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ABSTRACT

6 , 6 ' - D i c h l o r o d i j h e n i c  a c i d  ims p re p a re d  by an e a s i e r  r o u t e  

th a n  t h a t  o f  C h r i s t i e ,  James and Kenner .  The a c i d  v a s  o p t i c a l l y  

r e s o l v e d ,  and t h e  d i o l  and b isbromomethyl compound p re p a r e d  from 

t h e  d e x t r o r o t a t o r y  e n an t io rae r .  The d i o l  was c o n v e r t e d  i n t o  t h e  

o x e j i n  and t h e  bisbromomethyl used  t o  p r e p a r e  t h e  azep in ium  bromide; 

t h e  c i r c u l a r  d i c h ro i s r a  s p e c t r a  o f  t h e s e  p r o d u c t s  were m easured .  

1/easurements o f  r a c é m i s a t i o n  r a t e s  were made, and t h e  oxep in  and 

a z e i i n i u m  bromide were found to  have a c t i v a t i o n  e n e r g i e s  o f  34 .8  

and 33 .3  Kca l /m ole  r e s p e c t i v e l y .  Raceraic azep in ium  bromide was 

s u b j e c t e d  to  Hofmann d e g r a d a t i o n  c o n d i t i o n s  and t h e  p r o d u c t s  

i n v e s t i g a t e d .  The n e u t r a l  f r a c t i o n  gave a smal l  y i e l d  o f  4 , 5 — 

d i c h l o r o } h e n a n t h r e n e , and th e  b a s i c  p a r t  gave f o u r  p r o d u c t s ;  o f  

t h e s e  t h e  main p r o d u c t  was t h e  e x p ec ted  d i c h l o r o —9—dim e thy lam ino— 

d ih y d r o p h e n a n t h r e n e ; a second j r o d u c t  proved t o  be an u n b r id g e d  

am ine .  T r a c e s  o f  o t h e r  amines  were found i n  d i f f e r e n t  e x p e r im en t s  

and t h e  n a t u r e  and r a t i o  o f  t h e  p r o d u c t s  would ap p ea r  t o  be v e r y  

s e n s i t i v e  t o  t h e  c o n d i t i o n s .

4 , 5 - D i c h l o r o - 9 , 1 0 - d i h y d r o p h e n a n th re n e  was p r e p a r e d  i n  small* 

y i e l d  from d ic h l o r o b i s b r o m o m e t h y l b i p h e n y l .

The u l t r a v i o l e t  s p e c t r a  o f  t h e  b r id g e d  b i j h e n y l s  and t h e  

i n f r a r e d  s p e c t r a  o f  most comjounds a r e  r e c o r d e d  and d i s c u s s e d .
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INTRODUCTION

Cf^N.TUG\TION AND n  TRAVirLUT SIUCTDA OF DIIHBNYLS

The b ipheny l  m o lecu le  i s  a c o l l i n e a r  s t r u c t u r e ,  w h ich ,  i n  t h e  

c r y s t a l ,  i s  pJ a n a r , ^  » but  in  t h e  f r e e  m olecu le  ha s  t h e  benzene 

r i n g s  a t  an a n g le  o f  a b o u t  45®, as  ehowu by e l e c t r o n  d i f f r a c t i o n  

measurements  on t h e  v a p o u r . ^ ’ ^*

The s t a b i l i s a t i o n  from t h e  c o n j u g a t i o n  o f  t h e  two benzene r i n g s  w i t h  

each o t h e r  i s  comparable  t o  t h e  r e p u l s i o n  o f  th e  o r t h o  hydrogen

a to m s ,  hence  t h e  d e v i a t i o n  from j J r . n a r i t y  i n  th e  vapour  and i n

7 8s o l u t i o n .  The en e rg y  b a r r i e r  t o  r o t a t i o n  has  been c a l c u l a t e d  t o

be 3 .9  K c a l .  mole ^ . However,  t h e r e  i s  s u f f i c i e n t  c o n j u g a t i o n  t o
o

produce  an i n t e n s e  band in  th e  u l t r a v i o l e t  spec t rum  a t  2490 A w i t h

^  17,300 ( i n  e t h a n o l )  which i s  a s c r i b e d  t o  a t r a n s i t i o n  from amax ' ' '

homopolar ground s t a t e  t o  a d i p o l a r  e x c i t e d  s t a t e ,  o f  which t h e r e  a r e  

10 c o n t r i b u t i n g  i o n i c  s t r u c t u r e s , e . g .

With small  i n t e r p 1a n a r  a n g l e s ,  t h e r e  w i l l  s t i l l  be c o n s i d e r a b l e  

overlap) o f  t h e  7T o r b i t a l s ,  and t h u s  t h e  c o n j u g a t i o n  band w i l l  s t i l l
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a p p e a r ,  a l t h o u g h  m odif ied  i n  p o s i t i o n  ••nd i n t e n s i t y .  As t h e

i n t e r p l a n a r  a n g le  O' i n c r e a s e s ,  c o n j u g a t i o n  w i l l  c o n t i n u e  to

d e c r e a s e ,  r e a c h i n g  z e r o ,  o r  a smal l  v a l u e ,  a t  an a n g le  o f  90^ .

12I'ul l i k e n  a l s o  c o n s i d e r s  t h a t  t h e  l o w e s t  o f  t h e s e  e x c i t e d  s t a t e s  

w i l l  have lower  e n e r g y ,  r e l a t i v e  t o  t h e  ground s t a t e ,  t h e  g r e a t e r  

t h e  e x t e n s i o n  o f  th e  c o n ju g a t e d  sy s tem ,  and t h a t  t h e  a b s o r p t i o n  

i n t e n s i t y  w i l l  i n c r e a s e  w i th  t h e  d e g re e  o f  p o l a r i t y  o f  t h e  m o lecu le  

in  th e  e x c i t e d  s t a t e , Thus,  s u b s t i t u e n t s  i n  t h e  ^ e r a  p o s i t i o n  

would be e x p ec ted  t o  s h i f t  t h e  c o n j u g a t i o n  band t o  l o n g e r  w a v e le n g th  

and r a i s e  t h e  i n t e n s i t y .

Tab le  1

Conjugf i t ion  band in  some 4 ,4 * - d i s u b s t i t u t e d  b i p h e n y l s

s o l v e n t
o

A A ^  max r e f .

I h - l h  s o l n . 96' Eton 2490 17,300 13

I h - I  h sol  id c a .  25 20 n o t  l e s s  t h a n  
i n  s o l u t i o n

14

KCl d i s c 2530 15

4 , 4 * - d i n i t r o - Eton 30 GO 27,500 17

4 ,4 * —dimet h o x y - Ti-hexane 2630 21,700 16

4 , 4 ' —d i c h l o r o — 96^ Eton 2590 25,200 18



8 —

T a b le  2

C o n ju g a t io n  bands i n  2— and 2 ,2 — s u b s t i t u t e d  b i p h e n y l s

s o l v e n t \ a 6
max r e f

I h - l h 9 6 f  Eton 2490 1 7 ,300 13

2 - f 1uoro— 96 '̂ Eton 2415 16 ,5 0 0 11

2 , 2 * - d i f l u o r o - M M 2335 13 ,800 11

2 , 2 ’- d i c b l o r o - H « (2300) 6 ,600 11

2 , 2 ' - d i b r o m o — #* II (£a ,22F0)  

v * f a i n t

12,000 11

2 , 2 * - d i i o d o - If ft a b s e n t

2—m ethy l— 1 i g h t  
p e t ro le u m  
b . p . 100-120®

2365 10 ,250 19

2 , 2 ' - d i m e t h y l - ft ft (2280) 6,000 19

2 - e th y l n o t  r e p o r t e d 2330 9 ,0 0 0 20 ■

2 , 2 ’- d i e t h y l - 9 Of Eton (c ^ .2 2 7 0 ) 6,000 13

2, 2'  - d i  hy d ro x y - Eton 2420 10,000 16

2, 2* -d  i n i  t r o - Eton 2570 12,000 16

Values  in  j j a re n th e se s a r e  i n f l e c t i o n s



— 9 —

S u b s t i t u t i o n  i n  t h e  o r t h o  p o s i t i o n  w i l l ,  by r e p u l s i o n  and s t e r i c  

h i n d r a n c e ,  c a u s e  t h e  b ip h e n y l  s k e l e t o n  t o  e x i s t  i n  a  t w i s t e d  form; 

t h e  two r i n g s  may, o r  may n o t ,  be a b l e  t o  r o t a t e  round t h e  1,1* bond 

a t  room temp>erature* The c o n j u g a t i o n  band w i l l  i n d i c a t e  t h e  a n g le  

between th e  p l a n e s  o f  t h e  two phenyl r i n g s ,  s i n c e  i t  w i l l  be m o d i f i ed  

by t h e  amount o f  c o n j u g a t i o n  p r e s e n t ,  b u t  i t  w i l l  a l s o  be a f f e c t e d  by 

any  s u b s t i t u e n t s  p r e s e n t . As t h e  i n t e r p l a n a r  a n g le  i n c r e a s e s ,  t h e

sp ec t rum  w i l l  r e sem b le  more and more t h a t  o f  t h e  s e p a r a t e  phenyl 

c h rom ophore s , and long-wave f e a t u r e s  w i l l  become r e s o l v e d , D ecrease  

i n  c o n j u g a t i o n  shou ld  l e a d  t o  d i s p l a c e m e n t  o f  t h e  c o n j u g a t i o n  band t o  

s h o r t e r  w av e len g th  and a d e c r e a s e  i n  i n t e n s i t y *  As can  be seen  from 

t a b l e  2,  i n c r e a s i n g  t h e  s i z e  o f  t h e  o r t h o  group i n c r e a s e s  t h e  a n g le  

be tween t h e  r i n g s ,  d e c r e a s i n g  t h e  c o n j u g a t i o n  as  shown by t h e  ex p ec te d  

w av e len g th  s h i f t s  end d e c r e a s e  o f  i n t e n s i t y .  F u r t h e r ,  t h e r e  i s  

i n t e r a c t i o n  between some s u b s t i t u e n t s  and t h e  r i n g ,  w h ich ,  by  r e d u c i n g  

th e  e n e r g y  o f  t h e  e x c i t e d  s t a t e ,  may move t h e  c o n j u g a t i o n  band t o  

l o n g e r  w a v e le n g th ,  and may, i n  f a c t ,  c a n c e l  o u t ,  o r  swamp t h e  oppos ing

s h i f t  due t o  d e c r e a s e  o f  c o n j u g a t i o n  o f  t h e  r i n g s  w i t h  each  o t h e r .

21 *0 *Shaughnessy  and Rodebush i n d i c a t e  t h a t ,  t h e o r e t i c a l l y  and

p r a c t i c a l l y ,  s u b s t i t u e n t s  «'ich a s  t h e  h a l o g e n s ,  methyl o r  e x h i b i t

v e r y  l i t t l e  e l e c t r o n i c  i n t e r a c t i o n  w i th  t h e  a ro m a t i c  r i n g ,  w h i l e

h y d r o x y l ,  methoxyl  and amino g roups  show more,  and u n s a t u r a t e d  g roups

a g r e a t  d e a l .  Thus ,  am ino , methoxyl and n i t r o  g roups  w i l l  move th e

band to  l o n g e r  w av e len g th  w h a tev e r  p o s i t i o n  t h e y  occupy .
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The e f f e c t  o f  p o s i t i o n  o f  a g ronp can  be seen  by  compar ing

t h e  p o s i t i o n  and i n t e n s i t y  o f  a b s o r p t i o n  o f  th e  c o n j u g a t i o n  band
11

f o r  d i e t h y l  b ipheny l  8%

T ab le  3

I 'o f l i t io n X A ^  max.

2,2» ( c £ .  2270) 0 ,000

3,3» 2510 16,500

4,4» 2565 22,500

So lven t* 96f Eton

Value  i n  p a r e n t h e s i s  i s  i n f l e c t i o n

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

b r i d g i n g  i n  t h e  o r t h o  p o s i t i o n ,  and t h i s  f a c t o r  w i l l  dom ina te  t h e  

geom et ry  o f  t h e  m olecu le  i f  t h e  b r i d g e  i s  smal l#  The b r id g e  w i l l  

t h e n  ten d  t o  h o ld  t h e  m o le c u le  c l o s e r  t o  p l a n a r i t y  t h a n  i n  b ip h e n y l  

and t h e  c o n j u g a t i o n  band would be e x p ec te d  t o  show a ba thochrora ic  

s h i f t ,  t o g e t h e r  w i th  i n c r e a s e d  i n t e n s i t y .
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^'odels  show 9 , 1 0 - d i h j ’d r o i h e n a n t h r e n e  to  have an i n t e r j A a n a r

a n ^ le  o f  15®-1G® ( d e i e n d i n g  on t h e  l e n g t h  o f  t h e  c e n t r a l  d ip h e n y l  

18
3 4 5__ 6

2 , J  .

bo nd )

Thus,  t o  accommodate l a r g e  g roups  in  t h e  o r t h o  4 ,5 —p o s i t i o n ,  

t h e r e  nu< t  be c o n s i d e r a b l e  d i s t o r t i o n .

Tab le  4

C o n ju g a t io n  bands in  some b i ) h e n y l s  w i th  a 2—atom b r id g e

o
A A ^  max. r e f .

9 ,  lO -d ihyd ro j )henan th rene^ 2G40 17,000 22

4 ,5 - d im e th o x y - ( 2720 

((2G30)

13,500 22

9 ,1 0 —d i h y d ro p h e n a n th re n e ^ 12,500

4 , 5 - d i m e t h y l - 2610 15,000 23

9 , 1 0 - d i h y d r o i h e n a n t h r e n e ^

9 -d im e th y lam in o —

9 ,1 0 - d i h y l r o i h e n a n t h r e n e ^ ( 2520 

( 2600 

( 2655

15,700

16,000

15,900

24

S o l v e n t :  a , e t h a n o l ?  b ,  i so--oc tane?  c , 96f  e t h a n o l

V alues  in  p a r e n t h e s e s  a r e  i n f l e c t i o n s
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C o n ju g a t io n  band in  mone Bridged Bii henyl b

Table  C

2

B

r v . o 1 1 6
max S o lv e n t R e f .

R = II 2505 16,500 Eton 25
II = OMe 2530 8,700 Hexane O rt

ri = I 'e 2440 11,000 Dioxan 20

n =
R « n 2480 15,000 w a te r 22
R = F 2435 12,600 96"' Eton 27

2410 12,600
R -  01 2470 10,000 " Eton 27
R = Dr (2400) 8 ,850 ” Eton 27
R -  I (2540) 13,000 ” Eton 27
R = Cf'e 2375 11,500 w a te r 22

n .  '.'(cii^)
n = H 241 12,800 96/ Eton 24

i L ^ i l £ " 3 > 2
n -  H 2490 14,200 96"" Eton 24
R = } e 2420 9 ,100 Eton 26,2Ga

D « C(COOEt)^

R = F (2440 13,100 9(T' Eton 27
(2415 13,000

R = Cl 2440 10,200 i so—PCtane 26
R = !̂e 2430 15,800 d io x a n 26

D = CII.CO„Mo
R » II " 2185 15,500 96f Eton 28

n .  cn„
It -  /I 2470 15,700 Eton *2Sa
R = Mo 2400 11,500 i s o  o c t a n e 26

V alues  i n  p a r e n t h e s e s  a r e  i n f l e c t i o n s
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’■Vith a b r id g e  o f  t h r e e  a toms,  making a seven—membered r i n g ,  

t h e  i n t e r j l a n a r  a n g le  o f  t h e  % henyl r i n g s  i s  be tween 4 0 - 3 0 ° .  

There  i s  l i t t l e  s t r a i n ,  and t h e  compounds.a re  e a s i l y  made.

Tab le  5

Ring a n g le s  o f  some b r id g e d  b i j h e n y l s  c a l c u l a t e d  from m o le c n la r  

d imensi ons

f \ - f ^

N

Ring an g le 49»
51.6®

43°
4 4 .1 ° 45 .8°

47°
r e f . 

18
23

The c o n j u g a t i o n  band i s  s i m i l a r  in  p o s i t i o n  and i n t e n s i t y  t o  t h a t  

o f  h i 1 h e n y l . Rata  f o r  such compounds w i th  homocyclic  and h e t e o — 

c y c l i c  b r i d g e s  end s u b s t i t u t e d  i n  t h e  4 * ,1 ” -  p o s i t i o n s  a r e  g iv e n  in  

t a b l e  6 .  The 4 ' , l ”—d i i o d o —2 , 7 - d i h y d r o —3 , 4 : 5 , 6 —d i b e n z a z c j i n i u m - 1 — 

s p i r o —1'* *—1 i p e r i d i n i u m  bromide has  a  b road  band a t  a l o n g e r  w ave leng th  

which i s  a t t r i b u t e d  to  o v e r l a p p i n g  o f  t h e  iodoj heny l  band by th e
o

r e s i d u a l  c o n j u g a t i o n  band. Comparison o f  t h e  2400—2GOO A r e g i o n  

w i th  t h a t  o f  2 , 2 * - io d o b ip h en y l  s u g g e s t s  t h a t  t h e r e  i s  s t i l l  a p p r e -  

c i a b l e  c o n j u g a t i o u 1 / i s l o w " ^  and h i s  c o l l e a g u e s  have d em o n s t ra t ed  

t h a t  2 , 2 ' - b r i d g e d  b ip h e n y l s  w i th  a homo— or  h e t e r o c y c l i c  seven—membered
-V + 0

b r i d g i n g  r i n g  a b so r b  a t  A 2490-20A,and & c a .1 5 ,0 0 0  and s u f f e rmax ' max—  '
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- V  +  ®a b lu e  s h i f t  and lo w e r in g  o f  i n t e n s i t y  t o  A ^ ^ 2 4 1 0  — 20A and 

£ c_a. iCy 000 on s u b s t i t u t i o n  i n  t h e  6 , 6 ‘- p o s i t i o n  by methyl 

o r  c h l o r i n e .

Heciuse  t h e  b r id g e  l e n g t h  d e t e r m in e s  t h e  a n g le  o f  t o r s i o n ,  t h e

26s i z e  o f  t h e  b r id g e  can  be i n f e r r e d  from t h e  u l t r a v i o l e t  spec t rum  . 

Tab le  7

C o n ju g a t io n  band in  b ip h e n y l s  w i th  d i f f e r e n t  s i z e d  b r i d g i n g  r i n g s

No. o f  b r i d g i n g  atoms Vvavel eng th range

2 2600-2640 ab

3 2430-2560 ab

4 2350-2390 b

5 (2310) b
i n f l e c t i o n

a -  s u b s t i t u t e d  i n  6 ,G ‘- p o s i t i o n ;  b ■» u n s u b s t i t u t e d  

The v a lu e  f o r  t h e  compound w i t h  t h e  f i v e —membered b r id g e  i s  f o r

OOH

The longwave f e a t u r e s  a r e  r e s o l v e d  and t h e  sp ec t rum  i s  s i m i l a r  t o

P  ^  ' P  ^t h a t  o f  t h e  u n b r id g e d  compound y i n d i c a t i n g  g r e a t l y
I

reduced  c o n j u g a t i o n .
CH, CHj

T h i s  shows t h a t  t h e  e f f e c t  o f  t h e  b r i d g e  d e c r e a s e s  r a p i d l y  w i t h  s i z e ,  

and t h e  d e g re e  o f  t w i s t  i s  governed  more by th e  o r t h o  -C n  -  s u b s t i t u e n t s
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As t h e  s i z e  o f  t h e  b r i d g i n g  r i n g  i n c r e a s e s ,  i t  becomes more f l e x i b l e ,  

and c o n f o rm a t io n s  w i th  l a r g e  d i h e d r a l  a n g l e s  a r e  more e a s i l y  acconmo- 

d a t e d .

iiLTRWinLrrr of  inrJANTiTRnrTES

In p h e n a n t h r e n e , t h e r e  i s  g r e a t e r  c o n j u g a t i o n ,  f o r  t h i s  c an  occu r
7

t h ro u g h  t h e  u n s a t u r a t e d  b r i d g e  which h o ld s  t h e  m olecu le  p l a n a r  . The 

spec t rum  o f  j h e n a n t h r e n e  shows t h r e e  main r e g i o n s  o f  a b s o r p t i o n  

GlCO-3400 A, 2700-2000 A and 2500 A .

The t h r e e  r e g i o n s  a r e  a l s o  d i s t i n g u i s h e d  by i n t e n s i t y :
2 3Group 1* a r e  weak bands c_ -  10 — 10 , o f t e n  p o s s e s s i n g  a

c o m p l ic a te d  v i b r a t i o n a l  s t r u c t u r e *

Group 2.  a r e  m o d e r a t e l y  i n t e n s e  bands E. ca# 10^ and u s u a l l y  

show a  r e g u l a r  f i n e  s t r u c t u r e #

Group 3* a r e  s t r o n g  bands  & ca# 10 w i t h  r a t h e r  l e s s  f i n e  

s t r u c t u r e .  *

These a r e  c a l l e d  a ,  p and ^ bands by C la r^ ^  and and

( o r  ^B^ ) by I l a t t ^ ^ .

A p a r t  from i n t e n s i t y ,  f r e q u e n c y  and s t r u c t u r a l  c h a r a c t e r i s t i c s ,  

C la r  d i s t i n g u i s h e d  t h e  a band by  t h e  f a c t  t h a t  i t  moves to  s h o r t e r  

w ave leng th  on lo w e r in g  t h e  t e m p e r a t u r e ,  whereas  t h e  p and ^  bands 

move to  l o n g e r  w a v e le n g th .

The a and ^  t r a n s i t i o n s  a r e  l o n g i t u d i n a l l y  p o l a r i s e d  and t h e  

p t r a n s i t i o n s  t r a n s v e r s e l y  p o l a r i s e d .
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ViTien t h e r e  a r e  o r t h o  s u b s t i t u e n t s ,  th e  s t e r i c  h in d r a n c e  o f  t h e s e  

can  be r e l i e v e d  i n  t h r e e  ways*

1) t h e  g roups  l i e  i n  t h e  same % l a n e  a s  t h e  a ro m a t i c  r i n g s ,

b u t  b e n t  away from each o t h e r .

2 ) t h e  a r o m a t i c  r i n g s  a r e  d i s t o r t e d .

3 ) t h e  g roups  a r e  b e n t  o u t  o f  t h e  p la n e  o f  t h e  a ro m a t ic  r i n g s .

I f  t h e  compound can  be o b t a i n e d  o p t i c a l l y  a c t i v e ,  l )  i s  i n v a l i d .

32Neinnan and l îu s r e y  “ have assumed t h a t  s i n c e  t h e  spec t rum  o f  t h e  

r e s o l v a b l e  4 , 5 —d im e th y lp h e n a n t h r e n e  r e s e m b le s  t h a t  o f  p b e n a n t h r e n e ,

2 ) does  n o t  o p e r a t e ,  and t h e  methyl  g roups  a r e  b e n t  o u t  o f  t h e  p la n e  

o f  t h e  a ro m a t ic  r i n g s .

However,  M u r re l l  c o n s i d e r s  t h a t  t h e  s t e r i c  h in d r a n c e  i s  

r e l i e v e d  by b o th  d i s p l a c e m e n t  o f  t h e  s u b s t i t u e n t  o u t  o f  t h e  p la n e  

and t w i s t i n g  a b o u t  t h e  c e n t r a l  4 a ,5 a  bond.

10 9

île s u g g e s t s  t h a t  t h e  d i s t o r t i o n  g iv e s  a much l a r g e r  r e d  s h i f t  i n  t h e  

band th a n  would be e x p e c te d  from a methyl  g r o u p .  Changes o f  

f r e q u e n c y  i n  t h i s  band due t o  d i s t o r t i o n  a r e  much g r e a t e r  t h a n  

changes  i n  i n t e n s i t y .

Bands i n  t h e  u l t r a v i o l e t  s p e c t r a  f o r  p h e n a n th r e n e ,  4—f l u o r o — 

p h e n a n th r e n e ,  and 4—n i t r o p h e n a n t h r e n e  a r e  g iv e n  i n  t a b l e  8 .
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TABLE S rLTHAVTCLET ABSORPTION SPECTRA OP SO'OÎ 1 HEN AN TITHE"! ES

. _ 33 ph en an th ren e 344 - f l u o r o p h e n a n t h r e n e 4—n i t r o p h e n a n t h r e n e ^ ^

6 max ■Xmax (A) "^max ^ m x

Group I 3450 2 .07 348 0 3.11

3380 2.29 3415 2 .6 4

33^0 2.31 3320 3 .0 4

32-10 2.29 3260 2.66

3160 2 .2 4 3180 2.70

3080 2 . IS

Group I I  2910 4.51 2955 4.B7 2985 3#98

2800 4.09 2850 4.11 2780 4 .09

2740 4.21 2740 4 .03

Group I I I  2500 4 .85 2675 4 .0 4 2400 4#62

(2 4 5 0 ) ( 4 .7 6 ) 2475 4 .9 6 2210 4 .37
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01 TICAL ACTIVITY

P lan e  p o l a r i s e d  l i g h t  may be r e g a rd e d  a s  b e in g  made up o f  equal  

components o f  l e f t - h a n d e d  and r i g h t - h a n d e d  c i r c u l a r l y  p o l a r i s e d  l i g h t ,  

where th e  e l e c t r i c  f i e l d  v e c t o r  t r a c e s  o u t  a l e f t - h a n d e d  and a r i g h t -  

handed h e l i x  r e s p e c t i v e l y *

E1 E

-

E -

E -

l e f t - h a n d e d  e l e c t r i c  

f i e l d  v e c to r *  

r i g h t - h a n d e d  e l e c t r i c  

f i e l d  v e c t o r  

r e s u l t a n t  e l e c t r i c  

f i e l d  v e c t o r  o f  p l a n e  

p o l a r i s e d  l i g h t .

An o p t i c a l l y  a c t i v e  medium w i l l  have d i f f e r e n t  r e f r a c t i v e  i n d i c e s  

f o r  l e f t — and n^ f o r  r i g h t - h a n d e d  p o l a r i s e d  l i g h t ,  i*e* i t  i s  

c i r c u l a r l y  b i r é f r i n g e n t *  Thus,  i f  n^ i s  g r e a t e r  t h a n  n^ ,  t h e  l e f t -  

handed component o f  t h e  c i r c u l a r l y  p o l a r i s e d  l i g h t  w i l l  be r e t a r d e d  

w i th  r e s p e c t  t o  t h e  r i g h t - h a n d e d  component,  and t h e  p la n e  o f  t h e  

emergent  l i g h t  w i l l  have been r o t a t e d  th ro u g h  an a n g le  c< d e p en d en t  

on t h e  d i f f e r e n c e s  between n^ and n^ and t h e  p a th  l e n g th *  The 

c o n c e n t r a t i o n  and s o l v e n t  (when a s o l u t i o n  i s  b e in g  c o n s i d e r e d ) ,  

t h e  w av e len g th  and t h e  t e m p e r a t u r e  a l s o  i n f l u e n c e  t h e  v a lu e  o f  th e  

a n g le  o f  r o t a t i o n .
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The s p e c i f i c  r o t a t i o n  [ a ]  t i t  a  g iv e n  waveleng th  and t e m p e r a t u r e  f o r

a p a r t i c u l a r  s o l v e n t  i s  d e f i n e d  by B l o t ' s  Law; [ a ]  = axlOO where a
1 X* c

i s  t h e  obse rved  a n g l e ,  1 i s  t h e  p a th  l e n g t h  i n  d e c i m e t r e s  and c i s  

t h e  c o n c e n t r a t i o n  i n  g*/lCO ml .  o f  s o l u t i o n .

The m o l e c u l a r  r o t a t i o n  [ ^  ]  i s  g iv e n  by [ (̂  ]  = I f  ]  where
100

M i s  m o le c u la r  w e ig h t .

The dependence  o f  [ a ]  on t e m p e r a t u r e  may be due t o :

1) change i n  volume o f  t h e  s o l u t i o n ,

2) change i n  a s s o c i a t i o n ,

3) change i n  t h e  p o p u l a t i o n  o f  d i f f e r e n t  c o n f o r m a t i o n s .

F u r t h e r ,  t h e  a b s o r j t i o n  c o e f f i c i e n t  w i l l  depend on t h e  c h i r a l i t y

o f  t h e  l i g h t ,  and t h i s  w i l l  mean t h a t  one component w i l l  be a bso rbed  

more th a n  t h e  o t h e r ,  and t h e  emergen t  l i g h t  w i l l  be e l l i p t i c a l l y  

p o l a r i s e d .
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T h i s  jhenomenon i s  known a s  c i r c u l a r  d i c h r o i s m  ( C.D. ) .  The 

d i f f e r e n c e  in  e x t i n c t i o n  c o e f f i c i e n t s  i s  ex p re s sed  by  s p e c i f i c  

e l l i p t i c i t y  [ ] or  m o le c u la r  e l l i p t i c i t y  [ 0^ ]  « 3300 ( è . j “  )

I f  t h e  s p e c i f i c  r o t a t i o n  i s  p l o t t e d  a g a i n s t  w a v e le n g th ,  a g raph  o f  

t h e  O ] t i c a l  r o t a t o r y  d i s p e r s i o n  ( O.R.D.)  i s  o b t a i n e d .

and

[ f ]

L

"—anomalous cu rv e  ) 
— p l a i n  cu rv e  )
- - C.D. c u rv e

0  • I t  •

c u r v e s0

l o e i t i v e  C.D. nnd O.R.D. c u rv e s

I f  th e  a b s o r p t i o n  band i s  a t  low w a v e le n g th ,  o n ly  t h e  end p a r t  

o f  t h e  cu rve  i s  o b s e r v e d ,  owing t o  l i m i t a t i o n s  o f  t h e  i n s t r u m e n t s ,  

and th e  cu rve  i s  c a l l e d  a p l a i n  curve* Vt an a b s o r p t i o n  band, an 

S—shaped O.R.D, cu rv e  i s  o b t a i n e d ,  which i s  th e  d e r i v a t i v e  o f  t h e  

C.D. c u r v e ,  and t h i s  i s  c a l l e d  a C o t to n  E f f e c t .  I f  t h e  extremum on 

t h e  l o n g e r  w av e len g th  s i d e  i s  more p o s i t i v e  th a n  t h e  second extremum, 

th e  cu rv e  i s  c a l l e d  p o s i t i v e .  C.D. c u rv e s  a r e  l e s s  c o m p l ic a te d  th a n  

O.R.D. c u r v e s ,  b u t  t h e y  c a n n o t  be measured to  such a low w a v e le n g th .  

Comparison o f  O .R .D . ,  C.D. and Ü.V. c u r v e s  a r e  u s e f u l  t o  e l u c i d a t e  

i n f o r m a t i o n  on s t r u c t u r e ,  c o n f i g u r a t i o n  and c o n f o r m a t io n .
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A bip henyl s u b s t i t u t e d  i n  such a way t h a t  i t  i s  non—s u p e r p o s a b le  

on i t s  m i r r o r  image f u l f i l s  t h e  c o n d i t i o n s  r e q u i r e d  f o r  o p t i c a l  

a c t i v i t y ,  b u t  th e  e n a n t i o n e r s  c a n n o t  be sep^trated u n l e s s  t h e r e  i s  

enough h in d r a n c e  t o  r o t a t i o n  f o r  them t o  r e t a i n  c o n f i< m r a t io n  th ro u g h  

th e  r e s o l u t i o n *  I f  t h e r e  a r e  l a r g e  g roups  i n  t h e  o r th o  p o s i t i o n ,  o r  

t h e  b ip h en y l  r i n g s  a r e  h e ld  o u t  o f  c o p d a n a r i t y  by a b r i d g e ,  i t  i s  

l i k e l y  t h a t  t h e  m olecu le  may be p r e p a r e d  i n  o p t i c a l l y  a c t i v e  fo rm s .

The a b s o l u t e  c o n f i g u r a t i o n  o f  a m o lecu le  can  be found by 

c h e m i c a l l y  r e l a t i n g  th e  compound t o  a n o t h e r  o f  known a b s o l u t e  

c o n f i g u r a t i o n ,  w i t h o u t  d i s t u r b i n g  t h e  asymmetric  c e n t r e .

The n o t a t i o n  R ( r e c t u s  o r  r i g h t )  nd S ( s i n i s t e r  o r  l e f t )  was

3Gd e v i s e d  by Cahn, Ingo ld  and 1 r e l o g  • According t o  whe ther  t h e  

sequence  o f  th e  groups  o r  a tom s ,  when o rd e re d  f o l l o w i n g  c e r t a i n  

r u l e s ,  r e s u l t s  i n  a r i g h t - h a n d e d  o r  l e f t - h a n d e d  p a t t e r n ,  t h e  e lem en t  

o f  asymmetry i s  c a l l e d  R o r  S .  When c o n s i d e r i n g  b i p h e n y l s ,  a x i a l  

asymmetry i s  o p e r a t i n g ,  and t h e  s u b s t i t u e n t s  i n  t h e  r i n g s  must be 

c o n s i d e r e d .

a ‘ ^  b

b' R c o n f i g u r a t i o n  i f  t h e  p a i r  a -  a*
e i t h e r  p re c ed e  o r  fo l l o w  t h e  p a i r  b — b '  
i n  t h e  o r d e r  o f  p r i o r i t y .

S u b s t i t u e n t s  a and b must be d i f f e r e n t ,  b u t  i t  i s  p o s s i b l e  f o r  

a B a* and b ■ b ' . I f  t h e r e  i s  a met a  s u b s t i t u e n t  g i v i n g  asymmetry ,  

th e n  a  and b c m bo t h e  same.
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26Mislow and h i s  co—w orke rs  have j u t  forward  a r u l e  , f o r  use  

w i th  b r id g ed  b i j h e n y l s ,  where t h e  r i n g s  a r e  h e ld  i n  a c i s  c o n fo rm a t io n  

( & < 9 0 ® ) .  The 1 ong—wave C o t to n  E f f e c t  i s  found t o  be p o s i t i v e  f o r  

6 , 6 ' —d i m e t h y l , 6 , 6 ' - d i c h l o r o —d e r i v a t i v e s  and 1 , 1 ' - b i n a p h t h y l  and 

n e g a t i v e  f o r  G , 6 ' —d i n i t r o  d e r i v a t i v e s  when t h e s e  m o le c u le s  have t h e  

R c o n f i g u r a t i o n .

23They a l s o  r e p o r t ^  t h a t  t h e  s i g n  o f  t h e  C o t ton  E f f e c t  a t  t h e  

c o n j u g a t i o n  band f r e q u e n c y ,  which r e f l e c t s  t h e  sense  o f  t w i s t ,  o r  

c h i r a l i t y , o f  IT e l e c t r o n  sys tem i s  p o s i t i v e  f o r  t h e  R c o n f i g u r a t i o n  

o f  ajTTinietrically s u b s t i t u t e d  b r id g e d  b i j h e n y l s  (©^<90®)

The C o t to n  E f f e c t  c e n t r e d  a t  t h e  b ipheny l  c o n j u g a t i o n  band changes

p o s i t i o n  w i th  chan ;e o f  a n g l e ,  a s  sho^m i n  t h e  b r id g e d  b i p h e n y l s ,  ind

Xis low^ and h i s  c o l l e a g u e s  c o n s i d e r  t h a t  t h i s  p r o v id e s  an e x p e r im e n t a l

d e m o n s t r a t i o n  o f  t h e  i n h e r e n t l y  d i s sy m m e t r i c  b ipheny l  chromop h o r e .

They s u g g e s t  t h a t  th e  c o n f i g u r a t i o n  o f  b ip h en y l

H H

H H

w i th  O' £ a .  45 w i l l  have a j o s i t i v e  C o t to n  E f f e c t  c e n t r e d  a t

2 4 0 0 - 2 5 0 0  A

ACTIV\TTON TO QT̂  00^ETHUTLVTTON

The e n e r g y  r e q u i r e d  t o  t w i s t  t h e  m olecu le  i n t o  t h e  o t h e r  

e n a n t i o m e r ,  t h e  a c t i v a t i o n  e n e r g y ,  E, f o r  i n v e r s i o n  o f  c o n f i g u r a t i o n
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can be measured by s t u d y i n g  j o l n r i m e t r i c a l l y  t h e  r a t e  o f  r a c é m i s a t i o n  

o f  t h e  r e s o l v e d  comjound, which must be s u f f i c i e n t l y  o p t i c a l l y  s t a b l e ,  

or  by s tu d y in g  t h e  n u c l e a r  magnet ic  re so n an c e  spec t rum  o f  t h e  compound 

a t  d i f f e r e n t  t e m p e r a t u r e s , p r o v i d i n g  t h e  m olecu le  c o n t a i n s  p r o t o n s  

which e x i s t  i n  d i f f e r e n t  m agnet ic  env i ronm en ts  i n  t h e  two e n a n t i o m e r s ,  

e . g .  2 , 7 , - d i h y d r o - 3 , 4 * 5 , 6 - d i b e n z o x e p i n

l o o k i n g  do\m t h e  l i n e  o f  t h e  1 , 1 ’ bond, t h i s  can  be drawn

H,

I t  i s  obv ious  t h a t  th e  env i ronm en ts  o f  p r o to n s  A and B a r e  c o n s i d e r 

a b l y  d i f f e r e n t ,  and so when t h e  t e m p e r a t u r e  i s  low, and t h e  c o n v e r s i o n  

from one en an t io m er  t o  t h e  o t h e r  i s  s low ,  s i g n a l s  f o r  th e  p r o t o n s  w i l l  

bo r e c e i v e d  and r e s o l v e d  i n t o  a m u l t i p l e t .  However, a t  h i g h e r  

t e m p e r a t u r e s , t h e s e  c o a l e s c e  and o n ly  one peak i s  o b t a i n e d .  By 

c o n s i d e r i n g  t h e  change i n  i n t e n s i t y ,  o r  o f  s e p a r a t i o n  o f  t h e  

a b s o r p t i o n  l i n e s  w i th  t e m p e r a t u r e ,  E, t h e  p o t e n t i a l  e n e r g y  f o r  t h e  

e q u i l i b r a t i n g  motion  can  be c a l c u l a t e d .  The e n e r g y  can  a l s o  be 

c a l c u l a t e d  from measurements  o f  changes  i n  l i n e  w id th  w i t h  t e m p e r a t u r e ,  

b u t  t h e  v a l u e s  a r e  c o n s i d e r e d  l e s s  r e l i a b l e .
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I t  may be n o te d  t h a t  t h e  en e rg y  b a r r i e r  to  an e q u i l i b r a t i n g  

] r o c e s8 y  e#g .  r o t a t i o n  round a bond,  may be c a l c u l a t e d  i n  any  m olecu le  

which c o n t a i n s  m a g n e t i c a l l y  n o n - e q u i v a l e n t  j r o t o n s  which exchange 

env i ronm ent  d u r i n g  t h a t  p r o c e s s ,  and which p ro v id e  a s u i t a b l e  N.M.R. 

sp e c t ru m .  The m olecu le  need n o t  be o p t i c a l l y  a c t i v e # Hence 

a c t i v a t i o n  e n e r g i e s  o f  i n v e r s i o n  o f  c o n f i g u r a t i o n  may be o b t a i n e d  

w i t h o u t  a r e s o l v e d  sam ple .  As y e t ,  t h e  N.M.R. method has  n o t  been 

a p p l i e d  t o  compounds whose i n v e r s i o n  r a t e s  have a l s o  been measured 

by t h e  c o n v e n t i o n a l  p o l a r i m e t r i c  method.

There  a r e  two c o n d i t i o n s  f o r  m agnet ic  e q u iv a l en c es

1) r a p i d  i n t e r c h a n g e  o f  t h e  d isy tm net r ic  env i ronm ent  o f  t h e  p r o t o n .

2) v e r y  smal l  d i f f e r e n c e s  i n  t h e  chem ica l  s h i f t s  o f  t h e  two p r o t o n s

o r  s p i n  c o u p l i n g  c o n s t a n t  e f f e c t s .

Because o f  t h i s  l a t t e r  c o n d i t i o n  a p p a r e n t  magnet ic  e q u i v a l e n c e  may

e x i s t  t o g e t h e r  w i th  s t e r i c  non—e q u i v a l e n c e .

23Mi slow and h i s  co—w o r k e r s “ found t h a t
o

CH 3  C H 3

and

o
e x h i b i t  s h a r p  s i n g l e  s ig n a l s  i n  t h e  m ethy lene  r e g i o n  which would 

i n d i c a t e  c o n f o r m a t io n a l  l a b i l i t y ,  a l t h o u g h  t h e  compounds had been 

p r e p a r e d  o p t i c a l l y  a c t i v e  and a r e  o p t i c a l l y  s t a b l e .  They found t h a t  

t h e  p r o t o n  r e s o n a n c e s  f o r  t h e  b r id g e d  compounds t h e y  s t u d i e d  changed
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r e g u l a r l y  w i th  d i e l e c t r i c  c o n s t a n t ,  e x c e p t  f o r  t h e  k e t o n e s ,  where 

t h e r e  i s  no d i s c e r n a b l e  t r e n d ;  i n  a l l  c a s e s ,  benzene gave anomalous 

r e s u l t s .  They su g g es te d  t h i t  t h i s  s o l v e n t  d e p en d en t  b e h a v io u r  i s  

due  t o  change i n  t h e  d i h e d r a l  a n g l e .

Another example o f  m i s l e a d i n g  N'.M.R, d a t a  i s  t h e  sp ec t rum  f o r  

6,6* —d i m e t h y l - 2 , 2 '-b if ib romomethyl b ip h e n y l

Br br OH OH

Both t h i s  and t h e  hydroxy  compound, shown above ,  a r e  o p t i c a l l y  

a c t i v e  and o p t i c a l l y  s t a b l e  so i n  n e i t h e r  compound a r e  t h e  m ethy lene  

i r o t o n s  m a g n e t i c a l l y  e q u i v a l e n t  b ecause  o f  r a p i d  exchange .  The d i o l  

e x h i b i t s  t h e  e x p ec te d  m e th y len e  p a t t e r n  b u t  t h e  b isbromomethyl 

compound o n ly  a s i n g l e  s h a r p  peak# C o n c lu s io n s  a b o u t  t h e  c o n -  

f o r m a t i v e  l a b i l i t y  drawn from N.M.R. measurements  may t h e r e f o r e  be 

m i s l e a d i n g .

37Oki,  Iw.imura and ITayakawa have i n v e s t i g a t e d  t h e  r a t e s  o f  

i n v e r s i o n  o f  o^,o^*-bridged b i p h e n y l s  by N.M.R. s p e c t r a .

They r e p o r t ;

has  a s low i n v e r s i o n  r a t e  and a lower  l i m i t  

t o  t h e  a c t i v a t i o n  e n e r g y  can  be  c a l c u l a t e d .
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r e t a i n s  a s i n g l e t  t o  a  low t e m p e r a t u r e  and i s

l i k e l y  t o  h i v e  a f a s t  i n v e r s i o n  r a t e .

The h i g h e r  l i m i t  o f  t h e  e n e r g y  o f  a c t i v a t i o n  can  be deduced .

They found t o  be < (9  K c a l .  by assuming lo g  A = 12, ( s e e  pageSO)

38s i n c e  t h e y  s t a t e ,  r e f e r r i n g  t o  ITall & H a r r i e t  su rv e y  , t h a t ,  f o r

o^ ' -b r idged  b i p h e n y l s  t h i s  i s  t h e  a v e r a g e  v a l u e .  In  f a c t ,  f o r

s i n g l y  b r id g e d  b i p h e n y l s , t h i s  i s  n o t  s o .  The av e rag e  v a l u e  i s  ove r

13 , and o n l y  one compound i s  quo ted  a t  a v a lu e  l e s s  t h a n  1 2 .  Two

39 75o t h e r  compounds whose v a l u e s  have been measured * s i n c e  t h e
*

p u b l i c a t i o n  o f  H a l l  & H a r r i s ' s  p a p e r  a r e
Me Me Me Me

/  \yMe l o g  A 13• 2 and /  y— ^  y  l o g  A 12*8

' 0,

For  t h e  d o u b ly  b r id g e d  compounds which a r e  com parab le ,  t h e  v a l u e

o f  l o g  A i s  ap p r o x i m a t e l y  12 f o r  t h e  oxep in  and t h i e p i n  ( s e e  p*age 34 )

23b u t  t h e  d i k e t o n e  and t h e  o x a t h i e p i n  have h i g h e r  va lues ' "  .

For t h e  compound

two s i g n a l s  a r e  o b t a i n e d  a t  room t e m p e r a t u r e ,  c o r r e s p o n d i n g  t o  

t h e  m ethy lene  p r o t o n s  on t h e  -CH^^CII^— and —CĤ OCH ,̂— b r i d g e s .

As t h e  t e m p e r a t u r e  d e c r e a s e s ,  t h e  p r o t o n  s i g n a l s  from t h e  —CĤ ^OCĤ — 

m ethy lene  g roups  a r e  r e s o l v e d ,  b u t  n o t  from t h e  o t h e r  b r i d g e .

Thus ,  a s  m igh t  be e x p ec te d  from t h e  p r o x i m i t y  o f  t h e  m e thy lene  

g roups  i n  t h e  b r i d g e ,  s p i n  c o u p l i n g  c a u s e s  m agnet ic
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e q u i v a l e n c e  down to  a lower  t e m p e ra tu re *  The a c t i v a t i o n  en e rg y

37i s  c a l c u l a t e d  by t h e s e  a u t h o r s  from th e  change i n  b e h a v io u r  o f  th e

— pr ot ons  and r e s u l t s  in  a v a lu e  o f  E . 10*5 io * 5  Kcal* and 2 2 '  a c t

l o g  V 1 2 . G — 0 . 4 .  I n  some compounds t h e  e q u i l i b r a t i o n  m ot ion  may 

n o t  be th e  same as  i n v e r s i o n  o f  c o n f i g u r a t i o n  and t h u s  t h e  a c t i v a t i o n  

e n e r g y  c a l c u l a t e d  may be f o r  a d i f f e r e n t  p r o c e s s .

FACTORS A r r r C T I N G  TJIE O IT IC A L  S T A n i l l T Y  OF B l i T I f X l T S

The o p t i c a l  s t a b i l i t y  o f  a b ip h en y l  i s  l a r g e l y  dep en d en t  on th e

o r t h o  s u b s t i t u e n t s .

Vhen com par isons  o f  t h e  e f f e c t  o f  o r t h o  s u b s t i t u e n t s  on t h e

op t i c a l  s t a b i l i t y  a r e  made, i t  i s  c o n s i d e r e d  t h a t  s t e r i c  e f f e c t s  a r e

41most i m p o r t a n t ,  and t h a t  e l e c t r i c a l  e f f e c t s  a r e  l i k e l y  t o  be smal l  . 

I t  i s  found t h a t  b i p h e n y l s  t e i r a s u b s t i t u t e d  w i th  f l u o r i n e  o r  methoxyl  

g roups  a r e  n o t  r e s o l v a b l e ;  w i th  p o l a r  s u b s t i t u e n t s  n i t r o — o r  c h l o r o - ,  

t h e y  a r e  v e r y  r e s i s t a n t  to  r a c é m i s a t i o n ,  and w i t h  th e  non—p o l a r  group 

m e t h y l , which i s  o f  com parab le  s i z e  t o  c h l o r o - ,  a l s o  r e s i s t a n t  t o  

r a c é m i s a t i o n .

41hlien c o n s i d e r i n g  t h e  s t e r i c  e f f e c t s ,  Adams and Yuan c a l c u l a t e d

' i n t e r f e r e n c e  v a l u e s '  f o r  c e r t a i n  p a i r s  o f  atoms o r  group s , by

com par ing  t h e  ' i n t e r n u c  1 ee.r d i s t a n c e *  ( t h e  d i s t a n c e  from t h e  n u c l e u s

o f  t h e  o r t h o  c a r b o n  atom t o  t h e  c e n t r e  o f  t h e  g roup  atom) w i t h  t h e
o

1 ,1 * — c a r b o n  bond l e n g t h ,  which t h e y  to o k  a s  2 .90 A. They c o n s i d e r e d  

t h a t  when t h e  t o t a l  i n t e r n u c l e o r  d i s t a n c e  f o r  t h e  2 , 2 ' — s u b s t i t u e n t s
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was g r e a t e r  t h a n  th e  1 , 1 ' —bond l e n g t h ,  th e n  t h e  coraj^ound shou ld  

be c a p a b l e  o f  r e s o l u t i o n .  T h e i r  ' i n t e r n u c l e a r  d i s t a n c e s '  f o l l o w  

t h e  o r d e r

I  > Br > 'TOg > Cl > CBg )  XBg. COOII > OB > P

NO COOH

COOH NO^

IV

They found t h a t  I w i th  s u b s t i t u e n t s  F and p a s s i n g ,  and I I  w i t h

F and COOII p a s s i n g  d u r i n g  r a c é m i s a t i o n ,  shou ld  be a b l e  t o  be r e s o l v e d ,

b u t  e a s i l y  r a c e m ie e d ,  w hereas  I I I  w i th  Cl and C^OH p a s s i n g  o r  IV w i t h

NO^ and C^CII p a s s i n g  shou ld  be r e s o l v a b l e  and q u i t e  s t a b l e .  These

p r e d i c t i o n s  were proved c o r r e c t  i n  p r a c t i c e .  W i l l iam son  and 

15Rosebush g iv e  th e  i n t e r f e r e n c e  o f  t h e  g roups  i n  t h e  o r d e r

COOH F

a COOH

ÇOCH Cl

SO^Na > MÔ  > Cl > CHg > COOH > NH^ > OH > OCII^

T h i s  i s  e s t i m a t e d  from t h e  van d e r  W a a l s ' s  r a d i i  and c o r r e s p o n d s

w e l l  w i th  Adams and Y uan 's  o r d e r .

I f ,  however ,  one c o n s i d e r s  t h e  r a c é m i s a t i o n  d a t a  o f  compounds

such as

COOH X
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Aller e R = H, and X » CII^,NO^, COOII, OCIÎ^, and a l s o  where R = CHg

and X » Dr,  Cl and F,  t h e  s t a b i l i t y  i s  found t o  d e c r e a s e  i n  t h e  o r d e r

Dr »  Cllg > Cl > NOg > COOII »  OClIg > F 

The c a rb o x y l  group i s  s m a l l e r  t h a n  t h e  n i t r o — g ro u p ,  and s o ,  i h

t h e  r a c é m i s a t i o n ,  t h e  group X w i l l  p a s s  t h e  c a rb o x y l  group). Apart

from XO^, Cl and CII^, t h e  o r d e r  r e p r o d u c e s  th e  o t h e r  two g i v e n ,  and 

p a r a l l e l s  t h e  o r d e r  o f  s i z e ,  whereas  t h e r e  i s  no r e l a t i o n  w i t h  p o l a r  

1 r o p e r t i e s .

There  a r e  d i f f i c u l t i e s  in  a t t r i b u t i n g  t h e  o p t i c a l  s t a b i l i t y  

e n t i r e l y  t o  s t e r i c  f a c t o r s ,  s i n c e  t h e  o r d e r  l i s t e d  above g i v e s

CD_ > N0_ > coon

and o p t i c a l  s t a b i l i t y  f o l l o w s  t h e  o r d e r
CH H

)  >

CH COOH

COOH NO. H NO

I I I

NQ^ COOH

I I I

a l t h o u g h  t h e  e x p ec te d  o r d e r  i s  I I I  )  I I = I

'Hien groups  a r e  i n  t h e  r^ ,3 '— p o s i t i o n s ,  t h e y  can  p r e v e n t  t h e

o r t h o  s u b s t i t u e n t s  from bend ing  away from each o t h e r  i n  t h e  p l a n e

o f  t h e  r i n g ,  and t h e y  t h e r e b y  i n c r e a s e  o p t i c a l  s t a b i l i t y .  T h i s  i s

c a l l e d  a ' b u t t r e s s i n g '  e f f e c t ,  - nd i s  d e m o n s t r a t e d  i n  t h e  f o l l o w i n g  
42

t a b l e  , which g i v e s  h a l f - l i v e s  i n  m in u te s  a t  25® o f  compounds 

s u b s t i t u t e d  i n  3 , 4  o r  5 p o s i t i o n s .
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T ab le  9

H a l f - l i v e s  i n  minu te  a t  25® o f  some s u b s t i t u t e d  b ip h e n y l s

p o s i t i o n  o f n i t r o — bromo— c h l o r o — m eth y l— methoxy-
s u b s t i t u e n t

sol v e n t

3 Eton 1005 827 711 331 98

4 Acetone 115 25 12 2 .6 3 .6

5 ntcii 35 32 31 11.5 10 .8

This  shows th e  e f f e c t i v e n e s s  f o r  b u t t r e s s i n g  t o  be i n  t h e  o r d e r

NOg > Br > Cl > Cn^ > OCHg

Thus th e  b u t t r e s s i n g  c a p a c i t y  d i f f e r s  from t h e  o r t h o  i n t e r f e r e n c e .  

