u b s t i t u e n t  a t  C-1. I t  i s  hoped to  o b ta i n  

c r y s t a l s  o f  (124)  s u i t a b l e  f o r  X-ray s t r u c t u r a l  a n a l y s i s .  

U n f o r t u n a t e l y  (121) i s  p robab l y  too uns tab le  to  be s u i t a b l e  

f o r  t h i s  purpose.

7 . 2 .  8-ALKYL-l ,4-DIHYDRONAPHTHOIC ACID

In the course o f  t h i s  work two 8 - s u b s t i t u t e d  1 ,4 -  

d i h y d r o n a p h th o i c  ac i d (97) and (114) have been p repared .

T h e i r  ^H nmr spec t ra  have been analysed in d e t a i l  and the 

r e s u l t s  are presented in F i gures  16 and 16A f o r  ( 9 7 ) ,

17 and 17A f o r  (114) and the cou p l i ng  cons tan ts  in Table ( 1 0 ) .  

A n o ta b le  f e a t u r e  o f  these data i s  t h a t  the cou p l i n g  cons tan ts  

o f  (97)  and (11 4 ) ,  a l l  are e f f e c t i v e l y  the same. The 

v i c i n a l  c o u p l i n g  cons tan ts  J^ g ^nd Jg ^ are both l a rge  

and o f  s i m i l a r  magni tude.  These values suggest  t h a t  H-1 

and H-2 are e f f e c t i v e l y  cop lana r  as are H-3 and H-4. I t  

must t h e r e f o r e  be concluded t h a t  H-1 and H-4 are c i  s to  

each o t h e r  and p s e u d o e g u a to r i a l .  The o b s e r v a t i o n  t h a t  

Jg g i s  much s m a l l e r  than Jg ^ suggests t h a t  H-5 i s
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ps e u d o a x ia l .  In the case of  the a l l y l i c  coup l i ngs  J.I ) Ô

and J2^4 are smal l  c o n s i s t e n t  w i t h  H-1 and H-4 being 

p s e u d o e g u a t o r i a l ;  Jg g i s  l a rge suggest ing a pseudoax ia l  

l o c a t i o n  f o r  H-5 and J^ ^ must t h e r e f o r e  be c i s - d i - 

pse udo egu a to r i a l  h o m o a l l y l i c  coup l i ng  across the d i 

hydronaph tha lene r i n g ,  whereas J^ g i s  the cor respond ing  

t r a ns  h o m o a l l y l i c  c o u p l i n g .

From these da ta ,  we can conclude t h a t  the d i h y d r o 

naphtha lene r i n g  i s  puckered in (97) and (114) and the 

e f f e c t  o f  changing the C-8 s u b s t i t u e n t s  f rom methyl  to  

i s o p r o p y l  does not  s i g n i f i c a n t l y  a f f e c t  the r i n g  con fo rma t i on  

which remains puckered in o rder  to keep the carboxy l  (COOH) 

away f rom the 8 - a l k y l  s u b s t i t u e n t s .

Table 10 a lso  i nc l udes  data r e l a t i n g  to  1 , 4 - d i h y d r o -  

n a p h t h a l i d e ,  v i c i n a l  and a l l y l i c  coup l i ng  f o r  t h i s  compound 

suggest  a p l a n a r  r i n g  s ince ^2 4 " ^2 5 Jg 4 = O3 5 * 

U n f o r t u n a t e l y  t h e re  is s i g n i f i c a n t  long range coup l i ng  

in the s t r u c t u r e  to  the aromat i c  and be n z y l i c  protons  which 

hampered f u r t h e r  a n a l y s i s .  Decoupl ing o f  the a romat i c  

p ro tons  in  the spectrum has not  proved e f f e c t i v e  in 

s i m p l i f y i n g  the  data t o  be analysed and a complete an 

unambiguous s o l u t i o n  o f  the spectrum o f  t h i s  compound i s  

not  ye t  a v a i l a b l e  .
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Me COOH

(97)

MegCH COOH

o

(104)

H.
OH
I

=  0
H (97) R = Me

(114) R = l - P r

H

(104)
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TABLE 10. Frequencies and coupling constants for  the ring protons 

in 1,4-dihydro-8-alkylnaphthoic acid ^7) and (114)and 1,4-dihydro- 

naphthalide (104)as obtained by computer simulation of the i r  400 MHz 

spectra in CDCl^.

p.m.r. spectral  
parameter

1,4-dihydro-8-
methyl-naphthoic
acid

(47)

1,4-dihydro-8- 
isopropyl- 
naphthoic acid

(Î14)

1,4-dihydro- 
naphthalide

(104)

(a) Frequencies

^2

1814.168 1867.775 1640.00
2425.129 2414.701 2450.00

^3 2492.967 2484.223 2513.00

^4 1369.741 1356.356 1375.00

''5 1432.135 1421.090 1378.00

(b) Coupling constants
J( l ,2 ) 5.386 5.500 4.0

J( l , 3 ) -1.123 -1.103 -2.4

J( l ,4 ) 2.781 2.800 3.7

0(1,5) 4.018 4.000 3.0

0(2,3) 9.718 9.500 10.5

0(2,4) -0.712 -.727 -3.5

0(2,5) -3.241 -3.173 -3.5

0(3,4) 5.210 5.200 2.2

0(3,5) 2.226 2.180 2.2

0(4,5) -21.550 -21.658 -21.00

l ine width 0.5 Hz 0.5 Hz 0.5 Hz
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7 .3 .  SUBSTITUENT EFFECTS OF THE CONFORMATIONS OF

I ,4-DIHYDRONAPHTHALENES

Fu r t h e r  i n s i g h t  i n t o  the con fo rma t i on  o f  8-methyI  

and 8 - i s o p r o p y l - I , 4 - d i h y d r o n a p h t h o i c  ac ids  can be gained 

f rom a compar ison o f  the  pro ton  cou p l i ng  cons tan ts  about 

t he  d i h y d ro a ro m a t i c  r i n g s  in (97) and (114) w i t h  those 

o f  r e l a t e d  s t r u c t u r e .  The a v a i l a b l e  data are presented 

i n Table ( I I ) .

D ihydronaph tha lene  r i n g  con fo rmat ion  seems to  be
1 7 3bes t  mon i to red  e i t h e r  by t r a n s  h o m o a l l y l i c  cou p l i ng  

o r  by the h o m o a l l y l i c  co u p l i n g ^ ^ ^  cons tan t  r a t i o

- c i s ^ - t r a n s  ' From Table ( I I ) ,  compounds (171) ,  (170) 

and (172) are 1- s u b s t i t u t e d - 1 , 4 - d i h y d r o n a p h t h a l e n e ,  which 

should adopt  a boat  con fo rma t i on  in which the s u b s t i t u e n t  

( X) in ( I 8 5a )  i s  pseudoax ia l  (see p. 169 ) .  Changing o f  

the  s u b s t i t u e n t  from  the re latively  small COOH ln( I 71 ) t o  the very

bu l ky  MegC-^H in (172) causes the r i n g  t o  become much more

puckered.  The d i hyd ronaph tha lenes  ( I 73b )  and (173a) are 

r i g i d  and t h e r e f o r e  the  r i n g  con fo rmat i on  found in the 

s o l i d  s t a t e  as determined by X-ray d i f f r a c t i o n  should be 

i d e n t i c a l  t o  t h a t  p resen t  in s o l u t i o n .  Compound (174) 

has a more bu lky  s u b s t i t u e n t  (x )  but  t h i s  should not  a f f e c t

the con fo rma t i on  and indeed ^ f o r  both (173a) and (174)

i s  the same. The re fo re  nmr data f o r  (173a) and (174) 

r e p r e s en t  the expected values f o r  a t r a n s - 1 , 4 - d i h y d r o -  

naphtha lene having a = 146.5 and nmr data f o r  (173b) 

r e p re sen ts  t h a t  expected f o r  the cor respond ing  c i s  isomer
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i n which the s u b s t i t u e n t  (x)  i s  p laced p s e u d o e g u a to r i a l * .  

Examinat ion o f  the data f o r  (172) shows t h a t  a l l  coup l i ngs  

about  the d i hydronaphtha  1ene r i n g  are s i m i l a r  t o  those 

f o r  (174) except  t h a t  g i s  b i g ge r  f o r  (172) and Jg g 

i s  s m a l l e r  f o r  (174) .  This d i sc repancy  may mean t h a t  (172) 

i s  s l i g h t l y  l ess  puckered than (174) or  i t  may r e f l e c t  

s u b s t i t u e n t  e f f e c t  on the cou p l i ng  c on s ta n t s .

The r a t i o  o f  c i  s -homoa 1 l y l i c  c o u p l i n g / t r a n s - h o m o a l l y l i c  

co u p l i n g  seems to  be the most r e l i a b l e  and l e a s t  s u b s t i t u e n t  

s e n s i t i v e  i n d i c a t o r  o f  d i h yd ro a r o m a t i c  r i n g  c on fo r m a t i on .  

Where a p p r o p r i a t e  va lues o f  t h i s  r a t i o  have been c a l c u l a t e d  

i n Table ( 1 1 ) .  No va lues  are i nc l uded  f o r  (173a,b)  and 

(174) because in these examples,  the c i s cou p l i n g  is  

p s e u d o a x ia l - p s eu do a x i a l  whereas in a l l  the o th e r  cases 

the c i s cou p l i n g  i s  p s e u d o e g u a t o r i a l - p s e u d o e g u a t o r i a l .

The c i s - / t r a n s - J r a t i o  h o m o a l l y l i c  c ou p l i ng  cons tan ts  

c a l c u l a t e d  f o r  (97) and (114) i s  s i g n i f i c a n t l y  less than 

those found in the a lmost  p l a na r  r i n g  (171) and (170) but  

not  as smal l  as t h a t  determined f o r  ( 172) .  I t  i s  t h e r e f o r e  

concluded t h a t  t h e re  i s  a s i g n i f i c a n t  pucker i ng  e f f e c t  

when a methyl  o r  i s o p ro p y l  s u b s t i t u e n t s  i n t r oduced  at  

p o s i t i o n  -8 on the d i hydronaphtha  1ene s k e l e t o n .  This 

r e l i e v e s  s t e r i c  i n t e r f e r e n c e  between the groups (R) and 

( x )  in compound (185 ) .  However t h i s  e f f e c t  i s  not  as 

g r e a t  as the s t e r i c  i n t e r f e r e n c e  between a H- atom at

*Th i s  c i s - i s o m e r  cannot  t h e r e f o r e  be used as a model f o r  
c i s - c o ï ï ^ i n g  i n  a f l e x i b l e  system where the s u b s t i t u e n t  
X in ( 1 7 4 ) i s  l oca ted  pse udo ax i a l .
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p o s i t i o n  -8 and a 2 -hydroxy  p ropy l  s u b s t i t u e n t  at  p o s i t i o n  1 . 

An X- ray s t r u c t u r a l  s tudy o f  (97) i s  awai ted wh i ch# is  hoped 

t o  p rov ide  f u r t h e r  i n s i g h t  i n t o  the d i h yd ro a r o m a t i c  r i n g  

con fo rma t i on  o f  t h i s  mo lecu le .  Meanwhi le i t  i s  c l e a r  t h a t  

the  con fo rma t i on  o f  (97) and (114) are s i g n i f i c a n t l y  non- 

p l a n a r .

CO2H

o

(171)

CD2OH

o

(170)

Me CO2 H

o

(97)

M aC H  CO2H

o

(114) (173b)

M e a c O

(173a)

M e p W H

H ,

H,

(174) (184)

(185) a, R = H
b, R = alkyl
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APPENDIX A

I . Unusual B i r ch  Reduct ion Pathways

D ihydroa roma t i c  compounds are c o n v e n i e n t l y  prepared 

by re d u c t i o n  o f  the a romat i c  analogues us ing s o l u t i o n s  

o f  a l k a l i  meta ls  in l i q u i d  ammonia. The i n te rm e d i a te  

anion can be cap tured e i t h e r  by a p ro ton or  by an 

a l k y l h a l i d e ,  the l a t t e r  procedure l ead ing  t o  r e d u c t i v e  

a l k y l a t i o n  ( see Par t  1) :

H COOH

(2J H

(I) Li / NH:

{2J Mel

Me COOH

The B i r ch  r e d u c t i o n ,  however ,  does not  always p rov ide

an e f f i c i e n t  s y n t h e t i c  rou te  to  1 , 4 -d i hydrobenzene
1 35d e r i v a t i v e s .  Grossel  and coworkers have repor ted  

t h a t  in the r e d u c t i o n  o f  4 -pheny lbenzo i c  ac i d (186) t h e r e  

i s  ob ta i ned  i n  a d d i t i o n  to  the expected 1 ,2 -  and 1 ,4 -  

d i h y d r o - 4 - p h e n y l b e n z o i c  ac ids  (187 ) ,  and (188) r e s p e c t i v e l y ,  

and recovered s t a r t i n g  m a t e r i a l ,  a 25% y i e l d  o f  a m i x tu re  

o f  an a l c oh o l  (192) and a hydrocarbon (190) .  This  i s  

t he  r e s u l t  o f  i ncreased co n ju g a t i o n  in the re a c t i o n  

i n t e r m e d i a t e s .  They suggest  t h a t  c a r b o x y - f u n c t i o n
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r e d u c t i o n  may be r e l a t e d  t o  a v a r i a t i o n  in p r o t o n a t i o n  

s i t e s  owing to  extended co n j u g a t i o n  in  t h i s  system.

Par t  o f  our  work has t h e r e f o r e  concen t ra ted  on 

t he i n v e s t i g a t i o n  o f  t h i s  unexpected process w i t h  the 

hope o f  de te rm in in g  what s t r u c t u r a l  f e a tu r e s  and r e a c t i o n  

c o n d i t i o n s  f a v o u r  n o n - a c i d i c  p r od u c t s .  P r e l i m i n a r y  

exper iments  suggest  t h a t  a romat i c  c a r b o x y l i c  ac i ds  can 

be reduced in  the presence o f  excess ion and t h a t

under these c o n d i t i o n s  r e d u c t i o n  o f  the s i de  cha in  i s  

f avoured  over  r e d u c t i o n  o f  the a romat i c  r i n g .  The r e f o re ,  

c o n j u g a t i o n  o f  the a roma t i c  r i n g  p l ays  an impo r ta n t  r o l e  

in t h i s  p rocess .  A cc o rd in g l y  we i n i t i a t e d  a s tudy o f  

b i ph en y l s  in which the e x t e n t  o f  c o n j u g a t i o n  between 

the a roma t i c  r i n g s  was v a r i e d .  Of p a r t i c u l a r  i n t e r e s t  

was the r e a c t i o n  o f  compounds in which c o n j u g a t i o n  between 

the two phenyl  s u b s t i t u e n t s  i s  m in im i sed ,  (193) and (194 ) .

COOH COOH

(193)

1 o c
Franks and Knutsen

(194)

137 dev ised s y n t h e t i c  rou tes  

t o  ( 1 93 ) .  Knutsen c a r r i e d  out  a p r e l i m i n a r y  s tudy o f  

t he  r e d u c t i o n  o f  (193) which suggest  t h a t  very  l i t t l e  

n o n - a c i d i c  m a t e r i a l  was produced.  He d i d not  i d e n t i f y



172

the  e f f e c t  o f  mo d i f y i n g  the r e a c t i o n  c o n d i t i o n s  on t h i s  

p rocess .  I t  i s  c l e a r l y  i m p o r ta n t ,  t h e r e f o r e ,  to prepare 

(193) and t o  c a r r y  out  d e t a i l e d  i n v e s t i g a t i o n  o f  t h i s  

r e a c t i o n .

This work has now been re-examined and Table 12

summarizes the percentage y i e l d  o f  a c i d i c  and n o n - a c i d i c

m a t e r i a l  under va r i o us  r e a c t i o n  c o n d i t i o n s .  I t  w i l l

be seen t h a t  in  each case the re d u c t i o n  o f  (186) produces

a s i g n i f i c a n t  q u a n t i t y  o f  n o n - a c i d i c  m a t e r i a l  ( 20%) in

a d d i t i o n  t o  a m i x t u re  o f  d i hyd ro -4 -pheny1benzoic  ac id

(80%). The n o n - a c i d i c  m a t e r i a l  i s  composed o f  a m ix tu re

o f  a ldehyde,  a l co ho l  and hydrocarbon de r i v ed  f rom re d u c t i o n
1 3 7o f  the ca rboxy l  g roup.  The e a r l i e r  workers a l so  

de tec ted  t r a c es  (4%) o f  n o n - a c i d i c  m a t e r i a l  in the 

r e d u c t i o n  o f  benzoic  ac i d  i t s e l f .  These were i d e n t i f i e d  

as a m i x tu re  o f  benza1dehyde, benzyl a l coho l  and t o l uene  

and t h e i r  d i h yd r o  d e r i v a t i v e s .  The i ncreased y i e l d  o f  

n o n - a c i d i c  m a t e r i a l  f rom the r e d u c t i o n  o f  4-pheny l  benzoic 

ac i d  was b e l i e ve d  to  r e s u l t  f rom p r o t o n a t i o n  a t  d i f f e r e n t  

s i t e s  in  the i n i t i a l l y  formed r a d i c a l - a n i o n  or  d i a n i o n .  

P ro to n a t i o n  o f  the carbon atom bear i ng  the c a r bo x y la te  

group may be f avoured  by the enhanced s t a b i l i t y  o f  the 

r e s u l t i n g  i n t e r m e d i a t e  (195) through c o n ju g a t i o n  o f  the 

cy c lo h e xa d ie n y l  r a d i c a l  o r  an ion ,  w i t h  the phenyl  

s u b s t i t u e n t .
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TABLE 12. B i rch  re d u c t i o n  o f  4 -pheny lbenzo i c  ac id  w i t h  

l i t h i u m  metal /NHo

Mo 1 .e q u i v . Quenching t echn ique Aci di  c% Non-ac i d i c%

10 L i t h i u m  was added f i r s t 80 16

10 L i t h i u m  was added a f t e r  
NH4CI 80 20

4 L i t h i um  was added f i r s t 80 20

4 L i t h i u m  was added l a t e r 66* 26

*Th i s  low y i e l d  i s  because o f  recovered s t a r t i n g  m a t e r i a l

o f  8 % .

C O O H COOH COOH M®

(is e ) ( i 8 s) [187) (189) (190)

TABLE 13. Meta 1/Ammonoa r e d u c t i o n  o f  methyl  4-pheny l  benzoate

M o l . e q u i v . Metal Non
(192)

- a c i d i c * *  
(191) (197)

A c i d i c

10 Li 45 39 16 100 -

4 Li 20 69 10 99 -

4 Na 20 74 6 100 -

* * e s t i m a t i o n  by nmr.
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COOH ,COO”

(186) (195)

In o rde r  t o  s tudy t h i s  process f u r t h e r  we have 

a l so  reduced sodium 4-pheny l  benzoate under the same 

c o n d i t i o n s  as used f o r  4 -pheny1benzoic  ac i d (10 mol .  

e q u i v .  o f  L i /NHg,  NH^Cl ) .  There was ob ta i ned  n o n - a c i d i c  

m a t e r i a l  ( 5 % ) ,  a c i d i c  m a t e r i a l  (70%) and some o f  non

reduced ac id  (23%). The n o n - a c i d i c  m a t e r i a l  con s i s ted  

on l y  o f  ( 190) .

In o rd e r  t o  i n v e s t i g a t e  f u r t h e r  the n o n - a c i d i c :  

a c i d i c  r a t i o ,  methyl  4 -pheny Ibenzoate  (196) was prepared 

and was reduced as o u t l i n e d  in Table ( 1 3 ) .  No a c i d i c

COOMeCOOMe

(197)(191)(192)(196)

m a t e r i a l  was i s o l a t e d  f rom any o f  the r e a c t i o n s .  Almost  

a l l  t he  p roduc t  was n o n - a c i d i c  m a t e r i a l  (98%) and t h i s

• con ta i n s  4-pheny 1 benzy 1 a l coho l  (191) and l \ 4 ^ -d i hyd ro -
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4-pheny 1 benzyl .a 1 coho 1 (192) as major  components.  No 

s t a r t i n g  m a t e r i a l  was recovered and on l y  a very  low y i e l d  

o f  l , 4 - d i h y d r o - 4 - p h e n y l m e t h y I b e n z o a t e  (197) was i s o l a t e d .

2. A c é t y l a t i o n  o f  2 , 2 ' -D i m e th y l b i p he n y l  .

The a c é t y l a t i o n  o f  2 , 2 ' - d im e t h y l b i p h e n y l  leads 

t o  the f o r m a t i o n  o f  a m i x t u re  o f  p r odu c t s .  The study 

o f  the ra te  and the o r i e n t a t i o n  o f  e l e c t r o p h i 1ic
138 139s u b s t i t u t i o n  in b i ph en y l s  was p ioneered by Brown 

de la Ma re^^^ ’ ^^^ ,  and Eaborn^^^ .  De la Mare and 

c o w o r k e r s c o n c l u d e d  t h a t  the  c h l o r i n a t i o n  o f  1 , 2 , 3 , 4 -  

d i b e n z o c y c l o h e p t a - 1 , 3 -d i ene (198) w i t h  mo le cu la r  c h l o r i n e  

in  a c e t i c  ac i d  gave the 2 ' - c h 1o r o - d e r i v a t i v e  . Thus 

d e s p i t e  the  l a rge  angle between the planes o f  the benzene 

r i n g  (ca .  42° c f .  45° in b i p h e n y l ) ,  the mesomeric e l e c t r o n  

re l ease  f rom the a r y l  group i s  s t i l l  l a rge  enough to 

de te rmine  the o r i e n t a t i o n  o f  c h l o r i n a t i o n .  Rapaport  

and W i l l i a m s ^ ^ ^  ob ta i ned  the 2 ' - i s o m e r  w i t h  the n i t r a t i o n  

o f  the pa ren t  hydrocarbon (198a) .

The o r i e n t a t i o n  o f  s u b s t i t u t i o n  i s  s t i l l  however 

dominated by the a r y l  g roup.  There fore  the most im po r ta n t  

f e a t u r e  de te r m in i ng  t h i s  v a r i a t i o n  o f  r e a c t i v i t y  i s  

t he  c o n j u g a t i v e  power o f  the a r y l  group and t h i s  in t u r n  

i s  de termined by the angle between the planes o f  the 

a r y l  r i n g s  in the t r a n s i t i o n  s t a t e .  The e f f e c t  o f  t h i s  

s t e r i c  i n h i b i t i o n  o f  resonance,  p r o g r e s s i v e l y  i n c re a s i n g  

f rom f l u o r e n e  (200) t o  6 , 7- d i m e t h y l - 1 ,2  :3 , 4 - d i b e n z o c y l o -
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Me Me

4

(199)

CH ^

b,R=Me

(198)

o c t a - 1 , 3 - d l e n e  (201b) i s  t h a t  s u b s t i t u t i o n  meta to  the 

a r y l  group i s  n e g l i g i b l e  in f l u o r e n e ,  but  de te c ta b l e  

( 11 %) in 9 , 10-d ihyd rophenan threne , and rep resen ts  a 

s t i l l  minor  but  s u b s t a n t i a l  pathway ( 15% in 1 , 2 : 3 , 4 -  

d i b e n z o c y c l o - h e p t a - 1 , 3 -d i ene  (198) and in the 1 , 2 : 3 , 4 -  

d i b e n z o c y c l o - o c t a - 1 , 3 -d i ene (201a ) .  I t  r e qu i r e s  a s t i l l  

l a r g e r  s t e r i c  e f f e c t ,  as in 2 , 2 ' - d im e t h y lb i p h e n y l  (199) ,  

t o  change the o r i e n t a t i o n  s u f f i c i e n t l y  to  make o r t h o 

para o r i e n t a t i o n  r e l a t i v e  t o  the a l k y l  group r a t h e r  than 

t o  the a r y l  group dominant .

oo

( 2 0 0 )

HC CH

5CH

( 2 0 1 )

a,R=H

b, R=Me

De la Mare^^^^ concluded t h a t  the r e s u l t s  i n d i c a t e  

t h a t  ( 198a ) ,  (201b) and (199) are a l l  c h l o r i n a t e d  

c o n s i d e r a b l y  more r a p i d l y  than would be expected on the



177

bas i s  o f  the  angles between the planes o f  the r i n g s ,  

and i t  was suggested t h a t  the  r e a c t i o n  i s  s i g n i f i c a n t l y  

i n f l u e n c e d  by the i n d u c t i v e  e f f e c t s  o f  the a l k y l  s u b s t i t u e n t s

From a n a l y s i s  o f  the ra tes  o f  c h l o r i n a t i o n  o f  

s u b s t i t u t e d  b i p h e n y l ,  i t  appears t h a t  a meta- a r y l  group 

a f f e c t s  the ra te  o f  c h l o r i n a t i o n  by a p a r t i a l  r a te  f a c t o r  

o f  0 . 5 - 0 . 7 .  De la Mare suggested t h a t  f o r  a h y p o t h e t i c a l  

" p e r p e n d i c u l a r  2 , 2 ' - d i a l k y l b i p h e n y l "  where on l y  the i n d u c t i v e  

e f f e c t  o f  the a r y l  group is  o p e r a t i v e  (no c o n j u g a t i o n ) ,  

t h i s  i n d u c t i v e  e f f e c t  i s  t r a n s m i t t e d  ne a r l y  e q u a l l y  to  

the  meta- and pa ra - p o s i t i o n s , and he asc r i bes  a f a c t o r  

o f  0.5 t o  the i n f l u e n c e  o f  the co n s t ra i n ed  a r y l  group 

on the  pa ra - p o s i t i o n .

Desp i te  these l i t e r a t u r e  o b se rv a t i on s  i t  was decided 

t o  i n v e s t i g a t e  the p r e p a r a t i o n  o f  a c e t y 1b i t o l y 1 by 

a c é t y l a t i o n  o f  2 , 2 ' - d i m e t h y l b i p h e n y l .  I t  was hoped t h a t  

s u f f i c i e n t  o f  the de s i r ed  i somer i c  ketone would be 

ob ta ined  and t h a t  i t  cou ld be separa ted f rom o th e r  

produc t s  o f  the r e a c t i o n .  I t  was then i n tended to 

reduce b i t o l y l - 4 - c a r b o x y l i c  ac i d  in  o rd e r  to  i n v e s t i g a t e  

the e f f e c t  o f  t i l t i n g  the b ipheny l  r i n g  on the B i rch  

r e d u c t i o n  pathways o f  b i pheny l  c a r b o x y l i c  a c i d .  The 

proposed s y n t h e t i c  r ou te  i s  o u t l i n e d  in Scheme (3 8 ) .
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O

o
202

COOH MeOH
COOH H \ A

O

o
OOMe LiAIH, 

COOMe ^ *2 °

O

o
H P H

HzOH

HBl

COCH

OOH
(207)(206)(205 )

MeNaOH
Me

(208)
(Scheme 38)

In the event  t h i s  p r e p a r a t i v e  rou te  was not  

p a r t i c u l a r l y  e f f i c i e n t .  2 , 2 ' - D i m e th y lb i p he n y l  (206) 

being ob ta ined  in ap p ro x i ma te l y  20% o v e r a l l  y i e l d .  The 

subsequent  a c é t y l a t i o n  a f f o rd e d  pure a c e t y l  b i pheny l  in 

ap p ro x i ma te l y  10% y i e l d  f rom (20 6 ) .  This process was 

hampered by the f o r m a t i o n  o f  two ace ty  1 b ipheny l s  (209;.(2ioj and 

a b i s - a c e t y l a t e d  b i pheny 1(212)-This l a t t e r  ( 212) was the 

major  p roduc t  (78%) when the r e a c t i o n  was c a r r i e d  out  

i n  carbon t e t r a c h l o r i d e  (CC l ^ ) .  However the  y i e l d  o f  

monoacety l  d e r i v a t i v e  was g r e a t l y  improved when n i t r o 

benzene was used as a s o l v e n t ,  though subsequent  sep a ra t i on
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o f  the p roduc t  was found to  be d i f f i c u l t .  A m ix tu re  

o f  two mono a c e t y 1b ip hen y l s  was i s o l a t e d  and an a t t empt  

was made t o  separa te  these by p i c .  This a f f o r d ed  a 

r e l a t i v e l y  pure sample o f  the major  component o f  the 

m i x t u r e .  The s t r u c t u r e  o f  t h i s  compound was then determined 

by h igh f i e l d   ̂H nmr spec t roscopy  to  be 4 - a c e t y 1 - 2 , 2 ' -  

d i m e th y l b i p h e n y l  ( 210) .

COCH

Me

Me

Me

Me

(209) ( 2 1 0 )

COCH

o

COCH,



180

APPENDIX B

ATTEMPTED PREPARATION OF 1 , I'-DIMETHYLNAPHTHALENE

I , 4 - D i h y d r o - l , 1 ' - d im e t hy lna ph tha len e  i s  o f  p a r t i c u l a r  

i n t e r e s t  in the c o n te x t  o f  the con fo rma t i ons  o f  d i h y d r o -  

naphtha lene d e r i v a t i v e s .  In a 1- s u b s t i t u t e d  1 , 4 - d i h y d r o 

naphtha lene s t e r i c  i n t e r f e r e n c e  between the s u b s t i t u e n t  

and H-8 leads t o  a p re fe rence  f o r  a boat  con fo rmat i on  

in which the s u b s t i t u e n t  i s  l oca ted  pseudoax ia l  (215) .

When two s u b s t i t u e n t s  o f  equal  s i ze  are placed in  C - I ,  

f o l d i n g  o f  the r i n g  r e l i e v e s  i n t e r f e r e n c e  between one 

o f  the s u b s t i t u e n t s  and H-8 , but  i nc reases  i n t e r f e r e n c e  

w i t h  the o t h e r  s u b s t i t u e n t .  Under these c i rcumstances  

i t  might  be expected t h a t  such an e f f e c t  would be min imized 

i f  the d i h y d ro a ro m a t i c  r i n g  were t o  become p l a n a r .  In 

o r d e r  to  t e s t  t h i s  hypo thes i s  we have at tempted a syn th es i s  

o f  ( 214 ) .

