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ABSTRACT.

T h is  work i s  co n ce rn ed  m ain ly  w ith  th e  breakdow n 

o f  th e  f r e e  en e rg y  o f  a c t i v a t i o n  w ith  th e  e v a lu a t io n  o f  

q u a n t i t i e s  such  a s  th e  en e rg y  o f  a c t i v a t i o n  AE and e n tro p y  

o f  a c t i v a t i o n  AS o f  c e r t a i n  o p t i c a l l y  a c t iv e  compounds a s  

a means o f  t r y i n g  to  u n d e rs ta n d  th e  s t r u c t u r a l  f a c t o r s  

upon w hich t h e i r  o p t i c a l  s t a b i l i t i e s  depend .

The compounds s tu d ie d  a re  members o f  a s e r i e s  o f  

l , l ’ - b in a p h th y l  c a rb o x y lic  a c id s  and e s t e r s  and  a p 'e r i  

s u b s t i t u t e d  n a p h th a le n e , N -b e n z e n e s u lp h o n y l-8 -n ltro - l~  

n a p h th y l g ly c in e .  T h e ir  r a t e  c o e f f i c i e n t s  o f  r a c é m is a t io n  

a t  s e v e r a l  te m p e ra tu re s  have b ee n  d e te rm in e d  -  th o s e  f o r  

th e  l , l ’ - b in a p h th y l  compounds i n  two s o lv e n t s ,  aqueous 

sodium h y d ro x id e  and R ,N -d im ethy l form am ide -  and th e  r e s u l t s  

u se d  to  d e te rm in e  AE, A and AS, AP, AG u s in g  th e  e q u a t io n s

k =

and  k  = eKKT e

In  th e  e x p e r im e n ta l s e c t io n  th e  s y n th e s e s  o f  

th e  1 ,1 ’ - b in a p h th y l a c id s  a r e  d e s c r ib e d .  The f i n a l  p a r t  

o f  t h i s  s e c t io n  i s  co n cern ed  w ith  th e  p r e p a r a t io n  o f  

o p t i c a l l y  a c t i v e  1 ,1 ’ -b in a p h th y l  i t s e l f  on w h ich , a s  y e t ,  

no m easurem ents o f  r a t e  c o e f f i c i e n t s  have b e e n  made. A lso  

d e s c r ib e d  i s  th e  p r e p a r a t io n  o f  2 ,2 * -c a rb o m e th o x y -3 ,3 * -  

d ip h e n ic  a c id  w hich was n o t o b ta in e d  o p t i c a l l y  a c t i v e .



The a u th o r  l a  in d e b te d  to  Dr# M# M# H a r r i s  f o r  

h e r  c o n s ta n t  h e lp  and en co u rag em en t, and w ish e s  to  

th a n k  P ro f e s s o r  5# E# T u rn e r , F .R .S # , P ro f e s s o r  P.B.D# 

de l a  Mare and  a l l  th e  C h em istry  D epartm ent a t  

B ed fo rd  C o lle g e  f o r  t h e i r  i n t e r e s t  and  adv ice#

She a l s o  w ish e s  to  th an k  th e  D epartm ent o f  S c i e n t i f i c  

and I n d u s t r i a l  R e se a rc h  f o r  a m a in ten an ce  g ra n t#



CONTENTS

I n t r o d u c t io n  ##. # # ««• 5

O p tic a l  E x p e rim e n ta l . . .  # . .  19

1 ,1 * -B in a p h t2i y l - 8 ,8  *- d ic a r b o x y l i c  ac id #  23

E th y l h y d ro g en  l , l * - b i n a p h t h y l - 8 , 8 *-
d ic a r b o x y la te  ,## • • •  kO

D im ethyl 1 ,1*  -b in a p h th y l - 8  , 8 * - d ic a r b o x y la te  32

1 .1  *-B in a p h th y l- 5 ,5 * -^dicarboxy 1 i c  ac id #  61

D im e th y l - l , l* - b in a p h th y l - 5 ,5*- d ic a r b o x y la te  70

l , l * - B i n a p h t h y l - 8- c a r b o x y l ic  a c id  ### 73

N -benzene s u lp h o n y l -B -n i t r o - l - n a p h th y l
g ly c in e  # . . #  # •• 89

D is c u s s io n  «#• «•« • • •  96

1 , 1 *- b in a p h th y l c a rb o x y l ic  a c id s  ### 97

1 .1  * -b  i  n a p h th y l ### #.# 118

N -benzene su lp h o n y l 8 - n i t r o - 1  -n a p h th y l
g ly c in e  ##• . . .  1 2 0

S y n th e tic  E x p e rim en ta l

1 ,1 * -B in a p h th y l- 8 , 8 *- d ic a r b o x y l io  a c id .  121

E th y l h y d ro g en  1 ,1  * -b in a p h th y l 8 , 8 *-
d ic a rb o x y la te  . . .  . . .  125

1 .1  *-B in a p h th y l- 5 , 5 *- d ic a r b o x y l i c  a c id .  129

1 , 1 * -B in a p h th y l-8 - c a r b o x y l i c  a c id  . . .  135

O p tic a l ly  a c t iv e  e s t e r s . . .  . . .  I 38

O p tic a l ly  a c t iv e  1 , 1 * -b in a p h th y l #•* lU l

2 , 2 *-Carbome th o x y -b ip h e n y l- 3 ,3  *- d ic a rb o x y l io
a c id  . . .  . . .  1^7



INTOODUOTIOK.

The s tu d y  o f  o p t i c a l  a c t i v i t y  d ep en d en t uix>n 

r e s t r i c t e d  r o t a t i o n  w i th in  th e  m o lecu le  ab o u t a s in g le  

bond b eg an  w ith  th e  b ip h e n y ls .  Kenner ( £ . ,  19 2 2 , Glh) 

r e s o lv e d  2 ,2 * -d in i t ro -S ,6 * -^ d ip h e n ic  a c id  i n  a n  a t te m p t  to  

p ro v e  t h a t ,  a s  th e y  th o u g h t p o s s ib le  a t  th e  t im e , b ip h e n y l  

was a f o ld e d  m o le c u le . When t h i s  th e o ry  c o l la p s e d  th e  

o p t i c a l  a c t i v i t y  o f  s u i t a b ly  s u b s t i t u t e d  b ip h e n y ls  s t i l l  

h ad  to  be  ac co u n te d  f o r .  T^irner and  Le F e v re , B e ll  and 

Kenyon and M il ls  a l l  e x p la in e d  t h i s  a c t i v i t y  ee  r e s u l t 

in g  from  th e  b lo c k in g  o f  s u b s t i t u e n t  g ro u p s  w hich p re v e n te d  

th e  two r in g s  from  a c h ie v in g  c o p la n a r i ty ;  t h i s  m eant th e r e  

c o u ld  e x i s t  en an tio m o rp h o u s fo rm s. Muck o f  th e  fundam ent

a l  work on s u b s t i t u t e d  b i# % en y ls h as  b e e n  done by  T u rn e r  

and h i s  sch o o l i n  t h i s  c o u n try ,  and by  Adams and h i s  co 

w o rk e rs  i n  A m erica. ( G ilm an, O rgan ic  C h e m is try , V o l . I ,

PP* 7 -3 ^ 2 . Adame and Yuan, C hem ical R ev iew s, 1933 .

I g ,  2 5 1 .)

T here w ere o th e r  exam ples o f  compounds w hich  

owed t h e i r  o p t i c a l  a c t i v i t y  to  r e s t r i c t e d  r o t a t i o n ;  f o r  

exam ple M il ls  and l l i o t  ( £ . ,  1928 , 1291) found  o p t i c a l  

a c t i v i t y  i n  IWbenz ne © u lp h o n y l- 8 -n i t ro - l - n a p h th y lg ly c in e  ( I ) ,  

M il ls  and Kelhom ( J . , 1937, 27^0 i n  a  s u b s t i t u t e d  b en zen e  ( I I ) ,



T tirn er and  C a r r ie  r e s o lv e d  a s e t  o f  H -benzoy l-a ipheny lam ine*  

^ •^aa rb o x y lic  a c id s  o f  th e  ty p e  r e p r e s e n te d  by  I l l y  w h i l s t  

Adams and h i s  co -w o rk e rs  worked on a s e r i e s  o f  a c id s  

r e p r e s e n te d  by  IV. ( J 19^fly 1589)

I

rV
io

JL

Cit:

kj
IV

V

ÂB soon a s  th e  s im p le  s t e r i c  f a c t o r s  le a d in g  to  

asym m etric  m o le c u le s  o f  th e s e  v a r io u s  ty p e s  were e s t a b l i s h e d  

an  i n t e r e s t  d ev e lo p ed  i n  th e  v a r i a t i o n s  i n  th e  e a s e  o f  

r a c é m is a t io n  w hich were found  w i th in  s t r u c t u r a l l y  s im i l a r  

a e r ie s #  A ttem p ts  w ere made to  a s s e s s  o p t i c a l  s t a b i l i t y  

i n  te rm s  o f  th e  s i z e  o f  th e  i n t e r f e r i n g  groups# A lthough  

s t e r i c  f a c t o r s  a r e  n o t a lo n e  i n  d e te rm in in g  s t a b i l i t y  

th e y  p ro v id e d  a r e a s o n a b le ,  q u a l i t a t i v e ,  f i r s t  approx im a

t i o n ,  i f  riot o co m p le te  e x p la n a tio n #
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S tu d ie s  o f  th e  k i n e t i c s  o f  r a o e m is a t io n  o f  s t e r io f ? l ly

h in d e re d  compounds have b een  made u s in g  th e  A rrh e n iu s  e q u a t io n î

A

and th e  O la s a to n e , L e id ia r  and t y r i n g  a b s o lu te  r e a c t i o n

r a t e  th e o ry  e q u a t io n i

^  g-AB/RT gAf”*'-AB/RT AS /H  k  « t r a n s m is s io n  c o e f f i c i e n t
ta k e n  a s  1

K a  B oltzm ann’ s  c o n s ta n t  

(G la s s  to n e ,  La i d l e r  and  t y r i n g ,  h « P la n c k ’ s c o n s ta n t

The Tineory o f  H ate P ro c e s s e s ,  R « Oes c o n s ta n t

M cG raw -H ill, 19U1, p#197)

From th e  above e x p r e s s io n s  AE, th e  a c t i v a t i o n  ener^zy^ or* 

th e  en e rg y  b a r r i e r  o v e r  w hich th e  m o lecu le  m ust go to  i n v e r t  

i t s  c o n f ig u r a t io n ,  can  be  c a l c u l a t e d .  The A rrh e n iu s  

p r o b a b i l i t y  f a c t o r  A and th e  e n tro p y  o f  a c t i v a t i o n  f a c t o r  AS^ 

can  a l s o  b e  f a i r l y  s im p ly  e v a lu a te d *  The f i r s t  p eo p le  to  

u se  th e  A rrh e n iu s  e q u a t io n  f o r  r e s t r i o t e d - r o t a t i o n  r a o e m is a t io n  

w ere Kuhn end A lb re c h t ( A nnalen . 1927# hSB. 272) who w orked on

n i t r o d ip h e n ic  ac id s*  % ey  m easured  v e l o c i t y  c o e f f i c i e n t s  f o r

ra c é m is a t io n  a t  2 te m p e ra tu re s  and c a lc u l a t e d  AE th e  en e rg y  

o f  a c t i v a t i o n  w hich i e  sim ply  r e l a t e d  to  th e  e n th a lp y  o f  

a c t i v a t i o n  by  th e  e x p re s s io n s  Alf = AE -  RT

These f a c t o r s  AE, A, AH and A8 have b e e n  u se d  to  

d e s c r ib e  th e  o p t i c a l  s t a b i l i t y  o f  any p a r t i c u l a r  compound*



s

In  g e n e r a l ,  th e  l a r g e r  th e  v a lu e  o f  AK th e  more o p t i c a l l y

s t a b l e  th e  compound; b u t  t h i s  i s  n o t a lw ays so a s
t

som etim es th e  e n tro p y  f a c t o r  AB , o r  th e  ■- f a c t o r  to  

w hich i t  i s  d i î 'e o t ly  e qua t a b l e ,  have some p a r t  to  p la y  

i n  th e  o p t i c a l  s t a b i l i t y *  A q u a n t i ty  w hich i s  f r e q u e n t ly
f  T V

u se d  i s  AF , th e  f r e e  e n e rg y  o f  a c t i v a t i o n  and AF « AH -TAS 

AF  ̂ r e f l e c t s  th e  m easured  q u a n t i ty  k (k  « ^  e 

and t h i s  can  b e  r a i s e d  p e rh a p s  from  u n o b se rv a b le  to  

o b s e rv a b le  v a lu e s  by a l a r g e  n e g a t iv e  AO  ̂ f a c to r*  F o r 

exam ple M il ls  s a id  t h a t  he th o u g h t th e  lo w er l i m i t i n g  

v a lu e  ofAS, f o r  o b s e rv a b le  a c t i v i t y ,  m ust be  ab o u t iG kca l*  

mole**^ and y e t  th e  N -b e n z o y l-2 ’- f lu o ro -G -m e tî iy l-d ip h e n y la m in e -  

2 - c a rb o x y lic  a c id  was o b ta in e d  o p t i c a l l y  a c t iv e  i n  s p i t e  

o f  h av in g  th e  e x tre m e ly  low E v a lu e  o f  1 4 .9  kcal*mol©""^*

The f a c t  t h a t  t h i s  m o lecu le  showed o b s e rv a b le  a c t i v i t y  was 

a s c r ib e d  to  i t s  u n u s u a lly  l a r g e  n e g a tiv e  e n tro p y  f a c t o r  

o f  -20*9  e*u*

C agle and R y rin g  ( J^A*C*.q. .  1951# 22# 5628) drew 

to g e th e r  a g r e a t  d e a l o f  d a te  from  th e  a v a i l a b l e  s o u rc e s  

and c a l c u l a t e d  AH  ̂ , A and AS  ̂ v a lu e s  f o r  r a c é m is a t io n  

f o r  B number o f  compounds i n  an  a t te m p t to  show what k in d  

o f  s t r u c t u r a l  f a c t o r s  in f lu e n c e d  th e  e n tro p y  te rm  o f  th e  

a b s o lu te  r e a c t i o n  r o t e  e q u a tio n *
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R e fe re n o e s . 1 .  Kiihn and  A lb re o h t in n a le n . U58. 221 (1 9 2 ?)

2 . Kuhn and  A lb re c h t A n n alen . à5£» 272 (1927)

3» K ie tiakow eky  and Smith» 1 % 3 ,
(1936)

4 .  U  and 'dam s, J .A ..C ,S .. 1 5 SU, (1935)

5* Adam and  Kornblum , J ..A .C .8 . .  6 ? .  188, (1941 )

6 .  *1118 and  Kelham, 1937 , 2 7 4 .

7 . Adams and  G ordon, :I .A .C .,8 .. 2 ^ ,  2454 , ( l9 5 0 )

The id e a  was a  s t im u la t in g  o n e , b u t  i t  was f e l t  t h a t  th e  

d a ta  a v a i l a b l e  f o r  c a l c u l a t i o n  o f  th e  p a ra m e te rs  q u o ted  was

in a d eq u a te *  I n  some c a s e s  th e r e  w ere o n ly  two v a lu e s  o f  k
f

a t  d i f f e r e n t  te m p e ra tu re s  t o  p lo t  th e  g rap h  to  g iv e  AH *

The s o lv e n t  u sed  was o f t e n  d i f f e r e n t  f o r  a p a i r  o f  com pounds, 

making i t  d i f f i c u l t  to  draw v a l i d  co m p ariso n s a s  s o lv e n t  

u n d o u b te d ly  p la y s  e  s i g n i f i c a n t  p a r t  i n  some ra c é m is a tio n s *

Vo l a  Mare (P ro g re s s  i n  B te re o o h e m is try , Vol * I , B u tte rw o rth s  

S c i e n t i f i o  P u b l ic a t io n s ,  1954 , p#122) s a id  he th o u g h t th e  

a u th o rs  sh o u ld , ^Await a c o n s id e r a b le  e x te n s io n  o f  th e  

e x i s t i n g  in fo rm a tio n * ” These c r i t i c i s m s  w ere v r l l d  o n e s , 

b u t non© th e  l e s s  t h i s  w ork , i n  w hich th e  a u th o r s  made th e  

b e s t  o f  th e  d a ta  th e y  had  g a th e r e d ,  was v e ry  v a lu a b le  and  an  

encouragem ent to  f u r t h e r  ex p erim en t*



Moto d e t a i l e d  i n v e s t i g a t i o n s  a lo n g  th e s e  l i n e s  w ere 

made by B ro o k s, H a r r i s  and  H ew le tt ( l o c « c i t * ) in to  some 

!l-b en 2 5 o y ld ip h e rjy lam in a-2 -carb o x y llc  a c id s  and  in to  th r e e  

n i t r o - d ip h e n i c  a c id s  (£ # , 1957# 1 9 % ) ; b o th  s e t s  o f  

e x p e r im e n ts  y ie ld e d  noma i n t e r e s t i n g  r e s u l t s #  F o r exam ple 

w ith  th e  n itro -^ d ip h e n lo  a c id s :

r̂ Ox

Co. k Co, ti

Co.Ŵ cou

Nc.

The F .-va lues f o r  th e  r e c e m is a t io n  o f  th e s e  a c id s  

i n  sodium  c a rb o n a te  s o lu t io n  w ere found  to  b e  th e  same,

2 2 .6  k c a l.m o le ^  , w i th in  th e  l i m i t s  o f  e x p e r im e n ta l e r r o r#  

though  t h e i r  o p t i c a l  s t a b i l i t i e s  a s  m easu reo tb y  f i r s t  o r d e r  

v e l o c i t y  c o e f f i c i e n t s  l a y  i n  th e  s e r i e s  V II y  VI )> V# T h is  

in c r e a s e  i n  s t a b i l i t y  on a d d i t i o n  o f  a n itro ^ g ro u p #  i n  © 

p o s i t i o n  i n  w hich i t  can  have no s t e r i c  e f f e c t  a t  e l l #  was 

shown to  r e s id e  i n  th e  e n tro p y  f a c t o r  w hich was -1 6 # 3  e#u# 

f o r  V II th e  m ost s t a b l e  a c id ,  and  42 e#u# f o r  V th e  l e a s t  

s t a b l e  ©old#



u

The 1 ’ --hi n a p h th y l Ê a re  a s e t  o f  compoiincls s t n i c t a r a l l y  

s im i l a r  to  th e  2^2* -d iB u 'bstiti3 .ted  b ip h e n y ls  b u t  th e y  a re  n o t 

e x a c t ly  a n a lo g o u s . A number o f  s u b s t i t u t e d  l , l * - b l n a p h t h y l s  

have b e e n  r e s o lv e d ,  among them s e v e ra l  o f  th e  1 ,1 * -#b inaph thy l 

c a rb o x y l ic  a c i lB .  T here i s  an  i n t e r e s t i n g  s e r i e s  o f  th e s e  

a c id s  ( in c lu d in g  one h a l f  e s t e r ) î

M

V m ;

A oc

X(

A o c-

X

cô ff

XU

Judging  by  th e s e  d raw in g s , o r  by  c l a s s i c a l  m odels , and 

c o n s id e r in g  th e  o b s ta c le s  to  r o t a t i o n  a b o u t th e  1 ,1 * -b o n d , 

th e  e x p e c te d  o rd e r  o f  s t a b i l i t y  on th e  g ro u n d s o f  b u lk  o f  

i n t e r f e r i n g  g roupe w ould be* VIII > IX ^  X > XI >  XII. 
However, i t  ©earned from  th e  work o f  M eisenheim er and 

B eissw enger ( P e r . . 1932, 32) ^nd o f  H a l l ,  R idgw ell and
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T u rn e r  ( J # ,  2498) t h a t  X II was much more s t a b l e

o p t i c a l l y  th a n  IX a© ju d g ed  by r a t e s  o f  r a c é m is a t io n  a t  on© 

te m p e ra tu re  i n  aqueous sodium  h ydrox ide#  [ I t  h a s  b e e n  

found, i n  th e  c o u rse  o f  t h i s  work th a t  ev en  th e  m onoethyl 

e s t e r  V II I  i s  l e s s  s t a b l e  th a n  XXI i n  sodium h y d ro x id e  

s o lu t io n # ]

I f  th e  l , l* - b in a p h th y l-5 f5 * -^ d io a rb o x y l ic  a c id  i s  

c o n s id e re d  f i r s t ,  th e  o n ly  s t e r i c  h in d ra n c e  to  r o t a t i o n  i e  

t h a t  p ro v id e d  by th e  o v e r la p  o f  th e  h y d ro g en  atom s i n  th e  

2 -  end  8 - p o s i t io n s  w h ich , p e rh a p s , m igh t n o t seem a 

s u f f i c i e n t  b a r r i e r #  B e l l ,  Morgan and Smythe ( C h em istry  and 

I n d u s t r y .  1951 , 634) ©ay t h a t  s c a le  d ia g ram s show l i t t l e  o r  

no o v e rla p #  In  a p a p e r  by  B e ll  and  W aring (£ # , 1949, 1579) on  

l , l * - b i a n t h r y l ,  th e  o v e r la p  o f  th e  2* and 9 hydrogen  atoms^ 

w hich i s  th e  same a s  th e  2* and 8 hyd rogen  atom s i n

1 ,1  *- b in a p h t i iy l , i s  ©aid t o  b e  l e s s  th a n  0#2%# D e sp ite  

t h i s .  B a ll  and  W aring r e s o lv e d  1 ,1 * - b i a n t h r y l  (X I I I )  en d , 

a lth o u g h  th e y  d id  n o t m easure AE, th e y  r e p o r te d  t h a t  i t  

rao em ised  s f t e r  7 h o u rs  i n  b o i l i n g  ch lo ro fo rm #  T h is  

d e m o n s tra te s  re a s o n a b ly  enou^^ th a t  th e  b lo c k in g  p ro v id e d  

by  th e s e  h yd rogen  atom s i s  s u f f i c i e n t  to  cau se  o b s e rv a b le  

o p t i c a l  a c t i v i t y #  T here a r e  o th e r  exam ples o f  l , l * - b i n a p h t h y l s  

w ith  o n ly  h y d ro g en  i n  th e  b lo c k in g  p o s i t io n s #  K a p h th id in e  

(XIV) r e s o lv e d  by T J ie ila o k e r  and  Hopp ( B e r# . 1959 , 22., 2293) 

i s  s  good exam ple w hich h a s  a h a l f  l i f e  p e r io d  o f  th r e e  to
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f o u r  h o u rs  a t  room te m p e ra tu re  i n  a c e to n e  and o f

21#U kcal#mole**^# C raw ford  and Siaythe ( £ • ,  1952 , k l3 3 )  

r e s o lv e d  5 t5 ^ -^ d lq u in o ly l (XV) end Uf^4-***diquinolyl (XVI) 

whose h a l f  l i f e  p e r io d s  a t  room te m p e ra tu re  i n  

K -h y d ro o h lo r ic  a c id  w ere 2*5 h o u rs  and 1#3 h o u rs  r e s p e c t iv e ly *

T

N/H
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I t  vîotild seem t h a t  b ln a p h th y l  i t s e l f ,  h av in g  an  

esym m etric  m o leo n la r  s t r u c t u r e ,  c o u ld  be  e x p e c te d  to  

show o p t i c a l  a c t i v i t y  s t  o rd in a iT  te m p e ra tu re s  i f  a way 

co u ld  bo found o f  o b ta in in g  i t  o p t i c a l l y  a c t iv e *  ( i * ,  1950,

1 9 S3 ) .  . '

I n  view  o f  a l l  th e s e  th in g s  th e  s t a b i l i t y  o f  th e  

5 ,5 * - a c id  i e  n o t so s u r p r i s in g  a s  i t  ap p eared  a t  f i r s t ,  

b u t  r a t h e r  i s  i n  a cco rd an c e  w ith  t h a t  o f  s im i la r ly  

c o n s t i t u t e d  s t r u c t u r e s ;  i t  c a n  b e  re g a rd e d  a s  ’̂n o rm al” *

I t  th e n  becom es **normal** f o r  th e  2 ,2 * - a c id  (x )  to  b e  

much more s ta b le *

l , l '~ B in a p h th y l~ 8 ,8 * * d lC 8 rb o x y l lc  a c id  (IX ) and

1 ,1  * - b in a p h th y l -2 ,2 ’- d ic a r b o x y l io  s o ld  (X) a r e  g e o m e tr ic a l ly  

v e ry  s im ila r*  In  f a c t ,  i f  r a c é m is a t io n  i s  p ic tu r e d  a s  

ta k in g  p la c e  w ith  th e  -COgK group p a s s in g  H -, th e  two 

t r a n s i t i o n  s t a t e s  a r e  n e a r ly  i d e n t i c a l j

X

f  CO, H

14
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I /e e p lte  t h i s  a p p a re n t e i m i l a r l t y  t h e i r  o p t i c a l  s t a h i l i t i e s  

a r e  v e ry  d i f f e r e n t  indeed#  The h ig h  o p t i c a l  s t a b i l i t y  

o f  X h a s  b e e n  shown by  Kuhn and A lb re c h t ( AppaXen* 1928 , 

h 6 5 « 282) and by H a ll  and T u rn e r ( J # , 1955# 1242) who 

r e p o r te d  t h a t  i t s  r o t a t i o n  was unchanged a f t e r  b o i l i n g  i n  