The o r d e r  a p p r o x i m a t e l y  p a r a l l e l s  t h a t  f o r  p o l a r i t y ,  and t h u s  b o th  

s i z e  and p o l a r i t y  may be r e s p o n s i b l e  f o r  t h i s  e f f e c t .

The o p t i c a l  s t a b i l i t y  i s  n o t  o n l y  governed  by t h e  a c t i v a t i o n  

e n e r g y .  The f r e q u e n c y  f a c t o r  A, i n  g o in g  t o  t h e  t r a n s i t i o n  s t a t e  

i n  t h e  r a c é m i s a t i o n  p r o c e s s  must a l s o  be c o n s i d e r e d .  The r a t e  -of 

r a c é m i s a t i o n  f o l l o w s  f i r s t  o r d e r  k i n e t i c s  and i s  g i v e n  by  t h e  

A r r h e n iu s  e q u a t i o n

K -  A exp ( -E/RT) r a c  ^
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COOH COOH

The dependence  o f  o p t i c a l  s t a b i l i t y  on A as  w e l l  as  E i s  

d e m o n s t r a t e d  i n  t h e  f o l l o w i n g  examjde

NOj N 0^

COOH COOH COOH COCH

( a )  (b) ( c )

The a c t i v a t i o n  en e rg y  f o r  t h e s e  compounds^^ i s  found t o  be 

2 2 .0  K cal /m ole  ( i n  2N Na^^CO^), b u t  t h e r e  i s  a marked i n c r e a s e  i n  

op t i c a l  s t a b i l i t y  on a d d i t i o n  o f  t h e  n i t r o — group s i n  t h e  p a ra  

p o s i t i o n .  T h i s  i s  due to  t h e  f r e q u e n c y  f a c t o r s ,  which a r e

(a )
l o i o . e — 1sec .

(b )
j p l o . l —1s e c .

(c ) 10 —1s e c .

Thus ,  by compar ing  r a t e s  o f  r a c é m i s a t i o n ,  d i f f e r e n t  r e s u l t s  may

be o b t a i n e d  from th o s e  by com par isons  o f  E . .a c t

The G l a s s t o n e ,  L a i d l e r  and E y r in g  a b s o l u t e  r e a c t i o n  r a t e  

e f j u a t i o n ^ g i v e s  t h e  t r a n s i t i o n —s t a t e —t h e o r y  f u n c t i o n s .

^ rac  ^ OiT/h) e x p ( -  AH^/RT) ex= (A sV ^ ^)

where A n   ̂ i s  t h e  change i n  enthalp;y  accomp an y in g  t h e  f o r m a t i o n  

o f  t h e  t r a n s i t i o n  s t a t e  i n  t h e  r a c é m i s a t i o n  p r o c e s s ;  K = t r a n s 

m is s i o n  c o e f f i c i e n t  ( t a k e n  as I )  and k ■ Boltzmann c o n s t a n t .

The change i n  e n t r o p y  i n  go in g  to  t h e  t r a n s i t i o n  s t a t e  i n  t h e

r a c é m i s a t i o n  p r o c e s s , A , may be c a l c u l a t e d  from

A S ^  -  4.57G l o g  k /T  -F E/T - 4 9 . 2  ^ r  c
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13 —1V a lu es  o f  A. g r e a t e r  th a n  10 sec# c o r r e sp o n d  t o  p o s i t i v e  v a l u e s

o f  A a l t h o u g h  t h i s  i s  somewhat d e p en d en t  on t e m p e ra tu re #  These

p o s i t i v e  e n t r o p y  f a c t o r s  a r e ,  w i th  o n l y  one e x c e p t i o n  so f a r ,  found

4Gi n  b r id g e d  b ip h e n y ls#  The e x c e p t i o n  i s  t h e  b in a p h th y l

-  0 oc coo -

Th i s  does  n o t  mean t h a t  b r id g e d  b i p h e n y l s  have o n ly  p o s i t i v e  v a l u e s

n :  Cl
has  A - 2 . 9  ( E « 27#8; l o g  A 12#7

NO NQ^

H O O C COOH

has  A - 8 . 3  ( E -  3 0 .0 ;  l o g  A 11 .5

has  A  S  ̂ - 3 . 5  ( E » 2 2 .8 ;  l o g  A 12 .5  ) 38 ,48

w h i le  th e  ion  has  A  S  ̂ + 5#8 ( E = 2 5 .4 ;  l o g  A 14 .5  )#

E n t r o p i e s  o f  a c t i v a t i o n  f o r  b r id g e d  bi |h*enyls  a p p e a r  t o  liave sm al l

49n e g a t i v e  o r  p o s i t i v e  v a l u e s  , and seem t o  l i e  w i t h i n  t h e  r a n g e  

— 8 . 3  t o  + 8 .6  e .u #
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B r id g in g  a m o lecu le  l e a d s  t o  d e c r e a s e  i n  o p t i c a l  s i a b i l i t y .  

T h i s  i s  d e m o n s t r a t e d  i n  t h e  f o l l o w i n g  examples :

NQ̂ NÔ

< [
CO OH COOH

NO NO

t i  IG hou rs  a t  125°
z

E . 30.0  Ken 1/ n o l e  a c t  '

D ecrease  o f  22^ a c t i v i t y ^ ^  

a f t e r  60 h o u rs  a t  140°—160°

lo g  A 1 1 .5  i n  CgHg 47

<

COCH COOH

t i  26 hou rs  a t  172° 

i n  e t h y l e n e  g ly c o l '

No change a f t e r  8 h o u rs  

a t  175°

a l t h o u g h  t h e  —COOH group i s  n o t  s t r i c t l y  comparab le  w i th  t h e  

—Cllf,— group and t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e  compound r a c e m is e s  

by  t h e  a l t e r n a t i v e  r o u t e .

The d e c r e a s e  i n  a c t i v a t i o n  e n e r g y  can  be e x p l a i n e d  by  t h e  

f a c t  t h a t  t h e  change i n  d i h e d r a l  a n g le  i n  a t t a i n i n g  t h e  p l a n a r  

c o n f o r m a t io n  w i l l  be l e s s  f o r  t h e  b r i d g e d  compounds and t h e r e f o r e  

t h e  m o le c u la r  s t r a i n  w i l l  a l s o  be l e s s ,  p r o v id e d  t h a t  t h e  d e fo rn i a t i o n s  

a r e  equal  i n  number and t h e  f o r c e  c o n s t a n t s  a r e  s i m i l a r .  Mislow and

h i s  c o l l e a g u e s  have  found t h i s  t o  be f;o w i t h  d o u b ly  b r id g e d  comp ounds“ ,
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t h u s ;

an<rle
(C a le )

a c t  
l o g  A

2 0 .4
12 . 1

3 1 .2

14 .5

30 .6

13.5

35.0

1 2 . 2

N.M.R, s t u d i e s  f o r  s i n g l y  b r id g e d  b i p h e n y l s  show a s i m i l a r  t r e n d :  

t h e  t h i e j i n  has  t h e  l a r g e s t  ground s t a t e  a n g le  end a l s o  shows t h e  

g r e a t e s t  c o n f o r m a t io n a l  s t a b i l i t y .

In  t h e  o x e j i n  s c r i e s ,  t h e  o r d e r  f o r  d i h e d r a l  a n g le  i s ,  from 

u l t r a v i o l e t  and N.M.R, s j e c t r a  s t u d i e s ,
Me Me

" A  > >

b u t  o y t i c a l
s t a b i l i t y  ru n s  Me Me

\  >

\ c t  -0
37*

N.M.R, measurement

E . 2 0 . 4  a c t
r e f .  53 N.M.R, measurement '

54

No o ) . t i c a l  s t a b i l i t y  
a t  room t e m p e r a t u r e ,

( * The v a l u e  quo ted  i s  c o n s i d e r a b l y  l e s s  th a n  e x p e c t e d ,  and i s

u n l i k e l y  t o  be t h e  some as  t h e  d o u b ly  b r id g e d  o x e y in  which i s  much 

l e s s  o p t i c a l l y  s t a b l e )
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T h i s  i s  b ecause  t h e  numbers and k in d s  o f  d e f o r m a t io n  a r e  d i f f e r e n t  

f o r  s i n g l y  and d o u b ly  b r id g e d  compounds.

As e x i e c t e d ,  i t  i s  found t h a t  l e n g t h e n i n g  t h e  b r i d g e  from two 

to  t h r e e  atoms l e a d s  t o  c o n s i d e r a b l e  i n c r e a s e  i n  o p t i c a l  s t a b i l i t y ,  

t h u s :

>

t i  26 h o u rs  a t  172° 52 tj^ 158 mins* a t  110*5®52

E . 30*8 K cal /m ole  a c t  ' -1l o g  A 13*4 sec 

i n  d i o x a n ,  Ihlle and I h E t  

I t  feems t h a t  t h e  i n t e r f e r e n c e  o f  6 ,6 * — o r t h o  s u b s t i t u e n t s  i n

b i j ih e n y l s  "vith a t h r e e  atom 2,2* b r i d g e  f o l l o w s  t h e  o r d e r

OCHg > NO^ > F

S in c e  o j t i c a l  s t a b i l i t y  f o l l o w s  t h e  o r d e r :
OCH

>
NO , NO

/  \  
C H  CH

>

/  \  
C H  H

j a r t l y  r a c e m is e d ^ t^ f t e r  t^ 4 .7 5  h o u rs  a t  145®"^^ t ,  6*5 h o u r s  a t  80®"^^
8 h o u rs  a t  160®“ ^ ‘ "

E ^ c t  *8 ^ c a l / r a o l e
l o g  A 12*7 sec"*

i n  aqueous  HCl.
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The d i n i t r o —s f I r o p i p e r i d i n l u r a  compound has  been p r e p a r e d  by M ls lo v ,

DOF i t t s  and Sier^el , b u t  t h e y  g iv e  no r a c é m i s a t i o n  d a t a .

.-4^ *♦1
H al l  and Ahned found t h a t  t h e  q u a t e r n a r y  n i t r o g e n  compound 

i s  more s t a b l e  t h a n  t h e  c o r r e s p o n d i n g  t e r t i a r y  compounds

>

4 ,75  h o u rs  a t  145°

I
CH

16 h o u rs  a t  125° 

30 «0 K cal /m olea c t
l o g  A 11#5 sec '

ITQFT'ri: DEGRADATION \N D  ^ T E V E X S 'S  OF OUATnRMARY

A'3 'ANIII/

The c o n v e r s i o n  o f  a q a a t e r n a r y  ammonium s a l t  i n t o  an o l e f i n ,

v i t h  t h e  f o r m a t i o n  o f  a t e r t i a r y  amine and w a te r  by e l i m i n a t i o n  o f

t h e  n i t r o g e n  atom and e x t r a c t i o n  o f  an a d j o i n i n g  hydrogen  a tom, v a s

57r e p o r t e d  by îTofnann •

H
P

C H ^ C  
3 t  

H

OH
■ H

C H - N  -  CH —  C « - H
2 / \  2 T
M e M e  H

H
I

C H — C — CH — N 
3 , 2  \

Me

M e
+ CH^= CH^ + H^O

The g e n e r a l  r e q u i r e m e n t s  f o r  t h e  Hofmann e l i m i n a t i o n  r e a c t i o n  t o
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oc cu r  i n  t h e s e  coinijounds a r e :

I ) a m oder f i t e ly s t r o n g  base  

3 ) a ^ -hyr lrogen atom 

3 ) a p o s i t i v e l y  c h a rg ed  n i t r o g e n  c e n t r e  

The r e a c t i o n  p ro c e e d s  n o r m a l l y  i f  t h e r e  a r e  no a -hyd rogen  a tom s ,  so 

t h e s e  a r e  n o t  i n v o lv e d ^ ^ .

S id e  r e a c t i o n s  c o m ie t in g  w i th  t h i s  e l i m i n a t i o n  a r e :

1 ) a d i s p l a c e m e n t  r e a c t i o n  a t  t h e  a—c ar b o n  atom by hydroxy l  

io n  to  form an a l c o h o l  and a t e r t i a r y  amine*

^  +  ' ( ' " A
n ( c h )  o h  o h

3 3

N - C H ^  +  C H ^O H

'Alien a n io n s  l o s s  b a s i c  t h a n  h y d ro x id e  o r  n lk o x id e  a r e  u s e d ,  

e . g .  c a r b o n a t e , t h e  d i s p l a c e m e n t  r e a c t i o n  i n c r e a s e s  i n  im p o r ta n c e ;  

t h e r e f o r e ,  t o  re d u c e  t h i s  r e a c t i o n ,  t h e  s o l u t i o n  shou ld  be p r o t e c t e d  

from ca rbon  d io x id e *

2 ) i n  a d d i t i o n  t o  a l c o h o l  f o r m a t i o n ,  o t h e r  hyd ro x y l  g ro u p s  may 

be a l k y l a t e d  t o  p roduce  e t h e r s .

3 ) o c c a s i o n a l l y  an a l l y l i c  s h i f t  o c c u r s  i n  t h e  o l e f i n  i n  o r d e r  

t o  g iv e  a c o n j u g a t e d  u n s a t u r a t e d  sy s tem .
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4) m o le c u la r  rearranp^ements  m a y  o c c u r .  When t h e  normal 

e l i m i n a t i o n  r e a c t i o n  c a n n o t  t a k e  p l a c e ,  e . g .  t h e r e  a r e  no ^  —hydrogen  

a tom s ,  S t e v e n s ' s  r e a r r a n g e m e n t  i s  o f t e n  o b s e r v e d .

c h . c o c h n ( c h )  o h ”  ----------------- y c  m c o . c h > j ( c h )
6  5  2 1 3 2 6 5  I '  3 2

CH C H CH C H
2  6 5 2  6 5

59T h i s  r e a r r a n g e m e n t  has  been shovn t o  be i n t r a m o l e c u l a r  , and t o

24t a k e  I l a c e  i n  a l k a l i n e ,  b u t  n o t  n e u t r a l  s o l u t i o n s .  H a l l  and l o o l e  

have i n v e s t i g a t e d  t h e  d e g r a d a t i o n  o f  some q u a t e r n a r y  ep hed r in ium  

compounds and a l s o  2 , 7 —d ih y d r o —1 ,1 —d i m e t h y l —3 , 4 : 5 , 6 —d i b e n z a z e j i n i u m  

h ydro x id e

O H

C H  C H

To t e s t  t h e  e f f e c t i v e n e s s  o f  th e  h y d ro x id e  ion  in  t h e  Hofmann 

d e g r a d a t i o n  o f  t h e  l a s t  compound, t h e y  c a r r i e d  o u t  t h e  r e a c t i o n  unde r  

th e  f o l l o w i n g  c o n d i t i o n s :

Exp t .  I In  an a tm osphere  o f  n i t r o g e n ,  k e e p in g  t h e  

t e m p e r a t u r e  lower t h a n  135®.

Exp't. I I  Under s i m i l a r  c o n d i t i o n s  t o  e x p t .  I ,  w i th  added 

h y d r o x id e .
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E x p t .  I gave 9 - d i m e t h y l a m i n o - 9 , 1 0 -d ih y d r o p h e n a n th re n e

2 , 7 -d ih y d r o —1—m e th y l—3 , 4 : 6 —d ib e n za z e j j in e  ( t h e  r e s u l t  

o f  OH a t t a c k  a t  t h e  methyl a—c ar b o n  atom ) 

p h e n an th ren e  i n  32—40^ y i e l d .

E x p t .  I I  gave 9 - d im e th y la m in o - 9 , 1 0 - d ih y d r o p h e n a n th re n e  

33 '̂ jJ’- en an th ren e  

no a z e p i n e .

N - C H -  
I 3

CHj
9 -d im e th y la m in o - 9 ,1 0 - d ih y d r o -  2 , 7 —d i h y d r o - 1 - m e t h y l - 3 , 4 :

p h e n an th r en e  5 , 6 —d i b e n z a z e p i n e

Thus ,  t h e  S t e v e n s '  r e a r r a n g e m e n t  ( which g i v e s  t h e  am inod ihydro— 

p h e n an th r en e  ) i s  favou red  by h ig h  c o n c e n t r a t i o n  o f  h y d ro x id e  i o n ,  

and ,  t h e y  fo u n d ,  a l s o  by h ig h  t e m p ;e ra tu re . The amount o f  p h e n an th r en e  

i s  u n a f f e c t e d  and so may be ex p ec te d  t o  be formed by some method n o t  

d e p en d e n t  on t h e  S t e v e n s '  r e a r r a n g e m e n t .

Azepinium hydrogen c a r b o n a t e  i s  formed from t h e  h y d ro x id e  d u r i n g  

w ork ing  up ,  and t h i s ,  when k e p t  a t  210® f o r  40 m in u te s  gave 9 - d i m e t h y l -  

a m in o -9 , 1 0 - d i h y d r o p h e n a n t h r e n e . H a l l  and Poo le  t h u s  found t h a t  t h e

h y d ro x id e  io n  from t h e  d e c o m p o s i t io n  o f  t h e  hydrogen  c a r b o n a t e  i s  a 

s t r o n g  enough base  t o  b r i n g  a b o u t  S t e v e n s '  r e a r r a n g e m e n t  a t  t h i s
p

t e m p e r a t u r e .  However, a l t h o u g h  t h e y  i s o l a t e d  no p h e n a n th r e n e  o r  

a z e p i n e ,  a l k a l i n e  fumes were evo lved  and when h e a t e d  i*or 3 h o u r s ,  a
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CH,

OH a t  - C H  -
'  '  * " 2° ) ' '-> \ = /  ' v =

H O  C H  C H N M e ,
2 2 i

-  H

B

OH a t

- C H

CH.
Me O H  +

C H

-  N H ( C H  y

CHCH

C H CH

CH CH,

CH
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non—b a s i c  f r a c t i o n ,  amounting to  i S f  o f  t h e  hydrogen c a r b o n a t e  

was i s o l a t e d ,  b u t  n o t  i d e n t i f i e d ;  t h e r e  was s u f f i c i e n t  o n l y  f o r  

an i n f r a r e d  s i^ec t run .  T h i s  i s  o c c u r r i n g  a t  a much h i g h e r  t e m p e r a t u r e  

th a n  t h a t  used in  th e  d e g r a d a t io n *

Proposed  mechanisms a r e  g iv e n  on th e  f a c i n g  p a g e . d , e  r e p r e s e n t s  

t h e  S t e v e n s '  r e a r r a n g e m e n t  f o l l o w i n g  removal  o f  a p r o t o n ,  c i s  th e  

compet ing  hy d ro x id e  a t t a c k  a t  t h e  methyl a—c a r b o n  atom to  form th e  

t e r t i a r y  amine and methyl a l c o h o l  *

The method o f  form^’ t i o n  o f  th e  p h en an th ren e  i s  f a r  from c l e a r .

I t  i s  s u g g es te d  t h a t  t h e  p roposed  r o u t e  a , b  does  n o t  seem l i k e l y  

s i n c e  t h e  hydroxyainine B i s  unknown and t h e  c o r r e s p o n d i n g  d i o l  i s  

s t a b l e  t o  h o t  a l k a l i .  No oxep in  was r e p o r t e d  among th e  n e u t r a l  

p r o d u c t s .

E l i m i n a t i o n  o f  d im e thy lam ine  a p p e a r s  t o  be i n v o l v e d ,  s i n c e  an 

a l k a l i n e  gas  was evo lved  d u r i n g  t h e  r e a c t i o n ,  b u t  t h e  a u t h o r s  were 

u n a b le  to  i s o l a t e  i t .  The am in o d ih y d ro p h en an th ren e  was found t o  

be s t a b l e  t o  h e a t  and t o  a l k a l i .  Thus ,  t h e  p h e n an th ren e  does  n o t  

seem to  a r i s e  from th e  S t e v e n s '  r e a r r a n g e m e n t  p r o d u c t  o r  i n t e r m e d i a t e ,  

o r  from t h e  compet ing  h y d ro x id e  d i s p l a c e m e n t  r e a c t i o n ,  b u t  where t h e  

Hofmann e l i m i n a t i o n  r e a c t i o n  c a n n o t  f u n c t i o n ,  i t  h a s  been f o u n d ^ ^ t h a t  

t h e  n i t r o g e n  atom removes t h e  sh a r ed  e l e c t r o n s  from a g roup  w i t h o u t  

t h e  h e l p  o f  a c a r b a n i o n ,  and t h i s  g ro u p ,  h a v in g  so formed a p o s i t i v e  

io n  can  th e n  u n i t e  w i th  a n e g a t i v e  i o n ,  i n  t h i s  c a s e ,  h y d r o x i d e .
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The p r o d u c t s  and r e l a t i v e  p r o p o r t i o n s  o f  t h e  p r o d u c t s  seem to 

be d e l i c a t e l y  b a l a n c e d ,  and c o n c e n t r a t i o n  o f  c a rbon  d i o x i d e ,  p r e s s u r e ,  

t e m p e r a t u r e  and c o n c e n t r a t i o n  o f  r e a c t a n t s  may be im i^ o r tan t .

A f t e r  c h l o r i n a t i n g  2 , 2 ' - b i s h y d r o x y m c t h y l b i p h e n y l , c o n v e r t i n g  

t h e  m ix tu r e  to  t h e  b isbromomethyl compounds and q u a t e r n i s i n g  them 

w i t h  d im e th y la m in e , a Hofmann d e g r a d a t i o n  on t h e  h y d ro x id e s  y i e l d e d  

a m ix tu r e  o f  p h e n a n th r e n e ,  1 - 2 -  and 3—ch io ro p d ien an th ren es  ( a b o u t  1 5 ^ )^ ^ .  

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

p h e n a n t h r e n e s •

OaiECT 0 ?  THIS V/OHK

To prep a r e  C , C ' - d i c h l o r o —2 , 2 d i p h e n i c  a c i d  by a more c o n v e n i e n t  

r o u t e  th a n  t h a t  o f  C h r i s t i e ,  James and K en n er^ ^ , and from t h i s ,  t o  

p r e p a r e  and s t u d y  some b r id g e d  b i p h e n y l s ,  s u b s t i t u t e d  i n  t h e  6,6* 

p o s i t i o n s  w i th  c h l p r i n e ,  and w i th  2— and 3— nerabcred b r id g e s *

1 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  compounds,  where p jo s s ib l e ,  and 

d e t e r m i n a t i o n  o f  t h e  A r r h e n iu s  p a r a m e te r s  f o r  t h e i r  r a c é m i s a t i o n  was 

i n t e n d e d . Those ,  t o g e t h e r  w i th  u l t r a v i o l e t  s p e c t r a  and ,  where 

r e l e v a n t ,  c i r c u l a r  d i c h r o i s m  c u r v e s ,  would be compmred w i th  each 

o t h e r ,  and w i th  t h o s e  o f  d i f f e r e n t l y  s u b s t i t u t e d  compounds.

A s t u d y  o f  t h e  i n f r a r e d  sp lec t ra  o f  t h e  compounds was made i n  t h e  

hope o f  r e v e a l i n g  t h e  p o s i t i o n  o f  t h e  C-Cl s t r e t c h i n g  f r e q u e n c y  i n  

t h e s e  compounds and to  c o n f i r m ,  o r  o t h e r w i s e ,  g e n e r a l  a s s ig n m e n t s  

made f o r  t h e s e  ty p e s  o f  compound.
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24I t  was hoped to  c o n f i rm  t h e  r e s u l t s  o f  Hal l  and l o o l e  

o b t a i n e d  by decomposing 2 , 7 - d i h y d r o - 1 , 1 - d i m e t h y l - 3 , 4 : 5 , 6 -  

d ib e n za z ep in iu m  h y d ro x id e  under  Hofmann c o n d i t i o n s ,  when a 

c o n s i d e r a b l e  y i e l d  o f  p h e n an th ren e  was o b t a i n e d ,  and t o  i n v e s t i g a t e  

t h e  p o s s i b i l i t y  o f  u s in g  t h i s  a s  a p r e p a r a t i v e  method f o r  o b t a i n i n g

4 , 5 - s u b s t i t u t e d  p h e n a n t h r e n e s , p a r t i c u l a r l y  4 , 5 —d ic h lo r o p - h e n a n th r e n e .
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DISCUSSION

IRElv^RATION OF COU] 0 UN PS

3—Chloro—2—i o d o - t o l u e n e  v/as j - repared  by d i a z o t i s a t i o a  o f  t h e

2—amino— compound and a d d i t i o n  o f  t h e  d i a z o  s o l u t i o n  t o  varm

p o ta s s iu m  i o d i d e  s o l u t i o n *  With c o ld  i o d i d e  s o l u t i o n ,  a r e d

i n t e r m e d i a t e  v a s  fo rmed, which decomposed, sometimes e x p l o s i v e l y :

when warm, t h e  d e co m p o s i t io n  to o k  p l a c e  smoothly* The i n t e r m e d i a t e

i s  p o s s i b l y  t h e  d iazon ium  i o d i d e .  Y ie ld s  o f  up t o  78^ were o b ta in e d

and a l t o g e t h e r  5G5 g .  o f  t h e  compound were p repa red*  T h i s  compound

62has  p r e v i o u s l y  been p r e p a r e d  by F i e a e r  and Cason “ from 3—amino—2—

63i o d o - t o l u e n e  * They r e f e r  t o  a pap e r  by Long and P a i n s  who r e p o r t  

t h e  p r e j m r a t i o n  o f  t h e  d i h a l i d e *  From t h e  ev id en c e  a v a i l a b l e ,  i t  

seems l i k e l y  t h a t  Long and P a in s  had n o t ,  i n  f a c t ,  o b t a i n e d  t h e  pure  

d i h a l i d e •

The d i h a l o g e n o - t o l u e n e  was o x i d i s e d  t o  t h e  a c i d  w i th  n e u t r a l  

p o ta s s iu m  j e rmanganate  s o l u t i o n .  The m ix tu r e  was r e f l u x e d  f o r  c a »

33 h o u r s ,  b u t  l i t t l e  more th a n  h a l f  t h e  s t a r t i n g  m a t e r i a l  had r e a c t e d , 

The p r o d u c t  was s e p a r a t e d  from t h e  s t a r t i n g  m a t e r i a l  v i a  t h e  sodium 

s a l t *  When t h e  q u a n t i t i e s  o f  t h e  r e a g e n t s  were i n c r e a s e d ,  no more 

a c i d  was produced th a n  p r e v i o u s l y  and t h e  y i e l d s  went do^m. A d d i t i o n  

o f  h y d r a t e d  magnesium s u l p h a t e  had no e f f e c t *  The g r e a t e s t  y i e l d  

o b t a i n e d  was 45^ and ,  i n  a l l  28 g .  o f  t h e  a c i d  were p r e p a r e d  by t h i s  

method.  C h r i s t i e ,  James and Kenner have p r e v i o u s l y  p r e p a r e d  t h i s
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compound, b u t  from 0—amino—2 - io d o —benzo ic  ac id*  Because  so l i t t l e  

o f  t h e  a c id  cou ld  be p r e p a r e d  in  each r e a c t i o n ,  i*é« up t o  3 g* ,  

t h i s  method was abandoned ,  and a l t e r n a t i v e  r o u t e s  were t r i e d *

A ttem pts  were made t o  p r e p a r e  d i c h l o r o d i t o l y l  w i th  a view to  

b r o m in a t io n  by N—bromosuccin imide  i n  o r d e r  t o  o b t a i n  6 , 6 ' —d i e h i o r o —

2 ,2 * —bisbrom om ethy lb ipheny l  * Another  r o u t e  t o  t h e  3—c h l o r o - B -

iodo—benzo ic  a c i d  e n t a i l e d  making t h e  a c i d  b e f o r e  t h e  i n t r o d u c t i o n  

o f  t h e  iodo— group  by  d i a z o t i s a t i o n ,  and th u s  t h e  amino— group  had 

to  be p r o t e c t e d  by a c é t y l a t i o n .  ( See scheme o f  r e a c t i o n s  on page 44) 

The Ullmann r e a c t i o n  on 3 - c h l o r o —2 - i o d o —t o l u e n e  has  n o t  been 

in c lu d e d  by F a n ta ^ ^  in  h i s  l i s t  o f  Ullmann r e a c t i o n s  r e p o r t e d  up to  

1944, which i s  in c lu d e d  in  h i s  s u r v e y  o f  Ullmann s y n t h e s i s  o f  b i a r y l s .  

The Ullmann r e a c t i o n  on t h i s  compound was u n s u c c e s s f u l .  The r e a c t i o n  

m ix tu r e  was k e p t  a t  c a .2 5 0 ° f o r  two days  and a f t e r  d i s t i l l i n g  t h e  

e x t r a c t e d  m a t e r i a l  u nde r  r e d u ced  p r e s s u r e ,  o i l s  and some s o l i d  were 

o b t a i n e d .  The o i l s  appea red  t o  be m i x t u r e s  and a l l  a t t e m p t s  t o  

s e p a r a t e  pure  m a t e r i a l  from t h e s e  f a i l e d .  An a t t e n p i t  was made t o  

p u r i f y  t h e  s o l i d  by c r y s t a l l i s a t i o n  and column c h rom a tog raphy ,  b u t  

t h e  p r o d u c t  had a  low m e l t i n g  p o i n t  and m e l ted  ove r  a r a n g e .  A low 

y i e l d  o f  impure m a t e r i a l  i n d i c a t e s  t h a t  t h i s  r o u t e  i s  n o t  p r e p a r a -  

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

s i n c e  th e  o r th o  c h l o r o  and methyl g roup  w i l l  h i n d e r  t h e  r e a c t i o n  

s t e r i c a l l y ,  thus*
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Cl

g i v e s  5 2 . Or b i a r y l  v e r y  poor y i e l d

A lso ,  t h e  methyl grou%^ i s  n o t  a c t i v a t i n g  f o r  t h e  r e a c t i o n .

I lovever ,  i f  pure  m a t e r i a l  cou ld  e a s i l y  have been o b t a i n e d ,  even w i th

a poor y i e l d ,  t h i s  r o u t e  m igh t  have p roved more economical bo th  i n

time  and m a t e r i a l  t h a n  th e  m any-s tage  scheme. ^Another method o f

making th e  d i c h l o r o d i t o l y l  was a t t e m p t e d , t h i s  t im e  by a G r ig n a rd  *

r e a c t i o n  and c o u p l i n g  o f  t h e  G r ig n a rd  r e a g e n t  u s i n g  anhydrous  c o b a l t

or  c u p r i c  c h l o r i d e .  On f r a c t i o n a l l y  d i s t i l l i n g  t h e  p r o d u c t s  unde r

reduced  p r e s s u r e , gums were o b t a i n e d  which were shown t o  be m i x t u r e s

by t h i n  l a y e r  ch rom a tog raphy .  l i e c r y s t a l l i s a t i o n s  were u n s u c c e s s f u l ,

and on f u r t h e r  d i s t i l l a t i o n ,  d e c o m p o s i t io n  o c c u r r e d ,  g i v i n g  i o d i n e

v a p o u r ,  showing t h a t  i o d i n e  had been r e t a i n e d  i n  t h e  m o le c u le  and

t h a t  r e a c t i o n  had n o t  been  c o m p le t e .  The i d e a  o f  a  ' s h o r t  cu t*  t o

t h e  d i c h l o r o —bisbromomethyl compound was n o t  p u rsu ed  f u r t h e r ,  b u t

t h e  a l t e r n a t i v e  r o u t e  t o  t h e  3 - c h l o r o —2 - i o d o - b e n z o i c  a c i d  was t r i e d

o u t  and proved s a t i s f a c t o r y .  The a c é t y l a t i o n  o f  2 -am ino-3—c h l o r o -

C5t o l u e n e  gave y i e l d s  o f  up t o  9 2 f . Bamberger f i r s t  r e p o r t e d  t h i s  

compound \ /hich he a l s o  p r e p a r e d  by a c é t y l a t i o n  o f  t h e  amine .

1280G o f  a c e t y l a t e d  amine were made.

O x id a t io n  o f  th e  a cc ta m id o — compound by n e u t r a l  p o ta s s iu m  

permanganate  s o l u t i o n  was f a i r l y  r a p i d  and d i d  n o t  t a k e  l o n g e r  t h a n  

two h o u r s .  \ f t e r  t h e  a c i d  had been s e p a r a t e d  from t h e  s t a r t i n g
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c m t e r i a l  v i a  th o  sodium s a l t ,  y i e l d s  o f  up to  8 0 /  were r e c o r d e d ,

and a l t o g e t h e r  830 g .  wore i r e p a r e d *  Bamberger^^ h a s  p r e v i o u s l y

p re p a r e d  t h i s  compound by t h i s  method*

The h y d r o l y s i s  was c a r r i e d  o u t  w i th  35/ s u l p h u r i c  a c i d ,  s i n c e

w i t h  70/ a c i d  th e  s u l p h a t e  p r e c i p i t a t e d  and caused  bumping* The

3 - c h l o r o —a n t h r a n i l i c  a c i d  was i s o l a t e d  u s i n g  t h e  method d e s c r i b e d

67by Bilker,  Schaub,  J o s e p h , I’cEvoy and W i l l iam s  , i . e .  by b r i n g i n g  

th e  s o l u t i o n  t o  jll 4 and c o l l e c t i n g  t h e  p r e c i p i t a t e .  They p re p a re d  

th e  compound from 7—c h l o r o i s a t i n .  I t  has  a l s o  been r e p o r t e d  by 

Illlber and Weiss who reduced  t h e  n i t r o — compound, b u t  t h e y  g iv e

09m e l t i n g  p o i n t  148® compared w i th  190®. More r e c e n t l y ,  Dokunikhin

h as  r e p o r t e d  i t s  i s o l a t i o n  as  one o f  t h e  p r o d u c t s  from t h e  a c t i o n  o f

a lumin ium c h l o r i d e  on 2—c h l o r o p h e n y l i s o c y a n a t e . The h y d r o l y s i s  gave

y i e l d s  o f  up t o  85 /  and 497 g .  were p r e p a r e d  i n  a l l .

I n  o r d e r  to  p r e p a r e  t h e  2 - i o d o  compound, t h e  3—c h l o r o a n t h r a n i l i c

70a c i d  was d i a z o t i s e d  by t h e  method used  by W i t t i g  and P e t r i  f o r  

2 -amino-3—m ethoxy-benzo ic  a c i d .  The d i a z o  s o l u t i o n  was added t o  h o t  

p o ta s s iu m  i o d i d e  s o l u t i o n ,  because  th e n  th e  d e c o m p o s i t io n  to o k  p l a c e  

r a p i d l y  and sm ooth ly ,  w i t h o u t  s e p a r a t i o n  o f  any  i n t e r m e d i a t e .  Y i e l d s  

o f  up t o  89 /  were r e c o r d e d  and 445 g .  o f  t h e  d i h a l o g e n o —a c i d  were 

p r e p a r e d . T h i s  compound has  been p r e p a r e d  by C h r i s t i e , James and 

Kenner by t h e  scheme*
CH3 CH3 CH3 CH3Oi? ÙG O

and from t h i s  t h e y  a l s o  p r e p a r e d  t h e  e s t e r .

CO O HC O O H

NHAc NHAc
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The methyl  e s t e r  was p r e p a r e d  by r e f l u x i n g  t h e  a c i d  w i th  

methanol and c o n c e n t r a t e d  s u l p h u r i c  a c i d . A t o t a l  o f  4C4 g .  was

p r e p a r e d  and y i e l d s  o f  9^^ were o b t a i n e d .  A p o r t i o n  o f  t h e  e s t e r

s o l i d i f i e d  on k e e p in g ,  a n d , i f  r e c ju i r e d ,  more c o u ld  be o b t a i n e d  

s o l i d  by s e e d i n g ,  a l t h o u g h  s o l i d i f i c a t i o n  was r a t h e r  s low .  T h i s  

compound has  n o t  p r e v i o u s l y  been r e p o r t e d  a s  a s o l i d .  The m e l t i n g  

p o i n t  i s  35—36°,

The b ip h e n y l  was made by an Ullmann r e a c t i o n  s i m i l a r  t o  t h a t  

by C h r i s t i e ,  James and Kenner , b u t  a t  a lower t e m p e r a t u r e .  A

t o t a l  o f  192 g .  were p re p a re d  w i th  y i e l d s  o f  9 0 / .  T h i s  h ig h  y i e l d

means t h a t  t h e r e  can  be l i t t l e  s t e r i c  h in d r a n c e  to  t h e  r e a c t i o n ,  

and a l s o  shows t h e  a c t i v a t i o n  by th e  COOMe group .

H y d r o ly s i s  o f  t h e  d i - e s t e r  gave an 82 /  y i e l d  o f  t h e  d i p h e n i c  

a c i d ,  b u t  most o f  th e  d i - e s t e r  was used  t o  p r e p a r e  6 , 6 ' —d i c h l o r o —

2 , 2 ' -b i sh ^ 'd ro x y m e th y lb ip h e n y l  . v/hen p r e p a r i n g  t h e  d i p h e n i c  a c i d ,

i t  was p o s s i b l e  t h a t  a s h o r t e r  and more economical r o u t e  c o u ld  be 

by r e d u c t i o n  o f  d i a z o t i s e d  3 - c h l o r o —a n t h r a n i 1i c  a c i d ,  so t h i s  was 

t r i e d .  The d i a z o t i s a t i o n  was perform ed  i n  t h e  normal way and a l s o  

by W i t t i g  and 1 e t r i ' s method f o r  2-amino—3—methoxy—b enzo ic  a c i d . 

D i f f e r e n t  r e d u c i n g  a g e n t s  were used and t h e  work c l o s e l y  fo l lo w ed  

t h i t  o f  A tk in so n ,  L a w le r ,  H ea th ,  Kimball  and Read^^ f o r  d i p h e n i c  

a c i d .  The r e s u l t s  a r e  shown i n  t a b l e  10 . A tk inson  and h i s  c o -  

w orke rs  a l s o  found t h a t  ammoniacal s o l u t i o n s  o f  cup.roammonium i o n
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a r e  b o t t e r  r e d u c i n g  a g e n t s  th a n  t h o s e  o f  cup rous  io n  i n  d i l u t e

hydroxyl  am ine Î and t h a t  t h e  b e s t  method o f  fo rming  t h e s e  i s  by

r e d u c t i o n  w i th  hydroxy&mine. ' l i e n  t h e y  used  s o l u t i o n s  o f  cu p ro u s
I

i o n  i n  d i l u t e  hydrox j^m ine  t h e  y i e l d  o f  d ip h e n ic  a c i d  f e l l  t o  70^

and t h e y  a l s o  o b ta in e d  t h e  Sandmeyer t y p e  p r o d u c t ,  b u t  t h e r e  seems

a g r e a t e r  t e n d e n c y  to  form t h i s  p r o d u c t  w i th  t h e  3—c h i o r o a n t h r a n i l i c

a c i d .  A t o t a l  o f  32 g .  o f  d i c h l o r o d i ] h e n i c  a c i d  was p re p a re d  by

Glt h i s  method. C h r i s t i e ,  James and Kenner p r e p a r e d  t h e  6 ,6 * — 

d i c h l o r o - 2 , 2 ' —d ip h e n ic  a c i d  from t h e  d im e th y l  e s t e r ;  F i t t s ,  S i e g e l
■JZ
55and l.îislow have ; r e p a r e d  i t  s i m i l a r l y .  The d im e th y l  e s t e r  was

p r e p a r e d  from t h e  a c id  i n  74"' y i e l d  by r e f l u x i n g  w i t h  methanol and

55c o n c e n t r a t e d  s u l j  h u r i c  a c i d .  F i t t s ,  S i e g e l  and Mislow have

p r e p a r e d  t h e  ( - )  e s t e r  from t h e  ( - )  a c i d  u s i n g  e t h e r e a l  d iazorae thane

Y i e l d s  f o r  t h e  s t e j s  i n  each  r o u t e  a r e  as  f o l l o w s i
C O O H  • •

NĤ

89Vc

C O O H

1

Cl

577.
777 .

C O O H

947.

Cl C l

C O O H  C O O H

8 2 7. t  1 747

COOMe CO OM e

The o v e r a l l  y i e l d  i n  t l ie  4—s t a g e  r o u t e  t o  t h e  d i p h e n i c  a c i d  
«

i s  C2f ,  which i s  t h u s  b e t t e r  th a n  t h e  57^ y i e l d  i n  t h e  1 - s t e p  r o u t e ,  

b u t  n o t  a s  good a s  t h e  s u b se q u e n t  77f y i e l d .  ^\lien p r e p a r i n g  t h e  

d im e th y l  e s t e r ,  t h e  r o u t e  u s i n g  t h e  Ullmann r e a c t i o n  i s  s u p e r i o r  (75^)
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6 , 6 ' - D i e h l o r o —2 , 2 ' -b i s h y d r o x y m e th y lb ip h e n y l  was p r e p a r e d  from

t h e  d im e th y l  e s t e r  by r e d u c t i o n  w i th  l i t h i u m  aluminium h y d r i d e  and

72has  been s i m i l a r l y  p re p a re d  by .Siegel and Mislow Y ie ld s  were  up

t o  95'' and GO g ,  were p re p a r e d  a l t o g e t h e r .
s

The bishydroxjT.ie thyl compound was used  t o  p r e p a r e  t h e  bi^bromo— 

methyl compound and t lie 2 , 2 ' —b r id g e d  compound d j l ” , - d i c h l o r o —2 ,7 — 

d i h y d r o - 3 , 4 : 5 , 6 —d i b e n z o x e p i n .  The o xep in  was e a s i l y  p r e p a r e d  by

d e h y d r a t i o n  w i th  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a t  a y i e l d  o f  53^ and 

0 .2 5  g .  was p r e p a r e d .

The bisbromoniethyl compound was p re p n re d  u s i n g  t h e  method adopted  

by McGinn, L a z a r u s , ^ S i e g e l , R ic c i  and I ' i s l o w  f o r  t h e  (+) compound, 

and Cl g .  were prep>ared w i th  y i e l d s  o f  up t o  9 2 f .

The d i c h l o r o —bisbromomethyl  compound was t r e a t e d  w i t h  d i m e t h y l -  

amine ,  g i v i n g  t h e  c o r r e s p o n d i n g  azep in iu m  bromide.  The f i r s t  a t t e m p t  

gave a p ro d u c t  which was c o n s i d e r a b l y  c o n tam in a te d  w i t h  d im e t l i y l -  

ammonium bromide.  I n  su b se q u e n t  p r e p a r a t i o n s  t h e  p r o d u c t  was 

d i s s o l v e d  in  w a te r  and p o ta s s iu m  h y d ro x id e  added t o  decompose t h e  

dimethylammonium bromide and p r e c i p i t a t e  t h e  azep in ium brom ide .

T h i s  p ro c e d u re  gave an impjroved p r o d u c t .  The bisbromomethyl 

compound had a bad a n a l y s i s  and t h e  azep in iura  bromide m e l te d  ove r  

a r a n g e ,  so t h e  4 ' , l ’' - d i c h l o r o - 2 , 7 - d i h y d r o - 3 , 4 : 5 , 6 - d i b e n z a z e p i n i u r n -  

l - £ i 4 ^ 0 J - l p i p o r i d i n i u m  bromide was p rep a re d  because  t h i s  has  a 

knoim sh a rp  m e l t i n g  p o i n t .  The b isbromomethyl compound was t r e a t e d
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w i th  pip e r i d i n e  t» g iv e  t h e  sf i r o - p ip .e r id in ium  bromide,  t h e  method

55used  by P i t t s ,  S i e g e l  and Mislow • T h i s  had a good m e l t i n g  p o i n t  

and a s u b se q u e n t  a n a l y s i s  o f  the*bisbromomethy l  compiound was v e r y  

s a t i s f a c t o r y .  The a n a l y s i s  o f  th e  azep.inium bromide c l o s e l y  a g r e e s  

t o  t h a t  c a l c u l a t e d  f o r  one m olecu le  o f  w a te r  o f  c r y s t a l l i s a t i o n ,  and 

i t  seems l i k e l y  t h a t  i t  d i s s o l v e s  i n  i t s  w a te r  o f  c r y s t a l l i s a t i o n  on 

h e a t i n g ,  c a u s i n g  t h e  w id e - r a n g e  m e l t i n g  p o i n t .

The azep in ium bromide was s e n t  away f o r  b i o l o g i c a l  t e s t i n g  and 

showed some ^  v i f r o  a n t i m i c r o b i a l  a c t i v i t y  a g a i n s t  S ta p h y lo c o c c u s  

A u reu s .

The bi  sb ro n o r ie th y l— compound was a l s o  used  t o  prep a r e

4 . 5 - d i c h l o r o —9 ,10—dihydrop h e n a n t h r e n e , u s i n g  pheny l—l i t h i u m .  «̂"hen 

e q u i - m o l o c u l a r  p r o p o r t i o n s  were u s e d ,  a low y i e l d  o f  12^ r e s u l t e d .  

H a l l  and T u r n e r ^ ^  o b t a i n e d  a s i m i l a r  y i e l d  when p r e p a r i n g  t h e

4 . 5 - d imethoxy— compound. The r e a c t i o n  i s  o b v i o u s l y  s t e r i c a l l y

h in d e r e d  s i n c e  t h e  u n s u b s t i t u t e d  compound g i v e s  d ih y d ro p h e n a n th r e n e

in  80/ y i e l d .  Another p r e p a r a t i o n  u s i n g  I j  m o is ,  o f  phenyl l i t h i u m

75gave a y i e l d  o f  2 2 f . Yet  Mislow & Popps , u s i n g  o p t i c a l l y  a c t i v e  

m a t e r i a l  and e q u im o le c u la r  p r o p o r t i o n s  o f  r e a g e n t s ,  p r e p a r e d

4 . 5 - d i m o t h y ] - 9 , 1 0 - d i h y d r o p h e n a n t h r e n e  i n  30^ y i e l d .  They m a in t a in e d

a t e m p e r a t u r e  o f  0-5® f o r  a r e a c t i o n  t im e  o f  one h o u r .  Bergmann and 

76l e l c h o w i c z  have a l s o  p r e p a r e d  t h e  d im e th y l - d i h y d r o p h e n a n t h r e n e  

u s i n g  phenyl l i t h i u m  and t h e y  r e p o r t  on 8Cf<. y i e l d .
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Before  t h e  d i c h l o r o —azep-iniura brqniide was c o n v e r t e d  i n t o  t h e

h y d ro x id e  and s u b m i t t e d  t o  t h e  c o n d i t i o n s  o f  TTofmann d e g r a d a t i o n ,  t h e

24*work o f  Hal l  and I o o l e ^  on t h e  u n s u b s t i t u t e d  azep in ium  bromide was 

r e p e a t e d .  S t a r t i n g  w i th  2 , 2 • —b is h y d ro x y m e th y lb ip henyl  p r e p a r e d  by 

l o o l e ,  t h e  b isbromomethyl compound and azep in ium  bromide were p r e p a r e d . 

The azep inium. bromide was c o n v e r t e d  i n t o  t h e  h y d ro x id e  and t h e  s o l u t i o n  

d i s t i l l e d  unde r  reduced  p r e s s u r e  i n  an a tm osphere  o f  n i t r o g e n .  The 

p r o d u c t s  were s e [ a r a t e d  i n t o  a w a te r  s o l u b l e  f r a c t i o n ,  a n e u t r a l  e t h e r  

s o l u b l e  f r a c t i o n  und a b a s i c  e t h e r  s o l u b l e  f r a c t i o n .  A t tem pts  were 

ricide t o  s e p a r a t e  t h e  b a se s  i n  th e  l a t t e r  f r a c t i o n  by c r y s t a l  1 i  s a t  ion  

o f  t h e  p i c r a t e s . Tab le  11 ,  p.55 summarises t h e  r e s u l t s .  Out o f  t h e  

two e x p e r i m e n t s ,  one r e s u l t e d  i n  a l i t t l e  l e s s ,  and t h e  o t h e r  i n  a b o u t  

th e  same y i e l d  o f  p h e n a n t h r e n e , t h e  g r e a t e r  y i e l d  b e in g  39^, ( o r  50^ 

when c a l c u l a t e d  on th e  m a t e r i a l  which has  r e a c t e d  and c o n s i d e r i n g  t h e  

r e s i d u e  o b t a i n e d  from t h e  aqueous  j o l u t i o n  t o  be t h e  b i c a r b o n a t e . )

The i n f r a r e d  spec t rum  of  t h e  r e s i d u e  from e v a p o r a t i o n  o f  t h e  aqueous  

s o l u t i o n  d i f f e r s  from t h a t  o b t a i n e d  by H a l l  and I ' o o l e ,  b u t  t h e  compound 

was n o t  i d e n t i f i e d .  The aqueous  r e s i d u e  from t h e  d i c h l o r o — compound 

gave t h e  azep in iu m  bromide w i th  e f f e r v e s c e n c e  when t r e a t e d  w i th  

hydrobromic  a c i d .  In  bo th  t h o s e  end H a l l  and l o o l e * s  e x p e r i m e n t s ,  

a p p r o x i m a t e l y  t h e  same y i e l d  o f  b a s i c  m a t e r i a l  was o b t a i n e d ,  b u t  a 

much g r e a t e r  p r o p o r t i o n  o f  th e  d i m e t h y la m in o d ih y d r o p b e n a n th r e n e ,
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o r  c a l c u l a t i n g  th e  y i e l d  on m a t e r i a l  which h a s ,  i n  f a c t ,  r e a c t e d ,  

and n o t  on th e  amount o f  a z e j i n i u m  bromide u s e d ,  38^,  as  a g a i n s t  t h e  

19% o b t a in e d  by Hal l  and I 'oole* When Hal l  and 1 o o le  added p o ta s s iu m  

h j ^ r o x i d e ,  t h e y  o b ta in e d  a 34)/' y i e l d  o f  p h en an th ren e  and 38^ y i e l d  o f  

d im e th y la m in o d ih y d ro p b e n a n th re n e  * The d i f f e r e n c e  i n  t h e  r e s u l t s

o b t a i n e d  can  be due t o  two f a c t o r s :  e x c l u s i o n  o f  c a rb o n  d i o x i d e  i s

knouTi t o  red u ce  t h e  d i s p l a c e m e n t  r e a c t i o n ^ ^  which g i v e s  t h e  a z e p in e  

j r o d u c t *  Because  t h e  b a lan c e  o f  t h e  com pet ing  r e a c t i o n s  may be e a s i l y  

d i s t u r b e d ,  l e s s  c a rbon  d i o x i d e  in  t h e  sys tem  may cau se  t h e  g r e a t e r  

r a t i o  o f  d im e th y la m in o d ih y d ro ] h e n a n th re n e  t o  a z e p in e  (H a l l  and 

l o o l e ' s  r a t i o  2 : l j  t h o s e  r e s u l t s  i n d i c a t e  a  r a t i o  o f  t h e  o r d e r  of  

a t  l e a s t  4 : 1 ) .  An a l t e r n a t i v e ,  o r  a d d i t i o n a l ,  r e a s o n  c o u ld  j j o s s i b l y  

be i n s u f f i c i e n t  washing  o f  t h e  s i l v e r  ox ide  i n  t h e  p re jv a ra t io n  o f  t h e  

azep in iura  hyi l roxide  and t h i s  would i n t r o d u c e  h y d ro x id e  i n t o  t h e  sys tem .  

An i n d i c a t i o n  o f  a t  l e a s t  one o t h e r  base  was g iv e n :  manual s e p a r a t i o n

o f  two k in d s  o f  c r y s t a l  found in  one o f  t h e  p i c r a t e  c r o p s  gave p r o d u c t s  

w j t h  o n ly  s l i g h t l y  d i f f e r e n t  m e l t i n g  p o i n t s ,  b u t  a d e p r e s s e d  mixed 

m e l t i n g  p o i h t .  Not enough o f  e i t h e r  p i c r a t e  was o b t a i n e d  f o r  

a n a l y s i s *  As w i th  H a l l  and T o o l e ’ s e x p e r i m e n t s ,  d im e thy lam ine  

a p p e a r s  t o  have been e v o lv e d ,  f o r ,  on d i s m a n t l i n g  t h e  a p p a r a t u s , a 

smel l  s im i la r  t o  t h a t  o f  t h i s  gas  was n o t i c e d *

The a c t i o n  o f  h e a t  on 4 ' , l ’* - d i c h l o r o - 2 , 7 - d i h y d r o - l  , 1 -  

d i m e t h y l - 3 , 4 : 6 , 6 -d ib enzazep in iu rn  h y d ro x id e  gave a much lower  y i e l d
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o f  t h e  1 h e n a n th r e n e  i r o d u c t  ( a b o u t  5 f ) .  Vs w i th  t h e  p r e p a r a t i o n  

of  t h e  d i h y d r o i h e n a n t h r e n e > a lower  y i e l d  would be e x p e c t e d ,  s i n c e  

t h e  s t c r i c  e f f e c t  o f  t h e  o r t h o  c h l o r o -  g roups  would h i n d e r  t h e  r i n g s
GOa j p r e a c h i n g  c l o s e r  t o  p l a n a r i t y  to  form t h e  s t r a i n e d  p roduc t*  Poo le

a t t e m p te d  to  p r e p a r e  s u b s t i t u t e d  p h e n a n th r e n e s  by t h i s  method, and

used  a m ix tu re  o f  p a r t i a l l y  c h l o r i n a t e d  m a t e r i a l *  P h e n a n th r e n e ,

1—, 2 - ,  and 3—c h i o r o | h e n a n t h r e n e s  were o b t a i n e d  i n  a b o u t  15f y i e l d .