H-8

(215)

Me Me

(214)
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B i r ch  re d u c t i o n  o f  naph tho i c  ac i d (216) gave

1 . 4 - d i h y d r o - 1 - n a p h t h o i c  ac i d (171) in good y i e l d  (96%). 

At tempted r e d u c t i v e  m é t h y l a t i o n  o f  1-na ph tho i c  ac i d f a i l e d .

1 . 4 - D i h y d r o - l - m e t h y l - l - n a p h t h o i c  ac id (217) was subsequent ly  

prepared by the r e a c t i o n  o f  (171) w i t h  sodamide or

COOH COOH Me COOH

( 2 1 6 ) (171) (217)

potass ium amide in l i q u i d  ammonia. The r e a c t i o n  i s  very  

s e n s i t i v e  to  water  t h e r e f o r e  i t  i s  necessary to  dry  and 

d i s t i l l  t he  ammonia p r i o r  t o  use.  P repa ra t i on  o f  (217) 

occurs  in b e t t e r  y i e l d  when potass ium amide i s  used than 

w i t h  soadmide.  From (217) severa l  a t t empts  were made 

t o  s y n th es i se  1 , 1 ' - d im e t h y ln a p h t h a l e n e  (214) .  Reduct ion 

o f  (217)  w i t h  l i t h i u m  aluminium hyd r i de  gave (218) 

e f f i c i e n t l y  (97%) which was then o x i d i z e d  in  an a t t empt  

t o  prepare the aldehyde (219 ) .  However the  r e a c t i o n  

d i d  not  proceed t o  the  expected p roduc t  a f f o r d i n g  the 

e s t e r  (220) i n s t e a d .  Only very  l i t t l e  aldehyde was ob ta i ned 

and t h i s  was not  i n s u f f i c i e n t  t o  c a r r y  on w i t h  t h i s  

p r e p a r a t i o n  r o u t e .

Me CH ,0H Me ,CHO Me COOMe

(218) (219) ( 2 2 0 )
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Two a t t empts  were c a r r i e d  out  to  o x i d i z e  (218) ,  

both o f  which f a i l e d  and gave back the a l coh o l  (218) .  

O x i da t i o n  w i t h  chromium t r i o x i d e  in p y r i d i n e  gave 90% 

o f  the s t a r t i n g  m a t e r i a l  and no o t h e r  p roduc t  i s o l a t e d .

Wi th p - t o 1uenesu1phonyl c h l o r i d e  and p y r i d i n e  the o x i d a t i o n  

gave very  low y i e l d  o f  the aldehyde (219) (5%) t o g e t h e r  

w i t h  t he  s t a r t i n g  m a t e r i a l  (80%).

Since p r e p a r a t i o n  o f  (214) f rom the a l coho l  (218) 

was found t o  be d i f f i c u l t  a d i f f e r e n t  r e a c t i o n  sequence 

v i a  the c h l o r i d e  ( 221) ,  was then i n v e s t i g a t e d .  1-M e th y l -  

1 - c h l o r o m e t h y l - 1 , 4 - d i h y d r o n a p h t h a l e n e  (221) was prepared 

f rom the r e a c t i o n  o f  (218)  w i t h  t h i o n y l c h l o r i d e  in 

q u a n t i t a t i v e  y i e l d .  1-Methy l  - 1 - c h l o r o m e t h y l -1 , 4 - d i h y d r o - 

naphtha lene was then reduced w i t h  l i t h i u m  aluminium hyd r i de  

but  no r e a c t i o n  occu r red  and the s t a r t i n g  m a t e r i a l  was 

recovered .  Reduct ion o f  (221) w i t h  t r i - n - b u t y 1t i n h y d r i de 

i n dry  benzene d id  not  work and the s t a r t i n g  m a t e r i a l

Me X H ,C I

( 2 2 1 )

was i s o l a t e d .  When (221) was reduced w i t h  4 molar  

e q u i v a l e n t  o f  l i t h i u m  in ammonia s o l u t i o n ,  severa l  p roducts  

were ob ta i ned  which were separated by p r e p a r a t i v e  l a ye r  

chromatography (PLC) to g i ve  some over - reduced produc t  

(no o l e f i n i c  hydrogen was observed in  nmr) (15%), the
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a l c o ho l  (218) (60%), the c h l o r i d e  ( 221) ( 8%), and 

u n i d e n t i f i e d  m ix tu re  ( 10%) which was t hough t  to  co n t a i n  

( 217 ) .  At tempts  t o  p u r i f y  t h i s  r e s i d u a l  m i x t u re  f a i l e d
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APPENDIX C

THE ACYLOIN REACTION. ATTEMPTS TO PREPARE 2 , 2 ' - 

DIMETHYLBENZOIN (TOLUIN)

C . l .  Benzoin Condensat ion

The f i r s t  a t t emp t  t o  prepare 2 , 2 ' - d im e th y Ib en zo i n  

( t o l u i n )  by benzoin condensa t i on .  The benzoin condensat i on  

c o n s i s t s  o f  the t r e a tm e n t  o f  an a romat i c  aldehyde w i t h  

potass ium or  sodium cyan ide ,  u s u a l l y  in aqueous e t h a n o l i c
7 7

s o l u t i o n  . The mechanism o f  t h i s  condensa t ion ,  in

KCN
ArCHO ----------------- ► ArCHOHCOAr

which the cyan ide ion i s  a lmost  a s p e c i f i c  c a t a l y s t ,
144can be represen ted  as f o l l o w s  :

^ O -  J ) H  M
ArCHO ArC— H — ArC- + A rc  =  0

^ C N  (222)

" T i l  H  r
( 222 ) — ► A rC C —O ^ ArCC—OH  ► A rC  CHAr + CN

NC Ar NC Ar

The c a t a l y s t  must be ab le t o  add t o  the carbony l  

group and a c t i v a t e  the hydrogen so t h a t  the anion ( 222) 

i s  formed t o  add t o  a second molecu le  o f  a l dehyde.  Many 

benzoin d e r i v a t i v e s  have been prepared by t h i s  method. 

Benzoin i t s e l f  has been prepared in  good y i e l d  (90-92%)
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f rom benza1dehyde and sodium cyanide in aqueous a l coho l  

A l though 4 , 4 ' - d im e t h y Ib en zo in  was prepared in good y i e l d  

by the a c t i o n  o f  the cyan ide ion on a l c o h o l i c  s o l u t i o n s
 ̂ AC.

o f  4 -methy Ibenza ldehyde , a l l  the a t t empts  t o  prepare 

t o l u i n  f rom o- to ly la ldehyde f a i l e d  and o - t o l y l a l d e h y d e  

was recovered in  a good y i e l d  (98%).

C.2.  Condensat ion o f  o - T o l y l a l d e h y d e  w i t h  Th iazo l i um 

S a l t .

Th iazo l i um s a l t s  have been shown to  ac t  as e f f i c i e n t

c a t a l y s t s  f o r  the  benzoin condensâ t i o n ^ . They have

the same a b i l i t y  t o  form a b e n z y l i c  anion i n te rm e d i a te

w i t h  cyan ide .  This then condenses w i t h  a second aldehyde
1 4ftmolecu le .  4 , 4 ' - D im e th y l b e n z o in  was formed e a s i l y  

by the r e a c t i o n  o f  4 -methy Ibenza ldehyde and 3 - b e n z y l - 

4 - m e t h y l - 5 - ( 2 - h y d r o x y e t h y l ) t h i a z o l i u m  c h l o r i d e  (223) .  

At tempts  to  prepare t o l u i n  by t h i s  method have f a i l e d  

and no r e a c t i o n  occur red  a f t e r  r e f l u x i n g  o - t o l y l a l d e h y d e  

w i t h  t h i a z o l i u m  s a l t  (223) f o r  50 h r s ,  s t a r t i n g  m a t e r i a l  

being recovered in good y i e l d .

Me

ArCHO .

(223)

Me

Ar
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C.3.  Reduct ion o f  e t h y l  o - t o l u a t e  

and ammonia.

in  a l k a l i  metal

Two a t t empts  were c a r r i e d  out  to  prepare (136) .

C .3 .1 .  Reduct ion o f  e t h y l  o - t o l u a t e  w i t h  2 mol .  e q u i v a l e n t  

o f  sodium metal  in l i q u i d  ammonia.

0,Et

(136)

The r e d u c t i o n  o f  es te r s  w i t h  sodium metal  in l i q u i d

ammonia i s  g e n e r a l l y  known as BouveauI t - B l a n c  re d u c t i o n

and i t  i s  w id e l y  a p p l i c a b l e  f o r  p r e p a r a t i o n  o f  the
10co r respond ing  a c y l o i n s  

149.
0-

The mechanism suggested f o r

the re d u c t i o n  

e"ZRCOgR 2RÇ0R' or  

(i)

O'
R-C-OR' + RCOgR'

r r
 sR-C-C-R

( i i )

I I
OR'OR

( i i i )
00

i i i  R&@R
0' 0‘ 0' 0‘ 

I )
 ---- ^ RC=CR — RC=CR

H 3 0 +  8  r
— ---- > RC-CR

(Iv) (V) (vi ) ( v i i )
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7 ftFur the rmore ,  Kharasch and coworkers i n v e s t i g a t e d  

the r e d u c t i o n  o f  ethyl  benzoate w i t h  sodium/ammonia/benzene 

and found a v a r i e t y  o f  p roduc ts  depending on r e a c t i o n  

c o n d i t i o n s .

COOC2H5
Na NH3 

PhH

benzaldehyde benzoic acid 
benzoin benzamide
benzi l  benzi l i c acid

7 9 ftO ft 1I t  was e v i d e n t  f rom t h a t  work and many o the rs  

t h a t  a c y l o i n  condensat i on  cou ld  be c a r r i e d  out  w i t h  e i t h e r  

one o r  two mole e q u i v a l e n t  o f  sodium me ta l .  There fo re  

we c a r r i e d  out  the a c y l o i n  condensat i on  w i t h  e t h y l  2 - 

methy1 benzoate (137) in o rde r  t o  prepare or  t r a p  2 , 2 ' -  

d i m e th y 1benzoin ( t o l u i n e )  (136) .  When the r e a c t i o n  was 

worked up, a c i d i c  m a t e r i a l  ( 21%) and n o n - a c i d i c  m a t e r i a l  

(70%) was o b ta i n e d .  A na l ys i s  o f  the a c i d i c  m a t e r i a l  

showed two components,  o - t o l u i c  ac i d (128) and 1 , 4 - d i h y d r o -  

o - t o l u i c  ac i d ( 129) .  The n o n - a c i d i c  m a t e r i a l  has been 

i d e n t i f i e d  as 2-methy lbenzamide .

None o f  t he  p roduc ts  were i d e n t i f i e d  as t o l u i n  

o r  t o l i l .  Repeat ing the procedure w i t h  one mole e q u i v a l e n t  

o f  sodium metal  gave the same produc ts  but  w i t h  a high 

y i e l d  o f  2 -methy lbenzamide (81%) and some a c i d i c  m a t e r i a l  

(15%).
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C .3 .2 .  Reduct ion o f  e t h y l  o - t o l u a t e  w i t h  10 mol .  e q u i v a l e n t

o f  l i t h i u m  meta 1 .

In o r de r  t o  t r a p  or  t r a c e  t o l u i n  o r  t o l i l ,  the 

re d u c t i o n  was c a r r i e d  ou t  us ing the same c o n d i t i o n s  as 

f o r  p h t h a l i d e  (see p. 76 ) .  E t h y l - o - t o l u a t e  was reduced 

w i t h  10 mole e q u i v a l e n t  o f  l i t h i u m  in l i q u i d  ammonia 

and was then quenched w i t h  ammonium c h l o r i d e .  The 

d i f f i c u l t y  o f  t h i s  r e a c t i o n  was to  o b ta i n  the s a t i s f a c t o r y  

r ecovery  o f  p r o d u c t s .  The r e a c t i o n  was c a r r i e d  out  f o u r  

t imes  (see Table 14) .

TABLE 14.

no. o f  moles 
o f  (137) mole

Non -ac id i c  % A c i d i c  %

1 0.018 33% -

2 0.06 30% 6%

3 0.012 25% 11%

4 0.06 56% 14%

The i nc rease  o f  t he  a c i d i c  y i e l d  on the t h i r d  t ime 

r e s u l t e d  f rom the e v a po ra t i o n  o f  the aqueous l a y e r .

In the f o u r t h  exper iment  a d i f f e r e n t  work-up procedure 

was employed.  The e th e r e a l  s o l u t i o n s  o f  a c i d i c  and 

n o n - a c i d i c  were d i s t i l l e d  a t  a tmospher ic  p res su r e .  In 

the  case o f  n o n - a c i d i c  m a t e r i a l ,  the  p roduc t  was d i s t i l l e d
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at  a tmospher i c  p ressure t o  g i ve  a c o l o u r l e s s  o i l  which 

was shown to  be o - x y l e n e .  The res i due  (4 .00  g) was^dark 

brown o i l  and^did not  b o i l  over  220°C. The aqueous l a y e r  

o f  the a c i d i c  m a t e r i a l  was e x t r a c te d  w i t h  e t h e r  which 

was then d i s t i l l e d  o f f  a t  a tmospher i c  pressure to  y i e l d  

0.36 g o f  wh i t e  s o l i d .  Then the aqueous l a y e r  was 

e x t r a c t e d  c o n t i n u o u s l y  w i t h  ch lo ro fo rm  f o r  30 hrs and 

gave f u r t h e r  1.0 g o f  wh i t e  s o l i d  which has the same 

nmr spectrum as the s o l i d  ob ta i ned f rom e t h e re a l  s o l u t i o n  

A na l y s i s  o f  the a c i d i c  m a t e r i a l  showed t h i s  to  con ta i n  

both o - t o l u i c  ac i d  and i t s  1 ,4 - d i h y d r o  compound. From 

the  n o n - a c i d i c  p roduc t s  o f  the second p r e p a r a t i o n  the 

dimer  (127) was i s o l a t e d ,  and t h i s  was p u r i f i e d  by p i c  

t o  g i ve  smal l  amounts o f  (127) 3% y i e l d .  In a l l  these 

a t t e m p ts ,  n e i t h e r  t o l u i n  nor t o l i l  was i s o l a t e d  nor was 

any t r a c e  o f  these detected .

C H XH

(127)

C.4.  C la isen  Condensat ion

When es te r s  c o n t a i n i n g  an a-hydrogen are t r e a t e d  

w i t h  a s t r ong  base such as NaOEt, NaH e t c . ,  a condensat i on  

occurs  t o  g i ve  a e - ke to  e s t e r ^ ^ ^ .  We, t h e r e f o r e  t r i e d  

t o  prepare (224) by a c l a s i e n  condensa t i on ,  f o l l o w e d
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by h y d r o l y s i s / d e c a r b o x y l a t i o n  (Scheme 39) .  The mechanism

Me Me
COOEt

0 0  Et

— CH

(Scheme 39)

accepted f o r  the c l a s i e n  condensat i on  i s :

1 )

2 )

ArCHgCOOEt + OEt'

Ar "CHCOOEt + ArCOOEt

-> ArOiCOOEt
0

-> Ar-C-CH C ->ArCCHAr + OEt 
1 \  I
OEt OEt COOEt

0

Ar-C-(j'Ar + EtOH 
COOEt

A c c o rd i n g l y  C las i en  condensat i on  was i n v e s t i g a t e d  

us ing e th y l  o - t o | y i  ac e t a te  and e t h y l  o - t o l u a t e  w i t h  two 

d i f f e r e n t  bases:
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C .4 .1 .  With sodium e th ox ide

Super dry  e thano l  was used, but  some h y d r o l y s i s  

s t i l l  occur red  and no r e a c t i o n  was de tec ted  when the 

two es te r s  were r e f l u x e d  f o r  10 hours .  At the end of  

t h i s  t ime the e s te r s  were recovered t o g e t h e r  w i t h  

o - t o l y l a c e t i c  a c i d .

C .4 .2 .  With sodium hyd r i de

Sodium hyd r i de  was used as the base f o r  the  C las ien  

condensat i on  in  dry  d ime tho xy e th ane . The two es te r s  

were l e f t  t o  r e f l u x  w i t h  sodium hyd r i de  f o r  t w e n t y - f o u r  

hours .  When the r e a c t i o n  was worked up, the ac ids  o f  

the  es te r s  and some o f  the e t h y l - o - t o l u a t e  were recovered 

and once again no r e a c t i o n  had occ u r re d .

C.5.  The Reduct ion o f  the  Acid C h l o r i d e

The r e d u c t i o n  o f  a roma t i c  a c i d s ,  t h e i r  c h l o r i d e s ,

e s t e r s ,  and pe rox ides  can be accompl ished by t r e a tm en t  

w i t h  Mg/Mgig in  a m i x tu re  o f  e th e r  and benzene as 

s o l v e n t s ^ ^ .  Wi th an ac id  c h l o r i d e  o r  e s t e r  the Mgig 

d e r i v a t i v e  o f  the  ened io l  forms d i r e c t l y  and i s  hyd ro l ysed  

t o  the  benzo in .

Fo l l ow ing  t h i s  p rocedure ,  t o l u i n  (136) and t o l i l

( 1 4 0 )  have been prepared in very  low y i e l d .  2 -M e t h y l -

b e n z o y I c h l o r i d e  ( I4i  ) was prepared f rom the  r e a c t i o n  

o f  2-m e th y lbenzo i c  ac i d  and t h i o n y l  c h l o r i d e .
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To 2 - m e th y l b e n z o y I c h l o r i d e  (141 ) was added 

Mg/MgIg and the m i x tu re  was r e f l u x e d  f o r  24 h r s .  Working 

up the r e a c t i o n  gave the  ened io l  ( I 3 9 )  which was o x id i s e d  

w i t h  CuSO^ to  an o i l  (56.8%).  This was d i s t i l l e d  under 

reduced pressure to  g i ve  ( 21%) o f  o - t o l i l  which s o l i d i f i e d  

on c o o l i n g .  This  was c r y s t a l l i s e d  f rom EtOH to  g ive 

pure y e l l ow  c r y s t a l s .

0- t o l u i n  was prepared by re a c t i n g  the ened io l  

(139) w i t h  MeOH sa tu ra t e d  w i t h  hydrogen c h l o r i d e  gas. 

D i s t i l l a t i o n  o f  the m i x t u re  gave pure sample (13%).

The en ed io l  i s  un s tab le  and i s  r e a d i l y  ox i d i s e d  and t h i s  

i n s t a b i l i t y  r e s u l t s  in the low y i e l d  o f  t o l u i n  which 

i s  con taminated w i t h  t o l i l .

Me MeHO OH

C = C

Mg I
( 139)

( 141)
M e O H /  

MCI /

Me MeMe M e
? ?" 
C - C H C -C -

( 140)(136)
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PART I I I  

EXPERIMENTAL PROCEDURE
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I I I . l  GENERAL DETAILS AND INSTRUMENTATION

I n f r a r e d  Spect ra ( IR)  were recorded on Pe rk i n -E Imer  257 

and 297 i n s t r u m e n t s .  So l i d  samples were examined e i t h e r  

between sodium c h l o r i d e  p l a te s  as a Nujo l  mu l l  or  as 

s o l u t i o n s  in c h l o ro fo rm  in o . I  mm sodium c h l o r i d e  c e l l s .  

L i q u i ds  were examined as neat  f i l m s  on sodium c h l o r i d e  

p l a t e s .  The a b b r e v i a t i o n s  b,  s , m, w are used f o r  broad,  

sharp ,  medium, and weak r e s p e c t i v e l y .

Mass Spect ra were recorded on VG I 6F mass spec t romete r  

w i t h  VG data system 2000 at  Chelsea Co l l eg e ,  the e l e c t r o n  

energy being 70 ev and 18 e v , t r a p  c u r r e n t  pA, source 

t empera tu re  ca.  240°C and a c c e l e r a t i n g  v o l t a ge  3.3 kV.

Elemental  A n a l y s i s : Some analyses re qu i re d  on the e a r l y

p a r t  o f  t h i s  work were c a r r i e d  out  at  Bedford Col lege on 

Perkin-EImer elemental analyser . These proved to  be r a t h e r  

u n r e l i a b l e  and so where necessary accura te  mass measurements 

were a l so  determined at  the School  o f  Pharmacy on V.G.

Zab IF.  Subsequent l y  m i c r o a n a l y s i s  samples were sent  

to  B u t t e rw o r t h  La b o r a to r i e s  L td .  and they  were run on 

Perk i n -E Imer  e l ementa l  ana l ys e r  240, and more r e l i a b l e  

r e s u l t s  were o b ta i n e d .  However, m i c r o a n a l y t i c a l  data 

on l i q u i d  samples proved t o  be u n r e l i a b l e  f rom e i t h e r  

s e r v i c e .

Nuc lear  Magnet ic  Resonance (nmr) :  Spect ra were c a r r i e d

out  on a Pe rk i n -E Imer  R 24, 32, 293A and Bruke WH 400 

i ns t r u me n ts  o p e ra t i n g  at  60, 90, 200 and 400 MHz r e s p e c t i v e l y
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400 MHz spec t ra  were recorded a t  Queen Mary Col lege under 

the d i r e c t i o n  o f  Dr.  Hawkes whom I t hank .  Chemical  s h i f t s  

are repo r ted  r e l a t i v e  t o  t e t r a m e t h y 1s i 1ane (TMS) Si fCHg)^ 

in CDClg unless o t he rw i s e  s t a t e d .  The spec t ra  were taken 

f i r s t  on crude p roduc t s  as soon as p r a c t i c a b l e  a f t e r  

i s o l a t i o n  and be fore  any p u r i f i c a t i o n  t o  d e te c t  a r o m a t i z a t i o n , 

i s o m e r i z a t i o n ,  e t c .  o c c u r r i n g  spontaneous l y  or  by 

p u r i f i c a t i o n  t e c h n i q u e s .  The a b b r e v i a t i o n s  b, s,  d, t ,  

q,  m are used f o r  broad,  s i n g l e t ,  d o u b l e t ,  q u a r t e t ,  

m u l t i p l e t  r e s p e c t i v e l y .

M e l t i n g  Po ints  : An e l e c t r o t h e r m a l  m e l t i n g  apparatus

w i t h  range s e l e c t i o n  gu ide f o r  coarse and f i n e  t emperatu re  

c o n t r o l  was used to  de termine m e l t i n g  p o i n t s  us ing open 

c a p i l l a r y  tubes and are u n c o r r ec te d .  A l l  t emperatu res  

are in degree C e l s i u s .

Removal o f  s o l ve n t s  in vacuo was c a r r i e d  out  us ing a Bdchi 

r o t a r y  e v a p o r a to r .

Unless o th e rw i se  s ta te d  a l l  o r gan i c  s o l u t i o n s  were d r i e d  

over  anhydrous magnesium su lpha te  (MgSO^).

Exper iments which led t o  the recovery  o f  s t a r t i n g  m a t e r i a l  

are not  d e s c r i be d .

A l l  reagents  were SLR grade.  L i g h t  pe t ro l eum e th e r  r e f e r s  

t o  t h a t  f r a c t i o n  which b o i l s  between 60 and 80° unless 

o th e rw i se  s t a t e d .
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Thin l a y e r  chromatography ( t i c ) was c a r r i e d  out  on 

20 X 5 cm g lass  p l a te s  covered w i t h  0.25 mm aluminium 

ox ide  6OF254 or  2.5 mm s i l i c a  gel  GOFg^^. The p l a te s  

were developed e i t h e r  under an u l t r a v i o l e t  lamp or  in 

an i o d in e  t a n k .

P re p a ra t i v e  l a y e r  chromatography (PLC) was c a r r i e d  out  

on 20 X 20 cm g lass  p l a te s  covered w i t h  e i t h e r  1 mm 

aluminium ox ide GOFgg^ or  2 mm s i l i c a  gel  6OF254.

Column chromatography was c a r r i e d  out  us ing s i l i c a  gel  

60 or  a lumin ium ox ide 60 sup p l i ed  by Merk.

A l l  B i r ch  re d u c t i o n s  were c a r r i e d  ou t  d i s t i l l i n g  ammonia 

f rom the c y l i n d e r  d i r e c t l y  i n t o  the r e a c t i o n  vessel  except  

when dry ammonia was r e q u i r e d .  In t h i s  case the ammonia 

was d i s t i l l e d  f rom sodium me ta l .

L i t h i um  lumps and sodium metals  were f r e s h l y  cut  and washed 

f r e e  o f  o i l  w i t h  dry  t o l ue ne  be fore  use.

Computer s i m u l a t i o n  o f  nmr s p e c t r a : Spect ra were recorded

at  va r i ou s  f r e qu e nc ie s  and, i f  necessary ,  s i m p l i f i e d  by 

s e l e c t i v e  decoup l i ng  expe r iments .  Approximate cou p l i ng  

cons tan t s  and chemical  s h i f t  va lues were then used to 

s im u l a te  the nmr spect rum by means o f  the program ITRCAL 

adapted f o r  1180 f rom the LAC0N3 supp l i ed  w i t h  a N i c o l e t  

NT200 model 293A. The parameters were then ad jus ted  to 

ob ta i n  a " b e s t - f i t "  spect rum,  and these op t im i sed  values
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were then used in  c o n j u n c t i o n  w i t h  the program ITRCAL 

to  o b ta i n  an i t e r a t e d  " b e s t - f i t "  set  o f  s p e c t r a l  da ta .

111.2 PURIFICATION OF THE SOLVENTS

A l l  s o l ve n t s  were l a b o r a t o r y  grade,  except  f o r  the 

f o l l o w i n g :

111.2.1 Ammonia was condensed i n t o  a 1 ml 3-necked 

f l a s k  f i t t e d  w i t h  a Dewar condenser  c a r r y i n g  a s i l i c a  

gel  d r y i n g  t ub e .  When h a l f  o f  the r e a c t i o n  vessel  was 

f u l l ,  p ieces o f  sodium metal  ( 0.1 g) were c a r e f u l l y  added 

and the s o l v e n t  was l e f t  t o  s t i r  f o r  10 m inu tes .  Ammonia 

was then d i s t i l l e d  i n t o  another  r e a c t i o n  vessel  and was 

used imme d ia te l y .

111.2.2  Benzene was f i r s t  t r e a t e d  w i t h  anhydrous ca l c i um 

c h l o r i d e ,  f i l t e r e d  and then d i s t i l l e d .  The d i s t i l l a t e

was c o l l e c t e d  a t  80-81°C and was s to red  over  sodium w i r e .

111 .2 .3 .  Carbon t e t r a c h l o r i d e  (CCl ^ ) :  500 ml o f  (CCl^)

was shaken w i t h  anhydrous ca l c i um c h l o r i d e  and l e f t  t o  

s tand f o r  24 hours .  The so l v e n t  was f i l t e r e d  and was 

d i s t i l l e d  ( t he  f i r s t  10 pe rcen t  o f  the d i s t i l l a t e  being 

r e j e c t e d  u n t i l  the d i s t i l l a t e  was c l e a r .  The f r a c t i o n s  

were c o l l e c t e d  a t  77°C. .



198

111.2.4 Chloro fo rm : The ch lo ro fo rm  was passed th rough

a column o f  bas i c  alumina (Grade 1; 5 g per 7 ml o f  s o l v e n t )  

and the e l u a t e  was used d i r e c t l y .

111.2 .5  Pi ch loromethane : The commercial  grade was

p u r i f i e d  by washing w i t h  5 pe rcen t  sodium carbonate 

s o l u t i o n ,  f o l l o w e d  by wa te r ,  and d r i e d  over  anhydrous 

ca l c i um c h l o r i d e .  I t  was then f r a c t i o n a l l y  d i s t i l l e d ,  

the f r a c t i o n  bp 40-41cbe ing c o l l e c t e d .

111.2 .6  P ie th y i . e th e r  ( e t h e r ) : One l i t r e  o f  the commercial  

e th e r  was r e f l u x e d  over  sodium f o r  one hour .  The so l v e n t  

was then d i s t i l l e d  c o l l e c t i n g  the f r a c t i o n  bp 35°C. Ether  

was s to red  over  sodium w i re  and l e f t  f o r  at  l e a s t  24 hours 

p r i o r  t o  use.

111.2.7  Dimethoxyethane (PME):  200 ml o f  commercial

PME was s to red  over  potass ium hyd rox ide  p e l l e t s  f o r  48 

hours .  The s o l v e n t  was heated under r e f l u x  over  sodium 

hyd r i de  f o r  h a l f  an hour ,  and was then d i s t i l l e d  i n t o  

the r e a c t i o n  v e s s e l ,  r e j e c t i n g  the f i r s t  f r a c t i o n  and 

used imme d ia te l y .

111.2 .8  Ethanol  ( super  d r y ) : In dry 2 - l i t r e  round-

bot tomed f l a s k  w i t h  a double su r f ace  condenser  and a 

ca l c i um c h l o r i d e  d r y i n g  tube was placed 5 g o f  dry 

magnesium t u r n i n g s  and 0.5 g o f  i od in e  f o l l o w e d  by 75ml  

o f  commercial  ab so lu te  e t h a n o l .  The m i x t u re  was warmed 

u n t i l  the i o d in e  had d i sappeared .  The hea t i ng  was con t i nued
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f o r  h a l f  an hour and 900 ml o f  a l coho l  was then added 

and was r e f l u x e d  f o r  a f u r t h e r  30 m inu tes .  Ethanol  was 

d i s t i l l e d  d i r e c t l y  i n t o  the s to rage vessel  c o n t a i n i n g  

Type 4 mo lec u la r  s i eve  f o r  p r o t e c t i o n  f rom atmospher ic  

m o i s t u r e .

111.2 .9  P y r i d i n e :  This was heated under r e f l u x  over

potass ium hyd rox ide  and was then d i s t i l l e d  w i t h  c a r e f u l  

e x c l u s i o n  o f  m o i s t u r e .  The f r a c t i o n  at  115°C was c o l l e c t  

and s to red  over  potass ium hyd rox ide  p e l l e t s .

111.2.10 T e t r ah yd ro fu r an  (THE):  This was heated under

r e f l u x  over  l i t h i u m  alumin ium hyd r ide  (L iA lH ^ )  f o r  h a l f  

an hour .  The s o l v e n t  was then d i s t i l l e d ,  c o l l e c t i n g  

the f r a c t i o n  bp 65-66°C.  The d i s t i l l a t e  was kept  over  

sodium w i r e .