ï^-m ethyl form am ide f o r  8 hours#  We have found  from  

s u rv e y in g  th e  l i t e r a t u r e  t h a t  ex trem e o p t i c a l  s t a b i l i t y  

i a  8 c h a r a c t e r i s t i c  o f  a l l  2 - s u b s t i t u t e d  o r  

2 ,2 ’- d i s u b s t i t u t e d  1 ,1 * - b in a p h th y ls#  Kuhn end O o ld f in g e r

( Aîpie3^en> 1929# 4 7 0 . 163) p re p a re d  and  re s o lv e d  2 ,2 * -d iam ino- 

l# l* - b in a p h th y l  XVII w hich was so o p t i c a l l y  s t a b le  i t  

u nderw en t r e a c t io n s  a t  200® and y e t  th e  a c t i v i t y  was 

r e ta in e d #  A n o th er compound 1 , 1 * - b in a p h th y l - 2 ,2 ’- d is u lp h o n ic  

a c id  ( X V III) was s y n th e s is e d  and r e s o lv e d  by  Armarego and 

T u rn e r  ( J # ,  1957# 13) nnd had  unchanged  r o t a t i o n  a f t e r  

10 h o u rs  a t  200® i n  aqueous sodium h y d ro x id e  i n  a s e a le d  

tube#

XVII
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T here a r e  many o th e r  exam ples such  aa  th e  compound made 

by S ta n le y  and Adams ( R eG .trav.C hem . .  I 9 2 9 , h 8 . 1035) 

2 ,2 ’ -d ih y d ro x y * * I ,l* -b im p h th y l-3 » 3 ’ - d io s r b o x y l ic  a c id  XIX 

and th e  su b e tan o e  p re p a re d  by th e  R u ss ia n s  J o f f e  and 

G rachev ( J.G en»C hem .# U .B .S .R # , 1935* 950)

2 ,2 * -d ih y d ro x y -* l,l^ * -b ln a p h tliy l-?> 7 *  d ls u lp h o n io  a c id  (XX)* 

Even s in g l e  2 - s u b s t i t u t e d  compounds show c o n s id e r a b le  

s t a b i l i t y ,  l i k e  2 -h y d ro x y - l , l* - b in a p h th y l  (XXI) w hich was 

p re p a re d  by B er son  and Greenbaum 1958 , â£* 553)

and whose h a l f  l i f e  p e r io d  i n  b o i l i n g  benaene was two 

days#

OH

’̂Kl

l , l * - B ln a p h th y l - ‘8 ,8 * - d ic a r b o x y l ic  a c id  (IX ) was 

o r i g i n a l l y  p re p a re d  and r e s o lv e d  by  S ta n le y  ( .  1931 , 

53* 31m )* b y  C o r b e l l in i  (A tti.G Q c a d .4 ln c e l . .  M , 702, 1931)* 

by M eisenheim er and B e issw en g er (B e r# , 1932 , 65* 32) and



l a t e r  by H a l l ,  R idgw ell and f t i r n e r  ( l o c . c l t # ) A ll th e s e  

w o rk e rs  s tu d ie d  a t  l e a s t  one r a c é m is a t io n  an d , a l th o u g h  

n o t a l l  u se d  th e  asme s o lv e n t ,  th ey  a l l  a g re e d  on th e  e a s e  

w ith  w hich t h i s  a c id  ra o e m ise d . T here w ere a t te m p ts  to  

e x p la in  th e  a p p a re n t anom aly by  R ldgw ell and  h i s  f e l lo w  

w o rk e rs  u s in g  th e  e l e c t r i c e l  f o r c e s  o f  th e  g ro u p s

on one a n o th e r  when th e  a c id  was d is s o lv e d  i n  sodium 

h y d ro x id e . I t  was a t  one tim e su g g e s te d  by B e l l  and 

Morgan ( £ • ,  1954 , 1716) t h a t  th e r e  m ight be  d i s s o c i a t i o n  

in to  f r e e  n a p h th y l r a d i c a l s  b u t  no f r e e  r a d i c a l s  w ere a v e r  

d e te c te d #

S ta n le y  made s n  o b s e rv a t io n  w hich  now seams p e r t i n e n t  

when he w ro te , “The d i f f e r e n c e  in  s t a b i l i t y  may be due to  

th e  f a c t  t h a t  th e  p e r i - ^ s u b s t i tu te d  c a rb o x y l g ro u p s i n  th e  

8 ,8 * - d i e s  rb o x y -1 ,1  *-b in a p h th y l  r e n d e r  th e  m o lecu le  more 

l a b i l e  and c a p a b le  o f  d i s t o r t i o n  th a n  when th e  c a rb o x y l 

g ro u p s a r e  i n  th e  2 ,2 * -* p o s itio n s * “

I t  was th o u g h t a t  th e  o u t s e t  o f  th e  p r e s e n t  work 

th a t  a c a r e f u l  i n v e s t i g a t i o n  o f  t h i s  problem  by f in d in g  

A end f o r  each  a c id  end i t s  a s t e r s  u n d e r  s t r i c t l y  

com parab le  c o n d i t io n s  m igh t shed  some new l i g h t  on th e  

m ystery#
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E x p e rim e n ta l

OPTICAI. WOHg AHS RE3DLTS.

The acids used in  the determ ination of raoeiaisation  

ra te  constants were obtained In o p tic a lly  a c t iv e  form by 

reso lu tio n  or by second order asymmetric transform ation of 

th e ir  a lk a lo id a l s a l t s .

The acid s wore a l l  f a ir ly  s ta b le  o p t ic a lly  at room 

temperatures and th erefore the decomposition o f th e ir  s a l t s  

was aooorapliehed quite sim ply. The a lk a lo id a l s a l t  was 

d isso lved  in  chloroform and t h is  so lu tio n  was then extracted  

with aqueous sodium hydroxide. The sodium hydroxide la y er  

was washed with chloroform and then with ether. Air or 

nitrogen  was blown through the so lu tio n  to  remove tra ces o f  

organic so lven ts and then the so lu tio n  could be used d ir e c t ly ,  

i f  th e racém isation ra te  was to  be measured in  sodium hydroxide; 

a lte r n a t iv e ly , the o p t ic a lly  a c t iv e  acid  could be p rec ip ita ted  

with d ilu te  hydrochloric ac id .

lîaoeraisation Procedure.

A ll polarim ater readings in  th is  work were taken on the  

mercury green l in e  5461 A.

Polarim eter measurements were made using a 2-dnn jacketed  

tube, except in  th e case of l ,l'-b in a iâ ith y l-8 ,8 '--d ic a r b o x y lic  

acid  when a 1-dm  tube was used. The temperature was kept 

constant by a fa s t  stream o f water c ircu la ted  round the p o lar i

meter tube by a Brown oirootherm pump from a la rg e  Dewar f la s k .
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This worked very w e ll fo r  temperatures above room temperature, 

but fo r  lower temperatures ic e  was added to  th e reserv o ir  by 

hand a t period ic in te r v a ls  to  maintain the temperature con tro l. 

To maintain the temperature below that o f th e room fo r  long  

periods o f time a more com plicated system m s  used. P u ll 

d e ta i ls  o f th is  are g iven  in  a paper by Harris and M itch ell 

( J . , I960, 1905) .  Using th is  apparatus the taaperature could  

be held  accurately  a t -  say -  15® fo r  long periods o f time -  

say -  20 hours. A standard thermometer was f i t t e d  in to  the  

stopper o f the polarim eter tube so th at the temperature o f th e  

so lu tio n  could be read tliroughout each experiment. The 

thermometer was read to  the nearest 0*1® with the a id  o f  a  

magnifying g la s s .  An aooum te clock marked in  minutes and 

100 parts o f a second was used and was always f u l ly  wound a t  

the beginning o f a r a te .

The ro ta tio n s  of a lk a lo id a l s a l t s  were u su a lly  taken in  

•Solvent X ', th at ia ,  chloroform which contains by volume 

o f ethanol. Some ra tes  o f  racém isation were taken in  N-H- 

dimethyl formamide bought from B.D.H. I t s  r e fr a c t iv e  index  

was found to  be 1*4230 at 20® (reported 1*4280 a t 25®) which 

seemed to  in d ica te  a good degree o f p u rity . Some ra tes  o f 

racém isation were taken in  0*1H sodium hydroxide, always taking  

care that there was enough sodium hydroxide present to  make 

th e  f u l l  sodium s a l t  o f  the a c id .
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The amount o f a c t iv e  acid  or ea ter  or o f a lk a lo id  s a l t  

used in  the racém isation varied according to  the magnitude o f 

the s p e c if ic  ro ta tio n  o f each p articu lar  one. (Accurate 

determ ination o f the s p e c if ic  ro ta tion  o f o p t ic a lly  la b i le  

a cid s i s  not p o s s ib le .)  At t  = 0 the so lven t was added and 

th e so lu tio n  f i l t e r e d  in to  the polarim eter tube. The teapera-- 

tu re o f the so lu tio n  was noted and readings were begun as soon 

as p o ss ib le  and were taken a t su ita b le  In terva ls  throughout the  

run u n t i l  the o p t ic a l  ro ta tion  became sm all. An observation  

was always made much la te r  to confirm that the ro ta tio n  had 

gone to  sere , which meant there were no tra ces  o f a lk a lo id  

p resen t.

The logarithm  o f the angle o f ro ta tio n  was p lo tted  aga in st  

the time and the slope o f the stra ig h t l in e  so obtained was 

used to  c a lc u la te  the ra te  constant, k , using the f i r s t  order 

ra te  equation -

y ^
( Haoeaisationa are u su a lly  f i r s t  order Kite p ro ce sse s .)  The 

ra te  constants obtained were, in  most ca se s , found to  be e a s i ly  

reproducible (th e  exception  being those fo r  1,1"-b in ap h th y l-8 -  

carboxylio acid  in  0*1H sodium hydroxide) but the f a s t e s t  ones 

were u su a lly  repeated to  ensure accuracy.

The K ite constants o f racém isation fo r  each acid  were 

taken over as wide a range o f temperatures as could conven iently  

be obtained. The range was u sim lly  40 to  50® and 8 to  10 rate  

constants at d iffe r e n t temperatures were obtained. The
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exception  here was l,l '-b in a p h th y l-5 ,5 '~ d ic a r b o x y lic  ac id  and 

i t s  dimethyl e s te r  in  dimethyl foimamide. Both had a t in y  

ro ta tio n  on the mercury green l in e  -  w ith in  th e  error of th e  

polarim eter -  although i f  some a lk a li  was added to  th e dimethyl 

formamide so lu tio n  a reading o f +0*5 was obtained. So in  t h is  

case a d iffer en t technique was employed which used more o f th e  

o p t ic a lly  a c t iv e  m ateria l and only three ra te  con stan ts a t  

d iffe r e n t tem pem tures were obtained. The technique i s  

described under the sec tio n  dealing with t h is  ac id .

The logarithm  of the ra te  constant was p lo tted  ag a in st  

the rec ip ro ca l o f th e absolu te temperature and good s tra ig h t  

l in e s  were obtained. The slope o f t h is  l in e  was found 

grap h ica lly  and a lso  using the method o f le a s t  squares g iv in g  

equal weight to  th e average r e su lt  a t each temperature. The 

slop e was used to  ca lcu la te  the constants o f the Arrheni^us 

equation «

k  .

The a c t iv a tio n  en erg ies obtained by th e two methods were found

to  agree quite w e ll.

The entropy o f a c t iv a t io n  was ca lcu la ted  using th e

Gladstone L aidler and Eyring equation -
-  2/RT K = Boltzmann

rate constant « e Ç e   ̂ h .  B la n T c o ^ ta n t
R a Gas constant

tak ing the transm ission  c o e f f ic ie n t  as 1 .

Throughout th is  work the energy of a c t iv a t io n  E w i l l  be referred  

to  as the E-value, the entropy o f a c t iv a tio n  a s  the S -value, th e  

iVrrheni^s A fa c to r  as th e A-value, and so on.
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Preparation o f (+•) and { - )  s a l t s  w ith  bru cin s.

The 1 ,1*-b in a p h th y l-8 ,8 •-d icarb oxy lio

ac id  ( I g . , IM) was d isso lv ed  in  a l i t r e  o f

b o ilin g  methyl a looh o l and th e so lu tio n

f i l t e r e d  h o t. Anhydrous brucine ( l* 4 g . , BI)

was d isso lved  in  40 oa methyl a lco h o l and added to  th e  so lu tio n

o f th e  a c id . Some methyl a lcoh o l was d i s t i l l e d  o f f ,  lea v in g

about 200 c .c .  o f  so lu t io n . Slow c r y s ta l l is a t io n  occurred to

g iv e  Ig . brucine (+ )~acid  as c o lo u r le s s , opaque prisma m.p.

260-275®, a -431®. M eisenheiaer and Beisswenger
5461

gave m.p. 255-262®, (yxj^  a  —395®.

The mother liq u o r  ims evaporated to  dryneea and th e  

resid u e d isso lved  in  700 c .c ,  o f  b o ilin g  e th y l a c e ta te . The 

so lu tio n  was f i l t e r e d  and the volume reduced to  about 200 c .c .

Ig . o f the brucine ( - ) -a o id  was obtained as co lo u r le ss  n eed les
Q  I— /~? 21*4 J* n  m.p. 220-250 , / ■x / „  ̂ » +483 . Melsenheimer and Beisswenger

5461 -,
( lo o , c i t . )  gave m.p. 223-234 , [ ^ « +377 .

The method o f obtain ing o p t ic a l ly  a c t iv e  acid  from th e  

s a l t  i s  g iven  on. p. '9 . The a c t iv e  acid

melted a t 320® (both forms) w h ilst th e in a c tiv e  a c id  m elted a t
A UJU-e

304-6 . These high m elting points^taken u sin g  an e le c tr o 

thermal apparatus. (Melsenheimer gave m.p, 304-6® fo r  th e  

in a c tiv e  a c id . )
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D é te rm in a tio n  o f  r a t e  c o e f f i c i e n t e  f o r  r a c é m is a t io n  o f  

( + ) end (#•) l , l* ^ b ira p h th y l< » 6 ,8 ^ - ‘dicax% 03£ylio a c id  i n  

K ,H-dlTnethyl form am ide*

Tempera
tu r e

°C

Time o f  
1 s t  r e a d 
in g  a f t e r  
w e ttiiiR  ,

F i r s t
r e a d in g

No* o f  
r e a d 
in g s

Time d a r 
in g  w hich  
r e a d in g s  

... ta k e n ........

90 h .5  mine ( - ) 1 .1 5 * 19 U m ins 96

8 5 .7 2 .9  " ( —)2.C 3 29 7 m ins 73

85 3 .5  " ( - ) 2 . 0 9 ' 30 8 m ins 67

8 0 .9 2 .7  " ( + ) 2 .0 2 ' 37 10 m ins 42

75 .2 2 .5  " (+ )2 .U 5° 35 17 m ins 24

6 9 .6 2 .2  " , (+ )1 .7 5 ° 35 20 mine 15

% .9 2 .8  " (+ $1 .59° 31 32  m ine 9 .5

60 2 .8  " ( + )2 .U ° 40 54 m ina 5 .7

5 5 .8 2 .0  ' ( - ) 2 . 7 2 ° 31 98 m ins 3 .8

50 2 .6  ■■ ( + ) 2 .0 6 ' 23 135  m ins 2 .1

U5.1 3 .4  " (-*)£. 24 22 200 rains 1 .3

UO 3 .5  '' ( * )6 ,6 9 34 185 la ins 0 .7 8

(The a c id  from  th e  h n io in e  (4 - ) -a c id  s a l t  gave a  

r o t a t i o n  i n  H,H^-dim©thyl form am ide b u t  a  ( f ) - » r o ta t io n  i n  0#1H 

aqueous ©odium h y d ro x id e  and yice-V fensa f o r  th e  a c id  from  

b ru c in e  ( •^ )-a o ld )»



Vr>



VI



u a-

Determinfttion o f the Arrhenius parameters A and and
f  '

the entropy o f a c tiv a tio n  AS and th e ir  paremeters#

T* lO^/T lOE^O^gec” ^

313.3 3.195 0,0782 5.89326

318.1 3.144 0,134 C. 12775

323 3 .096 0.211 5.32346

328,8 3.041 0,382 5.53218

333 3.003 0.559 S .75534

337.9 2.959 o .'2 :5 4 .97676

3!;2,G 2.919 1 .49 3.16202

348.2 2.872 2.38 3.37803

353.9 2.826 4 .2 6 3.62890

358. 7 2 .737 7 .28 3.86213

358 2.793 6*69 3,82558

363 2.755 9 .6h 3.93399

Tlie ho st s tra ig h t lin e  taken g raph loally  (see p# ^1 ) 

g ivesî

AE tt 22*26 keal*mole^^
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Method o f  l « s t  squares* [In tro d u ctio n  to  the Study o f

Ih y s lo a l Uhem istry, Hammett, p*!+10]

y m a + bx

b h

k .  Ae '

Lot X * 5 + log^^qkggg-l and y m 10^/T

the/ih » »k X 2 . ,30?
. E

-& » lo g - g A

« '  /  < Ü

Prom s t s t l s t l o a l  fclieoryj-

h a nZxy -  2x Zv n » number o f  p o in ts
n Sx^ -  (2x)^

In order to  g e t an aocurate r e s u lt  u s in g  t h i s  method i t  

1 b  n ecessary  to  use th e  v a lu e  o f  th e  r a te  con stan t taken  

to  6 decim al x>laoes, though in  r e a l i t y  t h i s  number o f  

p la c e s  has no s lg n lf ic a n o e *



2-9

T y X xy

3 1 3 3 , 1 9 4 3 8 0 . 8 9 3 2 6 2 . 8 5 3 8 6 6 0 . 7 9 7 9 1 3

3 1 8 . 1 3 . 1 4 3 6 6 5 1 , 1 2 7 7 5 3 . 5 4 5 2 6 8 1 , 2 7 1 8 2 0

3 2 3 3 .Ü9 5 9 7 5 1 .  3 2 5 + 6 4 . 0 9 7 3 9 9 1 . 7 5 1 5 4 6

3 2 8 . 8 3 . 0 4 1 3 6 2 v l . 5 8 2 1 8 4 . 8 1 1 9 8 2 2 . 5 0 3 2 9 4

3 3 3 3 . 0 0 3 0 0 3 1 . 7 5 5 3 4 5 . 2 7 1 2 9 1 3 . 0 8 1 2 1 8

5 3 7 . 9 2 . 9 5 9 4 5 5 1 . 9 7 6 7 6 5 . 8 5 0 1 3 2 3 . 9 0 7 5 8 0

3 4 2 . 6 2 , 9 1 8 8 5 5 2 , 1 6 2 0 2 6 , 3 1 0 6 2 3 4 . 6 7 4 3 3 0

3 4 8 . 2 2 , 8 7 1 9 1 2 2 . 3 7 8 0 3 6 . 8 2 9 4 9 3 5 . 6 5 5 0 2 7

3 5 3 . 9 2 . 8 2 5 5 5 6 2 . 6 2 8 9 0 7 . 4 2 8 3 6 7 6 . 9 1 1 1 1 5

3 5 0 . 7 2 . 7 8 7 8 iat 2 , 8 6 2 1 3 7 . 9 7 9 1 7 2 8 . 1 9 1 7 8 6

3 6 3 2 . 7 5 ( 4 8 2 0 2 . 9 8 3 9 9 3 . 2 2 0 3 5 5 8 . 9 0 1 2 1 ?

n a 11 

b «

.% AK = 21*94 koal.m ole"^

The two methocla o f  treatm ent o f  the exp er im en ta lly  d etera in ed  

f ig u r e s  g iv e  v a lu e s  o f  Ê which are vei*y c lo se *  H ie ir
•mlaverage va lu e la  22#1 k ca l.m ole  #

The oth er q u a n t it ie s  were c a lc u la te d  u sin g  the average 

value o f  E.



3 0 .

f
AS S» *9*1 e*u*

- 1  .  _ , .. * *  _  *AH « 2 1 .^ k ca l.m olo  A? = 24*5 k ca l.m ole

The h a lf  l i f e  p eriod  e t  50  ̂ la  87 minutes*

Some tim e a f t e r  th ese  measurements were made # when 

look in g  fo r  p o s s ib le  in d ic a t io n s  o f  d e v ia tio n s  from the  

simple f i r s t  order yrocesa , i t  was noted th a t the low est  

temperature p o in te  (marked X ùjkJ. Y on the graph on p* *̂ 7 )

were not e x a c t ly  on the lin o *  I t  was th e r e fo r e  decided  

to do some more d eterm in ations o f  ra te  c o e ff ic ie n t©  ©t 

lov/er tem peratures and so one was ca rr ied  out a t  29*9^ 

and y e t  another a t 14#1^» The one a t 11^*1  ̂ was very  

slow indeed and was kept running fo r  s ix  days* I t  could  

sa fe ly  be l e f t  fo r  9 o r  10. hours and would keep i t s  

temperature * t h i s  was u sin g  the apparatus designed  by 

Mr* H# M itch e ll ( |o c * ĉ i t * ) The logarithm  o f  the ra te  

con stan ts so obta ined  when p lo tte d  a g a in st the rec ip r o ca l  

o f  the a b so lu te  temperature showed a s l ig h t  d e v ia tio n  from 

the s tr a ig h t  l in e  (s e e  graph on pm 33 )# Tiie va lu e fo r

E obtained  by d r a w i n g  a new l i n e  (shown by a d o tted  l in e
•mlon the graph) was 21*8 k o a l* a o le  which i s  hard ly  

appreciab ly  d if fe r e n t  from th a t a lready ca lcu la ted #  I t  

may b e , however, th a t over a wide range o f  tem peratures,

15 90^ , th a t 1 i s  s u b t l y  temperature dependent and i t





mej not be j u s t i f ia b le  to  u se  t h i s  new l i n e .  I t  has 

been deolded th ere fo re  to  keep to  the f i r s t  d eterm in ation  

o f  B sa y in g  i t  a p p lie s  fo r  th e  tem perature range 43 -  90®.

32

Tempera
tu re .

Tim© o f
f i r s t
read in g

a at f i r s t  
read in g

M o.of Time over  
read- which i*ead- 
in g s  IngB were

. ... . I — mi

29 .9

14 .1

2

3

1 .34 '

1 .2 9

31 23 hours

26 120 hours

0 .2 5

0 .034

Temperature in  
degrees A bsolute

1 0 ^ /T

302 .9

289 .1

3 .301

3.483.

0.25

O.O3 J4

5 .4 0 6 3

6 .5 3 7 0
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3 0



Iioterralnatloia o f  ra te  c o e f f i c i e n t s  o f  racém isa tio n  fo r  th e  

( + ) - ! , l* -b in a p h t iiy i-8 ,8 '- ( i lo a r b o x j lio  a c id  in  O.IK aqueous 

sodium hydroxide.

Tempera- Time o f  
tu re  1 s t  read-

“c Ing

F ir s t
reading

Mo.
readings

Time over  
which read
in g s  taken

lO^fc

17 14 rains (+ ) 3 .5 ' 15 350 rains 0 .3 4 3

20 10 ‘ , (+ )3 .4 5 ° 16 245 " 0 .6 2 0

25 10 '• (+ )3 .1 0 ' 18 120 " 1 .3 3

29 22 " (+)2.59« 15 240 " 2 .5 6

35 12 (+ )3 .3 3 “ 18 65 " 5 .5 0

W 12 (+ )2 .2 6 ' 25 55 " 1 2 .3

?4i+.5 13 ' . (+ )2 .4 9 ' 18 27 " 2 0 .0

52 a ' , ( + )1 .8 2 “ 19 20 1, 5 0 .8

D eterm ination o f  ra te c o e f f i c i e n t s o f  racém isa tion  fo r  ( - ) -a c id

in  O.IH sodium hydroxide.

20 11 rains ( - )3 .0 3 ° 20 230 rains 0 .6 1 7

25 10 " { - )3 .2 2 * 18 135 * 1 .3 8

30 14 " ( - ) 3 .2  ' 17 85 2 .8 6

35 14 " ( —)4 .1 0 17 60 " 5 .7 4

42 10 >. ( - ) 3 .1 7 ° 20 54 " 1 4 .9

4 4 .5 10 " ( - ) 2 .4 2 ° 16 26 " 2 0 .0

50 10 " ( - ) 2 ,5 4 “ 20 25 " 3 8 .5

52 10 , ( - ) l . 9 9 20 20 4 7 .5
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D eterm ination o f  Arrheniue param eters A and AE and the  

entropy o f  aotiv& tion  

(a )  fo r  (+ ) aoid»

10^/T lO^sec""^ ^®®10^8©c“^

ÎÎ93 3 .413 0.0619 5 .7 7 9 7

298 3 .3 5 6 0 .133 ÎÏ.1243

302 3.311 0 .256 5 .4091

303 3 .2 4 7 0.549 ît. 74031

314 3 .185 1 .2 3 3 .0 9 0 6

317 .5 3 .1 5 0 2 .0 0 5 .3 0 1 0

325 3 .0 7 7 5 .08 5 .7061

)r ( - ) a o id .