The s u b s t i t u t i o n  o f  c h l o r i n e  i n t o  t h e  a r o m a t i c  n u c l e u s  would t h e r e f o r e

a p p ea r  t o  a f f e c t  th e  y i e l d  o f  t h e  j h e n a n t h r e n e  p r o d u c t  even though  n o t

i n  t h e  s t e r i c a l l y  h i n d e r i n g  4 , 5 - p o s i t i o n s *

The n e u t r a l  e t h e r e a l  e x t r a c t  from t h e  second Hofmann d e g r a d a t i o n

o f  t h e  d i c h l  or oazei^ in ium compound was p u r i f i e d  b y x o lu m n  chromatogra j-hy

and gave 9 mg. o f  a second p r o d u c t ,  an o i l *  The i n f r a r e d  sp ec t ru m  o f

t h i s  proved to  be d i f f e r e n t  from t h e  j -h e n a n th re n e , t h e  s t a r t i n g

m a t e r i a l  and t h e  o x e p in .  The a ro m a t i c  bands n e a r  1610 cm. ^ ( 6 .2 y u )

—1and 1590 cm. (G.Oym) a r e  v e r y  weak, i f  indeed  p r e s e n t ,  and t h e r e  a r e

no s t r o n g  bands  low er  th a n  1000 cm.  ̂ ( lO.Oyu)  a l t h o u g h  l e s s  i n t e n s e

bands do occu r  i n  t h e  1000—G50 cm. ^ ( 1 0 , 0 —1 5 *4yu ) r e g i o n .  T h i s ,  

t o g e t h e r  w i t h  th e  f a c t  t h a t  t h e r e  i s  no band i n  t h e  a ro m a t i c  C-II

s t r e t c h i n g  r e g i o n  sugges ts  t h a t  t h e  comjound i s  a l i p h a t i c ;  t h e  C—H

s t r e t c h i n g  bands a r e  c l o s e  t o  t h e  r e g i o n  f o r  - g  H,  ̂— s t r e t c h i n g *

There  a r e  bands i n  th o s e  p o s i t i o n s  a s s i g n e d  t o  -CH^— s c i s s o r s ,  CH^

CII asymmetr ic  and symmetric  b e n d in g ,  and methyl  rock* A s t r o n g  band

a t  1712 cm. (5 * 6 6 yu) i n d i c a t e s  t h e  p o s s i b i l i t y  o f  a  c a r b o n y l  group*
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l a r i  o f  t h e  b a s i c  m a t e r i a l  vl i ich va s  mej a r a t e d  from t h e  r e a c t i o n  

1 r o d n e t s  went s o l i d ,  b u t  j r o v e d  t o  be a m i x t u r e .  A specimen o f  

one amine was s e p a r a t e d  and had m . p . l O l —102®} t h e  o t h e r  cou ld  n o t  

be o b t a in e d  pure  b u t  t h e  m e l t i n g  p o i n t  i s  i n d i c a t e d  t o  be i n  t h e  

r e g i o n  o f  118° .  The major  amine p r o d u c t  % ro v e d ,  from t h e  u l t r a  

v i o l e t  spec t rum  o f  t h e  p i c r a t e  ( l ) ,  t o  be t h e  6—membered r i n g  amine,

4 , 5 —d i c h l o r o —9-d im ethy la jn ino—9 ,1 0 —d i h y d r o p h e n a n t h r e n e , p i c r a t e  

m e l t i n g  p o i n t  212 -213° .

9—Dimethylamino—9 ,1 0 —d i h y d r o p b e n a n th r e n e  ha s  a c e n t r e  o f  

a s jT in o t ry  a t  t h e  9—c a r b o n  atom, t h e r e f o r e  t h e r e  a r e  f o u r  p o s s i b l e  

i s o m e r s .  T h i s  p o s s i b i l i t y  does  n o t  a r i s e  w i th  t h e  s y n m e t r i c a l l y  

b r id g e d  a z e p i n e .

BIPHENYL

TWIST

'N Me ’N Me2 MIRROR

T W I S T

' N  M e '  N Me
2 2

In  t h e  u n s u b s t i t u t e d  compound, t h e  m o le c u le  w i l l  r e a d i l y  t w i s t  and

t h e  i som ers  w i l l  n o t  be a b l e  t o  be i s o l a t e d .  Mislow and J o s h u a 77

have  found t h a t  r e a c t i o n  o f  ( + ) S - 4 * , 1 ”—d i m e t h ÿ l - 2 , 7 - d i h y d r o - 3 , 4 : 5 ,6 — 

d ibenzazep in iu rn  ion  w i th  p h e n y l - 1 i t h i u m  r e s u l t e d  i n  e i t h e r  (+)-4S o r

( - ) - R  4 , 5 -d im e th y l - 9 - d im e th y la in in o —9 ,1  0 -d ih y d r o p b e n a n th r e n e  from
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second o r d e r  asymmetr ic  t r a n s f o r m a t i o n *  '.Tien t h e  aze% in ium

compound i s  t r e a t e d  w i th  ] o ta s s iu m  h y d r o x id e ,  t h e  i d e n t i c a l  p r o d u c t  

77i s  o b t a i n e d  • They conc luded  t h a t  t h e  r e a c t i o n  i s  h i g h l y  s t e r e o -

s p e c i f i c  w i th  r e s p e c t  t o  t h e  c o n f i g u r a t i o n  a t  C-9 ,  a l t h o u g h  t h e  s i g n

o f  t h i s  had n o t  been f i x e d ,  and c o n s i d e r  t h e  c o n f i g u r a t i o n  a t  t h i s

p o s i t i o n  t o  be an i m p o r t a n t  f a c t o r  i n  t h e  S te v e n s  Rea rrangem ent .

The c o n t r i b u t i o n  o f  C-9 to  t h e  r o t a t i o n  was found t o  be n e g l i g i b l e

and t h e  t w i s t  o f  t h e  b ip h e n y l  t h e  e s s e n t i a l  f a c t o r .  TVTien t h e y

t r e a t e d  4 * , 1 ”—d i m e t h y l —a z e j i n i u m  compound w i t h  t h e  s t r o n g  base

77
1 o ta s s iu m  amide in  l i q u i d  ammonia , t h e  p h e n an th ren e  and d i h y d r o — 

j h e n a n t h r e n e  v e r e  p roduced ;  t h e  fo rm er  g r a d u a l l y  b e in g  c o n v e r t e d  t o  

th e  l a t t e r ,  whicli i s  e v e n t u a l l y  t h e  s o l e  p r o d u c t .  As y e t ,  no 

mechanism has  been su g g e s te d  f o r  t h i s .  No d i h y d r o i h e n a n t h r e n e  

has  been i s o l a t e d  in  th e  r e a c t i o n  w i th  hydroxy l  i o n s .

The second amine o b t a i n e d  i n  t h e  Hofmann d e g r a d a t i o n  o f  t h e  

d i c h l o r o — compound was shown by t h e  u l t r a v i o l e t  sp ec t rum  t o  an 

u n b r id g e d  b ipheny l  ( s e e  page 1 5 3 ) .  The ba se  was p r e p a r e d  from t h e  

p i c r a t e  ( l l )  a s  an o i l ,  and c o u ld  n o t  bQ induced  t o  s o l i d i f y .  The 

p i c r a t e s  o f  t h e  b a se s  a l s o  ] r o v id e d  a v e r y  smal l  amount o f  a  h i g h e r  

m e l t i n g  j i c r a t e  ( i l l ) $ m .p .  232-240°  compared w i t h  212-213° o f  

d i c h l o r o - 0 - d i m e t h y l a m i n o d i h y d r o i h e n a n t h r e n e  p i c r a t e  ( l )  and m.p# 

227-228° o f  th e  u n b r id g e d  b i j h e n y l  p i c r a t e  ( I I ) . Not enough o f  t h e  

h i g h e r  m e l t i n g  amino (m .p .  c a .1 1 8 )  was o b t a i n e d  t o  p r e p a r e  th e

1 i c r a t e  f o r  c o m p ar i so n ,  n o r  was t  h3re enough o f  t h e  h i g h e r  m e l t i n g
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p i c r a t e  ( i l l )  t o  p u r i f y  r.nd i d e n t i f y  i t .  The i n f r a r e d  spec t rum  o f  

t h i s  1 i c r a t e  ( i l l )  co n f i rm ed  t h a t  i t  was d i f f e r e n t  from t h e  lower 

m o l t i n g  p i c r a t e s ,  a l t h o u g h ,  as  e x p e c t e d ,  th e  spec t rum  showed a g r e a t  

many s i m i l a r i t i e s ;  t h e r e  a r e  a l s o  two weak bands  i n  t h e  Oil s t r e t c h i n g  

r e g i o n .  Yet a n o t h e r  v e r y  smal l  c r o p  o f  p i c r a t e s  had m.p .  140—185°,  

and a l t h o u g h  o b v i o u s l y  im pure ,  had a d i f f e r e n t  i n f r a r e d  spec t rum  

from t h e  t h r e e  p i c r a t e s  p r e v i o u s l y  m e n t io n e d ,  n o r  d id  i t  a p p ea r  t o  

be m i x t u r e s  o f  them. A s u b se q u e n t  r e a c t i o n  gave a p i c r a t e  (IV) w i th  

m .p .  157-158° and i t  i s  p o s s i b l e  t h a t  t h e  j i c r a t e  w i th  m .p .  148—185° 

i s  a m ix tu r e  o f  t h i s  and a h i g h e r  m e l t i n g  p i c r a t e .  Thus,  b e s i d e s  t h e  

two main amine p r o d u c t s , t h e r e  a r e  smal l  amounts o f  a t  l e a s t  two 

o t h e r s ,  i.nd t h i s  makes th e  s e p a r a t i o n  o f  th e  p i c r a t e s  d i f f i c u l t .

The i som ers  o f  t h e  9-d im e th y la m in o — compound a r e  v e r y  s i m i l a r  and i f  

t h e  o t h e r  p i c r a t e s  a r e  due to  t h e s e ,  t h i s  'would a l s o  h i n d e r  s e p a r a t i o n

The f i r s t  ex p e r im en t  gave a 40/ y i e l d  o f  s o l i d  amine; p r e 

d o m in a te ly  th e  9—d im e th y la m in o d ih y d r o p b e n a n th r e n e , f o r  when t h e  

p i c r a t e  o f  t h i s  was p r e p a r e d ,  a good y i e l d  o f  pure  p i c r a t e  o f  

m .p .  213—213° was e a s i l y  o b t a i n e d .

.S i m i l a r l y ,  t h e  second r e a c t i o n  gave 63'' y i e l d  o f  s o l i d  amine .

I t  proved v e r y  d i f f i c u l t  t o  s e p a r a t e  t h e  re m a in in g  b a se s  by f r a c t i o n a l  

c r y s t a l l i s a t i o n ,  b u t  th e  d i c l i l o ro d i m e th y l a m in o d i h y d ro p b e n a n th re n e  

ap p ea red  t o  ] r o d o m i n a t e . T h i s  has  t h e  more s o l u b l e  j i c r a t e ,  and

a l th o u g h  a g r e a t e r  amount o f  t h e  pure  u n b r id g e d  amine was s e p a r a t e d ,  

t h e  major  component o f  th e  c r o p s  o f  mixed p i c r a t e s  r e m a in in g  appea red
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t o  be t h e  9—dim ethy l  amino— compound. T h i s  p reponderance  o f  th e  

9—d imethylaminod ih y d r o p b e n a n th r e n e , as  i n  t h e  r e a c t i o n  on t h e  

un s u b s t i t u t e d  compound, may be t h e  r e s u l t  o f  a h ig h  de g re e  o f  

s u c c e s s  in  e l i m i n a t i o n  o f  c a rbon  d i o x i d e  from th e  r e a c t i o n  o r  e l s e ,

( o r  i n  a d d i t i o n ) ,  i n c l u s i o n  o f  p o ta s s iu m  h ydrox ide  th ro u g h  i n s u f f i c i e n t  

washing  o f  th e  s i l v e r  ox ide  d u r i n g  th e  p r e p a r a t i o n  o f  th e  aze% in ium 

h y d r o x id e ,  a l t h o u g h  t h i s  u s u a l l y  l e a d s  t o  t h e  p r o d u c t i o n  o f  t h e  

a z e p in e  and th e n c e  t o  t h e  1—monomethyl azep in ium  p i c r a t e .  I t  i s  

p o s s i b l e  t h a t  t h e  s t e r i c  e f f e c t  o f  t h e  c h l o r i n e  atoms keeps  t h e  

phenyl r i n g s  t w i s t e d  a f t e r  an a t t a c k  on one o f  th e  b r i d g i n g  r i n g  

a tom s ,  s i n c e  no u nb r idged  j r o d u c t  was i s o l a t e d  in  th e  r e a c t i o n  on th e  

uns u b s t i t u t e d  p r o d u c t .  However, t h e  6-raombered r i n g  compound, th e  

d im e th y la m in o d ih y d ro p h e n a n th re n e  has  been formed i n  c o n s i d e r a b l e  

y i e l d .  A par t  from an i n c r e a s e  i n  s t r a i n  i n  forming a 6—membered 

r i n g ,  th e  b r i d g i n g  r i n g  may be d i s t o r t e d  so t h a t  e a se  o f  a t t a c k  in  

t h e  d i f f e r e n t  p o s i t i o n s  i s  a l t e r e d .  A t t a ck  o f  OH a t  one o f  t h e  

-CH^- groups  ha s  been e n v i sa g e d  as  a p r im a r y  s t e p  i n  t h e  fo r m a t io n  

o f  J h e n a n t h r e n e . The p r o d u c t ,  an hydroxyam ine ,

has  n o t  been i s o l a t e d  and i t s  p a r t i c i p a t i o n  i n  t h e  r e a c t i o n  i s  y e t
!

t o  be p ro v ed .  However,  i t  i s  t h e  o n l y  u n b r id g e d  s t r u c t u r e  which

24has  been p u t  fo rward  in  t h e  proposed  modes o f  a t t a c k  i n  t h i s  r e a c t i o n ^  .
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The u n b r id g ed  amine p i c r a t e  i s o l a t e d  from t h e  a c t i o n  o f  h e a t  

on t h e  d i c h l o r o —azep in ium  h y d ro x id e  shows no bands i n  t h e  i n f r a r e d  

s ) e c t r u m  which can  be a s s i g n e d  to  —OH s t r e t c h i n g .  The a n a l y s i s  of  

t h e  p i c r a t e  a g r e e s  well  w i th  a fo rm ula  o f  Cl~N 0_: found
6# ^  w v )  6  4  #

C, 5 0 . 3 ;  H ,3 .R ;  C l , 1 3 .0 5 ;  N, 1 0 .5 ;  0 (b y  s u b t r a c t i o n )  21 .7 5 ;

^22*^'’0^^°^4^7 r e q u i r e d  C, 5 0 . 5 ;  H, 3 .8 5 ;  C l ,  1 3 .5 5 ;  N, 1 0 .7 ;

0 ,  2 1 . 4 .  The hydroxyamine,  w i th  a fo rm ula  o f  Cl^N 0 would

r e q u i r e  C, 4 9 .0 ;  H, 3 . 7 ;  C l ,  13..15; N, 1 0 . 4 ;  0 ,  2 3 .7 .

Tak ing  t h e  fo rmula  o f  t h e  p i c r a t e  as  Ĉ ^^Ĥ  Cl^T .0_,  t h e  amine 

would have th e  fo rmula  C jg H ^ ^ C l^  and t h e  most obv ious  compound i s  

one w i th  th e  s t r u c t u r e
Cl a

CHj CHj

N Me
2

The ; r o c e s 8  whereby such a compound c o u ld  be formed i s  f a r  from c l e a r ,  

b u t  i t  i s  p o s s i b l e  t h a t  t h e  r e a c t i o n  p a th  c o m je te s  w i t h  t h a t  t o  t h e  

a z e p i n e , s i n c e  none o f  t h i s  was i s o l a t e d  ( o r  i f  s o ,  o n l y  i n  q u a n t i t i e s  

t o o  smal l  f o r  i d e n t i f i c a t i o n ) .  Thus ,  t h e  f a c t s  knoim a b o u t  t h e  

compound a r e :  t h e  amine p i c r a t e  has  m .p .  227—228° .  The f r e e  base

can  be l i b e r a t e d  from tl ie p i c r a t e  and n e i t h e r  th e  h y d r o c h l o r i d e  made 

from t h i s ,  nor  t h e  p i c r a t e ,  show a c o n j u g a t i o n  band i n  t h e  u l t r a v i o l e t  

s p e c t ru m .  T h u s ,  t h e  amine would ap p ea r  t o  be an u n b r id g e d  b i p h e n y l . 

The i n f r a r e d  sp ec t rum  shows no bands in  t h e  OH s t r e t c h i n g  r e g i o n  and
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t h e  a n a l y s i s  a g r e e s  we l l  w i th  t h e  fo rmula  Cj q IIj ^CI ç̂N f o r  t h e  amine; 

t h e r e f o r e  i t  c a n n o t  be t h e  hydroxyamine proposed a s  an i n t e r m e d i a t e  

i n  I h e n an th r en e  f o r m a t i o n .  In  t h e  comp.l i c a t e d  p i c r a t e  i n f r a r e d  

s p ec t rum  i t  i s  p o s s i b l e  t o  p i c k  o u t  bands which cou ld  be due t o  

methyl  CII s t r e t c h i n g  v i b r a t i o n ,  b u t  t h e s e  c an n o t  be c a t e g o r i c a l l y  

a s s i g n e d  t o  such v i b r a t i o n s .  The s u g g es te d  s t r u c t u r e  has  n o t  been 

proved and th e  mechanism o f  i t s  fo r m a t i o n  o b s c u r e .

The second expe r im en t  was c a r r i e d  o u t  a t  a h i g h e r  t e m p e r a t u r e  

(140—145° i n s t e a d  o f  130—135°) and i n c r e a s e d  t e m p e r a t u r e  i s  c o n s i d e r e d  

to  f a v o u r  th e  S te v e n s  r e a r r a n g e m e n t .  H a l1 and Toole  o b t a i n e d  s o l e l y  

th e  9 -d im et l iy lam ino—compound when t h e y  decomposed t h e  u n s u b s t i t u t e d  

q u a t e r n a r y  hydrogen c a r b o n a t e  a t  210° ,  even though t h e  p re s e n c e  o f  

ca rbon  d iox ide  u s u a l l y  i n c r e a s e s  t h e  n u c l e o p h l l i c  d i s p l a c e m e n t  

r e a c t i o n  a t  t h e  methyl c a rbon  atom to  g iv e  th e  a z e p i n e , and ,  a t  lower  

t e m p e r a t u r e s ,  e f f e c t i v e l y  r e d u c e s  th e  c o n c e n t r a t i o n  o f  hydroxyl  i o n .  

N e i t h e r  d id  t h e y  d e t e c t  any  p h e n a n th r e n e ,  which i n d i c a t e s  ( t o g e t h e r  

w i th  th e  f a c t  t h a t  i n c r e a s e d  hydroxyl  c o n c e n t r a t i o n  does  n o t  i n c r e a s e  

t h e  y i e l d  o f  p h e n an th ren e )  t h a t  f o r  t h e  azep in iura  compounds,  t h e  

p h e n an th ren e  i s  n o t  be in g  produced by t h e  same r o u t e  a s  t h e  

9 -d im e th y l  amino—comp ound , i . e .  p r o to n  l o s s  a t  t h e  benzyl  a—carb o n  

a tom. Mechanisms proposed  by Ik l l  and l o o l e  have been g iv e n  on 

p)age 40 and t h e y  s u g g e s t  nucl eop h i l  i c  disp l acement a t  t h e  benzyl 

a - c a r b o n  by hydroxyl  ion  t o  g iv e  a hydroxyamine ,  fo l lo w ed  by
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e l i m i n a t i o n  o f  d im e thy l  amine as  t h e  r o u t e  to  t h e  p h e n an th ren e  p r o d u c t .  

However,  i n c r e a s e d  hydroxyl ion  should  a l s o  i n c r e a s e  th e  d i s p l a c e m e n t .

A lower t e m p e r a t u r e  might  be expec ted  t o  i n c r e a s e  fo r m a t io n  o f  

p h e n a n th r e n e ,  s i n c e  a h igh  tempjera ture  f a v o u r s  th e  compet ing  S te v e n s  

r o n r r n n g e m e n t . The t e m p e r a t u r e  d i f f e r e n c e s  in  t h e  r e a c t i o n s  on t h e  

d i c h l o r o -  compmunds seem t o  have n id e  l i t t l e  d i f f e r e n c e  i n  t h e  

p r o p o r t i o n s  o f  th e  p r o d u c t s .

O p t i c a l l y  A c t iv e  Compounds

R e s o l u t i o n  o f  th e  0 ,6 * —d i c h l o r o d i p h e n i c  a c i d  was e a s i l y  c a r r i e d  

o u t  by f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e  bruci^ne s a l t  and a good 

y i e l d  was o b t a i n e d .  At f i r s t ,  r e a d i n g s  were t a k e n  in  a non—j a c k e t e d  

tu b e  a t  room t e m p e r a t u r e  ( i n  0 .1  NaOH). A f t e r  c r y s t a l l i s a t i o n  o f  

t h e  r e g e n e r a t e d  :*cid, t h e  r o t a t i o n  was lo w e r ,  and so r e a d i n g s  were 

t a k e n  i n  a j a c k e t e d  tu b e  to  d e te r m in e  w he ther  r a c é m i s a t i o n  was 

o c c u r r i n g .  Vdien r e a d i n g s  were t a k e n  a t  a lower t em p je ra tu re , h i g h e r  

v a l u e s  were o b t a i n e d ,  showing t h a t  t h e  r o t a t i o n  i s  h i g h l y  t e m p e r a t u r e  

d e p e n d e n t , ( s e e  Table 1 3 ,  Graph 1 , pages  200 and 201 ) .  The

r o t a t i o n  changes  s ig n  a t  abo u t  5 7 ° ,  At room temp^era tu re , th e  s p e c i f i c  

r o t a t i o n  changes  a p p r o x i m a t e l y  1° f p r  e v e r y  d e g re e  i n  t e m p e r a t u r e  

( a b o u t  ^  c h a n g e ) .  However', t h e r e  i s  n o t  a s t r a i g h t  l i n e  r e l a t i o n 

s h i p  between t h e  two. I t  i s  o b v i o u s l y  im p o r t a n t  t o  know t h e  

t e m p e r a t u r e  o f  t h e  s o l u t i o n  when m easu r in g  th e  r o t a t i o n  i n  o r d e r  to  

d e t e r m in e  t h e  op t i c a l  p u r i t y  o f  t h e  compound.
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(-f)-R—6 ,6  d i c h l  o r o - 2 , 2 *—bishydroxymethy l  b iphenyl  was p re p a re d

by t h e  method used  fo r  t h e  racemic  compound. A gum r e s u l t e d ,  even

a f t e r  r e t r e a t m e n t  w i th  l i t h i u m  aluminium h y d r i d e ,  and t h i s  was
72

e v e n t u a l l y  induced to  s o l i d i f y . ,  Mislow and S i e g e l  “ have a l s o

1 rep a re d  t h i s  compound and th e  v a l u e s  o f  t h e  m e l t i n g  p o i n t  and

2 0 . 2r o t a t i o n  a g re e  well  w i th  t h e i r s  (m.p .  1 0 4 .5 -106 ;  [ a ]  + 175,

2  0 . 5 4  in  b e n z e n e ) .  Readings  a t  d i f f e r e n t  t e m p e r a t u r e s  showed t h a t  

t h e  r o t a t i o n  ( i n  benzene) was t e m p e r a t u r e  dependen t  (Tab le  14,

Graph 2 , pages  202 and 203,) and t h a t  when th e  s o l u t i o n  i s  h e a t e d ,  

t h e  r o t a t i o n  does  n o t  d e c r e a s e  as  much as  would be exp e c t e d  i f  the  

o n l y  e f f e c t  wore ex pans ion  o f  th e  s o l v e n t .  At room tem p je ra tu re , 

t h e  s p e c i f i c  r o t a t i o n  changes  a b o u t  a d e g re e  f o r  e v e r y  de g re e  change 

in  t e m p e r a t u r e  ( abo u t  0 .5 f  o f  th e  t o t a l  v a l u e ) .  There  ap p^ear s t o  

be a s t r a i g h t  l i n e  r e l a t i o n s h i p  between th e  two, b u t  t h e r e  i s  a 

change in  t h e  s lo p e  c l o s e  t o  40°C, t h e  g r a d i e n t  above 40° b e in g  

a b o u t  h a l f  t h a t  below 4 0° .  Dependence o f  sp )ec i f ic  r o t a t i o n  on 

t e m p e r a t u r e  can be due to  change i n  a s s o c i a t i o n  and to  change i n  t h e  

p o p u l a t i o n s  o f  d i f f e r e n t  c o n f o r m a t i o n s .  In  t h e s e  c a s e s ,  i t  may be 

t h a t  a change i n  hydrogen bonding  i s  c a u s i n g  a change  i n  t h e  d i h e d r a l  

a n g le  o f  t h e  b i p h e n y l s .  At tempts  were made to  measure  t h e  c i r c u l a r  

d i c h r o i s m  sp ec t rum o f  t h e  d i o l  a t  d i f f e r e n t  temp)era tures  i n  o r d e r  to  

e l u c i d a t e  t h i s  e f f e c t .  However, i t  was found t h a t  th e  compound i s  

u n s u i t e d  t o  t h i s  ty p e  o f  measurement,  s i n c e  i t  a b s o r b s  to o  s t r o n g l y
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t o  e n a b le  meaningful  d e f l e c t i o n s  t o  be observed  o r  t h e  a p I r o p r i a t e  

w ave leng th  range  to  be c o v e r e d . Changes i n  t h e  a s s o c i a t i o n  would 

f^how upi i n  th e  Oil s t r e t c h i n g  f r e q u e n c y  in  th e  i n f r a r e d  r e g i o n  and 

measurements  o f  t h i s  spec t rum  a t  d i f f e r e n t  temp e r a t u r e s  c o u ld  g iv e  

u s e f u l  i n f o r m a t i o n .

The oxep in  was made from th e  d i o l  and e a s i l y  s o l i d i f i e d .

R o t a t i o n s  were measured a t  d i f f e r e n t  temp e r a t u r e s  and t h e  s o l u t i o n  

i n  benzene was n o t  found to  be t e m p e r a t u r e  d ependen t  a p a r t  from th e

normal s l i g h t  a l t e r a t i o n  due t o  ex p an s io n  o f  t h e  s o l v e n t .  The
1 6 °  1R °

s p e c i f i c  r o t a t i o n  was L j - 3 9 1  ° (b e n z e n e ,c  0 . 7 7 ) ,  L“ ] - ^ qJ -S69°

* (2 —p henyl e t h a n o l , cO.GO) and th e  l a t t e r  s o l v e n t  was used  when

r e c e r a i s in g  t h e  o x e p in .  The C.I). spec trum conf i rm ed  the  R co n f  i g u r a t i o n

f o r  th e  comp^ound“ ^ * .

The o p t i c a l l y  a c t i v e  bisbromomethyl compjound was a lso made from

t h e  d i o l  by t h e  method used fo r  t h e  racemic  compound, e x c e p t  t h a t

t h e  r e a c t i o n  was c a r r i e d  o u t  on a w a te r  b a th  t o  a v o id  r a c é m i s a t i o n .

The r e a c t i o n  was i n c o m p le t e ,  and t h e  r e s u l t i n g  gum was r e t r e a t e d  w i th

hydrobromic  a c i d  g i v i n g  a good y i e l d  o f  t l ie bromo— compound. The

m e l t i n g  p»oint and r o t a t i o n  (m.p .  70 -71° ;  [ a ] “^* ̂ +93° ,c_ 0 .9 9  i n  benzene)

73a g r e e  w e l l  w i th  th o s e  quo ted  in  t h e  l i t e r a t u r e  • The compound was 

shown to  have a t e m p e r a t u r e - d e p e n d e n t  r o t a t i o n  ( i n  benzene)  t h e  o bse rved  

v a lu e  b e in g  s l i g h t l y  h i g h e r  th a n  t h a t  exp ec ted  when t h e  t e m p e r a t u r e  i s  

i n c r e a s e d .
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A smal l  amount o f  t h e  b isbromomethyl— compound was used  i n  an 

u n s u c c e s s f u l  attemp t  to  p rep;are a c t i v e  4 , 5 - d i c h l o r o - 9 ,10—d ih y d r o — 

p h e n a n t h r e n e . However, t h e r e  was an i n d i c a t i o n  o f  some m a t e r i a l  

w i th  a n e g a t i v e  r o t a t i o n  b e s i d e s  th e  d e x t r o r o t a t o r y  d ibromide*

Work on s e j j a r a t i n g  th e  p r o d u c t s  i s  s t i l l  i n  p j rogress .

The r e s t  o f  t h e  d ic h lo ro b isb ro m o m e th y l  compjound was used  t o  

p r e p a r e  t h e  azep in ium  bromide,  which,  l i k e  t h e  o x e p in ,  has  a n e g a t i v e  

r o t a t i o n  a t  room t e m p e r a t u r e  and a t  t h e  w ave leng th  o f  th e  m ercury  

g re e n  l i n e ;  ^ * ^ 5 4 0 1  (c 0 .972  i n  ch lo ro fo rm )  and

(c 0 .905  i n  2 -pheny l  e t h a n o l )  . The r o t a t i o n  o f  th e  s o l u t i o n  i n  

c h lo ro fo r m  was found t o  be temp^erature dep en d en t  t o  an e x t e n t  s l i g h t l y  

l e s s  th a n  t h a t  o f  th e  d i o l  i n  benzene ,  b u t  th e  r o t a t i o n s  a r e  n e a r e r  

z e r o  th a n  exp ec ted  when t h e  t e m p e r a t u r e  i s  i n c r e a s e d .  Thus,  t h e  ion  

o f  t h e  d i p h e n i c  a c id  has  a lower p o s i t i v e  r o t a t i o n ,  t h e  d i o l  and 

d i b r o n i d e  a h i g h e r  p o s i t i v e  r o t a t i o n ,  and th e  i o n i c  azep in ium  bromide 

a s m a l l e r  n e g a t i v e  r o t a t i o n  th a n  e x p ec ted  when t h e  t e m p e r a t u r e  i s  

r a i s e d . The t e m p e r a t u r e  dependence  o f  r o t a t i o n  found i n  t h e s e  

compounds i s  ex p ec ted  t o  be due t o  changes  i n  a s s o c i a t i o n ,  hydrogen 

bonding  and c o n fo rm a t io n  o f  t h e  bip h e n y l . I t  i s  i n t e r e s t i n g  t h a t  

t h e  r o t a t i o n  o f  th e  azep in ium  bromide a l s o  shows t e m p e r a t u r e  dependence  

i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  d i h e d r a l  a n g le  o f  t h e  b ip h e n y l  s k e l e t o n  

i s  m a in t a in e d  a t  a f a i r l y  c o n s t a n t  a n g le  by t h e  b r i d g e .  Tha t  t h i s  

comp)ound i s  i o n i c  may e x p l a i n  t h e  t e m p e r a t u r e  dependence  o f  r o t a t i o n
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a s  compared t o  t h a t  o f  t h e  o x e p in .  The r o t a t i o n  o f  t h e  d ip h e n ic  

a c i d  i s  measured on t h e  i o n i s e d  compound and t h i s  shows s t r o n g l y  

t e m p e r a t u r e —dep enden t  b e h a v i o u r .  The d i o l  i s  hydrogen bonded,  and

t h e  bisbromometliyl compound a l s o  c o n t a i n s  an e l e c t r o n e g a t i v e  e lement.  

The s o l v e n t  i s  a l s o  l i k e l y  t o  e n t e r  i n t o  t h i s  temp.era ture  dependen t  

e f f e c t .

The { - )  oxep in  and ( - )  azep in ium  bromide were racem ised  i n  

2 -p h e n y le th an o ]  , Th is  has  a h ig h  b o i l i n g  pjo int ,  219-221°,  b u t  t u r n s  

y e l lo w  when h e a t e d  in  a i r . The r a c é m i s a t i o n s  had ,  t h e r e f o r e ,  t o  be 

c a r r i e d  o u t  under  an a tmosphere  o f  n i t r o g e n .  The two b r id g e d  

compounds t u r n e d  o u t  t o  have h igh  r o t a t i o n s  i n  t h i s  s o l v e n t  and t h i s  

was a n o t h e r  a d v a n t a g e . The a c t i v a t i o n  en e rg y  was c a l c u l a t e d  from
g

t h e  l o g  k rnd 10 /T v a l u e s ,  u s in g  th e  method o f  l e a s t  s q u a r e s  and 

r r ap jh ic a l  I y  from th e  lo g  k v s .  10 /T  p l o t .  The r e s u l t s  o b t a in e d  

a r e  sliown below:

E(Kcal .mole  ^ ) 

C a l c .  G r a p h i c a l l y

l o g  A s e e . ^ ) A ( e . u . )

oxepin 3 4 .8 Ï 0 .1  34 .8 13 .3 - 0 . 5

azep inium 3 8 . 3 ^ . 2  38 .3 13.5 4-0.4

bromide

E r r o r  g iv en  i s in  lo g  k v s .  10^/T p i o t

The i n c r e a s e  in  a c t i v a t i o n  en e rg y  i n  go in g  from t h e  oxep in  to  th e  

azep in ium  bromide r e f l e c t s  t h e  i n c r e a s e  i n  d i h e d r a l  a n g le  , a s  found
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23by  Mislow and h i s  co—w orkers ' '  • There  i s  l i t t l e  d i f f e r e n c e  i n  th e  

f rec juency f a c t o r s ,  which a r e  in  t h e  expjocted range  f o r  s i n g l y  b r id g e d  

b i p h e n y l s  (12  — 1 5 ) .  The e n t r o p y  changes  i n  go ing  t o  t h e  t r a n s i t i o n  

s t a t e  a r e  v e r y  s l i g h t .

The most s i ' - i l a r  comp,ound to  t h e  d i c h l o r o —azejjiniura bromide 

whose r a c é m i s a t i o n  d a t a  have been measured i s  t h e  d i f l u o r o —azep in ium  

c h l o r i d e ^ ^  ( j . 3 2 ) .  The r i n g  i s  s l i g h t l y  d i f f e r e n t ,  s i n c e  t h e r e  i s  

o n l y  one methyl group a t t a c h e d  to  t h e  q u a t e r n a r y  n i t r o g e n .  V a lu e s  

g iv e n  a r e  27.8 K c a l . / m o l e ,  lo g  A 1 2 .7  s e c .   ̂ and A S  ̂ —2.9  e . u . ,

measured in  d i l u t e  h y d r o c h l o r i c  a c i d .  There  i s  t h e r e f o r e  a con

s i d e r a b l y  g r e a t e r  a c t i v a t i o n  e n e rg y  and a n o t i c e a b l e  i n c r e a s e  i n  

f r e q u e n c y  f a c t o r  i n  t h e  d i c h l o r o -  compound. The fo rmer  l e a d s  t o  

i n c r e a s e  i n  s t a b i l i t y  and t h e  l a t t e r  t o  d e c r e a s e  o f  s t a b i l i t y .  I t  

i s  c o n c e i v a b l e  t h a t  th e  g r e a t e r  mesomeric e f f e c t  o f  t h e  c h l o r i n e  

would be more f a v o u r a b l e  t o  a p d a n i r  c o n fo rm a t io n  o f  t h e  b ip h e n y l  

s k e l e t o n ,  t h u s  t e n d i n g  to  f a c i l i t a t e  r a c é m i s a t i o n .

A par t  from Mislow*a d o u b ly  b r id g e d  o x e p in ,  t h e  o n ly  r e p o r t s  o f  

r a c é m i s a t i o n  d a t a  on such compounds a r e  c o n c e r n in g  t h e  u n s u b s t i t u t e d  

compjound and th e  d im e thy l  o x e p in .  Both o f  t h e s e  have  been s u b m i t t e d  

t o  N.M.R. sp ec t rum  a n a l y s i s  o n l y ,  a l t h o u g h  a v a lu e  f o r  t h e  a c t i v a t i o n  

e n e r g y  o f  t h e  u n s u b s t i t u t e d  compound has  been c a l c u l a t e d  and i s  i n  

ag reem en t  w i th  t h a t  o b t a in e d  by t h e  N.M.R. method.
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Me Me E . a c t l o g  A A S  ^ r e f .

20

Not racemised  <100®

37

9 . G 2 .5 37

9 .3  c a lc 54

The v a lu e  o f  20 h e : 1 . / m o l e  fo r  th e  d im e thy l  o x e i i n  seems u n l i k e l y  

and i s  i r e s u n a b l y  th e  l o ’Tcr l i m i t  f o r  t h e  a c t i v a t i o n  en e rg y .  I f  

t h i s  i s  c a l c u l a t e d  u s in g  a v a lu e  o f  12 f o r  log  A, t h e  l i m i t  may wel l  

be h i g h e r ,  s i n c e  th e  average  v a lu e  o f  l o g  A fo r  s i n g l y  b r id g e d  

b i i h e n y l s  i s  c l o s e r  to  13.  In  any c a s e ,  assuming a normal f r e q u e n c y  

f a c t o r ,  an a c t i v a t i o n  e n e rg y  o f  20 K c a l / n o l e  seems low f o r  a compound 

which i s  so o p t i c a l l y  s t a b l e .

I t  i s  found t h a t  l e n g t h e n i n g  th e  b r i d g e  l e a d s  t o  an i n c r e a s e  i n

52  5 /o p t i c a l  s t a b i l i t y ,  e . g . ^ “ '

>

t j  26 ho u rs  a t  172® 

i n  e t h y l e n e  g ly c o l

t ,  158 mins a t  110.5®

E . 80 .8  Kcal /m ole  l o g  A 1 3 .4  sec a c t  '
-1
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The d im e thy l  oxep in  i s  a t  l e a s t  as s t a b l e  as th e  atom b r id g e d  

b i n a t h p h y l , s i n c e  i t  i s  n o t  racem ised  below 100®. The d i m e t h y l -  

d ih y d ro p h e n a n th re n e  has  an a c t i v a t i o n  en e rg y  o f  23.1  Kcal /m ole  and 

lo g  A 12 .8  sec  ̂ and i t  i s  more th a n  l i k e l y  t h a t  t h e  o x e p in ,  which 

i s  c e r t a i n l y  more o p t i c a l l y  s t a b l e  th a n  th e  d ih y d ro p h e n a n th re n e ,  

w i l l  have a g r e a t e r  a c t i v a t i o n  en e rg y .

In  unb r idgod  b i p h e n y l s , i t  i s  found t h a t  th e  methyl group c o n f e r s

g r e a t e r  o p t i c a l  s t a b i l i t y  th a n  th e  c h l o r o — group^“ ( s e e  p .  2 8 ) .  I hit

s t a b i l i t y  o f  s u b s t i t u t e d  b ip h e n y l s  w i th  a t h r e e  membered b r i d g e  need

n o t  be th e  same as  an  unbr idged  b i p h e n y l .

e . g .  b r id g e d  OCIIg ) NO^ > F

u n b r id g ed  NO^ >) OCHg > P

One o r th o  n i t r o  group i n  t h e  oxep in  g i v e s  a compound which i s  w e l l

s u i t e d  to  N.M.R. spec t rum  a n a l y s i s  a t  d i f f e r e n t  t e m p e r a t u r e s .  Oki,

37Iwamura and llayakawa have made measurements  on t h i s  compound and 

g ive  an a c t i v a t i o n  en e rg y  o f  16 .5  + 0 . 7  K cal /m ole  and lo g  A 1 2 .8 —

0 . 4  scc~^* The d im e thy l  compound would be expec ted  t o  be c o n s i d e r a b l y  

more o j - t i c a l l y  s t a b l e ,  w i th  a h i g h e r  a c t i v a t i o n  e n e r g y .  Thus t h e  

su g g es te d  v a lu e  o f  20 K c a l . /m o le  would a p p e a r ,  from most c o n s i d e r a t i o n s ,  

to  be r a t h e r  low, and i t  i s  assumed t h a t  t h i s  i s  t h e  lower l i m i t .  

However, t h e r e  i s  no ev idence  t h a t  t h e  d im e thy l  b r id g e d  b i p h e n y l s  

should  be more s t a b l e  t h a t  th e  d i c h l o r o  a n a l o g u e s ,  a s  i s  t h e  c a s e  w i th  

unbr idged  compounds. The N.M.R. measurements  wore made i n  c a rbon
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d isu lp h ic le  and v a r i a t i o n s  due to  s o l v e n t  a r e  u s u a l l y  s l i g h t ,  a l t h o u g h  

t h e y  can sometimes be l a r g e .

In  t h i s  c a s e ,  t h e  M.M.R. d a t a  can n o t  be g i v i n g  t h e  a c t i v a t i o n  

ene rgy  f o r  i n v e r s i o n  o f  c o n f i g u r a t i o n  and th e  p r o t o n s  may a t t a i n  

magnet ic  e q u i v a l e n c e  by some o t h e r  p r o c e s s .
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INFÏUIIED SBTICTRA

The a s s ig n m e n ts  o f  t h e  i n f r a r e d  a b s o r p t i o n  bands have been 

made w i th  r e f e r e n c e  to  "The I n f r a r e d  S p e c t r a  o f  Complex Molecu les"  

by L, J ,  Bel lamy, "Chemical p l i c a t i o n s  o f  I n f r a r e d  S p ec t ro sco p y "  

by C. N, ]î, r tao,  and R, N, J o n es  and C« S a n d o r f y ' s  c h a p t e r  on "The 

A p p l i c a t i o n s  o f  I n f r a r e d  and Raman S p e c t r a  to  th e  E l u c i d a t i o n  o f  

Molecu la r  S t r u c t u r e "  i n  "Techn iques  o f  Organic  Chemistry*'  V o l .  IX, 

c h a p t e r  IV. Genera l  a s s ig n m e n ts  have been made which c o r re sp o n d  

witjp the  r a n g e s  g iv e n  by t h e s e  a u t h o r s  and by Cross  ( " I n t r o d u c t i o n  

to  I r a c t i c a l  I n f r a r e d  S p e c t r o s c o p y " ) ,  t o g e t h e r  w i th  su p p lem en ta ry  

r e f e r e n c e s  where n e c e s s a r y .  J o i n t s  o f  i n t e r e s t  or  bands o c c u r r i n g  

o u t s i d e  t h e  g iv en  r a n g e s  a r e  n o t e d .

S in ce  many o f  t h e  compounds p re p a re d  had Cl i n  s i m i l a r  e n v i r o n 

ments ,  i t  was c o n c e i v a b l e  t h a t  t h e  p o s i t i o n  o f  t h e  C—Cl s t r e t c h i n g  

f r eq u e n cy  c o u ld  be e l u c i d a t e d .  U n f o r t u n a t e l y ,  t h i s  p o s i t i o n  

o v e r l a p s  t h o s e  o f  th e  s u b s t i t u t i o n  p a t t e r n  i n  th e  810—G80 cm.  ̂ r e g i o n  

and some o f  t h e  compounds a l s o  show a b s o r p t i o n  h e r e  due t o  o t h e r  

g roups .  Two bands a r e  ex pec ted  f o r  t h e  a ro m a t ic  CH d e fo r m a t io n  

p a t t e r n  i n  v i c i n a l  t r i - s u b s t i t u t é d  benzene compounds and one f o r  th e  

C-Cl s t r e t c h .  Some s p e c t r a  d id  n o t  show enough bands i n  t h e  r e g i o n s  

quoted i n  t h e  l i t e r a t u r e  and t h e r e f o r e  a w ider  r a n g e ,  o r  s u p e r p o s i t i o n  

of two o r  more bands must be c o n s i d e r e d .  The s p e c t r a  o f  d i f f e r e n t l y  

s u b s t i t u t e d  and u n s u b s t i t u t e d  compounds were run  f o r  com par ison .
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Compounds p r e p a r e d  by o t h e r  workers  have been n o ted  a t  t h e  end o f  

t h i s  s e c t i o n .

Compounds have been grouped i n t o  t h r e e  t y j . e s ,  nnd g iven  l e t t e r s  

to d e s i g n a t e  t h e  g roup ,  namely s u b s t i t u t e d  b enzenes ,  ( d) ,  b i j .heny ls  

(BJ) md b r id g e d  b ip h e n y l s  (BB). The compounds a r e  numbered w i t h i n  

t h e se  group 8.  O p t i c a l l y  a c t i v e  compounds a r e  shown by th e  s ig n  of  

the  r o t a t i o n  a t  t h e  f r e q u e n c y  o f  th e  mercury  g reen  l i n e .

The s p e c t r a  were measured on a Grubb—i r s o n s  G S 2A doub le  beam 

re c o r d i n g  s p e c t r o p h o to m e te r  and a r e  l i n e a r  i n  w a v e le n g th .  The 

p o s i t i o n s  of  t h e  bands a r e  g iven  as  th e  f r e q u e n c y  in  cm. ^ ; th e  

wavelength  i n  j s  i s  g iven  i n  b r a c k e t s .  The splectrum of  Bl was 

measured on t h e  l i q u i d ;  t h e  r e s t  o f  t h e  compounds were examined as  

mulls  in  Nujo l and h e x a c h l o r o b u t a d i e n e . The s p e c t r a  shown in  th e

diagrams a t  t h e  end o f  t h i s  s e c t i o n  a r e  com pos i te  s p e c t r a ,  w i th  th e  

h e x a c h lo r o b u ta d i e n e  measurement i n s e r t e d  i n  t h e  Nujo l a b s o r p t i o n  

r e g i o n s .  Also a t  t h e  end o f  t h i s  s e c t i o n  a r e  t a b l e s  o f  bands ,  w i th  

t h e i r  p ro b a b le  a s s ig n m en ts ,  and o f  u n a ss ig n e d  bands o f  s t r o n g  t o  medium 

i n t e n s i t y .  S t r o n g ,  medium or  weak bands a r e  i n d i c a t e d  by s ,  m or  w 

and s h o u ld e r  i s  a b b r e v i a t e d  to  sh .

C-CBg group

C-II s t r e t c h

C H ^  C H 3 C H ,Ù:' 0

N H A c

Cl k s ^ c i

Bl B3 B2
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In  t h i s  r e g i o n  t h e r e  a r e  bands a t : -

2967 (3 .3 7 )  w 2950 (3 .3 9 )  w  2976 (3 .3 6 )  w.,

2924 ( 3 .4 2 )  m 2950 ( 3 .3 9 )  v

2915 ( 3 .4 3 )  m 2915 ( 3 .4 3 )  w 2015 ( 3 .4 3 )  w

sh.2890 ( 3 .4 6 )

2849 ( 3 .5 1 )  V 2845 (3 .5 1 5 )  v .w .  2849 (3 .5 1 )  v .w .

2813 (3 .5 5 5 )  w

There  a r e , h e r e ,  f o u r  bands in  th e  n e thy l -C -I I  s t r e t c h i n g  r e g i o n

of 3000-2800 cm.  ̂# Four bands m ight  bo exp e c te d  in  t h e  c a s e  o f  B3,

h e re  t h e r e  a r e  two methyl groups  in  d i f f e r e n t  en v i ro n m e n ts ,  b u t

the  bands  in  t h e  s p e c t r a  o f  01 and 02 should  be due o n ly  t o  methyl

t o g e t h e r  w i th  any o v e r to n e s  or co m b in a t io n  bands ,  s i n c e  t h e  a rom at ic

C-II s t r e t c h i n g  u s u a l l y  o c cu r s  a t  a  h i g h e r  f r e q u e n c y .  Bands occur

in  a l l  t h r e e  compounds a t  2915 ( 3 .4 3 )  and n e a r  2849 ( 3 . 5 1 ) .  I t  i s

p o s s i b l e  t h a t  t h e s e  a r e  due t o  t h e  asym m etr ica l  and s y r m e t r i c a l  C—H

s t r e t c h i n g  v i b r a t i o n ;

H ^

y
C ^

I I
s^.Tnmetrical s t r e t c h  asym m etr ica l  s t r e t c h

Jo n es  and S a n d o r f y  g iv e  2930—2920 cm. (3 .4 1 5 —3.425 yu ) and 

2880-2860 cm.  ̂ ( 3 . 4 7 - 3 . 5 0  ju ) f o r  th e  a sym m etr ica l  and syi ' imetr ical  

s t r e t c h i n g  r e s p e c t i v e l y  o f  a methyl g roup a t t a c h e d  to  a benzene r i n g  

in  l i q u i d  a l k y lbenzenes  ' nd t h e  f r e q u e n c y  i s  l i k e l y  t o  be s l i g h t l y
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78lower f o r  th e  s o l i d .  Fox and M ar t in  have found t h a t  th e  lower

frequency  band i s  s p l i t  when a doub le  band i s  a d j a c e n t  t o  t h e  methyl

group.  They a l s o  no ted  two weaker i n t e r m e d i a t e  bands in  some o f  t h e

hydrocarbons  t h e y  s t u d i e d .

79Friedman shows t h a t  most monomethyl— and d im e th y l—n a p h th a l e n e s  

show five bands i n  t h e  methyl CTl s t r e t c h i n g  r e g i o n s  c l o s e  t o ;

2975 cm 

2945 

2925 

28 C5 

2735

-1 (0 .3 6  yu )I '
(3 .3 0 5 )  

( 3 . 4 2  ) 

(3 .4 0  ) 

(3 .0 6  )

These bands a r e  i n  t h e  same g e n e r a l  p o s i t i o n s  a s  th o s e  i n  B l , B2 and B3 

A weak band c l o s e  t o  2735 cm  ̂ ( 3 . 6 6 y.i) a l s o  o c c u r s  i n  t h e  s p e c t r a  o f  

th e se  conipjounds, a s  in  many o f  th e  o t h e r s  s t u d i e d  h e r e .

CH^d é fo rm ât i o n 8 

Bl

sh 1473 (6 .7 9 )  '

1468 (6 .8 1 )  vs  

1441 ( 6 .9 4 )  8 

1433 ( 6 .9 8 )  8

1376 ( 7 .2 7 )  V

B3

1408 ( 6 .8 3 )  m 

1456 (6 .8 7 )  m 

1443 ( 6 .9 3 )  m

1370 ( 7 .3 0 )  m

B2

sh 1462 (6.84)-

1445 ( 6 .9 2 )  vs

1393 ( 7 ,1 8 )  w 

1376 ( 7 .2 7 )  w

These bands occu r  c l o s e  to  t h e  methyl d e f o r m a t io n  a b s o r p t i o n  r e g i o n ;
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1470—1420 cm.  ̂ ( 6 . 8 0 —7 .0 4  yu ) f o r  th e  asymmetric  bending  mode and

1385—1375 cm.  ̂ ( 7 . 2 2 - 7 . 2 7  yW ) f o r  t h e  symmetr ica l  v i b r a t i o n .  The 

- 1  /  \1445 cm. ( 6 . 9 2  yu ) band in  B2, which i s  a s s ig n e d  t o  t h e  asymmetr ic  

bending v i b r a t i o n ,  i s  much s t r o n g e r  th a n  th e  1376 cm.  ̂ ( 7 .2 7  yu. ) 

symmetric bend ing  a b s o r p t i o n  a l t h o u g h  t h e  r e v e r s e  i s  e x p e c t e d .  Bands 

occur in  s i m i l a r  p o s i t i o n s  in  th e  o t h e r  compounds a t  1441 cm. ^ ( 6 . 9 4 u )  

and 14-13 cm.  ̂ ( 6 .9 3  yu ) . The sym m etr ica l  v i b r a t i o n  a p p e a r s  a t  

1376 and 1370 cm.  ̂ ( 7 .2 7  and 7.30 yu ) .  One o f  t h e  h i g h e r  

f r eq u en cy  bands ( n e a r  1460 or  1470cri  ̂ i s  l i k e l y  to  bo due t o  a c=c 

i n - p l a n e  v i b r a t i o n  and th e  s h o u ld e r  a t  1473 cm.  ̂ ( 0 .7 9  j x  ) has 

t e n t a t i v e l y  been a s s i g n e d  t o  t h i s .  

g roup
C O O H  C H ^

a " "

2

Cl  

Bl

The —NHg group  g i v e s  r i s e  to  two a b s o r p t i o n  bands i n  t h e  NH 

s t r e t c h i n g  r e g i o n ,  35^0-3300 cm.  ̂ ( 3 . 0 3 —2 . 8 6 ^  ) ,  due t o  th e  symmetric 

and asymmetr ic  s t r e t c h i n g .

sym m etrica l H as^T im etrica l
 N ^

s t r e t c h i n g \  ^  s t r e tc h in g  ^  h\

In  B5, t h e s e  occu r  a t  3-180 and 3365 cm.  ̂ ( 2 .8 7  and 2 . 9 7 yx ) and in  

Bl a t  3475 and 3380 cm."* (2*88 and 2 .96  yu )> w e l l  w i t h i n  t h e  g iv e n
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r e g i o n .  A n t h r a n i l i c  a c id  a b so r b s  a t  3497 and 3390 cm." * ( 2 . 8 6  

and 2 .95  ) . The asymmetr ic  s t r e t c h i n g  g i v e s  r i s e  t o  t h e  band of

h ig h e r  f r e q u e n c y .

n TT — I —  i  — ^  I   /  n r\ a  n rtr>

AA s s o c ia t e d  N—II a b so r b s  i n  th e  r e g i o n  3400—3100* cm. * ( 2 . 9 4 - 3 . 2 3  n. )

The compound Bl does  show two weak bands a t  3226 and 3195 cm. *

(3 .10  and 3 .13  yu. ) which may be a t t r i b u t e d  t o  such a s s o c i a t i o n .  These

bands c a n n o t  be d i s t i n g u i s h e d  i n  B5 because  t h e y  come i n  t h e  —OH

s t r e t c h i n g  r e g i o n  o f  t h e  -COCH group .