111.2.11 To 1uene : Toluene f r e e  f rom su lphu r  compounds, 

was d i s t i l l e d  and the f r a c t i o n  bp 110-110 .5°C was 

c o l l e c t e d  and s to red  over  sodium w i r e .
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I I I . 3. EXPERIMENTS : The s t r u c tu r e s  a re  show n at the end

I I I . 3.1 P rep a ra t i o n  o f  Naphtha l i de  (100)

i .  P rep a r a t i on  o f  1 , 8 -naphtha 1dehydic  ac i d (101) 

1 , 8 -Naphtha ldehyd ic  ac i d was prepared as p r e v i o u s l y  

de s c r i b e d^ ^^  to  g i ve  wh i t e  c r y s t a l s  which has m.p.  157- 

159°C ( l i t . 15'  167°C).  IR ( N u j o l )  1680. Subsequent l y  

t h i s  m a t e r i a l  was ob ta i ned commerc ia l l y  ( F l u k a ) .

i i .  Reduct ion o f  naphtha 1 dehydic  ac id w i t h  sodium- 

t e t r a h y d r o b o r a t e

1 , 8 -Naphtha 1 i de hyd i c  ac i d  (10.13 g , 0.05 mol)  was 

added t o  methanol  (130 ml)  to  make a s l u r r y .  Sodium 

t e t r a h y d r o b o r a t e  (2 .26 g, 0.059 mol) was then added to 

the  m ix tu re  in smal l  p o r t i o n s .  When h a l f  o f  NaBH^ had 

been added, the r e a c t i o n  m i x t u re  became homogenous. A f t e r  

t he  a d d i t i o n  was completed,  the s o l u t i o n  was l e f t  to  s t i r  

f o r  one hour and was then poured i n t o  water  (300 m l ) .

The m i x t u re  was a c i d i f i e d  w i t h  concen t ra ted  h y d r o c h l o r i c  

a c i d ,  and was e x t r a c t e d  w i t h  d i ch lo romethane  (4 x 150 m l ) .  

The combined e x t r a c t s  were d r i e d  (MgSO^) and the s o l v e n t  

was evaporated t o  g i ve  a brown o i l y  s o l i d  (10 g ) which 

was c r y s t a l l i s e d  f rom pet ro l eum e ther / benzene  to  g i ve

1 , 8-naphtha 1i de (100) as a y e l l o w  s o l i d  ( 2 .5  g , 27%) m.p.

154-155°C ( l i t . ^ ^ ^  159-160°C) .  The s o l v e n t  was evaporated 

f rom the mother  l i q u o r  and f u r t h e r  c r y s t a l l i s a t i o n  o f  

t he  res idue  gave more p roduc t  (4 g , 43%) which had m.p. 

153-155°C.
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afCDClg) :  7 . 3 - 8 .6 ( 6H,m,ArH) ,  5 . 8 - 5 . 9  (ZH.s.CHgO) ppm 

V m ( N u j o l ) :  2900, 1700 ( s )  ( 0=0) .  1380, 750 c m " ' .
Ill a  A

111.3 . 2 .  P rep a ra t i o n  o f  l i t h i u m  8 - (hy d r o xy m e t hy 1 ) -1 -  

naphthoate (98)

1 , 8 -Naphtha 1i de (1 .0  g, 0 .005 mol)  and l i t h i u m  

hyd rox ide  (0 .25 g , 0.005 mol)  were r e f l u x e d  in water  u n t i l  

a l l  the m a t e r i a l  had d i s s o l v e d .  The so l v e n t  was then 

evaporated under reduced p res su r e .  Po r t i o ns  o f  benzene 

were then added and evaporated under reduced p ressu re .  

Po r t i o ns  o f  benzene were then added and evaporated to  

g i ve  ( 1.2 g ) o f  a s o l i d  which was d r i e d  in  a d e s i c c a t o r  

o v e r n i g h t .  This crude m a t e r i a l  was used w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .

111 .3 .3 .  Reduct ion o f  l i t h i u m  8 - ( hydroxymethy1 ) - 1 -  

naphthoate (98) by l i t h i u m  metal  (4 mol .  

e q u i v a l e n t ) .

The above s a l t  (98) ( 1 .2  g , 0.005 mol) was added 

t o  dry e th e r  (20 ml)  and ammonia (350 ml)  was condensed 

i n t o  the suspens ion .  L i t h i um metal  (0 .15 g , 0.02 g-atom,

4 mol .  e q u i v . )  was added to  the s t i r r e d  s o l u t i o n .  The 

s o l u t i o n  which r a p i d l y  t u rned  b lue was s t i r r e d  f o r  a 

f u r t h e r  h a l f  an hour and the r e a c t i o n  was then quenched 

by a d d i t i o n  o f  p o r t i o n s  o f  s o l i d  ammonium c h l o r i d e  ( 2.0 g , 

4 mol .  e q u i v . )  over  5 min.  u n t i l  d i scharge  o f  the deep 

c o l o u r  occur red  ( c a u t i o n :  NH^Cl should be added c a r e f u l l y  

in  smal l  p o r t i o n s ) .  Ammonia was a l lowed t o  evaporate
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o v e r n i g h t ,  and the s o l i d  res i due  was d i s s o l v e d  in water  

(200 m l ) .  This s o l u t i o n  was a c i d i f i e d  w i t h  3 N HCl which 

was then e x t r a c t e d  w i t h  p o r t i o n s  o f  e t h e r  (3 x 100 m l ) .  

The combined e x t r a c t s  were d r i e d  (MgSO^) and the e th e r  

was evaporated under reduced pressure  to  g i ve  a wh i t e  

s o l i d  ( 0 .9  g , 90%) which was c r y s t a l l i s e d  f rom pet ro leum 

ether /CHClg a f f o r d i n g  1 , 4 - d i h y d r o - 8-methy1naphtho i c  ac id 

(97)  (0 .85 g , 85%) as wh i t e  c r y s t a l s  which had m.p.  154- 

156°C.

ôlCDClg) :  7 . 1 (3H,s ,ArH )  , 6 . 1 ( 2H, s , CH = CH) . 4 .5 ( l H , d , H ) ,

3.45(2H,s .CHg)  , 2 .25 (3H ,s  .CHj) .

Vm.v ( N u j o l ) :  3000 ( b ) ,  17000(s)  ( 0=0) ,  1460 cm"'  max
Requi red f o r  C,76 .50 ;  H,6.30%,

Found: 0 ,7 6 .3 4 ;  H,6.37%

m/ e :  188(26%,m+), 143( 79%, m+-COOH) , 142( 100%,

m+-H-COOH).

In view o f  the poor a n a l y s i s  f i g u r e s  ob ta i ned an 

accu ra te  mass measurement o f  the p roduc t  was c a r r i e d  o u t .  

This  had m/e 188.0837 re q u i re s  m/e 188.0837.

111 .3 .4 .  Reduct ion o f  l i t h i u m  8 - ( hydroxymethy1 ) - 1 -

naphthoate by l i t h i u m  metal  (2 mol .  e q u i v . )

The procedure desc r ibed  in  ( 1 11 .3 .3 )  was f o l l o w e d ,  

t he  s a l t  (98) ( 2 .0  g , 0.0096 mo l . )  being reac ted w i t h  

l i t h i u m  metal  (0 .13 g , 0.018 g atom, 2 mol .  e q u i v . )

The r e a c t i o n  was quenched by a d d i t i o n  o f  s o l i d  NH^Cl 

over  5 minutes to  d i scha rge  the deep blue c o l o u r .  This 

gave l , 4 - d i h y d r o - 8 -me thy ln aph tho i c  ac i d ( 1 .7  g) which
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was c r y s t a l l i s e d  f rom pet ro l eum e t h e r / c h l o r o f o r m  as wh i t e  

c r y s t a l s  ( 1 .4  g, 8 2 % )  which had m.p. 156-158°C. The spec t ra  

o f  t h i s  m a t e r i a l  are i d e n t i c a l  w i t h  those ob ta i ned f o r  

(97) in ( 1 1 1 . 3 . 3 ) .

111 .3 .5 .  Reduct ion o f  l i t h i u m  8 - ( hydroxymethy1 ) - 1 -naph thoate  

by l i t h i u m  metal  (1 mol .  e q u i v . )

Fo l l o w i ng  the same procedure as in ( 1 1 1 . 3 . 3 ) ,  r e a c t i o n  

o f  l i t h i u m  8- ( hydroxymethy1 ) - 1 -naph thoate  (2 .0  g , 0.0096 mol) 

in dry e th e r  (50 ml)  w i t h  l i t h i u m  metal  (0 .065 g , 0.096 g 

atom, 1 mol .  e q u i v . )  and quenching w i t h  ammonium c h l o r i d e  

(2 .0  g , 0.03 m o l . ,  4 mol .  e q u i v . )  gave 1 , 4 - d i h y d r o - 8- 

me thy Inaph tho i c  ac i d (97) ( 1 .2  g , 75%, m.p.  156-158°C) 

and recovered na p h t h a l i d e  (100) (25%) which was i d e n t i f i e d  

w i t h  a u t h e n t i c  m a t e r i a l  as in ( 111.3 .1 , i i ) .

111 .3 .6 .  Reduct ion o f  l i t h i u m  8 - ( hydroxymethy1 )naphthoate 

by l i t h i u m  metal  (2 mol .  e q u i v . )  in the presence 

o f  ammonium c h l o r i d e .

A m i x tu re  o f  l i t h i u m  8- ( hydroxymethy1)naphthoate 

(1 .0  g , 0.0048 m o l . )  in dry  e th e r  (15 m l ) ,  and ammonia 

(200 ml )  c o n t a i n i n g  ammonium c h l o r i d e  ( 1.00 g , 2 mol .  

e q u i v . )  was reduced w i t h  l i t h i u m  ( 0.22 g, 2 g-atom,  2 

mol .  e q u i v . ) .  Working up the r e a c t i o n  gave a wh i t e  s o l i d  

( 0 .7  g , 70%) which was shown by ^H nmr spec t roscopy  to 

co n ta i n  1 , 4 - d i h y d r o - 8-methy1naphtho i c  ac id  (97) and 

na p h t h a l i d e  (100) in the r a t i o  o f  2:3 r e s p e c t i v e l y .
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I I I . 3 . 7 .  Reduct ion o f  l i t h i u m  8 - ( hydroxymethy1 ) -1 -

naphthoate w i t h  sodium metal  (2 mol .  e q u i v ) .

Ammonia (400 ml )  was condensed i n t o  a suspension 

o f  l i t h i u m  8 - ( hydroxymethy1) - 1-naph thoate  ( 1.0 g ,

0.004 mol)  in dry  e t h e r  (15 m l ) .  Sodium metal  (0 .22 g ,

0.009 g atom, 2 mol .  e q u i v . )  was added and the m i x tu re  

t u rned  dark red ,  the s o l u t i o n  was s t i r r e d  f o r  15 min and 

was then quenched by a d d i t i o n  o f  s o l i d  ammonium c h l o r i d e  

(0 .5  g , 2 mol .  e q u i v . )  over  10 minutes t o  d i scharge  the 

deep red c o l o u r .  The r e a c t i o n  m ix tu re  was worked up as 

in procedure ( 1 1 1 .3 .3 )  t o  g i ve  a crude s o l i d  (0 .84 g ,

94%) which was c r y s t a l l i s e d  f rom pet ro l eum e ther /CHCl^  

t o  g i ve  1 , 4 - d i h y d r o n a p h t h a l i d e  (104) as ye l l ow  c r y s t a l s  

( 0 .65 g , 73%) m.p.  93-94°C which had:

6 ( 00013) : 7 . 3 -7 . 1 (3 H , m ,A rH ) , 6 .4 -6 .0 (2 H ,m ,0 H  = 0 H ) , 5 . 5 -

5 . 1 ( 2 H , q , 0 H 2 ) , 4 . 1 5 - 4 ( 1 H , t , 0 H ) , 3 . 5 - 3 . 4 ( 2 H , d , 0 H 2 )  

Vmgx(Nu jo l ) :  1 7 5 0 ( s ) ( C = 0 ) , 1470,1150,800 cm"'

Requi red f o r  0 ,77 .5  ; H ,5.3%

Found C77.5;  H,5.3%

m/e: 186(100%,m+),184(68%,m+-2H),  155(83%, m+-

CHgOH), 142(83%,m+'COg) ,127(85%,m^-CHgOCO).

The mother l i q u o r  was found to  be a m i x t u re  o f  1 ,4-  

d i hydronaphtha  1ide and na ph th a l i d e  in the r a t i o  o f  2 : 1 .

This exper iment  was repeated a number o f  t imes and 

t he  r e s u l t s  were found u n r e l i a b l e ,  the r e a c t i o n  e i t h e r  

gave 1 , 4 -d i hyd ronaph tha  1 i de or  8- m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c
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ac id  in  a d d i t i o n  to  recovered s t a r t i n g  m a t e r i a l .  Subsequent 

i n v e s t i g a t i o n  revea led  t h a t  1 , 4 -d ihyd ronaph tha  1i de was 

on l y  ob ta ined  when the l i t h i u m  s a l t  had been p r o p e r l y  

d r i e d  (a p p r o x i m a t e l y  two weeks in a vacuum d e s i c c a t o r ) .

111.3 .8  Reduct ion o f  l i t h i u m  8 - ( hydroxymethy1 ) naphthoate 

w i t h  Na (1 mol .  e q u i v . )

Fo l l ow ing  the procedure desc r i bed in ( 1 1 1 . 3 . 7 ) ,  

t he  s a l t  (97) (2 .00 g , 0.0095 mo l . )  in dry e th e r  (10 ml) 

and ammonia (300 ml) was reduced us ing sodium metal  

(0 .22 g , 0.0095 g - a t om . ,  1 mol .  e q u i v . )  and the re a c t i o n  

was subsequen t l y  quenched w i t h  s o l i d  ammonium c h l o r i d e  

(0 . 5  g , 1 mol .  e q u i v . )  over  10 minutes p e r i o d .  This gave 

a wh i t e  s o l i d  (1 .47 g , 73.5%) which was c r y s t a l l i s e d  f rom 

pet ro l eum e ther /CHCl^  t o  g i ve  1 , 4 - d i h y d r o - 8 - m e t h y I n a p h t h o i c  

ac id  (97) (0 .70 g , 35%). Nmr spectrum o f  the mother l i q u o r  

shows the presence o f  some na ph th a l i d e  in the r a t i o  o f  

1 : 1 . 5 .

111 .3 .9 .  Reduct ion o f  l i t h i u m  8 - ( hydroxymethy1 ) naphthoate 

w i t h  sodium (2 mol .  e q u i v . )  in  the presence 

o f  ethano 1 .

A s o l u t i o n  o f  l i t h i u m  8- ( hydroxymethy1)naphthoate 

(2 .00 g , 0.0095 m o l . )  i n  e thano l  (5 ml)  and ammonia 

(300 ml )  was reduced us ing sodium (0 .44 g , 0.018 g-atom,

2 mol .  e q u i v . ) ,  f o l l o w i n g  the method o u t l i n e d  in  ( 1 1 1 . 3 . 7 ) .  

The crude s o l i d  (1 .94  g , 97%) ob ta i ned was c r y s t a l l i s e d  

f rom pe t ro l eum ether /CHCl^  to  g i ve  8- m e t h y l -1 , 4 - d i h y d r o -
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naphtho i c  ac i d  (97)  ( 0 .6  g, 30%). Removal o f  the  so l v e n t  

f rom the mother  l i q u o r  gave a re s i d u e ,  the nmr spectrum 

o f  which revea led  the presence o f  8 - m e t h y l - 1 , 4 - d i h y d r o 

naph tho i c  ac i d  and na ph t h a l i d e  in the r a t i o  o f  3 :1 .

111 .3 .10 .  Reduct ion o f  l i t h i u m  8- ( hydroxymethy1 ) naphthoate 

w i t h  sodium (1 mol .  e q u i v . )  in the presence

o f  e t h a n o l .

Using the  same procedure as in ( 1 1 1 . 3 . 7 ) ,  a s o l u t i o n  

o f  l i t h i u m  8- ( hydroxymethy1)naphthoate  ( 2.00 g,

0.0095 mo l . )  i n  e thano l  (5 ml)  and ammonia (200 ml)  was 

reduced w i t h  sodium metal  ( 0.22 g , 1 mol .  equ i v )  and the 

r e a c t i o n  was quenched w i t h  ammonium c h l o r i d e  (0 .5  g ,

1 mol .  equ i v )  over  5 m inu tes .  A f t e r  work i ng up the 

r e a c t i o n  t h e re  was ob ta i ned  a s o l i d  (1 .85 g , 92.5%) which 

was c r y s t a l l i s e d  f rom pet ro l eum ether /CHClg t o  g i ve  

8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac i d (97) ( 0 .7  g , 35%). 

Spec t roscop i c  s tudy o f  the mother  l i q u o r  r es i des  revea l s  

the  presence o f  some unreacted na ph th a l i d e  (and another  

as y e t  u n i d e n t i f i e d  m a t e r i a l  which would not  be separa ted)  

in the r a t i o  o f  2 : 1 : 1 .

111.3 .11 .  Reduct ion o f  l i t h i u m  8 - ( hydroxymethy1 ) naphthoate 

w i t h  sodium (2 mol .  equ i v )  in the presence o f  

water

A s o l u t i o n  o f  l i t h i u m  8 - ( hydroxymethy1 ) naphthoate 

(1 .00  g,  0.004 mol)  in  a m i x tu re  o f  e t h e r  (15 m l ) ,  ammonia 

(200 m l ) ,  and wate r  (1 ml)  was reduced w i t h  sodium metal
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( 0.22 g,  0.008 g-atom,  2 m o l . e q u i v . )  and subsequent ly  

quenched w i t h  NH^Cl ( 0 .5  g,  2 m o l . e q u i v . )  over  10 minu tes .  

Working up the  r e a c t i o n  m ix tu re  gave a crude p roduc t  

( 1.0 g , 100%) which was c r y s t a l l i z e d  f rom pet ro l eum e t h e r /  

CHCI3 t o  g i ve  8 - m e t h y l - l , 4 - d i h y d r o n a p h t o i c  ac id  (97)

(0 .4  g,  40%). Ana l ys i s  o f  the  con ten t s  o f  the mother 

l i q u o r  showed t h a t  t h i s  con ta i ned 1 , 4 - d i h y d r o n a p h t h a l i d e  

(104 ) ,  unreacted n a p h t h a l i d e  (100) and 8 - m e t h y l - 1 , 4 -  

d i h y d ro n a p h th o i c  ac i d (97)  in a r a t i o  o f  1 :1 :3  r e s p e c t i v e l y

111 .3 .12 .  Reduct ion o f  n a p h t ha l i de  (100)

( i )  Wi th sodium metal  (2 m o l . e q u i v . )

Fo l l o w in g  the  procedure o u t l i n e d  in  ( I I 1 . 3 . 3 ) ,  

n a p h t h a l i d e  (1 .5  g , 0.008 m o l . )  in dry  e t h e r  (20 ml)  and 

ammonia (200 ml )  was reduced w i t h  sodium (0 .37  g ,

0.016 g-atom,  2 m o l . e q u i v . )  and the r e a c t i o n  was then 

quenched w i t h  ammonium c h l o r i d e  (0 .87 g , 2 m o l . e q u i v )  

over  10 m inu tes .  The r e a c t i o n  was worked up t o  g i ve  a 

brown o i l  (1 .3  g,  87%), the ^H nmr spect rum o f  which 

shows t h a t  i t  i s  a m i x t u re  o f  na ph th a l i d e  ( 100) ,

8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac i d ( 9 7 ) ,  and 1 , 4 - d i h y d r o -  

n a p h t h a l i d e  (104) in  the  r a t i o  o f  1 : 2 : 4 .

( i i )  Wi th l i t h i u m  metal  (4 m o l . e q u i v . )

Using the  s tandard  procedure o f  ( I I I . 3 .3 )  na ph t ha l i de  

( 2.0 g , 0.01 mol)  in  d r y  e t h e r  (20 ml)  and ammonia 

(250 ml)  was reduced by l i t h i u m  metal  ( 0 .3  g , 0.04 g-atom.
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4 mol equ i v )  and the r e a c t i o n  was quenched w i t h  ammonium 

c h l o r i d e  (2 .5  g, 4 mol equ i v )  over  10 m inu tes .  The crude 

p roduc t  ( 1 .8  g , 90%) ob ta ined  was i d e n t i f i e d  as 1 , 4 -d i h y d ro  

8 -m e t hy ln ap h th o i c  ac i d  which has ^H nmr i d e n t i c a l  t o  t h a t  

o f  ( 9 7 ) .  This was c r y s t a l l i s e d  f rom pet ro l eum ether /CHClg 

t o  g i ve  wh i t e  c r y s t a l s  ( 1 .5  g , 75%) which had m.p.

155-157°C.  No s t a r t i n g  m a t e r i a l  was recovered .

111 .3 .13 .  8-Methy l  naph tho i c  ac i d ( 107)

1 ,4 - D ih y d r o - 8 - m e th y In a p h th o i c  ac i d  ( 2 .0  g , 0.01 

mol)  was d i s s o l v e d  in  benzene (50 ml )  and d i c h l o r o d i c y a n o -  

( - p -b enzo )qu inone  (DDQ) (2 .2  g , 0.011 mol ,  1.1 mol equ i v )  

was added t o  the  s o l u t i o n .  The m i x t u re  was l e f t  t o  s t i r  

a t  room tempera tu re  f o r  t h r e e  hours .  Pet ro leum e th e r  

was added and thus  d i ch lo ro d i c y an a oh y d ro q u i no ne  which 

formed was f i l t e r e d  o f f .  The s o l v e n t  was evaporated f rom 

the  f i l t r a t e  and t he  s o l i d  r es idue  which was ob ta i ned  

was washed seve ra l  t imes  w i t h  pe t ro l eum e t h e r .  This  s o l i d  

which was c r y s t a l l i s e d  seve ra l  t imes  d i d  not  c r y s t a l i s e  

s a t i s f a c t o r i l y  so i t  was p u r i f i e d  by s u b l im a t i o n  t o  g i ve  

wh i t e  c r y s t a l s  ( 1 .8  g , 90%) which had a m.p.  129-130°C 

( l i t . ^  130-1°C) were i d e n t i f i e d  as 8 -m e th y lnaph tho i c  

ac i d  ( 10 7 ) .

ô (CDClg) :  8 . 7 ( l H , s , C 0 0 H ) , 7 . 2 - 8 ( 6H,m, A r H ) , 2 . 7 ( 3H, s , CH3 )

' ’max ( N u j o l ) :  2 9 0 0 , 1700s(C=0)s ,1200,780 cm"'

m/e:  186(62%,m+): I71(3%,m+-CH3);169(50%,m+-0H);

168(100%,m+-H20);141(62%,m+-C00H) 

m/e observed 186.0681 C-J2H-1QO2 re q u i re s  m/e 186.0681 .
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I I I . 3 . 14 .  8 - m e t h y l - 1 -methy lnaph thoa te  (226)

To 8-m e t hy ln ap h th o i c  ac i d  ( 2 .0  g,  0.01 mol)  in  water  

(30 ml )  was added sodium carbonate (1 .2  g ) .  The m ix tu re  

was warmed t o  40°C and d im e th y l s u lp h a t e  (1 .5  g ) was added. 

The m ix tu re  was l e f t  t o  s t i r  f o r  45 m inu tes .  Then a second 

p o r t i o n  o f  MegSO^ (1 .5  g ) was added f o l l o w e d  by NagCOg 

( 1.2 g ) and the m i x tu re  was l e f t  t o  s t i r  f o r  a f u r t h e r  

30 m inu tes .  A f t e r  the  a d d i t i o n  o f  a f i n a l  p o r t i o n  o f  

MegSO^ ( 1.0 g ) f o l l o w e d  by NagCOg ( 1.0 g ) ,  the m i x t u re  

was l e f t  t o  s t i r  f o r  a f u r t h e r  15 min.  The m ix tu re  was 

then cooled and was e x t r a c t e d  w i t h  e th e r  (3 x 100 m l ) .

The combined e x t r a c t s  were d r i e d  (MgSO^) and the s o l v e n t  

was evaporated t o  g i ve  an o i l y  p roduc t  ( 0 .65 g,  30%) which 

was p u r i f i e d  by column chromatography (a lumina e l u te d  

w i t h  benzene) .  The p u r i f i e d  p roduc t  (0 .4  g ) was d i s t i l l e d  

under water  p ressure  (10 mm) (bp o f  the o i l  a t  which the 

p roduc t  d i s t i l l e d  was 180-200°C) ,  t o  g i ve  a pure sample 

o f  the e s t e r  ( 0.20 g ) .

6 ( 00013) : 7 . 2 - 7 . 9 ( 6 H , m , A r H ) , 3 . 9 ( 3 H , s , 000083) , 2 . 5 ( 3 H , s ,

-CH3)

' ' m a x  (Nu jo l  ) : 2950,1720 s (C=0) cm"'

Requi red f o r  ^ ’ 78.0 ;H , 6.0%

Found: C ,78 .2 ;  H,6.2%

m/e:  200(51%,m + ) ; 185(2%,m^-GHg) ;170(8%,2CH3 );

169(66%,m+-ome) ,168(100%,m+ .Og) ,141 

(93%,m+-C00Me).
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111.3 .15 .  Reduct ion o f  1 , 4 - d i h y d r o n a p h t h a l i d e  w i t h  sodium 

metal

1 ,4 -D ihydronaph tha  1i de (1 .0  g,  0.005 mol)  in dry 

e t h e r  (20 ml )  and ammonia (300 ml)  was t r e a t e d  w i t h  sodium 

metal  (0 .24 g , 0.01 mol ,  2 m o l . e q u i v ) .  The m ix tu re  was 

s t i r r e d  f o r  h a l f  an hour and the r e a c t i o n  was then quenched 

w i t h  ammonium c h l o r i d e  (1 .5  g , 2 m o l . e q u i v )  over  10 minu tes .  

Ammonia was a l l owed t o  evapora te  o v e r n i g h t ,  and water  

(100 ml )  was then added t o  the m i x t u r e .  The s o l u t i o n  

was a c i d i f i e d  w i t h  HCl (2 N) and was then e x t r a c t e d  w i t h  

e t h e r  (3 x 100 m l ) .  The combined e th e r  e x t r a c t s  were 

d r i e d  (MgSO^) and the s o l v e n t  was evaporated t o  g i ve  a 

wh i t e  s o l i d  ( 0.8  g) which was c r y s t a l l i s e d  f rom pet ro leum 

e ther /CHClg)  t o  g i ve  8- m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac id  

(97)  (0 .5  g , 50%) which had mp 153-155°C. Evapora t ion  

o f  the  s o l v e n t  o f  the  mother  l i q u o r  gave a res i due  

(0 .26  g ) which was formed t o  c on ta i n  by ^H nmr unreacted

1 .4 -d i hyd ron aph tha  1i de and 8 -me t hy l na ph tho i c  ac i d in the 

r a t i o  o f  1:3 r e s p e c t i v e l y .

111 .3 .16 .  Reduct i ve m é t h y l a t i o n  o f  l i t h i u m  8- ( hydroxymethy1) 

1 -naph thoate

Two procedures were f o l l o w e d  i n  an a t t emp t  to  prepare

1 . 4 - d l h y d r o - l  , 8 -d im e th y In a p h th o i c  ac id but  n e i t h e r  gave 

the de s i r ed  p r od u c t .

( i )  Dry ammonia (500 ml )  was d i s t i l l e d  I n t o  1 1 3-necked 

f l a s k  c o n t a i n i n g  l i t h i u m  8- (hydroxymethy1) - 1-naph thoate
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(2 .0  g,  0.009 mol)  in d r y  e th e r  (50 m l ) .  L i t h i um  metal  

(0 .26 g , 0.03 mol ,  4 m o l . e q u i v . )  was added and the s o l u t i o n  

t u rned  b l u e .  The s o l u t i o n  was s t i r r e d  f o r  15 minutes and 

then methyl  i o d id e  (MI) (3 .8  g , 0.03 mol ,  3 m o l . e q u i v . )  

in  e th e r  (20 ml )  was added and no change in  the co l o u r  

o f  the  s o l u t i o n  was observed,  and the s o l u t i o n  l e f t  to  

s t i r  f o r  h a l f  an hour  and then ammonium c h l o r i d e  ( 1.5 g) 

was added and the m i x tu re  l e f t  t o  s t i r  f o r  a f u r t h e r  15 

m inu tes .  Ammonia was l e f t  to  evaporate o v e r n i g h t  and t h e  

w o r k  up of  the r e a c t i o n  gave a crude produc t  ( 1 .7  g ,

94%) which was i d e n t i f i e d  as 1 , 4 - d i h y d r o - 8- m e t h y l naph tho i c  

ac i d  and which has i d e n t i c a l   ̂H nmr as t h a t  o f  (97) in 

( I I I . 3 . 3 ) .  This was c r y s t a l l i s e d  f rom pet ro l eum e t h e r /  

CHClg t o  g i ve  wh i t e  c r y s t a l s  ( 1 .5  g , 88%) m. p .15 6 -1 58°C.

( i i )  Another  a t t emp t  was made t o  prepare 1 , 4 - d i h y d r o -

1 , 8-d imethy  I n ap h t ho i c  ac i d  f o l l o w i n g  t h i s  procedure .