293 3 .4 1 3 0.617 5 .7903

298 3 .5 5 6 0 ,138 # .1 4 1 8

303 3 .3 0 0 0 .285 # .4 5 5 8

300 3 .247 0 .575 # .7 5 9 6

315 3 .1 7 5 1 .4 8 5.1728

317 .5 3 .1 5 0 2 .0 0 5 .3010

323 3 .096 3 .8 5 3 .6770

325 3 .0 7 7 4 .7 5 3 .5849



5 7

The b e s t  s tr a ig h t  l in e  taken g ra p h ic a lly  (s e e  p# ) g lv e s t  

AE = 26*06 k cal.m ole~  fo r  the ( - ) a e iâ  and AS * 2 6 .0 7  koal.raole” 

fo r  the (+ )a c id .

tJsing th is  value fo r  AE# and and AS were ca lcu la ted #
A «a 10^5.2 ggg-1 e +9,2  e .u .

The h a l f  l i f e  p eriod  was 2 m inutes a t 52®.

[These were the f ig u r e s  g iven  in  a Note to  G h e m l s t r y  and

IM üSto» 1959 , 949* ]
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Mean square c a lo u la t lo n  fo r  both th e (+ ) and the ( - )  ©aid»

T° y X xy

290 3.^482758 0.5343118 1 .942454 0.2854891

293 3.4129692 0.7902852 2.697219 0.6245507

295 3.4129692 0.7795965 2.6607388 0.6077707

298 3.3557046 1,1420765 3.8324714 1.3043387

298 3.3557046 1.1238516 3.7713139 1.2630421

303 3.3003300 1.4557582 4.7978818 2.1163204

302 3.3112582 1,4090874 4.6658522 1.9855273

308 3.2467532 1.7595923 5.7129619 3.0961650

308 3.2467532 1.7402837 5.6502717 3.0285873

315 3.1746031 2.1725110 6.8940529 4.71893)^8

m 3.1847133 2,0906190 6.6580221 4.3706078

317.5 3.1496062 2.3010300 7.2473383 5.2947390

323 3.0959752 2.5838963 7.9996788 6.6765201

325 3.#769230 2 . 70612% 8.3265232 7.3208599

325 3.0769230 2.6769678 6.2368238 7.1661566

n m 16 Sy « 51.9990680 , ' a 27.56681^4

Sxy m 88 ,2389425
0 -

a 55.1544285

b a 0.17647

AE -  25 .93  kcal.mole'"^

AS +8 .6  e .u .
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1.1*-blnaiahth.vl-8.a*~:llcsr'bo?arlate

P r e p a r a t i o n  o f  th e  b r u c i n e  s a l t .

(Meiaonheiffier anti Beisawen^Ter ( la c « ,c lt« ) 

rsBolvod th ia  compound too» but by a d if f e r e n t  method»)'

The e t liy l hy^irogen l , l '-b in a p h th y l> -8 ,8 '-d le a r b o x y ls te  

(2»3g . » IM) was cilsaolvfed in  20 c» c . o f  b o i l in g  ethyl 

o e llo a o lv e  and was added to  anîjydrous bruoine (2 .6  g» , IM) 

in  5 0 . 0 .  e th y l c e llO e o lv e . The s o lu t io n  was f i l t e r e d  hot 

and then 15 o .o .  o f  hot w ater was added to  the f i l t r a t e .  

A fter  stand ing  fo r  some tim e, c r y s t a l l i s a t lo n  occurred .

3 .9  g . o f  c o lo u r le s s  prism s m .p. 193*  ̂ were o b ta in ed . This 

was a second order e%mmetrio tran sform ation  a s  805a o f  th e  

product oame out a s  one d iB stero isom er , “ -4 1 9 °

in  S o lven t X*

The a c t iv e  ecid »  m .p. 199** ( in a c t iv e  193-5**) had 

[ a j ^ ^ l  « -33G .I in  N»N-aimethyl formamlde.

Meiseniieimer and B eissw enger ( l o o .c i t . ) sa id  the  

s a l t  eintei% d a t 1 3 0 ° , bubbled a t 140° and f i n a l ly  m elted  

a t 210°, [a ]^ °  a t3 5 2 ° . They gave [u jg  « +405° fo r  th e  

fr e e  a c id  in  sodium hydroxide.

T his a c id  g iv e s  a (+ )v e  r o ta t io n  in  sodium 

hydroxide and a ( - ) v e  one in  K .B-dim ethyl formamlde.
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D e te rm in a t io n  o f  r a t e  o o e f f i o l e n t e  f o r  r a c é m is a t io n  o f  

e t i iy l  h y d r o g e n ~ l , l '- l 5 l n a p h t h y l - 8 ,8 * - d l c a r b o x y l a t e  i n  

H ,H -a im e th y l fo rm a m ld e .

Tempera
tu re ik

Time o f  F ir s t  N o .of 
1 s t  read- read ing  read in gs

Time o v e r  
which

‘c in g  u
mm tcfc Ci 1 read ings

3 0 .3 4 ( - ) 1 .9 9 ° 25 186 mlns 0 .785

3 5 .4 3 ( - ) l . S l ' 24 145 mlns ' 1 .3 1

41 3 (-> 1 . 92 ' 35 106 mlns 2 .4 6

45 4 (-)1 » 9 6 36 71 mine 3 .7 9

5 0 .7 2 ( .)1 .7 6 " 45 44 mlns 6 .7 0

55 4 ( - ) l . 9 l ' '  • 47 32 mlns 1 1 .1

60 4 ( —)l.9@ 42 22 mlns 1 8 ,6

®4.7 4 ( —) l .4 6 37 16 mlns 2 9 .0

70 .3 . 4 ( - ) 1 . 7 7 “ 26 8 mlns 4 7 .1

7 5 .5 3 ( - ) 1 .3 2  ' 27 5 mine 7 5 .3
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D eterm im tlon  o f  the Arrhenius parem eters A and AS and 

the entropy o f  a c t iv a t io n  AS

T® 10-Vt ^®Sl0^86C
303 .3 ,0 . 6^85 T."^95T
3a8 .il. 3 .243 0,1312  • 4.1179
314 3.185 0 .246 4 .3913

313 3 .1 4 5 .0.379 4.5784

3 23 .7 3.089 0 .670 4.8263
328 3 .0 4 9 1 .11 3.0461

333 3 .0 0 3 ,1 .8 6 3.2702

337.7 2,961 2 ,9 0 5.4624

343 .3 2 .2912 ,4.71 3 .5727  '

348.5 2 ,8 7 0 ,7.53 5.8768

The b e s t  s tr a ig h t  l in e  taken g ra p h ica lly  g iv e s t

AS « 21 ,68  k ee l,m o le «X ( s e e  p , 4 5  )

• i-V"



//V h i forma

I X  3 3

lA a<^aeousO'fA/So

HO

k-3o



Mean square o e lo u la tio n *

0
T y X xy x2

3 03 .3 3.297065 0,89508 2.951137 0.801168

308 .4 3.242542 I . H 809 3.625451 1.250125

31f+ 3.184715 1.39124 4.430700 1.935549

318 3.1M+655 1.57857 4.964056 2.491883

325 .7 3.0892800 1 .82629 5.641921 3.335335

328 3.049780 2.04626 6.238596 4.187180

333 “ 3.003003 2.27035 6,817868 4.187180

337 .7 2.967359 2.46237 7.306736 6,063266

3 43 .3 2.912904 2.67275 7.782791 7.143593

3 48 .5 2.369440 2 .87680 8.254805 8.275978

n » 10 Sy » 30.759740 2x = 19.13730

Sxy B 58.014064 Ix^ .» 40.638566 -

AE » 21.51 k ca l.m ole -1

The average va lu e o f  AE from th ese  two methods i s  21 .597  k o a l.

A .  B.O-*

» **S*39 0$u#
AĤ  m 2 0 .95  k oal.m ole’  ̂ AP^» 23.71 k oa l.m ole”^

The h a lf  l i f e  p eriod  a t  50*7° i s  18 mine*
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D e te rm in a t io n  o f  r a t e  c o e f f i c i e n t s  f o r  r a c é m is a t io n  

o f  e t h y l  h y d ro g e n  l f l ’ -b in a p h th y l-» 8 ,B * ^ a ic e rh o x y l© te  I n  

O .IN  aq u eo tis  sodium  h y d ro x id e #

Tempera
tu re

Time o f  
l e t  read
in g

F ir s t
reading

No. O f
r e a d -
in g

Time during  
which read
in g s taken

4 0 .3 16 ( f )2 .2 4 ° 24 180 0.109

4 5 .5 16 (+ )2 .2 6 ' 24 130 0.211

4 9 .3 16 (+ )1 .79° 27 58 0.354

54 .5 15 (+ )1 .44 ' 41 40 0.653

60 17 (+ )2 .2 3 “ 41 25 1 .20

64 .2 19 (+ )2 .1 6 ' '42 20 2 .22

69 .1 20 (+ )1 .8 2 ° 34 1 3 .6 3 .49

7 4 .9 16 ( + ) 2 .2 l ‘' 28 7 6 .54

8 0 .4 26 { + ) l .2 6 25 3 .5 12.1



/
/
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D éterm ination o f  Arrhaniue parem eters and the entropy  

o f  a c t iv a t io n  AS*' fo r  e th y l hydrogen l , l* -h in e |3 it / ty l-8 ,8 '-  

d io arb oxy la te  in  0 .1^  acjueoue eodium hydroxide*

T* 1 0 ^ /T ^®«10^sec“^

313*3 3 .192 0.109 5 .0 3 8 0

3 18 .5 3 .140 0 .211 5 .3 2 3 7

3 2 2 .3 3*103 0*354 5 .5490

327 .5 3 .053 0.653 5 .8148

333 3*003 1 .2 0 3 .0786

337 .2 2 ,9665 2 .22 3 .3464

342 .1 2 .9230  ^ 3 .4 9 3 .5425

3 4 7 .9 2*874 6 .4 5 3*8153

3 5 3 .4 2*830 12 .1 ?*081U

The b e s t  etrm lfdit l i n e  taken  g r a p h ic a lly  g iv e s :  

AB m 25»6k  kcals.m ole*’  ̂ ( s e e  p* 4-  ̂ )



Mean square o a lcu la t io ru

6̂  /

T y X xy x2

313 .3 3.191828 1 .03702 3.312543 1,07707

318 .5 3.139717 1 .32366 4.155918 1.752076

3 2 2 .3 3.102699 1.54900 4.806081 2.399401

327 .5 3.063453 1 .81478 5.541313 3.1293426

333 3.003003 2.07682 6.242703 4.321493

337 .2 2.965599 2.34635 6.958333 5.505358

342 .1 2.923121 2.54245 7.431889 '64464052

347 .9 2.874388 2.81551 8.092296 7.925970

353 .4 2.829654 3.08135 8.719154 9.494718

n  « 9 2y X 27 .083445 2x X 16 . 58954

2xy « 55.260230 \ 7 T  » 42.233564

.*. b  » -6 .1 2 6 7 1 4

3 4 .5 3 1 0 7 9

AS B 25 .79  kcal.fflo le -1

Thus th e average va lu e fo r  K ' ie  25.71 k c a le .o o le
A .  10^3.97 g g g -l

68 # +3#2 e*u#
 ̂ *1 ^ w*T

AH X 2 5 .0 6  k oal.m ole"  AP = 2 4 .4 0  k ca l.m olo”" 

and th e h a lf  l i f e  p eriod  a t  4 9 .3 °  i s  33 m inutes.
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[Ü a a tW ,  l i l ' - b im B .h tfta :I~ 3 .8 * -.d l0 A P b c> x y la te . Co. CM

This e s t e r  «bs oh te iaeà  In  itB  gj^pctro*. and loeyp- 

ro te to ry  forme by the method deeorlhed in  the  experimental 

sy n th e tic  se c t io n  (p . ) .

j j u b a a t c x *

Determ ination of r&to cons tan ts  fo r  recEm isatlon in  

^-dimethyl formamide»

Tempera
tu re u

"A

Time o f  
l e t  read
in g

F ir s t
reading

Ro. o f
readings

Time 
during  
which  
read in gs  

..take;n ,

3 0 3 .2 4  mine ( - )1 .2 0 ' 17 2h7 mine 0.562

3O8 4 mina ( - ) 1 .3 9 “ 22 190 mine 0 .978

313 .2 4 mina ( “ )1 .2 7 ° 23 140 mine 1 .8 3

318 4 mina ( - ) l .4 1 ° .2 5 92 mins 3 .0 2

3 2 2 .8 3 mina (- )1 .6 3 ° 37 66 mins 5 .24

327 .9 3 mine ( —)1 .0 27 30 rains 8 .68

333 .2 3 mina C -)o.70° 21 18 mine 1 5 .5

337 2 mine ( - ) l . 4 2 28 15 rains 22 .1

343,1 4 mina ( - ) 1 . 5 3 ” 30 8 mins 4 0 .5

347 .8 4  mine ( - ) 1 .1 5 ” 18 4 mins 5 8 .3







D e te rm in a t io n  o f  th e  A r r h e n iu s  p a r a m e te r s  A a n d  AE and  

th e  e n t ro p y  o f  a o t l T a t i o n  AS

10^/T ^ ^ lO ^ f ie e " '^

303 .2 3 . 29a 0.562 3.71+99

308 3 . 21+6 0.978 3 .9903

312 .2 3 .193 1 .8 3 I+.2625

318 3 . 11*5 3 .0 2 Î+.1+796

3 2 2 .8 3 .0 9 8 5.21+' . C .719I+

3 2 7 .9 3 .050 8 .68 Î+.9385

333 .2 3 .001 1 5 .5 5.1892

337 2 .9 6 7 22 ,1 5 . 31*51 '

3U3.1 2 .915 1+0.5 5 .6076

3U7.8 2 .875 58 .3 3 .7656  *

The "best e t r e i g h t  l i n e  t a k e n  g r a p h i c a l l y  ( s e e  p ,^ 7  ) g iv e s s

» 22*15 kcal*m ole“^



Mean square c a lc u la t io n

T y X x y x 2

303 .2 3.298153 0 . 71+93797 2.1+7351+77 0 . 5621+695

308 3 . 21+67532 0.9903553 3 . 2151+392 O.O98O8O36

313.2 3 . 19281+80 1 . 2621+606 i+. 03081+1+8 1.5938067

318 3 . 11+1+651+0 1.1+796185 1+; 5528882 2 . I 892709

322 .8 3 . 0978931+ 1.7191+398 5. 32661+12 2.9561+732

327 .9 3 . 01+97102 '  1 . 938551+7 5.9120300 3 . 757991+3

333 .2 3 . 0012001+ 2.15921+76 6.57037077 I+.7928O50

337 .2 2.96?599« '  2 . 31+51521 6 . 951+7807 5. 1+997383

31+3 .1 2 . 911+6021 2 . 607591+1+ 7.6001001 6.79951+85

31+7 .8 2.8752156 ' 2 . 7656251+ 7.9517692 7 . 61+86838

Sx » 18.0L+80281n = 10 Sy = 30.7866289

Sxy = 51*. 6881+118 Sx^ = 36.7815938

■b = - 0 . 20800501+

-1

-1

/♦ AE = 21 #99 kcal#m ole

The average value fo r  AE la  22#07 kcal#m ole

A . i o l l - W  . . 0 - 1 AS w «**7 e #u#

AĤ  » 21 . 1+0 kcal.raole"^ Af"̂  = 23 .88  k ca l.m o le”  ̂

The h a l f  l i f e  p eriod  a t 1+9*8® i s  22 m ine.
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Determ ination o f  the rate c o e f f ic ie n t s  fo r  racém isation  

fo r  (-)d im eth y l l,l*-*^binaphthyl 8#8*#^dloarboxylate in  

NfN«^dlmethyl formamida#

Tempera
ture io

V

Time o f  
l e t  read
in g

l e t  Ho 
reading readings

Time during  
which read
in gs taken

29 .9 2 mine {+) 0 .99  ° 20 360 0.555

3 9 .7 3 mine (+ )0 .7 9 °  20 113 mine* 1 .4 6

k5 2 mine (+ )0 .69"  20 73 mine# 2 .82

U9.8 3 mine (■*-)D,76“ 20 50 mina# 4 .9 4

54 .7 4 mine (+ )0 .8 0 °  26 28 mins# 8 .4 7

60 3 mine (+ )1 ,1 2 °  28 18 mine# 14 .2

64 2 mine (+ )0 .8 3 °  25 13 mins# 21 .8

D eterm ination o f  the Arrheniue con stan te A and AE and the

entropy o f  a c t iv a t io n  |tS^

T® 10^/T ^®%0^eec“^ -

302.9 3 .301 . 0 .555 5.7441

312 .7 3 .197 1 .4 6 5 .1648

318 3 .145 2 .82  . 5 .4502

322,8 3 .098  - 4 .9 4 5 .6935

327 .7 3 .052  , 8 .4 7 5.9281 ■ '

333 3 .003 1U#2 3.1523

337 .4 2 .964 /  21 .8 3 .3390





The b e s t  s t r a i g h t  l i n e  draw n g r a p h ic a l ly  ( s e e  p* ^7  ) g iv e s?

AE « 21m9k koal*mole**^

Mean sq u a re  c a lc u la t io n »

T° y X xy x2

302*9 3*3014190 0.7420571 2,Ji498414 0*5506487

312.7 3.197953 1.1649631 3.7248576 1*3566731

318 3*44654 l*45oi2tv91 4.5605316 2*1032224 '

322.6 3.097893 1*6955027 5.2462851 2.8679514
*

327.7 3.051571 1.9280633 5.9634835 3*8190301 ,

333 3*003003 2,1523437 6*4634945 4,6325834 • v i. / i
337.U 2.963841 2.3390278 6*9325065 5*4710510 : //"j: J

n « 7 2x a 11*4700068 2y a 21.760334

Zxy a 35.2611387 2x^ a 20*6995581 S

h a .*20720151

« • * AE SB 22#08 k e e l#  mole*»̂1

•̂ 1The av e ra g e  v a lu e  o f  AE i s  22*01 k o a l .m o le "

A a  Beo”^ AS » -7 * 6  e . u .  AP «  23*87 koal*raolê^

All = 21*ij.O koal*m ole“ ^ H a lf  l i f e  p e r io d  a t  U9*8®
I s  23 m in u tes*



(>1

a d d #

F ro p a t* s tio n  o f  b ru o ln e  s ^ l t  (M ell# E id g w e ll 

ond T urner#  J# # 1 9 5 ^» 2 4 9 8 ) .

The l,l*~ 'b lnnph thy l-«5#5^*»8 ic® rboxy lic  a c id  (1#4 g$ ,

1 M) and anhydrous "brucine ( 3#2  g## 2 M) were d is s o lv e d  i n

80 0 . 0 # o f  e th y l  c e l lQ s o lv e  and th e  s o l u t io n  f i l t e r e d  h o t .

To t h i s  h o t  f i l t r a t e  w ere added 160 c . c .  o f  h o t w a te r .

3 #3 g . # o f  th e  b ru o ln e  s a l t  c r y s t a l l i s e d  a s  f a i n t l y  y e l lo w ,

n eed le^ lilc©  p r ism a , m .p . 198 - 2 0 0®, i n

s o lv e n t  X. [R id g w all ( l o c . c i t . )  gave i n
20c h lo ro fo rm  f o r  th e  s a l t  and « +5 6 ,6  f o r  th e  a c id  i n

sodium  h y d ro x id e . J The a c t i v e  a c id  had  m .p . 367® ( i n a c t i v e  
17 ^

360  ) and ® +6 8 .8  i n  d im e th y l form am ide

D e te rm in a tio n  o f  r a t e  o o e f fm c ie n ts  i n  H ,N -d im ethy l form araide.

The r a t e  c o e f f i c i e n t s  c o u ld  n o t be  found  i n  th e  

u s u a l  Way a s  th e  a c id  had  v i r t u a l l y  no r o t a t i o n  on th e  

m ercury  g re e n  l i n e  i n  m ethyl fo rm am ide, a l th o u g h  i f

a l k a l i  was added  th e r e  was a  r e a d in g  o f  +0 .5  and th e r e f o r e  

a d i f f e r e n t  te c h n iq u e  was a d o p te d . The r a t e  was c a r r i e d  

o u t i n  H ,N -d im ethy l form am ide b u t  r e a d  i n  O .IF  aqueous 

sodium  h y d ro x id e . A c o n c e n tr a te d  s o lu t io n  o f  th e  a c id  

i n  N ,M -dim ethyl form am ide was made and 5 c * c . o f  i t  w ere 

p i p e t t e d  i n t o  each  o f  1 0  am pou les, w hich were s e a le d  and 

p la c e d  i n  a th e rm o s ta t .  They were ta k e n  o u t a t  tim ed  i n t e r v a l s



and p lu n g e d  in to  a f r e e z i n g  m ix tu re . m e n  th e y  were ic e  

co ld  15 c . c .  o f  c o ld  0 .1  aqueous soditus h y d ro x id e  was 

added  from  a b u r e t t e .  T h is  s o lu t io n  was f i l t e r e d  in to  a 

p o la r im e te r  tu b e  th e rm o s ta te d  a t  15®. Thus th r e e  r a t e  

c o e f f i c i e n t s  were o b ta in e d  o v e r  a  te m p e ra tu re  ran^^e o f  20®.

Tempera
tu re

Time of 
1st r e s t 
ing

F ir s t  Number 
reading of

readings

Time during 
which read", 
inga taken

50® 20 MmS { + )0 ,42S‘’ 9 . , 2151H1..5 0.425

60® 25 - (+)0.462° 9 135 " 2.94
70® 21 " (+)0.420" 3 37 - 6 .17

Determination of the Arrhenius perameterE. A and AE 

and entropy of a c tiv a tio n  AŜ

T® ICp/T ‘

323 3.096 0 ^ 2 5 5.9664

333 3.003 2.94 5.4690

343 2.915 8 ,17 5.9120

-1

Tlri© b e s t  s t r a i g h t  l i n e  ta k e n  g r a p h ic a l ly  ( s e e  p .  (,3 ) g iv e s :

' ■ AS e 2ij..28 • fccal.JEO ls"^ '



ef)

fk i  for W#f- ^«KcAjl
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Mean square oa lou le tion i

T”

3 2 3

333

3 U 3

3.0959752
3.003003

2.915U518

X

0 .9 6 6 3 8

1.U 689i|

1 .9 1 2 0 1

xy

2.991888

■4 .U I I 2 3 I

5 .5 7 4 3 7 3

x«

0 .9 3 3 8 9 0

2.157785

3.655782

n » 3

Zxy B 12. 977+92

2 x  m  4 .34733 Sy = 9*0144300

Sx'" B 6.747457

b = =0,25.$,82,&
1 .3 4 3 0 9 3

•*. AS B 23.99 koal.m ole-1

The average value o f AS l e  24.13 koal.m ole-1

A B 10^2*29 

AH 8 23 .47  kcal.iBole ^

A8^

' AP « *4 .95  kcal.m ole

The h a ïr  l i f e  period a t 50^ i s  272 minutes#



D e te rm in a tio n  o f  th e  r a t e  o o e f f i c i e n t e  f o r  r a c é m is a t io n  

o f  lf l* -b in r ip h tî i3 r l-5 # 5 ’-"d ie a rb o x y lio  a c id  i n  O.IN aqueous 

sodium  liyd rox ide#

Tempers' 
t u r e  i \

Time o f  
1 s t  r e a d 
in g

F i r s t
r e a d in g

No# o f
r e a d in g s

Time
d u r in g
w hich
re a d in g s

46 19 mins (+ )0 .7 7 ' IS 310 mine» 0 .7 0 5

50 19 mine (+ )0 .6 1 ' 10 2l).8 mine. 1 .22

5k,3 22 1̂1 “5- (+ )0 .62° 11 100 mine. 2 .2 7

59 22 mine (+ )0 .33 ' 10 83 mine. 3 .63

65 19 |K lllf. (+>0.47" 11 40 mine. 6 .75

70 16 rtMiii. (+)0*i,9 15 30  mine. 10 .6

73 15 /»un i . (+)0»64 l6 10 mine. 16 .7

79 22 ( + )0 .42  ' 16 3 mine. 3 0 .4





é7

D eterm ination o f  Arrhenius parameters A and AK and the  

entropy o f  a c t iv a t io n  AS

T® 10^/T 1““ ^®8l0^seo-^

319 3 .135 0 .705 5.8479

323 3 .096 1 ,2 3 5.0859

3 2 7 .3 3 .055 2 .2 7 5 ,3559

332 3 .012 3 .6 3 5 .8597  ,

338 2 .959 6 .7 5 5 ,8292 .