The NH s c i s s o r s  bend ing  mode 1650-1580 cm. * ( 6 .0 6 —6.33  yu ) i s

a m o d e ra te ly  s t r o n g  band b u t  t h e  c o r r e l a t i o n  i s  based  on a l i m i t e d

range and,  i n  some compounds, i s  h id d e n  b enea th  t h e  a rom a t ic  r i n g

v i b r a t i o n  n e a r  1600 cm. * .  I t  seems l i k e l y  t h a t  th e  bands a t  1016 cm. *

(6 .19  yx ) i n  nl and 1010 cm. * (6 .21  yu ) i n  B5 a r e  due t o  t h e  Nil

d e f o r m a t io n s .  A n t h r a n i l i c  a c id  i s  a s s i g n e d  a band a t  1618 cm. -1

(6 .18  ju ) f o r  t h i s  v i b r a t i o n ,  v e r y  c l o s e  t o  bo th  o f  t h e s e .

The C*4I s t r e t c h i n g  mode f o r  a p r im a ry  a ro m a t ic  amine g iv e s  r i s e  

to  a s t r o n g  band in  t h e  r e g i o n  1340-1250 cm. * ( 7 .4 6 —8 .0 0  u ) ,  b u t  t h i s  

canno t  be a s s i g n e d  i n  t h e s e  compounds s i n c e  t h e r e  a r e  t h r e e  s t r o n g  

bands; D5 Bl

1312 ( 7 .6 2 )  1307 ( 7 .6 5 )

1272 ( 7 .8 6 )  1260 ( 7 .8 1 )

1250 ( 8 .0 0 )  1247 ( 8 .0 2 )

in  t h i s  r e g i o n  i n  bo th  compounds.
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-NITAc group
C H j  COOH

O N H A c  

Cl ÔN H A c

B3 B4

The Nil s t r e t c h i n g  f r e q u e n c y  in  atnido a c i d s  shows up a s  a medium 

band i n  t h e  r e g i o n  3390—32G0 cm. * (2 .B 5-3 .07yu  ) •  The range  i s  lower 

than i n  s ec o n d a r y  amides  w i th  a f r e e  Nil because  o f  hydrogen bond ing ,  

and i s  c l o s e r  t o  th e  Nil s t r e t c h  in  a s s o c i a t e d  am ides .  Secondary  

amides a b s o r b  in  t h e  f o l l o w i n g  r e g i o n s :

Free Nil c i s  3440-3420 cm, * ( 2 . 9 1 - 2 . 9 3  ) s t r o n g

t r a n s  3400-3440 -1cm. ( 2 . 8 9 - 2 .9 1 s t r o n g

Bonded NH t r a n s  3320-3270 -1cm. ( 3 . 0 1 - 3 . 0 6 ) medium

c i s  3180-3140 -1cm. ( 3 . 1 5 - 3 . 1 9 M ) medium

c i s  and t r a n s  3100—3070 -1cm. ( 3 . 2 3 - 3 . 2 6 A ) weak

\
c
1 1 0 =

1
N — H ..........

c /

-• 0
1

=  c
\

N —

c i s  l i n k e d  t r a n a  l i n k e d

B4 has  bands a t  3257 cm. * ( 3 .0 7  yu ) and B3 a t  322G cm. * ( 3 . 1 0 yx. ) s 

sh 3220 (3 ,1 0  M ) sh 3185 (3 .14y< )

3165 (3 .1 0  ) w 3115 (3 .2 1 y x  )w

3100 ( 3 .2 2  ) w
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I t  seems l i k e l y  t h a t  t h e  t h r e e  bands i n  B3 can be a t t r i b u t e d  t o  th e  

d i f f e r e n t l y  bonded NÎI s t r e t c h i n g  v i b r a t i o n ,  a l t h o u g h  t h e  o u t e r  bands 

a re  c l o s e r  t o g e t h e r  t h a n  t h e  g iv e n  r a n g e s .  B3 i s  t h e r e f o r e  p r e 

do m in an t ly  t r a n s - 1 i n k e d .

The s i t u a t i o n  in  t h e  N—a c e t y l —3 - c h l o r o a n t h r a n i l i c  a c i d ,  B4, 

i s  c o m p l ic a te d  by t h e  f a c t  t h a t  t h e r e  a r e  two C=0 i n  t h e  m olecu le  

which can  be u sed  f o r  hydrogen b ond ing .  However, i t  .‘ eems l i k e l y  

t h a t  t h e  s t r o n g  band, which comes a t  t h e  lower end o f  t h e  r a n g e  g iv en  

for  ainido a c i d s ,  i s  due t o  i n t r a m o l e c u l a r  hydrogen  bonding  w i th  th e  

-COOH g ro u p ,  w h i l e  t h e  o t h e r  t h r e e  bands a r e  due t o  th e  a b s o r p t i o n s  

of  t h e  Nil hydrogen  bonded w i th  th e  araido group o f  a n o t h e r  m o le c u le .

For most amido a c i d s ,  weak bands occu r  a t  2640—2360 cm.

( 3 , 7 9 - 4 . 2 4  yu ) and 1945-1835 cm. * ( 5 .1 4 —5 .4 5  jx . ) ,  however,  th e  

s p e c t r a  o f  o n l y  a l i m i t e d  number o f  compounds have been a n a l y s e d .

Two f l a t  topped  b an d s ,  p o s s i b l y  u n r e s o lv e d  d o u b l e t s ,  o ccu r  a t  2039— 

2611 cm."* (3.79-3.83yUL ) and 2506-2480 cm."* ( 3 . 9 9 - 4 . 0 3  yx ) i n  t h e  

high  f r e q u e n c y  r e g i o n ,  b u t  o n l y  t h e  weak s u b s t i t u t i o n  p a t t e r n  shows 

in th e  lower  f r e q u e n c y  r e g i o n  g i v e n .  The 3—c h l o r o a n t h r a n i l i c  a c i d  

a l so  shows bands  c l o s e  to  t h i s  r e g i o n ,  a l t h o u g h  weaker  t h a n  t h e  amido 

a c i d .  These occu r  a t  2710 and 2626 cm# * ( 3 .6 9  and 3.81 y. ) w i th  

two v e r y  weak bands  a t  2558 and 2532 cm. * (3 .91  and 3 .95  y. ) •

The C«=0 s t r e t c h i n g  f r e q u e n c y  o f  t h e  c a rb o x y l  g 'oup a t  1698 cm. * 

(5.89 j j .  ) i s  w i t h i n  th e  ran g e  g iven  ; 1724—1695 cm. ( 5 . 8 0 —5.9 0  yA ) .
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-1The amide band I ,  C=0 s t r e t c h  o f  t h e  amido g ro u p ,  a t  1 G34 cm 

(6 .12  ) and t h e  band I I  (Nil d e fo rm a t io n )  a t  1531 cm. * (0«53yA. )

are  a l s o  w i t h i n  t h e  quo ted  r a n g e s .
-1There  i s  o f t e n  a s t r o n g  band a t ,  o r  n e a r ,  1225 cm. ( 8 . 1 6 y  )

due to  a —COOII v i b r a t i o n  and t h i s  nay  be th e  band a t  1208 cm. 

( 8 . 2 8 y  ) ,  a l t h o u g h  th e  f r eq u e n cy  i s  somewhat low.

Amides a r e  r e p o r t e d  to  have bands as fo l l o w s ;

-1

I

I I

I I I

1680-1630 cm. - 1

1570-1515 cm. -1

1305-1200 cm. - 1

( 5 . 9 5 —6 .1 4  yU ) s .

(6 .3 7 —C .60 y  ) s .

( 7 .6 7 —8 . 3 3  M ) m.

C=0 s t r e t c h  

Nil d e f o rm a t io n  

c om bina t ion  band 

o f  NH d e fo r m a t io n  

and CN s t r e t c h

IV

V

VI

770-020 cm. -1 m,

ca .7 0 0  cm.

030-530 cm.

-1

- 1

( 1 3 .0 0 - 1 6 .1 3  y  )

( c a . 14 .3  yu ) 

(1 5 .8 7 - 1 8 .8 7  y ) s

In th e  N - a c e t y l - 3 - c h l o r o - t o l u i d i n e  ,B0, spec t rum  th e  p ro b a b le  a s s i g n 

ments o f  t h e s e  bands a r e  a s  f o l l o w s i -

-1I 1667 cm." (6 .0 0  u ) v s .

I I 1530 cm. * (6 .51  u- ) s .

I l l  1297 cm."* (7 .7 1  u ) s .  o r  1269 cra."^ ( 7 . 8 8 y  ) w. a r e

p o s s i b i l i t i e s .

IV 680 cm."* (14 .71  yu ) m. seems most l i k e l y .

-1

V Broad band a t  698 cm. * (1 4 .3 2  y  )

VI 611 cm.“  ̂ ( 1 6 .0 6  y  ) m. o r  588 cm%  ̂ (1 7 .0 2  y  ) m.
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C O OH

N H A c

B4

C O O H

ÔC
B5

NH

Cl

C O O H

BÔ

Cl  Cl

C O O H  C O O H

Cl  Cl

C O O H  C O O H

Cl  Cl

C O O H  CO O H

BP2 +DP2 BI7

There i s  a b road  r e g i o n  o f  a b s o r p t i o n  e x t e n d i n g  from a b o u t  3330 cm.

( 3 . 0 0 yui ) t o  ûj p r o x i m a t e l y  2380 cm."^ ( 4 .2 0  yu),  due t o  t h e  v e r y  s t r o n g  

hydrogen bonding which o c c u r s  i n  ca rb o x y l  ic  a c i d s  and d i s t o r t s  t h e  —OH 

s t r e t c h i n g  v i b r a t i o n s .  F l e t t ^ ^  has  observed  t h a t  most c a r b o x y l i c  a c i d s  

show one to  t h r e e  bands between 2500 and 2700 cm.  ̂ ( 4 . 0 0 —3 . 7 0 ^ ) .

Bands which o v e r l i e  t h e  main broad a b s o r p t i o n  band can be p icked  o u t  

in  a l l  o f  t h e s e  compounds in  th e  r a n g e s  2G80-2610 cm.  ̂ ( 3 . 7 3 —3 . 8 3 ^ ) ,  

2550-2500 cm.*”  ̂ ( 3 . 9 2 - 4 . 0 0 and a b o u t  2325 cm.*"^ ( 4 . 3 ^ ) ;  however ,  

i t  i s  a r e g i o n  o f  many sub-maxima.



— 80 —

The C=0 s t r e t c h i n g  f r e q u e n c y  band o c cu r s  a t  1700-1G80 cm."^

(5 . 8 8 - 5 . 9 5 yu,) f o r  t h e  d imer  and a t  1680-1G50 cm."^ ( 5 . 9 5 - 6 . 0 6 yuc) 

f o r  i n t r a m o l o c u l a r l y  hydrogen bonded c a r b o x y l i c  a c i d .  B5 i s  

expec ted  to  shnvr s t r o n g  i n t r a m o l e c u l a r  hydrogen bonding  w i th  t h e  

amine group), and ha s  a band a t  1G69 cm.  ̂ ( 5 . 9 9 ^ ) ,  which i s  in  

the  l a t t e r  r a n g e .  BG a l s o  a b so r b s  i n  t h i s  p o s i t i o n  ( 1GG7 cm. ^

6 . 0 0 ^ )  a l t h o u g h  expec ted  to  be i n t e r m o l e c u l a r l y hydrogen bonded 

to  g iv e  t h e  d im e r .  B5 and BG have b a r e l y  d i s c e r n a b l e  s h o u l d e r s  

in  t h e  d im e r ic  r e g i o n ,  i . e .  n e a r  1685 cm.  ̂ ( 5 . 9 3 ^ ) ,  and a l s o  n e a r  

1 7 2 0  cm.  ̂ ( 5 .81 yuu ) which i s  in  t h e  r e g i o n  expec ted  i f  any  monomer 

were p r e s e n t .

Bands i n  t h e  s p e c t r a  o f  th e  d i c a r b o x y l i c  a c i d s  a r e  found a t

1689 cm."^ ( 5 . 9 2  f o r  Dl'2 and +B12 vnd 1C95 cm.”  ̂ ( 5 . 9 0 i n

ni’7 and t h e s e  o c cu r  in  t h e  d im e r ic  a c i d  r e g i o n .  Bl 2 a l s o  has  a
2 *

band due to  t h e  monomer a t  1745 cm. (5 .73yu)  and th e  o t h e r  d i c a r b o x y l i c

a c id s  have s h o u l d e r s  i n  t h i s  r e g i o n .

G e n e r a l l y ,  t h e r e  i s  a s t r o n g  band in  t h e  1320-1210 cm.

( 7 . 5 7 - 8 .2Gy/L ) r e g i o n  and a weak one i n  1440—1395 cm. ( 6 . 4 9 - 7 . 1 7 ^ )

r e g io n  which a r e  a s s i g n e d  to  s t r o n g l y  coup led  C—0 s t r e t c h i n g  and 0—II

d e fo rm a t io n  v i b r a t i o n s .  There  a r e ,  i n  sôme compounds,  two bands

r e p o r t e d  i n  t h e  1 owcr f r eq u e n cy  r e g i o n ,  one n e a r  1300 cm. ( 7 . 6 9 ^ )

and one n e a r  1200 cra."^ ( 8 .3 3 yx ) ( u s u a l l y  above 1240 cm.”  ̂ i n  a ro m a t ic

81 —1a c id s  and th e  1300 cm.” band has  been a s s i g n e d  t o  t h e  coup l e d  CO

and OH v i b r a t i o n s ,  h i  I e  th e  1200 cm."^ band has  been a s s o c i a t e d  w i th
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a CO v i b r a t i o n *  C o n ju g a t io n  i s  r e p o r t e d  to  r a i s e  t h e  f r e q u e n c y  

o f  t h e s e  bands .  B5 and +UP2 e x h i b i t  t h r e e  bands ( i n  +DF2 one i s  

s p l i t )  and BO, BB2 and BP7 two s t r o n g  bands between 1312 and 1240 

cm. ^ , w h i le  B4 has  fo u r  bands in  t h i s  r e g i o n .  The s t r o n g e s t  band 

in  t h i s  f r e q u e n c y  range  i s  a t  1252-1250 era.  ̂ ( 7 . 9 9 - 8 . 0 0 yu) in  

compounds D4, Do and BO and s in c e  a band o ccu r s  h e r e  i n  t h e  e s t e r  

D7, t h i s  nay  be duo to  CO s i r e t c l i i n g .  B4 and B5 b o th  liave bands 

a t  1312 cm.  ̂ ( 7 . 0 2 j j . )  and t h i s  nay  bo t h e  CO and CH co up led  v i b r a t i o n  

a l t l îough t l i c r e  i s  o n l y  a s l i g h t  s h o u ld e r  i n  BG. The d ip h e n ic  a c i d s  

and th e  e s t e r  a b so r b  in  t h e  f o l l o w i n g  p o s i t i o n s *

B12 +012 D17 B l l

sh 1309 cm. ^

1280 1395 cm.”  ̂ 1282 cm.”  ̂ 1282 cm."^

12C1 1267 1269 1263
1264

1245 sh l247

1233

The a l t e r n a t i v e s  which p r e s e n t  t h e m se lv e s  are*

1) t h e  12G9-1261 c n . ”  ̂ band i s  th e  CO band whose f r e q u e n c y  has  

been r a i s e d  due to  a t t a c h m e n t  o f  t h e  c a rb o x y l  group t o  t h e  a ro m a t ic  

system and t h e  s h o u ld e r  a t  1309 cm.—I band i n  BP2 i s  due to  coup led  

CO/CH v i b r a t i o n s  b u t  fo r  some r e a s o n  does  n o t  ‘show up i n  +012 and Bl7,
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or  2) t h e  bands in  +B1'2 and BP7 a r e  s h i f t e d  t o  s l i g h t l y  lower 

f r e q u e n c y  nnd so t h e  1261, 1241, 1247 and 1263 cm.*”  ̂ bands i n  Bp2,

+BP2, BP7 and Dll r e s p e c t i v e l y  a r e  due to  t h e  CO v i b r a t i o n ,  p o s s i b l y  

a l s o  th e  1280, 1267 and 1264, 1269 and 1282 cm.  ̂ b ands ,  w h i l e  th e  

h i g h e r  f r e q u e n c y  bands s h l3 0 9 ,  1295 and 1282 cm.  ̂ a r e  t h e  ones due 

to  CO/OII co up led  v i b r a t i o n s .

The 1269—1261 cm.  ̂ band seems t h e  most r e a s o n a b l e  f o r  t h e  CO 

a b s o r p t i o n .  I t  i s  p o s s i b l e  t h a t  d i f f e r e n t  v i b r a t i o n s  g iv e  r i s e  t o  

th e  1280—1295 cm.  ̂ band in  t h e  a c i d s  and t h e  1282 cm.  ̂ band i n  t h e  

e s t e r ,  i n  which c a s e , t h i s  cou ld  be th e  a c i d  1300 cm.  ̂ band.

In  comp( unds B4—6, t h e  h i g h e r  Î r e q u e u e y band i s  l i k e l y  t o  be 

t h a t  between 1410 and 1420 cm.  ̂ ( 7 .0 9  and 7 . 0 4 yu),  a l t h o u g h  o n ly  

in  04 i s  t h e  band weak. For t h e  b i p h e n y l s  012, +012 and D17, th e  

band p r o b a b ly  o c c u r s  be tween 1429 and 1420 cm.  ̂ ( 7 .0 0  and 7 . 0 4 y*) 

or 1403 and 1404 cm.  ̂ ( 7 . 1 2  and 7.13ym-).

The 0—II o u t - o f - p l a n e  d e fo r m a t io n  f r e q u e n c y  i s  rep jo r ted  as  a 

broad band o f  v a r i a b l e  i n t e n s i t y  between 955 and 890 cm.  ̂ (1 0 .4 7
I

-1and 1 1 . 2 4 yu.). Broad bands appea r  in  t h e  spec t rum  o f  B6 a t  885 cm.

( 1 1 . 3 0 ^ ) ,  o f  D5 a t  892 cm.”  ̂ ( 1 1 . 2 1 ^ )  and o f  B4 a t  904 cm.” ^ ( l l  .07yu ) . 

BP7 has  a weak b u t  sharp/ band a t  909 cm. ^ ( 1 0 . 9 9 ^ ) .  In  t h i s  r e g i o n .

Bp2 has  two bands  and +DP2 t h r e e  ban d s ,  which a r e  c l o s e  t o g e t h e r  ;

927 and 917 c n . " ^  (1 0 .7 8  and lO.OOyu.) and 925, 911 and 896 cm.” ^

( 1 0 .8 1 ,  10 .97  and 1 1 . 1 6 ^ ) .
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-COOCHg Group

CO 0  Me

Ù'Cl

Cl c

C O O M e  C O O M e

B7 BPl ;

The C«=0 s t r e t c h i n g  a b s o r p t i o n  o c cu r s  a t  1724 era.  ̂ (S.SO^u) 

end 1727 cm.  ̂ ( s  .79 u ) i n  B7 and Bl l resp  e c t i v e l y .  The C-0 

s t r e t c h i n g  r e g i o n  i s  quo ted  by Bel lamy as  1310—1250 .cm . . (7 .63 -8*00

and 1150-1100 era.  ̂ (8*70 -9 .09  m ) and by Jo n es  and S a n d o r f y  as  

1280-1150 era.  ̂ ( 7 . 6 1 —8.70  a )  w i th  one o r  more i n  t h e  r e g i o n  1300—
/

-11000 era.”  ( 7 . 6 9 - 1 0 .OOyu ) .  Bands a r i s i n g  from t h i s  v i b r a t i o n  may 

bo a t  1250 o r  1290 era.  ̂ ( 8 .0 0  o r  7 .75yu ) f o r  B7 and 1263 o r  1286 cm.
-1

( 7 .9 2  or  7 .80yu)  f o r  B l l ,  w h i le  o t h e r  bands a p p ea r  a t  1149 cm.

(8.70yU ) i n  b o th  compounds and a l s o  a t  1133 era.  ̂ ( 8 . 8 3 yu) i n  B7 and 

1125 era.  ̂ ( 8 . 8 9 y x ) i n  B P l . A band n e a r  1150 cm.  ̂ ( 8 . 7  ^u) o c cu r s  i n  

a l l  t h e  compiounds and i s  c o n s i d e r e d  to  be due t o  an a ro m a t ic  CH i n —p lan e  

d e fo rm a t io n  v i b r a t i o n .

I t  seems l i k e l y  t h a t  t h e  2950 and 2959 cm.  ̂ ( 3 .3 9  and 3 .3 8 ya) 

bands ,  f o r  B7 and B l l  r e s p e c t i v e l y ,  a r e  due to  t h e  asynmietric s t r e t c h 

ing  v i b r a t i o n  o f  -CB^. There  i s  a weak i n t e r m e d i a t e  bfind a t  2699 cm. 

(3 .45yu)  f o r  B7 and 2907 cm.”  ̂ ( 3 . 4 4 yx) f o r  B l l .

-1
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Comparison o f  t h e  s p e c t r a  o f  t h e  a c i d s  cnX e s t e r s  l e a d s  t o  t h e  

c o n c lu s io n  t h a t  th e  band n e a r  1430 cm.  ̂ ( 6 . 9 9 ^ )  i n  t h e  e s t e r s  i s

p o s s i b l y  due to  a methyl bend ing  v i b r a t i o n .  There  i s  a l s o  an e x t r a

shou lder  a t  1460 cm.  ̂ ( 0 . 8 5 / * ) •  Vilien t h e  methyl group i s  a t t a c h e d  

to an oxygen at" ra ,  t h e  f r e q u e n c y  o f  th e  methyl d e f o rm a t io n  v i b r a t i o n  

i s  i n c r e a s e d  from t h e  normal v a lu e s  o f  1470—1420 cm.  ̂ ( 6 . 80—7 , 0 4 m 

fo r  th e  asymmetr ic  v i b r a t i o n  and 1385—1675 era. ( 7 . 2 2 —7 .2 7 ya) s f o r  

the  symmetric v i b r a t i o n ;  i t  t h e r e f o r e  seems p o s s i b l e  t h a t  t h e  asym m etr ica l  

bending v i b r a t i o n  o c cu r s  a t  1460 cm.  ̂ ( C . 8 5 ^  ) and t h e  symmetr ica l  

v i b r a t i o n  a t  1432 cm.  ̂ ( 0 . 9 8 a ) .  The i n t e n s i t y  of t h e  sym m etr ica l  

r o d e  i s  g r e a t e r  t h a n  t h a t  o f  th e  a sym m etr ica l  mode as  e x p e c t e d .

T h i s  i s  an i n c r e a s e  i n  t h e  symmetr ica l  v i b r a t i o n  f r e q u e n c y

on ly .  A band o c c u r s  n e a r  1400 cm. ̂  i n  b o th  t h e  a c i d s  and e s t e r s .

There  i s  a n o t i c e a b l e  band n e a r  970 cm.  ̂ ( 1 0 )  v h ich  i s  p r e s e n t  

in  th e  e s t e r s  and n o t  i n  th e  a c i d s .  \  band c l o s e  t o  1000 cm.  ̂ (1 0 .0  )

a l so  o c cu r s  i n  t h e  s u b s t i t u t e d  t o l u e n e s .

rroup_ .

Cl Cl Cl Cl

y  u

C H ,  C H ,  C H ,  C H ,
1 2 , 2 , 2 , 2

O H  O H  . OH O H

DP3 +B13
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The (+) and racemic  d i o l s  show s p e c t r a  w i th  p o i n t s  o f  i n t e r e s t ,  

and many o f  t h e  bands ap p ea r  t o  be s p l i t *  The c r y s t a l  s t r u c t u r e s  

a re  d i f f e r e n t  and th e  i n f r a r e d  s p e c t r a  d i s p l a y  marked d i f f e r e n c e s  

in  t h e  —OH s t r e t c h i n g  r e g i o n ,  i n  p a r t i c u l a r ,  showing hydrogen bonding 

of d i f f e r e n t  ty p e s*  I n  a d i o l ,  t h e r e  a r i s e s  th e  p o s s i b i l i t y  o f  

i n t r a m o l e c u l a r  hydrogen bond ing ,  a s  w e l l  as  i n t e r m o l e c u l a r  d im ers  

r.nd polymers*

Cl Cl

CH, C H 22

H '  H

i n t r a m o l e c u l a r  

bonding

Cl  Cl

C H j
1

C H j

1

0 0

1

H

j H

N  ' 1

0 0
1

1

C H

1

C H

d i m e r i c  b o n d i n g

Cl  Cl

CHC H
2 2

H -

Cl  Cl

CHCH 22

.-0
H -

Cl C l

CH CH 22

0

Example o f  po lym er ic  bonding
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The racemic  compound shows a s t r o n g  broad band a t  3247 cm*

( 3 . 0 8 )  w i th  a s h o u ld e r  a t  3215 cm*  ̂ ( 3 * l l y u )  and t h i s  band a l s o

occurs  i n  t h e  a c t i v e  compound a t  3333 cm.'"^ (3*00y a ) y i t h  a s h o u ld e r

a t  3279 cm*  ̂ ( 3 * 0 5 ^ ) *  Bel lamy g iv e s  t h e  range  3400—3200 cnu ^

(2 .9 4 —3*10yu ) a s  t h e  ran g e  f o r  po l jT ie r ic  a s s o c i a t e d  -Oil s t r e t c h i n g

a b s o r p t i o n ,  and t h e  v a l u e s  o f  t h e  d i o l s  a r e  w e l l  w i t h i n  t h e  reg io n *

The ( + ) d i o l  h a s ,  i n  a d d i t i o n ,  two s h a r p  p^eaks a t  3610 and

3559 cm*  ̂ ( 2 .7 7  and 2*81yu) ,  t h e  fo rmer  h a v in g  a shou lder*  These

are  a s s i g n e d  t o  a f r e e  -OH, t o g e t h e r  w i th  a d im e r ic  o r  i n t r a -

m o l o c u l a r l y  hydrogen  bonded —OH* I t  may be t h a t  t h e  s h o u ld e r  i s

due to  t h e  i n t r a m o l e c u l a r  hydrogen bond and th e  band a t  3559 cm* ^

(2*81yu) t o  dimeric  a s s o c i a t i o n .

'Vork on s o l u t i o n s  o f  6 , 6 ' - d i c h l o r o —2 , 2 ' - b i s h y d r o x y m e t h y l -
t

b iphenyl  i n  c a r b o n t e t r a c h l o r i d e  has  been in c lu d e d  by B a i ^ in g e r  j r *,

82S c h le y e r  and A'islow “ i n  t h e i r  hydrogen bonding  s t u d i e s *  They r e p o r t  

bands a t

3632 cm.  ̂ sh due t o  f r e e  OH

3013 due t o  OH.............TT bonding

3472 due t o  OH.............. 0 bonding

OH ***** TT bonding
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From t h e i r  work,  t h e y  co n c lu d e  t h a t  p e r p e n d i c u l a r  c o n fo rm a t io n s  

favour  and OH. . . .  .0 bondings  a l t h o u g h  i n t e r a c t i o n s  due

to  th e  l a t t e r  a l s o  occur  in  c i s  c o n f o r m a t io n s .  They c o n s i d e r  t h a t  

i t  i s  e a s i e r  t o  make th e  i n t r a m o l e c u l a r  bond th a n  to  i n c r e a s e  t h e  

e n t r o p y  and make th e  i n t e r m o l e c u l a r  bond.  In  t h e  s o l i d ,  t h e  s i t u a t i o n  

i s  d i f f e r e n t }  t h e  r i g i d  s t r u c t u r e  h o ld s  t h e  m olecu le  i n  a s e t  

co n fo rm a t io n  and s t r o n g  i n t e r r a o l e c u l a r  hydrogen bonding  o c c u r s .  The 

racemic  d i o l  I ' t3 i s  a racemic  compound w i th  no f r e e  —OH o r  i n t r a — 

m o l e c u l a r l y bonded -OH. The s i t u a t i o n  i n  t h e  o p t i c a l l y  a c t i v e  d i o l  

w i l l  be c l o s e r  t o  t h a t  o f  t h e  racemic  compound in  s o l u t i o n  where th e  

compound w i l l  behave as  s e p a r a t e  m o lecu les  o f  t h e  (+) d i o l  and th e  

( - )  d i o l .  The 3G10 cm.”  (2.77yx.) band cou ld  c o r r e sp o n d  t o  M is lo w 's  

3G32 cm.  ̂ f r e e  —OH band and i t s  s h o u ld e r  pe rh ap s  t o  h i s  3613 cm#  ̂

band.

Two bands have  been observed  i n  p r im a ry  a l c h o l s }  one n e a r  

1050 cm.  ̂ ( 9 . 5 2 yu) # and th e  o t h e r  in  t h e  ran g e  1350-1260 cm. ^

( 7 . 4 1 - 7 .0'lyx ) 8 .  There  i s  some u n c e r t a i n t y  ove r  t h e  ►OH ben d in g ,  

the  C-0 s t r e t c h i n g  and t h e  C-OH s t r e t c h i n g  f r e q u e n c i e s ,  b u t  i t  seems 

l i k e l y ^ ^ h a t  t h e  —OH bend ing  g iv e s  r i s e  t o  th e  h i g h e r  f r e q u e n c y  band.  

Hydrogen bonding w i l l  i n c r e a s e  t h e  f r e q u e n c y  o f  t h i s  band, which 

v a r i e s  c o n s i d e r a b l y  and has  n o t  been th e  s u b jec t  o f  a s y s t e m a t i c  s t u d y .  

Bands o c c u r r i n g  between 1350 and 1260 cm.  ̂ i n  t h e  a c t i v e  and i n a c t i v e  

d i o l s  a r e  l i s t e d  belowt
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Dl'3 +BP3

1370 cra.”  ̂ ( 7 .3 0 yu) 

1323 cm.”  ̂ (7 .5 6 y u )  m 1353 cm.”  ̂ ( 7 .3 9  ) IB

1279 ( 7 .8 2  ) V 1280 (7 .81  ) w

1201 (7 .9 3  ) TV 1203 (7 .9 2  ) v

I t  i s  p o s s i b l e  t h a t  th e  1280 cm.  ̂ (7 .81yu)  o r *1201 cm.  ̂ ( 7 .9 3 y x )
—1band i s  duo to  t h e  —OH d e f o r m a t i o n ,  but. t h e  1261 cm. . band i s  v e r y  

weak in  t h e  racemic  compound. A l t e r n a t i v e l y ,  t h e  —OH d e fo r m a t io n  

could  g ive  r i s e  t o  t h e  1323 cm.  ̂ ( 7 .3Cy_i ) band i n  t h e  racemic  compound, 

and bands a t  1370 and 1353 cm.  ̂ (7 .3 0  and 7,39yju ) in  th e  a c t i v e  

compound bo due to  d i f f e r e n t l y  bonded —OH and f r e e  —OH. The argument  

a g a i n s t  t h i s  i s  t h a t  t h e  a c t i v e  compound a l s o  c o n t a i n s  p o l y m e r i c a l l y  

a s s o c i a t e d  m o l e c u l e s ,  and th u s  a band due t o  t h i s  would be e x p ec ted  

to  occur  i n  bo th  s p e c t r a .  E i t h e r  t h i s  band i s  much^weaker th a n  

e x p ec ted ,  o r  i t  o c cu r s  o u t s i d e  th e  r e p o r t e d  w aveleng th  r a n g e .

The C-0 s t r e t c h i n g  v i b r a t i o n  i s  quo ted  as  b e in g  r e s p o n s i b l e  

fo r  a s t r o n g  band n e a r  1050 era.  ̂ ( 9 . 5 2 y u ) .  The f r e q u e n c y  o f  t h i s  

band w i l l  a l s o  be i n c r e a s e d  s l i g h t l y  by hydrogen bond ing .  B nds 

o c c u r r i n g  i n  t h e  1100—1000 era. ( 9 . 0 9 —1 0 . 0 0 )  r e g i o n  a r e  l i s t e d :

BP3 +BP3

1094 cm. ^ ( 9 . 1 4 ^  ) w 1096 cm. * (9.12yU ) W
1075 (9 .3 0  ) w 1078 (9 .2 8  ) V

1042 (9 .6 0  )
1017 ( 9 . 8 4  ) 1017 ( 9 . 8 4  )

1004 ( 9 .9 6  )
998 ( 1 0 .0 2  ) 998 ( 1 0 .0 2  )
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The f i r s t  two bunds a r e  o n l y  weak and so can be r e j e c t e d .  T h i s

l eav es  two bands in  tho  spec trum  of  BPS and th o s e  a r e  a t  a r a t h e r

lower f r e q u e n c y  th a n  e x p e c t e d .  S in ce  th e  f r eq u e n c y  i s  r a i s e d  by

hjalrogcn b ond ing ,  th e  1017 cm.  ̂ band i s  t h e  more l i k e l y .  In  t h i s

c a s e ,  th e  1004 cm.  ̂ band o f  +DP3 i s  p o s s i b l y  due to  th e  f r e e  —OH,
- 1while  t h a t  a t  1 0 4 2 .cm. caused  by d im e r ic  o r  i n t r a m o l e c u l a r  

hydrogen bond in g .  Pool e^^ has  a s s ig n e d  a band a t  1033 dm.  ̂ (9.68yi>) 

to  t h e  C—0 ^ ; t r e t c h in g  f r eq u e n cy  o f  t h e  - CĤ ^OH group i n  2 ,2*—b i s -  

hytlroxyraothylbi]  h e n y l .

A band c l o s e  t o  1010 cm.  ̂ (O.OO^u) i s  c o n s id e r e d  by Beaven 

and Johnson^^  t o  be d i a g n o s t i c  o f  a b ipheny l  s k e l e t o n  ( s e e  p . 108)

The d i o l s  DI 3 md +^1^3 have a t  l e a s t  fo u r  bands i n  t h e  r e g i o n  

3000-C840 cm.  ̂ ( 3 . 3 0 - 3 . 5 2 yu ) ,  w h i le  th e  6 , 6 ' - d i c h l o r o - s u b s t i t u t e d  

b isbromomethy l—compounds have t h r e e  and t h e  uns u b s t i t u t e d  bisbromo— 

m e th y l -  compound j o s s i b l y  two bands .  However, t h e  brorao- compounds 

g ive  a poor  spec t rum  i n  t h i s  r e g i o n  and any s h o u ld e r s  or  o t h e r  v e r y  

weak bands t h e r e  may be a r e  n o t  d i s c e r n a b l e .  These bands occur  n e a r  

to  t h e  f o l l o w i n g  p o s i t i o n s :

2960 cm.” ^ ( 3 . 3 8 / i  ) o c cu r s  i n  B13vw, +DP3w, Bl 4w, +BP4vw, H15w.

2930 (3 .4 1  ) ” ” BP3w, +BP3m, BP4w, +BP4vw

2890 ( 3 . 4 0  ) ” ** BP3w, +B13w.

2850 (3 .51  ) " ** BP3viy, +BP3w, BP4vw, +BP4vw.

The r a n g e s  quo ted  f o r  th e  methy lene  s t r e t c h i n g  v i b r a t i o n  a r e  

2940-2915 cm.”  ̂ ( 3 .4 0 - 3 . 4 5  m ) f o r  t h e  a s janm etr ica l  and 2870-2915 cm“ ^
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( 3 , 4 0 - 3 . 5 2 y x ) f o r  t h e  symmetr ica l  s t r e t c h i n g  mode. Those cover  

the  second and f o u r t h  b inds  g iv en  above .  The s j - e c t r a  may be e x j e c t e d  

to  be c o m p l ic a te d  by t h e  p re s e n c e  o f  t h e  oxygen and bromine a toms .  

)Io\rever, when 0 ,1 0 —d ih y d ro p h e n a n th re n e  ( BB14), 4 , 5 —d i c h l o r o - 0 ,10— 

d i h y d r o j h e n a n t h r e n e  (337) and 9—dim ethy lam ino—4 , 5 —d i c h l o r o —9 ,1 0 —
I

d ih y d ro p h e n a n th re n e  p i c r a t e  (BB5) a r e  in c lu d e d  in  t h e  s u rv e y ,  i t  i s

found t h a t  t h e y  a l s o  show bands  i n  api r o x i m a t e l y  th e  same p o s i t i o n s ,

a l th o u g h  t h e y  may, i n  some c a s e s ,  be o n ly  v e r y  weak or  s h o u l d e r s .

l o s i t i o n s  o f  t h e  bands a r e  g iven  below#

Cl Cl

P I CRA TE

Me
BB14

sh 2950 c m ."^ (3 .3 9 y u )  2955 cra.“ ‘̂ (3.385^/U )m sh2967 cm."^ (3 .3 7  )

2933 (3 .4 1  )n  2903 (3.4-15 )w sh2924 ( 3 .4 2  )

2390 (3.4Gw )w sh2890 (3 .4 6  ) eh2890 ( 3 .4 6  )

2361 (3 .495  )vw

2333 ( 3 . 5 3  )w 2833 (3 .5 3  )w 2850 (3 .51  )vw

These t h r e e  compounds have t h e  -ClI^- group in  a s ix -m enbered  r i n g ,  

with  no h e t e r o - a t o m s  a d j a c e n t ,  and m igh t  bo exp ec ted  t o  show d i f f e r e n c e s  

from th e  d i o l s  and d i -b r o m o -  comj^oimds, e s p e c i a l l y  i n  tho  c a s e  o f  th e  

9—dim e th y l  ami no— compound, which has  o n l y  one-Cî!,,- g ro u p .  The —CII— 

group i n  t h i s  compound i s  n e x t  t o  th e  c e n t r e  o f  p o s i t i v e  ch a rg e  and 

t h i s  would have  a c o n s i d e r a b l e  e f f e c t  on t h e  —CII— s t r e t c h i n g  f r eq u e n c y .

BD7

-1

BB5

2976 cm.“  ̂ (3 .3 6 ^u )  m 
-1
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Thus t h e  band a t  2890 c n .   ̂ ( 3 . dOyui ) which i s  t h e  normal p o s i t i o n  

fo r  -CH- s t r e t c h i n g  v i b r a t i o n ,  and which a l s o  occu rs  i n  Df3, +B1‘3,

BB15 and DB8, i s  more l i k e l y  to  a r i s e  from th e  same v i b r a t i o n  a s  i n  

those  compounds•

H a l l  and l ’o o l e “^ s u g g e s t  bands c l o s e  t o  2922 cm.  ̂ ( 3 . 4 2 yU) f o r  

-Cn,^— j r o u p s  in  d ih y d ro j  h e n an th r e n e  ( B314) m e l t  and 2 , 7 - d i h y d r o - l — 

methyl- 3 ,4 % 0 ,G -d ib e n z a z e p i n e . The c l o s e s t  band in  BB14 and BB5 to  

t h e i r  v a lu e  i s  t h e  2933 cm.  ̂ (3 .41  w) band which a l s o  o c cu r s  i n  th e  

unbridired comj.oiinds b u t  does  n o t  occur  h e r e  i n  t h e  d i c h l o r o d i h y d r o — 

^henan th rene  BB7• As can  be seen  from th e  t a b l e ,  BB7 i s  th e  o n ly  

compound d i s c u s s e d  h e r e  vh ich  has  no band n e a r  2933 cm. ^ , b u t  has  

one a t  2903 cm. ^ . Bands i n  t h i s  r e g i o n  in  th e  spec t rum  o f  t h e  m e l t  

cfBB14 a r e  a t  1819, 2874 and 2921 cm.”  ̂ ( 3 . 5 5 ,  3 .48  and 3 .4 2 yx) .  The 

s o l u t i o n  sp ec t rum  o f  d ih y d ro p h e n a n th re n e  i n  ca rbon  t e t r a c h l o r i d e  i s  

g iven  i n  t h e  D.M.S. c o l l e c t i o n  o f  s p e c t r a  ( \ o  11% 3)  and was a l s o  

measured by H a l l  and l o o l e .  The bands i n  t h i s  r e g i o n  occur  a t  2930 

and 2885 cm.  ̂ (3 .41  and 3 . 4 7 ^ ) .  T h is  r e s u l t  s u g g e s t s  t h a t  t h e  

2v-90 cm.  ̂ ( 2 . 4 0 yju) band i s  due to  th e  sy rm ie t r ic a l  s t r e t c h i n g  v i b r a t i o n .

The —CH^— s c i s s o r i n g  d e fo r m a t io n  i s  l i k e l y  to  g iv e  a band n e a r  

14G0 cm.~^ ( 0 . 8 5 y i ) .  An a rom a t ic  C*=C i n - p l a n e  v i b r a t i o n  a l s o  o c cu r s  

in  t h i s  r e g i o n  and g iv e s  r i s e  to  t h e  a b s o r p t i o n  n e a r  1450 cm.”  ̂ ( 6 .9 y ^ ) 

in  t h e  benzene compounds. I n  tho  1470-1420 cm.  ̂ ( 6 . 8 0 —7 . 0 4 yx) r e g i o n ,  

the  d i c h l o r o b i s b r o m o -  compounds 314 and +Bf4 show t.wo a b s o r p t i o n  bands:
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a t  1443 cm,  ̂ ( 6 . 9 3 )  and 1425 cm.  ̂ ( 7 . 0 2 ^ )  f o r  Bl'4, ' nd 1447 cm. ^

(6.91 yu ) and 1429 cm.  ̂ (7 .0 0 y u )  f o r  4 .  One o f  t h e s e  w i l l  be due

to  th e  s c i s s o r i n g  v i b r a t i o n  and th e  o t h e r  to  t h e  a ro m a t i c  C=C

i n - p l a n e  v i b r a t i o n .  The compounds B l l  and DI2 a l s o  a b so r b  between

1420 and 1435 cm. ^ , and t h e s e  bands a r e  a t t r i b u t e d  t o  a methyl

v i b r a t i o n  and a c id  v i b r a t i o n  r e s p e c t i v e l y ,  b u t  t h e  compounds do abso rb

n ear  1450 cm.  ̂ und t h e s e  bands a r e  a s s i g n e d  to  th e  a rom at ic  C=C

i n - i l a n e  v i b r a t i o n .  The o t h e r  b i p h e n y l s  BBG and +BP3 a b so r b  n e a r

14G0, 1440 and 1430 era. \  v/hile BP5 a b so r b s  n e a r  1450, 1440 md 1430 

-1 .cm.

Double bonds o r  oxygen atoms n e x t  t o  m ethy lene  grou%s lower t h e  

s c i s s o r i n g  f r e q u e n c y  o f  th e  l a t t e r  and t h e  bromine atoms would be 

expec ted  to  have a s i m i l a r ,  b u t  l e s s e r ,  e f f e c t .  I t  i s  u n l i k e l y  t h a t  

t h e r e  w i l l  be much change i n  t h e  p o s i t i o n  o f  t h e  a rom a t ic  C=C v i b r a t i o n ,  

t h e r e f c r e  t h i s  one i s  m o r e  l i k e l y  to  g iv e  r i s e  t o  t h e  band c l o s e  to  

1440 cm.*”^ ,  tind th e  h i g h e r  f r eq u e n cy  o f  t h e  two bands i n  Bl'4 and +BP4.

S ince  a d j a c e n t  oxygen atoms lower t h e  s c i s s o r i n g  f r e q u e n c y  from 

the  v a lu e  o f  14G0 cm.**^ found i n  hjncl roc  a r  b o n s , t h e  bands a t  1458 cm. 

in  t h e  d i o l s  a r e  u n l i k e l y  to  be due t o  t h i s .  The band which rem ains  

in  both  th e  d i o l s  and b isbromomethy l— compounds i s  one c l o s e  t o  1430 

and t h i s  i s  p o s s i b l y  t h e  one a r i s i n g  from t h e  -CBg- s c i s s o r i n g  

v i b r a t i o n .
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-C-O-C g ro u p in g

The s t r e t c h i n g  mode g iv e s  r i s e  to  a s t r o n g  br nd a t  1063 c n .

(9.41 ) i n  t h e  ( —) d i c h l  o ro— ( —1331 ) and t e t r a c h l o r o — (BB12) oxep ins

and a t  1057 era* (9*4G /u) in  th e  racemic  d i c h l  o ro - o x e p in  ( 331 ) . The

o p t i c a l l y  a c t i v e  and racemic  oxep ins  have  d i f f e r e n t  c r y s t a l  s t r u c t u r e s
Î

and show s l i g h t  d i f f e r e n c e s  in  s p e c t r a .

53 z3ITislow^ Mias p re p a re d  an o x a t h i e p i n  which has  a s t r o n g  CO peak a t  

1005 cm,  ̂ (9 .39yj . )  and l o o l e ^ ^  r e p o r t s  a d o u b l e t  a t  1081 and 1072 cm.  ̂

( 9 .25 and 9 .3 3  />) f o r  t h e  —C—O—C—s t r e t c h i n g  f r e q u e n c y  o f  t h e  unsub— 

s t i t i l t e d  o x e p in .  Poole  a l s o  re% o r t s  bands a t  901 end 888 cm. ^

( 1 1 . 1 0  and 1 1 . 2Gj j . )  as c h a r a c t e r i s t i c  o f  th e  oxep in  sp ec t ru m .

Bands a r e  p r e s e n t  i n  t h i s  r e g i o n  a t  t h e  f o l l o w i n g  p o s i t i o n s :

BBl -DBl BB12

909 cm."^ ( 1 1 .0 0 yu)  905 cm . '^  ( 1 1 . 0 0 / ^ )  902 cm.~^ (11 .09

890 ( 1 1 .1 6  )

884 (1 1 .3 2  ) 888 ( 1 1 . 2G ) 881 (11 .35  )

870 (1 1 .4 9  ) 807 (1 1 .5 3  ) 868 ( 1 1 .5 2  )

The bands i n  t h e  905-909 cm.  ̂ and 881—888 cm.  ̂ r a n g e s  a r e  th o s e  

which c o r r e sp o n d  to  t h e  v a l u e s  g iv en  by l o o l e .

Water o f  C r y s t a l l i s a t i o n

Water o f  c r y s t a l l i s a t i o n  in  h y d r a t e d  i n o r g a n i c  s a l t s  u s u a l l y  

g iv e s  r i s e  t o  a broad  hydrogen-bonded —Oil s t r e t c h i n g  a b s o r j  t i o n  in  

the  r e g i o n  3600-3100 c m . - l  ( 2 . 7 8 - 3 . 2 3 yui ) b u t  no e x t e n s i v e  s t u d y  has
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been made w i th  o rg a n ic  s a l t s .  The —OH symmetr ica l  and asym m etr ica l

s t r e t c h i n g  v i b r a t i o n  bands i n  t h e  h y d r a t e d  azep in ium  compounds a r e

p a r t i a l l y  r e s o l v e d  and t h e  s p e c t r a  show more th a n  two bands i n  t h e

r e g i o n .  I t  seems l i k e l y  t h a t  t h e s e  a r e  due  t o  two w a te r  m o le c u le s

in d i f f e r e n t  e n v i r o n m e n t s , and t h a t  th e  u n i t  c e l l  o f  th e  c r y s t a l

c o n t a i n s  two m o le c u le s  each o f  t h e  azep in ium  bromide and w a te r  f o r

the  DI32 and D310 compounds.  The a n a l y s i s  o f  —IÎB2 shows t h a t  i t

c o n t a i n s  two m o le c u le s  o f  w a te r  o f  c r y s t a l l i s a t i o n .  -BQ2 has  a

s i m i l a r  i n f r a r e d  spec t rum  t o  BB2 and i s  l i k e l y  t o  have t h e  some

c r y s t a l  s t r u c t u r e .  The expec ted  f o u r t h  peak i n  -BB2 may be h idden

under th e  3430 cm.  ̂ (2 .9 1 y u )  band,  and in d e e d ,  t h e r e  may be a

- 1sh o u ld e r  a t  3448 cm. (2 .9 0  l e a k s  i n  t h e  r e g i o n  a r e  g iv e n  below.

CH CH

( - ) - R

CH CH CH.  CH

Br

BB2 -BB2

3484 cm."^ ( 2 . 8 7 yx ) 3491 cra.’" '^ (2 .8C5/>-)

?sh3448 (2 .9 0  )

. Bh3430 (2 .9 1 5  ) 3430 (2 .91  )
3413 ( 2 .9 3  ) 3413 ( 2 .9 3  )

3322 . ( 3 .0 1  ) 3305 (2 .9 7  )

The f o u r t h  band o f  t h e  u n s u b s t i t u t e d  azep in ium  bromide (BBO) a l s o

a p p ea rs  t o  bo v e r y  c l o s e  t o  t h e  3484 cm. ( 2 . 8 7 ^ )  band and t h i s  would

a cco u n t  f o r  t h e  enhanced i n t e n s i t y  o f  t h i s  band.

-1

BB9

3571 cra.“  ̂ ( 2 . 8 0 ,m ) 

3484 ( 2 .8 7  )



— l o i  —

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  two o f  th e  bands c o r r e sp o n d  to

those  a r i s i n g  in  t h e  spec t rum  of  w a te r  in  t h e  l i q u i d  or c r y s t a l l i n e

s t a t e ,  where t h e  m o lecu le s  a r e  d i s t u r b e d  by hydrogen b ond ing .  The

water spec t rum  has  a broad band w i th  t h r e e  maxima a r i s i n g  from th e  
a n d

e y r m e t r i c a l a sy m m etr ica l  s t r e t c h i n g  v i b r a t i o n s  and t h e  f i r s t  o v e r to n e  

of t h e  d ^ e f o r m a t io n  v i b r a t i o n .  I t  i s  u n l i k e l y  t h a t  t h e  o v e r to n e  

band would show up i n  t h e  azep in ium  compounds because  t h e  fundamenta l  

i s  weak.

The —OH s t r e t c h i n g  bands o f  w a te r  occur  a t  3480—20 cm.  ̂

(2 .857-2 .800yu  ) ( a s j a n c t r i c ) and 3425-10 cm. ( 2 .9 1 9 - 2 . 9  2 9 ^ ) ( sy*ïïnet r i e ) . 

Hydrogen bonding  t e n d s  t o  lower th e  f r e q u e n c y  o f  t h e  s t r e t c h i n g  

v i b r a t i o n  and r a i s e  t h a t  o f  t h e  d e f o r m a t io n  v i b r a t i o n .  The bromides  

aj pear  to  have one w a te r  m olecu le  bonded to  t h e  same e x t e n t  as  in  

w a te r ,  and one w hich ,  i n  t h e  s u b s t i t u t e d  bromides  i s  more s t r o n g l y  

bound, b u t  i n  t h e  u n s u b s t i t u t e d  bromide i s  l e s s  s t r o n g l y  bonded.

Bands in  t h e  —OH d e f o r m a t i o n  r e g i o n  a r e :

BD2 -BB2 BB9

1647 CraT̂  ( 6 . 0 7 y .  ) sh l616  cm."^ (6.19yu.)

sh l603  ( 6 . 2 4  )

The v a l u e s  f o r  t h e  -OH s t r e t c h  a r e  n e a r  t h e  h igh  f r e q u e n c y  end o f  t h e  

range and t h i s  would i n d i c a t e  t h a t  t h e  w a te r  m o le c u le s  a r e  o n ly  

1o o s e ly  h e l d .

I r o su m a b ly  th e  i o n i c  n a t u r e  o f  t h e  m olecu le  o r  t h e  weak n a t u r e

1610 (0 .21  ) 1610 (6 .21  ) 1610 cm."^ (6 .21  >*)
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of  t h e  hydrof^en bond i s  t h e  cau se  o f  t h e  d i s c r e t e  a b s o r p t i o n  

bands.  Hall  and P rak o b sa n t i s u b h ^ ^  have j r e p a r e d  a phosphonium 

iod ide  c o n t a i n i n g  w a te r  o f  c r y s t a l  I i s a t i o n  which a b so r b s  a t  3646 cm 

(2 .75yA ) and 3410 cm.  ̂ ( 2 .9 3  u ) .