Dry ammonia (200 ml)  was d i s t i l l e d  i n t o  a 500 ml - 

3-necked f l a s k ,  and anhydrous i r o n ( 111) c h l o r i de (FeClg)

(50 mg) was added t o  t he  ammonia f o l l o w e d  by potassium 

metal  (0.41 g , 0.01 mol ,  2 m o l . e q u i v . ) .  The r e a c t i o n  

m i x tu re  was s t i r r e d  u n t i l  the b lue c o l o u r  had d isappeared 

and then 8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  ac i d ( 1 .0  g ,

0.005 mol)  in  d r y  e t h e r  (20 ml )  was added as g e n t l y  as 

the r e a c t i o n  p e rm i t t e d  and a y e l l o w  s o l u t i o n  was ob ta i ned  

which d isappeared im med ia te l y .  The r e a c t i o n  was l e f t  

t o  s t i r  f o r  15 m inu tes ,  and methyl  i o d id e  (2 .25 g , 0.01 mol ,  

3 m o l , e q u i v . )  was added and the m i x tu re  l e f t  t o  s t i r  f o r  

a f u r t h e r  15 m inu tes .  Ammonia was a l l owed t o  evaporate



212

o v e r n i g h t ,  and the s o l i d  r es idue  was then d i s s o l v e d  in 

wate r  (100 m l ) ,  the r e s u l t i n g  s o l u t i o n  was a c i d i f i e d  w i t h  

HCl (3 N) and e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  The 

combined o r gan i c  e x t r a c t s  were washed w i t h  aqueous sodium 

m e t a b i s u l p h i t e  (NagSgOg) (3 x 100 m l ) .  The e th e r  

e x t r a c t s  were d r i e d  (MgSO^) and the s o l v e n t  was evaporated 

t o  g i ve  a crude p roduc t  ( 0.8  g , 80%) which was found by 

^H nmr and m.p.  t o  be o f  8 - m e t h y l - 1 , 4 - d i h y d r o n a p h t h o i c  

ac i d  ( 9 7 ) .  No t r a c e  o f  1 , 4 - d i h y d r o - 1 , 8 -d im e th y In a p h th o i c  

ac i d  was observed.  For changes o f  co l o u r  see page 

exper iment  ( 6 3 ) .

I I I . 3 . 17 .  React ion o f  1 , 4 -d ihyd ronaph tha  1i de w i t h  sodamide 

in  ammonia

To d i s t i l l e d  ammonia (400 ml )  was added FeClg 

(50 mg) f o l l o w e d  by sodium (0 .2  g , 0.008 mol ,  2 m o l . e q u i v ) .  

The m i x t u re  was l e f t  t o  s t i r  f o r  15 minutes u n t i l  the 

b l ue  c o l o u r  had d i sappeared ,  l eav ing  a grey suspens ion.

A s o l u t i o n  o f  1 , 4 - d i hyd ronaph tha  1i de (0 .8  g,  0.004 mol) 

in  dry  e t h e r  (15 ml)  was then added and the m ix tu re  was 

l e f t  t o  s t i r  f o r  h a l f  an hour .  Ammonium c h l o r i d e  

(0 .5  g , 2 m o l . e q u i v )  was then added. The ammonia was 

l e f t  t o  evaporate  o v e r n i g h t  and the  m ix tu re  was then worked 

up by d i s s o l v i n g  the  s o l i d  in  water  (100 ml )  and the 

r e s u l t i n g  s o l u t i o n  was a c i d i f i e d  w i t h  HCl (3 N) (50 m l ) .

The a c i d i c  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  (3 x 100 ml)  

and the combined e x t r a c t s  were d r i e d  (MgSO^) and the 

s o l v e n t  was evaporated under reduced pressure  to  g ive 

a brown s o l i d  ( 0 .7  g , 88%). An nmr spect rum o f  t h i s  s o l i d  

revea led  t h a t  i t  was na ph th a l i d e  ( 100) .



213

I I I . 3 . 18 .  React ion o f  1 , 4 - d i h y d r o n a p h t h a l i d e  w i t h  b u t y l - 

l i t h i u m  in THF

To 1 , 4 -d i hyd ronaph tha  1ide (1 .0  g,  0.005 mol)  in 

d r y  THF (20 ml )  was added n - b u t y l l i t h i u m  (nBuLi )

( 3 .3  ml ,  1.6 M in  hexane, 0.005 mo l ) .  The m i x t u re  was 

s t i r r e d  under Ng a t  = -70°C f o r  h a l f  an hour and was then 

s t i r r e d  a t  room tempera tu re  f o r  a f u r t h e r  15 m inu tes .

Methyl i od id e  (1 .5  g , 0.01 mol)  in dry  THF (5 ml)  was added 

dropwise and the m i x tu re  was l e f t  t o  s t i r  f o r  a f u r t h e r  

2 h r s .  The r e a c t i o n  was then quenched by c a r e f u l  a d d i t i o n  

o f  wa te r .  The THF l a y e r  was separated and the aqueous 

l a y e r  was e x t r a c t e d  w i t h  e th e r  (3 x 100 m l ) .  The combined 

e x t r a c t s  were d r i e d  (MgSO^) and the so l v e n t  was removed 

under reduced pressure  to  g i ve  n o n - a c i d i c  m a t e r i a l  

( 0.1 g ) ,  the nmr spect rum o f  which showed t h a t  i t  was 

n a p h t h a l i d e .  The aqueous l a y e r  was a c i d i f i e d  w i t h  2 N 

HCl (20 ml )  and t he  p roduc ts  were i s o l a t e d  by e x t r a c t i o n  

w i t h  e t h e r  t o  g i ve  a brown o i l  ( 0 . 9 ,  90%). This a c i d i c  

m a t e r i a l  was p u r i f i e d  by PLC ( s i l i c a  gel  e l u te d  w i t h  t o l u e n e /  

e t h y l  ace ta te  2 : 1 ) .  This gave t h re e  major  f r a c t i o n s :

(1)  wh i t e  s o l i d  (10%), t h i s  had a^CDClg):  7 . 2 - 7 . 9 ( A r H , m ) , 

2 .9 (CHg,s )  ppm which cor responds c l o s e l y  t o  the spectrum 

o f  8 -m e t hy ln ap h th o i c  ac i d  (107). (2)  An o i l  (50%) nmr

o f  which i s  i d e n t i c a l  w i t h  na ph t ha l i de  ( 100) .

(3)  An o i l  (20%) nmr shows 0 ( 00013) 7 . 2 - 7 . 3 (A r H , m) ; 

5 - 5 . 5 ( b r o ad  H) ;  2 . 3 ( s ) .  This  m a t e r i a l  had not  been 

i d e n t i f i e d  y e t .
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I I I . 3 . 19 .  a , a ' - D i m e t h y l - 1 , 8- n a p h t h a l i d e  ( lOs)

Magnesium t u r n i n g s  (5 .0  g , 2 m o l . e q u i v . )  were placed 

in  a dry  3-necked f l a s k  f i t t e d  w i t h  a d ropp ing  f u n n e l ,  

condenser ,  d r y i n g  tube and s to p pe r ,  and dry  e th e r  

(100 ml )  was added. A s o l u t i o n  o f  methyl i o d id e  ( 2 8 . 5g,

10 ml ,  2 m o l . e q u i v . )  i n  dry  e th e r  (100 ml)  was then added 

s l o w l y ,  and when the r e a c t i o n  had s t a r t e d  the r e s t  o f  

Me I s o l u t i o n  was added dropwise a t  a r a te  s u f f i c i e n t  t o  

m a in ta i n  g e n t l e  r e f l u x i n g  o f  the s o l v e n t .  The m ix tu re  

was then heated f o r  15 min.  To the cooled m ix tu re  

n a p h t h a l i c  anhydr ide  ( 20.0 g , 0.01 mol)  was added as a 

f i n e  powder w h i l s t  the m i x tu re  was coo led .  The m ix tu re  

was l e f t  t o  s t i r  f o r  one hour  and then a w a t e r - i c e  s l u r r y  

was added. The s o l i d  was f i l t e r e d  o f f  and the f i l t r a t e  

was e x t r a c t e d  w i t h  e t h e r  (3 x 300 m l ) .  The e t h e r e a l  

s o l u t i o n  was washed w i t h  30% sodium hyd rox ide  (3 x 200 m l ) ,  

and d r i e d  (MgSO^) and the  s o l v e n t  was evaporated t o  g i ve  

a y e l l o w  s o l i d  ( 7 .o  g , 33%) which was c r y s t a l l i s e d  f rom 

pet ro l eum e t h e r  t o  g i ve  d i m e th y In a p h th a l i d e  ( 6.0 g ,

28%) which had m.p.  90-92°C.

IR ( N u j o l ) :  1700,s ( C = 0 ) ,1460,1380,1220 cm"'

6 ( 00013) :  7 . 3 -8 .6 (6 H , m,  A r H ) , 1 . 8 ( 6 8 , 5 , 083)

111 .3 .20 .  P rep a ra t i on  o f  l i t h i u m  8- ( 2 - hy d r oxy p r opy 1 ) - 1 -  

naphthoate ( 111)

a , a ' - D i m e t h y l - 1 , 8 -n a p h t h a l i d e  (10.0 g , 0.05 mol)  and l i t h i u m  

hyd rox ide  (2 .3  g , 0.053 ml )  were re f l u x e d  in water  u n t i l
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a l l  the  m a t e r i a l  had d i s s o l v e d .  The s o l v e n t  was then 

evaporated under reduced p r essu re .  Po r t i o ns  o f  benzene 

were added and evaporated t o  g i ve  y e l l o w  s o l i d  o f  l i t h i u m  

8- ( 2- h y d r o x y p r o p y l ) - 1-naph thoate  ( 11.0 g,  wet)  which was 

d r i e d  in a d e s i c c a t o r  f o r  f i v e  days t o  g i ve  ( 111)

(10 .2  g,  98%). This crude m a t e r i a l  was used w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .

111.3 .21 .  Reduct ion o f  l i t h i u m  8 - ( h y d r o x y p r o p y l ) - 1 -

naphthoate w i t h  10 m o l . e q u i v .  o f  l i t h i u m  metal

Fo l l o w in g  the same procedure as in ( 1 1 1 . 3 . 3 ) ,  l i t h i u m  

8 - ( 2 -h yd ro x yp ro p y1 ) - 1 -n a ph th oa te  (1 .0  g , 0.004 mol)  in 

d r y  e t h e r  (10 ml )  and ammonia (400 ml )  were t r e a t e d  w i t h  

l i t h i u m  metal  (0 .3  g , 10 m o l . e q u i v . ) .  The re a c t i o n  m i x t u re  

t u rned  b l ue and i t  was s t i r r e d  f o r  h a l f  an hour ,  and was 

then quenched w i t h  s o l i d  ammonium c h l o r i d e  (2 .26 g ,

10 m o l . e q u i v . )  over  10 minutes and the s o l u t i o n  tu rned 

t o  y e l l o w .  Ammonia was a l l owed t o  evaporate  o v e r n i g h t ,  

and the s o l i d  r es i due  was d i s s o l v e d  in  water  (100 m l ) .

The aqueous s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) ) ,  

the  combined e x t r a c t s  were d r i e d  (MgSO^) and the e t h e r  

was evaporated under reduced pressure t o  g i ve  a ye l l ow  

s o l i d  ( 0 .4  g , 40%) which was i d e n t i f i e d  as a , a ' - d i m e t h y 1- 

n a p h t h a l i d e  by comparison with a u t h e n t i c  m a t e r i a l .  The aqueous 

l a y e r  was then a c i d i f i e d  w i t h  3 N HCl which was e x t r a c t e d  

w i t h  p o r t i o n s  o f  e th e r  (3 x 100 m l ) .  The combined e x t r a c t s  

were d r i e d  (MgSO^) and t he  so l v e n t  was evaporated t o  g i ve  

a y e l l o w  s o l i d  ( 0.6 g , 60%) which was c r y s t a l l i s e d  f rom
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carbon t e t r a c h l o r i d e  t o  g i ve  1 , 4 - d i h y d r o - 8 - ( 2- p r o p y l ) -

1-na ph th o i c  ac i d  (114) (0 .5  g , 50%) as y e l l o w  c r y s t a l s  

which had m.p.  235-237°C.

6 ( 00013) :  10 .2 -9 .6 ( lH ,b ,OOOH) ;7 .4 -7 (3H ,m,A rH)  ;

6 .3-6(2H,m,0H = 0 H ) ; 4 . 8 - 4 . 6 ( lH,q ,OH)  ; 3 . 5 - 3 . 4  

( 2H . q . 0H2 ) ; 3 . 3- 3 . 0 ( H . q . O H ) ; 1 . 3 ( 3 8 ,4 . 083) :  

1 . 2 ( 38 , 4 , 083) .

' ’max ( N u j o l ) :  1700 s ( 0=0) ,  1470 ,1380 ,1270 cm"'  

m/e:  216(38%,m + ) , 173(2%),171(21%),129(100%).

Requi red f o r  0 ^^H,gO2 : 0 , 7 7 .7 7 ;  8,7.40%

Found: 0 , 7 7 . 7 8 ;  8,7.41%

I I I . 3 .22 .  Reduct ion o f  l i t h i u m  8 - ( 2 - hy d r ox yp r op y 1 ) -1 -  

naphthoate w i t h  4 m o l . e q u i v .  o f  l i t h i u m  metal

Fo l l ow ing  the  procedure in ( I I I . 3 . 3 ) ,  l i t h i u m  8 - 

( 2 - h y d r o x y p r o p y l ) - l - n a p h t h o a t e  (1 .0  g , 0.004 mol)  in dry 

e t h e r  (10 ml )  and ammonia (400 ml )  was t r e a t e d  w i t h  l i t h i u m  

metal  (0.11 g , 4 m o l . e q u i v ) .  The r e a c t i o n  m i x t u re  t u rned  

b l ue and i t  was s t i r r e d  f o r  h a l f  an hour ,  then was quenched 

w i t h  ammonium c h l o r i d e  (0 .85 ,  4 m o l . e q u i v . )  over  5 minutes 

and the m i x tu re  t u rned  t o  y e l l o w .  Working up the r e a c t i o n  

as in  ( I I I . 3 .21)  gave a y e l l o w  s o l i d  (0 .70 g , 77%) o f  

a , a ' - d i m e t h y l n a p h t h a l i d e  which was i d e n t i f i e d  w i t h  a u t h e n t i c  

m a t e r i a l  and a c i d i c  m a t e r i a l  as a y e l l o w  s o l i d  0.2 g ,

23%) which was c r y s t a l l i s e d  f rom CCl^ t o  g i ve  1 , 4 - d i h y d r o -  

8 - ( 2 - p r o p y l ) - 1 -n ap h th o i c  ac i d  (114) (0 .15 g , 17%) which 

had m.p.  236-238°C and spe c t r os co p i c  data i d e n t i c a l  t o  

t h a t  found in  ( I I I . 3 . 2 1 ) .
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111 .3 .2 3 .  Reduct ion o f  l i t h i u m  8- ( 2 -h yd ro xy p r op y1 ) -1 -

naphthoate w i t h  2 m o l . e q u i v .  o f  l i t h i u m  metal

Fo l l o w in g  the procedure in ( I I I . 3 . 2 1 ) ,  l i t h i u m  8- 

( 2 - hy d r ox yp r op y 1 ) - 1 -naph thoate  (1 .0  g , 0.004 mol)  in dry  

e t h e r  (10 ml)  and ammonia (400 ml)  was t r e a t e d  w i t h  l i t h i u m  

metal  (0 .05  g , 2 m o l . e q u i v . )  and the r e a c t i o n  m i x tu re  

l e f t  t o  s t i r  f o r  h a l f  an hour and was then quenched w i t h  

ammonium c h l o r i d e  (0 .5  g , 2 m o l . e q u i v )  over  5 m inu tes .  

Fo l l ow ing  the procedure o u t l i n e d  in ( I I I . 3.21)  work ing 

up o f  the r e a c t i o n  m i x tu re  gave:  ( 1 ) a y e l l o w  s o l i d  

(0 .85 g , 85%) which by nmr was i d e n t i f i e d  as a m ix tu re  

o f  a , a ' - d i m e t h y l n a p h t h a l i d e  and another  h y d r o x y l i c -  

c o n t a i n i n g  compound in  the  r a t i o  2:1 r e s p e c t i v e l y .  The 

m i x tu re  had 0 ( 0001] )  ( 7 . 3 - 7 . 1(m, ArH) ; 4 . 3 , 3 . 5 ( b , H) ,  1. 6 ; 

1 . 7 (s,CH3 ) ,  1 . 8 (s,CH3 ))  and IR ( N u j o l )  (3400,1710;

1460,1300 cm“ M -  In o r d e r  to  separa te  t he se ,  the non- 

a c i d i c  p roduc t  ( 0 .5  g ) was r e f l u x e d  w i t h  10% aqueous sodium 

hydrox ide  (20 ml )  f o r  one hour u n t i l  a l l  the s o l i d  had 

d i s s o l v e d .  Water (50 ml )  was added t o  the cooled m i x tu re  which 

was e x t r a c t e d  w i t h  e t h e r  (3 x 50 m l ) .  The combined 

e x t r a c t s  were d r i e d  (MgSO^) and the so l v e n t  was evaporated 

t o  g i ve  y e l l o w  s o l i d  (0 .40 g , 90%) which was i d e n t i f i e d  

w i t h  an a u t h e n t i c  sample o f  a , a ' - d i m e t h y l n a p h t h a l i d e  

( I I I . 3 . 1 9 ) .

(2)  The aqueous l a y e r  was then a c i d i f i e d  w i t h  HCl and 

e x t r a c t e d  w i t h  e th e r  (3 x 100 m l ) .  The combined e x t r a c t s  

were d r i e d  (MgSO^) and the s o l v e n t  was evaporated t o  g i ve
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a brown s o l i d  (0 .05 g,  6%) which had m.p.233-238°C and 

i t  was i d e n t i f i e d  as 1 , 4 - d i h y d r o - 8 - ( 2- p r o p y l ) - l - n a p h t h o i c  

ac i d  (114) which had spec t ra  i d e n t i c a l  t o  t h a t  o f  ( I I I . 3 . 2 1 ) .

111 .3 .2 4 .  Reduct ion o f  l i t h i u m  8- ( 2 -h y d ro x y p ro p y 1 ) -1 -  

naphthoate w i t h  2 mol .  eq u i v .  o f  sodium

B i r ch  r e d u c t i o n  t o  l i t h i u m  8 - ( 2 - hy d r ox yp ro py 1 ) -1 -  

naphthoate (1 .0  g,  0.004 mol)  in e th e r  (10 ml)  and ammonia 

(300 ml )  was c a r r i e d  out  us ing sodium metal  (0 .19 g ,

2 m o l . e q u i v . )  and f o l l o w i n g  the procedure ( I I 1 . 3 . 2 1 ) ,  

the  r e a c t i o n  m i x t u re  was s t i r r e d  f o r  h a l f  an hour and 

was then quenched w i t h  ammonium c h l o r i d e  (0 .5  g , 2 m o l . e q u i v . )  

over  5 m inu tes .  The r e a c t i o n  was worked up as in ( I I I . 3.21)  

t o  g i ve  y e l l o w  s o l i d  ( 0 .7  g,70%) which was i d e n t i f i e d  as 

8 - ( 2- h y d r o x y p r o p y l ) - l - n a p h t h o i c  ac id  which had ô (C0C l 2 ):  

7 . 2 - 7 . 3 ( 6 H , m , A r H ) ; 2 . 4 ( l H , b , O H ) ; 1 .8 (3H,s ,CH3 ) ; 1 . 9 ( 3 H , s , 083) 

and Vj^^^(3400,2250, 1720(0 = 0) cm"^ ) .  The re s i d u a l  aqueous 

l a y e r  was then a c i d i f i e d  w i t h  HCl t o  g i ve  a s o l i d  (0 .2  g ,

20%) which had s p e c t r a l  properties ident ical  with l ,4-dihydro-8-(2- 

p ropy I  ) - 1 -napht .hoic ac i d ( 114) t o g e t h e r  w i t h  some impuri t ies.

111.3 .25 .  Reduct ion o f  a , a ' - d i m e t h y l n a p h t h a l i d e  w i t h  

4 mol . equ i v  . o f  1i t h i u m

Car r y i ng  ou t  the procedure o u t l i n e d  in  ( I I I . 3 . 3 ) ,  

a , a ' - d i m e t h y l n a p h t h a l i d e  (1 .5  g , 0.007 mol) in dry  e th e r  

(25 ml)  and ammonia (300 ml)  was reduced w i t h  l i t h i u m  

(0 .19  g , 4 m o l . e q u i v . )  and the r e a c t i o n  l e f t  t o  s t i r  f o r  

h a l f  an hour and was then quenched w i t h  ammonium c h l o r i d e
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(1 .5  g,  4 m o l . e q u i v . )  over  5 m inu tes .  The r e a c t i o n  m ix tu re  

was worked up f o l l o w i n g  the procedure in  ( I I I . 3 .21)  and 

gaveo-brown o i l  (1 .3  g,  80%) which was i d e n t i f i e d  as a 

m i x t u re  o f  8 - ( 2 -h y d ro x y p ro p y 1) naph tho i c  ac i d which had 

i d e n t i c a l  s p e c t r a l  data wîththat  o f  ( I I I . 3 .24)  and 

a , a ' - d i m e t h y l n a p h t h a l i d e  which was i d e n t i f i e d  w i t h  an 

a u t h e n t i c  sample ( I I I . 3 . 1 9 ) .  A c i d i f i c a t i o n  o f  the  aqueous 

l a y e r  a f f o rd e d  y e l l o w  s o l i d  ( 0.2 g , 20%) which was found 

t o  be 1 , 4 - d i h y d r o - 8- ( i s o p r o p y i ) - l - n a p h t h o i c  ac i d and which 

had m.p.  234-237°C and had i d e n t i c a l  s p e c t r a l  data as 

ou t  1ined in  ( I I I . 3 . 2 1 ) .

111 .3 .2 6 .  1 , 4 - D i h y d r o - o - t o l u i c  ac i d (129)

o - T o l u i c  ac i d  ( 5 .0  g , 0.036 mol)  was added t o  dry  

e t h e r  (40 ml)  and ammonia (500 ml)  was condensed i n t o  

the  suspens ion.  L i t h i u m  metal  (1 .02  g , 0.1 mol ,  4 m o l . e q u i v . )  

was added t o  the s t i r r e d  s o l u t i o n .  The s o l u t i o n  which 

r a p i d l y  t u rned  b lue was s t i r r e d  f o r  a f u r t h e r  h a l f  an 

hour and the r e a c t i o n  was then quenched by the a d d i t i o n  

o f  p o r t i o n s  o f  s o l i d  ammonium c h l o r i d e  (7 .8  g , 4 m o l . e q u i v . )  

over  15 minutes u n t i l  t he  d i scharge  o f  the  deep c o l o u r .

Ammonia was a l l owed to  evapora te  o v e r n i g h t ,  and the s o l i d  

r es i due  was d i s s o l v e d  in  water  (300 m l ) .  The s o l u t i o n  

was a c i d i f i e d  w i t h  3 N HCl which was then e x t r a c t e d  w i t h  

p o r t i o n s  o f  e t h e r  (3 x 150 m l ) .  The combined e x t r a c t s  

were d r i e d  (MgSO^) and the  e th e r  was evaporated under 

reduced pressure t o  g i ve  a wh i t e  s o l i d  which was i d e n t i f i e d  

as 1 , 4 - d i h y d r o - o - t o l u i c  ac i d  (129) (4 .9  g , 97%) which
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c r y s t a l l i s e d  f rom pet ro l eum e th e r  as wh i t e  c r y s t a l s  

( 4 .0  g,  80%) which had m.p.  70-72°C 74 -5°C) .

5 ( 00013) :  5 . 9 - 5 . 7 ( 3 H , m , 0 H = 0 H ) ; 3 . 8 - 3 . 6 ( l H , m , 0 H ) ; 2 . 8

( 2H.S.OH2 ) , 1 . 8 ( 3 8 , 5 . 083) . 1 . 2 ( l H , s . 0 0 0 H ) .

= v ( N u j o l ) :  3000 b,  1700 s (0 = 0 ) . 1460,1380 ,1280 ,900  c m " ' .
Ill d  A

Requi red f o r  CgH^gOg: C,69.5 ; H , 7 . 2 X

Found: C ,69 .3 ;  H ,7.3 7.

m/e CgH^gOg re q u i r e s  138.0681 and found f o r  CgH^gOg

138.0681.

I I I . 3 . 27 .  I , 4 -D ihyd ro -o t -hyd roxyxy lene  (133)

1 , 4 - D i h y d r o - o - t o l u i c  ac i d (129) (2 .0  g , 0.014 mol)  

in  dry  e t h e r  (50 ml)  was added dropwise t o  a s l u r r y  o f  

l i t h i u m  aluminium hyd r i de  ( 1.10 g , 0.02 mol)  in dry  e t h e r  

(70 m l ) .  The m ix tu re  was l e f t  t o  s t i r  f o r  one hour .

Water (200 ml)  was then added c a u t i o u s l y  f o l l o w e d  by 

4 N HgSO^ (150 m l ) .  The e th e r  l a y e r  was separated and 

the  aqueous l a y e r  was e x t r a c t e d  w i t h  another  p o r t i o n  o f  

e t h e r  (100 m l ) .  The combined e t h e r  e x t r a c t s  were washed 

once w i t h  water  (50 ml )  and was d r i e d  (MgSO^). The s o l v e n t  

was evaporated t o  g i ve  a c o l o u r l e s s  o i l  which was i d e n t i f i e d  

as 1 , 4 - d i  hydro-ot -hydroxyxy lene (1 .5  g , 84%). The o i l  

was d i s t i l l e d  under reduced pressure t o  g i ve  a pure sample 

o f  1 ,4 - d i h y d r o - a - h y d r o x y x y l e n e  (133) ( 1 .2  g , 67%) which 

had bp 6 9 .5 ° C / I 0  mm.
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afCDClg) :  5 .9 -5 .5(3H,m,CH = CH) ;3 .7 ( IH . s .OH)  ; 2 . 7 (2H, s , 883) ;

2 . 2 ( 1 8 , s ,C 8g ) ; l . 8 ( 3 8 , 5 , 883) .

' ’max 3350 b (08)  ,2900 ,1440 ,1380 ,1040 ,1000 cm"'

m/e:  124(2%,m+) ; 109(7%) ;107(32) ;  105(21) ;93 ( 46 )

Requi red f o r  CgH^gO: 124.0888

Found: 124.0888

111.3 .28 .  a -Hy d r oxy -o -xy l e ne  ( 2 -m e th y Ib e nz y l a I co ho l  ) (132)

Fo l l ow ing  the procedure desc r i bed in ( I I I . 3 . 2 7 ) ,  

o - t o l u i c  ac i d  ( 3 .0  g , 0.02 mol)  in dry  e t h e r  (100 ml)  was 

reac ted  w i t h  a s l u r r y  o f  l i t h i u m  aluminium hyd r ide  

(1 .62 g , 0.04 mol)  in dry  e th e r  (70 m l ) .  A f t e r  the a d d i t i o n  

o f  water  (100 ml )  and e x t r a c t i o n  o f  the o rgan i c  p roduc t  

gave a wh i t e  s o l i d  a - h y d r o x y -o -x y l e n e  ( 2.1 g , 80%) which 

was c r y s t a l l i s e d  f rom pe t ro l eum e th e r  t o  g i ve  wh i t e  c r y s t a l s  

o f  a - h y d r o x y -o -x y l e n e  (132) ( 1 .9  g , 73%) which had m.p 

34-35°C ( l i t . 'S3 37-39°c) .

6 ( 80013) :  7.1 (48,  s , A r 8 ) ; 4 . 5 ( 2 8 , 3 , 883) ; 2 . 9 ( 1 8 , 5 , 08 ) ;

2 . 2 ( 3 8 , 5 , 883) •

( f i l m ) :  3300 b (0 8 ) ,  2900, 1600, 1460 cm" '
III a  A

m/e:  12 2 (3 0% ,m+ ) ;1 0 7 ( 3 2 ) ,1 05 (2 1 ) ;1 04 (6 2 ) ;9 1 (4 7 ) .

111 .3 .29 .  2 , 2 ' - 0 i m e t h y l b i b e n z y l  (127)

a - C h l o r o - o - x y l e n e  (10.0  g , 0.071 mol)  in  d r y  e th e r  

(100 ml)  was added dropwise to  a s t i r r e d  s o l u t i o n  o f  

Mg t u r n i n g s  (0 .85  g , 0.035 g-atom) in  d r y  e th e r  (50 m l ) .

When t he  a d d i t i o n  was complete ,  the m i x t u re  was l e f t  t o  s t i r
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a t  room tempera tu re  f o r  2 Mrs.  Cold d i l u t e d  h y d r o c h l o r i c  

ac i d  was added and the o r gan i c  l a y e r  was separated and 

d r i e d  (MgSO^) and the s o l v e n t  was removed under reduced 

pressure t o  g i ve  crude p roduc t  o f  2 , 2 ' - d i m e t h y I b i b e n z y 1 

(127) (10.3,70%) which was d i s t i l l e d  under reduced pressure  

t o  g i ve  a c o l o u r l e s s  l i q u i d  o f  2 , 2 ' - d i m e t h y I b i b e n z y 1 (127) 

(7 .0,47%) which had bp. 166- I68°C/15 mm ( 1 i t . ' 1 77° / 20 mm) .  

Th is  s o l i d i f i e d  on c o o l i n g  m.p.  52-54°C.

6 ( 00013) : 7 . 2 ( 8 H , s , A r H ) ; 2 . 9 ( 4 8 , 5 , 083) ; 2 . 3 ( 6H , s , 883)

' ’max ( N u j o l ) :  2900, 1460, 1380, 760 cm"'  

m/e:  210(20%,m+) ;105(100)

111 .3 .3 0 .  P rep a ra t i on  o f  l i t h i u m  2 - ( hydroxymethy1 ) benzoate 

(113 )

Fo l l o w in g  the procedure o u t l i n e d  in  ( I I I . 3 . 2 ) ,  p h t h a l i d e  

(10 g , 0 . 07  mol)  and l i t h i u m  hyd rox ide  (3 .5  g , 0.08 mol)  

in water  were r e f l u x e d  f o r  2 h r s .  Evapora t ion  o f  the 

s o l v e n t  gave wh i t e  s o l i d  o f  l i t h i u m  2- ( hydroxymethy1) benzoate 

(113) (11 g wet)  which was d r i e d  in  the d e s i c c a t o r  f o r  

3 days t o  g i ve  (10.0  g , 95%).