343 2 .915 10 ,64 5.0262 ,

346 2 ,890 16.74 3 .2 2 3 7 ,

352 2,841 3 0 .4 3,4822 ,

The h ea t s tr a ig h t  l in e  taken g ra p h ica lly  (s e e  p . 6» )

g iv e s :

AS m 24*91 k oel.m ole”’̂
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Mean s q u a re  c a lc m la t lo n #

T y X xy x2

319 .2 3.13283 0.84794 2.6564 0.71990

323.2 3.09406 1.08884 3.35757 1.18557

327 .5 3,05344 1.35603 4.14056 1.83882

332.2 3.01023 1.55967 4.69497 2.43257

338.2 2.95683 1.82918 5.40857 3.34589

343.2 2.91375 2.02612 5.90361 4.10516

346.2 2.88850 2.22376 6.52333 4.94511

352.2 2.83929 2.48216 7.04757 6.16112

n « 8 Zy = 23.88893 Zx a 2 4 .

Sxy » 39*6U2S3 Sx « 13*41370

b  « "^#183844

/# AE m 24*89 koal«mole -1

-1The average value o f  AE I s  24*90 k e e l«mole

A e icr*-2*935 aeg-1 .  -1 ,5^ e .u .

ah'*" a  2 4 .2 5  kool.m ole*^
o

AP̂  * 24 .74  k ea l.m ole”^

The h a lf  l i f e  period a t 50 i s  94 m inutes.



7 0

Plmethjr'l I.l*-'blnaT;hth.vX-;>. 5*~alai^»box.vlate.

T h is  e s t e r  w as o b ta in e d  i n  on  o p t i c a l l y  a c t i v e  

form  by  th e  m ethod d e s c r ib e d  i n  th e  e x p e r im e n ta l  s y n t h e t i c  

s e c t i o n  ( s e e  p* ) .

T h is  e s t e r  a l s o  gave a  s m a ll  r o t a t i o n  i n  d im e th y l 

fo rm om ide, 0#1 g# d i s s o lv e d  i n  20 c .c #  gave a  r o t a t i o n  o f  

♦0*05» w hich  i s  much b e t t e r  th a n  t h a t  th e  a c id  gave  i n  

t h i s  s o lv e n t#  I t  was d e c id e d ,  t h e r e f o r e ,  to  make up  e 

c o n c e n t r a t e d  s o l u t i o n  and  c a r r y  o u t  th e  r a t e  c o n s ta n t  

d e te r m in a t io n  n o rm a lly #  As somuch m a te r i a l  was u s e d  i n  

e a c h  d e te r m in a t io n ,  o n ly  th r e e  d e te r m in a t io n s  o f  th e  r a t e  

c o e f f i c i e n t  c o u ld  b e  made#

D e te rm in a t io n  o f  r a t e  c o e f f i c i e n t s  f o r  r a c é m is a t io n  

o f  t h i s  e s t e r  i n  N ,H -d im etliy l form am ide#

Tem pera
t u r e  irx

» c

Time o f  
l e t  r e a d 
in g

F i r s t
r e a d in g

Ho# o f  
r e a d in g s

Time d u r
in g  w hich  
r e a d in g s  
ta k e n

hS,9 4  m ine 0#52 ' 18 2 3 7  m ins 1 .0 3

59 2 rains 0 . 3 3 ' 1 5 78  m ins 3 .3 3

69*8 2 m ins 0 . 2 9 2 ^ 1 3 29  m ine 9 .7 6



p
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Determine)tion o f  the Arrhenius parameters A and AE 

and the entropy o f  a c t iv a t io n  A3

1 0 ^ /T ^ « lO ^ s e c - ^

3 2 1 .9 3 .1 0 6 1 .0 3 2 5 .0 1 5 1

3 32 3 .0 1 2 3 .3 3 5.5222

32*2.8 2 .9 1 7 9 .7 6 5 .9892

The b e s t  s tP B lg h t  l i n e  ta k e n  g r a p h i c a l l y  ( s e e  p .  7 /  )

g i v e s 1

AS = 21*.Oh k o a l .m o le ”^

Mean sq u a re o a l c u l a t l o n i

0

T y JC 2
x y  X

3 2 1 .9 3 . 106552*8 1 . 0 1 3 7 1 3 )* 3.11*91562 1.027611*8

3 3 2 3 . 0120)481 1 .5 2 2 2 0 1 6 h.58h9l*W* 2 .3 1 7 0 9 7 1

32*2 . 8 2 .9 1 7 1 5 2 8 1 .9 8 9 2 3 7 5
k f t

5 .8 0 2 9 0 9 1  3 .9 5 7 0 6 5 8

n  = 3 Sy a 9<.0 3 5 7 5 5 7 2x » 1*. 5 2 5 1 5 2 5

2xy « 13.5370097 P
7.397777

b  «

## AE « 23#5U koal.m ole -1

The average value fo r  AE from th ese  c a lc u la t io n s  i s  

23.78  k ee l.m o le ’ ^

A = 10I 2 .159  g@q-l AŜ  » - 5 .09  e .u .

AP̂  » 2U.77 k oal.m ole“  ̂ » 23.12 kcal.m ole"^

The h a lf  l i f e  period  a t U8.9 la  112 m inutes.



7 3

R e s o lu t io n  v i a  th e  b r u c in e  s a l t *  (M e isen h e im er 

and  B e iesw en g er^  B e r* . 1932» 32)*

The a c id  (1 * 3  8## IM) an d  b r u c in e  (2  g*» IM) w ere 

d i s s o lv e d  i n  50  c*c* e t h y l  a c e t a t e  w i th  g e n t le  warming* 

The volum e was re d u c e d  t o  a b o u t 30 c*c* and  th e  s o l u t i o n  

was a l lo w e d  t o  c o o l when 6 d ro p s  o f  aq u e o u s  m e th y l 

a lc o h o l  ( 1 : 1 )  w ere added* On s c r a t c h i n g  2*1 g* f i n e
O ^73

W hite  n e e d le s  c r y s t a l l i s e d  m*p* 1 5 0 -1 5 5  * = -159*2*

R e s o lu t io n  v i a  th e  s t r y c h n in e  s a l t *

The a c id  (0 * 5  g#* IM) and  s t r y c h n in e  (0*56  g*» 

I lf )  w ere  d i s s o lv e d  b y  h e a t i n g  i n  a lc o h o l*  T h is  c l e a r  

s o l u t i o n  was th e n  e v a p o ra te d  to  d ry n e s s  and  th e  r e s id u e  

c r y s t a l l i s e d  from  25 c*c* o f  a c e to n e *  The f i r s t  c ro p  

was 0*6 g# o f  c o l o u r l e s s  c l u s t e r s *  ra*p* 227-23^^*

[ a j g ^  > -250*



r^.

D e te rm in a tio n  o f  r a t e  c o e f f i o i e n t s  f o r  r a c é m is a t io n  o f  

l t l* -T 3 in e p h th y l-B -^ e a rb o x y lic  a c id  i n  N »N -dlm ethyl form em ide#

Tem pera
t u r e

Time o f  
1 s t  r o a d -

F i r s t
r e a d in g

No. o f  
r e a d in g s

Time o v e r  
w hich  r e a d 
in g s  ta k e n

1 9 .1 6 1 .2 6 " 15 31  h o u rs 0 .2 0 4

3 0 .2 3 0 . 6 1 ” 21 3 6 0  Kl/'I M s . 0 .7 5 5

3 k ,k 2 1 . 4 5 ”, 23 337 1 .3 4

3 8 .6 2 1 . 1 0 ° . , 25 1 5 2  " , 2 .2 2

4 3 .8 3 0 .7 0 " 19 75 " 4 .0 9

4 8 . 6 3 1 . 0 3 " 24 61 " 6 .6 5

5 2 .9 2
■ • 0 

0 .9 2 33 33 " 1 0 .2

5 8 .5 2 0 .8 1  " 32 18 " 1 9 .6

6 4 .4 2 1 .0 3  ' 36 10 " 3 6 .6

6 8 .8 3 0 .8 9  '  ^ 2 5 6 " 5 2 .5

6 8 .9 2 1 .0 6  ° 2 7 7 5 2 .2



c
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Determ ination o f  the Arrhenius con stan ts A and S and
f

the entropy o f  a c t iv a t io n  AS

10^/T

292.1 3.4234851 0 .204 5.31C%
303.2 3 .298153 0.755 5.8781

307 .4 3.2530904 1 .3 4 5.1287
311 .6 3.2092426 2 .2 2 I+.3455

316 .8 3.1565656 4 .0 9 5.6119
321 .6 3.1094527 6.65 5 .8228

325 .9 3.0685258 1 0 .2 3 .0107

3 3 1 .5 5.0165912 1 9 .6 3.2934

337.4 2.9638416 3 6 .6 3.5639

341.8 2.9255875 5 2 .5 3.7199
341 .9 2.9248318 52.2 3.7176

The b e s t  s tr a ig h t  i l iœ  taken g r a p h ic a lly  ( s e e  p . ?«' ) 

g iv e s i
—1B « 22*U9 koal.m ole





71

Mean square ca lcu la tio n #
e

T y X xy x2

292.1 3.^234851 0.3104681 1.0628829 0.0963904

303.2 3.298153 0.8781867 2.8963941 0.7712119

307 .4 3.2530904 1.1287126 3 .6718041 1.2739921

311 .6 3.2092426 1.3455404 4 . 3I 8I 656 1.8104789

316.8 3.1565656 1.6118921 5.O88043I 2.5981961

321 .6 3.1094527 1.8228425 5.6685243 3.3227548

325 .9 3.0684258 2.0107281 6.1697699 4.0430275

331 .5 3.0165912 2.2933803 6 . 9I 8I 908 5.2595932

337 .4 2.9638416 2.5639389 7.5991088 6.5737827

341.8 2.9256875 2.7199392 7.9576921 7.3980692

341 .9 2.9248318 2.7175698 7.9484345 7.3851856

n = 11 2y » 34.3493673 2x a 19.4031987

= 40#53268214 Sxy » 59.2985102

#*# b « -.20474068

# # " 1» at 22 #35 k c a l  # %ole-1

From th ese  two methods th e average va lu e o f  AB i s  

22*42 kcal.mola**^

AS^ as —5# 53  ̂ ^ •
t

AF a t  23*53

A = i g i z . a q .  ! 

=  21 ,8

The h a l f  l i f e  period a t  48*6^ i s  158 m inutes.



8-0

D eterm ination o f  ra te  o o e f f lo ie n te  fo r  racém isation  o f  

l,l* -b ln ap h th y l-> 8 -oarb oxy lio  a c id  in  0 .1  H aqueous sodium 

hydroxide.

The r e s u lt s  obta ined  in  sodium hydroxide were not 

always rep rod u cib le . The p o lar lm etr ic  so lu t io n s  were 

checked c a r e fu lly  to  see  n o  a lk a lo id  remained in  them, 

the tempei*aturo co n tro l was a lso  checked and d if fe r e n t  

methods o f  decomposing the a lk a lo id a l s a l t s  were employed. 

D esp ite  th ese  p recau tion s r e s u lt s  were odd, sometimes 

showing d ev ia tio n s  from the normal f i r s t  oivîer r e la t lo n -  

s liip , e s p e c ia l ly  a t low er tem peratures. The r e s u lt s  

obtained  are s e t  out below .



Tempera-
tur©

Time o f  
1 s t  read
in g

F ir s t
reading

Mo. o f
readings

Time over
which read
in gs taken

^eeo-^

3 4 .3 2 1 .4 7 “ 25 256''V\ 6.561x10"5

3 4 .5 2 1.26* 27 300 5.805x10“^

35 4 . 0 .% ° 17 340 6.294x10*5

3 9 .8 2 1.21" 50 236 2.018x10*^

3 9 .9 4 0 .60 20 220 >1 1.936x10*^

40 3 0.86^ 19 190 1.3007x10”^

4 4 .3 2 0 .7 0  “ 24 190 -I 2.2517x10*^

44 12 0,83" 28 117 4 2.367X10"^

45 2 0,44" 17 112 S 2.1459x10*^

4 9 .8 18 0.55° 18 55 a 5 .30  xlO*^

4 9 .9 22 0.70" 21 70 1, 3.670x10*^

4 9 .9 2 0 ,69° 23 60 " 4.129x10“^̂

54 .5 2 0.59° 29 40 », 7.463x10*^

55 13 0.60° 22 42 - h 7.622x10*^

60 20 0.41° 16 20 s 1.298x10*5

6 4 .5 23 0.61' 32 13 >« 2.104x10*5

55 2 0.59* 19 13 \ No SOTO read 
in g  obtained

64 .8 2 1.54" 38 17 f
2.340x10*5
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10^/T ^®®10^8ec-^

307 .3 3,25(4 0 .656 5 .8170

3 0 7 .5 3 .252  . 0.581 5.7638
308 3.2(46 . 0 .629 5.7989
312 .8 3 .1 9 7  . 2 .028 ÎÎ.3050

312 .9 3 .1 9 6  . 1 .1 4 /Î.2869
313 3 .1 9 5  . 1 ,3 0 5.1142
3 1 7 .3 3 .151  . 2 .2 6 5 .3 5 4 4

317 3 .1 5 4  , 2 .3 7 5 .3742

318 3 .1 4 5  . 2 .1 5 5 .3316

322 .8 3 .0 9 8  . 5 .3 0 5 .7 2 4 7

3 22 .9 3 .0 9 7  . 3.67 5.5647
322 ,9 3 .0 9 7 4 .1 3  . 5 .6158

327 .5 3 .0 5 3 7.46 5.8729
328 3 .049  . 7.62 5.8819
333 3 .0 0 3 12 ,98 5 .1070

337.5 2 ,9 6 3  . 2 1 .0 5 .3230

337.8 2 .9 6 0 2 3 .4 5 .3692

A e a \/  i  ro. cj i. of A F f r c n x  ik e s ^  ‘

A5 15 ahexA'
 ̂K A ̂  ̂  jo .
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I t  was noted from th ese  r e s u lt s  th a t the s iz e  o f  

r o ta t io n  ob ta in ed , u s in g  approxim ately equal w eights o f  

a c id , v a r ied  a great d e a l. The Arrhenius p lo t  was a lso  

very  poor and no r e a lly  good s tr a ig h t  l in e  cou ld  be dr»wn 

through a l l  th e p o in ts .

I t  was th ere fo re  decided  to  make a c lo s e r  exam ination  

o f  the brucine s a l t .  To o b ta in  a pure sample o f  brucine  

s a l t  i t  was decided to  r e c r y s tn l l iz e  i t  u n t i l  a con stan t  

s p e c i f ic  r o ta t io n  was ob ta in ed . The fo llo w in g  ta b le  

shows the r e s u l t .

X

y

Xu«

±
S’ ‘ ̂

A

id

~3L.
-  - IL 61

0  = - M l  M .H C\
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The ep eo lflc  ro ta t io n  changedAeaoh c r y s ta l l ie a t io n  

and was not due to  in c reasin g  p u r ity  as the ro ta t io n  d id  

not increase  c o n s is te n tly  in  any d ire c tio n . I t  was thought 

th a t  the  d iffe re n c e s  mij^it in d ic a te  a c r y s ta l l i s a t io n  o f 

d if f e re n t  ( - )  forms o f th i s  s a l t .  Some measurements were 

made using  ac id  from one crop of tlie b rucine s a l t  ( I l i a  ) 

[a jg  » -1 5 9 .7 .

These r a te  c o e f f ic ie n ts  are s e t  out below.

Tempera
tu re  m

"(X

Time o f  
1 s t  read
in g

F ir s t  
reading .

No. o f  Time over  
readings which read

in g s  taken %

3 9 .5 Mih3 0 .61° 30 215 ' '̂‘‘5. 1 .169

4 9 .1 k  • 0 .5 8 24 62 ■ 4 .0 5 7

60 4 .. 0.54*’ 33 21 " 12 ,89

D eterm ination o f  th e Arrhenius param eters.

T® lO^/T I»"*»»»
3 1 2 .5 2 .2000 1.169 5.0682

322 .1 3 .1046 4 .0 5 7 5 .6084

333 3.0030 12 .89 5 .1103

• These values o f  k „ i - l  ob tained  by considering  the  

s t r a ig h t  p a r t  o f the graph on ly .

The b e s t  s t r a ig h t  l in e  taken g ra p h ic a lly  (see  p . ■ )

gives» .
AS « 24 .72  koal.m ole ^

A8  ̂ = + 0.4  e.u, A Bt 10^^*^^ sec .



X
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B enzene .

R e s o l u t i o n  [ M i l l s  a n d  E l l i o t ,  g , ,  1 9 2 8 , 1291]

The a o i d  ( 2 g , , 1M) was d i s s o l v e d  i n  a  l i t t l e  a c e to n e  

an d  m ixed w i t h  a s o l u t i o n  o f  a n h y d ro u s  h r u o in e  ( 2 g . , IM) 

a l s o  i n  a c e t o n e .  The s a l t  83^)  w h ich  fo rm ed  was

f i n e l y  c r y s t a l l i n e ,  m ,p . 190 b u b b l i n g  u n t i l  196® [ M i l l s  and  

E l l i o t ,  ( l o o . o l t . ) r e p o r t e d  m .p ,  1 9 5 -6 ® ],

The r a c é m i s a t i o n s  w ere c a r r i e d  o u t  i n  S o lv e n t  X,

The b r u c i n e  s a l t  was d i s s o l v e d  i n  S o lv e n t  X a n d  t h e  s o l u t i o n  

was t h e n  w ashed  tw ic e  w i th  d i l u t e  s u l p h u r i c  a c i d .  T h is  

w a sh in g  n r o b a b ly  rem oved an y  e t h a n o l  from  t h e  c h lo r o f o r m  

s o l u t i o n  80 t h e  p o i n t  o f  u s i n g  a  s t a n d a r d  s o l u t i o n  was 

somewhat l o s t .  The c h lo r o f o rm  s o l u t i o n  was f i l t e r e d  

d i r e c t l y  i n t o  t h e  p o l a r ! m e t e r  tu b e  a n d  r e a d i n g s  b e g u n  a s  

so o n  a s  p o s s i b l e .
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D e te r m in a t io n  o f  r a t e  o o e f f i o i e n t e  o f  r a c é m i s a t i o n  o f  

b e n z e n e  s u l p h o n y l - B - n l t r o - l - n a p h t h y l - ^ g l y c i n e  i n  c h lo ro fo rm #

Tempera^ 
t u r e  ^

Time o f  F i r s t  No#of Time d u r in g  
l e t  r e a d -  r e a d i n g  r e a d i n g s  whioh r e a d 
i n g  i n g s  t a k e n

8.9 6 ■ ( - ) 1 ,2 4 “ 30 100 0.319

1 4 ,9 5 (-)1 ,1 4 ° 35 40 - 0,739

1 9 .5 6 {-)1 .5 9 ° . 25 20 1 ,2 5

23 5 ( - ) 2 , 2r 22 20 ' : , 2 ,01

27 ,2 5 (-)1 .36" 17 10 » 3 ,09

30 5 ( - ) i . o f 18 6 . 4 .4 3

34 5 ( - ) 0 .6 9 ‘ 20 5* 6 .92

3 8 ,9 4 ( - ) o .5 f 17 3 . . 1 1 .0

4 1 ,8 5 ( - )0 .5 9 " 19 3 ; 1 5 .0
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D e te rm in a t io n  o f  th e  A r rh e n iu s  p a r a m e te r s  A and  AB an d  

th e  e n t ro p y  o f  a c t i v a t i o n  AS

10^/T ^®%O^Bec

281 .9 3.548 0.319 5.5042

287 .9 3 .473 . 0 .739 5 .8690

292 .5 3 .425 1 .2 5 3.0950

296 3.378 . 2 .01 3.3027

300 .2 3 .331 . 3 .0 9 3 .4894

303 3 .300 . 4 .4 3 3.6460

307 3.251 . 6 .92 5.8399

311 .9 3 .207 1 0 .9 5 .0 :0 7

314 .8 3 .177 14 .9 5.1755

The b e s t  s t r a i g h t  l i n e  t a k e n  g r a p h i c a l l y  ( s e e  p* ) 

g iv e s :

AE M 20»37 koal»mole ^



T



Mean square c a lc u la t io n :

T y X xy x2

281.9 3.547357 1.50379 5.334479 2.261384

287.9 3.473428 1,86904 6,491975 3.493310

292.5 3.418803 2.09500 7.162392 4.389025
396 3.378378 2.2984 7.746080 5.257115
300.2 3.3311125 2,48926 8,292036 6.196415

303 3.300330 2,64673 8.735082 7.005179

307 3.257328 2.84010 9.251137 8,066168

311.9 3 .206155 3,04080 9.749276 9.246467
314.8 3.176620 3.17459 10,084466 10,078021

n a 9 

Sxy a

ay a 30.089520

") 846923

2x a 21,952150 

a 55.993084

b  « - i u 2 2 2 m -
22.040867

-1AK a 20,56  koal.m ole  

The average value o f  A!S l e  taken aa 20 .46  koal.m ole

a . i o 1 2 -3 9  ■ - 1 -

-1

860
âS ss -»3*8 6«U«

/
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Ihxvlng th e  work d e s c r i b e d  In  t h i s  t h e s i s ,  t h e  

f o l l o w i n g  a c i d s  and  e s t e r s  h av e  b e e n  s y n t h e s i s e d ,  

o b t a i n e d  o p t i c a l l y  a c t i v e  e n d  t h e i r  r a t e s  o f  r a c e m i a a t i o n  

d e te rm in e d

,4

\

Co. M-
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The r e s u i t e  o b t a i n e d  i n  th is  work a r e  t a b u l a t e d  b e lo w

B ln a p h th y l
AR koe - 1m ole A se c  &F AK AS

fci a t  5 0 ® 
i n  m in e .

S . C O g H  ; 8 %  C O j j H 2 2 . 1
j q̂I I . 3

2 Î + . 5 2 1  . U - 9 .1 8 6 . 1

8 , C 0 g H ;  8 ’ ,  O O g S t 2 1 . 6 i q I I * ^ 2 3 .7 2 0 . 9 « 8 . U 1 7 .2

a . G O g C H j j S ’ . C O g C H j 2 2 . 0
^ o l l . 6 23 .9 2 1 . 4 - 7 . 5 4 2 2 . 7

S . C O g H j  5 * , C 0 g H 24.1 1 q12*3
2 H . 9 2 3 .5 - h . 4 8 ' 271 .5

5 » C 0 g G H 3 ; 5 ; G 0 g 0 M ^ 2 2 . 8
1 0 ^ 2 . 2

2 B . 8 23 .1 - 5.09 111 .9

8 ,  C O g H 2 2 . H

1 q1 2 .0
23 .5 2 1 . 8 - 5 .5 1 5 8

S o lv e n t  * 0  .IM MaOB.*

8 , ü O g H j  S ’ , C O g H 2 6 . 0 1
1 0 ^ 5 . 2

2 2 . 7 2 5 . 4 + 9 . 2 2 . 3

8 , C O g H }  8 ’ C O g S t 2 5 .7
j ^ g l H . O

2H .4 2 5 .0 + 3 . 1 8 3 2 .6

5 » G 0 g H }  5 ’  C O g H 2U .9 ^ o1 2 .9
2 H . 7 2 4 . 2 -1.5^* 9 4 . 2

8 »  C O g H

The v a l u e s  o f  AH^ and  AP^ g iv e n  i n  t h i s t a b l e a r e  a v e ra g e

o n ea  t a k e n  o v e r  t h e  w hole t e m p e r a tu r e  r a n g e  em ployed»



I f  t h e  AE v a l u e s  f o r  th e  f r e e  a c i d s  ( i# e #  th o s e  v a l u e s  

t a k e n  i n  d lm e th y lfo rm a m id e )  a r e  exam ined  i t  w i l l  h e  s e e n  

t h a t  th o s e  f o r  th e  3 ,3 * - a c i d  and  i t s  e s t e r s  a r e  a b o u t  ,

22 k c a l* m o le  w h i l s t  th o s e  o f  th e  5 > 5 * -a c id  and  i t s  

e s t e r  a r e  a b o u t  2U koal.m ole""^*  T hese  AK v a l u e s  f a l l  

i n  w i th  th e  o r d e r  o f  o p t i c a l  s t a b i l i t y  o b t a i n e d  by  h a l f  

l i f e  p e r i o d s ,  i . e #  5 f 5 ^ - a c i d  } 3 ,S * « a c id #  The AK 

v a l u e s  f o r  th e  a c i d s  and  t h e i r  r e s p e c t i v e  e a t e r s  a r e  v e ry  

c l o s e ,  and  t h i s  i s  w hat one w ou ld  e x p e c t .  The r e s u l t s
' ' j

o b t a i n e d  i n  sodium  h y d ro x id e  a r e ,  o f  c o u r s e ,  f o r  t h e  

d i c a r b o x y l a t e  i o n .  I n  g e n e r a l  t h e  AE i s  l a r g e r  i n  sodium 

h y d r o x id e  t h a n  i n  d im e th y lfo rm a m id e ,  s u b s t a n t i a l l y  l a r g e r  

i n  t h e  8 ,8 * - s u b s t  1 t u t e d  com pounds, a l th o u g i i  t h e  r a c é m i s a t i o n s  

a r e  i n  a l l  c a s e s  q u i c k e r .  The o r d e r , o f  s t a b i l i t y  i s  t h e  

same i n  sodium  h y d r o x id e  a s  i n  d im e th y lfo rm a m id e , ,  u s i n g  

h a l f  l i f e  p e r i o d s  a s  t h e  c r i t e r i a  a s ,  i n  sodium  h y d r o x id e ,  

t h e  AK f o r  8 , 8 * - a c i d  i s  l a r g e r  t h a n  t h a t  o f  t h e  5 # 5 ’ *-acid .