- 1

-C—I group

NO,

CH CH
22

P h  P  +  4. P  P h  
3 3

21 . H^O

C O O H

B2 B6

-1In compounds B2 and BO t h e  C-I  s t r e t c h i n g  f r e q u e n c y  o ccu r s  a t  533 cm. 

(1 8 .5 5 yuc) and 573 cm.”  ̂ ( l 7 .4 4 y u )  r e s p e c t i v e l y .  The lower f r eq u e n cy  

in  B2 nay  be due t o  th e  +I i n d u c t i v e  e f f e c t  o f  t h e  methyl group 

compared t o  t h e  - I  i n d u c t i v e  e f f e c t  o f  t h e  ca rb o x y l  g roup ,  or  t o  s t e r i c  

h in d r a n c e ,  b o th  o f  which cau se  a l o n g e r  C-I  bond l e n g t h  i n  t h e  methyl 

compound.

C-Br group

Br Br

BI'5

Cl  C l

CH CH 
I I 
Br Br

BP4

Cl C l

CH  CH  
I ^ I  ̂
B r B r

+ BP4



— 103 —

In t h e  spec t rum  o f  DP5, s t r o n g  bands occu r  a t  602 cm.  ̂ (iG.BOyu)

—1 8 7and 537 cm. ( l 8 * 6 2 y u ) .  M or t imer ,  B lo d g e t t  and D a n ie l s  c o n s i d e r

t h a t ,  i n  benzyl bromide,  t h e  benzene r i n g  i n t e r a c t s  w i th  t h e  bromine 

Ttom and t h a t  t h i s  w i l l  r e s u l t  in  o n ly  one C-Br s t r e t c h i n g  v i b r a t i o n .  

They a s s i g n  t h e  t h r e e  bands i n  t h e  benzyl bromide spec trum  th u s :

691 cm.  ̂ ( 1 4 .4 7 ya ) r i n g  v i b r a t i o n

612 (1 6 .3 4  ) r i n g  v i b r a t i o n

550 (1 3 .1 8  ) C-Br s t r e t c h

I t  t h e r e f o r e  seems l i k e l y  t h a t  i n  BP5 t h e  537 cm.  ̂ (18 .62^^ )  band 

would be due t o  t h e  C-Br s t r e t c h i n g  mode w h i le  th e  602 ( 1 6 . G O ) band 

could  be due t o  a r i n g  v i b r a t i o n .  However,  t h e r e  i s  no band c o r r e s -

jo n d in g  to  th e  691 cm.  ̂ (1 4 .4 7 yu ) b u t  t h i s  may be due t o  th e  d i f f e r e n t
Î

s u b s t i t u t i o n  o r  t h e  b ipheny l  s k e l e t o n .

The d i c h l o r o —b ip h e n y l s  a b so r b  i n  t h i s  r e g i o n  a t  t h e  f o l l o w i n g  

f requeue i e s i

Bi5 BI'4

632 cm.~^ ( I 5 .8 2 y u )

+B14

shOBG (15 .98 ) 624 cm. ^ 15 .96  yu)

602 cm.""^(l6.60yu ) 558 (1 7 .0 2 ) 591 16.92 )

572 17.48 )

560 (1 7 .8 6 ) 561 17.82  )

537 (1 8 .6 2  ) 548 (1 8 .2 6 ) 545 18.35 )

The bands a t  548 cm. (l8..2Gyu) I'nd 545 cm (1 8 .35  a ) a r e  l i k e l y
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to  be due to  t h e  C-Br s t r e t c h i n g  v i b r a t i o n ,  w h i l e  th e  o t h e r s  may 

be r i n g  v i b r a t i o n s ,  by a n a lo g y  w i th  benzyl b rom ide .

S-ÎI group

The î^—H s t r e t c h i n g  a b s o r p t i o n  i s  r e p o r t e d  t o  occur  i n  th e  range

- 128.10-2730 cm. ( 3 . 5 5 —3#GO u ) « T h i s  g ro u p in g  o ccu r s  i n  two o f  th e  

compounds, namely DB5 and BBIO and p o s s i b l y  i n  th e  u n b r idged  b ipheny l  

ine  p i c r a t eara

Cl  Cl

N - M e
H

p i c r a t e

B35

Me

u n br id g ed  b iphenyl  

1 i c r a t e

DBG

H CH

BBIO

p i c r a t e

Bands i n  t h e s e  compounds occur  a t  t h e  f o l l o w i n g  f r e q u e n c i e s :  

BB5 BBO B310

sh 2778 cm.""^ (3 .60yu)  2825 cm." ^ ( 3 . 5 4  a )

-1(3 .6 4 5  ) 2747 ( 3 . 0 4  ) sh2743 cm."  ( 3 . 6 4 5 / ^ )

(3 .0 9  )

-1

2743

2725 ( 3 . 0 7  ) 2717 (3 .0 8  ) 2710

Most o f  t h e  compounds s t u d i e d  had a weak band c l o s e  t o  2717 cm, 

(3.G8yu.) b u t  o n l y  i n  t h e  u n s u b s t i t u t e d  azep in ium  p i c r a t e  BBIO was 

t h i s  band n o t i c e a b l y  i n t e n s e .  A par t  from a weak band i n  th e  r e g i o n  

of 2600-2450 cm.”  ̂ ( 4 . 0 8 - 3 . 0 5 yu ) in  BB5 and BBO t h e r e  a r e  no 

d i s t i n g u i s h a b l e  bands below t h i s  u n t i l  t h e  s u b s t i t u t i o n  p a t t e r n  a t  

2000-1650 cm.”  ̂ ( 5 . 0 0 - 6 . 0 6 yu) a l th o u g h  more a r e  r e p o r t e d  i n  t h e  r e g i o n  

1800-2200 cm. ^ ( 4 . 5 5 - 5 . 5 6 u ) when no o t h e r  h e t e r o - a t o m  i s  n e a r .
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Bands In  t h e  r e g i o n  1600-1540 cm. ^

Aromatic  compounds o f t e n  show two bands i n  t h i s  r e g i o n  due t o  

s k e l e t a l  C*C i n - p l a n e  s t r e t c h i n g .  The i n t e n s i t y  o f  th e  lower f r e q u e n c y  

band i s  c o n s i d e r e d  by Bel lamy to  be c o n s i d e r a b l y  eulianced by c o n j u g a t i o n  

of t h e  benzene r i n g ,  a n d , w i t h o u t  t h i s ,  t o  be u s u a l l y  u n d e t e c t a b l e .

The benzene compounds s t u d i e d  h e r e  e x h i b i t  t h e s e  two bands when t h e y  

are  n o t  o v e r l a i d  by o t h e r  bands .  They occu r  between 1597 and 1570 

cm.  ̂ ( 6 .2 6 —0 . 3 7 yu) and 1582 and 1548 cm.  ̂ ( 6 .3 2 —6 .4 6 y u ) . For 

v i c i n a l  t r i - s u b s t i t u t e d  and h a logeno— compounds, a s h i f t  i n  t h e  band 

j o s i t i o n  to  lo w e r f r e q u e n c y  i s  r e j o r t e d .  The 1587 cm.  ̂ band o ccu r s  

a t  the  lower  f r e q u e n c y  end o f  th e  g iv en  r e g i o n  (1625-1575 cm. ^ ) ,  w h i le  

the 1563 cm.  ̂ band i s  o u t s i d e  th e  r an g e  quo ted  (1587—1575 cm. ^ ) ,

Except f o r  BT5, a l l  t h e  b i p h e n y l s  show t h e  two bands and th e y  occur  

between 1590-1575 cm."^ ( 6 . 2 9 - 6 . 8 5 ym ) and 1563-1548 cm." ^ ( 6 . 4 0 - 6 . 4 6 / . ) ;  

thus  ^at a s l i g h t l y  lower  f r e q u e n c y  th a n  i n  t h e  benzene  compounds and 

in  a n a r ro w e r  r a n g e .  The b r id g e d  b ip h e n y l s  d i s p l a y  th e  bands a t  a 

s l i g h t l y  h i g h e r  f re ( iuency  th a n  t h e  b ip h e n y l s :  a t  1605-1587 cm.

( 0 . 2 3 - 6 . 3 2 ^ )  and 1565-1550 cm.~^ ( 6 . 3 8 - 6 . 4 5 yu ) . The bands a r e  n o t

e a s i l y  p icked  o u t  i n  BB4. In  compound BBIO and BB5, which a r e  p i c r a t e s , 

t h e r e  a r e  two s o t s  o f  p e a k s , p resum ably  due to  th e  two d i f f e r e n t  benzene 

sys tem s .  The bands a r e  n e a r  1623 and1608 cm.“ l ( 6 .1 6  and 6 . 2 2 / . )  and

1503 and 1553 cm. ^ ( 6 .4 0  and 0 . 4 4 ^ ) .  I n  some compounds t h e  f i r s t  

band i s  t h e  more i n t e n s e ,  i n  o t h e r ,  t h e  s econd .  Cn t h e  whole ,  t h e  

f r equency  o f  t h e s e  bands i s  lower th a n  e x p e c t e d .



-  106 -

A b so rp t io n  banda due to  C=C s k e l e t a l  v i b r a t i o n s  a r e  a l s o

r e p o r t e d  n e a r  1500 cm.  ̂ and 1450 cm.  ̂ s ( 6 .6 7 —6.90yu ) •  The

compounds s t u d i e d  i n  t h i s  work g e n e r a l l y  show no bands between

1540-1470 cm.  ̂ ( 6 . 5 - 6 . 8 yu ) b u t  v i c i n a l  t r i - s u b s t i t u t i o n  i s  r e p o r t e d

to  lower t h e  f r e q u e n c y  and t h u s  b r i n g  t h e  p o s i t i o n  c l o s e r  t o  t h e  

- 11450 cm. r e g i o n .

A band, u s u a l l y  o f  medium to  s t r o n g  i n t e n s i t y ,  does  o c cu r  n e a r  

1450 cm.  ̂ a l t h o u g h  t h e  p o s i t i o n  i s  v a r i a b l e ,  and sometimes t h e r e  

a r e  two bands i n  th e  r e g i o n .  The r e g i o n  i s  a l s o  c o m p l ic a te d  by

th e  a b s o r p t i o n s  o f  s u b s t i t u e n t  g ro u p s .

S u b s t i t u t i o n  T a t t e r n s

2000—1650 cm.  ̂ ( 5 . 0 0 —6 . 0 6 / . )  r e g i o n

3—C h io ro t o i u i d i n e  (D1) i s  a l i q u i d  and t h e  spec t rum  was ru n  on 

a f i l m  o f  t h i s .  As a r e s u l t ,  t h e  s u b s t i t u t i o n  p a t t e r n  i n  t h e  r e g i o n  

2000-1050 cm. shows up v e r y  c l e a r l y  w i th  t h e  c h a r a c t e r i s t i c  1 , 2 . 3 — 

s u b s t i t u t i o n  p a t t e r n .  In  many o f  t h e  r e m a in in g  compounds,  t h e  bands 

a r e  u s u a l l y  r a t h e r  weak and a r e  n o t  v e r y  n o t i c e a b l e .  The p a t t e r n  i s  

o f t e n  i n  n a r ro w e r  l i m i t s  t h a n  t h e  r e g i o n  g i v e n ,  and i s  u s u a l l y  between 

1960 and 1755 cm.  ̂ ( 5 . 1 0 —5 .70yu ) ,  sometimes b e in g  above 1820 cm.

(be low 5 . 5 0 ) .

Compounds w i th  unusua l  f e a t u r e s  a r e  n o te d  below: 

nj j henyl  s

I ' l l  A f o u r t h  band a t  1789 cm.  ̂ (5 .59yu)

Dl'3 The f i r s t  two bands a r e  d o u b le d .  *
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+B1’3 Many weak bands .

Bl’4 There  a r e  f o u r  bands i n  t h e  r e g i o n .

+D?4 Very  weak. There  a r e  a t  l e a s t  f o u r  bands .

BTO D e f i n i t e  p a t t e r n .  The c e n t r a l  band i s . d o u b l e d .

r r 7  The p a t t e r n  c a n n o t  be p icked  o u t .

Bridged B i i h e n y l s

-I'.DI Weak p a t t e r n .  The bands a r e  d o u b le d .

IÎD4 No d e f i n i t e  p a t t e r n .

BB5 No normal p a t t e r n  d i s t i n g u i s h a b l e

BD7 Normal p a t t e r n ,  t o g e t h e r  w i th  a f o u r t h  peak i n  t h i s  r e g i o n .

DBS Many v e r y  weak b ands .

DB9 Very  weak ; t h e r e  a r e  s l i g h t  d i f f e r e n c e s  from th e  normal p a t t e r n .

r.Dll No peaks  a r e  d i s t i n g u i s h a b l e .

DB12 The normal p a t t e r n  c a n n o t  be d i s c e r n e d .

Aromatic i n —p la n e  CÏÏ de fo rm a t io n

Compound B1 to  B7 and BPl t o  +BP4 a l l  have bands i n  t h e  r e g i o n  1145—

1160 cm."^ ( 8 . 7 3 - 8 . 6 2 yx ) .  All  t h e  b i p h e n y l s  b u t  BP4 and +BP4 have

two bands i n  t h i s  r e g i o n ,  t h e  second band ,  i n  some c a s e s ,  a p p e a r i n g  

as a s h o u l d e r .  A l l  have bands in  t h e  r e g i o n  1075—1090 cm. ( 9 . 3 0 —9 .12^u ) ,  

t h e r e  b e in g  a s h o u ld e r  i n  B1 and two bands  i n  t h e  s p e c t r a  o f  BP2,+BP2,

Bl'3 and +BP3. These two a b s o r p t i o n s ,  due to  i n - p l a n e  d e fo r m a t io n  

v i b r a t i o n s ,  come i n  th e  g iv en  r a n g e s  o f  1175-1125 cm.  ̂ ( 8 . 5 1 - 8 .89/». ) 

and 1110-1070 c m . ( 9 . C l - 9 . 3 5 ^ )  f o r  1 , 2 , 3 -  s u b s t i t u t e d  b e n ze n e s ,
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a l th o u g h  t h e y  a r e  n o t  a l l  weak, a s  r e p o r t e d .

A t h i r d  r e g i o n  between 1070 rnd  1000 cm.  ̂ ( 9 .3 5  and 1 0 .0 0 / x ) 

i s  r e p o r t e d  to  e x i i i b i t  two bands due t o  t h i s  typje o f  v i b r a t i o n .  Th is  

r a y  be t h e  band r e p o r t e d  by Deaven nd J o h n so n ^ ^ ’^^ and mentioned

below as  th e 1010 cm.  ̂ b i p henyl b an d .

Bands in  t h i s  r e g i on a r e  shown below.

B1 1030 ( 9 . 7 1 ) DPI 1002 (9 .0 8 )

B2 1032 1014 (9 .C 9 ,  9 .8 6 ) BP2 -

D3 1037 1010 ( 9 . 0 4 ,  9 .9 0 ) +BP2 1002 (9 .9 8 )

B4 1011 ( 9 .8 9 ) BP3 -

B5 sh 1029 (9 .7 2 ) +BP3 -

D6 1017 ( 9 .8 4 ) DP4 1002 (9 .9 8 )

B7 1017 ( 9 .8 4 ) +BP4 1003 (9 .9 7 )

More bands  be tween 1000 and 9 GO cm.  ̂ a r e  r e p o r t e d  by C ross  and Rao , 

but a r e  e i t h e r  a b s e n t  o r  to o  weak t o  be p iek ed  out*

1010 era. ^Biphenyl band

Th is  band has  been r e p o r t e d  by Deaven and Johnson^ 9,^8 b e in g

c h a r a c t e r i s t i c  o f  t h e  b ip h e n y l  s k e l e t o n  i n  a l k y l  s u b s t i t u t e d  b ipAenyls

89Buck and Connor have found t h a t  t h i s  band i s  n o t  a lways p r e s e n t  when 

t h e r e  a r e  o t h e r  s u b s t i t u e n t s ,  and t h i s  i s  conf i rm ed  i n  t h e  f o l l o w i n g  

r e s u l t s .

Benzene compounds ( t a b l e  i n  p r e v io u s  s e c t i o n )

Al l  t h e  compounds e x c e p t  B1 and B5 show a  band,  i n  t h e  r e g i o n  o f
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1010 cm. ^ ( 9 . 90/t ) .  The i n t e n s i t y  o f  t h i s  band v a r i e s  from compouifci 

to comjjound. Thus,  o u t  o f  seven  benzene compounds,  s i x  show a band 

in the  r e g i o n .

Pil henyl compounds Dip h e n y l s  BI l , +BP2, BP4 and +BP4 show o n l y  v e r y  

weak bands c l o s e  t o  1000 cm.  ̂( 10.00 / .  ) . The d i o l s  BP3 and +BI’3 

show a s t r o n g  band a t  1017 cm.  ̂ (9.83/<- ) a n d , +BP3, i n  a d d i t i o n ,  

a n o th e r  a t  1004 cm.  ̂ (9 .9 G y u ) ,  b u t  t h e s e  compounds a r e  e x p ec ted  t o  

absorb  in  t h i s  r e g i o n  due to  th e  C-0 s t r e t c h i n g  mode. The u n s u b s t i t u t e d  

bromide BP5 has  a sharp; band a t  1005 cm.  ̂ (9.95yw-). Of t h e  t e t r a — 

c h io r o — s u b s t i t u t e d  b i p h e n y l s ,  BPG has  a s t r o n g  sh a rp  peak a t  1003 cm. 

(9.97/1 ) and B1 7 has  a v e r y  weak band a t  1006 cm.  ̂ ( 9 . 9 4 / t ) .  Thus,  

out of t e n  bip h e n y l s , f o u r  show s t r o n g  o r  medium i n t e n s i t y  b a n d s ,  w h i le  

the  r e s t  show v e r y  weak or n e g l i g i b l e  a b s o r p t i o n .

Bridged b ip h e n y l s

Out o f  t h e  s i x  b r id g e d  b i p h e n y l s  s t u d i e d ,  o n l y  f i v e  show any 

marked a b s o r p t i o n  n e a r  1010 cm. ^ . T h i s  band i s  most l i k e l y  to be an 

a rom at ic  i n - p l a n e  CH d e f o r m a t i o n  as  n o te d  i n  t h e  p r e v i o u s  s e c t i o n .

830-600 cn .^^  ( 12 .0 -1 5  .Ô A ) r e g i o n

The s u b s t i t u t i o n  p a t t e r n  i n  t h i s  r e g i o n  i s  due t o  t h e  o u t —o f - p l a n e  

d e fo rm a t io n  o f  t h e  r i n g  hydrogen atoms and i s  d e p en d en t  on t h e  number 

of a d j a c e n t  hydrogen  a tom s .  None o f  t h e  1 ,2 —, 1 , 2 , 4 —, o r  1 , 2 , 3 , 5 — 

s u b s t i t u t e d  compiounds show a b n o r m a l i t i e s  i n  t h i s  r e g i o n .  1 , 2 , 3 — 

t r i —s u b s t i t u t e d  compounds a r e  d i s c u s s e d  below.
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1 , 2 , 3 —t r i a u b a t i t u t i o n  nnd o t h e r  a b s o r p t i o n s  in  th e  r e g i o n

The benzene compounds a b so r b  i n  t h e  r e g i o n s  775-746 c m . " ^ ( l 2 . 9  

r.nd 13*4yu ) and 735—704 cm, ^ ( 1 3 , 6 —1 4 ,2 y n ) • The f i r s t  band i s ,  

p crhap s , a t  s l i g h t l y  lo w e r ,  and t h e  second a t  s l i g h t l y  h i g h e r ,  f r e q u e n c y  

than  e x p e c t e d .

The s u b s t i t u t i o n  p a t t e r n  o f  t h e  a c i d s  BI’2 and +BP2 and o f  t l ie 

methyl e s t e r  BPl ap p ea r  to  be d i f f e r e n t  from t h a t  o f  th e  a c t i v e  and 

racemic  d i o l s  and bisbroniomethyl comp^ounds. The former have bands  i n  

th e  g iv e n  r e g i o n s  n e a r  817 cm.  ̂ ( 1 2 , 2 5 / a ) and 759 cra.*"^ ( 1 3 .1 8 / * )  nnd 

n ea r  714 cm.*”  ̂( I4 .00yu ) and 704 cm. ̂ ( 1 4 . 2 0 / f ) ,  w h i l e  t h e  l a t t e r  have

bands c l o s e  t o  795, 746 and 690 cm. ̂ ( 1 2 . 5 8 ,  13,40 and 14,50/■ ) ,  some

of  t h e s e  bands b e in g  d o u b l e t s .  Duck and Connor^^have g iv e n  t h e  

f o l l o w i n g  r a n g e s  f o r  2 , 2 ' , 6 , 6 * - s u b s t i t u t e d  b i p h e n y l s  i , e .  t r i s u b s t i t u t i o n  

w i th  one o f  t h e  s u b s t i t u e n t s  b e in g  a n o t h e r  benzene r i n g ,  783—811 cm. r̂a 

and 092-725 cm."^w (1 2 .7 7 - 1 1 ,4 8  and 1 4 . 4 5 - 1 3 , 7 9 / x ) .  The 795 cm.~^ .

( 12 .58yo. ) band o f  t h e  d i o l s  and bromo— comp-oxinds o u s t  c o r r e sp o n d  to

the  s t r o n g e r  o f  t h e  s u b s t i t u t i o n  bands ,  s i n c e  i t  i s  t h e  o n l y  one in  

t h i s  r e g i o n  and comes in  t h e  ra n g e s  f o r  bo th  b i p h e n y l s  and benzeno id  

compounds. T h i s  band i s  s t r o n g ,  a l t h o u g h  r e p o r t e d  by  Buck and C-onnor 

as o f  medium i n t e n s i t y .  The bands r e  p o s s i b l y  s p l i t  because  o f
*

i n t e r a c t i o n s  due t o  c r y s t a l  s t r u c t u r e ,  o r  because  o f  Fermi re so n a n c e  , 

or e l s e  t h e y  a r e  simp,1 y  due to  d i f f e r e n t  v i b r a t i o n .

♦(Fermi r e s o n an c e  i s  t h e  c o u p l i n g  o f  v i b r a t i o n s  o f  t h e  same
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eyrtmetry when t h e  f r e q u e n c y  o f  t h e s e  v i b r a t i o n s  i s  c lo se *  T h i s  c au s e s  

the  two bands t o  be s p l i t  i n t o  a d o u b l e t ,  one on e i t h e r  s i d e  o f  t h e  

o r i g i n a l  f requency*  The i n t e n s i t y  and p o s i t i o n  o f  t h e  bands depends 

on t h e  c l o s e n e s s  o f  t h e  p e r t u r b e d  f r e q u e n c i e s . )  The lower f r e q u e n c y  

s u b s t i t u t i o n  band ,  i f  i t  f a l l s  i n  t h e  b ipheny l  r a n g e , w i l l  be t h a t  a t  

GOO ciTi.”  ̂ ( 1 4 . 5 /A ) and i t  i s  t e m p t in g  t o  a s s i g n  t h e  re m a in in g

band a t  745 cm.”  ̂( 13.4yu ) to  t h e  -CTl^- r o c k .  A band c l o s e  to  t h i s  

a l s o  o c cu r s  i n  t h e  u n s u b s t i t u t e d  bisbrornomethyl compound. However,  

the  p o s s i b i l i t y  t h a t  t h e  s t r o n g  745 era. ^ ( I 3 . 4 y u )  band m igh t  be p a r t  

of t h e  s u b s t i t u t i o n  p a t t e r n  shou ld  n o t  be r e j e c t e d .  The 690 era.

(1 4 .5 / t  ) band would be too  h ig h  fo r  t h e  -CH^- r o c k ,  and t h i s  v i b r a t i o n  

does n o t  u s u a l l y  show uj) u n l e s s  t h e r e  a r e  more th a n  two —CH^— g ro u p s .

As f o r  th e  a c i d s  and e s t e r ,  i t  i s  p o s s i b l e  t h a t ,  i n  f a c t ,  t h e

s u b s t i t u t i o n  p a t t e r n  f o l l o w s  t h a t  o f  t h e  benzenoid  compounds,  a t
—1 —1 7C0 era. ( l 3 . l G / t )  and 715 cm. ( l 4 . 0 y w ) .

The b r id g e d  b i p h e n y l s  w i l l  n o t  n e c e s s a r i l y  have t h e  same ran g e  

of s u b s t i t u t i o n  p a t t e r n  as  t h a t  su g g es te d  f o r  b i p h e n y l s .  There  a r e  

u s u a l l y  up t o  f i v e  bands between 830 and 0G5 cm. ^ ( 1 2 . 0 —15.0/*.)  and 

t h i s  makes a s s ig n m e n t  d i f f i c u l t .

Both t h e  c h i  o r o - s u b s t i t u t e d  azep in ium  c ompound s , t h e  u n b r id g e d  

b ipbeay l  p i c r a t e  and t h e  s u b s t i t u t e d  9 - d im e th y la m in o - 9 , 1 0 -d ih y d ro — 

phenan th rene  compound ( BB5) have a d i s t i n c t  p a t t e r n  o f  t h r e e  bands 

between 740 and 045 cm. ^ ( 1 3 .5  and 1 5 . 5 / ^ ) .  The i n t e n s i t y  o f  t h e s e  

bands d e c r e a s e s  r e g u l a r l y  w i th  d e c r e a s i n g  w a v e le n g th .  T h i s  does  n o t
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occur  in  t h e  u n s u b s t i t u t e d  compounds and i s  n o t  o b v i o u s l y  p r e s e n t  

in  t h e  d i n i t r o — compound a l t h o u g h  i t  cou ld  have been d i s t o r t e d *  A 

s i m i l a r  p a t t e r n  e x i s t s  i n  t h e  d i s u b s t i t u t e d  o x e p in s ,  b u t  t h e  lower  

f r eq u e n cy  bands  a r e  c l o s e r  t o g e t h e r ,  and t h e  c e n t r a l  band i s  o f  

low es t  i n t e n s i t y .  The h i g h e r  f r e q u e n c y  o f  t h e s e  bands i s  c o n s i d e r e d  

to  be p a r t  o f  t h e  s u b s t i t u t i o n  p a t t e r n  a l t h o u g h  t h e  second a l s o  comes 

in t h e  ran g e  g iv e n  f o r  u n b r id g ed  b i p h e n y l s . The p a t t e r n  m igh t  be 

caused by th e  azep in ium  r i n g ,  e i t h e r  d i r e c t l y ,  as  a  s k e l e t a l  v i b r a t i o n ,  

or i n d i r e c t l y ,  by h o l d i n g  th e  b ipheny l  i n  an o th e r w i s e  u n favoured  

c o n fo rm a t io n .  The former  seems u n l i k e l y ,  s i n c e  t h e  s u b s t i t u t e d  

compounds e x h i b i t  t h i s  p a t t e r n ,  w h i l e  i t  i s  a b s e n t  i n  t h e  u n s u b s t i t u t e d  

compounds.  The l a t t e r  may be t h e  c a s e  i f  tKe n i t r o — groups  o f  t h e  

d i n i t r o — s u b s t i t u t e d  azep in ium  io d i d e  can  have an e f f e c t  on t h e  

v i b r a t i o n s  c a u s i n g  t h e s e  b a n d s ,  such a s  a  change i n  t h e  d i h e d r a l  a n g le  

of t h e  b i p h e n y l .  S in c e  t h e  oxep.in a l s o  has  a s i m i l a r , b u t  m o d i f i e d ,  

p a t t e r n ,  t h i s  would appea r  l i k e l y .  For u n s u b s t i t u t e d  conipounds^^ t h e  

oxepin  has  a d i h e d r a l  a n g le  o f  43° w h i l e  th e  q u a t e r n a r y  s p i r o —

I i p e r i d i n i u m  compound has  a d i h e d r a l  a n g le  o f  4 7 ° .  One would n o t ,  

in  t h i s  c a s e ,  have  exp ec ted  th e  p a t t e r n  t o  rem ain  i n  t h e  d i m e t h y l -  

amino— compound, which has  a s i x —membered r i n g .  The p a t t e r n  i s  fiot  

p r e s e n t  i n  t h e  d i c h l o r o d i h y d r o p h e n a n t h r e n e . There  i s  o n l y  one band 

a t  lower f r e q u e n c y  th a n  t h e  s u b s t i t u t i o n  p>attern i n  t h i s  r e g i o n ,  and 

t h i s  a t  a f r e q u e n c y  which i s  c e n t r e d  between t h e  two lower  bands o f  

the  p a t t e r n .  Th is  second band i s  n o t  p r e s e n t  i n  e i t h e r  t h e  d i h y d r o -
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p h enan th rene  o r  d im e th o x y d ih y d ro p h e n a n th re n e , and t h e r e f o r e  shou ld  

no t  be due t o  t h e  d ihydrop .henan threne  s k e l e t o n  o r  t h e  s u b s t i t u t i o n  

p a t t e r n .  An a l t e r n a t i v e  s u g g e s t i o n  f o r  th e  o r i g i n  o f  t h e s e  bands 

i s  t h a t  t h e y  a r e  due to  t h e  C—Cl s t r e t c h ,  and t h a t  i n  t h e  h e t e r o c y c l i c  

comp,ounds, t h i s  band i s  s p l i t  i n t o  tw o .  The bands a r e  n o t  s t r o n g ,  

as would be exp e c t e d , b u t  a r e ,  i n  most  c a s e s , medium and weak.

The seven—membered r i n g  compounds a l s o  show two bands  between '

770 î'.nd SCO cm.  ̂( 1 2 .5  and 1 3 .0 / .  ) one o f  which d isap  p e a r s  on go ing  

to  t h e  s i x —member ed r i n g  comp:»ound. The r e m a in in g  band cou ld  bo due 

to -CII^- r o c k .

I t  nay  be n o te d  t h a t  t h e r e  i s  a band between 905 and 913 cm. ^

(lO . 9 5 - 1 1 .0 5 yki ) i n  th e  s u b s t i t u t e d  q u a t e r n a r y  n i t r o g e n  compounds 

which i s  v e r y  s t r o n g  in  th e  bromides  and modera te  t o  s t r o n g  i n  th e  

o th e r  compounds. The band*appears  t o  be s t r o n g e r  i n  compounds which 

a re  d i s u b s t i t u t e d  w i th  methyl g roups  on t h e  n i t r o g e n  th a n  when t h e r e  

i s  o n ly  one .  The u n s u b s t i t u t e d  azep in ium  comp>ounds show bands  c l o s e  

to t h i s  p o s i t i o n ,  a s  do sodium p i c r a t e  and p i c r i c  a c i d . In  th e

I q t t e r  compounds t h i s  i s  p o s s i b l y  due to  C—N s t r e t c h  o f  t h e  n i t r o —

group. A band h e r e  would t h e r e f o r e  be e x p ec ted  i n  t h e  p i c r a t e s ,  and
. -1

in  f a c t  t h e s e  compounds o f t e n  d i s p d a y  two bands c l o s e  t o  910 cm.

( l l . O / x ) .  A lthough i t  seems l i k e l y  t h a t  t h i s  band a r i s e s  from 

v i b r a t i o n s  c o n n ec te d  w i th  îï-Me, t h e r e  a r e  we k bands h e r e  i n  s e v e r a l  

o th e r  compjounds, n o t a b l y  t h e  d i c h l o r o o x e p i n .  Many o f  t h e  b r id g e d  

compounds rrive a p a i r  o f  bands between 800 and 950 cm. ( 1 0 . 5 —1 2 . 5 / . ) .
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C-Cl s t r e t c h i n g  f r e q u e n c y

Bel lamy g i v e s  t h e  range  750-700 cm. ^ ( 1 3 .3 —1 4 . 3 / . )  f o r  t h e  C-Cl 

s t r e t c h ,  b u t  i n d i c a t e s  a h i g h e r  f r eq u e n cy ,  o f  th e  o r d e r  o f  845 cm.  ̂

(11.83/x .)  f o r  c h l o r i n a t e d  a ro m a t ic  compounds. The t e t r a - c h l o r o — 

comp owids w i l l  have  one o f  t h e  s t r o n g e s t  bands i n  t h e  r e g i o n  f o r  th e  

C-Cl s t r e t c h ,  and a band o c c u r r i n g  between 805 ind 780 cm." ^ ( 1 2 . 4 - 1 2 . 8 / .  ) 

in  a l l  t h e s e  i s  a p o s s i b l e  one ( i n  Dl6 a t  787; BT7 a t  805;  BB12 a t  

801 cm. ^ ) .  The t e t r a c h l o r o —bip henyl  DP6 shows no bands o t h e r  th a n  

' eak ones between 790 and 590 era. ^ ( 1 2 .7  and 17.0  / .  ) and th u s  th e  

C-Cl s t r e t c h i n g  f r e q u e n c y  may be e x p ec te d  t o  be h i g h e r  th a n  790 cm.  ̂

in  t h i s  compound.

The benzene compounds have bands between 848 and 794 cm. ^

( l 1 . 6 - 1 2 .G /k ) and a l s o  between 758 and G33 c n ,  ^ ( 1 3 .2  and 1 5 . 8 / . )  

a l th o u g h  t h e  l a t t e r  i s  u s u a l l y  c l o s e  to  690 cm. ^ ( 1 4 .5  yU ) .  Sometimes 

the  o n ly  b nd i n  t h e  range  i s  t h e  s u b s t i t u t i o n  band b u t  i t  i s  p o s s i b l e  

t h a t  t h e y  occu r  v e r y  c l o s e  t o g e t h e r  and a r e  u n r e s o l v e d .

The s u b s t i t u t e d  u n b r id g e d  -CH*- c o n t a i n i n g  compounds BP3, +BP3,

BP4 and +BP4 have  t h e  bands n e a r  800 and 740 cm. * ( 1 2 .5  and 13 .5/ a ) . 
doub led .  There  i s  a band c l o s e  to  690 cm. ^ ( l 4 . 5 y u )  which i s  n o t

p r e s e n t  i n  t h e  un s u b s t i t u t e d  compjounds, and t h i s  may be e i t h e r  t h e  

C-Cl s t r e t c h  o r  t h e  s u b s t i t u t i o n  p a t t e r n .  There  e r e  a l s o  bands between 

800 and 770 cm. ^ ( 1 2 . 0 - 1 3 . 0 / / )  i n  a l l  t h e  s u b s t i t u t e d  b i p h e n y l s  and th e  

C-Cl s t r e t c h  c o u ld  be i n  e i t h e r  r c r i o n .
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The d i c h lo r o d ih y d r o p h e n . in th r e n o  has  a band n e a r  080 cm. ^

(l4*7yu.) and a l s o  a band n e a r  813 cm. ^(l2*3/>-) n e i t h e r  o f  which 

a p p ea r  i n  t h e  u n s u b s t i t u t e d  o r  d imethoxy— compound* The d i m e t h y l -  

amino-  compound a l s o  has  bands i n  t h e s e  r e g i o n s  a t  700 and 062 cm.  ̂

( 1 4 .3  and 15.1 yu) and 855 and 794 cm. * ( l l . 7  and 1 2 . G / t ) .  Thus,  i t  

i s  n o t  p o s s i b l e  t o  i n d i c a t e  w i th  c e r t a i n t y  t h e  C—Cl s t r e t c h i n g  

f r e q u e n c y  in  t h i s  c o m p l ic a te d  r e g i o n .  Two r e g i o n s  a r e  most l i k e l y :  

n e a r  t o  GOO or  n e a r  830 cm. ^ (1 4 .5  and 1 2 . 0 / c ) .

The f a c t  t h a t  t h e r e  a r e  a l s o  bands i n  th e  u n s u b s t i t u t e d  compounds 

between 300 and 770 cm. ^ ( 1 2 .5  and 13 .0  y/) s u g g e s t s  t h a t  i n  t h e  

q u a t e r n a r y  ammonium compounds, t h e s e  may be due to  t h e  C— s t r e t c h  

or to  an î^—Me v i b r a t i o n ,  b u t  l i t t l e  work has  been done on such com- 

p,ounds. T h i s  band i s  c l o s e  t o  780 era. ^ ( 1 2 .6  / ,  ) i n  most o f  t h e  

azep in ium  compounds, b u t  i n  t h e  p i c r a t e s ,  can be obscured  by a  p i c r a t e  

peak .  The s p e c t r a  o f  mono— and d i c h l o r o -  s u b s t i t u t e d  benzenes  were 

s t u d i e d  in  t h e  ran g e  910—C50 era. ^ ( 1 1 . 0 —1 5 .3 8 / i  ) b u t  showed bands i n  

both  r e g i o n s .  Bands i n  t h i s  ran g e  o t h e r  th a n  t h e  s u b s t i t u t i o n  

p a t t e r n  a r e  shoMTi below*

C h lo r in e  a t  p o s i t i o n :  1 082 cm.  ̂ s .  908 era.  ̂ w—m

( 1 4 . 6 0 / a) ( 1 L 0 1 / a)

1 . 2  060 m. 823 s

(1 5 .1 5  ) - ( 1 2 .1 7  )

1 .3  sh670 784 o r  774 830 w-m

(1 4 .9 3  ) ( 1 2 . 7 6  ) ( 1 2 . 9 2  ) ( l l . 9 6  )

1 . 4
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27Sono compounds p rep/. rod by Ahmed and H a l l  were examined ,  s i n c e  

t h e y  n i g h t  prove  he l j , fu l  i n  e l u c i d a t i n g  t h e  p o s i t i o n  o f  t h e  C-Cl 

s t r e t c h i n g  f requency*  Those a r e  4 * , l ” - d i h a l o g e n o —2 , 7 - d lh y d r o —3 ,4 :

5 , 6 —dibenzazcp  in iu m - l - s p  i r o - 1 ’*'-p ip eridiniui :^  bromides  w i th  4” , 1 ” -  

s u b s t i t u e n t s  c h l o r i n e ,  bromine or  i o d i n e  (BB8,15 and 1 0 ) .  The r e g i o n  

between 870 and 650 cm. ^ ( 1 1 .5  and 1 5 , 4 / . )  was s t u d i e d .

There  a r e  bands n e a r  815 ,  850 and 800 cm. ^ ( 1 2 . 3 ,  11 .8  and 1 1 . G / . )

•-*1i n  a l l  t h r e e  compounds and a band n e a r  830 cm. ( 1 2 . 0 / . )  i n  th e

d i c h l o r o -  and dibromo— compounds.  In  t h e  s u b s t i t u t i o n  p a t t e r n  r e g i o n ,

t h e r e  a r e , f o r  a l l ,  bands n e a r  790, 775 and 700 cm. ^ ( 1 2 . 7 ,  12 .9  and

1 0 . 7 / . )  . The d i c h l  o ro — comp.ound shows t h e  band p a t t e r n  i n  t h e  o t h e r

d i c h l o r o - a z e p i n i u n  comp ounds ,  b u t  t h i s  i s  n o t  p r e s e n t  i n  t h e  o t h e r  

two, a l t h o u g h  a weak band i s  p r e s e n t  c l o s e  t o  650 cm. ^ ( 1 5 . 4 / . )  i n  

a l l  o f  them. T h e r e f o r e  i t  reems t h a t  t h i s  band p e r t a i n s  t o  t h e  r i n g .

The band a t  694 Cm. ^ ( 1 4 . 4 1 / . )  in  t h e  d i c h l o r o — compound i s  n o t

p r e s e n t  i n  t h e  d i b r o n o — or  d i i o d o — compound a l t h o u g h  t h e r e  i s  a 

double  band in  t h e  dibromo— compound a t  670 and 667 cm. ^ ( 1 4 .9 2  and 

1 4 . 0 8 / . ) .  T h i s  a p p e a r s  to  up ho ld  t h e  690 cm. ( 1 4 . 5 / . )  r e g i o n  f o r  

the  p o s i t i o n  o f  t l ie C-Cl s t r e t c h  in  t h e  b r id g e d  b i p h e n y l s .
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The compounds b e l ow wore a l r e a d y  p re p a re d  by t h e  workers  l i s t e d :  

BIG, Bl*7 and BD12 D. M. B a l l  and F.  M i n i m '

BB15 and IG S ,  Ahmed and D. M. Ha l l

BBl1 S .  Ahmed and D. M. B a l l ^ ^

74BBl3 I). M. Hal l  and B. E. Turner

BBl4 Specimen p u r i f i e d  from m a t e r i a l  p re p a red  by

91D.M. H a l l ,  M. S .  L e s s l i e  and E, E, T urner  

The f o l l o w i n g  t a b l e s  a r e  d i v i d e d  i n t o  two s e t s :  f i r s t l y ,

t h o s e  g i v i n g  bands  t o  which p o s s i b l e  a s s ig n m e n t s  have  been made, 

t o g e t h e r  w i th  t l ie p ro b a b le  a s s i g n m e n t s , and s e c o n d ly ,  t h o s e  bands 

o f  medium to  s t r o n g  i n t e n s i t y  which a p p e a r  i n  t h e  sp>ectra,  b u t  to  

wliich no a s s ig n m e n t  has  been made. O t h e r ,  l e s s  i n t e n s e ,  bands may 

be found by i n s p e c t i o n  o f  t h e  s p e c t r a ,  which a r e  g iv e n  a f t e r  t h e  

t a b l e s .
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INFRARED HANDS WITH IROnARLE ASSIGNM^TS

ni

3475 era. 

3360 

3220 

3195 

2907 

2924 

2915 

2800 

2849

1890

1838

1779

1G16

1587

1572

1473

1441

1376

1147

shlOOl

1030

759

721

- 1
2 .8 8 /1  

2 .90  

3 .10  

3 .13  

3 .3 7  

3 .4 2  

(3.43 

3 .4 0  

3.51

5 .2 9  

5 . 4 4

5 .0 2  

0 .19

6 .30  

6 .36  

6 .79  

0 .9 4  

7 .27  
8 .7 2  

9 .1 7  

9 .71  

13 .18 ) 

13 .86  )

B2

2976

2950

2915

2849

1923

1845
1701

1570 

1548 
shl4G2 

1445 

1376 

1148 

1095 
1032 

7 GO

711

092

530

3 .36 )

3.39

3 .43

3.51

5 .20
5 .4 2

5 .6 8

0 .37

6 .46

6 .8 4

6 .92

7 .27

8.71

9 .1 3

9 .69  

13.00

14 .07

14.40

.00

P ro b a b le  a s s ig n m e n t

sym NH s i r .  

asym NH s i r .  

sym a s s o c .  NH s i r .  

asym a s s o c . Nil s t r .

?  C113 

?  C113 

? cn
? CH3 

?  C 1 I 3

s u b s t i t u t i o n  p a t t e r n :  

o v e r to n e  and c o m b in a t io n  

to n e  v i b r a t i o n  

Nil s c i s s o r s

C=C i . p .  v i b r .

? C=C i . j> .  v i b r .  

asym CH^ bending  d e f .  

sym CHg bend ing  d e f .  

Ar CH i . p .  d o f .

CH 0 . 0 . p .  d e f .

CH 0 . 0 . p .  d e f .  o r  C—01 s t r .  

CH 0 . 0 . p .  d e f .

? C-Cl s t r .

C—I s t r .
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P r o b a b le
B3 B4 Assignment

3257 cm. 3 3 . 0 7  y . ) NH s t r e t c h  i n t r a m o l . bonded 

w i th  -COOU

3220 cm.*^ 3.10 Bh3226 (3 .1 0 ) NH s i r .  Bonded w i th  COCHg.

bH3185 3 .14)  ̂ 3165 (3 .1 6 ) n

3115 3 .21 ) 3100 (3 .2 2 ) n

2950 3 .3 9 ) ? CHg

2915 3 .43 ) ’  ™3

2845

2813

3 .515)

3 .5 5 5 )

? CH3  

? CHg

1931

18G2

5 .1 8 )

5 .1 8 )

1934

1869

(5 .1 7 )  )

(5 .3 5 )  ) 
\

s u b s t .  p a t t e r n :  o v e r to n e  

and c o m b in a t io n  to n e

1780 5 .0 0 ) 1805 (5 .5 4 )  ) v i b r a t i o n

1098 ( 5 .8 9 ) C=0 s t r .  a c i d

1667 0 . 0 0 ) 1034 ( 6 . 1 2 ) C=0 s t r .  amide band I

1597 6 . 2 0 ) 1592 ( 6 .2 8 ) C=C i . p .  v i b r .

1575 0 .35 ) 1582 ( 6 .3 2 ) n

1536 0 .51) 1531 (6 .5 3 ) NH d e f .  amide band I I

1464 6 .8 3 ) 1466 (6 .8 2 ) ? ArC=Ci.p .  v i b r .

or 1456 6 .8 7 )

1443 0 .93 ) 1437 ( 6 .9 6 ) asym. Cllgbending d e f .

1416 ( 7 .0 6 ) CO s t r .  and Oil d e f .  comb, bar

1370 7 .30 ) 1376 ( 7 .2 7 ) sym. d i g  bend ing  d e f .

1297 7 .71) comb, band o f  NH d e f .  and

o r l 269 7 . 8 8 ) CN s t r • : amide band I I I
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B3 B4 P ro b a b le  a s s ig n m e n t

1312 ( 7 .6 2 ) ? CO s t r .  and OH d e f .

comb band

1252 ( 7 .9 9 ) ? C-0 v i b r a t i o n

1148 (8 .7 1 ) 1149 ( 8 .7 0 ) ArCn i . p .  d e f .

1082 ( 9 .2 4 ) 1078 ( 0 .2 8 )

1037 (9 .0 4 ) i o n ( 9 .2 9 ) tt

or 1010 ( 9 .9 0 )

904 (11 .07 ) Oil 0 . 0 . p .  d e f .

775 ( 1 2 .9 1 ) 701 (13 .1 4 ) CH 0 . 0 . p .  d e f .

o r  755 (13 .2 5 )

733 (1 3 .6 4 ) 704 (1 4 .2 0 ) CII 0 . 0 . p .  d e f .  o r  ? CC

or sh72 0 (1 3 .8 9 )

60S (1 4 .0 2 ) amide V band

C80 ( 1 4 .7 1 ) amide IV band

611 (1 6 .3 6 ) amide VI band

or 588 (1 7 .0 2 )
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Bo BG I r o b a b l e  a s s ig n m e n t

3480 ( 2 .8 7 ) asym. Nil s t r .

33C5 (2 .9 7 ) sym. NH s t r .

1927 (5 .1 9 ) 1961 ( 5 .1 0 )  1 s u b s t i t u t i o n  j m t t e r n ;

1883 ( 5 .3 1 ) 1894 ( 5 .2 8 )  ) 
\

o v e r to n e  and c o m b in a t io n

1842 ( 5 .4 3 ) 1838 ( 5 .4 4 )  ) to n e  v i b r a t i o n .

sh l704 (5 .8 7 ) shl721 (5 .8 1 ) monomer C=0 s t r .

shlG85 ( 5 .9 3 ) shlG85 ( 5 .9 3 ) d imer  C=0 s t r .

1GC9 (5 .9 9 ) 1667 ( 6 .0 0 ) a s s o c .  C=0 s t r .

IGIO ( 6 .2 1 ) NH s c i s s o r s

1587 ( 6 .3 0 ) C=C i . p .  v i b r .

1550 ( 6 .4 5 ) 1563 ( 6 .4 0 ) f t

1451 ( 6 .8 9 ) 1441 ( 6 .9 4 ) ? **

1420 ( 7 .0 4 ) 1410 ( 7 .0 9 ) CO s t r .  and OH d e f .  comb.

1312 ( 7 .6 2 ) shlOOO ( 7 .7 ) ? "

1250 ( 8 . CO) 1250 (8 .0 0 ) ? C-0 s t r .

1161 ( 8 .6 1 ) 1159 ( 8 .6 3 ) Ar i . p .  CH d e f .

1089 (9 .1 8 ) 1095 ( 9 .1 3 ) n

orl075 ( 9 .3 0 )

8hl0 29 ( 9 .7 2 ) 1017 ( 9 .8 4 ) **

892 (1 1 .2 1 ) 885 (1 1 .3 0 ) OH 0 . 0 . p .  d e f .

754 (1 3 .2 7 ) 752 (1 3 .3 0 ) CH 0 . 0 . p .  d e f .

708 ( 1 4 .1 3 ) 719 (1 3 .9 1 ) CH 0 . 0 . p .  d e f .  o r  ?CC1 s t r

677 (14 .7 7 ) ? CCI s t r .

573 (1 7 .4 4 ) Cl s t r .
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B7 BPl I r o b a b l e  a s s ig n m e n ts

2950cm* 

1934

16.':'0

-1

1724

1572

1553 

shl443 

s h l 458 

o r l 431 

139 7 

1290 

o r l 250 

1133 

1149

loss  

10 17 

754 

731

083

3 . 3 9 / a )

5 .1 7 )

5 .3 2 )

5 .8 0 )  

0 .30)  

0 .44 )  

0 .93 )

6 .80 )  

0 .99)  

7 .10 )  

7 .75)  

8 .0 0 )

8 .8 3 )  

8 .7 0 )

9 .1 9 )

9 .8 4 )  

13 .26)  

13 .68)

(1 4 .5 8 )

2959 cm. 

1957 

1898 

1845 

1789 

1727 

1585 

1563 

1445 

s h l 450 

o r l 433 

1416 

1286 

o r l2 6 3  

1125 

s h l 159 

o r l 149 

1092 

? 1002  

759 

739 

or7 29 

716

-1 3.38 

5.11 

5 .2 7  

5 .4 2  

5 .59

5 .79  

6.31 

6.40

6 .92  

6 .85

6.98 

7 .06

7.80

7 .92  

8 .89  

8 .0 3  

8 .70  

9 .1 6

9.98  

13 .18) 

13.53) 

13 .72)  

13.99)

asym Cllg CII s t r .  

s u b s t .  p a t t e r n :  o v e r to n e  

and co m b in a t io n  to n e  

v i b r a t i o n

C=0 s t r .

C =C i . p .  d e f .

? asym Cllg s t r .

? sym Cllg s t r .  

CO s t r .

Ar CII i . p .  d e f

CII 0 . 0 . p .  d e f

? CCI s t r .
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DP2 +BP2 I r o b a b l e  a s s ig n m e n t

s h l 745 cm. ^ 5 . 7 3  ) s h l 742 cm. ^ ( 5 . 7 4  ) monomeric C=0 s t r .

1C89 5 .9 2 ) 1689 ( 5 .9 2 ) d im e r ic  C=0 s t r .

1587 6 .30 ) 1587 ( 6 .3 0 ) C=C i . p .  v i b r .

15G0 6 .41 ) 1560 ( 6 .4 1 ) w

1451 0 .89 ) 1449 ( 6 .9 0 ) ? "

1425 7 .02) 1420 ( 7 .0 4 ) ? CO s t r .  and OH d e f .

o r l 493 7 .13) o r l  404 (7 .1 2 ) c omb• band

shl309 7 .64) 1295 ( 7 .7 2 ) ? "

o r l 280 7 .81)

1261 7 .9 3 ) 1267 ( 7 .8 9 )  ) 

( 7 .9 1 )  )

? C-0 v i b r a t i o n

1264

o r l 245 ( 8 .0 3 ) '

1153 8 .6 7 ) 1157 ( 8 .6 4 ) Ar CII i . p .  d e f .

or s h l l 4 7 8 .7 2 ) o r l l 5 2 ( 8 .6 8 )

1096 9 .1 2 ) 1092 (9 .1 6 ) M

1002 ( 9 .9 8 ) ?

927 10 .78) 925 (1 0 .8 1 )  ) 

( 1 0 .9 7 )  ) 

( 1 1 .1 6 )  )

917 10 .90) 911 ? CH 0 . 0 . p .  d e f .

896

759 13 .18) 755 (13 .2 4 ) CII 0 . 0 . p .  d e f .

713 14 .02) 714 (14 .0 1 ) M

705 14 .19) 704 (1 4 .2 0 ) CCI*s t r .

These two spectrf^ show g r e a t  s i m i l a r i t y
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D13 +BP3 I r o b a b l e  a s s ig n m e n ts

3610 era. \  2 .77 /1  ) f r e e  Oil s t r .

Bh3597 ( 2 .7 8 ) i n t r a m o l .  bonded OH s t i

3550 ( 2 .8 1 ) d im e r ic  OH s t r .

3247 ( 3 .0 8 ) 3333 ( 3 .0 0 ) po lymer ic  OH s t r .

. ah32I5 ( 3 .1 1 ) sh3279 (3 .0 5 ) n

2930 ( 3 .4 1 ) 2930 ( 3 .4 1 ) CH* asym. s t r .

2890 ( 3 .4 0 ) 2800 (3 .4 6 ) CH* sym. s t r .

Dr2850 ( 3 .5 1 ) o r 2850 (3 .5 1 )

1585 (G.31) 1590 (6 .2 9 ) C=C i . p .  v i b r .