111.3 .31 .  Reduct ion o f  l i t h i u m  2 - ( hydroxymethy1 ) benzoate 

w i t h  10 mol e q u i v .  o f  l i t h i u m  metal

Ammonia was condensed in a f l a s k  c o n t a i n i n g  l i t h i u m  

2 - ( hydroxymethy1)benzoate (3 .0  g , 0.018 mol)  in dry  e th e r  

(50 m l ) .  L i t h i u m  metal  (1 .32 g , 0.18 mol)  was added and 

the m i x tu re  was s t i r r e d  f o r  h a l f  an hour and then quenched
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w i th  ammonium c h l o r i d e  (0 .90 g,  0.18 mol)  over  f i v e  minutes 

The r e a c t i o n  was worked up f o l l o w i n g  the procedure in 

( I I I . 3 .26)  t o  g i ve  an a c i d i c  m a t e r i a l  as wh i t e  s o l i d  o f

1 ,4 - d i h y d r o - 2 - ( h y d r o x y m e t h y l ) b e n z o i c  ac i d  (134) ( 2 .5  g ,

87%) which was c r y s t a l l i s e d  f rom ch lo ro fo rm  to  g i ve  wh i t e  

c r y s t a l s  o f  1 , 4 - d i h y d r o - 2 - ( h y d r o x y m e t h y l ) b e n z o i c  ac id 

which had m.p.  118- I20°C.

afCDClg) :  5 .8 (3H ,s ,CH=CH) ;5 .3 (2H, s ,C H 2) ;4 .0 (2 H , s ,CH2) ;

3 .7 ( lH ,d ,C H ) ;2 .7 (2 H ,m ,C H 2) .

' ’max ( N u j o l ) :  3520 b ( OH) ; 2960 ,1720 s ( C = 0 ) , 1540 ,1350 ,

1260 cm"'

m/e:  1 3 6 (8 % .m + ) ; 13 4 (3 1 ) ;1 0 5 ( 1 00 ) ; 91 (2 8 ) ; 7 7 ( 63 ) .

Requi red f o r  CgH^gOg: C,62 .3 ;  H,6.4%

Found: C ,62 .5 ;  H,6.5%

111 .3 .32 .  Reduct ion o f  l i t h i u m  2 - ( hydroxymethy1 ) benzoate

w i t h  4 mol e q u i v .  o f  l i t h i u m  metal

Fo l l ow ing  the procedure desc r i bed in  ( 3 1 ) ,  l i t h i u m

2 - ( hydroxymethy1 ) benzoate (2 .0  g , 0.013 mol)  in dry  e t h e r  

(30 ml)  and ammonia (250 ml)  was t r e a t e d  w i t h  l i t h i u m  

metal  (0 .35 g , 4 m o l . e q u i v . )  and the r e a c t i o n  l e f t  to  

s t i r  f o r  15 m inu tes .  The r e a c t i o n  m ix tu re  was quenched 

w i t h  ammonium c h l o r i d e  (3 .0  g , 4 m o l . e q u i v . )  over  5 

m inu tes .  Ammonia was evaporated and water  was added 

to  the s o l i d  r es i due  which was e x t r a c te d  w i t h  e th e r  

(3 X 100 m l ) .  The combined e x t r a c t s  were d r i e d  (MgSO^) 

and the  s o l v e n t  was evaporated t o  g i ve  an o i l  o f
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2 . 2 ' - d i i ï i e t h y l b i b e n z y l  (127)  (500 mg, 23%) which was 

s o l i d i f i e d  upon c o o l i n g  which had m.p.49-52°C and spec t ra  

i d e n t i c a l  t o  t h a t  o f  t he  a u t h e n t i c  sample ( 1 1 1 - 3 - 2 9 ) .

The aqueous l a y e r  was then a c i d i f i e d  w i t h  3 N HCl and 

e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  The s o l v e n t  was d r i e d  

(MgSO^), and evaporated  under reduced p ressure  t o  g i ve  

w h i t e  s o l i d  o f  1 , 4 - d i h y d r o - 2 - ( h y d r o x y m e t h y l ) b e n z o i c  ac i d 

(134)  (1 .32  g , 70%) which had m.p.  118-119°C and nmr and 

IR spec t ra  i d e n t i c a l  w i t h  t h a t  o f  a u t h e n t i c  m a t e r i a l  

(see Exper iment  31 ) .

I I I . 3 . 3 3 .  Reduct ion o f  l i t h i u m  2 - ( hyd roxymethy1 ) benzoate 

w i t h  2 m o l . e q u i v .  o f  l i t h i u m  metal

F o l l o w in g  the procedure desc r i bed  i n  ( I I 1 . 3 . 3 1 ) ,  

l i t h i u m  2 - ( hyd rox ym e t hy I be nzo a te )  (2 .0  g , 0.013 m o l ) ,  

i n  dry  e t h e r  (15 ml )  and ammonia (300 ml)  was reduced 

w i t h  l i t h i u m  metal  ( 0 .17  g , 2 m o l . e q u i v . ) .  A f t e r  s t i r r i n g  

t he  r e a c t i o n  f o r  15 m i nu tes ,  the  r e a c t i o n  was quenched 

w i t h  ammonium c h l o r i d e  ( 2 . 8  g , 4 m o l . e q u i v . ) .  Working 

up the r e a c t i o n  as in ( I I I . 3 . 3 2 ) ,  no n o n - a c i d i c  m a t e r i a l  

was f ound .  The a c i d i c  m a t e r i a l  which had m . p . 1 1 5 - 1 18°C 

was i d e n t i f i e d  as 1 , 4 - d i h y d r o - 2 - ( h y d r o x y m e t h y l ) b e n z o i c  

ac i d  (134)  by s p e c t r a l  ana l yses  (see exper iment  31 ) .
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111 .3 .34 .  Reduct ion o f  l i t h i u m  2 - ( hyd roxymethy1 ) benzoate 

w i t h  10 m o l . e q u i v .  o f  l i t h i u m  metal  in the 

presence o f  ammonium c h l o r i d e

To a m i x tu r e  o f  l i t h i u m  2 - (h yd ro xy m e th y 1)benzoate 

(2 . 0  g , 0.013 mol )  i n  d r y  e t h e r  (15 m l ) ,  ammonia (300 ml ) ,  

and ammonium c h l o r i d e  (2 .7  g , 4 m o l . e q u i v . )  was added 

l i t h i u m  metal  (0 .88  g , 10 m o l . e q u i v . ) .  The r e a c t i o n  was 

l e f t  t o  s t i r  f o r  h a l f  an hour .  Ammonia was a l lowed to  

evapora te  o v e r n i g h t  and wa te r  was added t o  the s o l i d  r es i due  

The aqueous l a y e r  was e x t r a c t e d  w i t h  e t h e r  (3 x 100 ml ) .

The condensed e x t r a c t s  were d r i e d  (MgSO^) and the  s o l v e n t  

was evaporated t o  g i ve  a wh i t e  s o l i d  (600 mg, 30%) which 

was i d e n t i f i e d  as p h t h a l i d e  which had m.p .70-73°C 

( l i t . ^ ^ ^  75°C) .  The aqueous l a y e r  was a c i d i f i e d  and 

e x t r a c t e d  w i t h  e t h e r  (3 x 100 ml )  t o  g i ve  a c i d i c  m a t e r i a l  

o f  wh i t e  s o l i d  ( 1 .0  g , 52%) which had an nmr spect rum 

i d e n t i c a l  w i t h  1 , 4 - d i h y d r o - 2 - ( h y d r o x y m e t h y l ) b e n z o i c  ac i d 

(134)  and m.p.  114-117°C (See s e c t i o n  I I I . 3 . 3 1 ) .

111 .3 .3 5 .  Reduct ion o f  1i t h i u m - 2 - ( hydroxymethy1)benzoate 

w i t h  10 mol e q u i v .  o f  l i t h i u m  metal  i n  the 

presence o f  w a te r .

Fo l l o w in g  the procedure  in ( 3 1 ) ,  t o  a m i x tu r e  o f  

l i t h i u m  2 - (hyd roxymethy1 )benzoate (2 .0  g , 0.013 mol )  i n 

d r y  e t h e r  (15 ml ) ,  wate r  (1 ml ) ,  and ammonia (300 ml )  

was added l i t h i u m  metal  (0 .88 g , 10 m o l . e q u i v . ) .  The 

r e a c t i o n  was s t i r r e d  f o r  h a l f  an hour  and ammonium c h l o r i d e
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( 2 .7  g,  4 m o l . e q u i v . )  was then added. The r e a c t i o n  was 

worked up f o l l o w i n g  t he  procedure in (31) t o  g i ve  on ly  

a c i d i c  m a t e r i a l  ( 1 .7  g,  85%) which was c r y s t a l l i s e d  f rom 

c h l o r o f o r m  to  g i ve  wh i t e  c r y s t a l s  o f  1 , 4 - d i h y d r o - 2 -  

( hyd roxymethy1 ) benzoic  ac i d  (134) ( 0 .7  g , 35%) which had 

m.p.  114-115°C and nmr spec t ra  i d e n t i c a l  w i t h  a u t h e n t i c  

m a t e r i a l  (see 31 ) .  The mother  l i q u o r s  were evaporated 

t o  g i ve  a re s i d ue  (1 .0  g , 50%) which c o n ta i n  by nmr 

( 6 ( 00013) :  7 . 9 - 7 . 2 , 5 . 9 , 5 . 8 , 4 , 2 . 6 ,2)  1 , 4 - d i h y d r o - 2 - ( hyd roxy -  

m e th y l ) b e n z o i c  ac i d  (see 31) t o g e t h e r  w i t h  p h t h a l i d e  in 

the  r a t i o  o f  1 :1 .  These cou ld  not  be sep a ra ted .

I I I . 3 . 3 6 .  Reduct ion o f  p h t h a l i d e  w i t h  10 m o l . e q u i v .  o f  

l i t h i u m  m e t a l .

To a s o l u t i o n  o f  p h t h a l i d e  ( 3 .0  g , 0.022 mol)  in 

d r y  e t h e r  (30 ml )  and ammonia (400 ml)  was added l i t h i u m  

metal  (1 .56  g , 0.22 mo l ,  10 m o l . e q . ) .  The m i x tu r e  was 

l e f t  t o  s t i r  f o r  h a l f  an hour and ammonium c h l o r i d e  

(11 .7  g , 0.22 mol)  was then added over  10 m inu tes .  The 

r e a c t i o n  was worked up f o l l o w i n g  t he  procedure i n  (32) 

t o  g i ve  n o n - a c i d i c  m a t e r i a l  ( 1 .6  g , 55%) as an o i l y  p roduc t  

which was d i s t i l l e d  under  reduced p ressure  t o  g i ve  a 

c o l o u r l e s s  o i l  o f  2 , 2 ' - d i m e t h y l b i b e n z y l  ( 1 .0  g , 35%) which 

had b . p .  122°C/10 mm. This had afCDClg) :  7 . 1 ( 8H,s , A r H ) , 

2 . 9 ( 4H,s,CH2 ) ; 2 . 3 ( 6H,s,CH3 ) .  v ( N u j o l ) ;  2900,1500,1460,

1350,1160,760.  The ana l yses  were i d e n t i c a l  w i t h  the 

a u t h e n t i c  sample (exper iment  29 ) .  The aqueous l a y e r  was 

a c i d i f i e d  w i t h  3 N HCl and e x t r a c t e d  w i t h  e t h e r  (3 x 100 ml)
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The s o l v e n t  was evaporated  under reduced p ressure  t o  g i ve  

a wh i t e  s o l i d  ( 0 .9  g,  30%) which had 0 ( 00013) :  7 . 9 - 7 . 3 ,

5 . 3 , 3 . 5 - 2 . 5  (broad peak) ;  ( N u j o l ) :  3400,2900,1700,

1430. Th is  was b e l i e v e d  t o  be a m i x tu re  o f  p h t h a l i d e  

and 2 - ( hydroxymethy1 ) benzoic  a c i d .  A l l  t he  a t t emp ts  t o  

separa te  them f a i l e d ,  (by t i c  i t  was seen as on l y  one 

s p o t ) .

111 .3 .3 7 .  Reduct ion o f  p h t h a l i d e  w i t h  4 m o l . e q u i v .  o f  

l i t h i u m  meta1 .

Fo l l o w in g  the  procedure i n  ( 36 ) ,  p h t h a l i d e  (2 .0  g ,

6.01 mol )  i n  d r y  e t h e r  (20 ml )  and ammonia (300 ml )  was 

reduced w i t h  l i t h i u m  metal  ( 0 .4  g , 0.05 mol ,  4 m o l . e q u i v . ) .  

The r e a c t i o n  was s t i r r e d  f o r  15 minutes and was then quenched 

w i t h  ammonium c h l o r i d e  (2 .9  g , 6.05 m o l . ,  4 m o l . e q u i v . ) .

The r e a c t i o n  was worked up f o l l o w i n g  the procedure in 

(36)  t o  g i ve  2 , 2 ' - d i m e t h y l b i b e n z y l  ( 1 .2  g , 60%) as an 

o i l  which had i d e n t i c a l  spec t ra  as the a u t h e n t i c  m a t e r i a l  

(see 29) and an a c i d i c  m a t e r i a l  (0 .72  g , 36%) which was 

i d e n t i f i e d  as the  m i x t u r e  o f  p h t h a l i d e  and 2- ( hydroxymethy1) 

benzo i c  ac i d  and had nmr and i r  spec t ra  i d e n t i c a l  w i t h  

t he  m i x t u r e  was ob ta i ned  in ( 3 6 ) .

111 .3 .3 8 .  P re p a r a t i on  o f  e t h y l  o - t o l u a t e  (137)

A s o l u t i o n  o f  o - t o l u i c  ac i d  (50 .0  g , 0 .36 mol)  in 

d r y  e thano l  (150 ml )  c o n t a i n i n g  a few drops o f  con cen t ra ted  

s u l p h u r i c  ac i d was r e f l u x e d  f o r  15 h r s .  The cooled r e a c t i o n
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m i x t u r e  was then added t o  water  (200 ml )  and t he  s o l u t i o n  

was e x t r a c t e d  w i t h  e t h e r  (3 x 200 m l ) .  The e x t r a c t s  were 

washed once w i t h  10% sodium hyd rox ide  (100 ml )  and once 

w i t h  wa te r  (100 m l ) .  The e t h e r  l a y e r  was d r i e d  (MgSO^) 

and t he  s o l v e n t  was evaporated t o  g i ve  the  crude e s t e r  

(56 .0  g , 93%) which was d i s t i l l e d  under reduced pressure  

t o  g i ve  e t h y l  o - t o l u a t e  (48.0  g,  80%) which had b . p .  

83 -86°C/2  mm 102 -1 02 .5 ° C / 13 mm).

5 ( 00013) : 8 . 0 - 7 . 2 ( 4 H . m , A r H ) ; 4 . 4 - 4 . 2 (2 H ,9 , 082083) ;

2 . 6 ( 3 8 , 5 , 0 8 3 ); 1 . 4 - 1 . 2 ( 3 8 , 1 , 0 8 2 0 8 3 ) .

'■m.v ( f i l m ) :  2980,1740 s ( 0=0 ) ,1500 ,1360 ,1260 ,700  cm"'
HI a X

m/e:  164(51%,m + ) , 1 4 9 ( 4 ) , 1 3 5 ( 2 6 ) , 1 1 9 ( 1 0 0 ) , 9 1 ( 6 7 ) .

I I I . 3 . 3 9 .  E thy l  o - t o l y 1 ace ta t e  (225 )

A m i x t u r e  o f  o - t o l y 1a c e t i c  ac i d  (50 .0  g,  0.3 mol)  

i n  super  d r y  e th an o l  (200 ml )  and conc en t ra te d  s u l p h u r i c  

a c i d  (5 ml )  was r e f l u x e d  f o r  4 hou rs .  Water (300 ml )  

was added t o  the cooled m i x tu re  which was then e x t r a c t e d  

w i t h  e t h e r  (3 x 250 m l ) .  The condensed e t h e r  e x t r a c t s  

were washed w i t h  10% sodium hyd rox ide  (3 x 100 ml )  and 

wa te r  (100 m l ) .  The e t h e r e a l  l a y e r  was d r i e d  (MgSO^) 

and the  s o l v e n t  was then evaporated t o  g i ve  a c o l o u r l e s s  

l i q u i d  (56 .0  g , 95%) which was d i s t i l l e d  under reduced 

p ressure  t o  g i ve  e t h y l  o - t o l y l a c e t a t e  (53.0  g , 90%) 

b . p .  115-117°0 /5  mm.



229

ôfCDClg) :  7 . 2 ( 4 H , s , A r H ) ;  4 . 3- 4 . 0 ( 2 8 , 9 , 082083) ;

3 . 6 ( 2 8 , s , 082) ; 2 . 3 ( 3 8 , s , 083) ; ! . 3 - 1 . 1 ( 3 8 , 1 , 083083) 

( n e a t ) :  2910,1760 s ( 0= 0 ) ,  1500,1360,1150,1060,750 cm" '

Requi red f o r  C,74 .15 ;  H=7.86

Found: C ,74 .20 ;  H=7.66

I I I . 3 . 40 .  2 - M e t h y l b e n z o y l c h l o r i d e  (141)

A m i x t u r e  o f  o - t o l u i c  ac i d  (50 g, 0.36 mol)  and 

t h i o n y l  c h l o r i d e  (90 ml ,  0.75 mol)  were s t i r r e d  f o r  2 

hou rs .  Excess t h i o n y l  c h l o r i d e  was evapora ted under reduced 

p ressure  and the  re s i due  was then d i s t i l l e d  under reduced 

p ressu re  t o  g i ve  t he  ac id  c h l o r i d e  (141) (50 .4  g , 88%) 

which had b . p .  72-73°C/3 mm ( l i t . ' ^ ?  no-ll°/29 mm; 

99 -100° /14  mm).

6 ( 00013) :  8 . 2 - 7 . 2 ( 4 8 , m , A r 8 ) ; 2 . 5 ( 3 8 , 5 , 083)

( f i l m ) :  3060,2900,1780 5 (0 = 0 ) ,  1600,1480,1380,1210,
HI d A

870 cm"^

I I I . 3 . 4 1 .  React ion o f  o - t o l y 1benzaIdehyde w i t h  potass ium 

c y a n i d e .

To o - t o l y I b e n z a l d e h y d e  (10 .0  g , 0.08 mol)  in wate r  

(10 ml )  and e thano l  (20 ml )  was added w i t h  care potass ium 

cyan ide  (1 .6  g , 0.024 m o l ) .  The s o l u t i o n  was r e f l u x e d  

f o r  3 hrs and then coo led and e x t r a c t e d  w i t h  e t h e r  

(3 X 100 m l ) .  The e t h e r  e x t r a c t s  were washed w i t h  f e r r i c  

c h l o r i d e  s o l u t i o n  (4 x 100) and wate r  (2 x 100) .  The 

o r g a n i c  l a y e r  was d r i e d  (MgSO^) and the  s o l v e n t  was
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evapora ted  t o  g i ve  back unchanged o - t o l y I b e n z a l d e h y d e  

( 9 . 8  g , 98%) i d e n t i c a l  w i t h  an a u t h e n t i c  sample.

111 .3 .42 .  React i on o f  o - t o l y l a l d e h y d e  w i t h  3 - b e n z y l - 5 -  

( 2 - h y d r o x y e t h y 1) - t h i a z o l i u m  c h l o r i d e .

A m i x tu r e  o f  o - t o l y l a l d e h y d e  (10.0  g , 0 .08 mol)  

and 3 - b e n z y l - 5 - ( 2 - h y d r o x y e t h y l ) - t h i a z o l i u m  c h l o r i d e  

(1 .2  g , 0.04 mol )  in e thano l  (100 ml )  was s t i r r e d  at  

room tempera tu re  under a n i t r o g e n  atmosphere f o r  15 min.  

T r i e t h y l  ami ne (4 .0  g,  0.04 mol)  was then added and the 

m i x t u r e  was l e f t  t o  s t i r  f o r  50 hrs under Ng. At the  

end o f  t h i s  t ime  no change cou ld be de tec ted  by t i c  (on 

s i l i c a  gel  e l u t e d  w i t h  pe t ro l eum e t h e r  : e t h y 1 ace ta te  2 : 1 ) .  

The r e a c t i o n  was worked up (41) by the a d d i t i o n  o f  water  

(100 ml )  and the  m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  (3 x 100) 

The e t h e r e a l  e x t r a c t s  were d r i e d  (MgSO^) and evaporated  

t o  g i ve  unchanged aldehyde (9 .5  g,  95%) which had spec t ra  

i d e n t i c a l  t o  t h a t  o f  a u t h e n t i c  sample.

111 .3 . 43 .  Reduct ion o f  e t h y l  o - t o l u a t e  (137) w i t h  

10 mo l .  e q u i v .  o f  l i t h i u m  m e ta l .

The r e d u c t i o n  was c a r r i e d  ou t  seve ra l  t imes f o l l o w i n g  

t he  procedure o u t l i n e d  i n  ( 3 1 ) ,  bu t  c o n s i s t e n t  r e s u l t s  

cou ld  no t  be ob ta i ned  (see Table 15) .

To the  e s t e r  (137)  (10 .0  g , 0.06 mol)  in e t h e r  

(30 ml )  and ammonia (500 ml )  was added l i t h i u m  metal  

( 4 .26  g , 10 m o l . e q u i v . ) .  The m i x tu re  was l e f t  t o  s t i r
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f o r  h a l f  an hour .  At the  end o f  t h i s  t ime ammonium 

c h l o r i d e  (32 g,  10 m o l . e q u i v . )  was added and the m ix tu re  

was then l e f t  t o  s t i r  f o r  a f u r t h e r  h a l f  hour .  Ammonia 

was a l l owed t o  evapora te  o v e r n i g h t  and wate r  was added.

Two d i f f e r e n t  work-ups o f  the  r e a c t i o n  m ix tu re  were 

f 01 lowed .

( i )  The work up o f  the  r e a c t i o n  m i x tu re  f o r  n o . 1 ,2 ,

3 ,4  ( f rom the  Table 15) was f o l l o w e d  as in Sec t ion  ( 2 6 )  

Water was added t o  the  s o l i d  r e s i due  which was e x t r a c t e d  

w i t h  e t h e r  (3 x 100 m l ) .  The s o l v e n t  was d r i e d  (MgSO^) 

and evaporated t o  g i ve  an o i l  ( t h e  y i e l d  o f  the  n o n - a c i d i c  

m a t e r i a l  v a r i e s ,  see t a b l e  be low) .  From the  t a b l e  the 

f i v e  d i f f e r e n t  p roduc t s  were de tec ted  f rom nmr and i r  

s p e c t r a .  Thin l a y e r  chromatography shows between s i x  

and seven sp o t s ,  t h e r e f o r e  se p a ra t i o n  o f  these p roduc t s  

cou ld no t  be ach ieved by c r y s t a l l i s a t i o n  o r  d i s t i l l a t i o n .  

Sepa ra t i on  by p i c  was succ es s fu l  in some i ns ta nces  and 

o n l y  i n  t h i s  case an i s o l a t e d  p roduc t  was p o s s i b l e .  The 

p r o d u c t ( s )  separa t ion by p i c  were c a r r i e d  ou t  on s i l i c a  

ge l  and e l u t e d  w i t h  EtoAC: Pet ro leum e th e r  ( 1 : 2 ) .  To 

t he  aqueous l a y e r ,  3 N HCl was added and the  a c i d i c  s o l u t i o n  

was e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  The e t h e r  s o l u t i o n  

was d r i e d  and evaporated  t o  g i ve  wh i t e  s o l i d  which by 

t i c  shows on l y  two p r o d u c t ( s ) .  The m ix tu re  was separa ted 

( n o . 4,  Table 15) by p i c  on s i l i c a  gel  and e l u t e d  w i t h  

pe t ro leum e t h e r  t o  g i ve  an i s o l a t e d  p roduc t  o f  

a -h yd ro x y x y l en e  (i5%) and 1 , 4 - d i h y d r o - a - h y d r o x y x y l e n e  (io%) 

which had i d e n t i c a l  nmr spec t ra  w i t h  the  a u t h e n t i c  

samples (see 27 and 28 ) .
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( i i )  The second work up o f  the  r e a c t i o n  was 

c a r r i e d  ou t  i n  case 5 t o  d e te c t  any v o l a t i l e  m a t e r i a l s  

no t  p re sen t  i n  the  p rev iou s  m i x tu re  ( i ) .  Ammonia was 

evaporated  o v e r n i g h t  and t o  the  s o l i d  m i x tu re  w a t e r (2oomi; wa s  

a d d e d  which was e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .

The e t h e r  s o l u t i o n  was d r i e d  (MgSO^) and d i s t i l l e d  at  

a tmospher i c  p ressure  t o  g i ve  an o i l  (5 .64 g ) .  The o i l  

r e s i d ue  was then d i s t i l l e d  a t  a tmospher i c  p ressure  t o  

g i ve  two f r a c t i o n s  (a)  (1 g ) bp 145-153°C which had nmr 

6 ( 00013):  7 . 1 ( 4 H , s , A r H ) , 2 . 2 ( 6 H , s , 0H3 ) ; (b)  dark  brown 

o i l  (4 .00  g ) which d i d  not  d i s t i l  above 220°0 a tmospher i c  

p ressure  and which had nmr 6 ( 00013):  7.1 (b road)  4 .8 ,

4 . 6 , 3 . 9 - 3 . 7 ( q ) , 2 . 7 , 2 . 8 - 2 . 3 , 2 . 2 , 1 . 3 ( t ) .  The aqueous l a y e r  

was then a c i d i f i e d  w i t h  3 N HOI and e x t r a c t e d  w i t h  e th e r  

which was d r i e d  (MgSO^) and d i s t i l l e d  a t  a tmospher i c  pressure 

t o  g i ve  wh i t e  s o l i d  (0 .36  g ) which was c r y s t a l l i s e d  f rom 

pe t ro l eum e t h e r / c h l o r o f o r m  to  g i ve  wh i t e  c r y s t a l s  o f  1 ,4-  

d i  h y d r o -  o -  toi  u i c  a c f d  which had i d e n t i c a l  nmr spec t ra  

(See 2. ) .  The mother  l i q u o r  shows some o f  o - t o i u i c  a c i d  

t o g e t h e r  w i t h  1 , 4 - d i h y d r o - o - t o l u i c  a c i d -  i n the  r a t i o  

1:3  r e s p e c t i v e l y .  The a c i d i c  l a y e r  then e x t r a c t e d  

c o n t i n u o u s l y  w i t h  c h l o r o fo r m  f o r  30 hours t o  g i ve  f u r t h e r  

w h i t e  s o l i d  ( 1.0 g ) which was i d e n t i f i e d  by nmr as a m ix tu re  

o f  j o - t o i u J c  a c i d  and i t s  1 , 4 - d i h y d r o  compound.
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I I I . 3 . 44 .  Reduct ion o f  e t h y l  o - t o l u a t e  w i t h  2 m o l . e q u i v .  

o f  sodium meta 1.

F o l l o w i n g  the procedure in ( 3 1 ) ,  e t h y l  o - t o l u a t e  

( 5 .0  g , 0.03 mol)  in d r y  e t h e r  (30 ml )  and ammonia 

(500 ml )  was t r e a t e d  w i t h  sodium metal  ( 1 .4  g , 2 m o l . e q u i v . )  

i n  p o r t i o n s  and t he  r e a c t i o n  was l e f t  t o  s t i r  f o r  one 

ho u r .  Ammonium c h l o r i d e  (3 .2  g , 2 m o l . e q u i v . )  was then 

added over  10 m i nu tes .  The ammonia was evaporated  and 

wate r  (100 ml )  was then added t o  the  s o l i d  r e s i d u e .  The 

s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  (3 x 150 m l ) ,  the e th e r  

l a y e r  was d r i e d  (MgSO^) and evaporated  t o  g i ve  wh i t e  

s o l i d  (3 .25  g , 65%) which had m.p.  118-125°C and nmr 

6 ( 00013) :  7 . 8 - 7 . l ( m , A r H ) , 5 . 9 - 5 . 6 , 4 . 9 ( s ) , 4 . 4 - 4 . 2 ( q ) ,3 .5  

(broad H) , 2 . 6 ( s ) , 1 . 7( s ) , 1 . 6 ( s ) , 1 . 4 -1 . 1  ( t ) .  IR v.

( N u j o l ) :  3360 ( s ) . 3 1 8 0 ( b )  1700, and 1640 w c m " ' .
max

O r y s t a l 1i s a t i o n  o f  the s o l i d  f rom c h l o ro fo rm  gave wh i t e  

c r y s t a l s  (2 .13 g ) which had m.p.  120-127°0 and i d e n t i c a l  

spe c t ra  t o  the  crude p r o d u c t .  T i c  p l a t e s  on s i l i c a  gel  

e l u t i n g  w i t h  e t h y l  a c e ta te :  Toluene in the  r a t i o  1:2 shows 

t h r e e  s p o t s .  The re fo re  p u r i f y i n g  the  p roduc t  by p i c  was 

c a r r i e d  ou t  on 0.3  g sca le  t o  g i ve  t h r e e  f r a c t i o n s :

(1)  c o l o u r l e s s  l i q u i d  (0 .05  g , 17%) which had nmr 

6 ( 00013) :  7 . 3 ( A r H ) , 4 . 4 - 4 . 1 ( q ) , 2 . 6 ( s ) , 1 . 4 - 1 . l ( t ) , and t h i s  

was i d e n t i f i e d  w i t h  a u t h e n t i c  m a t e r i a l  o f  e t h y l  o - t o l u a t e  

(1 3 7 ) .  (a)  An o i l  (0 .04  g , 13%) which had nmr 6 ( 00013) :

7 . 2 ( s ) , 4 . 3 ( m ) , 1 . 7 ( s ) , 1 . 6 ( s ) .  This m a t e r i a l  cou ld not  

be i d e n t i f i e d  because o f  the  smal l  q u a n t i t y  which was 

o b t a i n e d .  (3)  A wh i t e  s o l i d  (0 .18  g , 60%) which had
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m.p.  140-144°C and t h i s  m a t e r i a l  was f u r t h e r  c r y s t a l l i s e d  

f rom c h l o r o fo r m  to  g i ve  wh i t e  c r y s t a l s  (0 .14  g,  47%) which 

had nmr 0 ( 00013) :  7 . 3 ( 4 H , s , A r H ) ; 6 . 4 - 5 . 5 ( l H , b r o a d , N H ) , 2 . 6  

( 3H , s , 0H3 ) .  IR ( N u j o l ) :  3380,3180,1700,1450,

1360 cm"^.  Th is  m a t e r i a l  was i d e n t i f i e d  as o - t o l u a m id e  

(228)  which had m.p.  142-144°0 ( l i t . 1^8 m.p.  147°0) .