The l , l * - b i n a p h t h y l - 3 , 8 * - d i c a r b o x y l i c  a o i d  c o u ld  

n o t  e v e n  b e  made u s i n g  L ey b o ld  m o d e ls  w hich  show t h e  

v a n  d o r  Wails e n v e lo p e .  When th e  -COgH g ro u p  was p u t  i n  

t h e  8 p o s i t i o n  th e  model f e l l  a p a r t .  I t  c o u l d ,  h o w ev e r ,  

b e  made u s i n g  th e  B e d fo rd  C o l le g e  s c a l e  m o d e ls  i n  w hioh 

^ ^ /1 5 "  r e p r e s e n t s  1 and  no v a n  d e r  Aaals e n v e lo p e  i s
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i n c lu d e d *  Theme w i l l  b e  c a l l e d  c l a s s i c a l  m ode ls  i n  

t h i s  d i s c n e s lo n #

0 )

U sin g  c l a s s i c a l  m odels#  a t t e m p t s  w ere  made t o  s e e  t h e  

d i f f e r e n c e s  b e tw e e n  a c i d  ( 2 )  and  t h e  g e o m e t r i c a l l y  s i m i l a r  

a c i d  ( l ) #  S e v e r a l  s m a l l  d i f f e r e n c e s  w ere  n o ted #  su c h  a s  

t h e  a b i l i t y  o f  t h e  c a rb o x y l  g ro u p s  o f  a c i d  ( l )  t o  fo rm  

h y d ro g e n  b o n d s  i n t e r n a l l y ,  o r  e a c h  t o  b e  c o p l a n a r  w i th  

an d  c o n j u g a t e d  w i th  t h e  n a p h th a le n e  r i n g  t o  w hich  i t  i s  

a t t a c h e d *  The a c i d  ( 2 )  c a n n o t  do e i t h e r  o f  t h e s e  th in g s *  

The m a jo r  d i f f e r e n c e ,  h o w ev e r ,  was i n  t h e  d i s t a n c e  a p a r t  

o f  t h e  c a rb o n  a tom s and  I n  a c i d  ( l )  t h e

G / ^ ) -  d i s t a n c e  was 2*9 w h i l s t  i n  a c i d  ( 2 )  t h e

C ( ^ ) -  G ^ ^ jd i s t a n c e  was 2#h R* U s in g  t h e  a v a i l a b l e  d a t a  

on  b o n d  l e n g t h s  an d  a n g l e s  f o r  n a p h t h a l e n e  a s c a l e  d ia g ra m  

c a n  b e  c o n s t r u c t e d  t o  show t h i s #
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D efo p ras tlo n  a s  a oouseauenaQ  o f  e t r c . l n  I n  a f i w » « i b s t l t u t e d  

M o r P h th y lB .

I n  a re v ie w  by  H e r n lk ,  l i e r b s t e l n ,  Bchmldt and  

H i r s c h f i e l d  {£ •$  1 9 5 4 , 3288) i t  i© B a ld  ” O v ercro w d in g  b e g i n s  

when th e  u n p e r tu r b e d  a t r a c t u r e a  b r i n g  t h e  C -a tom s ( a l i p h a t i c  

o r  a r o m a t i c )  t o  w i t h i n  3 & When t h e r e  l a  o v e rc ro w d in g  

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

d i s t o r t i o n  w h ich  t e n d s  t o  b e  s p r e a d  o v e r  t h e  w hole m o le c u le  

r a t h e r  t h a n  by  th e  s t r e t c h i n g  o f  p a r t i c u l a r  b o n d s /*

1 ,1 * t b i n a p h t h y l - 8 , 3 ^ - d i a a r b o x y l i c  a c i d  h a s  two C ^ G 

d i s t a n c e s  o f  2#4 R w h ich  t h u s  co m p rise  two s e r i o u s  

c o m p re s s io n s  and  t h e r e  a r e  a l ^ o  s m a l l e r  0 ^ 0  c o m p re ss io n s#

I t  i s  c o n c lu d e d  t h e r e f o r e  t h a t  t h i s  a c i d ,  and  o f  n e c e s e i t y  

i t s  e s t e r s  t o o ,  a r e  i n t r a - m o l e c u l a r  o v e rc ro w d e d  m o le c u le s  

w hich  f i n d  r e l i e f  b y  a n  o u t  o f  p la n e  b e n d in g  o f  t h e  --COgH 

groups#  The l , l* - ^ b in a p h th y l« - 8 - c a r b o x y l i c  a c i d  comes i n t o  

t h i s  c a t e g o r y  too#  T h e re  i s  no r e a s o n  t o  su p p o se  t h a t  t h e  

l , l * - b i n a p h th y l - * 2 ,2 * - ^ d i o a r b o x y l io  s o l d  o r  t h e  l , l * - b i m p h t h y l -  

5 , 5 * - c a r b o x y l i c  e e i d  a r e  i n t r a m o l e c u l a r  o v e rc ro w d e d  compounds 

and  t h u s e  t h e s e  c impounds s h o u ld  b e h a v e  n o r m a l ly ,  w h ich  

i s  w hat i s  o b se rv e d #

T h e re  I s  e v id e n c e  o f  t h i s  k in d  o f  o u t  o f  plan© 

b e n d in g  i n  s u b s t i t u t e d  n a p h th a le n e  compounds © s p e c i a l l y  

t h o s e  s u b s t i t u t e d  i n  t h e  peri»* ( o r  1 , 8 )  p o s i t i o n s #  D o n a ld so n
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and  R o b e r t s o n  ( J . , 19 5 3 , 17 ) s t u d i e d  th e  c r y s t a l  s t r u c t u r e  

o f  o c ta m e th y l  n a p h th a le n e  b y  X -ra y  c r y s t a l l o g r a p h y  and  

fo u n d  a n  o u t  o f  p la n e  d i s t o r t i o n  o f  th e  a -m e th y l  g roup  

o f  0 .7 3  & w h ich  means t h a t  th e  a -m e th y l  g ro u p  i s  b e n t  a t  

a n  a n g le  o f  29^ to  th e  **plane” o f  th e  n a p h t h a l e n e .  They 

a l s o  fo u n d  d i s t o r t i o n s  o f  O .38& from  t h e  p la n e  o f  th e  p -  

and  o t h e r  m e th y l  g ro u p s  w h ich  means th e y  a r e  i n c l i n e d  to  

a n  a n g le  o f  15^ t o  t h e  p l a n e .  A d ja c e n t  m e th y l  g ro u p s  

a r e  fo u n d  t o  b e  d i s p l a c e d  i n  t h e  o p p o s i t e  d i r e c t i o n  to  

e a c h  o t h e r ,  t h u s  i n  o c t a m e th y ln a p h th a le n e  t h e  m e th y l 

g ro u p s  a r e  d i s p l a c e d  up  and  down from  t h e  p la n e  a l l  ro u n d  

th e  m o le c u le  b u t  t h e  g r e a t e s t  e f f e c t  i s  a t  th e  1 , 8 - p o s i t i o n s .

I f  su ch  o u t - o f - p l a n e  d i s t o r t i o n s  a r e  t o  b e  fo u n d  

i n  t h e s e  n a p h th a le n e  compounds i t  i s  c e r t a i n  t h a t  

d i s t o r t i o n s  i n - t h e - p l a n e  w i l l  e x i s t  to o  an d  t h i s  h a s  b e e n  

r e c e n t l y  d e m o n s t r a te d  b y  T r o t t é r  (A c t a . C r y s t . . I 9 6 O, 1 3 , 7 3 2 ) 

w o rk in g  on  th e  c r y s t a l  s t r u c t u r e  o f  1 - n a p h t h o i c  a c i d .



Ae the diagram shows th ere are two Important C -  C 

com pressions as w e ll as C * 0 and H 0 com pressions which 

fin d  r e l i e f  p e r t ly  by the tw is t in g  o f  the oarbozyl group 

a t an angle o f  11^ to the naphthalene# end p a r tly  by an

in  plane d le to r t lo n  o f  th e " ‘̂ e lip h e tlc

away from the p e r i^ p o s it io n s# In plane d is to r t io n s  cannot#

however# be taken up by the whole system in  the seme way so 

as to  spread the s tr a in  and they would th erefo re  be expected  

to  be sm aller#

Everard end Sutton (J## 1949# 2312) made some 

in te r e s t in g  d ip o le  moment measurements on some m ib stitu ted  

naphthalenes#

OC/H.

Dot/
6

oat,

OCH

iil_

The va lu e o f  1#73 D fo r  I i s  assumed to  r e s u lt  from the  

fr e e  r o ta t io n  o f  the ^OOĤ  group tak ing  a l l  co n fig u ra tio n s  

from cl© to  tren s  w ith ©quel p rob ab ility#  In II  the va lu e  

o f  0#67 in d ic a te s  the fr e e  r o ta t io n  i s  much reduced because  

o f  the s t e r ic  e f f e c t  o f  the p eri h ydro^ n  and the e f f e c t  o f  

resonance g iv in g  a *n -bond between the Thus i t  i s

supposed th e -OCH  ̂ groups must l i e  tra n s to  each other#



The d ip o le  moment o f  I I I  wae measured to  t e s t  t h i s  

h yp oth esis end was found to  be 2#09D whioh was low er then  

the o a lcu la ted  f ig u r e  o f  This was sa id  to  in d ica te

th a t the groups cannot be q u ite  coplanar#

CL

C l

iV

p a t

In compounds IV and V one would expect the halogen  d ip o le s  

to  can cel and the r e su lta n t  moment to  be th a t o f  the parent 

substance/^ I I  but in  f a c t  th e ir  d ip o le  moments are

0#95 and 0#93 r e sp e c tiv e ly #  Boale diagrams in d ic a te  

con sid erab le  in te r fe r e n c e  betw een the halogens and the oxygen 

in  IV and V and t h i s  s tr a in  can be r e lie v e d  by movement o f  

the su b s t itu e n ts  in  two d irec tio n s#  one in  the plane ezhi one 

out o f  the plane# The former would not ex p la in  the observed  

moment but an out o f  plane bending could g iv en  an unsymmetrical 

co n fig u ra tio n  which would p o sse ss  a d ipole# They ca lc u la te d  

the angle o f  d e f le c t io n  from the plane to  be 18® and the  

th e o r e t ic a l  moment to  be about 1# which i s  very c lo s e  to  

the observed value#
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Paoker, Vaugjian and ”ong ( J.A .C .B . .  195®» â2» 905)
#

attem pted to  estim a te  the s t r a in  In sueh compounds by 

compering the h ea ts  o f  a c t iv a t io n  o f  a s e r ie s  o f  b ases  

r e a c tin g  w ith  methyl iod ide* The p ro cesses  were fo llow ed  

by co n d u c tiv ity  measurements.

Ctl

. IL L .

cit



Tholr roraultn are g iven  in  a ta b le  s e t  ont below . 'Âhe 

change In A# AH and AS i c  recorded w ith  re sp ect to  the  

pyridine#

Base 10^ k (a t  30®) A lo g  A AAH* TAA8*

p yrid in e 50#7 . . 0 .00 0 .0 0 0 .00

iso q u in o lln e 60 0 .0 3 -0.1Î4 0 .04

q u in olin e 8 .0 0 .0 1 .11 0 .00

2-M e-qulnoline 0 .677 •0 .1 9 2.5+ »0.2S

Ô-We^-quinoline 0.0087 -0 .0 6 5 .12 -0 .0 8

As the main changes oocur in  AAH t h is  i s  th e main th in g

to  be considered# AAH i s taken as a q u a n tita t iv e  aeaaure

o f  the s t e r ic  s tr a in  in  tlia tr a n s it io n  s ta te  o f  the r e a c t io n

I t  can be seen . as might be expected ,, th a t AAĤ  i s  b i g ^ s t

in  compounds IV and V# th e g r e a te s t  s tr a in  b ein g  observed  

in  V where both p e r i-p o s it io n s  are involved# Follow ing  

some o a lc u la t io n s  by Brown (i#>  1956# 12U8) they say th a t  

the s tr a in  in  the corresponding methyl nephthalenes must 

be even g rea ter  and quote a f ig u r e  o f  7#6 kcal.mole"^^ as  

the kind o f  value one would expect fo r  the s tr a in  in  

1 , 8«>dimethylna phthalene#

A l o t  o f  t h is  ev id en ce , i t  i s  tr u e , i s  g iven  fo r  

the s o l id  s t a t e .  There i s ,  however, no reason  to  suppose
V

th at su b stitu te d  naphthalenes are any l e s s  deformable in
A
rt



loi

so lu t io n  thnn in  the s o l id  s t a t e .  In f e e t  i t  i s  l ik e ly  

thetp in  so lu t io n  when the r e a tr io t ln g  fo rces  o f  the a r y s ts l  

l a t t i c e  are removed, th ese  su b a titu ted  naphthalenes ere  

even more d is to r te d . D iphenyl, fo r  example, i s  known to  

be more tw isted  In so lu t io n  than in  the s o l id  a to te .

I f  the e tp s ln  in  l ,l '-b im jp h th y l-6 ,8 * -d lo a r b o x y lia  

i s  i^ lie v e d  by the kind o f  out o f  plane bending which e x i s t s  

in  octam ethyl naphthalene then i t s  stru otu re can be made up 

front two p o ss ib le  em ntiom erio  su b s t itu te d  naphth&lene 

u n it s .

C~)
(+)

»hen th ese u n its  are combined th ere r e s u lt s  thi%e p o ss ib le  

Btruotures ( + ){•*■)» ( - ) ( - )  or { + ) ( « ) •  ?‘aoh o f  th ese  

atru otu res iisa an o p t lo e l  isomer corresponding w ith the  

â  and ^  B truotures o f  l ,l '« b in a p h th y l  i t s e l f .  .



fo^

I s

( T h is  n o m e n o la tn re  I n t ro d u c e d  “by G ahn, In g o ld  an d  P re lo g  

I n  E x n e r l e n t l a . 1956# 12# ^# and  a p p l i e d  to  b lp h e r^ ^ ls  and  

r e l a t e d  s t m o t u r e s  b y  Ml slow  e t  a l .  )

The fo rm s f o r  t h e  1 , 1 ’-binaphthyl*-8,8*-(lioax»boxyliG a c id  a r e :

h

B

ixrcL̂ iOVi

J

$■

O  J

C o k (* |j  U L ^ d t i o t i
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In version  o f each u n it [ (•*•) -> (-)#  (-)-$> ( + )] can taka

place w ith in  the frajiework of each r, o r ^  configuration*

There are  no s ig n if ic a n t  d r i f t s  in  the  f i r s t - o r d e r  v e lo c ity  

c o e f f ic ie n ts  fo r  rsoem isation  although a d e lib e ra te  e f f o r t  

has been made to  look fo r  deviations* For the 1,1^-binaphthyl- 

8 ,8*-d lcarbo :iy lio  ac id  measureMnt© of the v e lo c ity  c o e ff ic ie n t 

were made over a vide tem perature range -  90^)* The

A rrhenius p lo t so ob ta ined  eliowed very s l ig h t  d ev ia tio n s  a t  

low tem peraturee (see p# fo r  g rap h )* These d ev ia tio n s

are  what might be expected over a wide tem perature range i f  

E were e l i ^ t l y  tem pei^tui^  dependent* (Moelwyn hughes* 

K inetics o f R eactions In  Solution* Oxford Clarenden P ress, 

1947, p$55)* I f  these  d ev ia tio n s  are  not s ig n if ic a n t  then 

i t  I s  only the  R ^  8 process which i s  under o b serv a tio n  in  

the polai’im eter, the oonform&tional change© in  the in d iv id u a l 

u n ite  being  too f a s t  to  be d e tec tab le  a t  the tem perature 

used*

I f  the  deviation© are  not due to  th i s  cause, then  

they are  probably due to  the conform ational d is to r t io n s ;  

however, fu r th e r  evidence would be necessary befo re  such an 

assum ption could be made* I t  should be p o ss ib le , fo r  example, 

to  design  molecules in  which the conform ational changes 

would be slower*



Hb

vVhiohever on© o f the forms one ta k e s . I t  I s  c le a r  

that^now the carboxyl groups a re  ben t out o f the "p lanes" 

they can pass the  re le v a n t hydrogen atoms much more e a s i ly  

in  th e  t r a n s i t io n  s ta te *  This would ex p la in  the  unexpected 

ease o f  racém isation* The s t r a i n  energy req u ired  in  bending 

the  group® out o f  the p lane has helped to  make i t  e a s ie r  

fo r  th e  molecule to  raoemlB© and th e re fo re  the  energy b a r r ie r  

fo r  raoem isation  w il l  be reduced by th e  s t r a i n  energy which 

i s  why the  measuredAE fo r  l,l* -b in a p h th y l-3 ,8 * -d ic a rb o x y lio  

ac id  i s  so small*

I f  one ta k es  Packer, Vau£^ian and Wongs e s tim a te  
-1o f  7#5 keal*mole as  the s t r a in  In  l,S -d im eth y ln ap h th a len e , 

th e  s t e r i c  s t r a i n  In  the  8 ,8 ’-a o id  should h e , very  approx i

m ately , a t  l e a s t  tw ice a s  much, i . e .  15 koal.mole**^. I f  

t h i s  15  k o a l. i s  added to  th e  value forAE measured in  d im ethyl- 

formamide one a r r iv e d  a t  a value  o f  37 kcel.m ole"^ fo r iS
I

which i s  what would he expected f o r  an o p tio a lly  s ta b le  

compound and such .a  compound should not raoemiae a t  a l l  

e a s i ly .  This la rg e  value fo r  AE f i t s  in  w ith what one 

would expect f o r  l , l '-h in a p h th y l-8 ,8 * -d lc 3 rh o x y lio  a c id  i f  

i t  i s  no t d is to r te d  in  any way. In  f a c t  th i s  p ic tu re  o f 

a deformed molecule ex p la in s  very adequately  some o f  th e  

puzzling  fe a tu re s  o f t h i s  a c id .

There i s  some evidence th a t  in trem o leo u la r 

overcrowded oompounds, in  g en e ra l, hove low er o p tic a l  s t a b i l i t y



Hi

than  one would expect and thue have small AS fa c to rs .

Very few accura te  measurementm have been xsde on th is  

type o f compound with th i s  idea In  mind and so the evidence 

i s  not s u b s ta n tia l ,  b u t i t  undoubtedly la  there  in  a 

q u a l i ta t iv e  sense. A w ell known example o f an overcrowded 

compound le  3»U»5»S,- dlbenzphenanthrene-9,1 0-d lcarboxy llo  

ac id  (VI) prepared by B ell and Waring ( ^ . , I 9U9 , 2639).

"Die morphine s a l t  o f  th i s  ac id  was rep o rted  to  m utarotnte 

rap id ly  In  chloroform  a t  room tem perature and so the a c tiv e  

ac id  was n e v e r- la o la te d  th e re  can however be no doubt about 

I t s  I n s ta b i l i t y .  H all and Turner ( £ . » 1955, 12h2) prepared

o p tic a lly  a c tiv e  9»10-dlhydrobexu5phensnthrene(VlI), which 

I s  a s t ru c tu ra l ly  s im ila r  compound to (VI) b u t I s  not an 

overcrow ded compound end which rscem lsed slowly in  benzene 

a t  100® in  a sea led  tube . This dem onstrates very c le a r ly  

the d iffe ren c e  In  s t a b i l i t y  overcrowding makes.

V l~

Another w ell known example o f In tram o lecu lar 

overcrowding i s  4 ,5 ,8 -trlm ethy lphenan th ry l a c e t ic  ac id  (V III) 

prepared by Newraann and Hussey ( J»A«g«3. .  1947, â â , 3023)



w hich  io  m i d  t o  ra o e m ise  f a i r l y  r a p iiU y  i n  c h lo ro fo rm  a t  

room te m p e ra tu re #  T here  i s  a l s o  4 , 7 ^ d la m ln o - l»lO ^-dim ethyl- 

h o in jo e i im o lin  (IX) p r e p a r e d  and  r e s o lv e d  b y  Thee l a c k e r  and  

Boxmann 1^53# 1 1 7 ) whi 'h  m ust bo  o v erc ro w d ed

and  o f  w hioh th e  a u th o r s  sa y  i t  raoom isW  q u ic k ly  i n  b o i l i n g  

m etliy l a lc o h o l#  In  a x 'ocen t paper f h e U a c k e r  (B g£#, 1959# 

92# 2 2 9 3 } m e n tio n e d  a compound (X) p r e p a r e d  an d  r e s o lv e d  

b y  F# A egner ( D i s s e r t â t #  îea ii# H o a i'îeh u le , ha  n ev er#  1956) 

w h ich  i s  r o p o r t e d  to  have b AE o f  1 5 * 9  koal#m ole""^# 

T h e t l a c k e r  th o u g h t  t h i s  u n u a u a l ly  low  b u t  p e rh a p s  t h i s  a l s o  

i s  a n  e f f e c t  o f  th e  o v e rc ro w d in g #

Vlli

CM

LL

There are a number o f su b a titu ta d  3 , 4 , 5 , 6-a ib e n z - 

phenanthrenes l ik e  XI which have been prepared by B ell and 

Waring, R = CHj {£♦, 1949, 2639) and by Crawford and h is  

co-w orkers, R a Bp ( £ , ,  1959, 2807) S « OCiy ( J . ,  i 9 6 0 , 3313)
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All thejsse ‘îofflpound© are  ovoraro^ded and raoemloe 

more e a s ily  than om  mould a:<p®ct on o th e r grounds#

I f  thon i t  X ù  accepted  th a t l , l ’-»binaphthyl^3,8*- 

d ioarboxy llc  ac id  ha a th is  deformed atruotuz*e i t  fo llow s 

o f neceanlty  th a t  i t s  dim ethyl e s te r  and i t s  momethyl 

e s te r  w ill  possess ex ac tly  s l a i l n r  s tru c tu re s#  I h is  I s  

borne out by the  s im ila r i ty  in  the^S and A fa c to rs  fo r  

these  compounds#

The l,l^ -b iîirp h th y l-8 ^c& rb o x y lio  so ld  he© only 

one e u b s tltu te d  naphthalene u n it  combined with an ord inary  

n n d is to r te d  naphthalene# There are  two p o ssib le  combina- 

tio n a  o f these  u n i t s t

(•f) d isto rted^  naphthalenei (*) d is to rted ^  naphthalene 

Eeoh of these structure©  he© an o p tic a l isomer corresponding 

to  the g  and g  co n fig u ra tio n  o f b inaph thy l I t s e l f#
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H ere a g a in  no d r i f t  i n  th e  f i r s t  o r d e r  v e l o c i t y  c o e f f i c i e n t  

f o r  t h i s  a c i d  h a s  b e e n  o b s e rv e d  i n  N ,N -d ira e th y l form am ide an d  

th u s  i t  i s  th o u g h t t h a t ,h e r e ,  t o o ,  . th e  c o n fo rm a t io n a l  c h a n g e s  

i n  th e  i n d i v i d u a l  u n i t s  i s  to o  f a s t  to  b e  d e t e c t e d  a t  th e  

t e m p e r a tu r e s  u s e d  an d  th e  p r o c e s s  u n d e r  o b s e r v a t io n  i n  th e  

p o l a r im e te r  tu b e  i s  a g a in  th e  ^  S_ one*

The m easu red  AE, 22*4 k c a l* m o le * ^ , i s  a g a in  s m a l le r  

th a n  one w ou ld  e x p e c t  i f  th e  a c id  h ad  a c l a s s i c a l  s t r u c t u r e  

b u t  i t  f i t s  i n  w e l l  w i th  th e  p i c t u r e  o f  a d efo rm ed  m o lecu le*  

I f  th e  f i g u r e  o f  7*6 k c a l .m o le " ^  f o r  th e  s t r a i n  e n e rg y  o f



1 d i s t o r t e d  s u b s t i t u t e d  n a p h th a le n e  i s  ad d ed  to  t h i s  

m easu red  A1 one g e t s  a v a lu e  o f  a b o u t 3 0  k o a l# m o le^ ^  

w h ich  i n d i c a t e s  a n  o p t i c a l l y  s t r b l o  s t r u c t u r e  o f  t h e  k in d  

we w ould  e x p e c t  from  o la B s io a l  m odels#  The e n t ro p y  f a c t o r  