1500 (C.40) 1503 (6 .4 0 )

Rhl458 (6 .8 6 ) s h l 458 ( 6 .8 6 ) ft

rnh l435 (6 .9 7 ) o r  sh l  445 (6 .9 2 ) ? "

1427 (7 .01 1427 ( 7 .0 1 ) ? CH* s c i s s o r s

1147 (8 .7 2 ) 1147 (8 .7 2 ) Ar CH i . p .  d e f .

o r 1139 (8 .7 8 ) o r l 139 (8 .7 8 )

1094 (9 .1 4 ) 1096 (9 .1 2 )

1017 (9 .8 4 ) 1017 (9 .8 4 ) ? assoc* CO s t r .

1004 (9 .9 6 ) f r e e  '*

1042 (9 .6 0 ) d im e r ic  ”

795 (12 .5 8 ) 797 (1 2 .5 8 )  ) 

( 1 2 .7 8 )  )

CH o . o . p .  d e f .

780 (1 2 .6 7 ) 782

753 (1 3 .2 9 ) 748 (1 3 .3 8 )  ) 
)

(1 3 .5 3 )  )

M

745 ( 1 3 . 4 ! ) 739 M

093 (1 4 .4 3 ) 096 (1 4 .3 8 )  )

(14 .4 8 )  1
CCI s t r .

691
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BP4 +BP4 P ro b ab le  a ss ig n m en ts

2930 cm. * ( 3 , 4 1 y i ) 2933 cm. * ( 3 . 4 1 y i ) a sy o .  CH. s i r .

2850 ( 3 .5 1 ) 285 0 ( 3 .5 1 ) ? sym. Oil s t r .

1582 ( 0 .3 2 ) 1590 ( 6 .2 9 ) C=C i  .1 v i b r .

1558 ( 0 .4 2 ) 1503 (6 .4 0 ) H

1443 ( 0 .9 3 ) 1447 (0 .9 1 ) C=C i . p .  v i b r .

1425 (7 .0 2 ) 1429 ( 7 .0 0 ) ? CHg s c i s s o r s

1156 ( 8 .0 5 ) 1151 (8 .6 9 ) Ar CH i . p .  d e f .

1089 ( 9 .1 8 ) 1087 ( 9 .2 1 ) n

100 2 (9 .9 8 ) 1003 ( 9 .9 7 ) ? ”

793 ( 1 2 .0 1 ) 794 

sh 789

(1 2 .5 9 )  I 

(1 2 .6 8 )  )
CII 0 . 0 . p .  d e f .

740 (1 3 .4 0 ) 748

731

(1 3 .3 8 )  ) 

( 1 3 .5 6  )
n

690 (1 4 .5 0 ) 687 (1 4 .5 5 ) CCI s t r .

032 ( 1 5 .8 2 ) 024 (15 .9 0 ) ? r i n g  v i b r .

sh 020 (1 5 .9 8 ) 591 (1 0 .9 2 ) n

588 (1 7 .0 2 ) 572 (1 7 .4 8 ) «

500 (1 7 .8 0 ) 501 ( 1 7 .8 2 ) n

545 (1 8 .3 5 ) 548 ( 1 8 .2 6 ) CDr s t r .
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Bl'O Dl’7 P r o b ab le  Ass ignments

sh l745 ( 5 .7 3 ) monomeric C=0 s t r .

1095 (5 .9 0 ) d im e r ic  C*=0 s t r .

1585 (6 .3 1 ) 1575 ( 6 .3 5 ) C=C i . p .  v i b r .

1548 (6 .4 0 ) 1550 (0 .4 5 ) n

1445 (6 .9 2 ) n

1429 ( 7 .0 0 ) ? C=C i . p .  v i b r  or

-COOH v i b r a t i o n

1429 ( 7 .0 0 ) coup led  CO s t r .  & OH

or sh l403  ( 7 .1 3 )

1282 (7 .8 0 ) ? co up led  CO s t r .  &

1209 ( 7 .8 8 ) ? CO v i b r a t i o n .

909 (1 0 .99 ) OH 0 . 0 . p .  d e f .

607 (1 1 .5 3 ) 875 (11 .4 3 ) CII 0 . 0 . p .  d e f .

815 (1 2 .7 0 ) n

787 (1 2 .7 0 ) 805 (12 .4 2 ) ? CCI s t r .

o r  096 (14 .3 0 ) n

1315 Assignments

eh1443 (6 .9 3 ) Ar CH i . p .  d e f .

o r  sh l449 (0 .9 0 ) M

1431 ( 0 .9 9 ) ? -CH^- s c i s s o r s

769 ( 1 3 .0 1 ) CH 0 . 0 . p .  d e f .

o r  755 ( 1 3 .2 4 )

002 (16 .6 0 ) r i n g  v i b r .

537 (18 .0 2 ) CDr s t r .
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BBl -BBl P ro b ab le  a ss ig n m en ts

1590 ( 6 .2 9 ) 1590 ( 6 .2 9 ) C=C i . p .  v i b r .

1503 ( 6 .4 0 ) 1558 (6 .4 2 ) ft

1057 ( 9 .1 6 ) 1063 ( 9 .4 1 ) —C—0—C— s t r .

909 (1 1 .0 0 ) 905 (1 1 .0 6 ) —C—0—C— v i b r .

884 (1 1 .3 2 ) 688 (11 .2 6 ) ft

795 ( 1 2 .5 7 ) 792 (12 .6 2 ) CH 0 . 0 , p .  clef.

730 ( 1 3 .0 9 ) 767 (1 3 .7 6 ) ft

G8G ( 1 4 .5 8 ) 086 (14 .5 7 ) CCI s t r .

BB2 -BB2

3484 (2 .8 7 ) 3491 (2 .8 6 5 ) asym OH s t r .  o f  w a te r

h '’430 ( 2 .9 1 5 ) ?sh3448 ( 2 .9 0 ) Oil s t r .  o f  Ĥ O

3413 ( 2 .9 3 ) 3430 ( 2 .9 1 ) ft

3322 (3 .0 1 ) 3305 ( 2 .9 7 ) sym. o n  s t r .  o f  H^O

1047 (6 .0 7 ) shlGlO ( 6 .1 9 ) H^O OH d e f .

1010 ( 6 .2 1 ) 1610 ( 0 .2 1 ) ft

159 2 (6 .2 8 ) 1590 (6 .2 9 ) C=C i . p .  v i b r .

1567 (6 .3 8 ) 1565 ( 6 .3 9 ) ft

910 ( lo .9 R ) 910 (10 .9 8 ) ? i^-Me v i b r .

795 (1 2 .5 8 ) 795 (1 2 .5 8 ) CH 0 . 0 . p .  d e f .

or7P2 (1 2 .7 8 ) or7%l ( 1 2 . 8 1 )

or775 (1 2 .8 9 ) or771 (12 .90 )

730 ( 1 3 .0 9 ) 730 (1 3 .7 0 ) ft

695 (1 4 .3 9 ) 096 (14 .3 7 ) CCl s t r .
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DD4 DB7 I r o b a b l e  a s s ig n m e n ts

2903 ( 3 .4 4 5 ) CHg asym. s t r .

2833 ( 3 .5 3 ) ? CHq sym. s t r .

1590 (6.2Î9) C=C i . p .  v i b r .

1558 ( 6 .4 2 ) If

1453 ( 6 .8 8 ) ClI^ s c i s s o r s

o r l4 3 3 ( 6 .9 8 )

817 ( 1 2 .2 4 ) CH 0 . 0 . p.  d e f .  (2Il)

753 (1 3 .2 8 ) 777 (1 2 .8 7 ) CH 0 . 0 . p.  d e f . (3 H )

7 27 ( 1 3 .7 6 ) 725 (13 .8 0 ) If

7( 6 (1 4 .1 7 ) 080 (1 4 .7 0 ) ? CCI s t r .

orG73 (1 4 .8 5 )

BBS BBO

3571 ( 2 .8 0 ) asym. OH s t r .  o f  Ĥ O

3484 ( 2 .8 7 ) CH s t r .  o f  n^O

3413 ( 2 .9 3 ) sym OH s t r .  o f  Ĥ O

1010 (6 .2 1 ) H,0 d e f .

sh l603 (6 .2 4 ) II

1592 (G.28) C=C i . p .  v i b r .

15G5 (G.39) It

739 (1 2 .0 8 ) 702 (13 .12 ) CH 0 . 0 . p .  d e f .

or774 ( 1 2 .9 2 )

729 (1 3 .7 1 ) II

694 (1 4 .4 1 ) CCI s t r .



-  129 -

BD12 BD14 P ro b ab le  a s s ig n m e n ts

2933 ( 3 .4 1 ) asym Cllg s t r .

2833 ( 3 .5 3 ) ? syra CII^ s t r .

1590 ( 0 .2 9 ) 1 005 ( 0 .2 3 ) C=C i . p .  v i b r .

1555 (6 .4 3 ) 1585 ( 0 .3 1 ) it

o r l5 0 5 ( 6 .3 9 )

1451 (6 .8 9 ) Cliq s c i s s o r s

o r l 441 (6 .9 4 )

1003 ( 9 .4 1 ) —C*"0—C— s t r .

90 î (1 1 .0 9 ) —C—0—C— v i b r .

8?1 (1 1 .3 5 ) -C-O-C- v i b r .

801 (1 2 .4 8 ) t CCl s t r .

or079 ( 1 4 .7 3 )

738 ( 1 3 .5 5 ) 745 (1 3 .4 3 ) CH 0 . 0 . p .  d e f .

BBl 5 BBl 6

1537 ( 0 .3 0 ) 1582 ( 6 .3 2 ) C=C i . p .  v i b r .

1558 (6 .4 2 ) 1550 ( 0 .4 5 ) If

780 (1 2 .7 2 ) 798 (12 .53 ) CH 0 . 0 . j . d e f .

or771 (1 2 .9 7 ) or  779 (1 2 .8 3 )

727 ( 1 3 .7 5 ) 735 (13 .6 1 ) Il

670 (1 4 .9 2 )

&/or 007 (1 4 .9 8 ) CBr s t r .
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UMA^SIGNED BANDS CP }iEDIU!1 TO STIIONG INTrNSITT

D1 B2 B3 B4

1176 8 .50 1176 8.50

1468 6.81 1014 9 .8 6 874 11.46 1312 7»62

1280 7.81 854 11.71 sh858 11.52 1266 (7 .9 0 )

1247 8 .0 2 847 11.81 1282 (7 .8 0 )

1192 8 .39 1208 8 .2 8

1070 9 .29 533 18.75 806 12.41

992 10.09 513 19.48 668 14.97

847 11.81 603 16.59

826 12.10 662 17.80

630 15 .80

D5 B7B6

1284 ( 7 .7 9 )

1198 8 .3 5

811 12.331272 7 .86

sh l217  8 .2 2

1199 8 . 3 4

964 10.38572 17 .47

841 11.88548 18 .26

799456 21 .92
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Dll BD2 +BP2

978 10.23 1203 8.31 1203 8.31

845 11.83 818 12.23 1131 8 . 8 4

815 12.18 840 11.82

817 11.25

ni 3 +Br3 BP4 +nP4
1323 7 .56 1174 8 .5 2 1209 8 .2 7 1211 8 .2 6

1218 8.21 998 10.02 1179 6 .48 1178 8 .49

1176 8 .50 987 10 .14 1111 9 .00 1087 8 .99

098 10 .02 970 10.31 891 11.23 892 11.21

883 11.33 870 11.50 504 19.85 501 19.95

637 15.71 852 11.73 492 20.32 487 20 .54

633 15.8

GIG 15 .95 

ca593 c a l 6.9  

567 17.65

560 1 7 .85
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DP5 DP6 BP 7

1218 8.21 1515 6.60 1395 7 .17

1193 8 .3 8 1400 6 .85 1381 7 .2 4

1005 9 .9 5 1381 7 .2 4

830 12 .07 1366 7 .32 •

809 12 .37 1138 8 .79 1233 8.11
1195 8 .3 7

sh774 12.92 1103 9 .0 7 1149 8.70

1086 9.21 886 11.29

1058 9.41

1503 9 .9 7

574 17.43

BBl BBl BB2 - BB2

1 205 ‘ 8 .30 1178 8 .49 1479 6 .76 1475 6.78

1174 8 .5 2 1135 8.81 1439 6.95 1441 6 .9 4

1147 8 .7 2 807 12.49 1179 8 .48 1321 7 .57

1135 8.81 764 13.09 1153 8 .6 7 1208 8 .28

870 11.49 676 14 .84 1130 8 .7 7 1199 8 . 3 4

Sh790 12.66 880 11 .-36 1175 8.51

768 13.02 822 12 .17 1151 8.69

067 14.98 1139 8 .78

602 16.61 880

821

658

11.36

12.19

15.20
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BD4 BB8 BD9 BBIO

1105 8 .3 7 1412 7.08 3040 3.29 1479 6 .76

1175 8.51 1195 8 .3 7 300 3 3 .33 1453 6.88

1110 9.01 1129 8 .8 6 2959 3 .38 1412 7.08

948 10.55 050 10.53 2915 3.43 1202 8 .3 2

862 11.00 890 11 .24 1464 6.83 987 10.13

803 12.45 813 12.30 1449 6.90 947 10.56

771 12.90 757 13.21 1172 8 .5 3 9 20 10.87

701 13 .14 005 1 6 .5 4 1130 8 .8 5 806 11.17

007 15.00 928 10 .77 783 13.77

912 10 .96

803 11.59

830 12.05

BB13 BBl 5 819 12.21 DB17

2732 3 .0 0 3062 3.205 050 15.39 1174 8 .5 2

1404 0 .83 •■030 3.30 60 7 16.49 1120 8 .9 3

1427 7.01 3017 3.315 930 10.75

1370 7.30 2890 3 .4 0 889 11.25

1208 8 .28 1484 6 .7 4 DB16 810 12.35

1172 8 .5 3 770 12.95 1168 8 .5 6

1110 9.01 745 13.43 888 11.26

858 11.05 726 13.77 8 00 11 .63

079 14.73 d l l 16.10 812 12.31

603 10.59
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3000 ! 2500 12000 1500
W AVENU M BER CM

A -
N H A c

COOH
N H

COOH

a
 N H A c  

C l
\Aa

WAVELENGTH U
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3000  2500 '12000 1500 1000 700 500
W A V E N U M B E R  CM

CO O M e

COOH

3 0
7002000 1500 1000 5003000 : 2500

WAVENUM BER CM.'

30
WAVELENGTH ^
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3000 2500 2000 1500 1000 700 500
W A V E LE N G TH  CM.

C O O M e

COOMe COOMe

COOH COOH

(+)

COOH COOH

COOH COOH

30
WAVELENGTH jJL
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1000 7003000 2500 2000 1500 500
W AVENU M BER C M :

ÇH2 ch, 
OH OH

(+)

ÇH2 ÇH. 

O H OH

CH.

CH.

C H ,  CH

W AVELENG TH
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3000 I 25vÜ 2000 1500 700 500
W A VENU M BER CM."’

CH CH

Cl Cl

COOH COOH

16 40 AA 5 5 9 ^ 5 I'o i'i 6  is 1% Î5 ie ' #  î§ S  z'l 22

W AVELENG TH }X
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3000 i5CC 2000 15CC WOO 500700
W AVENU M BER CM

UN BR ID G ED AM INE

PIC R A TE

PICRATE

CH CĤ

CH.

YELLOW B R O M ID E

SA LT FROM

CH3 CH3 d e g r a d a t io n

30
WAVELENGTH ^
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^350o ' 3 0 0 0 : 2500 ;:2000 1500 1000
W A V EN U M B ER  C M '

500

C H .  CH

C l Cl

N O g NO

C H . CH

C H , - : N . 4-  PICRATE  s /  \
C H  H

SA LT FR OM

C H 3 CH3
DEGRADATION

27 30  36 40A-A5 6 9 10 11 12 13 K  15 16 17 18 19 20 21
W A V E L E N G T H
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3000 ; 2500 :2000 1500 1000 700 500
W AVENUM BER CM.

O M e OMe

PICR ATE

N - C H .
'cH,

30

W AVELENGTH
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ULTRWTOLKT SPECTRA

The s p e c t r a  v/ere measured on a Unicam S .P .  500 s ^ e c t r o -  

1 I iotometer u s i n #  s o l u t i o n s  made up i n  96^ EtOII# 

g) ’U ] h e n y l s

92Truce  and Emrick ‘' c o n s i d e r  t h a t  a c o r r e l a t i o n  can  be d ravn  

between band p o s i t i o n  and o p t i c a l  s t a b i l i t y  in  seven-membered r i n g  

b r id g e d  b i p h e n y l s  when no s i g n i f i c a n t l y  auxochromic groups  a r e  p r e s e n t .

They c o n s i d e r  t h a t  compounds w i th  a band a t  lo n g e r  w aveleng th  th a n
o IP

2430 A cou ld  n o t  be v e r y  o p t i c a l l y  s t a b l e .  Ha l l  and V inha j  b e l i e v e

t h a t  w h i le  a rough c o r r e l a t i o n  e x i s t s  i n  u n s u b s t i t u t e d  compounds,

small  V r i a t i o n  in  w aveleng th  need n o t  e f f e c t  r a c é m i s a t i o n  r a t e s . .

All t h e  b r id g e d  d i c h l o r o — compounds which have been s t u d i e d  h e re
o

have th e  c o n j u g a t i o n  band a t  a l o n g e r  w aveleng th  th a n  2420 A. The 

o xep in  and aze j  inium bromide,  BDl and BB2,are h i g h l y  o p t i c a l l y  s t a b l e :  

H31 has  a h a l f - l i f e  of  Of: ho u rs  a t  160®, w h i le  B32 i s  s l i g h t l y  more 

s t a b l e .

There  i s  a d e f i n i t e  change to  s h o r t e r  w aveleng th  i n  th e  

j o s i t i o n  o f  t h * c o n j u g a t i o n  band ( e x c e p t  f o r  th e  d ih y d ro p h e n a n th re n e  

B'37, which does  n o t  change l o s i t i o n )  nnd th e  i n t e n s i t y  i s  d e c r e a s e d  

c o n s i d e r a b l y  in  go ing  from th e  u n s u b s t i t u t e d  compounds to  t h e  d i c h l o r o — 

compounds.  T h is  i n d i c a t e s  reduced  c o n j u g a t i o n .  S ince  c h l o r i n e  i s  

o n l y  a weak auxochrome, th e  d e c r e a s e  i n  i n t e n s i t y ,  compared w i th  t h e  

u n s u b s t i t u t e d  compounds,  may be r e g a r d e d  as  b e in g  s t e r i c  i n  o r i g i n ,
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18a l t h o u g h ,  a f t e r  s t u d y i n g  t h e  t e t r a c h l o r o —compounds, H a l l  and Alinhaj 

c o n s i d e r  t h a t  t h e r e  i s  l i t t l e  s t e r i c  e f f e c t  and t h a t  l a r g e  g roups  a r e  

e a s i l y  accommodated because  o f  t h e  s i z e  o f  t h e  d i h e d r a l  ang le*

The oxep in  1ÎB1 and azep in ium  bromide BB2 have c o n j u g a t i o n  band's 

a t  t h e  same p o s i t i o n  (2460 a) and t h e  lower i n t e n s i t y  o f  t h e  azep in ium  

bromide ( ^ 9 , 400 c f  * 10,700 o f  oxep in )  may be a r e s u l t  o f  t h e

s l i g h t l y  i n c r e a s e d  d i h e d r a l  a n g le  o f  t h e  b ip h e n y l .  Data  f o r  t h e  c o n ju 

g a t i o n  bands i n  t h e s e  and r e l a t e d  compounds a r e  g iv en  i n  t h e  t a b l e  below;
R R

X % 6 max s o l v e n t d ih e d r a l  a n g le r e f

n-i!

o-o 2505 16,500 Eton 43 o r  44 1 8 ,23 ,25

B4(CIIg )2 2490 14,200 EtOH 24

2480 15,000 w a te r 47 18,22

U»Me

B=0
4-

2 4 p 11,000 d io x an 26

2420 9,100 EtOH 2Ga •

n.=ci

B=0 2460 10,700 9 6? EtOH

B=T(CIlg)„ 2460 9,400 96^EtOH

“ o
2470 10,000 Gô'vEtOII 27
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Both t h e  u n s u b a t i t u t e d  and d i c h l o r o - F p i r o - p i p e r i d i n i n m  compounds 

have c o n j u g a t i o n  bands s l i g h t l y  more i n t e n s e  th a n  th e  c o r r e s p o n d i n g  

1 , 1 -d im e th y l - a z e p in iu m  compounds,  a l t h o u g h  th e  smal l  w ave leng th  s h i f t s  

a r e  o p p o s i t e  i n  d i r e c t i o n s *  However,  t h e  u n s u b s t i t u t e d  s p i r o — 

p i p e r i d i n i u m  compound i s  measured i n  a d i f f e r e n t  s o l v e n t .

•7hen t h e  v a l u e s  f o r  t h e  d i m e t h y l - o x e p i n  and azep in ium  bromide 

a r e  compared w i t h  t h e  d i —c h l o r o -  compounds,  t h e  i n t e n s i t i e s  a r e  seen  

to  be a b o u t  t h e  name, b u t  t h e  p o s i t i o n  o f  t h e  c o n j u g a t i o n  band i s  a t  

s l i g h t l y  lower w ave leng th  f o r  th e  d i m e t h y l —compounds• U n f o r t u n a t e l y ,  

t h e  s p e c t r a  o f  t h e  d imethy l  compounds were measured  i n  d i f f e r e n t  

s o l v e n t s ,  so a s t r i c t  compar ison  c a n n o t  be made. ^ 'e thyl  and c h l o r i n e  

a r e  c o n s i d e r e d  to  have a b o u t  th e  same s i z e ,  a l t h o u g h  Adam and Y uan 's  

i n t e r n o l e c u ! a r  d i s t a n c e s  g iv e  Cl )> CH^ and W il l iamson  and R odebush 's  

o r d e r  o f  i n t e r f e r e n c e ,  e s t i m a t e d  from van d e r  W aa ls ' r a d i i ,  a l s o  g i v e s  

Cl > CH^. R ac é m isa t io n  d a t a  o f  c e r t a i n  b ip h e n y l s  g iv e  CH^ >  C l ,  b u t  

o t h e r  f a c t o r s  e n t e r  i n t o  c o n s i d e r a t i o n  h e r e .  G e n e r a l l y ,  methyl  and 

c h l o r i n e  a r e  c o n s i d e r e d  to  be o f  t h e  same o r d e r  o f  s i z e  and t o  have 

c o m p a r a t i v e l y  l i t t l e  e l e c t r o n i c  i n t e r a c t i o n  w i th  t h e  c o n j u g a t i o n  

sy s tem .  The i n t e n s i t y  o f  t h e  c o n j u g a t i o n  bands a r e  o f  t h e  same o r d e r ,  

b u t  s i n c e  t h e  w ave leng ths  o f  th e  c o n j u g a t i o n  bands a r e  d i f f e r e n t ,  t h e  

g roups  must d i f f e r  i n  s i z e  o r  i n  e l e c t r o n i c  i n t e r a c t i o n  w i th  t h e  

benzene r i n g ,  or  | e r h a p s  i n  b o th .
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Beaven and Johnson^^have  r e p o r t e d  t h a t  c h l o r i n e ,  b e in g  o n l y  a 

weakly  p o l a r  auxochrome, has  a s c a r c e l y  g r e a t e r  e f f e c t  on t h e  benzene 

spec t rum  th a n  methyl does :  t h e  bathochromic  s h i f t  i s  g r e a t e r ,  b u t

t h e  i n t e n s i t i e s  a r e  l i t t l e  a f f e c t e d .  T h i s  i s  i n  acco rd an ce  w i th  th e  

o b s e r v a t i o n s  on th e  s p e c t r a  o f  t h e  o x ep in  and azep in ium  compounds.

The azep in ium  bromide,  BB2, and p i c r a t e ,  B33, show bands  a t

s i m i l a r  w ave leng th  e x c e p t  i n  th e  c a s e  o f  th e  c o n j u g a t i o n  band,  when

t h a t  o f  t h e  j i c r a t e  i s  a t  a d e f i n i t e l y  lower w a v e le n g th .  All th e

1 i c r a t e s  show a d i s p l a c e m e n t  o f  th e  c o n j u g a t i o n  band to  s h o r t e r

w a v e le n g th .  T h i s  d i s p l a c e m e n t  i s  p r o b a b l y  due t o  th e  s u p e r i m p o s i t i o n

o f  t h e  p i c r a t e  a b s o r p t i o n  on t h a t  o f  t h e  b ipheny l  sys tem ( c f .  H a l l  and 

34\i o o l e '  ) .  T h i s  a p p e a r s  t o  have an even g r e a t e r  e f f e c t  on th e  

9—d im e th y l  amino- compound, BB5, which ,  b e in g  a compound w i th  a 2—atom 

b r i d g e ,  a b so r b s  a t  a lo n g e r  w a v e le n g th .  The c o n j u g a t i o n  band i n  BB6 

a p p e a r s  as  a v e r y  broad s h o u ld e r  and i t  i s  d i f f i c u l t  to  e s t i m a t e  th e  

p o s i t i o n  a c c u r a t e l y .  T h i s  band would seem to  be v e r y  weak, s i n c e  

t h e r e  i s  l i t t l e  d i f f e r e n c e  between t h i s  nnd t h e  a b s o r p t i o n  o f  p i c r i c  

a c i d  a t  t h e  same w av e len g th ,  and t h e  p i c r a t e  io n  may be e x p ec ted  t o  

have a s im i la r  a b s o r p t i o n  t o  t h e  a c i d  a t  t h i s  w a v e le n g th .

A c c o rd in g ly ,  th e  u l t r a v i o l e t  sp ec t rum  o f  t h e  h y d r o c h l o r i d e  o f  

t h e  l i b e r a t e d  base  was measured ,  and t h i s  shows l i t t l e  a b s o r p t i o n  

in  t h i s  r e g i o n .  The spec t rum  of  t h i s  comp>ound w i l l  be mentioned  

s e p a r a t e l y  l a t e r  i n  t h i s  s e c t i o n .
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The p o s i t i o n  o f  th e  azep in ium  p i c r a t e  HB3 c o n j u g a t i o n  band i s  i n
O

th e  range  o f  2400—2440 A which i s  g iv e n  by Mislow‘“ f o r  t h r e e —atom 

b r id g e d  compounds s u b s t i t u t e d  w i th  c h l o r i n e  or  m e t h y l . The r e s t  o f  

t h e  seven—membered r i n g  compounds have bands above t h i s  r a n g e .

J ' i s l e w ' s  r a n g e s  a r e  based on a l i m i t e d  number o f  compounds,  which o n ly

i n c l u d e s  two comp>ounds s u b s t i t u t e d  w i t h  c h l o r i n e ,  one o f  which has  a
 ̂ o o

band a t  2440 A and t h e  o t h e r  a t  2470 A.

The d ic h lo ro - d i m e th y l a n in o d ih y d r o p jh e n a n ih r e n e  p i c r a t e  i s  a l s o

o u t s i d e  t h e  ran g e  g iven  f o r  b i p h e n y l s  w i th  a 2-a tom b r i d g e  i . e .  2600—
o  o

2: 40 A. Tliis  b and , a t  2560 A & 17 ,700 i s  below, and t h e  d i c h l o r o -
o *

d ih y d ro j 'h e n a n th re n e  a t  2045 A ^ ^ ^ 1 1 , 1 0 0  v e r y  s l i g h t l y  above t h e  

g iv e n  r a n g e .

On go ing  from th e  th ree -a tom  b r i d g e  t o  th e  two—atom b r i d g e ,  t h e r e  

i s  an i n c r e a s e  i n  w a v e le n g th ,  b u t  l i t t l e  i n c r e a s e  i n  i n t e n s i t y .  There  

must be c o n s i d e r a b l e  d i s t o r t i o n  o f  t h e  m o lecu le  and t h i s  i s  borne o u t  

by t h e  d i f f i c u l t y  in  p r e p a r i n g  th e  comp ound from t h e  d i c h lo r o b i s b r o m o — 

methyl  bip,h e n y l . A s i m i l a r  d i f f i c u l t y  i n  r i n g  c l o s u r e  i s  found w i th

t h e  d imethoxy— compound^^, a l t h o u g h  methoxy i s  v e r y  much s m a l l e r .

The y i e l d s  from t h e  r e a c t i o n s  a r e  a b o u t  t h e  same u nde r  t h e  some 

c o n d i t i o n s .  However,  o t h e r  w o rk o r s ^ ^ *^^have p r e p a r e d  t h e  d im e thy l  

d ih y d ro p h e n a n th r e n e  i n  good y i e l d .

The d i c h l o r o d i h y d r o p h e n a n t h r e n e  ( DB7) c o n j u g a t i o n  band i s  c l o s e  

t o  t h e  p o s i t i o n  o f  th e  u n s u b s t i t u t e d  comp ound, a l t h o u g h  reduced  i n

i n t e n s i t y ;  e x t i n c t i o n  c o e f f i c i e n t s  a r e  ^  ^11,100 and 6  17,000max ' max '
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r e s p e c t i v e l y .  The r e d u c t i o n  in  i n t e n s i t y  i s  t h u s  t o  a b o u t  t h e  same

e x t e n t  a s  i n  t h e  o x e p in s .  The d im o th y ld ih y d ro p h e n a n th r e n e  a b so r b s
0 3  o  —

a t  a h ig h e r  f r eq u e n cy  and i n t e n s i t y "  (2610 A, ) t,han t h e

d i c h l o r o -  comj)ound. S in c e  t h e  e f f e c t s  i n  t h e  d ih y d r o p h e n a n th re n e s  
18a r e  c o n s i d e r e d  t o  be p r i m a r i l y  s t e r i c ,  t h e  d i f f e r e n c e s  i n  r e d u c t i o n  

o f  i n t e n s i t y  s u g g e s t  t h a t  c h l o r i n e  i s  l a r g e r  t h a n  m e th y l ,  o r  e l s e  t h a t  

w i th  methyl t h e  s t r a i n  can  more e a s i l y  be r e l i e v e d  by d i s t o r t i o n  o f  

th e  methyl  g roup  th a n  o f  t h e  bip,henyl  s k e l e t o n .  Again ,  t h e r e  i s  a 

l e s s e r  b lu e  s h i f t  w i th  t h e  d i c h l o r o — compiound th a n  w i th  t h e  m ethy l— 

comp,ound from th e  c o n j u g a t i o n  band p o s i t i o n  in  th e  u n s u b s t i t u t e d  

compound: t h e  d i f f e r e n c e  i s  o f  t h e  same o rd e r  as  was found fot*

seven-membered r i n g  compounds.

The compoound DB6 appea red  t o  have l i t t l e  b ipheny l  a b s o r p t i o n  i n  

t h e  c o n j u g a t i o n  band r e g i o n  and th e  h y d r o c h l o r i d e  shows no c o n j u g a t i o n
o

band in  th e  r e g i o n  above 2400 A. The spec t rum  s t r o n g l y  re sem b le s
o

t h a t  o f  an unbr id g ed  b i p h e n y l , w i th  a broad s h o u ld e r  a b o u t  2200 A

( £  a b o u t  2 0 , 0 0 0 ) on t h e  s h o r tw a v e lc n g th  band, due to  t h e  r e s i d u a l  max ’ '  to 7

c o n j u g a t i o n  o f  t h e  b ipheny l  sy s tem .  The s h o r t  w ave leng th  band i s  a l s o
o

a t  a c o n s i d e r a b l y  s h o r t e r  w aveleng th  ( <2020 A ) t h a n  t h a t  o f  t h e  

b r id g e d  compounds (2150-2200 A), and t h e  long  w ave leng th  f e a t u r e s ,  

a l t h o u g h  much weaker and a t  a s h o r t e r  w a v e le n g th ,  a r e  c l e a r l y  d e f i n e d .

The azep in ium  bromide BB2 i s  t h e  o n ly  o t h e r  compound to  show 

t h r e e  d e f i n i t e  long  w aveleng th  f e a t u r e s .  The s h o r t e s t  w ave leng th
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o f  t h e s e  b e in g  a d i s t i n c t  pealc. Most o f  t h e  long  w ave leng th  bands

show o n ly  as i n f l e c t i o n s #  The c i r c u l a r  d i c h r o i s m  sp,ectruri  o f  t h e '

ox ep in  r e v e a l s  t h e  p re s en c e  o f  a t h i r d ,  and o p t i c a l l y  a c t i v e , band,

which does  n o t  show up i n  t h e  u l t r a v i o l e t  sp ec t rum .  The oxep in

long  w ave leng th  bands a r e  a t  s h o r t e r  w ave leng th  and have c o n s i d e r a b l y

lower i n t e n s i t y  th a n  th o s e  o f  t h e  azep in ium bromide.

The s i x —membered r i n g  compounds show o n ly  one long  waveleng th
»

i n f l e c t i o n .  Any Iwr i n t e n s i t y  bands a t  a s h o r t e r  w ave leng th  a r e

l i k e l y  t o  be h id d e n  under  t h e  c o n j u g a t i o n  band.

b) 4 , 5 —Dichlorop he uvnthrene 

35M u r r e l l  r e p o r t s  t h a t  s t e r i c  h in d r a n c e  o f  t h e  methyl g roups  in

4 ,5 -d im e th y lp -h en an th ren e  i s  r e l i e v e d  bo th  by d i s p l a c e m e n t  o f  t h e

s u b s t i t u e n t s  and t w i s t i n g  o f  th e  1 , 1 ' — bond, and t h i s  l e a d s  to  a

l a r g e r  s h i f t  i n  t h e  pj band th a n  i s  n o r m a l ly  due to  a  methyl g ro u p .

The d ie h io ro p ,h e n an th ren e  a l s o  shows a c o n s i d e r a b l e  r e d  s h i f t  compared

to  p h e n an th ren e  ( 250 A f o r  t h e  l o n g e s t  y a v e l e n g th  p e a k ) .  The s h i f t

i s  g r e a t e r  t h a n  t h a t  in  t h e  4—f l u o r o -  and 4—n i t r o -  compounds (200 and 
0

150 A r e s p , e c t i v e l y )  a s  would be exp e c t e d  from a s t e r i c  e f f e c t .  The 

a and jS b in d s  have a l s o  undergone a r e d  s h i f t ;  t h e  two peaks  shown 

i n  t h e  a band a r e  both  a t  l o n g e r  w a v e le n g th s  t h a n  t h o s e  o f  p h en an th ren e  

and 4—fluorop  h e n a n t h r e n e . M u r re l l  c o n s i d e r s  t h a t  s t e r i c  d i s t o r t i o n

l e a d s  t o  changes  i n  waveleng th  o f  t h e  pa band r a t h e r  th a n  changes  i n  

i n t e n s i t y ;  o n l y  when mesomerism between t h e  s u b s t i t u e n t  and th e  

n u c l e u s  i s  h in d e re d  do l a r g e  changes  in  i n t e n s i t y  o c c u r .  There  i s
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no change in  i n t e n s i t y  between p h e n an th ren e  and 4 , 5 —dim ethy lp .henan threne  

b u t  4—f l u o r o — nd 4—n i t r o -  p h en an th ren e  chow a s l i g h t  d e c r e a s e  i n  

i n t e n s i t y  and 4 , 5 -d i c h io r o p  h e n a n th r e n e  a l i t t l e  more,  s u g g e s t i n g  t h a t  

in  t h e s e  t h r e e  conj iounds ,  t h e r e  i s  a g r e a t e r  de g re e  o f  e l e c t r o n i c  

i n t e r a c t i o n  th a n  i n  t h e  d im e th y l— compound* Of t h e  two l o n g i t u d i n a l l y  

p o l a r i s e d  t r a n s i t i o n s ,  a and ^  , t h e  fo rmer  shows an i n c r e a s e  o.nd th e  

l a t t e r  a smal l  d e c r e a s e  i n  i n t e n s i t y .
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ULTRAVIOLET SPECTRA OF COMPOUNDS W IT H
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ULTRAVIOLET S P E C T R A  OF COMPOUNDS WITH

A 6 - M E M B E R E D  b r i d g i n g  RING
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ULTRAVIOLET S P E C T R A  OF COMPOUNDS W IT H

A 6 - M E M B E R E D  OR 7-MEMBERED BRIDGING RING
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ULTRAVIOLET S P E C T R U M  OF -

4 ,5 -D IC H L O R O P H E N A N T H R E N E
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CinCITlAR PICIIROTS?! Sl'TXTRA

The c i r c u l a r  d i c h r o i s m  s p e c t r a  were measured on a R o u ss e l—

Jouan  d ichro{^ra ]h  a t  West Ham C o l l e g e  o f  Technology. The lower
o

w av e len g th  l i m i t  o f  t h e  machine i s  a b o u t  2150 A b u t  t h e  hydrogen

lamp i s  a so u rc e  o f  i n s u f f i c i e n t  power t o  e n ab le  r e a d i n g s  below 
o

2250 A to  be made on t h e  2 , 2 d i c h l o r o —6 ,6 * —b ish y d ro x y m e th y lb ip h en y l

( + D1’3 ) .  For compounds o f  t h i s  ty],e v,hich a b so r b  s t r o n g l y  i n  t h i s

r e g i o n ,  t h e  s o l u t i o n  b e in g  measured i s ,  o f  n e c e s s i t y ,  d i l u t e  and

t h e  s p e c t r a  show o n ly  smal l  d e f l e c t i o n s #  ^Measurements were made on

t h e  d i o l  +BI3, t h e  oxep in  —DDl and t h e  azepin iura  bromide —B32. The

d i o l  ( + n i 3) has  a broad p o s i t i v e  band c e n t r e d  a b o u t  2G50 A, b u t  no
o

lower  w ave leng th  band maxinvi b e f o r e  2250 A a l th o u g h  th e  s i g n  i s  

shown to  be n e g a t i v e #  T h i s  means t h a t  e i t h e r  any r e m a in in g  

c o n j u g a t i o n  band or t h e  h ig h  f r e q u e n c y  band i s  a s s o c i a t e d  w i th  a 

n e g a t i v e  C o t to n  E f fe c t#  The c o n j u g a t i o n 'b a n d  C o t to n  E f f e c t ,  i f  

weak, which would be e x p e c t e d , would ap p ea r  as  a s h o u ld e r  on t h a t  

o f  t h e  s h o r t - w a v e l e n g t h  band i f  t h e y  were t h e  same s i g n ,  or  m igh t  

b e c a n c e l l e d  o u t  by t h e  s h o r t —wave1eng th  band i f , t h e y  a r e  o f  d i f f e r e n t  

s i g n .  A n e g a t i v e  C o t to n  E f f e c t  c o r r e s p o n d i n g  to  t h e  c o n j u g a t i o n

band o f  a b i j h e n y l  w i th  R c o n f i g u r a t i o n  would mean a t r a n s  c o n fo rm a t io n

6o f  t h e  b ip h e n y l#  The i n f r a r e d  spec t rum  in  c h lo ro fo r m  s o l u t i o n  

shows t h e  p re s e n c e  o f  0 I I . . . . 0  hydrogen bonding and t h i s  i n d i c a t e s  

t h a t  i n  t h i s  s o l v e n t ,  t h e  d i o l  i s  in  t h e  c i s  c o n f o r m a t io n ,  and 

s u g g e s t s  t h a t  th e  c o n j u g a t i o n  band C o t to n  E f f e c t  ha s  been c a n c e l l e d
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o u t  by th e  s t r o n g  s h o r t —wave band.

Measurements on t h e  d i o l  a t  t e m p e r a t u r e s  o f  10° vnd 50° showed

no n o t i c e a b l e  d i f f e r e n c e s  i n  t h e  C.D, c u r v e s .  However, smal l

d i f f e r e n c e s  would n o t  bo a b l e  t o  be d i s c e r n e d .  Advances in

i n s t r u m e n t a t i o n  may, i n  t h e  f u t u r e ,  e x tend  th e  w ave leng th  range  and

improve t h e  s p e c t r a  and t h i s  nay e n ab le  any t e m p e r a t u r e  dependence

o f  th e  C.D. Spec trum to  be i n v e s t i g a t e d ,  and help, t o  e x p l a i n  t h e

temp e r a t u r e  dep endence o f  th e  r o t a t i o n  o f  t h e s e  compounds.

The C.D. c u rv e s  o f  t h e  oxepin  and azep in ium  bromide show t h a t

a l l  o f  t h e  t r a n s i t i o n s  which g iv e  r i s e  to  bands i n  t h e  u l t r a v i o l e t

s p e c t r a  a r e  o p t i c a l l y  a c t i v e .  I ik e  t h e  u l t r a v i o l e t  s p e c t r a ,  t h e

C.D. s p e c t r a  o f  th e  two compounds a r e  v e r y  s i m i l a r .  The C.D.

sp ec t ru m  o f  t h e  oxep in  r e v e a l s  t h e  p r e s e n c e  o f  a t h i r d  longwave

a b s o r p t i o n  band which i s  n o t  obv ious  in  t h e  u l t r a v i o l e t  splectrum.

I t  i s  p o s s i b l e  t h a t  i t  i s  a t  s h o r t e r  wavelen'^th t h a n  t h a t  i n  th e

u l t r a v i o l e t  spec t rum  o f  t h e  azep in ium  bromide,  s i n c e  t h i s  i s  t h e  c a s e

w i th  t h e  o t h e r  two long—w aveleng th  bands ,  and t h a t  i t  i s  v e r y  weak

in d e e d ;  com par ison  - i t h  t h e  azep in ium  bromide " ou ld  s u g g e s t  t h a t

i t  m igh t  be o f  t h e  o r d e r  o f  . _ 200. On i n s p e c t i o n  o f  th e   ̂ i n f .  '

u l t r a v i o l e t  spec t rum  i t  a p p e i r s  t h a t  t h e r e  may be a s h o u ld e r  a t

A 2880 A, ca,*430. I t  i s  n o t  v e r y  n o t i c e a b l e  because  i t  i s
o

v e r y  weak and c l o s e  to  th e  2830 A b an d .

The sh o r t -w a v e  b ind  and c o n j u g a t i o n  band both have a p o s i t i v e  

C o t to n  E f f e c t .  The s ig n  o f  t h e  l a t t e r  i s  c o n f i r m a t i o n  o f  th e
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23
a b s o l u t e  c o n f i g u r a t i o n ,  ( R ) , o f  t h e  b ipheny l  m o ie ty"  • The l o n g e s t

w ave leng th  C o t to n  E f f e c t  i s  a l s o  p o s i t i v e ,  a s  e x p ec ted  from M is lo w 's
26r u l e  f o r  use  w i th  b r id g e d  b i p h e n y l s "  , i . e .  w i th  6 , 6 ' - d i c h l o r o -  

s u b s t i t u e n t s  th e  long^rave C o t ton  E f f e c t  i s  p o s i t i v e  f o r  t h e  R 

c o n f i g u r a t i o n .  The o t h e r  two 1ong—wave1ength  a b s o r p t i o n  bands show

n e g a t i v e  C o t to n  E f f e c t s .

93The d im e th y l  oxep in  C.D. spec t rum  i s  r e p o r t e d  to  be an e x c e p t io n  

to  t h a t  g e n e r a l l y  g iv e n  by a seven-membered r i n g  b r id g ed  b ip h e n y l ,  

s i n c e  i t  does  n o t  e x h i b i t  t h e  long-wave C o t ton  E f f e c t .  The d i c h l o r o -  

oxep in  sp ec t rum  re sem b le s  t h a t  o f  t h e  d im e th y l  compound w i th  t h e  

l iomocyclic b r id g e  r a t l i e r  th a n  t h a t  o f  t h e  d im e thy l  o x e p in .
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CIRCTl AR DICHROISM SD^XTRA

( - )  DBl 

oxep in

( - )  BB2 

azep in ium  bromide

t i g n s ig n

2880 + 2880 +

(2820) - (28 20) -

2720 - 2720 -

2420 + (2420) +

c a . 2230 + 2250 +

V a lu es  i n  b r a c k e t s  a r e  i n f l e c t i o n s

Dio l +DB3 has  a broad p o s i t i v e  band c e n t r e d  a b o u t  2G50 A

S o lv e n t :  methanol
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DATA FOR C.D. SDECTRA

Oxepin

S o l n .  1 0 .5 6  g . / l i t r e
o

Measured down to  2070 A 

5 nm. c e l l  

D e f l e c t i o n  x  “/S

S o l n .  2 0 .0 5 6  g . / l i t r e
o

Measured down to  2340 A 

5 nm. c e l l  

D e f l e c t i o n  x  4

S o l n .  3 0 .0056  g . / l i t r e
0

Measured down to  2200 A 

5 nm. c e l l  

Def1e c t i o n  x  40

Azepinium Bromide 

S o ln .  1 0 . 4  g . / l i t r e
o

Measured doira t o  2700 A 

10 nm. c e l l  

D e f l e c t i o n  x 4

o
S o l n .  1 measured down to  2500 A 

2 nm. c e l l  

D e f l e c t i o n  x ^ / 2

S o ln .  2 0 .08  g . / l i t r e
o

Measured down t o  2200 A 

2 mm. c e l l  

D e f l e c t i o n  x ^ / 2

a -  1 .5  X lO” ^ X m o le c u la r  w t .  x no. mm. d e f l e c t i o n

g . / l i t r e  X p a th  l e n g t h

At 2420 A, d e f l e c t i o n  «= 16 .6  mm.

^ - ^ ^ . 2 . 4 ,  [G-] » 3300 X  2.4=7900

At 2720 X ,  d e f l e c t i o n  = 16 .6  mm.

[©']=-3300 X 0.6=2000

At 2420 A, d e f l e c t i o n  « 5 mm. 

^ - S ^ = 1 .7 5  , [9-]=3300 X  1.75=5800

At 2720 A, d e f l e c t i o n  = 4 mm. 

^ ^ - ^ = - 0 . 2 8 ,  [e ]= -3 3 0 0  X  0 .2 8  =-920
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U .V .A ND C.D. S P E C T R A  OF -  BB 1

Cl Cl

U.V.

CD.

-  7 , 9 0 0

L O G  E

I©-)

( a p p r o x .

v a l u e s )

-  * 2,0 00

9
3 0 0 0  • A220 0 2 6 0 0 2 8 0 0

W A V E L E N G T H
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U.V. AND C.D. S P E C T R A  OF - B B 2

Cl Cl

U.V.

B r

CH _  CH

CD.

i

5 8 0 0
L O G  E

( a p p r o x .

V A L U E S  )

3

-  9 2 0

2200 2 4 0 0200 0 2 6 0 0 2 8 0 0 3 0 0 0

W A V E L E N G T H
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EXFI'ïïlIMrNTAL

3—C h ioro—2—io d o to l u e n e  2—Amino—3—c h l o r o t o l u e n e  (28g* ,  1 m o l . )

vaa d i a z o t i a e d  iii t h e  u su a l  manner u s i n g  CN h y d r o c h l o r i c  a c i d  (150 c *c ,)

and sodium n i t r i t e  ( l 5 g * , 1.1  m o l . )  d i s s o l v e d  i n  w a te r  (28 c . c «  ) •

The d i a z o  s o l u t i o n  was s lo w ly  added to  j o t a s s i u r a  iocU.de ( l 5 g * , l * 5  mol) 

d i s s o l v e d  i n  w a te r  (sO c . c *  ) and c o n t a i n e d  i n  a  3 l i t r e  f l a s k ,  w i th  

shak ing*  Vdion th e  r e a c t i o n  was c a r r i e d  o u t  w i th  l a r g e r  q u a n t i t i e s ,  

m echan ica l  s t i r r i n g  was used*

I f  th e  a d d i t i o n  o f  th e  d i a z o  compound t o  [ o t a s s i u m  io d i d e  

s o l u t i o n  was c a r r i e d  o u t  a t  room t e m p e r a t u r e ,  b r i g h t  o rangé—red  

c r y s t a l s  were formed, which decomposed, sometimes e x p l o s i v e l y  i f  

th e  s o l u t i o n  was n o t  shaken ,  w i th  e v o l u t i o n  o f  n i t r o g e n  to  g iv e  an 

o i l *  I t  was found t h a t  i f  t h e  p o ta s s iu m  io d id e  s o l u t i o n  w%.s warmed 

to  a b o u t  50° b e f o r e  t h e  d i a z o  s o l u t i o n  was added ,  th e  r e a c t i o n  

1 roceeded  smoothly*

Sodium m c t a b i s u l p h i t e  was added to  remove t h e  f r e e  i o d i n e ,  

and t h e  iodo— compound wss s team d i s t i l l e d *  The d i s t i l l a t e  was 

c o o led  in  th e  r e f r i g e r a t o r  and th e  c ru d e  p ro d u c t  was f i l t e r e d  o f f ,  

g i v i n g  39g * (78^)  o f  3 -c h lo r o - 2 - io d o to lu e n e ,m * p *  26°—27®* F i e s e r
gn

and Cason g iv e  m,p* 27*3°—27*6°* A l t o g e t h e r ,  5G5g* were

I rep a red *
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Attempted  I r e p a r a t i o n  o f  6 ,6 * —D ic h lo r o —2,2*—d i t o l y l  by an Ullman 

R e a c t io n

3—Chio r o - 2 - i o d o t o l u e n e  (30 g*,  1 m o l . )  was h e a t e d  under  r e f l u x  

( a i r  c o n d e n s e r ) ,  witli m echanica l  s t i r r i n g ,  in  a meta l  b a t h ,  and 

coj pe r  bronze  (30 g . , 4 atoms) was added a t  i n t e r v a l s .  The meta l  

b a th  was m a in ta in e d  a t  a t e m p e r a t u r e  o f  a b o u t  250° f o r  two d a y s ,  

and a l th o u g h  th e  temi o r a t u r e  o f  th e  m ix tu r e  cou ld  n o t  be a c c u r a t e l y -  

r e c o r d e d ,  i t  a p p a r e n t l y  n e v e r  r o s e  above t h a t  o f  t h e  meta l  ba th# 

A f t e r  c o o l i n g  t o  150° ,  t h e  s o l i d  was e x t r a c t e d  w i th  t o l u e n e ,  which 

was s u b s e n u e n t l y  d i s t i l l e d  o f f  and t h e  r e s u l t i n g  l i q u i d  was 

d i s t i l l e d  unde r  reduced  p r e s s u r e  g i v i n g  f r a c t i o n s  a) b . p . 79°—84° 

/ 2 5 . 3  mm., b) b . p .  80°—9 0 ° / lG  mm. and l e a v i n g  c ) ,  which s o l i d i f i e d .  

Samples o f  t h e  f r a c t i o n s  were examined and compared w i th  t o l u e n e  

jind th e  s t a r t i n g  m a t e r i a l  by vapour phase  chrom atography ,  u s i n g  

' G f t .  columns o f  25^ s i l i c o n e  on c e l i t e  a t  220° and 215° and a 

flow r a t e  o f  2 l i t r e s  p e r  h o u r .  T h i s  showed th e  f r a c t i o n s  t o  be 

m i x t u r e s  o f  be tween two and f i v e  components .  F r a c t i o n s  a) and 

b) wore combined and d i s t i l l e d  under  a tm o sp h er i c  p r e s s u r e  g i v i n g  

5 g .  o f  f r a c t i o n  1 ) ,  O.O.g .  o f  f r a c t i o n  2 ) ,  and 1.1 g .  o f  f r a c t i o n  

3 ) .  These were a l s o  examined by vapour  phase  c h ro m a to g ra jh y  and 

found t o  be m i x t u r e s .  The r e s i d u e  from t h i s  d i s t i l l a t i o n  was 

e x t r a c t e d  w i th  t o l u e n e  and th e  s o l v e n t  th e n  removed. The r e s u l t i n g  

t a r  was c r y s t a l 1 ined  tw ice  from aqueous  e t h a n o l ,  and th e n  from
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e t h a n o l ,  g i v i n g  0 .5  g .  of  a s o l i d  R m.p .  87°—8 0 ° .  T e s t s  on a

t h i n  l a y e r  a lumina  p l a t e  u s i n g  l i g h t  p e t ro le u m  ( b . p .  40°—G0°) gave 

fo u r  s p o t s  which were shown up by f l u o r e s c e n c e  in  u l t r a v i o l e t  l i g h t .

A s o l u t i o n  o f  R was p u t  th ro u g h  an a lumina  column g i v i n g  0 .18  g .  o f  

a 1 s t  f r  c t i o n ,  m.p .  90°—9 7 ° ,  and a smal l  2nd f r a c t i o n ,  ra.p.  a b o u t  

70° .  The 1 s t  f r a c t i o n  was r e t r e a t e d  and th e  m e l t i n g  p o i n t  was 

th e n  9 0 ° - 1 0 7 ° .

rY ac t io n  c) from t h e  f i r s t  d i s t i l l a t i o n  was c r y s t a l l i s e d  from

e th a n o l  and had n . p .  84*^-94°. Using l i g h t  p e t ro le u m  ( b . p .  40°—G0°)

and s i l i c a  ge l  t h i n  l a y e r  p l a t e s ,  f o u r  w id e ly  spaced s p o t s  were

o b t a i n e d ,  f l u o r e s c i n g  i n  u l t r a v i o l e t  l i g h t .  O.7 .G . o f  c)  were j u t

down a s i l i c a  gel  column and 45 f r a c t i o n s  o f  s o l u t i o n  were c o l l e c t e d .