The aqueous l a y e r  was then a c i d i f i e d  w i t h  3 N HOI 

and e x t r a c t e d  w i t h  e t h e r  (3 x 150 m l ) .  The e t h e r  s o l u t i o n  

was d r i e d  (MgSO^) and evaporated  t o  g i ve  a c i d i c  m a t e r i a l  

as wh i t e  s o l i d  ( 1.01 g , 20%), which were i d e n t i f i e d  

s p e c t r o s c o p i c a l l y  as 1 , 4 - d i h y d r o - o - t o l u i c  ac i d (see nmr 

S ec t i on  26) and o - t o l u i c  ac i d (nmr 0 ( 00013) :  11.0 ( IH,  

b road ,  OOOH) ; 8 - 7 . 2 ( 4H,m, ArH) ; 2 . 6 ( 3H, s , OH3) , i n  the  r a t i o  

o f  1 : 1 .

111 .3 .4 5 .  Condensat ion o f  e th y l  o- , toly|  ac e ta te  and

e t h y l t o l u a t e  i n  the  presence o f  sodium e t h o x i d e .

Sodium metal  ( 1 .3  g , 0 .05 g-atom) was added to  a 

' su p e r  d r y '  e t hano l  (30 ml)  and the m i x tu re  was s t i r r e d  

u n t i l  t he  sodium had d i s s o l v e d .  To t h i s  s o l u t i o n  o f  sodium 

e th o x id e  was added e t h y 1 - o - t o l y l a c e t a t e  (5 .0  g , 0.028 mol)  

and the m i x tu r e  was r e f l u x e d  f o r  5 m inu tes .  E t h y l t o l u a t e  

( 5.0  g , 0.03 mol )  was then added and the  m i x tu r e  was l e f t  

t o  s t i r  f o r  10 h r s .  No change was observed a f t e r  t h i s  

t ime  so the  r e a c t i o n  was l e f t  t o  s t i r  under  r e f l u x  f o r  

a f u r t h e r  40 hours .  The m i x tu re  was coo led and water  

was added and a c i d i f i e d  w i t h  3 N HOI which was e x t r a c t e d  

w i t h  e t h e r  (3 x 200 m l ) .  The e th e r  s o l u t i o n  was d r i e d
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(MgSO^) and evaporated t o  g i ve  a c i d i c  p roduc t  ( 2 . 3 5 ,  23%) 

which was i d e n t i c a l  w i t h  t h a t  o f  o - t o l y i  a c e t i c  a c i d .

The a c i d i c  l a y e r  was b a s i f i e d  w i t h  10% NaOH and e x t r a c t e d  

w i t h  e t h e r  (3 x 100 m l ) .  The e t h e r  e x t r a c t s  were d r i e d  

and the s o l v e n t  was evaporated  t o  g i ve  n o n - a c i d i c  m a t e r i a l  

( 5 . 9 2 ,  60%) which was i d e n t i f i e d  as a m i x tu re  o f  the 

s t a r t i n g  m a t e r i a l s  (nmr i d e n t i c a l  t o  t h a t  o f  Sec t i on  31) .

I I I . 3 . 4 6 .  Condensat ion o f  o - t o l y l e t h y l a c e t a t e  and e t h y l  

o - t o l u a te  i n the  presence o f  sodium h y d r i d e .

To sodium hyd r i de  (0 .7  g , 50% d i s p e r s i o n  in o i l ,

1 mol .  e q u i v . )  in d r y  d imethoxye thane (30 ml )  was added 

e thy  1 - o - t o l y l a c e t a t e  ( 5 .5  g , 0.03 mol)  and the m ix tu re  

was l e f t  t o  s t i r  f o r  h a l f  a hour .  E thy l  o - t o l u a t e  (5 . 5  g , 

0.03 m o l . )  was then added s l o w l y  and t he  m i x t u r e  was l e f t  

t o  s t i r  f o r  h a l f  an hour ,  then r e f l u x e d  f o r  5 hours .

Dur i ng  t h i s  t ime  the c o l o u r  o f  the  s o l u t i o n  changed t o

dark  brown.  The m i x tu re  was then l e f t  t o  s t i r  o v e r n i g h t .  

Water was added t o  the  coo led m i x tu r e  and the s o l u t i o n  

was e x t r a c t e d  w i t h  e t h e r  (3 x 150 m l ) .  The e x t r a c t s  were 

d r i e d  (MgSO^) and the  s o l v e n t  was removed t o  g i ve  non- 

a c i d i c  m a t e r i a l  ( 5 .6  g , 56%) which had nmr a^CDClg) :  

8 .1 - 7 . 1 ( m , A r H )  , 4 . 5- 4 . 1(q,CH^CH3 ) , 2 . 6 (s,CH3 ) , 1 . 5 - 1 . 3 ( t , 

CH2CH3 ) which i s  i d e n t i c a l  t o  t h a t  o f  e t h y l  o - t o l u a t e .

The aqueous l a y e r  was a c i d i f i e d  w i t h  3 N HCl and e x t r a c t e d  

w i t h  e t h e r .  The e x t r a c t s  were d r i e d  (MgSO^) and the

s o l v e n t  was evaporated t o  g i ve  a c i d i c  m a t e r i a l  (3 .53  g ,

35%) which had nmr 6 (CDCI3 ) : 8 . 1 - 7 . 3 ( m ) , 7 . 2 ( s ) , 3 . 7 ( s ) ,



237

2 . 6 ( s )  , 2 . 3 ( s )  , which i s  i d e n t i f i e d  as a m i x tu re  o f

o - t o l u i c  ac id  and o - t o l y l a c e t i c  ac i d  in a r a t i o  o f  1:2 

r e s p e c t i v e l y .

I I I . 3 . 47 .  P re p a ra t i o n  o f  o - t o l i l  ( 2 , 2 ' - d i m e t h y I b e n z i I )

( 1 4 0  )

( i )  To Mg (3 .0  g , 0.12 g - a tom) ,  d ry  e t h e r  (60 m l ) ,  and 

d r y  benzene (120 ml )  was added i o d in e  (15.3 g , 0.06 mol)  

i n  seve ra l  p o r t i o n s  under  n i t r o g e n .  When the r e a c t i o n  

m i x t u r e  had become a lmost  c o l o u r l e s s  and had cooled t o  

room t e m p e r a tu re ,  a s o l u t i o n  o f  2-methyl  b e n z o y l c h l o r i d e  

( 1 0 . Og, 0.064 mol )  i n  d r y  e t h e r  (10 ml)  was added over

a p e r i o d  o f  15 min.  The m i x tu r e  was then r e f l u x e d  under 

n i t r o g e n  atmosphere f o r  18 h r s .  The m i x tu re  was t r e a t e d  

w i t h  i c e - c o l d  wa te r  (10 ml )  and a c e t i c  ac i d  (100 m l ) .

The o r g a n i c  l a y e r  was separa ted  and was washed s u c c e s s i v e l y  

w i t h  5% s o d i u m t h i o s u l f a t e  s o l u t i o n  (100 m l ) ,  10% potass ium 

b i c a r b o n a te  s o l u t i o n  (100 ml )  and wa te r  (100 m l ) .  A f t e r  

the  s o l u t i o n  had been d r i e d  (MgSO^) the  s o l v e n t  was 

evaporated  t o  g i ve  an o i l  ( 9 .5  g , 95%) which was b e l i e v ed  

t o  be the un s ta b le  en ed io l  ( 139) .

( i i )  To t h i s  o i l  was added a s o l u t i o n  o f  hyd ra ted  CuSO^

(5 g ) i n  wate r  (15 ml )  and p y r i d i n e  (10 m l ) .  The m ix tu re  

was heated under r e f l u x  w i t h  s t i r r i n g  f o r  f o u r  hours .

The coo led m i x tu r e  was poured i nbwa te r  and the  r e s u l t i n g  

s o l u t i o n  was a c i d i f i e d  t o  pH 3-4 and was then e x t r a c t e d  

w i t h  e t h e r  (3 x 150 m l ) .  The combined e x t r a c t s  were d r i e d
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(MgSO^) and the s o l v e n t  was evaporated t o  g i ve  a dark 

red o i l  ( 8 .7  g , 87%) which was d i s t i l l e d  under reduced 

p ressu re  t o  g i ve  as a y e l l o w  l i q u i d  o f  o , o ' - b i t o l i l  

( 4 . 2  g . 30%) which had b . p .  172-74°C/2 .5  mm ,

Th i s  s o l i d i f i e d  on c o o l i n g .  The s o l i d  was c r y s t a l l i z e d  

f rom e thano l  t o  g i v e  y e l l o w  needles o f  o ,o ' - b i t o  1 i 1 

( 3 . 8  g,  25%) which had m.p.  91-92°C ( l i t . ' ^ ^  92 -4 ° C) .

Th i s  had a^CDClg) :  7 . 7 - 7 . 2 ( 8H ,m, ArH) . 2 . 7( 6H, s , CH3 ) .

IR, ( N u j o l ) :  2900 ,1670,1600 ,1450,1360 ,1200,900  cm" ’
m a X

m/e:  I19(100%,m+-PhC0) ,91(38%,mePh) .

I I I . 3 . 4 8 .  o , o ' - t o l o u i n  ( 2 . 2 ' - d im e th y Ib e n z o i n )  ( 136 ) .

The p r e p a r a t i o n  o f  en ed io l  was f o l l o w e d  as in ( 4 7 i ) .

To the brown syrup o f  en ed io l  ( 139) ( 8 .6  g,  86%) was added 

methanol  (40 ml )  which was s a tu ra t e d  w i t h  HCl and the 

m i x t u r e  was l e f t  t o  r e f l u x  f o r  45 m inu tes .  The m ix tu re  

was then coo led ,  and wate r  (250 ml )  was added. The methanol  

m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  (3 x 150 m l ) .  The combined 

e t h e r  e x t r a c t s  were d r i e d  (MgSO^) and the e t h e r  was 

evaporated  t o  g i ve  a brown t h i c k  syrup ( 8.0  g , 80%).

A l l  t he  a t t emp ts  t o  c r y s t a l l i s e  t h i s  f a i l e d  and the m i x tu r e  

was d i s t i l l e d  under reduced p ressure t o  g i ve  o , o ' - t o l o u i n  

( 1 .6  g,  11%) which had b . p . 150-52°C/0 .9 mm ( l i t . ^ ^ ’ ’ ®° 

m.p.  79°C) .

6 ( 00013) :  7 . 1 ( 8 H , m , A r H ) ; 6 ( l H , s , G H ) ; 5 . 6 ( l H , s , 0 H ) ;

2 . 2 ( 6 8 , 5 , 083) .

V ( n e a t ) :  3450 b (08)  ,2900,1700 5 (0 = 0 ) , 1600 ,1450 ,1300  cm
max

m/e:  222(4%,m+-820) ; 208( 2 ) , 1 2 1 ( 1 0 ) ,1 2 0 ( 1 0 0 ) , 1 1 9 ( 8 ) .

-1
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11 1 .3 .49 .  Metal /Ammonia r e d u c t i o n  o f  o , o ' - t o l o u i n  ( 13 6 ) .

To o , o ' - t o l o u i n  ( 1 . 0  g,  0.004 mol)  in d r y  e th e r  

(15 ml )  and ammonia (200 ml )  was added l i t h i u m  metal  

(0 .29  g , 10 m o l . e q u i v . ) .  The m ix tu re  was s t i r r e d  f o r  

h a l f  an hour  and the r e a c t i o n  was then quenched w i t h  

ammonium c h l o r i d e  (2 .2  g , 10 m o l . e q u i v . ) .  The m ix tu re  

was l e f t  t o  s t i r  f o r  a f u r t h e r  h a l f  an hour  and ammonia 

was a l lowed t o  evapora te  o v e r n i g h t .  Water was added and 

t he  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  (3 x 100 ml)  t o  

g i v e  a c o l o u r l e s s  l i q u i d  which s o l i d i f i e d  on c o o l i n g  which 

had s p e c t r o s c o p i c  p r o p e r t i e s  i d e n t i c a l  w i t h  2 , 2 ' - d i m e t h y l -  

b i benzy l  ( 127) (0 .82  g,  94%) m.p.  52-53°C.  Th i s  had 

6 ( 00013) :  7 . l ( 8H , s , A r H ) ; 2 . 8 ( 4 H , s , 0H2 ) ; 2 . 3 ( 6 8 , 5 , 083) (see 

2 9 ) .  The aqueous l a y e r  was a c i d i f i e d  w i t h  3 N HCl and 

e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  The e x t r a c t s  were 

d r i e d  (MgSO^) and the  s o l v e n t  was evaporated  bu t  no 

a c i d i c  m a t e r i a l  was f ound .

111 . 3 .5 0 .  Metal /Ammonia r e d u c t i o n  o f  o , o ' - b i t o l i 1.

To 0 , 0 ' - b i t o l i l  (1 .1 g,  0.004 mol)  i n  d r y  e t h e r  

(15 ml )  and ammonia (400 ml )  was added l i t h i u m  metal  

( 0 .3  g , 10 m o l . e q u i v . )  in smal l  p i e ce s ,  the  r e a c t i o n  

m i x t u r e  t u r ned  red then b l ue  and the m ix tu re  was l e f t  

t o  s t i r  f o r  15 m inu tes .  I t  was then quenched w i t h  ammonium 

c h l o r i d e  (1 .6  g , 10 m o l . e q u i v . )  over  10 m i nu tes .  The 

ammonia was a l lowed t o  evapora te  o v e r n i g h t  and wate r  

(100 ml )  was then added. The s o l u t i o n  was e x t r a c t e d  w i t h  

e t h e r  (3 x 100 ml )  and the  e x t r a c t s  were d r i e d  (MgSO^).
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The s o l v e n t  was evaporated  t o  g i ve  a n o n - a c i d i c  m a t e r i a l  

( 1 .00  g , 90%), nmr a n a l y s i s  o f  which revea led  t he  presence 

o f  a m i x tu r e  o f  the  d imer  2 , 2 ' - d i m e t h y l b i b e n z y l  

( 6 ( 00013) :  7 . 1 ( 8 H , s , A r H ) ; 2 . 8 ( 4H,s,CH2 ) ; 2 . 3 ( 6H,s,CH3 ) and 

0 , 0 ■- t o i  ou i n ( 6 ( 00013) : 7 . 2 ( 8 H , s , A r H ) , 5 . 9 - 5 . 5 ( l H , b , OH),4 .5  

( l H , s ,C H )2 .2 (6 H ,s , C H 3 ) ) in the r a t i o  o f  1:3 r e s p e c t i v e l y .

The aqueous s o l u t i o n  was a c i d i f i e d  w i t h  3 N HCl 

and was then e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  The e t h e r  

e x t r a c t s  were d r i e d  (MgSO^) and the s o l v e n t  was then 

removed t o  g i ve  a c i d i c  m a t e r i a l  ( 0.1 g , 10%) which f rom 

nmr a n a l y s i s  i s  t houg h t  t o  be a m i x tu r e  o f  o - t o l u i c  ac id  

and 1 , 4 - d i h y d r o - o - t o l u i c  ac i d  (see exper iment  26 f o r  nmr) 

i n  the r a t i o  o f  1:2 r e s p e c t i v e l y .

I l l  3 . 5 1 .  3 , 3 '  -Oi  methy l  p h t h a l i d e  (10 9)

Magnesium t u r n i n g s  (6 .48  g , 0.27 g-atom) were p laced 

i n  a dry  3-necked f l a s k  f i t t e d  w i t h  a d ropp ing  f u n n e l ,  

condenser ,  d r y i n g  tube and s to p p e r .  To i t  was added dry  

e t h e r  (20 m l ) ,  a s o l u t i o n  o f  methyl  i o d id e  (38 .3  g ,

0 .27 mol ,  2 m o l . e q u i v . )  in d r y  e t h e r  (70 ml )  was then 

added dropwise a t  a r a t e  s u f f i c i e n t  to  m a in ta i n  a g e n t l e  

r e f l u x  o f  the s o l v e n t .  The m i x tu re  was s t i r r e d  under 

r e f l u x  f o r  15 m inu tes .  The m i x tu re  was then coo led and 

p h t h a l i c  anhydr i de  (20 .0  g , 0.135 mol)  was added as a 

f i n e  powder i n a smal l  p o r t i o n  w h i l e  the m i x tu re  was 

c o o le d .  The r e a c t i o n  m i x tu r e  was then l e f t  t o  s t i r  at  

room tempera tu re  f o r  one hour .  Water (300 ml )  was then 

added t o  t he  r e a c t i o n  m i x tu re  and the  s o l u t i o n  was a c i d i f i e d
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w i t h  d i l .  HCl.  The a c i d i c  s o l u t i o n  was e x t r a c t e d  w i t h  

e t h e r  (3 x 200 ml)  which was washed once w i t h  NagCOg 

(100 ml )  and then w i t h  sodium m e t a b i s u l f i t e  (100 ml)  and 

was then d r i e d  (MgSO^). The s o l v e n t  was evaporated  t o  

g i v e  brown s o l i d  o f  3 , 3 ' - d i m e t h y l p h t h a l i d e  (15 .05  g , 69%) 

which was c r y s t a l l i s e d  f rom pe t ro l eum e t h e r  t o  g i ve  3 , 3 ' -  

d i m e t h y l p h t h a l i d e  (10 .0  g , 46%) as wh i t e  c r y s t a l s  which 

hadm.p.  65-66°C 68°C) .

eCCDCl j ) : 8 . 0 - 7 . 4 { 4 H , m , A r H ) , 1 , 6 ( 6 H , s . C H j ) .

' ’max ( N u j o l ) :  2900,1780 s (0 = 0 ) , 1 46 0 ,1 380 ,  900 cm" ’

I I I . 3 . 5 2 .  P r ep a r a t i on  o f  l i t h i u m  2 - ( 2 - h y d r o x y p r o p y 1) -  

benzoate (112)

F o l l o w i n g  t he  procedure in (111^3.2) ,  l i t h i u m  2- 

( h yd ro xy p ro p y1 ) benzoate was prepared f rom d i m e t h y I p h t h a l i d e  

(10 .0  g , 0.06 mol )  and l i t h i u m  hyd rox ide  (2 .9  g , 0.067 

m o l . )  in wate r  (100 ml)  and the m i x tu re  r e f l u x e d  u n t i l  

a l l  d i m e t h y l p h t h a l i d e  had d i s s o l v e d .  The wate r  was 

evaporated  and the  m i x tu r e  washed w i t h  p o r t i o n s  o f  benzene 

t o  g i ve  wh i t e  s o l i d  ( 11 .0  g wet )  which was d r i e d  in the 

d e s s i c a t o r  f o r  one week t o  g i ve  l i t h i u m  2 - ( 2 - h y d r o x y 

propy 1 )benzoate (10 .3  g , 99%).
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I I I . 3 . 5 3 .  Reduct ion o f  l i t h i u m  2 - { 2 - h y d r o x y p r o p y 1 )benzoate 

w i t h  4 m o l . e q u i v .  o f  l i t h i u m  m e ta l .

Fo l l o w in g  the procedure in ( I I I . 3 . 3 ) ,  l i t h i u m  

2 - ( 2 - h y d r o x y p r o p y 1 ) benzoate (2 .0  g , 0.01 mol)  in dry  

e t h e r  (15 ml )  and ammonia (300 ml )  were t r e a t e d  w i t h  l i t h i u m  

meta l  (0 .33  g,  4 m o l . e q u i v . ) .  The r e a c t i o n  was l e f t  t o  

s t i r  f o r  h a l f  an hour  and was then quenched w i t h  ammonium 

c h l o r i d e  (3 .0  g , 4 m o l . e q . )  over  f i v e  m inu tes .  Ammonia 

was a l lowed t o  evaporate  o v e r n i g h t  and water  was then 

added t o  the s o l i d  r e s i d u e .  The aqueous s o l u t i o n  was 

a c i d i f i e d  w i t h  d i l .  HCl and e x t r a c t e d  w i t h  e t h e r  

(3 X 100 ml )  which was d r i e d  (MgSO^). The s o l v e n t  was 

evapora ted  t o  g i ve  wh i t e  s o l i d  ( 1 .9  g,  95%) which was 

c r y s t a l l i s e d  f rom pe t ro l eum e t h e r  t o  g i ve  a d i h y d r o p h t h a 1i de 

(119)  ( 1 . 6  g , 8 4 ' / f )  as w h i t e  c r y s t a l s  which had m . p . 59- 

61°C.

e l C D C l j ) : 6 . 3 -5 .8 (2 H , q , C H  = CH); 2 . 5 ( 2H, s . 883) ;  1 . 6 ( 2H, s . 883) ;

1 . 5 ( 6 8 , 2 , 8 8 3 ) .

' ’max ( N u j o l ) :  2900,1740 s (8 = 0 ) , 146 0 ,1 380 ,11 0 ,7 00  cm" ’ , 

m/e:  164(43%,m+) ,1 4 9 (1 0 ) ,1 21 (1 00 ) .

Requi red f o r  8 ^08^302: 8 , 7 3 . 0 ;  8,7.3%

Found 8 , 7 3 . 0 ;  8,7.1%
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I I I . 3 . 5 4 .  Reduct ion o f  l i t h i u m  2 - ( 2 - h y d r o x y p r o p y 1)benzoate 

w i t h  10 m o l . e q u i v .  o f  l i t h i u m  me ta l .

F o l l o w in g  t he  procedure in ( 1 1 1 . 3 . 3 ) ,  l i t h i u m  2- 

( 2 -h y d r o x y p r o p y l ) b e n z o a te  ( 2.0 g,  0.01 m o l . )  in dry  e t h e r  

(15 ml )  and ammonia (300 ml )  was reduced w i t h  l i t h i u m  

meta l  ( 0 .7  g , 10 m o l . e q u i v . ) .  The r e a c t i o n  was s t i r r e d  

f o r  h a l f  an hour  and was then quenched w i t h  ammonium 

c h l o r i d e  (2.1 g , 4 m o l . e q u i v . )  over  f i v e  m inu tes .  The 

r e a c t i o n  was worked up as in (53) t o  g i ve  1 , 4 - d i h y d r o -  

3 , 3'  - d i m e t h y l p h t h a l i d e  (121)  ( 1 .6  g , 90%) as an o i l .

6 ( 00013) : 6 . 0 -5 .7 (3H ,m ,0H  = 0 H ) ; 4 - 3 . 5 ( l H , m , O H ) ; 2 . 9 - 2 . 7

( 2 H , m , 0 H 2 ) ; 1 . 6 ( 6 H , s , 0 H 3 ) .
Vmav ( n e a t ) :  229,1760 s ( 0=0 ) ,130 0 ,1 140 ,10 20 ,  and

III d  A

860 cm” ^ .

m/e:  164(38%,m+) ;1 4 9 ( 9 ) ; 1 2 1 ( 1 0 0 ) ; 1 0 6 ( 1 ) .

An a t t emp t  t o  c r y s t a l l i s e  t he  o i l  was c a r r i e d  out  

on 0.2  g sca le  w i t h  pe t ro l eum e t h e r ,  s o l i d  formed 

immed ia te l y  which was f i l t e r e d  o f f  t o  g i ve  wh i t e  c r y s t a l s  

(0 .1  g , 50%) which had m.p.  67-69°0 and was shown by nmr 

s pe c t ra  t o  be d i m e t h y l p h t h a l i d e  The s o l v e n t  o f

t he  mother  l i q u o r  was evaporated  and nmr a n a l y s i s  o f  the  

re s i d u e  revea led  the  absence o f  any d i h y d r o  p roduc ts  and 

t h a t  on l y  d i m e t h y l p h t h a l i d e  was p r e s e n t .  Another  a t t emp t  

was c a r r i e d  ou t  t o  p u r i f y  l , 4 - d i h y d r o - 3 , 3 ' - d i m e t h y l 

p h t h a l i d e  was by d i s t i l l a t i o n  under reduced p r es s u r e .

The o i l  ( 1 .0  g ) was d i s t i l l e d  under reduced p ressure to
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g i v e  an o i l  ( 0 .7  g) which s o l i d i f i e d  on c o o l i n g .  This 

m a t e r i a l  was shown by nmr and IR spec t ra  t o  be the o t h e r  

d i h y d ro i s o m e r  (5 3 ) .  The re fo re  no f u r t h e r  a t t emp t  was 

c a r r i e d  ou t  and the  o i l  was s to red  under n i t r o g e n  in the 

f r i d g e  which was s t a b l e  f o r  a few days.

111 .3 .55 .  Reduct ion o f  l i t h i u m  2 - ( 2 - h y d r o x y p r o p y 1 ) benzoate 

w i t h  4 m o l . e q u i v .  o f  l i t h i u m  in the  presence

o f  dry  e th a n o 1 .

F o l l o w in g  the  procedure in ( 5 3 ) ,  l i t h i u m  2 - ( 2 -  

h y d r o x y p r o p y l ) benzoate (2 .0  g , 0.01 mol)  in super  dry  

e t hano l  (5 ml )  and ammonia (300 ml)  were reduced w i t h  

l i t h i u m  metal  (0 .37  g , 4 m o l . e q u i v . ) .  The m i x tu re  was

l e f t  t o  s t i r  f o r  h a l f  an hour  and was then quenched w i t h

ammonium c h l o r i d e  (2 .00  g , 4 m o l . e q u i v . )  over  f i v e  minutes 

Working up the r e a c t i o n  as in (53) gave an o i l  o f  1 ,4 -  

d i  h y d r o - 3 , 3 ' - d i m e t h y l p h t h a l i d e  (1 .4  g , 70%) which had 

i d e n t i c a l  s p e c t r a l  p r o p e r t i e s  wi th (54) .

111 .3 .56 .  Reduct ion o f  l i t h i u m  2 - ( 2 - h y d r o x y p r o p y 1 ) benzoate 

w i t h  10 m o l . e q u i v .  o f  l i t h i u m  i n the  presence

o f  d r y  e thano l  .

Fo l l o w in g  the procedure  in ( 5 3 ) ,  l i t h i u m  2 - ( 2 -  

h y d ro x y p ro p y 1)benzoate (2 .0  g , 0.01 m o l . )  in super  dry  

e th an o l  (5 ml )  and ammonia (300 ml )  were reduced w i t h  

l i t h i u m  metal  (0 .75 g , 10 m o l . e q u i v . ) .  The r e a c t i o n  was

s t i r r e d  f o r  h a l f  an hour  and was then quenched w i t h

ammonium c h l o r i d e  (5 .00  g , 10 m o l . e q u i v . ) .  The r e a c t i o n
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was worked up as in (53)  and gave an o i l  o f  1 , 4 - d i h y d r o -  

3 ,3  - d i m e t h y l p h t h a l i d e  (1 .6  g , 80%) which had i d e n t i c a l  

s pe c t r a  as i n  ( 5 4 ) .

111 .3 .57 .  1 , 4 - D i h y d r o - 1- m e t h y l -3 ,3 - d i m e t h y l p h t h a l i d e  

(124 ) .

Fo l l o w in g  the procedure  in ( 1 1 Î . 3 . 1 6 i i  ) , t o  dry  

ammonia (400 ml )  was added f e r r i c  c h l o r i d e  ( ca .  100 mg) 

and potass ium (0 .7  g , 2 m o l . e q u i v . ) .  The m i x tu re  was 

l e f t  t o  s t i r  u n t i l  t he  b l ue  c o l o u r  had d isappeared  and 

then 1 , 4 - d i h y d r o d i m e t h y l p h t h a l i d e  (1 .5  g , 0.009 mol)  in 

d r y  e t h e r  (10 ml )  was added and the  r e a c t i o n  m ix tu re  t u rned  

t o  orange.  The r e a c t i o n  was l e f t  t o  s t i r  f o r  5 min and 

methyl i o d id e  (3 .8  g , 3 m o l . e q u i v . )  in d r y  e t h e r  (10 ml)  

was c a r e f u l l y  added and the orange c o l o u r  d i sappea red .

The m i x tu re  was l e f t  t o  s t i r  f o r  a f u r t h e r  h a l f  an hour .

The r e a c t i o n  m i x tu r e  was worked up as i n ( 1 1 1 . 3 . 1 6 i i )  

t o  g i ve  a c o l o u r l e s s  o i l  o f  1 , 4 - d i h y d r o - 1 - m e t h y l - 3 , 3 - 

d i m e t h y l p h t h a l i d e  (1 .3  g , 81%). The p roduc t  was p u r i f i e d  

by p i c  on s i l i c a  gel  e l u t e d  w i t h  t o l u e n e l e t h y l a c e t a t e  

10% on 0.3 g sca le  t o  g i v e :  (1)  1 , 4 - d i h y d r o - 1 - m e t h y l - 3 , 3  - 

d i m e t h y l p h t h a l i d e  ( 0.2 g , 66%).

6 ( 00013) :  6 . 2 -5 .8 (3 H , m ,0 H = 0 H ) ; 2 .7 5 - 2 .6 5 (2 H ,m ,0 H 2 ) ;

1 . 6 ( 3 H , s , 0 H 3 ) ; 1 . 5 ( 3 H , s , 0 H 3 ) ; 1 . 4 ( 3 H , s , 0 H 3 ) .  

( n e a t ) :  3040,2990,1770 s ( 0 =0 ) ,14 50 ,1280 ,1090 ,
Ml a X

950 cm"* .

m/e;  134( l5%.m+-MeC0H); 119( 1 0 0 ) ; 9 1 (1 2 ) .
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This  compound proved t o  be uns tab le  f o r  s a t i s f a c t o r y  

p u r i f i c a t i o n  f o r  m i c r o a n a l y s i s  d e s p i t e  a number o f  a t t empts  

t o  do so.