A S ^fo r t h i s  a c i d  i s  -5 # 5  e$u# com pared  t o  -9 # 1  f o r  th e  

l t l * - b l n a p h t h j ^ l - 8 ,8 * - d l o a r b o x y l i c  a c id #  T h is  lo w e r in g  

i n  th e  e n t ro p y  i o  p r o b a b ly  due to  th e  f a c t  t h a t  th e  

l # l * - b l  \ap h t} iy l-B -K ;a rb o x y lic  a c i d  i s  l e s s  ran d o m ly  o r i e n t a t e d  

i n  th e  T e s t i n g  s t a t e  th a n  th e  8 ^ 8 ’ - a c id #

i n  0#1N eodium  h y d ro x id e  th e  v a l u e s  o f  AB w ere 

h ig h e r  th a n  i n  h # l^ d im c th y l  form am ide f o r  ©11 th e  a c id s #  

th o u g h  th e  e f f e c t  w as m oot m arked f o r  th o s e  compound© w ith  

th e  a c id  g ro u p s  i n  th e  8 o r  8 # 8 ’ - p o s i t l o n s #  I n  th e  c a s e  

o f  th e  l a t t e r  a c id s #  t h i s  e f f e c t  c o u ld  b e  p l a u s i b l y  a s c r i b e d  

to  s o lv a t io n #

I t  h a s  b e e n  s t a t e d  by  H a ll#  R id g w e ll and T tzrner 

(ia& x & il*  ) t h a t  th e  m o n o e tîiy l e a t e r  o f  1 #1*- b i n a p h th y l -  

8 # 8 * - d io a r b o x y l io  a c i d  i s  more s t a b l e  th a n  1 # 1 ’- b i n a p h t h y l -  

5 # 5 * * "d io a rb o y y lic  a c i d  i n  sodium  h y d ro x id e  b u t  t h i s  i s  b a s e d  

on  an  e r r o n e o u s  e s t im a te  o f  th e  h a l f  l i f e  p e r io d  o f  th e  

5 # 3 ’ - a o i d  a s  600-70D m in u ta s  a t  20^# By e x t r a p o l a t i o n  

o f  th e  A r r h e n iu s  p l o t  f o r  t h i s  a c id  i n  sodium  h y d ro x id e  we 

fo u n d  th e  h a l f  l i f e  p e r io d  t o  b e  8*4 h o u r s  a t  20^# U sin g  

t h i s  c o r r e c t e d  h a l f  l i f e  p e r io d  i t  i s  fo u n d  t W t  th e  a c id s  

h av e  th e  same o r d e r  o f  o p t i c a l  s t a b i l i t y  i n  sod ium  h y d ro x id e  

a© i n  d im e th y l form am ide#
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The a u r p r lB ln g  e s p e c t s  o f  th e s e  r e s u l t s  i n  sodium  

h y d ro x id e  wes th e  l a r g e  p o s i t i v e  e n t ro p y  f a c t o r  ( f9 # 2  e # u . ) 

f o r  th e  8 # 8 ’ - a c i d  w hioh I s  th e  l a r g e s t  so  f a r  r e p o r t e d  i n  

r e s t r i c t e d  r o t a t i o n  r a o e m is a t io n s  ( H a r r i s  and M ello r#

O h em la trv  an d  J ndTistr v . 1959» 949» and  H a ll  a n d  H a r r is #

£♦# i 9 6 0 , 4 9 0 )# I t  i s  th o u g h t  t h a t  t h i s  i d  due to  th e  

e f f e c t  o f  s o lv e n t#  Gowenlook (C h em ica l R eview s# I 9 6 O#

X I V #  1 3 3 ) s a i d  a l a r g e  p o s i t i v e  e n t ro p y  f a c t o r  c o u ld  h e  

e s c r i b e d  to  a  t r a n s i t i o n  s t a t e  w h ich  i s  more d i s o r d e r e d  

( o r  f r e e r )  th a n  th e  i n i t i a l  s t a t e #  I f  th e  8 # 8 ’ - a c i d  i s  

h ig h ly  s o lv a t e d  i n  th e  r e s t i n g  s t a t e  an d  on  r a c é m is a t io n  

s u f f e r s  d e s o l v a t i o n  th e n  j u s t  su c h  a  s i t u a t i o n  o c c u r s  

when th e  m o le c u le  h a s  more freed o m  i n  th e  t r a n s i t i o n  s t a t e #

% e  f a c t  t h a t  t h e  m o n o eth y l e s t e r  o f  th e  8 #8 ’ - a c i d  h a s  

a s m a l le r  th o u g h  s t i l l  p o s i t i v e  e n t ro p y  f a c t o r  o f  4 3 # 2  e#u# 

I n d i c a t e s  t h a t  t h i s  th e o r y  i s  p ro b a b ly  c o r r e c t #  T h is  

compound he® o n ly  one -COg"~ g ro u p  to  i n t e r a c t  w i th  th e  

s o lv e n t  an d  th e  e f f e c t  i s  t h e r e f o r e  bound  t o  b e  red u ced #

The r e s u l t s  f o r  1 # ! ’ - b in a p h th y l - S - c a r b o x y l i c  acidlnN/aOH 

e re #  a© w i l l  h av e  b e e n  n o te d  fro m  th e  e x p e r im e n ta l  s e c t io n #  

d i f f i c u l t  t o  i n t e r p r e t #  The l i n e s  t o  d e te rm in e  i n d i v i d u a l  

v e l o c i t y  c o e f f i c i e n t s #  i n  g e n e ra l#  a r e  q u i t e  good b u t  som etim es#  

e s p e c i a l l y  a t  th e  lo w e r  t e m p e r a tu r e s ,  d e v i a t i o n s  o c c u r  w h ich  

I n d i c a t e  a f a s t e r  p r o c e s s  m ust a l s o  b e  t a k i n g  p la c e #  T hese
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i f le T lf i t lo n B  w ere n o t  o b s e rv e d  In  th e  r a t e s  ta k e n  in

N,h-dlmethylformamlde a t  a l l  an d  the A rr h e n iu s  p lo t  o f

th ese  r a te  c o e f f ie ie n t e  gave a good s t r a l ^ t  l in e  (s e e  p « )

The r e s u lt s  in  aqueous sodium hydroxide not always appear to

be reproducib le and the Arrhenius p lo t  fo r  a l l  the r e s u lt s

I s  poor* The general s tr a ig h t  l in e  drawn (s e e  p. )

g iv e s  a va lu e fo r  AS o f  about 24 kcal.m ole"^ but tak in g  the

extern e l im it e s  the AS from such a graph could  vary by

4 koala* from 22 koal.m ole"^ to  26 koal*m olc“^*

As th ese  r e s u lt s  were so odd a c lo s e r  exam ination

was made o f  the brucine s a l t  o f  the a c id , ta k in g  s p e c i f ic

r o ta t io n s  o f  each crop . I t  was found th a t the value o f  the

s p e c i f ic  r o ta tio n  was changed con sid erab ly  on r e b r y s ta l l i s e t io n

and not in  one p a r tic u la r  d ir e c t io n  (i* e*  not always a

la r g e r  n ega tive  r o ta t io n ) .  This tvould su ggest th a t d if fe r e n t

( - )  forms might be c r y s t a l l i z in g  out o f  so lu t io n  each time*

I f  t h is  i s  so i t  cou ld  be an exp lan ation  o f  th e odd ra te

c o e f f ic ie n ts *

R ates were then determ ined a t th ree  tem peratures

u sin g  a c id  from the same crop o f  b m o in e  s a lt*  These th ree

p o in ts  gave a f a i r ly  good Arrhenius p lo t  ( s e e  p* ) and

from i t  AE i s  c a lc u la te d  to  be 24*7 kcal*mole"^ and AŜ  to

be +0*4 e*u*

This i s  ob v iou sly  not a com plete exp lan a tion  as

i t  i s  d i f f i c u l t  to  understand why t h i s  anomalous behaviour  
i s  not observed in  the R,N-dim ethyl formamide measurements*



I t  la  very p o s s ib le  th o t 1 ,1 ‘-b in ap h th y l i t s e l f  

e x i s t s  in  ©nantloraorio form s.

/)§■

As we have seen , th ere ore s  number o f  l , l ' - b in e p h t h y ls  

su b s t itu te ^  in  p o s it io n s  o th er  than the b lo ck in g  ones 

whioh have been  r e so lv e d . Another pieom o f  evldenoe  

whioh In d lo a tee  th a t b in ap h th yl i t s e l f  i s  h indered  oomes 

from a study o f  i t s  u .v .  ad sorp tion  apeotrum. This  

spectrum i s  very  s im ila r  to  th a t o f  naphthalene (O illlam  

end S ter n , t le o tr o n io  A dsorption  S p ectroscop y , p .2hU ), 

which means th a t  1 ,1 ’ -b in ap h th y l la  tw is te d  about th e  

1 ,1 ‘-bond. 2 ,2 ‘-b in ap h th y l in  whioh th ere should be no

hindrance to  r o ta t io n  g re a ter  than in  d ip h en y l, has q u ite  

B d if f e r e n t  spectrum compared to  th a t o f  naphthalene.

Attem pts have been  made b efo re  to  o b ta in  o p t io a l ly  

a c t iv e  1 ,1 '-b in ap h th y l by deam ination o f  2 ,2 ‘- d la m in o - l , l ‘ -  

b inap h th yl and by d ecarb oxy la tion  o f  l , l* -b in s p h th y l- î+ ,h ‘ -  

d io o rb o x y lic  a c id . (B e l l  and Morgan, £ . ,  1950 , 1963)»



I f i

From the prelim in ary  experim ents we have made on 

o p t io a l ly  a c t iv e  naphthidine ( s e e  p*/^/ ) i t  seems th e t

1 ,1 '-b in ap h th y l i t s e l f  does e x i s t  i n  enantiom orphio  

form s. More work must be done b efo re  any more p o s it iv e  

oon olu sion s can be drawn.
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, n l s Q i m

This oompound was In v e s t ig a te d  heoause o f  I t s  h is t o r ic a l  

In te r e s t  a s  th e  f i r s t  p e r l-s u b s t ltu te d  naphthalene to  be 

obtained  In  o p t io a l ly  a c t iv e  forms* I t  was one o f  the  

f i r s t  oompounds discovered^ o th er  than the b ip h en y ls  

them selves» which showed o p t ic a l  a c t iv i t y  due to  r e s tr ic te d  

ro ta tio n *  M ills  end E l l io t  ( i* »  1928» 1291) say th a t from 

v e lo c i ty  c o e f f i c ie n t  measurements on th e b ru cin e s a l t  

they c a lc u la te d  All fo r  t h i s  s a l t  to  be about 18*5 koal*iaole”^* 

U sing the v e lo c ity  c o e f f i c i e n t s  measured fo r  the a c id  

In  chloroform  during t h is  work the va lu e ofdB was found 

to  be 20*5 koal*mole*’̂ *
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(1 )  8-BromQ~l-rn&Dht,holo a c id  [R u le, Fur s e l l  and Brown, £ . ,
193«+, 165]

1 . Mewsuri-eomijound.

The naphthalJc anhydride (250 g« , IM) was d is so lv e d  

in  sQueouB sodium hydroxide (155 g» , in  s ix  l i t r e s  o f  w ater) 

by h e a tin g , the s o lu t io n  f i l t e r e d  through g la a e  wool in to  

a 2 0 - l i t r e  f la s k  in  a la r g e  h ea tin g  m antle and b o ile d  

under r e f lu x  fo r  15 minutes* The merourle oxide (275 g . ,  

1*1 M), d is so lv e d  in  d i lu te  n o e t ic  a c id  (200 c*c* g la c ia l  

a o e t ic  so ld  and 750 o.o* w a ter ), was then  added end th e  

r é a c t io n  m ixture mode a c id  w ith  g la c ia l  a o e t ic  a c id . The 

s o lu t io n  was th en  heated  fo r  80 hours* The r e a c tio n  was 

com plete when a sample gave a c le a r  s o lu t io n  w ith  sodium
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hydroxide end no meroury woe d ep osited  on a c le a n  copper 

w ire held  in  t h i s  so lu tio n *  The product was f i l t e r e d  o f f ,  

washed w ith  w ater , a lco h o l and e th e r  and th en  dried*

Y ie ld , U75 g* o f  a p a le  cream -coloured so lid *

(2) j3Tiit!ff.aaatilaBu<?;C
A su sp en sion  o f  the mercuri-compound (95 g*) in  

glQOial a c e t ic  a c id  and w eter (300 o*o* g la c ia l  a c e t ic  a c id  

and 50 c*c* w ater) was coo led  to  -10®* Bromine (3U g*) 

in  aqueous sodium bromide s o lu t io n  (igO c .o*  o f  50^ so lu t io n )  

was added grad u a lly  w ith  s t i r r in g ,  keeping th e  temperature 

below 5®, The r e a c tio n  was a llow ed  to  warm to  room tempera

tu re and was then  heated  to  90® when i t  was poured in to  

th ree  l i t r e s  o f  b o i l in g  w ater. The s o lu t io n  was f i l t e r e d  

a s  hot as p o ss ib le*  The resid u e  was ex tra c te d  w ith  another  

l i t r e  o f  w ater and aga in  f i l t e r e d  hot* The combined 

f i l t r a t e s  ?/ere l e f t  to  co o l and then  the s o l id  d ep o sited  

in  them was f i l t e r e d  o f f  and dried* Y ie ld : 50 g* (crude) 

C r y s t a l l i s a t io n  from benzene gave 1*0 g* o f  a c id  

m*p* 173-5** w ith  sh rin k in g  a t  170®* Percentage y ie ld ,

70% c a lc u la te d  on the n aph th alio  eiA ydride used in  tlie  

f i r s t  stage*
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( 3 )  M ethyl S -b ro m Q -l-n ap b th Q a te  [R u le  and  B a r n e t ,  £ . ,  1 9 3 2 , 175] 

The a c id  (218  g « , IM) was d i s s o lv e d  i n  b e n z e n e  (igOO o . o . )  

by  b o i l i n g  u n d e r  r e f l u x ,  T h io n y l o î i lo r ld e  (1 ^  o . c . ,  1*2M) 

was added  s lo w ly  to  th e  b o i l i n g  s o l u t i o n  and  th e  r e a c t i o n  

m ix tu re  b o i l e d  f o r  («-i h o u rs#  , M ethyl a lc o h o l  (530  o # c .)

WEB th e n  ad d ed  v e ry  c a u t io u s l y  en d  th e  r e a c t i o n  m ix tu M  

b o i l e d  f o r  a f u r t h e r  2*5 m in u tes#  The b en z en e  s o l u t i o n  was 

w ashed fe'vVioe w ith  w a te r ,  tw ic e  w ith  10% aq u eo u s BagCO^. 

an d  f i n a l l y  a g a in  w i th  w a te r .  The s o lu t io n ,  w as d r i e d  o v e r  

c a lc iu m  c h lo r id e  an d  th e n  th e  b e n z e n e  rem oved.

I t  w as fo u n d  d i f f i c u l t  t o  c r y s t a l l i s e  t h i s  s u b s ta n c e  

(a lth o u f# !  R ule en d  B a rn e t d id  so  from  p e tro le u m  e t h e r )  so 

i t  was vaouum d i s t i l l e d ,  b , p ,  190® /2-3  mm. The p a le  

y e l lo w  o i l  s o l i d i f i e d  i n t o  a  v e ry  p a le  c re a m -c o lo u re d  s o l i d  

m .p , 3 5 ° ,  Y ie l d ,  168 g , .  A c id  re c o v e re d  from  NSgCO^ 

w ash in g s  11 g .  P e rc e n ta g e  y i e l d ,  77%,

6 .6 * - d i c a r b o x v l a t e » [ H a l l ,  R id g w e ll end T u rn e r ,  J , , 195**,
2U98]

C opper b ro n z e  (5C g * ) was ad d ed  g r a d u a l ly  to  m e th y l 

8 -b i’o m o - l-n a p h th o a te  c o n ta in e d  i n  a h a rd  g l a s s  tu b e  im m ersed 

i n  8 m e ta l  b a t h  a t  260®. D u rin g  a d d i t i o n  th e  i n t e r n a l  

te m p e ra tu re  r o s e  t o  3 0 0 °  w h i l s t  th e  b s t h  te m p e ra tu re  was 2 3 0 ° . 

The c o o le d  m ass was e x t r a c t e d  w ith  a c e to n e  i n  a S o x h le t  

a p p a r a tu s .  T h is  s o l u t i o n  w se b o i l e d  w i th  c h a rc o a l  u n t i l
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i t  WBB a p a le  y e llo w  co lou r and was then  evaporated to  

about 250 c .o *  23g* o f a yellow  s o l id  o r y a ta ll ie e d ;  

r e o r y s ta ll lB o t io n  from m ethylated s p ir i t  gave b e a u t ifu l  

pale y e llo w  p la te s  (eometimee n e e d le s ) .

Y ield» 19 g . (55:&), m .p. 155-7®.

ITie e s t e r  (17  g . )  was b o ile d  under r e f lu x  w ith  30^ 

a lc o h o lic  potassium  hydroxide ( 50O e . c . )  fo r  30 m inutes 

on a m etal b a th . The a lco h o l was then d i s t i l l e d  o f f  and 

the resid u e  heated  a t  130-lhO® fo r  30 m inutes. • The resid u e  

was ex tra c ted  w ith  b o i l in g  water and f i l t e r e d .  The coo led  

f i l t r a t e  was a o ld k fie d  w ith d i l .  HCl and th e p r e c ip ita te  

f i l t e r e d  o f f  and d r ie d . This p r e c ip ita te  was ex tra c te d  

w ith  la rg e  amounts o f  m ethylated s p i r i t  in  a S oxh let 

apparatus -  the s o lu t io n  b o ile d  w ith  charcoal» f i l t e r e d  and 

eveporated  to  a sm all volume*

Y ie ld , 13 g .  ( 83^ ) , m .p. 30i4- 6® (d ecom position )

(Pounds 0 ,  77, 1 ; H» I s .lj  0 , 1 8 .7 .  r eq u ires

C, 7 7 ,2 ;  H» 4 .1 ,  0 , 18.7% ).



Mdi»Qmn--l.X*-»:binaT)hthyl~8>8*-dlearT3ox.vlate.

(M e ise iîh e lfa e r  a a à  B o la a w e n g e r , B e r . .  1 9 3 2 , 3 2 )

Soheme

,L ffc/LKk/tPL ( f  K Î"-----------------------------------

C4 '2.

The a e i d  (1 0 g * ,  1M) w as d i s s o lv e d  i n  a n  aq u e o u s  0#1B 

s o l u t i o n  c o n t a in in g  th e  e x a c t l y  o a l o u l a t e d  e q u i v a l e n t  

o f  îîaOH (2 9 2  Q#o. l?ïl)» To t h i s  c o ld  f i l t e r e d  s o l u t i o n  th e  

e x a c t l y  e q u i v a l e n t  am ount o f  AgNO^ s o l u t i o n  (2 9 2  o#c* 0$1N; 

m )  w as a d d e d  s lo w ly  an d  w i th  s t i r r i n g *  The f i n e  w h i te  

p r e c i p i t a t e  so  fo rm ed  w as f i l t e r e d  o f f  an d  d r i e d  c a r e f u l l y  

away from  th e  l i g h t *



The f i n e l y  p o w d ered , d r y  s i l v e r  s a l t  an d  e x o e s s ,  

f  r e  s i l ly  d i s t i l l e d  e t l i y l  i o d id e  (I4.0 g « ) w ere  h e a te d  t o g e t h e r  

u n d e r  r e f l u x  f o r  2 h o u r s .  The e t h y l  io d id e  w as d i s t i l l e d  

o f f  end th e  r e s i d u e  e x t r a c t e d  tw io e  w i th  a q u e o u s  sod ium  

c a r b o n a te  and  f i n a l l y  w i th  a c e to n e .

From th e  c o o le d  e x t r a c t ,  by  a b i d i f i c s t i o n  w i th

d l l .  1101, w as o b ta in e d  th e  c ru d e  a c i d  w h ich  w as c r y s t a l l i s e d  

fro m  e t h y l  a l c o h o l .  m f te r  tw o r e o r y s t a l l l s a t i o n s  t h e  a c i d  

w as o b ta in e d  p u re  a s  w h ite  p r i s m s ,  m .p . 1 9 3 - 5 ° .  Y ie ld :  2»k  g .  

(F o u n d : 0 ,  7 7 .8 9 î H, 4 .8 4 ;  0 ,  1 7 .1 8 .  0 2 4 ^ 8 ° 4  ^ ^ W ^ e s

C , 7 7 .8 2 ;  H, 4 .8 9 ;  0 ,  1 7 .2 7 ^ ) .

[M elsenbeimer and B eissw enger on ly  g iv e  a n a ly s is  f ig u r e s  

fo r  th e brucine s a l t  not the a c id  i t s e l f .  They g iv e  

m .p . 1 9 4 -5 ® ].
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I t  w as th o u g h t  a p o s s i b l e  a l t e r n a t i v e  m ethod  o f  

p r e p a r a t i o n  o f  l » l ' - b i n a p h t h y l - S - e t h y l  o s r b o x y la te r -  

S '- o a r b o x y l l o  a o id  m ig h t b e  one v i a  th e  a n h y d r id e ,  i f  t h a t  

c o u ld  b e  fo rm e d .

â s i m a *

Woe

E x p e rim e n t A .

The l , l * - b in a p h th y l - 8 ,8 '- > d io © r b o x y l i o  a c i d  ( l  g . )  

w as h e a te d  u n d e r  r e f l u x  f o r  1 h o u r  w i th  a c e t i c  a n h y d r id e  

( 5  0 . 0 . )  The s o l u t i o n ,  w h ich  was a  c l e a r  y e l lo w  c o l o u r ,  

w as p o u re d  i n t o  a  b e a k e r  a n d  a l lo w e d  t o  c o o l  when y e l lo w  

n e e d le s  w ere  d e p o s i t e d .  S e c r y s t a l l i s a t i o n  from  e t h y l  

a l c o h o l  gave  p a l e  y e l lo w  n e e d le s  m .p , 156 -7® . The i n f r a 

r e d  sp e c tru m  o f  t h i s  com pound show s p e a k s  a t  1808 cm"^ an d  

1721 cm i n d i c a t i n g  a  s p l i t t i n g  o f  th e  c a rb o n y l  p e a k  

c h a r a c t e r i s t i c  o f  a n  a n h y d r id e .

I t  seem 8 p r o b a b le  t h a t  t h i s  com pound i s  th e  h i t h e r t o  

unknow n m ixed a n h y d r i d e t -



(P o u n d : C , 7 3 * 1 ; H, U*S: r e q u i r e s  0 ,  7 3 * 2 ;

H, k»i% )»  I f  t h i s  odmpound i s  h e a te d  above i t s  m e l t in g  

p o in t  i t  b e g in s  to  b u b b le  an d  go c lo u d y , th e n  a t  190-200® 

i t  r e s o l i d i f i e s  a s  e n  o ra n g e  s o l id *  I f  h e a t i n g  i s  s t i l l  

c o n t in u e d  a n o th e r  m e l t in g  p o in t  w i th  deoom i>OBition i s  

o b ta in e d  a t  a b o u t JOO®. I t  i s  t h o u ^ t  e j r o l i s e t i o n  m ust 

o c c u r  w i th  h e a t i n g  to  g iv e  d n th a n th r o m .

E x p erim en t B*

l , l * - B l n a p h t h y l - 8 ,0 * - d i o a r b o x y i i e  a c id  (1  g * , )  h e a te d  

u n d e r  r e f l u x  w i th  a c e t i c  a n h y d r id e  (1 5  c . o . ) f o r  2 h o u rs  

when a  c l e a r  y e l lo w  s o l u t i o n  was o b ta in e d .  T h is  w as p o u red  

i n t o  a b e a k e r  and  l e f t  t o  c o o l  b u t  no c r y s t a l s  fo rm e d .