F r a c t i o n s  22-27 gave a t r a c e  o f  s o l i d  and f r a c t i o n s  41—45 gave a

s o l i d  o f  m.p,. 9 8 ° -108°  ( f r  i c t i o n  41 ) t o  m .p .  95°-105°  ( f r a c t i o n  4 5 ) .

94G,G '—D ic h lo r o —2 , 2 ' —d i t o l y l  has  m .p .  119° .

•Vitemptod 1 r e p a r a t i o n  o f  G, G' —Diehl o ro—2, 2* —d i t o i yl  by a G r igna rd  

R e a c t io n

A. Using  anhyrlrous c u i r i c  c h l o r i d e

3 -C h lo r o - 2 - i o d o t o l u e n e  ( G3 g . , 1 m o l . )  was d i s s o l v e d  in  sodium 

d r i e d  e t h e r  and j a r t  o f  i t  added t o  magnesium t u r n i n g s  (6 .1  g . , 1 atom) 

j u s t  covered  w i th  o t î i e r .  A f t e r  h o u r ,  t h e  r e a c t i o n  was i n i t i a t e d  

by s e r a i in g  and s t i r r i n g  th e  magnesium t u r n i n g s  w i th  a g l a s s  r o d .

^flien th e  r e a c t i o n  s t a r t e d ,  th e  r e s t  o f  t h e  3—chi  o ro—2—io d o to lu e n e
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s o l u t i o n  was ;»dded ® t h a t  t h e  e t h e r  was g e n t l y  r e f l u x i n g .  The 

m ix tu r e  was s t i r r e d  f o r  a f u r t h e r  ^ h o u r ,  b u t  s t i l l  c o n t a i n e d  some 

u n r e a c t e d  magnesium. Anhydrous c u p r i c  c h l o r i d e  (45 g . , 1 .25  mol .  ) 

which had been d r i e d  by h e a t i n g  a t  l e s s  th a n  120° f o r  two h o u r s ,  was ’ 

added down th e  con d en se r  and washed th ro u g h  w i th  e t h e r .  The m ix tu re  

was h e a t e d ,  w i th  s t i r r i n g ,  on a w a te r  b a th  f o r  2g h o u r s ,  th e n  l e f t  

f o r  OG h o u r s .  lecorq o s i t i o n  was e f f e c t e d  by p o u r in g  i t  on to  i c e  

and a d d in g  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d ,  fo l lowed  by f e r r i c  c h l o r i d e  

(45 g . , 1 n o l . )  d i s s o l v e d  i n  w a t e r ,  t o  o x i d i s e  th e  cuprous  c h l o r i d e  

formed. The e t h e r e a l  l a y e r  was s e j a r a t e d  and th e  aqueous  l a y e r  

e x t r a c t e d  fo u r  t i n e s  w i th  e t h e r .  The combined e x t r a c t s  were washed 

w i th  d i l u t e  h y t i r o c h lo r i c  a c i d , w a t e r ,  sodium h y d ro x id e ,  th e n  w a t e r ,  

and d r i e d  ove r  anliydrous magnesium s u l p h a t e .  The e t h e r  was removed 

and th e  r e s i d u e  d i s t i l l e d  a t  a tm o sp h er i c  p r e s i u r e .  Decompos i t ion  

s t a r t e d  and so t h e  m a t e r i a l  was a l l  washed o u t  w i th  e t h e r ,  washed 

t h r e e  t im e s  w i th  sodium h y d ro x id e  s o l u t i o n ,  th e n  w i th  w a t e r ,  and 

d r i e d  over  anhydrous  magnesium s u l p h a t e .  After-  removing th e  e t h e r , 

d i s t i l l a t i o n  was c a r r i e d  o u t  under  a p r e s s u r e  o f  1 mm. g i v i n g  8 . 3  g .  

o f  b . p .  up t o  130°,  3 , 4  g .  o f  b . p .  130°—198°,  5 .8  g .  o f  b . p .  198°—

2G0° and G g .  of  b . p .  260°-280° ;  on f u r t h e r  d i s t i l l a t i o n ,  

d e co m p o s i t io n  o c c u r r e d .  The f r a c t i o n s  o b t a in e d  were o f  i n c r e a s i n g  

v i s c o s i t y  and t h e  4 th  s e t  t o  a g l a s s .  Attempts  t o  c r y s t a l l i s e  th e  

3rd  and 4 th  f r a c t i o n s  were u n s u c c e s s f u l .  m -C h lo ro to lu eu e  has  a 

b o i l i n g  p o i n t  o f  1C2° under  a tm o sp h er ic  p r e s s u r e ,  so t h e  1 s t  and 2nd
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f r a c t i o n s  were t h o u g h t  to  have too  low n  b o i l i n g  p o i n t  t o  be t h e  

r e q u i r e d  p r o d u c t .

n .  Using  anhydrous  c o b a l t  c h l o r i d e

A s o l u t i o n  o f  3 - c h l o r o - 2 - i o d o t o l u e n e  (25 g . ,  1 n o l . )  i n  sodium 

d r i e d  e t h e r  was added t o  magnesium t u r n i n g s  ( 2 . 4  g . , 1 atom) covered  

w i th  e t h e r .  The t o t a l  volume o f  e t h e r  was 150 c . c .  A f t e r  r e a c t i o n  

had ta k e n  % l a c e , anhydrous  c o b a l t  c l i l o r i d e  ( 4  g . ,  0 . 3  m o l) ,  which had 

been d r i e d  by h e a t i n g  a t  120° f o r  2 h o u rs  was added,  th e n  methyl 

i o d i d e  ( 6 . 5  n l s . ,  1 mol) which a c t s  a s  a r a d i c a l  s c a v e n g e r .  The 

s u s p e n s i o n  was h e a te d  under  r e f l u x ,  w i th  s t i r r i n g ,  f o r  2 h o u r s ,  th e n  

decomposed by p o u r in g  onto  h y d r o c h l o r i c  a c i d  and i c e .  The o rg a n ic  

l a y e r  was s e p o r a t e d , and d r i e d  over sodium s u l p h a t e .  The e t h e r  was 

removed and t h e  r e s i d u e  d i s t i l l e d  under  a p r e s s u r e  o f  2 rsm., g i v i n g  

f r a c t i o n  1 ) b . p .  6 4 ° -7 8 ° ,  f r a c t i o n  2) b . p .  78 ° -1 1 6 ° ,  (combined w e ig h t  

7 . 7 5 g . )  and f r a c t i o n  3 ) ,  b . p .  176°-20G°,  which came ove r  as  a v i s c o u s  

y e l lo w  s y r u p .  Th is  showed no peak w i th  vapour  phase  ch rom atography  

and gave a gun on a t t e m p te d  c r y s t a l l i s a t i o n  from e t h a n o l .

A sampde o f  f r a c t i o n  3) was d i s s o l v e d  i n  l i g h t  p e t ro le u m  

( b . p .  4 0 ° -6 0 ° )  and t e s t e d  on a s i l i c a  ge l  t h i n  l a y e r  p l a t e .  A f te r  

sp^raying w i th  f l u o r e s c e i n  and s i l v e r  n i t r a t e ,  s i x  s p o t s  were o b t a i n e d ,  

h'ork on t h i s  f r a c t i o n  was abandoned.

F r a c t i o n s  l )  and 2) were combined and d i s t i l l e d  a t  a tm o sp h e r i c  

p r e s s u r e . D i s t i l l a t i o n  s t a r t e d  a t  150° and d e co m p o s i t io n  o c c u r r e d ,  

i o d i n e  b e in g  p roduced .  Th is  was n o t  i n v e s t i g a t e d  f u r t h e r .
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3—Chi oro—2-io(lo—benzoic Acid

I’otJBsium permanganate  (20 3*25 mol) was d i s s o l v e d  in  w a te r

(700 c . c . )  and added g r a d u a l l y ,  w i th  s t i r r i n g ,  to  3 - c h l o r o - 2 - i o d o -  

t o l u e n e  (10 g , ,  1 mol) in  a 2 l i t r e  f l a s k ,  h e a t i n g  under  r e f l u x  on 

a w a te r  b a t h .  The m ix tu re  was h e a te d  u n t i l  t h e  p o ta s s iu m  perman— 

g a n a te  had been a lm o s t  d e c o l o u r i s e d  (33 hours )  and t h e  p r e c i p i t a t e  

o f  manganese d i o x i d e  was d i s s o l v e d  by p a s s i n g  su lp h u r  diccd.de ilirGU^ the  

s u s p e n s i o n .  The a c id  s o l u t i o n  was co o led  and a w h i te  p r e c i p i t a t e  

o b t a i n e d .  Any s t a r t i n g  m a t e r i a l  was removed from th e  a c id  by add ing  

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

w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  4 .2  G. o f  s t a r t i n g  m a t e r i a l  

wore r e c o v e r e d ,  and 2iG g , (4 5 f )  o f  th e  a c id  m.p.  141 .5 ° - 1 4 2 .5 °  

wore o b t a i n e d .  C h r i s t i e ,  James and K enner^ ^ (^ .  1923, 8^ ,  1948) 

g iv e  m.pi. 1 3 7 ° - l  38° .

\vTien th e  o x i d a t i o n  was c a r r i e d  o u t  w i th  double  th e  q u a n t i t i e s ,  

2 . 2 g .  ( 2 8 / )  o f  a c id  were o b t a i n e d .  In  a l l ,  28g. were p r e p a r e d .

2—Acetnn ido—3 - c h l o r o t o l u e n e

2-Amin o - 3 - c h i o r o t o i uene ( l 4 2 g . , )  was a c e t y l a t e d  by r c f l u x i n g  

w i th  a c e t i c  a n h y d r id e  (100 c . c . )  and a c e t i c  a c id  (100 c . c . )  f o r  

a h a l f  h o u r ,  and th e n  p o u r in g  th e  r e s u l t i n g  s o l u t i o n  i n t o  2 l i t r e s  

o f  w a t e r .  The c rude  p ro d u c t  was f i l t e r e d  o f f  rind r e c r y s t a l l i s e d  

from a c e t i c  a c i d / w a t e r ,  g i v i n g  1C8 g . (92^) o f  2—ace tam ido—3— 

c h l o r o t o l u e n e ,  m.p .  1G4.5°—1 6 5 .5 ° .  Bamberger  ̂ g i v e s  105° .

A t o t a l  o f  1280 g .  were p r e p a r e d .
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2—Acetnmido—3—chiorobenzoic  Acid

l o td s a iu n i  permanganate  ( 140 g .  2.25 mol) was d i s s o l v e d  i n  th e  

minimum amount o f  w a ter  ( a b o u t  2 A l i t r e s )  and added t o  2 —ace tam ido—3— 

c h l o r o t o l u e n e  (74 g . ,  1 mol) in  a 4—l i t r e  f l a s k  and h e a te d  on a w a te r  

b a th  witli s t i r r i n g  u n t i l  t h e  permanganate  had been a lm o s t  d e c o l o u r i s e d  

( 2  h o u r s ) .  The s o l u t i o n  was coo led  and s u lp h u r  d i o x i d e  was passed  

th ro u g h  u n t i l  t h e  s o l u t i o n  was c o l o u r l e s s  and a w h i te  p r e c i p i t a t e  

had been o b t  l i n e d .  The s o l i d  was f i l t e r e d  o f f  and th e  a c i d  was 

s e p a r a t e d  from th e  s t a r t i n g  m a t e r i a l  by t a k i n g  i t  th rough  t h e  sodium 

s a l t .  10 g .  o f  s t a r t i n g  m a t e r i a l  were rec o v e re d  and GO g .  (8 0 f )  of  

a c id  o b t a i n e d .  The c ru d e  a c id  had m .p . 204°-20C°. A p o r t i o n  was 

c r y s t a l l i s e d  from methanol g i v i n g  m.p .  207°—208°.  Oamberger^^

( Annal en 1925, 4 13, 205) g iv e s  m.p.  2 0 6 .5 °—207. In a l l ,  830 g .  

were p r e p a r e d .

2—Amino—3 - c h l o r o b e n z o ic  Ac id

H y d r o ly s i s  of  t h e  c o r r e s p o n d i n g  ace tam ido— compound was c a r r i e d  

o u t  by h e a t i n g  th e  2 - a c e t a m id o —3—c h )o ro b e n zo ic  a c i d  ( 2 0  g . , )  w i th  

35^ s u l p h u r i c  a c id  (30 c . c . )  f o r  h a l f  an h o u r .  The r e s u l t i n g  

s o l u t i o n  was coo led  and c a u s t i c  soda s o l u t i o n  was added u n t i l  t h e  

p,H was 4 .  The p r e c i p i t a t e d  a c id  was f i l t e r e d  o f f  and c r y s t a l l i s e d  

from aqueous m e thano l ,  g i v i n g  13 .7  g .  (85^') o f  p a l e  ye l low  n e e d l e s ,
Q c:

m.p.-. 1 9 3 0 - 1 9 4 0 , 9 a d l e r  and h 'ar ren  g iv e  m.p.  19 2° .  A t o t a l  o f  

49 7 g .  were p r e p a r e d .
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3—Cbloro—2—iodohenzoic  Acid

2—;Vmino—3—c h io r o b e n z o ic  a c id  was d i a z o t i s e d  by th e  method used  
70by W i t t i g  end 1 o t r i  f o r  2—ami no—3—methoxybenzoic  a c i d .  The

2—amino—3—c h i o r o b e n z o ic  a c i d  ( 1 3 6 ^ . ,  1 mol) and sodium n i t r i t e  

(COg.,  1.1 mol) were d i s s o l v e d  i n  N sodium hydrox ide  (800 c . c . ) .

10^ Myiirochl o r i c  a c id  (1108 g . ,  made by a dd ing  320 c . c .  c o n c e n t r a t e d  

a c i d  to  1050 c . c .  w a t e r ) ,  was added ,  k e e p in g  th e  t e m p e r a t u r e  below 5° 

and u s i n g  mechanical  s t i r r i n g .  The d i a z o  s o l u t i o n  was f i l t e r e d  and 

added to  a s o l u t i o n  o f  p o ta ss iu m  io d id e  (200 g . , 1 .6  m ol . )  i n  w a te r  

(320 c . c . )  k e p t  a t  a b f u t  8 0 ° .  At lower t e m p e r a t u r e s ,  t h e  r e a c t i o n  

was r a t h e r  s low ,  and a brown s o l i d  was formed which d id  n o t  r e a d i l y  

g iv e  th e  y e l lo w  a c i d .  A f t e r  th e  d i a z o  s o l u t i o n  had been added ,  th e  

t e m p e r a t u r e  was k e p t  between 80° and 100° u n t i l  t h e  r e a c t i o n  appeared  

to  bo c o m p le t e .  A f te r  c o o l i n g  th e  m i x t u r e ,  sodium m e t a b i s u l p h i t e  

was added to  remove t h e  f r e e  i o d i n e ,  and the  c ru d e  a c i d  was f i l t e r e d  

o f f ,  washed w i th  sodium m e t a b i s u l p h i t e  s o l u t i o n  and th en  w i th  w a t e r .  

C r y s t a l  1 i s a t i o n  from aqueous ethanol ( c h a r c o a l )  gave 198^ ( 6 0 / )  o f  

p a l e  ye l low  p l a t e s ,  n . p .  141 ° -1 4 3 ° .  C h r i s t i e ,  James and Kenner^^ 

g iv e  m.p .  1 3 7 ° -1 3 8 ° .  In  a l l ,  145g. were p r e p a r e d .

Ue thy l  3—c h i o r o - 2 - i o d o b c n z o g t e

3 -C h lo r o - 2 - io d o b e n z o ic  a c id  (200 g . , )  was h e a t e d  unde r  r e f l u x  

w i th  methyl a l c o h o l  (1250 c . c . )  and c o n c e n t r a t e d  s u l p h u r i c  a c id

(110 c . c . )  f o r  9 h o u r s .  About h a l f  o f  t h e  methyl a l c o h o l  was d i s t i l l e d
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o f f ,  and th e  rem a in in g  s o l u t i o n  jjoured i n t o  an ex ces s  o f  w a t e r .

The e s t e r  was e x t r a c t e d  w i th  o t h e r ,  and t h e  e x t r a c t  washed w i th  

sodium b i c a r b o n a t e  s o l u t i o n ,  t h e n  w a te r  and d r i e d  over  anhydrous  

sodium s u l p h a t e .  The e t h e r  was removed by d i s t i l l a t i o n  ^nd th e  

e s t e r  d i s t i l l e d  under reduced  p r e s s u r e ,  g i v i n g  198 g .  (94^) o f  th e  

e s t e r ,  b . p .  1 7 2 ° / l 7  m.m.. C h r i s t i e ,  James and Kenner^^g ive  b . p .  

182° /28  m.m. A p o r t i o n  from a n o t h e r  p r e p a r a t i o n  s o l i d i f i e d  on 

k e e p i n g .  The e s t e r  was seeded w i th  t h i s ,  and w i th  some d i f f i c u l t y ,  

t h e  whole was o b ta in e d  s o l i d ,  m .p .  35°—0 6° .  The  m.p .  o f  t h i s  

compvound does  n o t  seem t o  have been p r e v i o u s l y  r e p o r t e d .

AI t o g e t h e r , 404 g .  were prep a r e d .

D imethy l—6 , O ' - d i e • 1 oro—2 ,2  *—d i p h c n a t e

C h r i s t i e ,  J  mes and Kenner ( j .  1923, 8 3 , 1948)

The Ullmann r e a c t i o n  used  by C h r i s t i e ,  James and Kenner^^ was 

s l i g h t l y  m o d i f i e d .  V e th y l—3—c h l o r o - 2 - i o d o b e n z o a t e  (99 g . , 1 mol)

was h e a te d  to  a b o u t  150° i n  a meta l  b a t h .  Copper b ronze  ( a b o u t  

32g. i n  a l l ;  4 .3  atom) was g r a d u a l l y  added k e ep in g  t h e  t e m p e ra tu re  

o f  t h e  r e a c t i n g  m a t e r i a l  a b o u t  5° above t h a t  o f  t h e  meta l  ba th
g

which was m a in ta in e d  a t  150° .  The a d d i t i o n  to o k  between / 4  hour  

and 1 hour  and was c o n t in u e d  u n t i l  f u r t h e r  a d d i t i o n  o f  copper  powder 

gave no r i s e  in  t e m p e r a t u r e .  The tempte ra ture  was t h e n  r a i s e d  to  

180® and m a in ta in e d  a t  t h a t  v a lu e  f o r  10 m in u te s .  The a p p a r a t u s  

was th e n  co o led  to  abo u t  150° ,  and h o t  c h lo ro b e n ze n e  added .  A f t e r
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th o ro u g h  s t i r r i n g ,  t h e  s l u r r y  was f i l t e r e d  on a Buchner and t h e  

r e s i d u e  r e p e a t e d l y  e x t r a c t e d  w i th  more h o t  c h lo r o b e n z e n e .  The 

c h lo ro b e n z e n e  s o l u t i o n  was r e f i l t e r e d  t o  remove c o m p l e t e l y  th e  copper  

bronze  and most o f  t h e  ch lo ro b e n ze n e  was d i s t i l l e d  o f f .  The 

r e m a in in g  s o l u t i o n  was l e f t  t o  cool and t h e  c r y s t a l s  which formed 

were f i l t e r e d  o f f .  The mother l i q u o r s  were c o n c e n t r a t e d  to  g iv e  

a second crop  and a t o t a l  o f  40 .5  g .  ( 9 0 f )  o f  th e  d i m e t h y l .

G,G*-d ichl o ro—2,2*—dip ;hena te ,  m .p .  157°—159°,  was o b t a i n e d .  

A l t o g e t h e r ,  192 g .  o f  e s t e r  were p r e p a r e d .

1 rep a r a t i o n  o f  0 , G*- P i c h i  o r o - 2 , 2 ' -d ip  hen ic  Acid by H y d ro ly s i s  o f  

P i n e t h y l  G,G'—d i c h l o r o —2 , 2 ' -d ip  h e n a te

The d i - e s t c r  (34  g . )  was h e a t e d  unde r  r e f l u x  w i t h  lOf sodium

h y d ro x id e  (500 c . c . )  f o r  G h o u r s .  The m ix tu re  was c o o l e d ,  f i l t e r e d
o

and th e  f i l t r a t e  a c i d i f i e d  w i th  d i l u t e  hyriroch!^ric a c i d .  The 

p r e c i p i t a t e d  a c i d  was c r y s t a l l i s e d  from aqueous e t h a n o l ,  g i v i n g  

1G.5 g .  From t h e  r e a c t i o n  m i x t u r e ,  12 g .  o f  unchanged d i - e s t e r  

were r e c o v e r e d .  Th is  r e s u l t s  i n  a p e r c e n ta g e  y i e l d  o f  82^ .
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I r e j a r n t i o n  o f  6 , 0 * - d i c h l o r o d i p h e n i c  a c id  from 3—c h i o r o a n l h r a n i l i c  

a c id  by r e d u c t i o n  o f  t h e  d i a z o  compiound

I .  U sing  th e  cujiroammonium ion  formed by r e d u c t i o n  w i th  sodium 

m etab i  sulp b i t e •

F x p o r in e n t  1 3—C h i o r o a n t h r a n i l  ic  a c i d  ( 9 .5  g . , 1 m o l . )  was d i a z o t i s e d

i n  t h e  usua l  way, w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (42 c . c . ) ,  w a te r  

(100 C. C. ) ,  and sodium n i t r i t e  ( 3 . 7 g . , 1 m o l . )  i n  w a te r  (70 c . c . ) .

The d i a z o  s o l u t i o n  was f i l t e r e d  b e f o r e  u s e .  The c a t a l y s t  was p re p a re d  

as  d e s c r i b e d  by Hall  and T u r n e r ^ ^ .  Sodium metabi su l  pdiit e  ( 5 5 g . ) and 

ammonia (d_. 0 . 8 8 ;  55 c . c . )  were added t o  a s o l u t i o n  o f  cujriammonium 

s u l p h a t e  formed by d i s s o l v i n g  cop pe r  s u l p h a t e  ( 2 4 g . ) in  w a te r  (140 c . c . )  

and ammonia ((^. 0 .8 8 ;  23 c . c . ) .  The r e d u c in g  s o l u t i o n  was coo led  to  

below 20° '.nd t h e  d ia z o  s o l u t i o n  added w i th  r a p i d  s t i r r i n g ,  and l e f t  

t o  s t a n d  fo r  a s h o r t  t i n e  u n t i l  t h e  e v o l u t i o n  o f  n i t r o g e n  had f i n i s h e d .

In  o r d e r  t o  o x i d i s e  any  cuprous  copper  s t i l l  p r e s e n t ,  a s o l u t i o n  

o f  anhydrous  f e r r i c  c h l o r i d e  ( 3 0 g . )  i n  w a te r  (55 c . c . )  was added .  

C o n c e n t r a t e d  h y d r o c h l o r i c  a c id  (180 c . c . )  was B,dded a t  room t e m p e r a t u r e  

and t lie p r e c i p i t a t e  o b t a in e d  was f i l t e r e d  o f f  and d i s s o l v e d  i n  sodium 

b i c a r b o n a t e  s o l u t i o n .  N o n -a c id ic  m a t e r i a l  was removed end th e  d ic h lo ro -  

d i p h e n i c  a c i d  was r e p r e c i p i t a t e d  w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .

The p:ale yellow' p rec ip  i t a t e  ( 3 . 5  g . , 44a ) had m.p . 250—290° w i th  

p r e v i o u s  s o f t e n i n g .  I t  was c r y s t a l l i s e d  from aqueous e t h a n o l ,  g i v i n g  

smal l  p l a t e s ,  m .p .  287°-290°  ( 2 g . , 2 2 / ) .  C h r i s t i e ,  James and Kenner^^ 

o b ta in e d  n e e d l e s  m.p.  288° ,  from o t h a n o l . A small  second c r o p ,  m o s t ly  

m e l t i n g  a t  c_a. 140° ,  was o b t a i n e d .
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E xp e r im e n t  2

The q u a n t i t i e s  used  i n  Exper im ent 1 were s l i g h t l y  m o d i f ied  

as  f o l l o w s : — 17 g* (1 m o l , )  o f  3—c h i o r o a n t h r a n i 1ic  a c i d  were 

d i a z o t i s e d  u s i n g  75 c , c ,  o f  GS h y d r o c h l o r i c  a c i d ,  7*5çr.(l»l m o l . )  

sodium n i t r i t e  in  14 c . c .  o f  w a t e r ,  and tw ice  th e  amount o f  c a t a l y s t  

used  i n  E x ]e r im en t  1.  The c rude  a c i d ' a f t e r  p r e c i p i t a t i o n  from t h e  

sodium s a l t ,  had m.p# 280*—287 .5* ,  s o f t e n i n g  a t  140*. C r y s t a l l i s a t i o n

from aqueous  a c e t i c  a c id  gave 4 g .  (29^)  ra.p. 2S8*-290*.

Exper im ent

D i a z o t i s a t i o n  was c a r r i e d  o u t  by t h e  method used  by V / i t t i g  and 

. 701 e t r i  f o r  2 - a n in o —3—methoxybenzoic  a c i d .  3 - C h l o r o a n t h r a n i l i c  a c i d  

( 5 . 7  g . , 1 m o l . )  and sodium n i t r i t e  ( 2 . 3  g . , 1 m o l . )  were d i s s o l v e d  

i n  N. sodium h ydrox ide  (33 c . c . )  w i th  t h e  a d d i t i o n  o f  w a te r  (50 c . c . ) ;  

10^ h y d r o c h l o r i c  a c id  (49 g . )  was added ,  k e ep in g  th e  t e m p e r a t u r e  below 

0®. The r e d u c i n g  s o l u t i o n  was p re p a re d  as  b e f o r e ,  by ad d in g  sodium 

m e t a b i s u l p h i t e  (18 g . )  and ammonia ( ^ .  0 . 8 8 ,  18 c . c . )  t o  a s o l u t i o n  

o f  c 01 p e r  s u l p h a t e  (8 .1  g . ) in  w a te r  (40 c . c . )  and ammonia (^# 0 . 8 8 ,

9 . c . c . )  j u s t  b e f o r e  u s e .

A f t e r  a d d i t i o n  o f  t h e  d ia z o  s o l u t i o n  to  t h e  r e d u c i n g  a g e n t  a t

10*, th e  s o l u t i o n  was l e f t  f o r  1-2  ho u rs  and th e n  anhydrous  f e r r i c

c h l o r i d e  (12 g . )  in  w a te r  (18 c . c . )  and c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

were added .  The a c i d  was s e p a r a t e d  from o t h e r  m a t e r i a l  v i a  th e  

sodium s a l t  and c r y s t a l l i s e d  from aqueous  a l c o h o l  ( c h a r c o a l ) ,  g i v i n g  

2.1 g .  ( 4 4 ; ) ,  m .p .  289*-291*.
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I I  Using  t h e  cuproamnonium io n  formed by r e d u c t i o n  w i th  h y d ro x y la m in e . 

Exper im en t  4

71The method o f  A tk inson ,  Law le r ,  H ea th ,  Kimbal l  and Read f o r  

d i | h e n i c  a c id  was adopted*

3—C h i o r o a n t h r a n i l i c  a c i d  (G*2 g . , 1 m ol . )  was d i a z o t i s e d  i n  th e  

normal manner,  u s i n g  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  ( 9 . 2  c . c . ) ,  w a te r  

( l 5  c . c . )  and a s o l u t i o n  o f  sodium n i t r i t e  ( 2 . 6  g . ,  1 m o l . )  i n  water,

( 3 5  C . C . ) .  The c a t a l y t i c  s o l u t i o n  was p re p a red  by d i s s o l v i n g  copper  

s u l p h a t e  ( 1 2 . 6  g . , 1 . 4  m o l . )  in  w a te r  (50 c . c . )  and ammonium h ydrox ide  

( ^ .  0 . 8 8 ,  21 c . c . )  and ad d in g  t o  t h i s  j u s t  b e f o r e  use  a s o l u t i o n  of  

hydroxyl  amine h y d r o c h l o r i d e  ( 3 .5 5  g . , 1 . 4  m o l . )  i n  ON sodium h y drox ide  

( 8 . 5  c . c . )  and w a te r  (12 c . c . ) .  The d i a z o  s o l u t i o n  was added t o  th e  

r e d u c i n g  s o l u t i o n ,  k e ep in g  t h e  t e m p e r a t u r e  a t  a b o u t  20*. The 

s o l u t i o n  was th e n  h e a te d  to  b o i l i n g  p o i n t  and was t r e a t e d  w i th  

anhydrous  f e r r i c  c h l o r i d e  (15 g . )  i n  w a te r  (22 c . c . )  and c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  (75 c . c . ) .  The r e q u i r e d  p r o d u c t  was s e p a r a t e d  from 

non—a c i d i c  m a t e r i a l  v i a  t h e  sodium s a l t ,  and was c r y s t a l l i s e d  from 

aqueous  e th a n o l  ( c h a r c o a l )  g iv ing  2 .95  g .  (57^)  o f  t h e  6 , 6 ' - d i c h l o r o -  

d i p h e n i c  a c i d  m.p .  291°-292* .

A su b se q u e n t  p r e p a r a t i o n  on 18 .6  g . , i n  which th e  r e a c t i o n  

m ix tu r e  was l e f t  over  t h e  weekend b e f o r e  a c i d i f i c a t i o n ,  r e s u l t e d  in  

a d a r k  brown m ix tu r e  a f t e r  a d d i t i o n  o f  t h e  a c i d i c  f e r r i c  c h l o r i d e ,  

and a b lu e  and an orange  i m p u r i t y  were s e p a r a t e d .  The y i e l d  o f  a c i d
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was 12 .0  g .  (7 7 f )  w i th  m .p .  290-296° .  A second ,  s i m i l a r ,  

j r e p a r a t i o n  gave o n ly  9 g .  ( 5 8 f )  o f  th e  a c i d .

I l l  Using c u j r o u s  s a l t s  formed by r e d u c t i o n  w i t h  h y d ro x y la m in e . 

Exper im ent 5

71The a l t e r n a t i v e  method d e s c r i b e d  by A tk inson  e t . a l . was u s e d .

3—C h i o r o a n t h r a n i 1ic  a c id  ( 6 . 2  g . )  was d i a z o t i s e d  a s  i n  Exper im ent 4,  

e x c e p t  t h a t  an e x t r a  85 c . c .  o f  w a te r  were p r e s e n t .  The r e d u c in g  

s o l u t i o n  was p re p a re d  by add ing  a s o l u t i o n  o f  hydroxylamine hydro

c h l o r i d e  ( 1 6 .7  g . , 0 .7  m ol . )  i n  N. sodium hydrox ide  (40 c . c . )  and 

w a te r  (40 c . c . )  t o  a s o l u t i o n  o f  copper  s u l p h a t e  (1 3 .7  g . , 1 .5  m ol . )  

i n  w a te r  (50 c . c . ) .  The d i a z o  s o l u t i o n  was added to  t h e  r e d u c in g  

s o l u t i o n ,  k e ep in g  th e  t e m p e r a t u r e  a t  a b o u t  20° .  The r e s u l t i n g  

s o l u t i o n  was a c i d i f i e d  a t  t h e  b o i l i n g  p o i n t  w i th  anhydrous  f e r r i c  

c h l o r i d e  ( 1 5 . g . )  d i s s o l v e d  i n  w a te r  (22 c . c . )  and c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  (75 c . c . )  as  i n  Exper iment  6 .  The d ip h e n ic  a c id  

was t t 'ken  th ro u g h  th e  sodium s a l t  and c r y s t a l l i s e d  from aqueous 

methanol  ( c h a r c o a l )  g i v i n g  3 .5  g . , m.p .  1 40° -275° .

Two s e t s  o f  c r y s t a l s  were c l e a r l y  d i s t i n g u i s h a b l e .  C r y s t a l 

l i s a t i o n  from v a r i o u s  s o l v e n t s  d id  n o t  g iv e  j u r e  d i c h l o r o d i p h e n i c  

a c i d .  The m ix tu r e  was t r e a t e d  w i th  a small  volume o f  h o t  benzene ,  

f i l t e r e d  h o t ,  and c o o l e d .  The r e s u l t i n g  c r y s t a l s  were f i l t e r e d  o f f  

and had m.p .  1G 2 ° - l65° .  Th is  p r o c e s s  was r e p e a t e d ,  t o  g iv e  a

r e a s o n a b l y  pure  sample o f  th e  b y - p r o d u c t  which now had m.p .  1 6 5 . 5 ° -  

1 0 6 .5 ° .
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I t  seemed l i k e l y  t h a t  t h e  b y - p r o d u c t  was 2 ,3 —d i c h l o r o b e n z o i c

a c i d ,  th e  p r o d u c t  o f  a Sandmeyer r e a c t i o n  o f  th e  d iazon ium  s a l t .

2 , 3 -D ic h lo ro b e n z o ic  a c i d  has  m.p.  1G^° (Crauw^^) and m -ch lo robenzo ic

a c i d  has  m.p.  158° .  The b y - p r o d u c t  had an u n s a t i s f a c t o r y  a n a l y s i s

and was t h e r e f o r e  c o n v e r ted  i n t o  t h e  Benzylamine s a l t  by th e  method

9 7o f  Choeseman and l o l l e r  . The a c i d  (O . l  g . , )  was d i s s o l v e d  i n  th e  

minimum volume o f  h o t  benzene and 10^ s o l u t i o n  ( l  c . c . )  o f  benzylamine 

i n  benzene was a d d e d . The s a l t  was r a ] i d l y  j r e c i j i t a t e d ; i t  was 

c r y s t a l l i s e d  from e t h a n o l / e t h y l  a c e t a t e ,  and had m.p .  150°—152°. 

(Found: C,5G.5; 11,4.4;  C l , 2 3 .7 .  C^jT^^Cl^O^ r e q u i r e s  C,5G.4 ;

11,4.4;  Cl , 23 .8^)  .
9

I’r e p a r a t i o n  o f  Dimethyl 6 ,6 * —d i c h l o r o —2 ,2 * —d i ;  hen g te  from 6,0* —

P i c h l o r o - 2 ,2*- d i p h o n i c  Acid

6 ,6 * - D i c h l o r o —2 , 2 ' —d i p h e n i c  a c i d  ( 3 . 5  g . )  was h e a t e d  unde r  

r e f l u x  w i th  methyl  a l c o h o l  (22 c . c . )  and c o n c e n t r a t e d  s u l p h u r i c  a c i d  

(2c-c.) f o r  24 h o u r s .  A s o l i d  had p r e c i p i t a t e d  and t h e  m ix tu r e  was 

poured i n t o  w a te r  and th e  s o l i d  was f i l t e r e d  o f f  and d r i e d .  The 

c ru d e  p r o d u c t  weighed 3 .5  g .  (92^) and had m.p .  151-152° .  A f t e r  

c r y s t a l l i s a t i o n  from benzene ,  th e  m .p .  was 145-151° .  C h r i s t i e ,

James and Kenner^^g ive  ra.p.  156° .  The r e a c t i o n  t h u s  appea red  t o  be 

i n c o m p l e t e .  The r e a c t i o n  was r e p e a t e d  on 4 .2  g .  o f  a c i d  u s i n g  t h e  

same w e ig h t  o f  s u l p h u r i c  a c i d  ( 4 . 2  g .= 2 .5  c . c . )  w i th  t e n  p a r t s  o f  

methanol i n s t e a d  o f  f i v e  (42 g .=  5 2 .5  c . c . ) .  S o l i d  s t a r t e d  t o
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s e p a r a t e  a f t e r  h e a t i n g  f o r  54 h o u r s ,  and th e  r e a c t i o n  m ix tu re  was 

h e a t e d  f o r  a t o t a l  o f  6 h o u r s .  A f t e r  c o o l i n g ,  t h e  s o l i d  which had 

p r e c i p i t a t e d  was f i l t e r e d  o f f  and washed w i th  sodium b i c a r b o n a t e  

s o l u t i o n  and w a t e r .

3 . 4  G. (74^)  o f . e s t e r  w i th  m.p.  155-156° were o b t a i n e d .

6 ,6 * —Dichl  o ro—̂ , 2*—biehyrlroxymethyl b ipheny l

Dimethyl G,6 ' - d i c h l o r o - 2 , 2*- d i ^ h e n a t e  (17 g . , 1 m o l . )  was 

suspended in  so d iu m -d r ied  e t h e r  (300 c . c . )  and added to  a s o l u t i o n  

o f  l i t h i u m  aluminium h y d r id e  (47 g . , 3 .5  m o l . )  i n  sod iu m -d r ied  e t h e r  

(lOO c . c . )  a t  such a r a t e  t h a t  th e  e t h e r  was r e f l u x i n g  g e n t l y .  The 

m ix tu r e  vms h e a t e d  on a w a te r —ba th  f o r  15 m in u te s ,  and th e n  a l low ed  

t o  c o o l .  The ex ces s  l i t h i u m  a lu m in iu m ,h y d r id e  and th e  a l k o x i d e s  

formed were decomposed by c a u t i o u s l y  ad d in g  f i r s t  wet e t h e r ,  and th e n  

w a t e r .  2'2 S u l p h u r i c  a c id  was added u n t i l  t h e r e  were two c l e a r  

s o l u t i o n s .  The e t h e r e a l  l a y e r  was s e p a r a t e d  and d r i e d  over  anhydrous  

sodium s u l p h a t e  fo r  a s h o r t  t im e .  H os t  o f  t h e  e t h e r  was removed by 

d i s t i l l a t i o n ,  and t h e  r em a in d e r  was l o f t  o v e r n i g h t  i n  a covered  

b e a k e r ,  in  o r d e r  t o  a l lo w  t h e  r e s t  o f  t h e  s o l v e n t  to  e v a p o r a t e .  The 

r e s u l t i n g  s t i c k y  p i a t e s  were c r y s t a l l i s e d  from benzene ,  g i v i n g  13 .6  g .
17.

(OSr) o f  w h i t e  n e e d le s  m .p .  1 1 9 ° -120° .  î ' i s lo w  and S ie g e l  g iv e  t h e  

sane  m e l t i n g  p o i n t .  In  a l l ,  69 g .  were p r e j a r e d .

6 , 6 ' - D i c h l o r 0 - 2 , 2  *- b i  s bromonethy lh i  phenyl

6 , 6 ' - D i c h l o r o - 2 , 2 ' -b i s h y d r o x y m e th y lb i i h e n y l  (13 g . )  was h e a t e d  under  

r e f l u x  w i th  48^ hydrobromic a c i d  (650 c . c . )  f o r  two h o u r s .  The
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r e s u l t i n g  m ix tu re  was poured i n t o  a b e a k e r ,  w h i l e  t h e  d ibromo— 

compound was s t i l l  an o i l ,  and s t i r r e d  w h i le  c o o l i n g ,  u n t i l  t h e  o i l  

wont s o l i d .  I t  was f i l t e r e d  o f f ,  waslied w i th  w a te r ,  and d r i e d  i n  a 

vacuum d e s f i c a t o r  over s o l i d  sodium h y d r o x id e .  C r y s t a l l i s a t i o n  from 

l i g h t  p e t ro le u m  ( b . p .  C 0 ° - 8 0 ° ) ( c h a r c o a l )  gave 14.1 g .  ( 7 5 / ) ,  m .p .  

9 9 . 5 0 -lOOo.3 nd 3 .2  g . , m . p .  9 5 . 5 - 9 7 0 , a t o t a l  o f  17 .2  g .  (92^^)

(Found: C,, 4 1 . 1 ;  H, 2 .5 ;  Dr,  3 9 .0 5 ;  C l ,  1 7 . 1 5 f .  C a lc ,  f o r

Ci^HjoTlr^Clg t C, 4 1 .5 ;  !I, 2 .5 ;  Dr.  3 9 .1 ;  C l ,  17 .3

A t o t a l  o f  4 4  g .  were p r e p a r e d .

4 * , 1 "—Dichl  o ro—2 , 7 - d i h y t l r o - l , 1—d i m e t h y l —3 , 4 : 5 ,  G—d ib e n z a z e ;  in ium 

Bromide

(a )  6 ,6 * - D ic h lo ro - 2 ,2 * -b i s b ro m o m e th y l  b ipheny l  (5 g . , 1 mol) was

d i s s o l v e d  i n  th e  minimum amount o f  sodium—d r i e d  e t h e r  a t  room 

t e m p e r a t u r e  -nd coo led  in  i c e .  An e x ce s s  o f  d im e thy l  amine (4  c . c . ,  

t^. 0 . 6 8 = 2 . 7 5 g . ,  5 m ol . )  p r e v i o u s l y  c o o led  in  an i c e / s a l t  m ix tu r e  was 

ad d ed .  \ p r e c i p i t a t e  formed a f t e r  a few m inu tes  und t h e  r e a c t a n t s  

were all owed t o  warm up to  room te m p e r a t u r e  and l e f t  o v e r n i g h t .  The 

p r e c i p i t a t e  was f i l t e r e d ,  washed w i th  d r y  e t h e r  and th e n  w i th  d r y  

benzene and d r i e d  i n  v a c u o , g i v i n g  5 .8  g .  o f  a m ix tu r e  o f  t h e  q u a t e r n a r y  

s a l t  ( t h e o r e t i c a l  y i e l d  4 . G g . )  and dimethylammonium bromide.  The 

m .p .  o f  th e  j r o d u c t  was 1 0 5 0 - 1 7 0 °  w i th  s o f t e n i n g  a t  156° .  A f te r  

a t t e m p t s  t o  o b t a i n  pure  azep in ium  bromide by c r y s t a l l i s a t i o n  from 

a c e t o n e ,  t h e  r e s i d u e s  were a l l  combined and c r y s t a l l i s e d  from w a t e r .
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g i v i n g  0*8 g ,  w i th  ra.p.  130°—1 GO®. A p o r t i o n  was t r e a t e d  w i th

p o ta s s iu m  hy d ro x id e  s o l u t i o n  to  decompose th e  dimethylanunonium 

b rom ide .  Azepinium bromide w i th  m .p .  1G8°-174° was o b t a i n e d .

(Found: C , 4 7 .8 5 ;  H, 4 . 7 ;  Dr.  20 .4  ( g r a v i m e t r i c a l 1y ) ; C l ,  18.9}

CiglligDrCl^^N r e q u i r e s  C ,5 l  .5 ; FI,4 . 3 ;  Dr, 2 1 .4 ;  C l ,  19.0 

Ciglljo^rCl^N.II^O r e q u i r e s  C ,4 0 .1 ;  H , 4 . 6 ;  D r , 2 0 .4 ;  C l , 18.1

CiGnjG^»*CJN*.2!I^0 r e q u i r e s  C ,4 7 .0 ;  IT,4 . 9 ;  D r , 1 9 .5 ;  C l , 17 .3  ) .

The u n s a t i s f a c t o r y  a n a l y s i s  nay  be due to  v a r i a b l e  s o l v a t i o n .

(b) 6 , 0 ' - D i c h l c r o b i s b r o m o n e t h y l b i ] henyl (20 g . , 1  mol) and d im e th y l—

amine ( 1 1 .6  c . c . ,  0 . G8=7.9 g . , 4 . 4  m o l . )  wore used and l e f t  to

r e a c t  fo r  t h r e e  d a y s .  The j r e c i p i t a t c  which formed was d i s s o l v e d  

i n  w a te r  md th e  e t h e r  l a y e r  was removed. S a t u r a t e d  p o ta s s iu m  

h y d ro x id e  s o l u t i o n  was added to  t h e  aqueous  l a y e r  t o  decompose t h e  

dimethylammonium bromide and p r e c i p i t a t e  th e  azep in ium  bromide.

T h i s  was f i l t e r e d  and washed w i th  a smal l  amount o f  w a te r  t o  g iv e  

t h e  t l i e o r e t i c a l  y i e l d  o f  c ru d e  b rom ide .  C r y s t a l l i s a t i o n  from w a te r  

gave 12 g .  ( 6 6 / )  w i th  a m e l t i n g  p o i n t  over  a range  (160°-190°)  and 

w i t h  deconq o s i t i o n ,

(Found: C ,4 9 . 1 ;  11,4.6;  D r , 2 0 .3 ;  C l , 17 .9 3 ;  N , 3 . 7 ;  0 , 4 . 0 ;

CiGlIjG^rCl^N.H^n r e q u i r e s  C ,4 9 .1 ;  11,4.7; D r , 2 0 .4 ;  C l , 1 8 .1 ;  N , 3 . 6 ;

0 , 4 . 0 ) .  A s u b se q u e n t  p re p a ro . t io n  on 12 g .  o f  t h e  dibromo— compound 

y i e l d e d  8 . 5  g .  ( 7 2 f ) .  In  t h i s  p r e p a r a t i o n ,  t h e  e t h e r  r e s i d u e  was 

t a k e n  down to  d ry n e s s  and a smal l  r e s i d u a l  gum o b t a i n e d .  The i n f r a r e d
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sp ec t ru m  showed t h a t  t h i s  was n e i t h e r  s t a r t i n g  m a t e r i a l ,  b u t  th e  

s u b s t a n c e  was n o t  i d e n t i f i e d .

A t o t a l  w e ig h t  o f  21 .5  g .  o f  t h e  azep in ium bromide was p r e p a r e d .

4 * , 1 "—D i c h l o r 0—2 , 7—d i h y d r o —l ,1 —d im e th y l—3 , 4t 5 , 6—d ib en zazep in iu m  

1 i c r a t e

The above azep in ium bromide ( 0 .5  g . , 1 mol) and sodium p i c r a t e  

( 0 . 5  g . , 1 .5  mol) were s e ; a r a t e l y d i s s o l v e d  in  w a te r  and t h e  two 

s o l u t i o n s  n i x e d .  The p r e c i p i t a t e d  p i c r a t e  was f i l t e r e d  o f f  and 

c r y s t a l l i s e d  from e th an o l  u n t i l  i t  had a c o n s t a n t  m.p .  o f  22 2 ° -2 2 3 ° .  

(Found: C,50 .G ; H,3 .8}  N ,1 0 .7 ;  C l , 1 3 .5 ;  0 , 2 1 , 3 5 ;

r e q u i r e s  C ,5 0 .7 ;  11,3.5; \ , 1 0 . 7 5 ;  C l , 1 3 .6 ;  0 , 2 1 . 5 . )

4* , 1 "—Dichl o ro—2 , 7 - d i h y d r o —3 , 4 : 5 , 6 —dibenzazep  in i u m - l —s p i r o —1"— 

i iI  a r i d  inium Bromide
D.D. F i t t s , ÏÎ. S i e g e l  ind K. Mi s low,  Am i-r. Chen. F o e . 1958 ,80 ,480  

S .  R. Ahmed and D. M. B a l l  J .  1900,4165.

l i p e r i d i n e  ( I c . c ; 2 m o l . )  was added to  a s o l u t i o n  o f  6 ,6 * —d i e h i o r o —

2 ,2 * —b isb ro m o m eth y l^ (2 g .  1 mol) i n  benzene a t  a t e m p e r a t u r e  o f  abou t  

4 0 ° .  A gum s e p a r a t e d ,  and th e  t e m p e r a t u r e  was m a in ta in e d  f o r  20 

m i n u t e s .  The s o l u t i o n  was decan ted  from th e  gum, which was washed 

w i th  warm benzene .  T r i t u r a t i o n  w i th  c o ld  w a te r  caused a l a r g e  p o r t i o n

of  t h e  gum to  d i s s o l v e .  The w a te r  was removed by e v a p o r a t i o n  on a
c.

w a t e r - b a t h .  The gum was th e n  p la ce d  in  a vacuum des#i<^ator i n  

o r d e r  to  remove any s o l v e n t  which may have been p r e s e n t .  The gum
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formed a g l a s s ,  which was c r y s t a l l i s e d  from a b s o l u t e  a l c o h o l  and

d r y  e th y l  a c e t a t e ,  g i v i n g  c r y s t a l s  o f  m.p .  190 ° -2 7 0 ° .  D. D. F i t t s ,

ÎÎ. S i e g e l  and K. ITislow'^'^give ra.p.  297°—298.5°  and a m .p .  on S .  R.

27Ahmed and D. V. H a l l ' s  compound gave a v a lu e  o f  300°—302° .  The 

i n f r a r e d  spec t rum  showed t h a t  t h i s  was p i p e r i d i n i u m  hjairobromide 

(m .p .  2 3 5 ° ) .  The mother  l i q u o r s  were t h e r e f o r e  c o l l e c t e d  t o g e t h e r  

and th e  s o l v e n t  removed on a w a t e r - b a t h  g i v i n g  a w h i te  s o l i d  which 

was c r y s t a l l i s e d  t h r e e  t im es  from a l c o h o l —e t h y l  a c e t a t e  g i v i n g  the  

r e q u i r e d  bromide m.p .  302°—3 0 3 .5 ° .

2 , 2 '  —H isb ronor ie thy lh i ]  henyl

D. M, H a l l ,  M. S .  L e s s l i e  and E. E. T u r n e r ,  J .  1950 ,711 .

2 ,*2 ' -H ishydroxyr je thy lb i j  henyl  (14  g . )  was g r a d u a l l y  added to  

48f hydrobromic  a c id  (700 c . c . )  a t  9 0 ° .  The m ix tu re  was h e a te d  to  

b o i l i n g  and m a in ta in e d  a t  t h i s  t e m p e r a t u r e  f o r  20 m i n u t e s .  A f te r  

c o o l i n g ,  t h e  s o l i d  o b ta in e d  was f i l t e r e d ,  washed w i th  w a te r  and 

d r i e d  under  reduced  p r e s s u r e  over  sodium h y d r o x id e .  C r y s t a l l i s a t i o n  

from l i g h t  p e t ro leu m  ( b . p .  C0°—8 0 ° ) ,  w i th  c h a r c o a l  added j u s t  b e f o r e  

f i l t e r i n g  g iv e  16 g .  (7 2 f )  m.p .  8 9 ° - 9 1 ° .  The m e l t i n g  p o i n t  r e p o r t e d ^ ^  

i s  0 1 - 0 3 ° .

3 , 7 - D i h y d r o - l , 1 - d i m e t h y l - 3 , 4 : 5 , G-d ibenzazep in ium  Bromide 

K. Mori,  Y. Abe, Y. Yomakawa and II. Fuj imura  G ifu  Yakka Daigeku 

KiyS 1958,8^,05 Chem. Abs. 1959 ,53 ,10148)

Dimetliylnmino ( 1 1 .2  c . c . ,  4 mois) c oo led  in  an i c e - s a l t  m ix tu re
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was added to  2 , 2 ' —b isb ro m o n e th y lb ip h e n y l  (16 g . , 1 mol) d i s s o l v e d  

i n  t h e  minimum amount o f  sodium d r i e d  e t h e r  and co o led  to  room 

te m p e ra tu re*  There  was a v ig o ro u s  r e a c t i o n ,  and a m i lk y  

p r e c i p i t a t e  was o b t a i n e d . The m ix tu re  was a l lowed  to  warm up t o  

room t e m p e r a t u r e  and l e f t  f o r  a b o u t  24 hours# The p r e c i p i t a t e d  

bromides  wore f i l t e r e d  o f f ,  d i s s o l v e d  i n  th e  minimum amount o f  w a te r  

and c o n c e n t r a t e d  p o ta s s iu m  hydro x id e  s o l u t i o n  added to  decompose t h e  

d im e th y l  a m o  ni urn bromide and p r e c i p i t a t e  th e  azep in ium bromide#

The p r e c i p i t a t e  was f i l t e r e d ,  washed w i th  a l i t t l e  w a t e r ,  and d r i e d  

i n  a i r #  On c r y s t a l l i s a t i o n  from m e th a n o l - e th y l  a c e t a t e ,  14 .3  g .

( 7 8 f ) o f  2 , 7 , - d i h y d r o —1 ,1 - d i m e t h y l —3 , 4 : 5 ,6 -d ib e n z az e p in iu m  bromide

m .p .  284°—288° were o b t a i n e d .  ' K. M or i , Y. Abe, Y. Yamakawa and
g o  T A

II. Fu j im ura  g iv e  m.p.  above 250°; D. >!. Hall  and T. M. f o o l e ^

J .  1963,2GB g iv e  m.p.  285°-2S 7° .