(2)  A m i x tu r e  o f  1 , 4 - d i h y d r o - 1 - m e t h y l - 3 - 3  - d i m e t h y l p h t h a l i d e  

and d i m e t h y l p h t h a l i d e  (0 .1  g,  30%) in a r a t i o ,  es t ima ted  

by nmr, 1:2 r e s p e c t i v e l y .

111 .3 .58 .  Reduct i ve  m é t h y l a t i o n  o f  l i t h i u m  2 - ( 2 - h y d r o x y 

propy 1 )b e n z o a te .

F o l l o w in g  the procedure in ( 1 1 1 . 3 . 1 6 i ) ,  l i t h i u m  

2 - ( 2 - h y d r o x y p r o p y 1 )benzoate (3 .5  g , 0.02 mol)  i n  dry  e th e r  

(35 ml)  and ammonia (400 ml)  was reduced w i t h  l i t h i u m  

metal  ( 1 .6  g , 10 m o l . e q u i v . ) .  The r e a c t i o n  was l e f t  t o  

s t i r  f o r  15 minutes and methy l  i o d id e  (10.0  g , 3 m o l . e q u i v . )  

in  dry  e t h e r  (25 ml)  was then added. The m i x t u r e  was 

l e f t  t o  s t i r  f o r  a f u r t h e r  h a l f  an hour  and was then worked 

up as i n ( 1 1 1 . 3 . 1 6 i )  t o  g i ve  a brown o i l  (3 .1  g , 89%).

This  o i l  ( 0 .3  g ) was p u r i f i e d  by p i c  on s i l i c a  gel  e l u t e d  

w i t h  t o l u e n e :  EtOAC 10% to  g i ve  t h r e e  f r a c t i o n s :

(1)  an o i l  o f  1 , 4 - d i h y d r o - 3 , 3 - d i m e t h y l p h t h a l i d e  (0 .1 g ,

33%) which had i d e n t i c a l  spe c t ra  as t h a t  o f  ( 4 5 ) .

(2)  Whi te s o l i d  o f  t he  d i h y d r o p h t h a l i d e  (119) ( 0 . 0 5 g ,

17%) which had i d e n t i c a l  spe c t r a  as in ( 5 5 ) .

(3)  Ye l low s o l i d  o f  d i m e t h y l p h t h a l i d e  (0.1 g , 33%) which 

was i d e n t i c a l  w i t h  a u t h e n t i c  m a t e r i a l  (Se c t i on  52 ) .
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111 .3 .5 9 .  Reduct ion o f  3 , 3 - d i m e t h y 1p h t h a 1i de w i t h  

4 m o l . e q u i v .  o f  l i t h i u m  me ta l .

F o l l o w in g  t he  procedure in ( 5 4 ) ,  3,3 - d i m e t h y l 

p h t h a l i d e  ( 2.0 g / 0.12 mol )  in dry  e t h e r  (20 mol )  and 

ammonia (300 ml )  was t r e a t e d  w i t h  l i t h i u m  (0 .33  g ,

4 m o l . e q u i v . ) .  The r e a c t i o n  was s t i r r e d  f o r  15 min.  and 

ammonium c h l o r i d e  (2 .5  g , 4 m o l . e q u i v . )  was then added.

The r e a c t i o n  was worked up as in (54) to  g i ve  brown o i l  

( 1 . 8  g , 90%) which was d i s t i l l e d  under reduced p ressure 

a f f o r d i n g  two f r a c t i o n s :  F r a c t i o n  (1)  by 82-88°C/10 mm 

(0 .5  g , 27%) which by f u r t h e r  p u r i f i c a t i o n  by p i c  e l u t e d  

w i t h  pe t ro l eum e t h e r :  EtOAC 2:1 on s i l i c a  gel  gave wh i t e  

s o l i d  o f  the  d i h y d r o p h t h a l i d e  i somer  (119)  (0.1 g , 20%) 

which had i d e n t i c a l  spe c t r a  as in (54) and m.p.  62-63°C.  

F r a c t i o n  (2)  b .p .  120-124°C/10 mm (0 .6  g , 33%) which was 

f u r t h e r  p u r i f i e d  by p i c  on s i l i c a  gel  e l u t e d  w i t h  pe t ro l eum 

e t h e r :  EtOAC 2:1 t o  g i ve  an o i l  ( 0 . 3  g , 58%) which had 

6 ( 00013) :  7 . 4 - 7 . 1 ( 8 H , m , A r H ) ; 2 . 5 ( 4H, s , CH2 ) ;  1 . 6 ( 2H, s , OH) ,

1.5 ( 1 2H ,s ,C H . ) .  Vmav (neat  f i l m ) :  3400 b (OH) ,2990,1400,
O Hi a X

940,760 cm” ^. This  p roduc t  was i d e n t i f i e d  as 2 - ( 2 - h y d r o x y 

propy 1 ) t o  1 uene (125 ) .

111 .3 .6 0 .  Reduct ion o f  3 , 3 - d i m e t h y l p h t h a l i d e  w i t h  10 mol .  

e q u i v .  o f  l i t h i u m .

F o l l o w in g  the procedure  i n ( 5 9 ) ,  p h t h a l i d e  (109) (2.0 g, 

0 .12 m o l . )  i n  dry  e t h e r  (20 ml )  and ammonia (300 ml )  was 

reduced w i t h  l i t h i u m  metal  (0 .84  g , 10 m o l . e q u i v . ) .  The 

r e a c t i o n  was s t i r r e d  f o r  h a l f  an hour  and was then quenched
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w i t h  ammonium c h l o r i d e  (2 .5  g,  4 m o l . e q u i v . ) .  Working 

up the r e a c t i o n  as in (59)  gave an o i l  (1 .75 g , 88%) which 

was d i s t i l l e d  t o  g i ve  an o i l  o f  2 - ( 2 - h y d r o x y p r o p y 1) to l u en e  

(1 .0  g , 50%) which had b . p .94-98*^0/3 mm and which had 

spec t ra  i d e n t i c a l  as t h a t  o f  ( 5 9 , 2 ) .

111 .3 .61 .  1 , 4 -D ih y d ro n a p h th o i c  ac i d  ( 171 ) .

Naphtho ic  ac i d  ( 5 .0  g , 0.029 mol)  was added to  dry 

e t h e r  (100 ml )  and ammonia (400 ml )  was condensed i n t o  

the  suspens ion .  L i t h i u m  metal  ( 2 .0  g , 0.28 mol ,  10 mol .  

e q u i v . )  was then added t o  the  s t i r r e d  s o l u t i o n  in smal l  

p i e c e s .  The s o l u t i o n  which r a p i d l y  t u rned  b l ue  and then 

dark  green was s t i r r e d  f o r  a f u r t h e r  h a l f  an hour  and 

the  r e a c t i o n  was then quenched w i t h  s o l i d  ammonium c h l o r i d e  

(15 .5  g , 10 mol .  e q u i v . )  over  10 m inu tes ,  and t he  r e a c t i o n  

m i x t u r e  was s t i r r e d  f o r  15 m inu tes .  Ammonia was a l lowed 

t o  evapora te  o v e r n i g h t ,  and the  s o l i d  r e s i due  was d i s s o l v e d  

i n  wate r  (200 m l ) .  The s o l u t i o n  was a c i d i f i e d  w i t h  

3 N HCl which was then e x t r a c t e d  w i t h  e t h e r  (3 x 200 m l ) .

The combined e x t r a c t s  were d r i e d  (MgSO^) and t he  s o l v e n t  

was evapora ted under reduced p ressure  t o  g i ve  wh i t e  s o l i d  

o f  1 , 4 - d i h y d r o n a p h t h o i c  ac i d  ( 5 .0  g , 100%) which was 

c r y s t a l l i s e d  f rom pe t ro l eum e t h e r / t o l u e n e  a f f o r d i n g  

1 , 4 - d i h y d r o n a p h t h o i c  ac i d  (171) ( 4 .8  g , 96%) as wh i t e  

c r y s t a l s  which had m.p.  99- I00°C ( l i t . ’ ®' 103°C) .  This  

had ô l C D C l j ) :  7 . 2 ( 4 H , s . A rH ) ;6 .0 ( 2H ,s , C H =C H ) ;4 . 3 4 - 4 . 3 ( 1 H ,d ,CH) ; 

3 . 4 ( 2 H , s ,CH2) , 1 1 . 0 ( l H , s , C 0 0 H ) .  ( N u j o l ) :  2950b,

1700 s (C= 0 ) ,1460,1210 cm" ’ .
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1113.62.  1 , 4 - D i h y d r o - 1-m e t h y l n a p h th o i c  a c i d .

Fo l l o w in g  the  procedure in ( 1 1 1 .3 .1 6 i i ) ,  d r y  ammonia 

(500 ml )  was d i s t i l l e d  i n t o  a 500 ml 3-necked f l a s k ,  

anhydrous i r o n  ( l l l ) c h l o r i d e  (50 mg) was added t o  the 

ammonia f o l l o w e d  by potass ium metal  ( 1 .3  g , 0.034 mol ,

2 m o l . e q u i v . ) .  The r e a c t i o n  m i x tu r e  was s t i r r e d  u n t i l  

t he  b l ue  c o l o u r  had d i sappeared and then 1 , 4 - d i h y d r o n a p h t h o i c  

ac i d  ( 3 .0  g . ,  0 .017 mol)  in d r y  e t h e r  (50 ml )  was added 

as g e n t l y  as the r e a c t i o n  p e r m i t t e d  and a y e l l o w  s o l u t i o n  

was o b t a i n e d .  The r e a c t i o n  was l e f t  t o  s t i r  f o r  15 m i n . ,  

and methy l iod ide (7 .2  g , 0.051 mol )  was then added and 

t he  m i x tu r e  was l e f t  t o  s t i r  f o r  a f u r t h e r  15 minutes .

Dur i ng  t h i s  t ime  the  y e l l o w  s o l u t i o n  d i sappea red .  Ammonia 

was a l lowed t o  evapora te  o v e r n i g h t  and the s o l i d  res idue  

was then d i s s o l v e d  in wate r  (300 m l ) .  The r e s u l t i n g  s o l u t i o n  

was a c i d i f i e d  w i t h  3 N HCl and e x t r a c t e d  w i t h  e t h e r  

(3 X 200 m l ) .  The combined e x t r a c t s  were washed w i t h  

aqueous sodium m e t a b i s u l p h i t e  (3 x 100 ml )  and the e t h e r  

s o l u t i o n  was then d r i e d  (MgSO^) and the s o l v e n t  evaporated 

under  reduced p ressure  t o  g i ve  y e l l o w  s o l i d  ( 4 .0  g ) 

which was c r y s t a l l i s e d  f rom pe t ro l eum e t h e r  a f f o r d i n g

1 , 4 - d i h y d r o - l - m e t h y l n a p h t h o i c  ac i d  (217) (3 .0  g , 94%) 

as wh i t e  c r y s t a l s  which had m.p.  114-116°C ( l i t . ^ ^ ^  

116-117°C) .

ô fCDClg) :  11 .0( lH,s ,COOH) ; 7 .3 -7 .1 (4 H ,m ,A rH )  ; 6 -5 .6 (2H , tn ,

CH = C H ) ; 3 . 5 ( 2 H , s . C H j ) ; 1 . 6 ( 3 H, s ,CH3) .
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-1'"max ( N u j o l ) :  3000 b, 1700 s (C = 0 ) ,  1460,1380,740 cm 

Requi red f o r  [ ^ 2̂ 1202' C , 76 .5 ; H , 6 .3%

Found: C , 76 .5 ; H , 6 .4%

111 .3 .63 .  1 , 4 - D i h y d r o - l - m e t h y l - l - ( h y d r o x y m e t h y l ) n a p h t h a l e n e  

(218 ) .

1 , 4 - D i h y d r o - 1-m e t h y l n a p h th o i c  ac i d  ( 2 . 0  g,

0.01 mol)  in d r y  e t h e r  (30 ml )  was added dropwise t o  a 

s l u r r y  o f  l i t h i u m  a lumin ium hyd r i d e  (0 .9  g , 0 .02 mol)  

i n  dry  e t h e r  (30 m l ) .  Th is  m i x tu re  was then r e f l u x e d  

f o r  two hou rs .  The coo led m i x tu re  was then hyd ro l ysed  

by c a u t i ou s  a d d i t i o n  o f  wate r  (20 ml )  f o l l o w e d  by 20% 

s u l p h u r i c  ac i d  (100 m l ) .  The aqueous l a y e r  was washed 

w i t h  e t h e r  (3 x 100 m l ) ,  the e th e r e a l  s o l u t i o n  was d r i e d  

(MgSO^) and the  s o l v e n t  was evapora ted t o  g i ve  an o i l  

o f  1 , 4 - d i h y d r o - 1 - m e t h y  1 - 1 - (h y d ro xy me th y l ) na ph t ha len e  

(218)  ( 1 .8  g , 97%) which was d i s t i l l e d  under reduced p ressure  

t o  g i ve  1 , 4 - d i h y d r o - l - m e t h y l - l - ( h y d r o x y m e t h y l ) n a p h t h a l e ne 

( 1 .2  g,  70%) as a c o l o u r l e s s  o i l  which had b . p . l 2 3 ° C / 1 0  mm.

6 ( 00013) :  7 .1 -7 . 3 (4 H , m ,A rH ) ; 5 .5 -6 2 (2 H , m ,0 H = 0 H ) ;

3 . 3 - 3 . 7 ( 4 H , m , 0 H 2 ) ; 1 . 7 ( l H , s , 0 H ) ; 1 . 2 ( 3 H , s , 0 H 3 ) .  

' 'max 3350 s (OH),  2950,1500,1040,740 cm"*

Requi red f o r  C,82 .7 ;H,8 .0%

Found C,82 .6 ;H,8 .0%
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111 .3 .6 4 .  1 , 4 - D i h y d r o - l - m e t h y l n a p h t h y l  c h l o r i d e  (221 ) .

1 . 4 - D i h y d r o - l - m e t h y l n a p h t h o i c  ac i d  ( 2 . 0  g , 0.01 mol)  

and t h i o n y l  c h l o r i d e  (1 .25  g,  70% excess)  were r e f l u x e d  

f o r  h a l f  an hour .  Excess t h i o n y l  c h l o r i d e  was evaporated 

t o  g i ve  1 , 4 - d i h y d r o - l - m e t h y l n a p h t h y |  c h l o r i d e  (2 . 0  g ,

91%) as an o i l  which was used w i t h o u t  p u r i f i c a t i o n .

6 ( 00013) : 7 . 2 ( 4 H , s , A r H ) , 5 . 6- 6 . 3 ( 2H,m, OH = OH) ;  3 . 5

( 2 H , s , 0 H 2 ) ; 1 . 7 ( 3 H , s , 0 H 3 ) .

( f i l m ) :  3000,18000 s ( C = 0) , 1500 ,1440 ,940 cm"* .
ni a X

111 .3 .65 .  1 , 4 - D i h y d r o - 1-me thy lnaph tha ldehyde  (219 ) .

1 . 4 - D i h y d r o - l - m e t h y l n a p h t h o y l  c h l o r i d e  (2 . 0  g , 0.01 mol)  

i n  acetone (100 ml)  was added t o  t r i p h e n y I p h o s p h i n e

(5 .56  g , 0.02 m o l ) .  To t h i s  s o l u t i o n  a t  room te m pe r a t u re ,  

s o l i d  b i s ( t r i p h e n y l p h o s p h i n e )  c o p p e r t e t r a h y d r o b o r a t e  

(6 .02  g , 0.01 mol)  was added and the r e a c t i o n  m i x tu re  

became warm and some gas e v o l u t i o n  was observed.  The 

m i x t u r e  was then s t i r r e d  f o r  two hours .  The wh i t e  

p r e c i p i t a t e ,  t r i s ( t r i - p h e n y l p h o s p h i n e ) c o p p e r  c h l o r i d e  

(4 g ) was removed by f i l t r a t i o n  and the acetone f i l t r a t e  

was evapora ted t o  d r yness .  Ether  was added t o  t he  re s i due  

and t he  i n s o l u b l e  m a t e r i a l  was removed by f i l t r a t i o n .

E the r  s o l u t i o n  was washed w i t h  30% sodium hyd rox ide  

(3 X 100) and wate r  (200 m l ) .  The e th e r  l a y e r  was 

evapora ted  and the res i d ue  was e x t r a c t e d  w i t h  methano l .  

Methanol  was evaporated  t o  g i ve  brown o i l  (1 .40  g ) which 

by t i c  co n ta i n s  two p r o d u c t s .  The crude p roduc t  was
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p u r i f i e d  by column chromatography (on alumina e l u t e d  w i t h  

t o l u e n e )  t o  g i v e : -

(1)  an o i l  ( 0 . 3  g , 15%) which was d i s t i l l e d  under reduced 

pressure  t o  g i ve  a c o l o u r l e s s  o i l  o f  1 , 4 - d i h y d r o - 1- 

me thy Inaph tha ldehyde (219)  (0 .15 g,  11%) ( b . p .  o f  the 

o i l  bath 120-140°C) .  Th i s  had:

6 ( 00013) :  9 . 3 ( l H , s , O H O ) ; 7 . 2 ( 4 H , s , A r H ) ; 5 . 3 - 6 . 3

(2H,m,0H = 0H) ; 3 . 5 ( 2 H , d , 0 H 2 ) ; 1 , 5 ( 3 H , s , 0H3) 

V m , v ( o i l ) :  3000 ,1720 ,1500,1440 ,760 ,  and 740 cm ' * .
I m  a X

(2)  An o i l  o f  methy l  1 , 4 - d i h y d r o - l - m e t h y l n a p h t h o a t e  

(220)  ( 1 .0  g,  50%) which had:

6 ( 00013) :  7 . 1 (4 H ,s , A r H )  ,5 .7 -6 (2H ,m,0H  = 0H) ; 3 . 4 ( 3H , s , 0H3 ) ;

1 . 6 ( 3 H , s , 0 H 3 ) .
( f i l m ) :  3000 ,1720,1500 ,1420,1440 ,1220,1  100 and

m a X

740 cm'*

m/e c a l c u l a t e d  f o r  202.0994 and found 202.0994.

Methy l  1 , 4 - d i h y d r o - l - m e t h y l n a p h t h o a t e  (220)

(0 .2  g , 0.009 mol)  was d i s s o l v e d  in 30% sodium hydrox ide  

(20 ml )  and the  m ix tu re  was r e f l u x e d  f o r  one hour .

Water was added and the m ix tu re  was a c i d i f i e d  w i t h  

3 N HCl and e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  The e t h e r  

s o l u t i o n  was d r i e d  (MgSO^). The s o l v e n t  was then evaporated 

t o  g i ve  wh i t e  s o l i d  o f  1 , 4- d i h y d r o - 1-m e th y l n a p h th o i c  ac i d  

( 0 . 15  g , 83%), which had m .p . 115-118°C and i d e n t i f i e d  

w i t h  an a u t h e n t i c  sample (6 2 ) .
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111 .3 .66 .  Ox id a t i o n  o f  1 , 4 - d i h y d r o - 1-me thy1 - 1 - ( hydroxy -  

m e t h y l ) naphtha lene w i t h  CrOg i n p y r i d i n e .

Chromium t r i o x i d e  (1 .3  g,  0.01 mol)  was added to  

a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  p y r i d i n e  (1 .6  g ,

0 .02 mol)  in d i ch lo rome thane  (50 m l ) .  The deep burgundy 

s o l u t i o n  was s t i r r e d  f o r  h a l f  an hour  a t  room tem pe ra tu re .

At the  end o f  t h i s  p e r i o d ,  a s o l u t i o n  o f  1 , 4 - d i h y d r o - 1- 

me thy1-1 - ( hyd ro xym e t h y l ) n a ph th a l en e  (3 .0  g , 0.017 mol)  

i n  d i ch lo rome thane  (50 ml )  was added in one p o r t i o n .

The b l a ck  d e p o s i t  separa ted imm e d i a t e l y .  A f t e r  s t i r r i n g  

an a d d i t i o n a l  one hour  a t  room te m p e r a tu re ,  the s o l u t i o n  

was decanted f rom the r e s i d u e .  The s o l u t i o n  was washed 

w i t h  5% sodium hyd rox ide  (3 x 100 m l ) ,  3 N HCl (100 m l ) ,

5% sodium hydrogen carbonate  (100 ml )  and water  (100 m l ) .

The o r ga n i c  l a y e r  was d r i e d  (MgSO^) and the s o l v e n t  was 

evaporated  t o  g i ve  an o i l y  m a t e r i a l  ( 2 .7  g , 90%) which 

by t i c  on s i l i c a  gel  e l u t e d  w i t h  EtOAc: t o  1uene 1:3 and 

nmr spect rum was i d e n t i f i e d  as 1 , 4 - d i h y d r o - l - m e t h y l - l -  

( hy d ro xym e th y l ) n ap h th a l ene  compared w i t h  an a u t h e n t i c  

sample (6 3 ) .

11 1 .3 .67 .  O x i d a t i o n  o f  1 , 4 - d i h y d r o - 1-me thy1 - 1 - ( hyd roxy -
V .

methy1)naph tha lene  w i t h  p - t o l u en esu lpho ny l  c h l o r i d e  .

To a s o l u t i o n  o f  1 , 4 - d i h y d r o - 1-me thy1 - 1 - ( h y d ro x y m e th y l ) 

naph tha lene (1 .0  g , 0.005 mol )  in p y r i d i n e  (50 ml )  was 

added w i t h  s w i r l i n g  p - t o l ue nes u l pho ny l  c h l o r i d e  (1 .5  g ,

0 .007 m o l ) .  The t i g h t l y  sea led m i x tu re  was a l lowed to
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s tand a t  0.5°C f o r  7 days .  The m i x tu re  was d i l u t e d  w i t h  

e t h e r  and washed w i t h  d i l .  HCl (100 m l ) ,  d i l u t e d  NaHCOg 

(100 m l ) ,  and wa te r  (100 m l ) .  The e t h e r  l a y e r  was 

separa ted  and d r i e d  (MgSO^). The s o l v e n t  was evaporated 

t o  g i ve  brown o i l  ( 1 .0  g , 100%). The crude p roduc t  was 

p u r i f i e d  by column chromatography on alumina e l u t i n g  w i t h  

pe t ro l eum e t h e r  40-60°C gav e : -

F r a c t i o n  J_: a c o l o u r l e s s  o i l  o f  1 , 4 - d i h y d r o - l - m e t h y  1- 

naphtha ldehyde (219)  (0 .05  g , 5%) which was i d e n t i f i e d  

w i t h  an a u t h e n t i c  sample (6 5 ) .

F r a c t i o n  2 :  an o i l  o f  1 , 4 - d i h y d r o - 1-me thy1 - 1 - ( hy d ro xy 

methy l  ) naphtha 1 ene (218) ( 0 .8  g , 80%) i d e n t i c a l  w i t h  an 

a u t h e n t i c  m a t e r i a l  ( 6 3 ) .

111 .3 .6 8 .  P re p a r a t i o n  o f  1-me thy1 - 1 - m e t h y l e n e c h l o r i d e -  

1 , 4 - d i h y d ro n a p h th a le n e  (221 ) .

To 1 - m e t h y l - l - ( h y d r o x y m e t h y l ) - 1 , 4 - d i h y d r o n a p h t h a l e n e  

(2 .0  g , 0.01 mol)  in t o l u e n e  (15 ml )  was added dropwise*  

t h i o n y l  c h l o r i d e  ( 1 .8  g , 0.018 mol)  and the m i x tu r e  was 

l e f t  t o  r e f l u x  u n t i l  t he  e v o l u t i o n  o f  the  gas had f i n i s h e d  

(a pp r ox .  a f t e r  1 h r ) .  Toluene and t h i o n y l c h l o r i d e  were 

evaporated  under reduced p ressure t o  g i ve  an o i l  ( 2 .0  g , 

100%). The o i l  ( 0 . 5  g ) was p u r i f i e d ^ b y  p i c  on s i l i c a  

ge l  e l u t e d  w i t h  pe t ro l eum e the r /E tOAc  2:1 which gave 

1 , 4 - d i h y d r o - l - m e t h y 1 - 1 - m e th y l e n e c h l o r i d e n a p h th a l e n e  (221) 

( 0 . 3  g,  60%).
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a fCDClg) :  7 .1 (4 H ,s , A r H ) ;5 .6 - 6 .5 ( 2 H ,m ,C H = C H ) ;3 ( 4 H, s ,CH2) ;

2 . 4 ( 3 H , s , C H 3 ) .
( f i l m ) ;  3000,1600 w, 1500,1480,1200,780 c m ' * .

11 1 .3 .69 .  Reduct ion o f  1- m e t h y l - l - m e t h y l c h l o r i d e - 1  ,4-  

d i  hyd ronaphtha 1 ene w i t h  l i t h i u m  a lumin ium 

h y d r i d e .

To l i t h i u m  aluminium hyd r i de  (0 .8  g, 0.02 mol)  in 

d r y  e t h e r  (20 ml )  was added dropwise 1 , 4 - d i h y d r o - 1 - m e t h y l -

1- m e t h y I c h l o r i d e n a p h t h a l e n e  (221) ( 2 .0  g , 0.01 mol)  in 

d r y  e t h e r  (20 m l ) .  When the  a d d i t i o n  had f i n i s h e d ,  the 

r e a c t i o n  was r e f l u x e d  f o r  3 h r s .  I c e - w a te r  was added 

t o  the  cooled m i x tu r e  which was a c i d i f i e d  w i t h  d i l u t e  

s u l p h u r i c  ac i d  (20 m l ) .  The aqueous s o l u t i o n  was 

e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  E ther  l a y e r  was d r i e d  

(MgSO^) and the s o l v e n t  was evaporated t o  g i ve  an o i l  

o f  1-me thy1 -1 -me thy l  c h l o r i d e - 1 , 4 - d i h y d r o n a p h t h a l e n e  (221) 

( 1 .9  g , 95%) which was i d e n t i f i e d  w i t h  an a u t h e n t i c  

sample (6 8 ) .

111 .3 .70 .  L i th ium/Ammonia r e d u c t i o n  o f  1 , 4 - d i h y d r o - 1- 

me thy1 - 1 - m e t h y I c h l o r i d e n a p h t h a l e n e .

F o l l o w in g  the procedure  in ( 6 1 ) ,  1 , 4 - d i h y d r o - l - 

methy1 - 1 -me thy1c h l o r i de naphtha lene (221) (2 .0  g , 0.001 mol)  

i n  dry  e t h e r  (30 ml )  and ammonia (300 ml )  was added l i t h i u m  

meta l  ( 0 .3  g , 4 m o l . e q u i v . ) .  The r e a c t i o n  m i x tu re  was 

l e f t  t o  s t i r  f o r  h a l f  an hour  and ammonium c h l o r i d e
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( 2 . 0  g,  4 m o l . e q u i v . )  was then added and the  m i x tu re  was 

l e f t  t o  s t i r  f o r  a f u r t h e r  h a l f  hour .  Ammonia was a l lowed 

t o  evapora te  and wate r  was added t o  the s o l i d  r es i due  

which was e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  The e th e r  

s o l u t i o n  was d r i e d  (MgSO^) and the  s o l v e n t  was evaporated 

t o  g i ve  an o i l  ( 1 .7  g,  85%). A sample o f  the  o i l  ( 0 .4  g ) 

was p u r i f i e d  by p i c  on s i l i c a  gel  e l u t e d  w i t h  t o l u en e  

a f f o r d i n g  t h r e e  f r a c t i o n s :

(1)  an o i l  (0 .1  g , 25%) which was shown to  be a m ix tu re  

which had (a^CDCLg): 7 . 1 , 5 . 5 - 6 , 3 . 4 , 3 - 2 . 6 , 1 . 8 ( b ) , 1 4 . ( s ) ,  

1 . 3 ( s ) )  and t h i s  m i x tu re  was p u r i f i e d  once more by p i c

on s i l i c a  gel  e l u t i n g  w i t h  pe t ro l eum e t h e r :  EtOAc 5% and 

gave two p r o du c t s :  (a)  an o i l  (0 .06  g , 6%) which was

i d e n t i f i e d  as an ove r - reduced  p roduc t  where no o l e f i n i c  

was observed (a^CDClg) :  7 . 1 . 3 - 2 . 6 ( b ) , 1 . 4 ( s ) , 1 . 3 ( s ) ) .

No f u r t h e r  a t t emp ts  were c a r r i e d  ou t  t o  i d e n t i f y  t h i s  

p r o d u c t .

(b)  an o i l  (0 .04  g , 4%) which had a^CDClg) :  7 . 1 (m ) ,

5 . 5 - 6 ( m ) 3 . 4 - 3 , 2 . 8  and no methy l  peak was observed and 

no f u r t h e r  i d e n t i f i c a t i o n  was c a r r i e d  o u t .

(2)  an o i l  o f  1 - m e t h y l - l - m e t h y l c h l o r i d e - 1 , 4 - d i h y d r o 

naphtha lene (0 .03  g,8%) which had i d e n t i c a l  spe c t r a  w i t h  

an a u t h e i t i c  m a t e r i a l  ( 6 8 ) .

(3)  an o i l  o f  1 , 4 - d i h y d r o - l - m e t h y l - 1 - ( h y d r o x y m e t h y l ) -  

naphtha lene (0 .2  g , 50%) which was i d e n t i f i e d  w i t h  an 

a u t h e n t i c  m a t e r i a l  ( 6 3 ) .
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111 .3 .7 1 .  Me thy ld i ph en a te  (203 ) .

A s o l u t i o n  o f  d i p h e n i c  ac i d (50 g,  0 .2  mol )  in 

methanol  (300 ml )  c o n t a i n i n g  conc en t ra ted  s u l p h u r i c  ac i d 

(5 ml )  was r e f l u x e d  o v e r n i g h t .  The cooled r e a c t i o n  m ix tu re  

was then added t o  wa te r  (500 ml)  and the aqueous s o l u t i o n  

was e x t r a c t e d  w i t h  d i c h 1oromethane (3 x 200 m l ) .  The 

e x t r a c t s  were washed w i t h  10% sodium hyd rox ide  (2 x 100 ml) 

and once w i t h  w a t e r .  The o r gan i c  l a y e r  was d r i e d  (MgSO^) 

and the s o l v e n t  was evaporated  t o  g i ve  the crude e s t e r  

( 49 .0  g,  90%) which was c r y s t a l l i s e d  f rom e t h e r  to  g i ve  

methyl, di  phenate (203) (42 .0  g , 75%) as wh i t e  c r y s t a l s  

which had m.p.  76-78°C ( l i t .  74°C ) .  These had

6 ( 00013) : 7 - 1 - 8 . 0 ( 8 H . m , A r H ) ; 3 . 5 ( 6 8 . 5 , 083) .