By r e d u c in g  th e  volum e a n  o ra n g e  p r o d u c t  was o b ta in e d  

m .p . 280®. T h is  w as a c i d i c  ( d i s s o l v e d  i n  sodium  c a rb o n a te  

and  was r e p r e e l p i t a t e d  b y  d i l .  h y d r o c h lo r ic  a c i d )  an d  h ad  

a  d i f f e r e n t  i n f r a - r e d  sp e c tru m  from  th e  p ro d u c t  o f  

e x p e r im e n t A. T h is  new p r o d u c t  was th o u g h t to  b e : -

Co m «jo. Î
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B r

c' 0̂_ I f

( â s s â E m * *  i9 3 o ,  i g ,  lU * )

N a p h th a le n e  {26t\. g . ) an d  o a rb e n  t e t r a o h l o n id o  (9 0  c . o . )  

w ere h e a te d  to g e th e r  u n d e r  r e f l u x  w i th  s t i r r i n g  w h ile  

■bromine (2 5 4  g . ) was ad d e d  s lo w ly  d u r in g  4  h o u r s .  The 

m ix tu re  was th e n  h e a te d  f o r  a f u r t h e r  l i  h r s .  M ost o f  th e  

s o lv e n t  w as rem oved and  haOH (2 0  g . ) was ad d ed  an d  th e  

s o l u t i o n  w as h e a te d  o n  a w a te r  b a th  f o r  3  h o u r s .  "Hie 

s o l u t i o n  w as f i l t e r e d  th ro u g h  g l a s s  w ool a n d  th e  f i l t r a t e  

vacuum d i s t i l l e d .  The d i s t i l l a t e  was c o o le d  an d  th e
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m p h t h a l e m  w h ich  c r y s t a l l i s e d  was f i l t e r e d  o f f#  The o i l  

waa th e n  r e d i s t i l l e d  and  th e  f r a c t i o n  b#p# 1 1 0 - 1 2 6 /5  mm# was 

c o l l e c te d #  R e f r a c t iv e  in d e x  1 # 6 5 8 0  ( 1 # 5 6 0  r e p o r te d ) #

Y ie ld f  277 g# P e rc e n ta g e  y i e l d ,  c a l c u l a t e d  o n  am ount 

o f  b ro m in e  u s e d ,  i s  82^#

Iz&AWle. (2EfiBU22La*» i 93i> l i ,  so).
The f i n e  m agnesium  tu r n in g s  (1 6 .3  g . ) an d  e t h e r  

(6 8  0 . 0 .  sodium  d r i e d )  w ere p la c e d  i n  a 2 - l i t r e ,  th r e e - n e c k e d  

f l a s k  f i t t e d  w ith  a  H e rsh b e rg  s t i r r e r ,  d ro p p in g  fu n n e l  an d  

two w a te r  c o n d e n s e r s  one o n  to p  o f  t h e  o t h e r .  The fu n n e l  

and  c o n d e n s e r  w ere f i t t e d  w ith  d r y in g  tu b e s  o f  O aC lg . A 

c r y s t a l  o f  io d in e  was ad d ed  to g e th e r  w i th  1 0  c . o .  o f  

b ro m o n a p h th a le n e  and  th e  w hole  warmed g e n t ly  t o  i n i t i a t e  

th e  r e a c t i o n .  The h e a t  w as th e n  tu r n e d  o f f  en d  th e  s t i r r e r  

tu r n e d  o n . The b ro m o n a p h th a le n e  i n  e t h e r  (140 g . i n  340 c .o ,  

o f  d ry  e t h e r  a l l  t o g e th e r )  was added  s lo w ly ,  t h e  a d d i t i o n  

t a k in g  2 h o u r s .  The r e a c t i o n  m ix tu re  w as th e n  b o i l e d  u n d e r  

r e f l u x  f o r  30 m in u te s .  Dry b en z en e  (340 c . o . )  was ad d ed  

t o  th e  iH sao tio n  an d  th e  m ix tu re  p o u re d  on  to  6 0 0 , g .  o f  

s o l i d  c a rb o n  d io x id e .  ’«then th e  r e a c t i o n  h ad  f i n i s h e d  d i l u t e  

HgSO^  ̂ was ad d ed  u n t i l  i t  was i n  e x c e s s .  Two l a y e r s

s e p a r a t e d ,  more e t h e r  was u s e d  to  d i s s o lv e  up  s o l i d  an d  

r e - e x t r a c t  t h e  a o id  l a y e r .  The e t h e r  e x t r a c t s  w ere th e n  

w ashed w ith  lOjS NaOH (a q u e o u s )  and  th e  com bined  sodium  

h y d ro x id e  w ash in g s  w ere a c i d i f i e d  w i th  d i l u t e  h y d r o c h lo r ic



/5>

a o id  when th e  c ru d e  n a p h th o ic  a c id  was p r a o ip i t e d #  T h is  

s o l i d  was f i l t e r e d  o f f  and  d r i e d ,  th e n  c r y s t a l l i s e d  from  

to lu e n e #  I t  c r y s t a l l i s e d  i n  cream  p l a t e s ,  91 g # , ( 685^),

in#p# 160^#

(K k s tra n d ,  1 8 8 8 , i â ,  156)

N i t r i c  a o id  (6 9 0  0 . 0 .  1*42) was p o u re d  i n t o  a

2- l i t r e  t h r e e  n eck ed  f l a s k  f i t t e d  w ith  a  m e c h a n ic a l s t i r r e r ,  

a tiie rm o m e te r , and  a  j o i n t  th ro u g h  w hich  to  add  s o l id #  'The 

f l a s k  was h e a te d  on  a  w a te r  b a th  a t  9 0 ^ and  th e  s o l i d  n a p h th o ic

a c id  (1 0 0  g# ) added  s lo w ly #  v^hen th e  a d d i t i o n  was c o m p le te d

th e  m ix tu re  w as h e a te d  f o r  30  m in u te s  and  th e n  c o o le d  an d  

p o u red  o n to  i c e  i n  a  4 - l i t r e  b e a k e r#  A f t e r  s ta n d in g  f o r  

some tim e  th e  p r e c i p i t a t e  w as f i l t e r e d  o f f  and  d i s s o lv e d  

i n  Na^CO^ ( 9 0  g# i n  1  l i t r e  H^O) by  h e a t i n g  en d  th e n

f i l t e r e d  h o t#  The c o o le d  f i l t r a t e  was a c i d i f i e d  w i th

d i l u t e  HCl an d  th e  p r e c i p i t a t e  f i l t e r e d  o f f  end  d r ie d #  The 

c ru d e  p ro d u c t  was c r y s t a l l i s e d  t h r e e  t im e s  from  e t h y l  

a l c o h o l  an d  s e p a r a te d  a s  faw n c o lo u re d  n e e d le s ,  m#p# 2 3 6 - 8®# 

Y ie ld ,  17 g# (1 3 $ )# '

fi-A m in o l-n sp h th o iQ  a c i d # ( F s c h o r r ,  A im alen . 1 9 1 2 , % 1 .  2 3 ) 

W ater (2 2 0  c# c# ) was h e a te d  i n  a  1 - l i t r e  b e a k e r  

an d  s t i r r e d  m e c h a n ic a lly #  F e r ro u s  s u lp h a te  (P eS 0^ 7h 2 ^ t 

9 0  g # , 7 M) was ad d ed  to  th e  b o i l i n g  w a te r  w h ich  c o n ta in e d  

a  l i t t l e  h y d r o c h lo r ic  a c id #  The 5 - n l t r o - n a p h th o ic  a o id



(1 0  g # , IM) was d i s s o lv e d  i n  a l i t t l e  sq u e o u s  ïiH  ̂ and  added#

Tïien NĤ  ( 100 CO#, ^  0#88) was ad d ed  u n t i l  th e  s o l u t i o n

waa a l k a l i n e  an d  a b la c k  p r e c i p i t a t e  was form ed# T h is  

s o l u t i o n  was b o i l e d  v ig o r o u s ly  f o r  f i v e  m in u te s  and  f i l t e r e d  

k e e p in g  th e  pad  o f  f i l t e r  p a p e r s  a l k a l i n e #  Some o f  th e  

ammonia was b o i l e d  o f f  and th e  f i l t r a t e  a c i d i f i e d  w ith  

g l a c i a l  a c e t i c  a o id #  The p M o i p l t e t e  im s f i l t e r e d  o f f ,  

a f t e r  s ta n d in g  o v e r n ig h t  when th e  c o lo u r  ch an g ed  from  y e llo w  

to  deep  red#  I t  c r y s t a l l i s e d  a s  rhom bs from  e th a n o l#

Y ie ld ,  7 .5  g .  ( 8 7 ^ ) ,  m .p . 2 0 9 - 2 1 2 ° .

S-lode.|jtap,2it40-le.j;Æ M .  ( s e e p  and  S c h o l l ,  A n n a le n . 1913» 398 . 82) 

5- /m in o  1 - n a p h th o ic  a c id  (1 8  g # , IM) wso d i s s o lv e d  

i n  aq u eo u s sodium  h y d ro x id e  ( 7 0  c # c # , 1 0 ^ )  and  was ad d ed  to  

a n  aq u e o u s  s o l u t i o n  o f  sodium  n i t r i t e  (NaNo^# 8 g # , 1 #1 M)

T h is  s o l u t i o n  was ad d ed  d ro p w ise  to  a s o l u t i o n  o f  s u lp h u r ic  

a c id  ( 5 0 0  c # c # , 2 H) a t  0 ® w hich  w as m e c h a n ic a l ly  s t i r r e d #

The c lo u d y  s o l u t i o n  f i l t e r e d  on  a c o ld  B uchner f u n n e l  and  

p o u re d  i n t o  a  c o ld  s o l u t i o n  o f  KI ( 3 4  g # , i n  180  c#c# H^O)#

The syl-Lztion was l e f t  t o  s ta n d  f o r  tw e lv e  h o u rs#

The w o rk in g  up  o f  t h i s  r e a c t i o n  was m o d ifie d #  The 

r e a c t i o n  m ix tu re  waa e x t r a c t e d  w ith  e t h e r  and  t h e . e t h e r  

l a y e r  w ashed  w ith  a n  a c i d i c  s o l u t i o n  o f  sodium  m e ta - b i s u l p h i t e  

and  th e n  w ith  a l a r g e  am ount o f  w a te r#  The s o l u t i o n  w as 

d r i e d  o v e r  sodium  s u lp h a te  and  f i n a l l y  th e  e t h e r  removed#

The c ru d e  p ro d u c t was c r y s t a l l i s e d  from  g l a c i a l  a c e t i c  a c id
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t o  g iv e  15#5 g# ( 5 4 G) o f  d eep  re d -b ro w n  c r y s t a l s ,  m#p* 2 4 8 - 5 0 ®#

( ^ e e r  and  S c h o l l ,  l o c . ^ t # ) 

5- I o d o - l - n a p h th o ic  a c id  ( 2 3  g # ) was d i s s o lv e d  i n  

m etliy l a lc o h o l  (5 7 5  c# e# ) and  d ry  h y d ro g en  o h lo r id e  g a s  

was p a s s e d  th r o u f ^  th e  s o l u t i o n  f o r  s e v e n  h o u rs#  The 

iM saction m ix tu re  was p o u red  i n t o  c o ld  w a te r  an d  th e  s o l u t i o n  

e x ti* a c te d  w i th  e th e r#  The e t h e r  e x t r a c t  w as w ashed w ith  

aq u eo u s  and  w ith  w a te r  en d  d r i e d  o v e r  sodium  s u lp h a te #

The e t h e r  was rem oved end  th e  r e s id u e  c r y s t a l l i s e d  from
r~

m etlijrl a lo o h o l  to  g iv e  1 7  jr.»  (72!*) o f  th e  e e te p  a s  p in k y -  

g o ld  p l a t e s ,  m .p , 78- 6 0 ®.

1 .1  '-B tnB B hthyl-5 .5*-d^agboyylle  so ld .

(S e e r  and S c h o l l ,  l o c . o l t .  m o d if ie d  

b y  R id g w e ll ,  l o o , p i t . )

M ethyl 5 - io d o - l - n a p h th o a te  ( lO g . ) » a s  h e a te d  i n  a  

h a rd  g l a s s  tu b e  o n  a  m e ta l  b a t h  a t  2 5 0 ® u n d e r  a n  a tm o sp h e re  

o f  c a rb o n  d io x id e .  C opper (1 0  g . )  was ad d e d  s lo w ly  when th e  

i n t e r n a l  te m p e ra tu r e  r o s e  t o  270®. A f t e r  th e  a d d i t i o n  o f  

c o p p e r ,  th e  m ix tu re  w as h e a te d  a t  2 2 0 ® f o r  1 5  m in u te s  an d  

w as th e n  e x t r a c t e d  w ith  b o i l i n g  a,“ 6 i« h lo r o b e n z e n e .  The 

c o p p e r  s a l t s  w ore f i l t e r e d  o f f  and  th e  r e s i d u e ,  o b ta in e d  

by  d i s t i l l i n g  o f f  th e  s o l v e n t ,  waa i iy d ro ly a e d  d i r e c t l y .

The r e s id u e  w as b o i l e d  f o r  s i x  h o u r s  u n d e r  r e f l u x
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w ith  10$  a l c o h o l i c  p o ta ah #  The a lc o h o l  was d i s t i l l e d  o f f  

and  th e  r e s id u e  e x t r a c t e d  w ith  h o t  w a te r#  The c o o le d  

s o l u t i o n  w as a c i d i f i e d  w ith  d i l u t e  h y d r o c h lo r ic  a c id #  The 

d r i e d  p r e c i p i t a t e  w as e x t r a c t e d  w ith  e t h y l  alcohol u s in g  

a S o x h le t  an d  th e  s o l u t i o n  so  o b ta in e d  w as b o i l e d  w ith  

c h a rc o a l  an d  e v a p o ra te d  to  © sm a ll volum e# T i iy  w h ite  

c r y s t a l s  s e p a r a te d  o u t  ( 4  g * , 73$ )#  m#p# 3 6 0 ® w ith  decompo

s i t i o n #  T h is  m#p# ta k e n  u s in g  an  e l e c t r o t h e r a a l  a p p a ra tu s #  . 

(R id g w e ll g iv e s  m#p# 358® and  B e l l ,  M organ and  Smythe 

m$p# 355 ^ )#  A n a ly s is  (B e rn i ia rd t)

Founds C , 77*0 ; H, 4 * 1 ; 0 ,  18#9* ^ 2 2^ 4 %  r e q u i r e s

C, 77*1 ; H, 4 . 2 ;  0 , 1 8#7$)

The a n a l y s i s  r e s u l t  i n d i c a t e d  t h a t  t h i s  compound was 

o b ta in e d  i n  a  h i # i e r  s t a t e  o f  p u r i t y  th a n  p r e v io u s  w o rk e rs  

w ere a b le  t o  o b t a i n  i t *
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a c i d *

Thi& oompound h ad  b e e n  p r e p a r e d  b e f o r e  i n  low  y i e l d  by  

Meieenheimei* and  B e ise w e n g e r  ( l o c . o l ^ . ) b u t  t h i s  a u th o r  

was u n a b le  to  r e p e a t  t h e i r  work# T h e re fo re  a  new m ethod 

o f  p r e p a r a t i o n  was d ev e lo p ed #

4-

M ethyl-*8 - -b ro m o - l-n a p h th o e te  (2 5  g*$ IM) and 

C L -iodonaph thalene (2U g # , IM) w ere h e a te d  to g e t h e r  i n  a 

h a rd  g l a s s  tu b e  Im m ersed i n  a m e ta l b a th  a t  2 6 0 ^ .  C opper 

b ro n z e  (go  g # ) was ad d ed  g r a d u a l ly  an d  a f t e r  th e  a d d i t i o n  

was c o m p le te d  th e  r e a c t i o n  m ix tu re  waa k e p t  a t  22 0^ f o r  

t e n  m in u te s*  The c o o le d  m ass was e x t r a c t e d  w ith  c h lo ro fo rm  

and  th e  r e s u l t i n g  s o l u t i o n  f i l t e r e d  o f f  from  c o p p e r  s a l t s  

an d  in o r g a n ic  s u b s ta n c e s #  The c h lo ro fo rm  was d i s t i l l e d  o f f



and  a  l i t t l e  e t h e r  ad d ed  to  th e  r e s u l t i n g  o i l  when a 

s o l i d  o r y s t a l . l i ô e d  o u t  ( F r a c t i o n  I )#  The s o l i d  was 

f i l t e r e d  o f f  from  a d a rk  brow n o i l  w hich  was vacuum 

d i s t i l l e d  t o  g iv e  a  l i # i t  y e l lo w  o i l*  ( F r a c t i o n  I I ) The 

r e s id u e  from  th e  d i s t i l l a t i o n ,  w ith  a c e to n e ,  gave a d a rk  

brow n s o l i d  ( F r a c t io n  I I I ) *

F r a c t io n  I*  6 g# c ru d e  m a te r i a l  m*p* 13C«-l45^ w hich waa 

c r y s t a l l i a e d  from  m e tl iy ls te d  s p i r i t  u s in g  c h a rc o a l  to  

g iv e ;  ( a )  1 s t  c ro p  m#p* li |0 -1 5 5 ^  y e llo w  com%)ound*

H e c r y s ta l l  i s e d  to  g iv e  2*5 g* p a le  y e l lo w  n e e d le s  

mp# 1 5 5 ^ 7 ^ , i# e#  D im e th y l'* ^ l,l* * * b in ap h th y l^ 8 ,8 * -d ic a rb o x y la t© #

(b )  2nd crop*  m*p* 110*120^ w ith  a  r e s id u e  w hich  

m e lte d  a t  150^* R e c r y s t s l l i s a t i o n  gave a  s o l i d  

m.p# 110-^120^ s t i l l  w ith  a r e s id u e  w hich  d is a p p e s ï ‘ed  

a t  1 3 0 ®*

( c )  3 rd  c r o p .  m .p . 1 0 7 - 1 2 0 ^#

F r a c t io n  I I .  9 g* l i g h t  y e l lo w  o i l  an d  some w h ite  s o l i d

w hich  d i s s o lv e d  i n  th e  o i l*  b#p* 1 0 0 -1 2 0 /2 -3  m.m# T h is

was m a in ly  u n r e a c te d  compounds and  some d c h a lo g e m te d  

p r o d u c ts  su ch  a s  n a p h th a le n e  and  1 -n a p h th o ic  a c id *

F r a c t io n  I I I #  6 g . s t i c k y ,  d a rk  y e llo w  s o l i d  w hich was

c r y s t a l l i s e d  from  m e th y la te d  s p i r i t  u s in g  c h a rc o a l  to  g iv e :

( a )  2 g .  p a le  y e l lo w  s o l i d ,  m .p . l lh -1 2 1 ^ *

(b )  2nd c ro p  w hich  was s t i c k y  so  r e o r y e t e l l i s e d
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d i r e c t l y  to  g iv e  a  y e l lo w  s o l i d  m .p . 115-120® ,

’rh e s e  two c ro p s  ( I I I  ( a )  and  { f l ) )  w ere ta k e n  w ith  c ro p s

(b )  an d  ( c )  from  F r a c t io n  I  an d  r e o r y s t a l l i a e d  from  m e th y la te d

s p i r i t s .  Y là è d j 2 .4 5  g .»  m .p . 118-121®

2nd c r o p .  1 ,1 5  g .  m .p . 115-120®

The t o t a l  y i e l d  was 3 .6  g . , (12S  c a l c u l a t e d  from  th e  am ount 

o f  m e th y l-8 - b ro r a o - l -  n aph thoat®  u s e d ) .

(F o u n d : C, 8 4 .3 5 ?  4» 5«25 ; C . 8 4 .6 ?

H, » i2 ^ )

 ̂ '
I.1 '-Hlnauhthvl-8-carbow^e,

N etliy l 1 .1  ' - b i n a p b t h y l - 8 - c a r b o x y la te  ( 3 . 8  g . ) was 

h e a te d  u n d e r  r e f l u x  on  a  m e ta l b a t h ,  f i t h  3 0 % a l c o h o l i c  

p o ta sh #  The a l c o h o l  was d i s t i l l e d  o f f  a f t e r  15 m in u te s  and  

th e  i*esiduc h e a te d  a t  130-lhO® f o r  a b o u t 15 m in u tes#  The

r e s id u e  was e x t r a c t e d  w ith  h o t  w a te r  end  f i l t e r e d #  The

c o o le d  f i l t r a t e  was e c i d i f l e d  w ith  d i l u t e  h y d r o c h lo r ic  a c id  

and th e  p r e c i p i t a t e  so o b ta in e d  was f i l te i* e c l  o f f  and  d r ie d #

The c ru d e  a c id  v/as c r y s t a l l i s e d  from  m e th y la te d  s p i r i t ,  a f t e r  

b o i l i n g  w ith  c h a r c o a l  f o r ,  rsome tim e#  A f te r  s e v e r a l  r e c r y s t a l -  

l i g a t i o n s  i t  was o b ta in e d  p u r e ,  m#p# 2 4 6 -8 ^ , 2 g # , (56%)

(M elsen ile im er and B e is sw e n g e r , l o c . o l t # .  gave m.p# 2 4 2 ^ ) . 

A n a ly s is  ( B e r n h a r d t ) .

(P o u n d : G, 8U#2j H, h * 8 5 ; 0 , 1 1 .2 #  ^ 2 1 ^ h ^ 2

c ,  8 4 .5 ;  H, 4 . 7 ;  0 , 1 0 .7 % ).
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o s t i c s l l y  a c tiv a  
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To p re p a re  th e  o p t i c a l l y  a c t i v e  e s t e r e  o f  th e s e  a c id s  

i t  was n e c e s s a ry  to  f i n d  a m ethod o f  e a t e r i f i o e t l o n  w hich  

w orked sm o o th ly  an d  w e ll  i n  th e  co ld *  I t  was fo u n d  t h a t  

th e  r e a c t i o n  o f  a c id s  w ith  d isz o m e th a n e  waa a n  e m in e n tly  

e u i t a h l e  o n e .

PiA aaactjiftns.* ( o r g . s v n . .  1 9 5 6 ,  1 6 .}

p - 0 i y 0 g I ^ 8 0 g N ( N O ) 0 H ^  ♦  R O H  O R g N g  ♦  p - G H ^ C g ï ^ S O g O R + H g O

j '
The J o i n t s  o f  th e  a p p a r a tu s  u se d  w ere f i t t e d  w ith  p l a s t i c  

s l e e v e s  to  l i m i t  th e  p o s s i b i l i t y  o f  a n  e x p lo s io n *

I n  a round®-bottomed f l a s k  w ere p la c e d  5g# KOH,

8 c . o .  w a te r  en d  2 5 c .o .  o f  95% e t h a n o l .  th y l - H ^ n l t r o s o -

p - to lu e n e  su lp h o n am id e  ( 2 1 .5  g . ) ,  d i s s o lv e d  i n  130 o . c .  

o f  e t h e r ,  was p la c e d  i n  a d ro p p in g  f u n n e l .  T h ere  w ere

two r e o e iv in g  f la sk ©  c o n n e c te d  i n  a e r i e s  an d  th e  seco n d
, '

o n e , w hich  c o n ta in e d  4 0 ^ 5 0  o . c .  e t h e r ,  a c te d  a s  a t r a p  

f o r  any  CKgH^ w hich  mi?:dxt e e o a p e . The î l- r a o th y l- ÎT -n it ro s o -  

p - to lu e n e  su lphonam lde  was added  from  th e  d ro p p in g  fu n n e l  

t o  th e  KOH s o l u t i o n  i n  th e  f l a s k  w hich  w as on a w a te r  b a th  

m a in ta in e d  a t  65^ 70®. A f te r  th e  a d d i t i o n ,  a  f u r t h e r  50 c . o .  

o f  e t h e r  w as ad d ed  an d  th e  d i s t i l l a t i o n  c o n t im e d  u n t i l  

th e  d i s t i l l a t e  was c o l o u r l e s s .  The e t h e r e a l  s o l u t i o n  was 

u s e d  Im m e d ia te ly  and  w as assum ed to  c o n t a in  2 .6 - 2 .7  g# o f  

d ia z o m e th a n e .
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1» ( - )  *-•blns.B hthyX -8.3.*-& io s r b o x v la t e .

The ( - ) I , I * - b i n a p h th y X - 8 , 8 ’ -d lo sp b o x y X a te  © old ( 2 . 5  g . ) 

was ad d ed  sXowXy to  th e  c o ld  e t h e r e a l  s o l u t i o n  o f  

d isz o m e th an e  (3 5  o .o .  0 .6 1  g .  CHgNg). T here  was 

e f f e n r e e c e n o e  and  a s  th e  r e a c t i o n  p ro c e e d e d  a  X i j ^ t  c o lo u re d  

s o l i d  c r y s t a l l i s e d  a t  th e  b o tto m  o f  th e  f l a s k .  Alien th e  

r e a c t i o n  was co m p le te  th e  s o l i d  was f i l t e r e d  o f f ,  w ashed  

th o ro u g lily  w ith  aq u eo iis  sodium  c a rb o n a te  an d  th e n  w ith  

w a te r .  I t  w as th e n  d r ie c l i  to  g iv e  a w h ite  c r y s t a l l i n e  

p r o d u c t ,  9 . 8  g . ,  m .p . 1 2 3 - 5°  ( t h e n  s o l i d i f i e d  and m e lte d  

a t  1 5 7 °  p ro b a b ly  b e c s u a e  o f  r a c é m is a t io n  o n  m e l t i n g ) .

(Found* C, 7 7 .9 ;  « ,  5 .1 .  C 2 4 ^ 8 ° 4  r e g u l r e s  C , 7 7 .8 ;

H, 4 '

2 .  ( + ) D im ethy l 1 .1 * - b in a p h th a l# » .8 *- d l o a i t o x v l a t e .

The ( + ) l , l * - b i n a p h t h y l - 8 , 8 *« H o a rb o x y llc  a c id  (3*2  g . )  

waa ad d ed  s lo w ly  to  a c o ld  e t h e r e a l  s o l u t i o n  o f  d lazo m e th an e  

( 4 5  0 . 0 . ^  0 ,8 9  g .  CHgHg). fthen th e  r e a c t i o n  f i n i s h e d  th e  

s o l i d  was f i l t e r e d  o f f  an d  w ashed w e l l  w ith  ag u eo u e  sodium  

c a rb o n a te  and  w a te r  en d  th e n  d r ie d *  2 . 8  g .  o f  q u i t e  w h ite  

p ro d u c t  w as o b ta in e d ,  m .p . 1 2 3 - 5°  and  th e n  1 5 7 °  ( l i k e  th e  

( - )  i s o m e r ) .

(Founds C , 7 7 .7 5 ;  M, 5 .1 .  r e q u i r e s  0 ,  7 7 .8 ;  H, 4 . # )



M

3* ( + ) aifflfitMl l..l.^-b.tnepMtel-5.5*-Ælqsrbo;!arlate.
The (+ )  l , l * - h i n a p h t h y l » 5 ,5 '- d l o e r b o x y l l c  a c ld  ( 3  g . )  

wae ad d ed  e lo w ly  to  a o o ld  e t h e r e a l  s o l u t i o n  o f  

d isz o m e th an e  (4 0  o .o ,  O. 7 3  g , ) .  %hen th e  r e a o t i o n  was 

c o m p le te d  th e  p r e c i p i t a t e  wee f i l t e r e d  o f f  and  w ashed w e ll  

w ith  aq u eo u s  sodium  c a rb o n a te  and  w a te r*  The p ro d u c t  ( 2  g . ) 

was p a le  y e l lo w , m .p . 1 7 3 -4 ° .

(Pound* C, 7 7 .5 ;  H, 5 .1 . ,  C , 7 7 .8 ;  H, 4 .9% )



A tte m p te d  p r e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  1 ,1 ^ - b in a p h th y l#
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N W ith id ln e #  (C ohen & O e sp e r, I n d u s t r i a l  E n g in e e r in g  Ghem#

à m la c U m i#  1936f i f  306)#

1 .  A zo n a p h th a le n e  »

a«*haphfci^lamlna h y d r o c h lo r id e  (3 5  g# ) was h e a te d  w i th  500  o#o# 

o f  w a te r  t o  g e t  i n t o  s o l u t i o n  an d  c o o le d  w ith  s t i r r i n g #  The 

cono# liCl (j^5 c # c # )  was added  and th e  s o l u t i o n  c o o le d  to  z e ro  

whan a  m e c h a n ic a l s t i r r e r  was s t a r t e d #  C o ld  d i l u t e  s u lp h u r ic  

a c id  (21  o#o# oonc# a c id  and  200  c#o# w a te r )  was ad d ed  and  

when th e  s o l u t i o n  was a g a in  a t  0^ i t  was d i a z o t i s e d  w ith  

sodium  n i t r i t e  (lU  g# i n  80 c#o# w a te r )#  The d iazo n iu m  

s o l u t i o n  was l e f t  t o  s ta n d  i n  th e  i c e  b a th  f o r  f i v e  m inute©  

an d  th e n  f l l t e i ^ d  th ro u g li  a  c o ld  B uchner fu n n e l#  The f i l t r a t e



V

p la c e d  I n  an  i c e  b a th  end  th e  e t i p r e r  s t a r t e d  a g a in  when 

a  s o l u t i o n  o f  sodium  a c e t a t e  was added  k e e p in g  th e  te m p e ra 

t u r e  b e tw e en  0-5® . A c o o le d  s o l u t i o n  o f  sodium  s u l p h i t e  wee 

ad d ed  s lo w ly  when n i t r o g e n  was ev o lv ed »  The s o l u t i o n  was 

warmed on  a w a te r  b a t h .  The p r e o i p l t a t e  was w ashed w ith  

w a te r  an d  d r i e d .  T h is  p r e c i p i t a t e  (31  g«) was n o t

r e o r y s t a l l i a e d  b u t  u s e d  d i r e c t l y  i n  th e  n e x t  s t a g e ,

A ao n ap h th a len o  (4 0  g , ) w as su sp e n d ed  I n  400  c , c ,  o f  

e t h y l  a lo o h o l  a n d  b ro u g h t  t o  a  g e n t l e  b o i l ,  s ta n n o u s  

o h lo r id e  (8 0  g ,  i n  200  c . o ,  co n o ,H C l) was added  s lo w ly  

w ith  s h a k in g .  As so o n  a s  a  p a le  sa lm on  c o lo u re d  p r e c i p i t a t e  

w as o b s e rv e d  th e  s o l u t i o n  was ta k e n  o f f  th e  h e a t .  The

s o l u t i o n  w as c o o le d  to  room te m p e ra tu r e  an d  200 o , c ,  o f

c o n e , HCl w as a d d e d . The p r e c i p i t a t e d  l iy d ro c h lo r id e  was 

f i l t e r e d  o f f ,

P ttsd iftQ a tio n  o f  th e  h v d r o o h lo r ld e .  ( T h e l la o k e r  an d  Hopp,

2 a c * f  1 9 5 9 . 2293)

The c ru d e  h y d r o c h lo r id e  was b o i l e d  w ith  two l i t r e s  

o f  w a te r  a n d  f i l t e r e d  h o t  from  th e  i n s o lu b le  r e s i d u e .  To 

th e  c o o le d  f i l t r a t e  w as added  100 c . o ,  o f  co n o , HCl when a 

w h ite  p r e c i p i t a t e  was fo rm ed . The b row n  r e s id u e  w as 

e x t r a c t e d  w i th  more w a te r  b u t  v e ry  l i t t l e  s o l i d  was o b ta in e d  

from  th e  f i l t r a t e .



The p u r i f i e d  am ine h y d ro o h lo rid ©  wee su sp en d ed  

i n  5 0 0  0 . 0 # o f  w a te r  and  a  s l i g h t  e x o e s s  o f  20^ aq u eo u s 

sodium  h y d ro x id e  was added# The ev o lu tio n  w as s t i r r e d  

o o n tim to u D ly  and  th e  te m p e ra tu r e  m a in ta in e d  a t  f o r  

1 5  m in u tes#  The s o l u t i o n  w as th e n  o o o le d  an d  th e  

p r e o i p l t a t e  f i l t e r e d  o f f#  The am ine was r e o r y s t a l l i a e d  

from  l i  liti* e©  o f  a lc o h o l#  b o i l i n g  th e  s o l u t i o n  w ith  

o h a ro o a l  f o r  some tim e#  The s o l u t i o n  was th e n  e v a p o ra te d  

to  a s m a l le r  volum e when 9 g# { 2k% c a l c u l a t e d  from  th e  

am ount o f  am ine h y d r o c h lo r id e  u s e d )  o f  b e ig e  c r y s t a l s  s e p a r a 

t e d  a s  p la t e s #

Q p tlo a l  a o t i v à t i o n  o f  n a p h th id in e # ( T h e l la o k e r  and  Hopp#

JLasusli*)
N a p h th id in e  (2 # 8  g## IM) w as d i s s o lv e d  i n  

50  o#o# h o t  a c e to n e  and  t h i s  s o l u t i o n  w as th e n  p o u re d  i n t o  

I4.00 0 *0 # o f  w a te r#  kO o#o# o f  N --h y d ro ch lo ric  s o ld  was 

added  fo l lo w e d  Im m ed ia te ly  by  a  s o l u t i o n  o f  ammonium-4 )rom-^I># 

camphor*^ I' -^ su lp h o n a te  (6 * 5  g## 2M)# A f t e r  s ta n d in g  f o r  

some h o u r s  th e  % )rc o ip ita to  was f i l t e r e d  o f f  an d  d r i e d  m ay  

from  th e  l i g h t #  I t  was c r y s t a l l i s e d  from  SO^ aq u eo u s 

a lc o h o l#

Ih e  f i r s t  c ro p  was p in k y  b e ig e  c r y s t a l s  ( 0#8  g # )
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^®^5791 “  ( I n  60^  s o a to n e )

22
The saeo n d  o ro p  w as s l ig l i tX y  d a r k e r  ( 2 .3  g . )

[ “ ^5791 * +95*2 ( i n  6C^ e o e to n e ) ,  m .p . 329-331** ( s h r i n k s  

a t  200®)» ( T h e l la o k e r  gave [ a ] j j  » +99°)•

L ib e r a t i o n  o f  th e  a c t i v e  am in e .

The s a l t  (5  g » )  was su sp e n d ed  i n  60 o . o .  o f  a lo o h o l 

an d  a few  p ie c e s  o f  i c e  a d d e d . The s o l u t i o n  was made 

a l k a l i n e  w ith  ammonium h y d m x id e  when th e  am ine w as

p r e c i p i t a t e d .  A'hen d ry  th e  am ine w as a l i ^ i t  b row n  c o lo u r
20 
5791( 1 . 7  g . )  m .p . 204-5® . » + 3 9 » 7 ° ( in  d ry  a c e to n e )

■hyao.»haaphQrouB &ai_d ( u s in g  th e  m ethod 

g iv e n  i n  O rg a n ic  R e a o tio n » , ,  g t  2 6 3 ) .

The r e a c t i o n  wbb c a r r i e d  o u t  o n  i n a c t i v e  am ine 

f i r s t .  I h a  n a p h th id in e  ( 2 g . ,  IW) i n  5 c . c .  c o n o .h y d ro o h lo r lo  

a o id  and  a  l i t t l e  w a te r  w as d i e s o t i e e d  w ith  sodium  n i t r i t e  

( l  g . ,  2M) i n  a l i t t l e  w a te r ,  k e e p in g  th e  m ix tu re  v e ry  o o ld  

-20® to  - 3 0 ° .  The r e a c t i o n  m ix tu re  w as p o u red  i n t o  20go 

aq u eo u s hypophoaphororts  a c id  (50  o . o . ,  15® ). A y e l lo w  

s o l i d  WEB s lo w ly  p r e c i p i t a t e d  an d  e v e n tu a l ly  f i l t e r e d  o f f  

end d r i e d .  T h is  s o l i d  was d i s s o lv e d  i n  b e n s e n e  and  t h i s  

s o l u t i o n  w ashed w ith  sodium  h y d ro x id e , d i l u t e  h y d r o c h lo r ic  

a o id  an d  w a te r .  The s o l u t i o n  was d a rk  brow n an d  t o  p u r i f y  

i t  w i th o u t  h e a t i n g  i t  wae p a s s e d  th ro u g h  a n  a lu m in a  colum n 

made up  i n  b e n z e n e , %hen th e  s o l u t i o n  was e v a p o ra te d  a n



o ra n g e -y e llo w  oompound waa o b ta in e d ,  m#p# 1 4 8 -1 5 0 ^ , 

w hich was im pure l , l ’ - b i ï ia p h th y l  ( r e p o r t e d  m.p# 160® and 

156^ ) .  T h is  s o l i d  d i s s o lv e d  i n  ben zen e  was p a s se d  th ro u g h  

a second  a lum ina colum n made up i n  p e tro le u m  e t h e r  (b # p .h 0 -6 0 ^ )  

T tiis gave a w h ite  p ro d u c t m .p . 156-158^»

The i n f r a - r e d  speo trum  was ta k e n  to  u se  a s  a 

s ta n d a r d .

The r e a c t io n  was r e p e a te d  u s in g  o p t i c a l l y  a c t iv e  

am ine i n  th e  seme q u a n t i t i e s .

The am ine was d i a z o t i s e d  a s  q u ic k ly  a s  p o s s ib le  

and p ou red  on to  hypophoBphorouB a o id .  To sp eed  up 

th e  p r o c e d u r e , in  oaea  th e  hydrooax% on sh o u ld  be  v e ry  

l a b i l e  i t  w as d e c id e d , 3 ^ m in u te s  a f t e r  p o u r in g  in to  

h y p o p h o s j^ o ro u s  a o id ,  to  e x t r a c t  th e  r e a c t i o n  m ix tu re  

w ith  ben zen e  ev en  though  th e  r e a c t io n  was n o t c o m p le te . 

l*h© e x t r a c t i o n  was d i f f i c u l t  b ec au se  o f  th e  fo rm a tio n  o f  

em u ls io n s  b u t  th e  b en zen e  s o lu t io n  was s e p a r a te d  and  w ashed 

w ith  sodium  h y d ro x id e , d i l .  h y d ro c h lo r ic  a o id  and w a te r .

The b en zen e  s o lu t io n  was p a s s e d  d i r e c t l y  th ro u g h  an  

a lu m in a  colum n made up i n  p e tro le u m  e t h e r  ( h 0 -6 0 ^ ) .  Thé 

f i r s t  f r a c t i o n  o u t was an  a lm o s t o o lo u r le s a  s o lu t io n

18 c . c .  o f  w hich  was f i l t e r e d  in to  th e  p o la r im e te r  tu b e .
1 ^ 1  ®The o b se rv e d  r o t a t i o n  « + 0 .085  in  a b en zen e

%)©troleum e t h e r  m ix tu re .  The s o lu t io n  and  w ash in g s w ere

t r a n s f e r r e d  to  a w eighed  e v a p o ra t in g  d is h  an d  th e  s o lv e n t



removed* By rew elghin^x th e  e v a p o r^ itln g  d i s h  th e  am ount

o f  s o l i d  i n  th e  a o l u t io n  was fo u n d  and  an  a p p ro x im a te  v a lu e
13#L

o f  th e  s p e c i f i c  r o t a t i o n  c a l c u l a t e d !  [ ^ ^ 570% “  + 105  #

The m e l t in g  p o in t  o f  t h i s  s o l i d  ta k e n  on an  e l e c t r o -  

th o rm a i a p p a ra tu s  was 1 5 1 - 1 5 U^ w ith  ahzdnlcing  a t  1 3 8 ^»
» t  1

The i n f r a  r e d  sp ec tru m  o f  t h i s  r e s id u e  was a l s o  ta k e n  and  

I t  c o r re s p o n d e d  w e ll  w ith  t h a t  o f  1 , 1 ’̂ -binaphtÎTiyl and  a l s o  

Bhov/ed b ey o n d  a l l  d o u b t t h a t  no am ine g ro u p s  w are p re s e n t*  

T h is  w ould  seem to  b e  th e  ( + ) form  o f  1 ,1 ^ - b ln a p h th y l  w hich 

a t  room te m p e ra tu re  seem ed to  b e  r e a s o n a b ly  s t a b l e  i n  b en z en e  

and  p e tro le u m  e th e r*  I n  d im e th y l form am ide a t  21^ i t  h ad  

a h a l f  l i f e  r e r i o d  o f  a b o u t f i v e  h o u rs*
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A -Iq a oT 'D h thalic  ao id #  (K e n n e r , £ * ,  191U, 2477)

The h y d r o c h lo r id e  o f  o«-»m lno-ph thB lic  a c id  ( 3 0  g # , 

IM) wae d is s o lv e d  i n  c o n c e n t r a te d  h y d r o c h lo r ic  a o id  

( 2 2 # 5  0 *0 .  I^M) and  # a t e r  ( 5 0  c .o * )  w ith o u t h e a t in g *  To 

t h i s  s o l u t i o n  was ad d ed  a s o l u t i o n  o f  ©odium n i t r i t e  i n  

w a te r  (10*4 g . ,  IM) k e e p in g  th e  te m p e ra tu ra  b e tw e e n  -1 0  and  

- 5^* A y e llo w  s o l i d  a p p e a re d  d u r in g  th e  c o u rs e  o f  th e  

r é a c t i o n .  The r e a c t i o n  mixtui*e was p o u red  i n t o  a s o l u t i o n  

o f  p o ta s s iu m  io d id e  ( 3 6  g # , l^M ) w hich  c o n ta in e d  a  l i t t l e  

d i l u t e  h y d r o c h lo r ic  ao id *  A f te r  b e in g  warmed on a  w a te r -  

b a t h  f o r  soma tim e  su lp h u ro u s  a c id  was added  and th e  y e llo w  

p r e c i p i t a t e  f i l t e r e d  o f f*  T h is  p r e c i p i t a t e  c r y s t a l l i s e d



from  w a te r  a s  c re a m -c o lo u re d  p l a t e s  (1 6  g # , 50%) m.p# 1 7 6 -8 ^ . 

The m e lt in g  p o in t  g iv e n  i n  th e  l i t e r a t u r e  1© 206^ f o r  a  

s o l i d  w ith  th r e e  m o le c u le s  o f  w a te r  o f  c r y e t a l l i s a t i o n #

To c o n firm  th e  s t r u c t u r e  o f  t h i s  p ro d u c t i t  was d e c id e d  to  

p r e p a re  i t s  a n iiy d rid e  w hich  waa a l s o  known, m .p . 1 6 0 -1 ^ .

The e c id  ( 2 .5  g») p re p a re d  by  th e  p r e v io u s ly  

d e s c r ib e d  d la a io t l s a t i o n  wae h e a te d  u n d e r  r e f l u x  f o r  15 

m in u te s  w ith  a c e t i c  a n h y d r id e  (2 * 5  c . c . )  and  th e  m ix tu re  wes 

th e n  p o u red  i n t o  a b e a k e r .  On c o o l in g  p r i s m a t ic  c r y s t a l s  

a p p e a re d  w hich  w ere f i l t e r e d  o f f  end  r e c r y e t & l l l s e d  from  

a l c o h o l ,  m .p . 1 6 0 -1 ^ .

i . e .  h ad  b e e n  fo rm ed .

I

Thus th e  d i a g o t i s e t i o n  p ro d u c t  was th o u g h t to  b e  o - io d o -  

p h t h a l i e  a c id  an d  th e  a n a l y s i s  f i g u r e  a r e  c lo s e  to  th o s e  

r e q u i r e d  f o r  th e  an h y d ro u s  a c i d .  (Found: C, 3 2 .8 ;  H, 1 .5 ;  

I ,  4 5 # 7 . C a lc u la te d  f o r  G, 3 2 .9 ;  H, 1 .8 ;

I ,  4 3 .4 5 % ).

K enner p r e p a re d  th e  e s t e r  by th e  s i l v e r  s a l t  b u t  h e re  

d i® som ethane waa u s e d .

The d isz o m e th an e  was p re p a re d  by  th e  s ta n d a r d

m eth o d .
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The f i n e l y  pow dered a d d  (18  g . ) was added  s lo w ly  

to  an  e t h e r e a l  s o l u t i o n  o f  d ia jsom ethane( 6g#) A l i t t l e  

a c e t i c  a c i d  was added to  remove any e x c e s s  d iazo m e th an e  and  

th e  s o l u t i o n  a llo w e d  to  s ta n d  i n  th e  fume cu p b o a rd  o v e rn ig h t#  

The e t h e r e a l  s o l u t i o n  wee w ashed w ith  sodium  c a rb o n a te  

s o l u t i o n  and  w a te r#  The e t h e r e a l  s o lu t i o n  was d r i e d  o v e r  

c a lc iu m  c h l o r i d e ,  th e  s o l u t i o n  r a s  th e n  f i l t e r e d  and th e  

e t h e r  d i s t i l l e d  o f f#  The r e s id u e  c r y s t a l l l G e d  from  

p e tro le u m  e t h e r  i n  g o ld e n  p la te s #  (17#5  g # # 

m .p . 89 - 9 0 ®.

The m etiiy l e s t e r  o f  o - io d o - p h th a l i c  a c id  (2 0  g#) i n  a  h a rd  

g l a s s  tu b e  was im m ersed i n  © m e ta l b a th  a t  260^# C opper 

b ro n z e  (20  g # ) was added  g r a d u a l ly  when th e  I n t e r n a l  te m p e ra 

tu r e  ro s e  to  280*^# ?hen a l l  th e  c o p p e r  was added  th e  

r e a c t i o n  m ix tu re  was h e a te d  mt 260^ f o r  15 m in u tes#  The 

c o o le d  m ass was c ru s h e d  and  e x t r a c t e d  w ith  ch lo ro fo rm #

Tlie s o l u t i o n  was f i l t e r e d  and  th e  c h lo ro fo rm  d i s t i l l e d  o f f#  

The r e s id u e  was c r y s t a l l i s e d  from  b en zen e  and  gave a  w h ite  

p ro d u c t (8#7  g # t 7 ^ % ) 9  m#p# 1 6 3 -^ ^ •
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2,2*-oar"boniath o x y -b  1 pheny 1 - 3 , 3 ^ -d lo a r b o x y l lc  ac id #

The t e t r a  m ethy l b ip h e n y l- 2 ,2 % 3 ;3 * - te t r a c & r b o x y la te  

(7#5  g* ) was d is s o lv e d  i n  m e th y l a lc o h o l  (250  c ,c * )  by 

h e a t in g  u n d e r  r e f lu x #  To t h i s  s o l u t io n  was added  a n  aq u eo u s 

s o l u t i o n  o f  H/2 p o ta s s iu m  h y d ro x id e  (79  o»o#) th e  q u a n t i ty  

c a l c u l a t e d  to  h y d ro ly s e  two e s t e r  g ro u p s  on ly#  The m ix tu re  

was h e a te d  f o r  3 0  m in u te s  whfen th e  s o lu t i o n  was fo u n d  to  

b e  n e u t r a l#  The a lc o h o l  was d i s t i l l e d  o f f  and  w a te r  added  

to  e x t r a c t  th e  re s id u e #  The s o l u t i o n  was f i l t e r e d ,  c o o le d  

and th e n  a c i d i f i e d  w ith  d i l u t e  h y d r o c h lo r ic  a c id #  The 

w h ite  p r e c i p i t a t e  o b ta in e d  was f i l t e r e d  o f f  and  d r i e d  and 

th e n  c r y s t a l l i s e d  from  m eth y l a lc o h o l  when w h ite  p r i s m a t ic  

c r y s t a l s  s e p a r a te d  (5  g # # 11%) m#p# 191^ b u t  on  r e m e l t in g  265^ 

b e c a u se  o f  th e  f o rm a t io n  o f  th e  a n h y d r id e t -
Co

L O

C O

O p tica l  A c t iv a t io n #

A tte m p ts  w ere made to  form  a l k a l o i d  s a l t s  o f  t h i s  

a c id  e s t e r  w ith  b r u c in e ,  q u in in e  and c in c h o n id in e #  Only 

th e  b r u c in e  s a l t  was fo rm ed  w hich c o u ld  b e  c r y s t a l l i s e d #
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The a c id  (0#5  g # * IM) waa d is s o lv e d  i n  5 o#c# etJ^iyl 

a lc o h o l  and  added  to  a s o l u t i o n  o f  a r^ y d ro u s  b r u c in e  

( l # l  g « , 2M) i n  5 0*0* e t h y l  a lc o h o l#  B e fo re  th e  s o l u t i o n  

c o u ld  be f i l t e r e d  c r y s t a l s  b eg a n  to  form  and on  h e a t in g  to  

t r y  to  r e d i s e o lv e  th e s e  c i - y s t a l s  more w ere d e p o s ite d #  I n  

t h i s  way m ost o f  th e  b r u c in e  s a l t  c r y s t a l l i s e d  (l#U  g# 

m .p . 2 1 5 -2 1 9 ° .

I t  was th o u g h t t h i s  m igh t b e  ©n asy m m etric  t r a n s -  

fo m n a tio n  o f  th e  se co n d  o r d e r  b u t  i n  f a c t  th e  a c id  l i b e r a t e d  

from  th e  s a l t  was in a c t iv e #  ITie r o t a t i o n  o f  s a l t  i t s e l f  

h ad  a  s m a ll te m p e ra tu re  o o e f f io ie n t#
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THE ENTROPY FACTOR IN THE OPTICAL
STABILITY OF A 1:1 -DINAPHTHYL

By Margaret M . Harris and Ann S. M ellor

Department o f  Chemistry, Bedford College, London

Several 1 ; r-dinaphthyls are known which are 
optically active owing to restricted rotation about 
the 1: T-bond. When their relative stabilities are 
compared on the basis of rate constants for racémisa
tion it is not by any means obvious on what factors 
their optical stability d e p e n d s .  1*2 As the beginning 
of a programme to investigate this problem further, 
the rate constants for racémisation of (+ )- and 
(—)-l:T-dinaphthyl-8:8'-dicarboxylic acid^d have 
been measured in 0*1n 
aqueous sodium hydr
oxide solution at several 
temperatures between 20" 
and 52°. The Arrhenius 
parameters for racémisa
tion corresponding to the 
formula kracem=A0 l§’ 
have been obtained {E by
the graphical method) and /\H %  and the
activation enthalpy and entropy of the absolute 
reaction rate theory, calculated.^

The results are E, 26T kcal. mole"i; logio^, 
15-2(sec."i); /\H % , 25-5 kcal. mole“ i; /\S%  +9-2 e.u.

This appears to be the only compound of the 
non-bridged diphenyl type which is known to have an 
entropy factor for racémisation which is positive; 
optically labile diphenyls previously investigated all 
show negative entropy factors.5-8 A positive entropy 
factor for racémisation has, however, been reported 
for an optically active ring compound, the bridged 
diphenyl c is -\:2:3:4-dibenz-l :3-cyc/ooctadiene-6:7- 
dicarboxylic acid^ in 2*32n  aqueous sodium hydroxide: 
the same compound in ethanol solution had a more 
usual negative entropy factor.
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