( N u j o l ) :  3000,1720 (0 = 0 ) , 15 80 ,1 460 ,13 80 , 12 60 ,10 80 ,rn a X

and 760 cm" ^ .

111 .3 .7 2 .  2 , 2 ' - b i s ( h y d r o x y m e t h y l ) b i p h e n y l  ( 2 04 ) .

Methyl: d i  phenate ( 203) ( 30 g , 0.11 mol)  i n  dry  e t h e r  

(100 ml )  was added dropwise t o  a s l u r r y  o f  l i t h i u m  a lumin ium 

h y d r i d e  (8 .4  g , 0.22 mol )  in dry  e t h e r  (250 m l ) .  The 

m i x t u r e  was then r e f l u x e d  f o r  two hours .  The coo led m i x tu re  

was then hyd ro l ysed  by ca u t i o u s  a d d i t i o n  o f  wa te r  

(300 ml )  f o l l o w e d  by 20% s u l p h u r i c  ac i d  (100 m l ) .  The 

aqueous l a y e r  was washed w i t h  e t h e r  (3 x 100 m l ) ,  the 

e t h e r e a l  s o l u t i o n  was d r i e d  (MgSO^) and the s o l v e n t  was 

evaporated  t o  g i ve  wh i t e  s o l i d  o f  2 , 2 ' - b i s ( h y d r o x y m e t h y l ) -  

b i p he n y l  (21 .4  g , 90%) which was c r y s t a l l i s e d  f rom benzene
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t o  g i ve  2 ,2 ' - b i s ( h y d ro x y m e th y l ) b l p h e n y 1 (18 .0  g,  76%) 

as w h i t e  c r y s t a l s  which had m.p.  108-110°C ( l i t . * ® ® ’ *®^ 

111-112°C) .

6 ( 00013) ;  7 .0 -7 . 5 (8 H , m, A rH )  , 4 . 2 8 (4 H , 5 , 083) ; 3 . 1 (2H,s ,OH) ,

' ’max ( N u j o l ) :  3500(08 ) ,  1460,1380,  and 760 cm"* .

I I I . 3 . 7 3 .  2 - 2 ' - b i s ( b r o m o m e t h y l ) b i p h e n y I  ( 205) .

Hydrobromic ac i d  (48%, 350 mi )  was heated t o  90°C 

w i t h  s t i r r i n g  and 2 , 2 ' - b i s ( h y d r o x y m e t h y l ( b i p h e n y l  

(14 .0  g , 0.065 mol)  was added s l o w l y .  The s o l u t i o n  was 

then heated f o r  30 m inu tes ,  and then the m i x tu re  was 

a l l owed t o  c o o l .  The r e s u l t a n t  aq u e o u s /o i l  m i x tu re  was 

e x t r a c t e d  w i t h  d i ch lo rome thane  (3 x 150 ml )  and the combined 

e x t r a c t s  were d r i e d  (MgSO^). The s o l v e n t  was evapora ted 

t o  g i ve  wh i t e  s o l i d  (19 .0  g , 86%) which was c r y s t a l l i s e d  

f rom pe t ro l eum e t h e r  t o  g i ve  2 , 2 ' - b i s ( bromomethy1) b i p h e n y 1 

(17 .0  g , 77%) as wh i t e  c r y s t a l s  which had m.p.  71-73°C.

6 ( 00013) : 7 . 3 - 7 . 7 ( 8 H , m , A r H ) ; 4 . 2 ( 4 H , q , 083)

'’max ( N u j o l ) :  2900,1460,1380,760 and 600 cm"*

1113.74.  o , o ' - B i t o l y l  ( 2 06 ) .

Dimethoxyethane (170 ml )  was heated t o  70°C w i t h  

s t i r r i n g ,  and sod iumborohydr ide  (36 .0  g , 0 .95 mol )  was 

added f o l l o w e d  by a s o l u t i o n  o f  potass ium hyd rox ide  

(11 .0  g) i n wate r  (100 m l ) .  F i n a l l y  2 , 2 ' - b i s ( bromomethy1)
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b iph en y l  (16 .0  g,  0.05 mol)  was added and t he  m ix tu re  

was s t i r r e d  a t  50°C f o r  t h r e e  hou rs .  The cooled m ix tu re  

was e x t r a c t e d  w i t h  d i ch lo rome thane  (3 x 200 ml)  and the 

combined e x t r a c t s  were d r i e d  (MgSO^). The s o l v e n t  was 

evapora ted  t o  g i v e  l i q u i d  ( 8 .4  g , 91%) which was d i s t i l l e d  

under  reduced p ressure  t o  g i ve  o , o ' - b i t o l y l  (206)

(4 . 3  g , 47%) as a c o l o u r l e s s  l i q u i d  which had b . p .  

106-107°C/2 mm Hg. o , o ' - B i t o l y l  (500 mg) was f u r t h e r  

p u r i f i e d  by p r e p a r a t i v e  l a y e r  chromatography ( p i c )  on 

s i l i c a  gel  e l u t e d  w i t h  pe t ro l eum e t h e r  gave pure o , o ' -  

b i t o l y l  ( 0 .3  g , 60%) o f  c o l o u r l e s s  l i q u i d .  This  had:

0 ( 00013) :  7 . 1 - 7 . 3 ( 8 H , m , A r H ) ; 2 . 0 ( 6 H , s , 083) .

Vmav ( f i l m ) :  3000,2910 ,1460 ,1110,760 ,  and 730 cm"*
III a A

111 .3 .75 .  A c e t y l b i t o l y l

A. To o , o ' - b i t o l y l  (206) ( 6 .0  g , 0.032 mol)  in dry  

c a r b o n t e t r a c h l o r i d e  (180 ml )  was added a c e t y I c h l o r i d e  

( 2 . 5  g , 0.032 mol)  f o l l o w e d  by aluminium c h l o r i d e  

(8 . 7  g , 0.065 mol)  and t he  m ix tu re  l e f t  t o  s t i r  o v e r n i g h t  

a t  room te m p e r a tu re ,  the  m i x tu re  then r e f l u x e d  f o r  one 

hour .  The m i x tu re  was coo led and wa te r  (200 ml )  was 

added,  f o l l o w e d  by con ce n t ra te d  h y d r o c h l o r i c  ac i d  (50 ml)  

The o rg an i c  l a y e r  was separa ted and washed w i t h  sa tu ra t e d  

sod iumb ica rbonate  (2 x 100 ml )  and water  (150 m l ) .  The 

o r g a n i c  s o l u t i o n  was d r i e d  (MgSO^) and the s o l v e n t  was 

evapora ted  t o  g i ve  brown o i l  ( 7 .0  g 94*/) which was
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d i s t i l l e d  under reduced p ressure  t o  g i ve  a c e t y l b i t o l y l  

( 1.2 g,  16%) as a c o l o u r l e s s  l i q u i d  which had b .p .

96 - 99 °C /0 .8  mm. F u r t h e r  p u r i f i c a t i o n  o f  the  d i s t i l l a t e  

( 0 .3  g ) by p i c  on alumina e l u te d  w i t h  pe t ro l eum e t h e r  

gave two p r o d u c t s :

( 1) a c e t y l b i t o l y l  ( 210) ( 0.2 g, 60%) which had:

6 ( 00013) : 7 . 1 - 7 . 9 ( 7 H , m , A r H ) ; 2 . 5 5 ( 3 H , s , 083) ; 2 . 2 ( 3 H , s , 083) ;

2 .0 (3H ,s  , 083) .

Vmav ( o i l ) :  2910 ,1680 (0=0) ,1600 ,1480 ,1350 ,1260  and
HI a A

740 cm” * .

m/e:  224(80%.m+);209(100%,m+-me);181(5%.m+-COme).

( 2 ) b i a c e t y l b i t o l y l  ( 212) ( 0.1 g,  30%) which had:

6 ( 00013) :  7 . 3 - 8 ( 6 H , m , A r H ) ; 2 . 6 ( 6 H , s , 083) ; 2 . 1 ( 6H , s , 083) .

( o i l ) :  1700(0 = 0 ) , 1 67 0 ( 0  = 0 ) ,1600 ,1350 ,900  cm'*
HI d A

m/e:  266(30%,m+) ;251(100%,m+-me) ;180(5%,m+-200me).

The res i du e  (5 . 0  g ) was c r y s t a l l i s e d  f rom methanol  

t o  g i ve  b i a c e t y l b i t o l y l  ( 2 1 2 ) ,  ( 4 .4  g , 73%) as wh i t e  

c r y s t a l s  which had m.p.  and nmr and i r  i d e n t i c a l  t o  ( 2 ) 

i n  ( 1 1 1 . 3 . 7 5 , 2 ) .

B. The above procedure was repeated us ing n i t r obe nze ne

(35 ml)  as a s o l v e n t .  The m i x tu re  o f  o , o ' - b i t o l y l

( 2 .0  g , 0.01 mol)  in n i t r obe nze ne  (35 m l ) ,  a c e t y I c h l o r i d e

( 1 .0  g , 6.01 mol)  and a l uminium c h l o r i d e  (2 .9  g , 0 .02 mol )

was s t i r r e d  o v e r n i g h t  a t  room tem pe ra tu re .  Water

(100 ml )  was added t o  the  m i x tu re  f o l l o w e d  by conc.  HCl
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(10 ml )  and the  m i x tu re  was e x t r a c t e d  w i t h  d i ch lo romethane  

(3 X 100 ml )  which was washed w i t h  NaHCOg (2 x 100 ml)  

and wa te r  (100 m l ) .  The o r gan i c  s o l u t i o n  was d r i e d  

(MgSO^) and the s o l v e n t  was evapora ted t o  g i ve  y e l l o w  

o i l  (20 ml )  which c o n ta i n s  n i t r o b e n z e n e .  The m i x tu re  

was steam d i s t i l l e d  t o  g i ve  y e l l o w  l i q u i d  ( 3 .0  g ) which 

was f u r t h e r  p u r i f i e d  by p i c  ( 0 .3  g ) on alumina e l u te d  

w i t h  pe t ro l eum e t h e r  t o  g i ve  a c e t y l b i t o l y l  ( 210) ( 0.1 g ,

30%) as a c o l o u r l e s s  l i q u i d ,  t h i s  had nmr and i r  i d e n t i c a l  

t o  t h a t  p roduc t  in ( 7 5 , A l ) .  The nmr spect rum o f  the 

m i x t u r e  shows on l y  a c e t y l  p roduc t  and no b i a c e t y l b i t o l y l  

was observed i n  t h i s  m i x t u r e .

111 .3 .76 .  0 , 0 ' - B i t o l y l c a r b o x y l i c  ac i d  ( 2 11 ) .

To a c e t y l b i t o l y l  ( 1 .0  g , 0.004 mol)  i n  d ioxane (30 ml)  

was added 2 N sodium hyd rox ide  (10 ml)  f o l l o w e d  by a 

s o l u t i o n  o f  po tass ium i o d id e  (6 .0  g , 0.036 mol)  and i o d in e  

( 3 .0  g , 0.01 mol)  in wa te r  (30 m l ) .  The m i x tu re  was l e f t  

t o  s t i r  f o r  f o u r  days a t  room tempera tu re  and f o r  t h re e  

hours a t  70°C. The cooled m ix tu re  was a c i d i f i e d  w i t h  

conc.  HCl (5 ml )  and t he  aqueous s o l u t i o n  was e x t r a c t e d  

w i t h  d i ch lo rome thane  (4 x 50 m l ) .  The combined 

e x t r a c t s  were washed w i t h  sod ium me tab i s u lp h i t e  s o l u t i o n  

(50 ml )  and wa te r  (50 m l ) .  The o r gan i c  l a y e r  was 

e x t r a c t e d  i n t o  10% sodium hyd rox ide  (50 ml )  and the bas ic  

s o l u t i o n  was a c i d i f i e d  w i t h  conc.  HCl (5 ml )  and e x t r a c t e d  

w i t h  d i ch lo rome thane  (3 x 50 ml )  which was d r i e d  (MgSO^).

The s o l v e n t  was removed under reduced p ressure  t o  g i ve
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wh i te  s o l i d  ( 0 .5  g,  50%) which was c r y s t a l l i s e d  f rom 

e thano l  t o  g i ve  o ,o ' - b i t o l y l c a r b o x y l i c  ac i d  ( 0.1 g , 10%) 

as wh i t e  c r y s t a l s  which had m.p.  169-170°C.

6 ( 00013) : 11 - 11 .4(  lH,b,COOH) ; 7 .1-8 .1(7H,m,ArH- )  ;

2 1 5 ( 3 H , s , C H 3 ) ; 2 . 0 5 ( 3 H , s . C H 3 ) .

Vmav ( N u j o l ) :  3300-3000 b (COOH), 2900, 1690 s ( 0=0) ,
HI a A

1450,1370,710 cm'* 

m/e:  226(100%,m+) ;211(1 4 ) ; 2 0 9 ( 8 ) ; 193 (1 ) . 182 (24 )

111 .3 .77 .  Reduct ion o f  4 - pheny Ibenzo i c  ac i d  w i t h  10 mol 

e q u i v a l e n t  o f  l i t h i u m  m e ta l .

4 -Pheny Ibenzo ic  ac i d  ( 5 . 0  g , 0.025 mol)  was added 

t o  dry  e t h e r  (30 ml )  and ammonia (700 ml )  was condensed 

i n t o  the  suspens ion .  L i t h i u m  metal  (1 .76 g , 0.25 mol)  

was added i n sma l l  p i eces  t o  the  s t i r r e d  s o l u t i o n .  The 

s o l u t i o n  which r a p i d l y  t u r ned  b lue was s t i r r e d  f o r  h a l f  

an hour  and the r e a c t i o n  was then quenched by a d d i t i o n  

o f  p o r t i o n s  o f  s o l i d  ammonium c h l o r i d e  (13.37 g , 0.25 mol)  

over  5 m i nu tes .  The s o l u t i o n  was l e f t  t o  s t i r  f o r  a f u r t h e r  

h a l f  an hou r .  Ammonia was a l lowed t o  evaporate  o v e r n i g h t ,  

and the s o l i d  r e s i due  was d i s s o l v e d  i n wate r  (200 ml )  

which was e x t r a c t e d  w i t h  e t h e r  (3 x 200 ml )  t o  g i ve  wh i t e  

s o l i d  ( 0 .8  g , 16%) which was c r y s t a l l i s e d  f rom pe t ro l eum 

e t h e r  t o  g i ve  4 - (  1 ' , 4 ' - d i h y d r o p h e n y l ) t o l u e n e  (190) as 

w h i t e  c r y s t a l s .
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ôCCDCl j )  : 7 . 1 (4 H , s , A r H ) ; 5 . 8 ( 4 H , s , C H  = CH ) ;4 . 0 ( I H , t , CH) ;

2 . 7 - 2 . 8 ( 2 H , d , C H 2 ) ; 2 . 3 ( 3 H , s , 083) .

' ’max ( N u j o l ) :  2910 ,1600,1460 .1230,800 ,  and 750 c m ' * .

The mother  l i q u o r  was r i c h  in 4 - ( 1 ' , 4 ' - d i h y d r o p h e n y l ) t o l u e n e  

and 4 - p h e n y l t o l u e n e  (189) i n  the  r a t i o  o f  5 :1 .

4 - Ph e n y l t o l u e n e  had

6 ( 00013) : 7 . 1 - 7 . 4 ( 9 H , m , A r H ) , 2 . 3 ( 3 H , s , 083) .

v „ , „ ( f L l m ) :  3000,1500,800,660 c m ' * .max

The aqueous s o l u t i o n  was a c i d i f i e d  w i t h  3 N HOI 

and e x t r a c t e d  w i t h  e t h e r  (3 x 100 m l ) .  The combined 

e x t r a c t s  were d r i e d  (MgSO^) and the  s o l v e n t  was removed 

under reduced p ressure  t o  g i ve  wh i t e  s o l i d  ( 4 .0  g , 80%).

NMR spect rum showed ma in l y  1 ,2 - d i h y d r o - 4 - p h e n y I b e n z o i c  

ac i d  (188) which had:

6 ( 00013) :  11 .4 ( lH , s ,O O O H ) ; 7 . 2 (5 H , s ,A r H ) ; 5 .9 ( l H , s ,O H = O H ) ;

6 .0 (2H ,s  ,OH = OH); 3 . 5 - 4 ( 2H,m,0H2 ) ; 2 . 6 - 3 ( l H , t , O H ) ; 

and 1 , 4 - d i h y d r o - 4 - p h e n y l b e n z o i c  ac id  (187)  m .p . 102 -104°0 

which had

6 ( 00013) :  1 1 .4 ( l H , s ,O O O H ) ;7 . 2 5 ( 5 H ,s ,A r H ) ; 5 . 1 8 (4H , s , OH = OH) ;

2 . 7 ( 2 H , s , 083 ) and 4 -pheny Ibenzo ic  ac i d  

i d e n t i c a l  w i t h  a u t h e n t i c  m a t e r i a l .  The r a t i o  es t ima ted  

by nmr was 4 : 1 : 1  r e s p e c t i v e l y .
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111 .3 . 7 8 .  Reduct ion o f  4 -pheny Ibenzo i c  ac i d  w i t h  10 mol .  

e q u i v a l e n t  in the presence o f  ammonium c h l o r i d e .

Fo l l o w in g  the procedure in ( 7 7 ) ,  4 -phe ny Ib enzo i c  

ac i d  ( 5 .0  g , 0 .25 ml)  i n  e th e r  (30 m l ) ,  ammonia (600 ml)  

and ammonium c h l o r i d e  (13.37 g , 0.25 mol)  was reduced 

w i t h  l i t h i u m  metal  (1 .76  g , 0.25 mol)  and the  r e a c t i o n  

l e f t  t o  s t i r  f o r  h a l f  an hour .  The r e a c t i o n  was worked 

up as in (77) a f f o r d i n g  n o n - a c i d i c  m a t e r i a l  ( 1 . 0  g , 20%) 

which co n s i s te d  o f  a m i x tu re  o f  4 - ( 1 ' - 4 ' - d i h y d r o p h e n y l ) -  

t o l u e n e  (190) and 4 - p h e n y l t o l u e n e  (189) in a r a t i o  o f  

5:1 and had nmr spec t ra  i d e n t i c a l  w i t h  the m i x t u r e  prepared 

i n  ( 7 7 ) .  A c i d i c  m a t e r i a l  ( 4 .0  g , 80%) was found (nmr) 

t o  be a m i x tu re  o f  4 -pheny l  benzoic  a c i d ,  1 , 4 - d i h y d r o - 4 -  

pheny1benzoic  ac i d  (187) and l , 2 - d i h y d r o - 4 - p h e n y I b e n z o i c  

ac i d  (188)  in the  r a t i o  o f  2 : 1 : 4 .

111 .3 .7 9 .  Reduct ion o f  4 -pheny Ibenzo ic  ac i d w i t h  4 mol 

e q u i v a l e n t  o f  l i t h i u m  me ta l .

Fo l l o w in g  the procedure in ( 7 7 ) ,  4 -pheny Ibenzo i c  

ac i d  (5 g , 0.025 mol)  in e t h e r  (30 ml)  and ammonia 

(600 ml )  was reduced w i t h  l i t h i u m  metal  ( 0 .7  g , 4 mol .  

e q u i v . ) .  The r e a c t i o n  m i x tu re  was l e f t  t o  s t i r  f o r  h a l f  

an hour  and was then quenched w i t h  ammonium c h l o r i d e  

(6 .0  g , 4 m o l . e q u i v . ) .  The r e a c t i o n  was worked up as 

i n  ( 77 ) t o  g i ve  n o n - a c i d i c  m a t e r i a l  ( 1.0 g , 20%) which 

was shown (nmr) t o  be a m ix tu re  o f  4 - ( ! ' , 4 ' - d i h y d r o p h e n y l ) -  

t o l u e n e  and 4 - p h e n y l t o l u e n e  in a r a t i o  o f  3:2 r e s p e c t i v e l y
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and a c i d i c  m a t e r i a l  ( 4 .0  g,  80%) which con ta i ned  (nmr) 

the  same p roduc ts  as i n (78) in a r a t i o  o f  1 : 1 : 5 .

111 .3 .80 .  Reduct ion o f  4 -pheny1benzoic  ac i d  w i t h  4 mol .  

e q u i v .  o f  sodium me ta l .

Fo l l o w in g  the procedure in ( 7 7 ) ,  4 -pheny lbe nzo i c  

ac i d  ( 5 .0  g , 0.025 mol)  in e t h e r  (100 ml)  and ammonia 

(600 ml )  was reduced w i t h  sodium metal  (2 .35  g , 4 mol .  

e q u i v . ) .  The r e a c t i o n  was l e f t  t o  s t i r  f o r  h a l f  an hour  

and the  r e a c t i o n  m i x tu r e  was then quenched w i t h  ammonium 

c h l o r i d e  (6 .0  g , 4 m o l . e q u i v . ) .  Working up the  r e a c t i o n  

m i x t u r e  f o l l o w i n g  the  procedure in (77)  gave

(1)  a n o n - a c i d i c  m a t e r i a l  ( 1 .32  g , 26%) [ 0 ( 00013):  7 .1 -  

7 . 4 ( m , A r H ) ; 6 ( s , C H = C H ) ; 4 ( l H , t , C H ) ; 2 . 7- 2 . 8 (d,CH2 ) ; 2 . 3 (s ,CH3 ) ] ;  

and

(2)  a c i d i c  m a t e r i a l  ( 3 .3  g , 66%) [ 0 ( 00013) :  1 1 . 4 ( H, s ,0 0 0^ ) ;  

7 . 2 5 ( 5 H , s , A r H ) ; 5 . 8 ( 4 H , s , 0 H = 0 H ) ; 2 . 7 ( 2 H , s , 0 H ) ]

c o n s i s t e n t  w i t h  1 , 4 - d i h y d r o - 4 - p h e n y l benzoic  ac i d

(3)  t o g e t h e r  w i t h  recovered s t a r t i n g  m a t e r i a l  ( 0 .4  g ,

80%).

111 .3 .81 .  Reduct ion o f  sodium 4-pheny Ibenzoate  w i t h  

10 m o l . e q u i v .  o f  l i t h i u m  me ta l .

F o l l o w in g  the procedure in ( 7 7 ) ,  sodium 4 - p h e n y l - 

benzoate ( 5.0 g , 0.022 mol)  in e t h e r  (100 ml )  and ammonia 

(500 ml )  was t r e a t e d  w i t h  l i t h i u m  metal  (1 .54  g , 10 mol .  

e q u i v . )  and t he  r e a c t i o n  m ix tu re  was l e f t  t o  s t i r  f o r
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h a l f  an hour and was then quenched w i t h  ammonium c h l o r i d e  

( 7 . 8  g,  10 m o l . e q u i v . ) .  Working up the  r e a c t i o n  as in 

(77)  gave n o n - a c i d i c  m a t e r i a l  (0 .28  g , 5%) which had 

6 ( 00013) :  7 . 1 (4H,s , A r H ) ; 5 . 7 5 (4H,s,OH = OH); 3 . 9 5 ( l H , t , O H ) ;

2 . 7 - 2 . 8 ( 2 H , d , 0 H 2 ) , 2 . 3 ( 3 H , s , 0 H 3 )  

and an a c i d i c  m a t e r i a l  ( 3 .5  g,  70%) which i s  i d e n t i c a l  

w i t h  1 , 4 - d i h y d r o - 4 - p h e n y l b e n z o i c  a c i d .  This  had 

6 ( 00013) :  11 . 4 ( l H , s , 0 0 0 H ) ; 7 . 2 5 ( 5 H , s , A r H ) ; 5 . 8 ( 4 H , s , 0 H = 0 H ) ;

2 .7 (2H,s ,2xOH)  

and m.p.  102 -104°0 .

111 .3 .82 .  P re p a r a t i o n  o f  methy l  4 -pheny Ibenzoa te  (19 6 ) .

A s o l u t i o n  o f  4 - ph en y l be nzo i c  ac i d  (40 .0  g , 0.2 mol )  

i n methanol  (700 ml)  c o n t a i n i n g  conc.  s u l p h u r i c  ac i d 

(2 ml)  was r e f l u x e d  f o r  t h r e e  hou rs .  The coo led r e a c t i o n  

m i x t u r e  was then added t o  wate r  (300 ml )  and t he  aqueous 

s o l u t i o n  was e x t r a c t e d  w i t h  d i ch lo rome thane  (3 x 200 m l ) .

The combined e x t r a c t s  were washed w i t h  10% sodium hyd rox ide

(3 X 50 ml )  and once w i t h  w a t e r .  The o r gan i c  s o l u t i o n

was d r i e d  (MgSO^) and the  s o l v e n t  was evapora ted t o

g i v e  y e l l o w  s o l i d  (41.5  g,  97%) which was c r y s t a l l i s e d

f rom methanol  a f f o r d i n g  methyl  4 -pheny1 benzoate

(38 .0  g , 89%) as wh i t e  c r y s t a l s  which had m.p.  115-117°C

(lit. 117-118°c’®®).

6 ( 00013) : 7 . 2 - 8 . 2 ( 9 H . m . A r H ) ; 3 . 9 ( 8 8 . 5 , 083) .

( N u j o l ) ;  2920 ,1710(0=0 ) ,1460 ,1370 ,1  10 and 750 cm"*max
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111 .3 .8 3 .  Reduct ion o f  methy l  4 -pheny1 benzoate w i t h  

10 m o l . e q u i v .  o f  l i t h i u m  m e ta l .

F o l l o w in g  the  procedure in ( 7 7 ) ,  methy l  4 -pheny Ibenzoa te  

(2 .00  g , 0.009 mol)  in d r y  e t h e r  (25 ml )  and ammonia 

(300 ml )  was t r e a t e d  w i t h  l i t h i u m  metal  (0 .66  g,  10 mol .  

e q u i v . ) .  The r e a c t i o n  was s t i r r e d  f o r  15 minu tes  and 

was then quenched w i t h  ammonium c h l o r i d e  ( 5 .0  g , 10 mol .  

e q u i v . ) .  The r e a c t i o n  was worked up as i n (77)  t o  g i ve  

n o n - a c i d i c  m a t e r i a l  ( 2 .0  g , 100%) which c o n s i s te d  by t i c  

o f  t h r e e  components.

[ 6 ( 00013) :  8 - 7 ( m , A r H ) ; 5 . 8 ( m , 0 H = 0 H ) , 3 . 9 ( b , 0 H ) ;

3 . 7 ( m , 0 H g ) , 2 . 3 ( s , 0H3)1 

i d e n t i f i e d  as 4 - p h e n y I b e n z y l a l c o h o l  ( 19 1 ) ,  1 , 4 - d i h y d r o -  

4-pheny I b e n z y l a l c o h o l  (192)  and methyl  j  ,4 -  d i h y d r o - .  4 

pheny1 benzoate in the  (197) r a t i o  o f  2 :5 :1  r e s p e c t i v e l y .

11 1 .3 .84 .  Reduct ion o f  methy l  4 -pheny1 benzoate w i t h  4 

m o l . e q u i v .  o f  l i t h i u m  m e ta l .

Fo l l o w in g  the p rocedure in ( 7 7 ) ,  methyl  4 - p h e n y l - 

benzoate ( 2 . 0  g , 0 . 0 0 9  mol)  in dry  e t h e r  ( 2 0  ml)  and ammonia 

( 3 0 0  ml)  was t r e a t e d  w i t h  l i t h i u m  metal  ( 0 . 2 6  g , 4 mol .  

e q u i v . ) .  The r e a c t i o n  was l e f t  t o  s t i r  f o r  15 min.  and 

was then quenched w i t h  ammonium c h l o r i d e  ( 2 . 0  g , 4 mol .  

e q u i v . ) .  The r e a c t i o n  was worked up as in (77)  t o  g i ve  

n o n - a c i d i c  m a t e r i a l  ( 1 . 9  g , 99%)  which had nmr spec t ra  

i d e n t i c a l  w i t h  ( 8 3 )  and was a m ix tu re  o f  methyl 1 ,4 -  dihydro 

4 -pheny Ibenzoa te  , 1 , 4 - d i h y d ro - 4 -p h e n y lb e n z y l  a l c o h o l  and 

4-pheny lbenzy l  a l c o ho l  in a r a t i o  o f  1 : 3 : 6  r e s p e c t i v e l y .
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I I I . 3 . 85 .  Reduct ion o f  methy l  4 -pheny l  benzoate w i t h  4 

m o l . e q u i v .  o f  sodium m e ta l .

F o l l o w in g  the  procedure  as i n ( 7 7 ) ,  methy l  4- 

pheny lbenzoate  (2 .0  g , 0.009 mol)  i n  dry  e t h e r  (20 ml)  

and ammonia (300 ml )  was t r e a t e d  w i t h  sodium metal  

( 0 .86  g , 4 m o l . e q u i v . ) .  The m ix tu re  was l e f t  t o  s t i r  

f o r  15 min.  and was then quenched w i t h  ammonium c h l o r i d e  

( 2 .0  g,  4 m o l . e q u i v . ) .  The r e a c t i o n  m i x tu re  was worked 

up as in (77)  t o  g i ve  n o n - a c i d i c  m a t e r i a l  ( 2 .0  g , 100%) 

which was found (nmr) t o  c o n ta i n  t he  same m i x tu re  as in 

( 8 4 ) ,  i . e . ,  1 , 4 - d i h y d r o - 4 -p h e n y Im e th y Ib e n z o a te , 1 , 4 - d i h y d r o  

4 -pheny l  benzyl  a 1 coho 1 and 4-pheny lbenzy l  a l c o ho l  i n  a r a t i o  

o f  1 :3 :8  r e s p e c t i v e l y .
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