( Found; Dr 2 5 . g r a v i m e t r i c a l l y

Calc* f o r  CjQn^gNDr: Dr 2 6 .3 ;  CjglljgNDr. II^O: Dr 2 4 .8 ;

CiglTjgXDr. 2H.^0: 2 3 .5 )

A ct io n  o f  I loat  on 2 , 7 - d i h y d r o - l , l - d i n e t h y l - 3 , 4 : 5 , G - d i b e n z a z e p i n i u m  

II;3xlrox ide  (D. M. Hall  and T. M. l o o l e  19 63 , 268)

An aqueous  s o l u t i o n  o f  t h e  azep in ium  bromide (5 g . , 1  mol) was 

shaken fo r  one hour  w i th  an ex ces s  o f  s i l v e r  ox ide  f r e s h l y  p re p a re d  

from 5 . 6  g .  o f  s i l v e r  n i t r a t e  and 1 .3  g .  o f  sodium h y d r o x id e .  The 

w a te r  was f r e s h l y  b o i l e d  to  remove c a rbon  d i o x i d e .  The s i l v e r
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bromide find r e s i d u a l  r i l v e r  ox ide  were g i i c k l y  f i l t e r e d  o f f  and 

washed w i th  w a t e r ,  nd th e  f i l t r a t e  d i s t i l l e d  unde r  reduced  p r e s s u r e  

u nde r  an a tmosphere  o f  n i t r o g e n  from a w a te r  b a th  a t  70°—100° u n t i l  

t h e  w a te r  had d i s t i l l e d  over* The r e s i d u e  was h e a t e d  on an o i l  b a th

a t  100°—135° f o r  15 minutes* E th e r  and w a te r  were added t o  t h e

r e s i d u e  and e t h e r  t o  t h e  d i s t i l l a t e *  The aqueous p o r t i o n s  were 

e x t r a c t e d  t h r e e  t i n e s  w i th  e t h e r  and th e  e t h e r e a l  l a y e r s  combined.

The aqueous  d i s t i l l a t e  l a y e r  was d i s c a r d e d  a f t e r  a t e s t  p o r t i o n  l e f t  

no r e s i d u e  on e v a p o r a t i o n .  The e t h e r e a l  s o l u t i o n  was t r e a t e d  w i th  

d i l u t e  h y d r o c h l o r i c  a c i d  i n  o r d e r  t o  remove th e  b a se s  from any n e u t r a l  

com ponents .  The aqueous I y e r  was s e p a r a t e d ,  t h e  ba se s  l i b e r a t e d  by 

t h e  a d d i t i o n  o f  10 /  sodium h y drox ide  and e x t r a c t e d  with e t h e r .  A f te r  

d r y i n g  over  A.U. anhydrous  po ta ss iu m  c a r b o n a t e ,  removal o f  t h e  e t h e r  

gave 1 .720  g .  o f  l i q u i d  b a s e s .  T rea tm en t  w i th  p i c r i c  a c i d  y i e l d e d  

3.011 g .  o f  p i c r a t e  m.p.  1G5°-174°.  C r y s t a l l i s a t i o n  from methanol  

gave 2 .10  g .  (72^ o f  p i c r a t e )  o f  9 . l O - d i h y d r o - 9 - d i m e t h y l a m i n o -  

1 h e n an th ro n e  p i c r a t e  n . p .  17 5 ° - l 76° and c ro p s  o f  mixed p i c r a t e s  idiidi did 

n o t  y i e l d  pure  specimens o f  any o t h e r  component on f u r t h e r  c r y s t a l 

l i s a t i o n s .  There  was an i n d i c a t i o n  o f  a h i g h e r  m e l t i n g  component 

s i n c e  two d i f f e r e n t  c r y s t a l  forms o f  m .p .  178—180 and 173—174° gave 

a d e p r e s s e d  mixed m.p.  o f  158-160° .  The n e u t r a l  e t h e r e a l  l a y e r  gave 

0 .8 1 4  g .  (22^)  o f  i h e n a n t h r e n e  m.p .  9 5 ° - 9 S ° .  The e x p e r im en t  was 

r e p e a t e d  u s i n g  t h e  same q u a n t i t i e s .  A f t e r  t h e  d i s t i l l a t i o n ,  a smel l
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s i m i l a r  t o  t h a t  o f  d im e thy lam ine  was n o t i c e d  when t h e  a p p a r a t u s  

was d i s m a n t l e d  i n  o r d e r  t o  work up t h e  p roduc ts*

The aqueous r e s i d u e  l a y e r  gave 1*003 g* o f  s o l id *  A s o l u t i o n  

o f  t h i s  gave p r e c i p i t a t e s  w i th  c a lc iu m  c h l o r i d e  and s i l v e r  n i t r a t e ,  

bo th  o f  which were s o l u b l e  i n  ac id*  No p r e c i p i t a t e  was o b ta in e d  

w i th  magnesium s u l p h a t e  s o l u t i o n  i n  t h e  c o l d ,  b u t  on b o i l i n g ,  a w h i te  

p r e c i p i t a t e  formed, showing p r e s e n c e  o f  b i c a r b o n a t e .  From t h e  

n e u t r a l  e t h e r e a l  l a y e r ,  1.141 g .  o f  pdienanthrene were i s o l a t e d .

T h i s  g i v e s  a y i e l d  o f  39^ on th e  t o t a l  amount o f  azep in ium  bromide 

used  and 50/> c a l c u l a t e d  on t h e  amount o f  m a t e r i a l  which h a s  r e a c t e d . 

The b a s i c  f r a c t i o n  gave 1 .657  g .  o f  a l i q u i d  from which 3 .03  g .  o f  

p i c r a t e  were o b t a i n e d .  C r y s t a l l i s a t i o n  from methanol gave 2.19 g .  

( 7 2 /  o f  t h e  p icratep)  o f  9 , 1 0 -d ih y d ro —9-d im e th y lam in o p h en an th ren e  

p i c r a t e  m.p). 175°—176° and c ro p s  o f  mixed p i c r a t e s  from which pure  

m a t e r i a l  c o u ld  n o t  be sep x i r a te d .

A c t io n  o f  TTeat on 4 '  , 1"—d i c h l  o ro—2, 7 -d i  h y d r o - 1 ,1—d im e th y l—3 , 4 : 5 , 6 —

dibenzazApjn ium Hydroxide 

Exper im en t  I

U sing  f r e s h l y  b o i l e d  w a t e r ,  an aqueous s o l u t i o n  o f  t h e  azep in ium  

bromide (5 ,0 0  6 g . )  was shaken f o r  3 /4  hour  w i th  e x ce s s  s i l v e r  ox ide  

which had j u s t  been p re p a red  from 4 .6  g .  o f  s i l v e r  n i t r a t e  and 1.1 g .  

o f  sodium h y d r o x id e .  The f i l t e r e d  s o l u t i o n  was d i s t i l l e d  unde r  a 

p r e s s u r e  o f  23 mm. in  n a tmosphere  o f  n i t r o g e n ,  from a w a te r  b a th  

u n t i l  a lm o s t  a l l  t h e  w a te r  was removed, th e n  from an o i l  b a th  a t
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130-135° f o r  15 m in u te s .  E ther  and w a te r  were added t o  t h e  r e s i d u e

and e t h e r  t o  th e  d i s t i l l a t e .  The aqueous  p o r t i o n s  were e x t r a c t e d

t h r e e  t im es  w i th  e t h e r  and t h e  combined e x t r a c t s  s e p a r a t e d  i n t o  a

b a s i c  and a n e u t r a l  f r a c t i o n  by t r e a t m e n t  w i th  d i l u t e  h y d r o c h l o r i c  
}

a c i d .  The b a se s  wore l i b e r a t e d  by  10/ sodium hydro x id e  s o l u t i o n  and 

e x t r a c t e d  w i th  e t h e r .  Both t h e  b a s i c  and n e u t r a l  e t h e r e a l  s o l u t i o n s  

were d r i e d  ove r  anhydrous  p o ta s s iu m  c a r b o n a t e ,  most o f  t h e  e t h e r  

< I i s t i l l e d  o f f ,  poured i n t o  t a r e d  d i s h e s  and th e  r e s t  of t h e  e t h e r  

removed•

The n e u t r a l  p o r t i o n  gave 0 .1 3  g .  ( 5 . 4 / )  o f  a s o l i d  o f  m.p .  

1 1 8 -125° .  which ,  on c r y s t a l l i s a t i o n  from l i g h t  p e t ro le u m  ( b . p .  CO—8C°) 

had m.p .  125-127° .

( Found: C, 0 9 .4 ;  11,3 .4;  Cl ,2 7 ,1  ; g r e q u i r e s  C ,C8 .0 ;

11,3.3; C l , 28 .7 )  The b a s i c  p o r t i o n  gave 2 .7 4  g ( 9 5 / )  o f  an o i l  

which d e p o s i t e d  c r y s t a l s  a f t e r  t h e  a d d i t i o n  o f  e t h a n o l . I n s t e a d  

o f  making th e  p i c r a t e ,  t h e  a l c o h o l i c  s o l u t i o n  was c o n c e n t r a t e d  and 

f o u r  c ro p s  o f  c r y s t a l s  were o b t a in e d  w i th  m e l t i n g  p o i n t s  from 100-102°  

t o  102-104° and t o t a l l i n g  1 .15  g .  F u r t h e r  c r y s t a l l i s a t i o n  gave m .p .  

10 3 -110° .  0 . 4 2  G* o f  p i c r a t e  were p re p a re d  by ad d in g  a c o n c e n t r a t e d

s o l u t i o n  o f  p i c r i c  a c id  in  e th a n o l  t o  0.2G g .  o f  t h e  s o l i d  amine 

d i s s o l v e d  i n  e t h a n o l .  A f te r  one c r y s t a l l i s a t i o n  from m e th an o l ,  t h e  

m e l t i n g  p o i n t  was s t i l l  2 1 1 . 5 - 2 1 2 . 5 ° .  The u l t r a v i o l e t  spec t rum  

showed t h i s  t o  be t h e  s i x —membered r i n g  compound.
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i t e r a t e s  wore made o f  th e  b a s i c  o i l  which remained and 0*15 g* 

o f  p i c r a t e  m .p .  227 .5—2 2 8 .5 ° ,  0 . 0 4  g .  w i th  np.p. 212—213°,  a smal l  

c r o p  v.'ith m.p,. 232—240° and c ro p s  o f  n ix e d  p i c r a t e s ,  i n c l u d i n g  one 

o f  m.p). 140—185° ,  wore sep a r a t e d  from 2 .03  g .  o f  p i c r a t e  a f t e r  

c r y s t a l l i s a t i o n  from m e th an o l ,  e th an o l  and 2—methoxy—e t h a n o l .

These  fo u r  p i c r a t e s  were shown to  have d i f f e r e n t  i n f r a r e d  s p e c t r a ,

The amines have been s e p a r a t e d  i n t o  44^ o f  th e  am inophenanthrene  and 

7 /  o f  t h e  u n b r id g e d  amine .

E v a p o ra t io n  o f  w a te r  from th e  aqueous l a y e r  gave 1 .33  g .  o f  

an o i l y  s o l i d  m e l t i n g  between 200° and 290° .  Thus,  decomp>osition 

o f  t h e  azep inium h y ’r o x i d e  was i n c o m p l e t e .  The p i c r a t e  o f  t h i s  was 

made w i th  a c o n c e n t r a t e d  aqueous s o l u t i o n  of  sodium p i c r a t e  and h.ad 

m.pj. 222—225°.  ' f t e r  two c r y s t a l l i s a t i o n s  from e th a n o l  t h e  m.p . was

2 2 3 . 5 - 2 2 4 . 5 ° .

The r e a c t i o n  and working  up p ro c e d u re  f o r  t h e  f o l l o w i n g  

e x p e r im e n t s  were t h e  same as  d e s c r i b e d  f o r  Exper iment  I ,  b u t  w i th  

t h e  no ted  m o d i f i c a t i o n s .

Exper im ent  TI

1) 4 .7 2 4  G. o f  azep inium bromide were u s e d .

2) The d i s t i l l a t i o n  was c a r r i e d  o u t  under  a p r e s s u r e  o f  21 mm.

3) The o i l  b a th  was r a i s e d  to  a t e m p e r a t u r e  o f  140-145° and

k e p t  a t  t h i s  f o r  one h o u r .
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The aqueous p o r t i o n  gave 0 .829  g ,  o f  r e s i d u e -  The

i n f r a r e d  spec t rum  wan ru n  ( s e e  p .  141) b u t  th e  compound was n o t

i d e n t i f i e d .  I t  i s  exp ec ted  t h a t  i t  w i l l  be t h e  azep in ium  b i c a r b o n a t e  

o r  a m ix tu r e  o f  t h i s  and t h e  h y d r o x id e .

The n e u t r a l  e t h e r e a l  e x t r a c t s  gave 0 .2 0  g .  ( 7 . 8 / )  o f  o i l y  n e e d le s  

which were p u t  th ro u g h  an a lum ina  column and e l u t e d  w i th  l i g h t  

p e t r o l e u m  ( b . p .  4 0 - 6 0 ° ) ,  th e n  w i th  i n c r e a s i n g  p r o p o r t i o n  o f  e t h e r  u n t i l  

100/ o t h e r .  0 .009  g .  ( 2 .7 1 )  of  a w h i te  c r y s t a l l i n e  s o l i d  m .p .  127-128° 

was o b t a i n e d ,  t o g e t h e r  w i t h  9 mg. o f  an o i l  which had a d i f f e r e n t  

i n f r a r e d  spec t rum  from t h e  f i r s t  f r a c t i o n ,  th e  s t a r t i n g  m a t e r i a l  and 

t h e  s u b s e q u e n t l y  p r e p a r e d  oxep i n .

2.81 G. o f  b a se s  were o b ta in e d  and p a r t l y  s o l i d i f i e d .  The s o l i d  

was s e j a r a t c d  and c r y s t a l l i s e d  from l i g h t  p e t ro le u m  ( b . p .  60—80°) and 

had m.p .  9 8 -1 0 0 ° .  F u r t h e r  c r y s t a l l i s a t i o n  y i e l d e d  a pure  spocimen 

o f  one o f  t h e  amines m .p .  101°-102°  b u t  n o t  enough f o r  a n a l y s i s ;  th e  

o t h e r  p e rh ap s  m e l t s  n e a r  l i s t  i i c r a t e s  were made from t h e  re m a in in g  

b a s i c  gum. C r y s t a l l i s a t i o n  gave 0 .18  g .  o f  t h e  h i g h e r  m e l t i n g  p i c r a t e

(m .p .  228°-229°)  and 0 .1 6  g .  o f  t h e  lower m e l t i n g  p i c r a t e  (m .p .  212 -213° )

t o g e t h e r  w i th  a v e r y  smal l  amount w i th  m .p .  15G°-158° and c ro p s  o f  mixed 

p i c r a t e s ,  from t h e  1 .0 4  g .  o f  p i c r a t e s  made. IVora t h e  t o t a l  b a s i c  

p r o d u c t ,  5 2 /  o f  t h e  aminophenanthrene  was s e p a r a t e d  as  p i c r a t e  and 

impure b a s e .

The u l t r a v i o l e t  s p e c t r a  o f  t h e  amine p i c r a t e s  ( p . 154) show a
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s i x —membered r i n g  (2 -a tom  b r i d g e )  f o r  t h e  p i c r a t e  w i th  m .p .  212-213° ,  

and th e  a n a l y s i s  i s :  found C, 5 0 . 5 ;  H, 3 . 8 ;  N ,1 0 .6 ;  C l , 1 3 . 7 ;

^22^^18^4^7^ i  r e q u i r e s  C ,5 0 .7 ;  11,3.5; N ,1 0 .7 5 ;  C l , 1 3 .6 .

The u l t r a v i o l e t  spec t rum  f o r  t h e  p i c r a t e  w i th  ra.p. 228—229°

(p).153) showed l e s s  a b s o r p t i o n  i n  t h e  2500 A r e g i o n  th a n  exp ec ted  

f o r  a compound w i th  a 3-a tom b r i d g e ,  and s i n c e  t h i s  r e g i o n  i s  com pl i 

c a t e d  by ] i c r a t e  a b s o r p t i o n , t h e  f r e e  base  was l i b e r a t e d  by sh ak in g  

w i t h  sodium h y d ro x id e  s o l u t i o n  and th e n  e t h e r  e x t r a c t i o n .  The e t h e r e a l  

s o l u t i o n  was d r i e d  over  anhyilrous  sodium sul p h a te  and t h e  e t h e r  removed, 

g i v i n g  a g l a s s . An u l t r a v i o l e t  spec t rum  o f  t h e  e t h a n o l i c  s o l u t i o n  o f

t h i s ,  c o n t a i n i n g  a few d ro p s  o f  d i l u t e  h y d r o c h l o r i c  a c i d  t o  make th e
o

h y d r o c h l o r i d e  showed no c o n j u g a t i o n  band in  th e  2300-2600 A r e g i o n .  

Exper im en t  TTI

a) 1) The w e ig h t  o f  azep in ium  bromide was 5.421 g .

2) The d i s t i l l a t i o n  was c a r r i e d  o u t  under  a p r e s s u r e  o f  13 mm.

3) The b a th  t e m p e r a t u r e  was k e p t  a t  130-135° f o r  one h o u r .

The f i l t e r i n g  o f  t h e  s i l v e r  ox ide  and s i l v e r  bromide was slow

Fnd i t  seems t h a t  carbon  d i o x i d e  may have d i s s o l v e d  i n  t h e  s o l u t i o n ,  

f o r  4 .1 6  g .  o f  aqueous  r e s i d u e  wore r e c o v e r e d .  From 0 .21  g .  o f  b a s e s ,  

0 . 6  g .  o f  p i c r a t e s  were made, and 0 .1 2  g .  o f  th e  lower  m e l t i n g  p i c r a t e  

was s e p a r a t e d .  The n e u t r a l  e t h e r e a l  p o r t i o n  gave 0*02 g .  s o l i d .

The aqueous r e s i d u e  was t r e a t e d  w i t h  48/ hydrobromic  a c i d  i n  o r d e r  

t o  r e c o v e r  th e  b romide.  E f f e r v e s c e n c e  o c cu r re d  and t h e  m ix tu r e  was
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warmed on a h o t  p l a t e  a t  low h e a t .  However, t h e  m ix tu r e  t u r n e d  y e l lo w  

and a smel l  s i m i l a r  to  t h a t  o f  bromine was n o t i c e d .  The y e l lo w  s o l i d  

was n o t  s o l u b l e  i n  w a te r  t o  any  g r e a t  e x t e n t  and was f i l t e r e d ,  washed , 

d r i e d ,  and th e  w e ig h t  found t o  be 4.1 g .  I t  was a l s o  i n s o l u b l e  i n  

l i g h t  p e t ro le u m  ( b . p .  GO—8 0 ° ) ,  cy c lo h ex an e  and e t h e r ,  s l i g h t l y  s o l u b l e  

in  benzene  and c h lo ro fo r m  and more s o ^ in  e t h y l  a c e t a t e  and e t h a n o l .

I t  cou ld  be c r y s t a l l i s e d  from e th a n o l  b u t  i f  t h e  s o l u t i o n  was b o i l e d  

fo r  some t im e ,  th e  y e l lo w  c o lo u r  d i s a p p e a r e d  and c r y s t a l s  w i th  a 

s i m i l a r  i n f r a r e d  spec trum  ( p\ 141 ) and wide range  m e l t i n g  p>oint to  th e  

azep in ium  bromide w e r e •o b t a i n e d • A f t e r  s t o r i n g  f o r  some t im e ,  t h e  

y e l lo w  c o lo u r  was more r a p i d l y  l o s t  i n  s o l u t i o n .  However, an a t t e m p t  

was made to  e s t i m a t e  the  bromine c o n t e n t  g r a v i m e t r i e a l l y ,  and a l th o u g h  

a l i t t l e  may have been l o s t  d u r i n g  t h e  p r o c e s s  o f  s o l u t i o n ,  t h e  r a t i o  

o f  bromine t o  azep in ium  ion  was shown to  be s l i g h t l y  g r e a t e r  t h a n  l ^ / l »  

(Found: Dr, 3 1 . 0 ;  C^QH^G^inrCl, , r e q u i r e s  Hr , 2 1 . 4 ;  r e q u i r e s

H r , 3 5 .3 ;  and ( ' p C l r ,  r e q u i r e s  H r , 29.0  ) .  I t  t h u s  seems l i k e l y  

t h a t  bromine o r  hydrogen bromide i s  occ luded  i n  t h e  azep in ium  bromide 

and may be t a k i n g  th e  p l a c e  o f  w a te r  o f  c r y s t a l l i s a t i o n  i n  th e  m o le c u le .  

A sample o f  th e  ye l low  compound was r e t a i n e d  and 2 .025 g .  o f  th e  

azep in ium  bromide e r e  r e c o v e re d  and r e t r e a t e d ,

b) 1) 2 .025 g .  o f  azep in ium  bromide were u s e d .

2) The d i s t i l l a t i o n  was c a r r i e d  o u t  under  a p r e s s u r e  o f  15 mm.

u n t i l  t h e  w a te r  was removed, and t h e  p r e s s u r e  th e n  lowered to  13 run.

3) The t e m p e ra t u re  was m a in ta in e d  a t  140-145° f o r  one h o u r .
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The aqueous  r e s i d u e  weighed 0 .5 2  g .

0 .038  g .  o f  n e u t r a l  m a t e r i a l  were r e c o v e re d  and 0 .91  g .  o f  b a se s  

which gave 1 .85  g .  o f  p i c r a t e s .  On t r e a t m e n t  w i th  e th a n o l  and 

a c e t o n e o n l y crop s o f  mixed p i c r a t e s  were o b t a i n e d .

4 * , 1 "—D ic h lo r o —2 ,7 —d ih y d ro —3 , 4t 5 , 6 —d ib e n z o x e p in

G ,G ' - D ic h lo r o -2 p 2 » -b ie h y d ro x y m e th y lb i p henyl (O.5  g . )  was warmed 

in  a b e i k e r  w i th  5 0 /  s u l p h u r i c  a c i d  (20 c c . )  u n t i l  t h e  m el ted  d i o l  

had r e a c t e d  t o  form a t h i c k  gum. Th is  s o l i d i f i e d  on c o o l i n g  and 

was f i l t e r e d  o f f  and c r y s t a l l i s e d  from e th an o l  g i v i n g  0 . 2  g .  o f  

n e e d l e s ,  m .p .  1 5 9 .5 ° - 1 6 1 ° ,  and 0 .05  g .  o f  a second c ro p  w i th  m.p .  

159°-161°  ( t o t a l  y i e l d  5 3 / ) .  A f te r  combin ing t h e s e  and c r y s t a l l i s i n g  

two more t im es  from e t h a n o l ,  t h e  m.p>. was 1G1°-1G2°. ( Poundt C ,6 3 .3 j

H,3 .G ; C l , 2 0 .0 5 ;  0 , 6 . 2 .  Cj^Hj^Cl^^O r e q u i r e s  C ,G 3.4 ;  H ,3 .8 ;

C l , 2 0 . 7 5 ;  0 , 0 . 0 . )

R cso k t io n  o f  G,G' - D i c h l o r o —2 , 2 ' - d i p h e n i c  Acid th ro u g h  t h e  Bruc ine  S a l t  

0 .  H. C’ r i s t i e ,  C. "if. James and J .  Kenner^^ ( J .  1923, 8 3 , 1948)

The pe l  r i m e t o r  used g iv e s  r e a d i n g s  d i r e c t l y  t o  0 .0 1 °  and t h e  

r e s u l t s  wore u s u a l l y  r e p r o d u c e a b le  to  0 . 0 2 ° .  The s o l u t i o n  was 

f i l t e r e d  th ro u g h  a f a s t - f i l t e r i n g  f i l t e r  paper  i n t o  th e  p o l a r i m e t e r  

t u b e ,  and t e n  i n d i v i d u a l  r e a d i n g s  were t a k e n  and averaged  to  g iv e  

each r e p o r t e d  r o t a t i o n .

Hot a l c o h o l i c  s o l u t i o n s  o f  G , G ' - d i c h l o r o - 2 , 2 ' - d i p h e n i c  a c i d  

(2 .0 0  g . , 1 m o l . )  and b r u c in e  (6 .01  g . , 2 m o l . )  were f i l t e r e d  i n t o
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a c o n i c a l  f l a s k  and l e f t  t o  c r y s t a l l i s e *  F r a c t i o n a l  c r y s t a l l i s a t i o n  

o f  th e  d e p o s i t e d  c r y s t a l s  and c ro p s  o b ta in e d  by c o n c e n t r a t i n g  t h e  

mother l i q u o r s  gave 2*98 g* w i th  and 0 . 5  g .  w i th  L
0 3 . 3

t o  t o g e t h e r  w i th  i n t e r m e d i a t e  c r o p s .  The r o t a t i o n s  o f  th e

b r u i n e  s a l t s  were a l l  measured in  c h lo r o f o r m .  The d e x t r o r o t a t o r y  

a c i d  was g e n e r a t e d  by washing  a c h lo ro fo r m  s o l u t i o n  o f  t h e  b r u c in e  

s a l t  t h r e e  t i n e s  w i th  lO/. sodium h y d ro x id e  s o l u t i o n  and c a r e f u l l y  

a c i d i f y i n g  t h e  a l k a l i n e  s o l u t i o n  w i th  d i l u t e  h y d r o c h l o r i c  a c i d .  The 

p r e c i p i t a t e d  a c id  was f i l t e r e d  end d r i e d  and 0 .65  g .  were o b t a i n e d .  

A f t e r  c r y s t a l l i s a t i o n  from aqueous methanol^  th e  n e e d l e s  formed had 

m.p .  2C2°-2G9° ( t u r n i n g  opaque a t  1 9 0 ° ) .  The a c i d  had ^ + 2 6 .7 ° ,

[ j + 2 2 .8°  (O. lNKaOH, c_ 0 . 7 7 0 ) .  A j a c k e t e d  tu b e  was used  fo r

f u r t h e r  r e a d i n g s  a t  d i f f e r e n t  t e m p e r a t u r e s  and t h e  r o t a t i o n  o f  th e  

s o l u t i o n  was shown to  be m arked ly  tempjera ture  dependen t  ( s e e  t a b l e l 3 ,  

g raph  1. ) .

Remaining c ro p s  o f  t h e  b ru c in e  s a l t  were in c lu d e d  i n  a second

r e s o l u t i o n  u s i n g  1 0 .CO g .  o f  a c i d  and 30 .06  g .  o f  b r u c i n e ,  which gave

15.49  g .  o f  s a l t  w i th  r o t a t i o n  L ° nnd 2.69 g .  w i th

[ a ] ^ ^ * j - 8 2 ° ,  t o g e t h e r  w i th  7 .6 4  g .  w i th  » 9 .1 7  g .  w i th

L ^ ] /^ * ? - 7 8 °  and 3 .8  g .  w i th  [ a ] / ^ * ^ - 7 G . G ° , and o t h e r  i n t e r m e d i a t e  
o 4 6 1  o 4 u l

crop s . The 3 .8  g . w i th  [ ' ^ —76.6°  was made i n t o  t h e  a c i d  as
5461

21 ,5
p r e v i o u s l y  d e s c r i b e d  and gave 0*81 g .  w i th  r o t a t i o n  [ ® > 

w h ic h , a f t e r  c r y s t a l l i s a t i o n  from aqueous e th an o l  gave 0 .5 2  g .  w i th
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From th e  p o s i t i v e l y  r o t a t i n g  s a l t ,  3.G9 g .  o f  a c id  were o b t a i n e d ,  

which ,  on c r y s t a l l i s a t i o n  y i e l d e d  3#23 g .  w i th  + 3 1 .3 ° .

The r e m a in in g  c ro p s  were i n c lu d e d  i n  a t h i r d  r e s o l u t i o n  u s i n g  

30 g ,  o f  a c id  and 108 g .  o f  b r u c i n e ,  which gave 50 g .  o f  s a l t  w i th  

r o t a t i o n  L . 0° ,  11 .3  g .  w i th  [ û] ^ ^ * j +9 . 7 °  and 2 .78  g .  w i th

Lu] q^ q j+10 . 2 ° ,  ( a  t o t a l  o f  64g . )  and 8 g .  w i th  r o t a t i o n
O f*  Â  O r *  f *  A  4  w i /k  O  >1 f '

14 .5  g .  w i t h  [ “ A v i c i - e s ” , 1 9 .4  g .  w i th  a n d / [ a : g ^ ; ° - 8 0 “

(a  t o t a l  o f  GG g . ) ,  t o g e t h e r  w i th  o t h e r  c ro p s  o f  l e s s  o p t i c a l l y  

pu re  m a t e r i a l  .

The d e x t r o r o t a t o r y  s a l t  was c o n v e r t e d  i n t o  t h e  a c i d ,  y i e l d i n g

1 5 .4  g .  ( 4 3 / )  r e c o v e r y  on t o t a l  a c i d  u s e d ,  and t h i s  was c r y s t a l l i s e d ,  

g i v i n g  14 g .  w i th  a r o t a t i o n  o f  [ a ]^^*^ + 18 . 0 ° .

( + ) -R—G, G' - P i c h i o r o —2,2  *- b i  shydroxymethylh ip  henyl

The p ro c e d u re  was as  fo r  th e  i n a c t i v e  compound d e s c r i b e d  on 

page 119, u s i n g  1 g .  o f  ( + )—R - 6 , 6 * - d i c h l o r o - 2 , 2 * - d i p h e n i c  a c i d  ( l  mol) 

and 0 . 3  g .  o f  l i t h i u m  aluminium h y d r id e  ( 2 .5  m o l . ) .  A gum was 

o b t a i n e d ,  which would n o t  s o l i d i f y  and i t  was r e t f e a t e d  w i th  0 .5  g .  

l i t h i u m  aluminium h y d r id e  to  ensu re  comple te  r e a c t i o n .  V gum was 

l e f t  a g a i n ,  b u t  a f t e r  t r i t u r a t i o n  w i th  a v a r i e t y  o f  s o l v e n t s ,  c o o l i n g  

end s c r a t c h i n g ,  a w h i te  s o l i d  s e p a r a t e d .  On c r y s t a l l i s a t i o n  from 

benzene ,  th e  compound ( 0 . 4  g . , 4 4 / )  had m.p .  1 0 4 .5 ° - 1 0 6 ° .  M. S i e g e l  

and K. Mi si ow^^ ( J . Amer. Chem. S e e .1 9 5 8 ,8 0 ,  473) g iv e  m.p.  106°—107° .
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Of) o  Of) 9  Of) 7
I t  hud [ 7 5 ?  p + l5 3 °  and [ a ] ^  * +149° (c_ 0 .540  i n  benzene)

30K. Mi slow and M. R eige l  g iv e  [ a ]^  +141° (c^O.91 i n  b e n z e n e ) .

Readings  a t  d i f f e r e n t  t e m p e r a t u r e s  showed t h a t  t h e  r o t a t i o n  was

t e m p e r a t u r e  d e p e n d e n t ,  see  t a b l e  1 4 ,  g raph  2 .

A second p r e p a r a t i o n  gave 1 .8 4  g .  ( 9 2 / )  o f  t h e  a c t i v e  d i o l .

C r y s t a l l i s a t i o n  o f  t h i s  from b en ae n e /cy c lo h e x an e  gave 0 .7 7  g .  w i th  
19 .3[ a ]5 ^ * l+ 1 7 4 °  and two c ro p s  w i th  lower r o t a t i o n .  These ,  on r e c r y s t a l 

l i s a t i o n  y i e l d e d  0 .5  g .  w i th  L <̂ ]3 4 Qp + ̂  70° .

A t h i r d  p r e p a r a t i o n  gave 11 .7  g .  ( 9 2 / )  o f  t h e  a c t i v e  d i o l ,  which ,
21 ^on c r y s t a l l i s a t i o n  from benzene ,  y i e l d e d  4 . 4  g .  w i th  [aJjr^Qj+17G°

nnd 2 .7  g .  w i th  [ .

( - ) - R —4 ' , 1 " - D i c h l o r 0 - 2 , 7 - d i h y d r o - 3 , 4 : 5 , G—d ib en x o x ep in

0 . 2  g .  o f  (+)-R—6 , 6 ' —d i c h l o r o —2 ,2 ' - b i s h y d r o x y m e t h y l b i p h e n y l  were 

warmed w i th  10 c . c .  o f  50 /  s u l p h u r i c  a c id  on a w a te r  b a th  u n t i l  t h e  

m ix tu r e  t h i c k e n e d .  The gum o b ta in e d  s o l id i f i e d  on s c r a t c h i n g ,  and 

weighed 0 .0 2  g .  ( 1 1 / ) .  The s p e c i f i c  r o t a t i o n  was Cci354Qp“’^74°

(c_ 0 .820  in  b e n ze n e ) .

A second p r e p a r a t i o n ,  u s i n g  1.59 g .  o f  (+) d i o l  and 70 c c .  o f  

5 0 /  s u l p h u r i c  a c id  gave a t h e o r e t i c a l  y i e l d  o f  s o l i d  p r o d u c t ,  which 

was c r y s t a l l i s e d  from e t h a n o l ,  g i v i n g  0 .70  g .  ( 5 3 / )  m .p .  1 43° -144° ,

and 0 .4 2  g .  w i th  a s l i g h t l y  lower r o t a t i o n  ( t o t a l  y i e l d  

7 3 / ) .  Measurements were naue a t  d i f f e r e n t  t e m p e r a t u r e s  t o  see  i f  

t h e  r o t a t i o n  was t e m p e r a t u r e  d e p en d en t  ( s e e  t a b l e  15 , g raph  3 ) •
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The change was s l i g h t  and cou ld  be accoun ted  f o r  by change i n  volume 

due to  expans ion  o f  t h e  s o l u t i o n .

Found! C,G3.3 ; H, 3 . 8 ;  C l , 2 6 .7 ;  0 ,  G.2; Cj ^II^qCI^O r e q u i r e s  C ,6 3 .4 ;  

11,3.8;  C1,2G.75; 0 , 6 . 0 ; .

R ac é m isa t io n  o f  t h e  oxep in  i n  2—phenyl  e th a n o l  was s t u d i e d  i n  

t h e  t e m p e r a t u r e  range  1 5 4 ° -1 8 5 ° .  The s o l u t i o n  was h e a te d  under  

n i t r o g e n  in  s e a l e d  tu b e s  which were p la c e d  i n  a t h e r m o s t a t  c o n t r o l l e d  

o i l  b i t h .  he tu b e s  were removed a t  s u i t a b l e  i n t e r v a l s  fo r  p o l a r i -  

n e t r i c  exam ina t ion^  ( t a b l e  13,  g raph  O ) .

One s an p lo  was l e f t  u n t i l  t h e  r o t a t i o n  was,  w i t h i n  e x p e r im e n ta l  

e r r o r ,  z e r o ,  nd th e  i n f r a r e d  spec t rum  o f  th e  r e s i d u e  sho^ai to  be 

i d e n t i c a l  to  t h a t  o b t a in e d  from th e  o p t i c a l 1 y  i n a c t i v e  o x e p in .

The en e rg y  o f  a c t i v a t i o n  ( e ) , t h e  A rrhen ius  pa ra m e te r  (A) and 

th e  en tropy o f  a c t i v a t i o n  ( A S ^ ) w e r e  d e te rm in e d  from th e  e x p e r im en ta l  

p l o t s  ( t a b l e  19 , graph  7 ) u s i n g  t h e  l e a s t  s q u a r e s  method.

( + ) -R—6 ,6 * —Pi c h i o r o —2,2*—b isb rom om ethy lbip henyl

73F. A. McGinn, A, K. L a z a r u s , M. S i e g e l , J . E. R ic c i  and K. Mislow 

—• AI22JZ.* Fhe n . ^'oc . 1058, 80_, 476.

The compound was p re p a red  as  d e s c r i b e d  on page 179 and by th e  

above w o r k e r s ,  u s i n g  7.0  g .  o f  ( + ) - U - 6 , G ' - d i c h l o r o - 2 , 2 ’- b i s h y d r o x y -  

m e t h y l b ip henyl .md 320 c . c .  o f  48 /  hydrobromic  a c i d ,  and h e a t i n g  on 

a w a te r  b a th  fo r  2 h o u r s .  The r e a c t i o n  was a p p a r e n t l y  n o t  c o m p le te ,  

fo r  a gum was o b ta in e d  Tvhich would n o t  s o l i d i f y ,  even when t r i t u r a t e d
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w i th  a v a r i e t y  o f  s o lv e n t s #  The gum was h e a te d  f o r  a n o t h e r  2 ho u rs

w i th  more 48/ hydrobromic  a c i d  (300 c . c , )  and t h i s  t ime a s o l i d  was

o b t  l ined  when t h e  r e a c t i o n  m ix tu re  was c o o l e d .  The s o l i d  was

f i l t e r e d  o f f  and d r i e d  i n  a vacuum d e s ^ i c k t o r  over  sodium h y d ro x id e .

The y i e l d  was 9 .5  g .  ( 9 4 / ) .  A f t e r  c r y s t a l l i s a t i o n  from m e th an o l ,

3 . 4  g .  o f  t h e  compound w i th  m.p# 7,0-71° and w i th  s p e c i f i c  r o t a t i o n

[ u ] ^ ^ ^ j+ 9 3 °  and [ a ] ^ ^ '^ + 8 0 °  (c^. 0 .9 9  i n  benzene) end 2 g .  w i th  
^6 .0L a ] ^ 4 ^ 1  +92° were o b ta in e d  ( 5 4 / ) .  L i t e r a t u r e  m.p.  70-71° and s p e c i f i c  

r o t a t i o n  i s  +77° ( c ^ 0 .9 3  in  b e n z e n e ) .  Readings  a t  d i f f e r e n t

t e m p e r a t u r e s  showed t h a t  th e  r o t a t i o n  was,  to  a sm al l  e x t e n t ,  

t e m p e r a t u r e  d e p e n d e n t .

( - ) —R—4 ( 1 " , —Dichl oro—2 , 7-dihyrTro—1 ^1—d i m e t h y l —3 , 4 : 5 , 6—d ib e n za z ep in iu m  

Dronide

The compjound was p re p a red  by th e  method (b) used  f o r  t h e  i n a c t i v e  

compound d e s c r i b e d  on p>age 181 u s i n g  0*8 g .  o f  6 , 0 ’—d i c h l o r o - B j B ' -  

b i s b r o n o n e t h y l  bi pAienyl and 0 . 6  ml.  d im e thy l  amine.  The w h i te  azep in ium

bromide was o b ta in e d  i n  t h e o r e t i c a l  y i e l d  and was c r y s t a l l i s e d  from 

m e t h a n o l - e t h y l  a c e t a t e  m i x t u r e ,  g i v i n g  0 .3 5  g .  w i th  s p e c i f i c  r o t a t i o n
TOO

[ a ] / “ *“- l 5 9 °  ( 2  0 .9 7  in  c h l o r o f o r m ) .  Readings  were t a k e n  a t  d i f f e r e n t  

t e m p e r a t u r e s  and th e  r o t a t i o n  was found to  be t e m p e r a t u r e  d e p e n d e n t .

The r o t a t i o n  i n  2-p henyl e th a n o l  was C®3^ ^ qj“ 3 0 0 ° .

A second p r e p a r a t i o n  on 3 g .  o f  b isbromomcthyl compound y i e l d e d  

on c r y s t a l l i s a t i o n ,  1 .38 g .  o f  needle-shap^ed c r y s t a l s  w i t h  s p e c i f i c
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r o t a t i o n  ( ĉ  1 .03  in  2-p henyl  e th y l  a l c o h o l ) .

Ra-cemie a t i o n  o f  t h e  azep i n i n n  bromide was s t u d i e d  i n  t h e  t e m p e r a t u r e  

r a n g e  188-230° ,  i n  th e  same way as  f o r  t h e  o x e p in ,  and t h e  a c t i v a t i o n  

fFuergy E, t h e  A r rh en iu s  p a ra m e te r  A and th e  e n t r o p y  o f  a c t i v a t i o n  

A were d e te rm in e d  from t h e  exp e r im e n ta l  pilots  ( t a b l e  21 , g raph  9 ) 

u s i n g  th e  l e a s t  s q u a r e s  method. ( See a l s o  t a b l e  20,  g raph  8 . )

"I4 , 5 —Dichl o ro—y8',T-<l ihyrlrop-honanthrene

I . i t h i u n  ( 0 ,47 g .  ; 2.1 atoms + 0 ,1  g .  t o  a l lo w  f o r  th e  amount 

re m a in in g  i n  th e  p r e s s )  was weighed under  d r y  t o l u e n e  and p r e s s e d  o u t  

as  a w ire  th ro u g h  a 1 rim. d i e .  The w i re  was c u t  up, i n t o  smal l  p i e c e s  

as  i t  emerged from th e  p r e s s  and a l lowed  t o  drop? i n t o  50 ml .  o f  sodium 

d r i e d  e t h e r  in  a f l a s k  p r e v i o u s l y  f l u s h e d  o u t  w i th  n i t r o g e n .  (The 

r e a c t i o n  m ix tu r e  was k e p t  under  n i t r o g e n  u n t i l  t h e  phenyl l i t h i u m  

had been d e s t r o y e d ) .  A l i t t l e  f r e s h l y  d i s t i l l e d  bromobenzcne was 

added and t h e  s o l u t i o n  was warmed. Then t h e  r e s t  o f  th e  bromobenzene 

( a  t o t a l  o f  C.£ g . ; 1 mol.  was a d d e d ) ,  was g r a d u a l l y  ru n  in  and t h e  

r e a c t i o n  m ix tu re  warmed on a wat e r - b a t h  f o r  h o u r ,  d u r i n g  which t ime 

t h e  1i t h i u n  g r a d u a l l y  r e a c t e d .  The d ib rom ide  ( E . g . ;  1 mol.  which 

had p r e v i o u s l y  been l e f t  i n  a vacuum d e s s i c a t o r )  was d i s s o l v e d  i n  

sodium d r i e d  e t h e r  and added to  t h e  phenyl l i t h i u m .  At f i r s t  t h e  

s o l u t i o n  went y e l lo w ,  th e n  a c lo u d y  p r e c i p i t a t e  appea red  and t h e  

y e l lo w  c o l o u r  became l e s s .  The m ix tu r e  was h e a te d  under  r e f l u x  f o r  

1 h o u r .  A f te r  f i l t e r i n g  t h e  s o l u t i o n  th ro u g h  g l a s s  wool,  w a te r  and
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d i l u t e  h y d r o c h l o r i c  a c id  wore added t o  form two c l e a r  s o l u t i o n s *

The e t h e r e a l  l a y e r  was s e p u r a t e d ,  washed w i th  w a te r  and d r i e d  over  

anhydrous  sodium s u l p h a t e .  A f t e r  removing th e  e t h e r ,  a gum and 

some s o l i d  were l e f t .  Dy t r e a t m e n t  w i th  e t h e r  and e th a n o l  a so l id  

was o b t a i n e d ,  which was c r y s t a l l i s e d  from p e t ro le u m  e t h e r  ( b . p . 4 0 —60°) 

g i v i n g  0 . 0  g .  ( 1 2 / )  o f  a p r o d u c t  w i th  m.p .  105-107° .  C r y s t a l l i s a t i o n  

from e th an o l  r a i s e d  t h e  m.p . t o  106 .5—1 0 7 .5 ° .  (Found: C,6 7 .6 5 ;

H , 4 . 2 ;  0 1 , 2 8 . 6 5 ;  Cj ^II^qCI^ r e q u i r e s  C , 6 7 .5 ;  11,4.05; 0 1 , 2 8 . 5 ) .

X s u b se q u e n t  p r e p a r a t i o n  u s i n g  0 . 6 6  g .  ( 3 . 3  m o l . )  o f  l i t h i u m  

and 5 . 7  g .  ( 1 . 5  m o l . )  o f  bromobenzene '.nd h e a t i n g  the  r e a c t i o n  m ix tu re  

f o r  f o u r  h o u rs  gave a y i e l d  o f  1.1 g .  ( 2 2 / )  w i th  m .p .  105 -106° .

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

was u n s u c c e s s f u l .. There  was an i n d i c a t i o n ,  however ,  t h a t  b e s i d e s  

t h e  d e x t r o r o t a t o r y  d ib r o m id e ,  t h e r e  was a l s o  some m a t e r i a l  w i th  a 

n e g a t i v e  r o t a t i o n .  'York on t h i s  i s  s t i l l  i n  p r o g r e s s .
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TraTERVTUllE DEI rNDFTJCK OF ROTATTON OF ( + ) -R -  

Table  13

IN O.IN NaOH

0 0 0 H COOH

1 - 2 0 .776

TIZUnUTURE ^  5791 ze ro 179.99 5461 zero 179.98

r e a d i n g a La] r e a d i n g a [ a ]

5 .20 180.580 +0 . 5 9 0 +38.0  0 180.060 +0.080 +43.80

11.20 180 . 4 7 0 +0.480 +3 0 . 9 0 180.520 +0 . 5 4 0 +34.80

1 5 . 5 0 180 . 3 9 0 +0.400 +25.80 180 . 4 5 0 +0 . 4 7 0 +3 0 . 3 0

18.00 180.380 +0.38 0 +2 4 . 5 0 180.420 +0 . 4 4 0 +2 8 . 4 0

20.10 160 . 3 3 0 +0 . 3 4 0 +2 1 . 9 0 180 . 3 7 0 +0 . - 3 9 0 +25.10

21.00 180.320 +0 . 3 3 0 +21.60 180.360 +0.380 +2 4 . 5 0

25.00 180 . 280 +0 . 2 9 0 +18 . 7 0 180.310 +0 . 3 3 0 +2 1 . 3 0

3 0 . 4 0 180.210 +0.220 +14.20 180 . 2 5 0 +0 . 2 7 0 +1 7 . 4 0

3 3 . 5 0 180 . 1 7 0 +0.180 +11.00 180 . 1 9 0 +0.210 +1 3 . 5 0

3 5 . 4 0 180.160 +0 . 1 7 0 +11.00 180.180 +0.200 +1 2 . 9 0

4o . 0 0 180.120 +0 . 1 3 0 +8 . 4 0 180 . 1 3 0 +0 . 1 5 0 +9 . 7 0

43 .8  0 180 . 0 9 0 +0.100 +6 . 4 0 180.090 +0.110 + 7.10

4 9 . 5 0 180 . 0 5 0 +0.060 +3 . 9 0 180 . 0 5 0 +0 . 0 7 0 +4 . 5 0

55 .00 180.020 +0 . 0 3 0 +1 . 9 0 180.020 +0 . 0 4 0 +2.60

5 9 . 5 0 1 7 9 . 9 7 0 -0 .0 2 0 - 1 . 3 0 179.960 -0 .0 2 0 - 1 . 3 0

05.00 179.960 - 0 . 0 3 0 - 1 . 9 0 1 7 9 . 9 4 0 - 0 . 0 4 0 - 2 . 6 0

69.50 1 7 9 . 9 3 0 - 0 . 0 7 0 - 4 . 5 0 179.900 -0 .0 8 0 - 5 . 2 0

7 4 . 5 0 179.900 - 0 . 0 9 0 - 5 . 8 0 179.860 -0 .1 2 0 - 7 . 7 0

19.00 180.360 +0 . 3 7 0 +23.80 180.410 +0 . 4 3 0 +2 7 . 7 0
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C l  Cl

[o<3 OF R -  </ ^  IN 0  1 N N a O H  V S .  T E M P E R A T U R E

C O OH  COOH

5 0 -

4 0 -

W2 0 -

»

7 0

T E M P E R A T U R E

- 10 -
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T n w m x T v n E  nm o f  r o t a t i o n  o f  ( + ) - r ^  u  ^

T ab le  14

Cl  C l

IN BT^ZïïNE

1 »  2 c = 0 #7400
O H  OH

TE?.l’ERATUnE A 5791 z e ro 179.98 A 5401 zero 179.99

r e a d i n g a [ a ] r e a d i n g a [ a ]

7.0 182.46 + 2 .47 +167 182 .84 + 2 .86 +193

13.8 182.35 + 2 .30 + 159 182.71 + 2 .73 +185

1 7 .4 182.30 + 2.31 + 156 182.64 +2.66 + 180

20 .3 182.25 + 2 .20 +153 182.58 +2.60 +176

23.8 182.18 + 2.19 +148 182.52 + 2 .54 +172

2 8 .4 182.11 + 2 .12 + 143 182 .44 +2.40 +160

30.0 182.08 + 2.09 +141 182.38 +2.40 + 102

3 3 .4 182.03 + 2 .04 +138 182 .34 + 2 .36 +159

3 7 .4 181.97 + 1 .98 +134 182.27 +2.29 +155

41 .8 181.91 + 1 .92 +130 182.21 + 2.23 +151

4 6 .0 181.87 + 1.88 +127 182.15 + 2 .17 +147

4 9 .4 181.83 + 1 .8 4 + 124 182.11 + 2.13 +144

change  o f  i thermometer

4 9 .4 181 .84 + 1 .85 +125 182.13 +2.15 +145

5 3 .4 181.81 + 1 .82 +123 182.10 +2.12 +143

5 7 .0 181.78 +1.79 +121 182.06 + 2.08 +141

02 .7 181 .74 + 1 .75 +118 182.00 +2.02 +137 

+ 13467 .2 181.71 + 1 .72 +116 181.90 +1.98

24 .2 182.25 + 2 .20 + 153 182.61 +2.03 +178
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Cl Cl

IN B E N Z E N E  V S .  T E M P E R A T U R E

1 9 0 -

O H  O H

1 8 0 -

1 7 0 -

1 6 0 -

1 5 0 -

1 4 0 -

130-

110

T E M P E R A T U R E



-  204 -

ROTATION OF (~ )~ R r-

C Cl

DT DWZTXE AT DT^FEREÎT TT?TERATI%'ES

T ab le  15

1 « 2 c a» 0 ,770

TE?,a HUTURE \  5791 ze ro  179.9050 \  5461 ze ro 179.980

r e a d i n g a [ a ] r e a d i n g a [ a ]

4 .80 173.0000 -5 .3C50 -3480 173,8700 - 6 . 4 1 0 0 - 3 9 7 0

IG . 3 0 174.GC0O - 5 ,3 0 5 - 3 4 5 0 173.9G0O -6 .0 2 0  0 -3910

29 .0° 174.7500 - 5 , 2 1 5 0 -3380 1 7 4 . 0 3 5 0 - 5 , 9 4 5 0 -3860

38.6* I 7 4 . 8 O5 0 - 5 .IGO0 - 3 3 5 0 1 7 4 . 1 0 5 0 - 5 , 8 7 5 0 -3810

50 .0* 174.8050 -5 .1 0 0 0 -3310 1 7 4 . 1 7 5 0 - 5 , 8 0 5 0 - 3 7 7 0

17.20 1 7 4 . 0 4 5 0 -5 ,3 2 0 0 - 3 4 5 0 173.9800 -0 ,0 4 0 0 -3920
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Gra[h 3

Cl  Cl

B E N Z E N E  V S .  T E M P E R A T U R E
-  4 0 0  -

- 3 9 0  -

- 3 8 0  -

- 3 7 0

- 3 6 0

- 3 5  0

-  3 3 0

20 5 0

T EM PERAT URE
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ROTATION OF ( + ) - R ^

Table  16

IN Dfî^ZENE AT D IF T E R O T

TEfTERATURES

Br Br

1 - 2 0.9960

TD,a’Cn.VTURE X 5481 z e r o  180.040 X 5791 zero  180 .040

r e a d i n g a [ a ] r e a d i n g a [ a ]

4 .20 180.9000 +1.860 +9 3 . 4 0 181.6700 +1 . 6 3 0 + 81 . 3 0

10.80 181.900 +1.860 +9 3 . 4 0 181.0800 +1 . 6 4 0 +8 2 . 3 0

14.80 181.6900 +1.8500 +9 2 . 9 0 181.6800 +1 . 0 4 0 +82 . 3 0

20.80 181.8900 +1 . 8 5 0 +9 2 . 9 0 181.6000 +1.620 +81.10

24.80 181.8900 +1 . 8 5 0 +9 2 . 9 0 181,0550 +1 . 0 1 5 0 +81.10

29.20 181 .8600 +1 . 8 4 0 9 2 . 4 0 181.6000 +1.020 8 1 . 3 0

34.00 181.8550 + I . 8 I 5 0 +91.10 181 . 0 4 5 0 +1 . 6O5 0 80.60

39.20 181.8400 +1.8000 +9 0 . 4 0 181.6100 +1 . 5 7 0 78.8 0

44.00 181.8300 +1 . 7 9 0 +8 9 . 9 0 181.0000 +1.560 +7 8 . 3 0

4 9 . 5 0 I S 1.830 0 +1 . 7 9 0 +89.90 181.6200 +1.580 +7 9 . 3 0

change o f  t hermometer

4 9 . 4 0 181 . 8 4 5 0 + I . 8 O5 0 +90.00 181.6200 +1.580 +7 9 . 3 0

5 4 . 7 0 i s i  ,8350 +1 . 7 9 5 0 +90.10 181.0100 +1 . 5 7 0 + 7 3 . 3 0

59 .00 181.8200 +1.780 +1 9 . 4 0 181.0100 +1 . 5 7 0 +78.80

04.00 181.8160 +1.7850 +89.60 181.6100 +1 . 5 7 0 +78.80

7 0 . 4 0 181.8100 +1 . 7 7 0 +8 8 . 9 0 181.0100 +1 . 5 7 0 +78.80
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Oral h 4

IN B E N Z E N E  V S .  T E M P E R A T U R E

C HC H

B r

0 0 -

0 6 -

8 0 -

0 10 20 30 5 0 6 0 7 0

T E M P E R A T U R E
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’a b l e  17
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Cl  Cl

B r

C H  C H

IN cm .onorD R M  a t  d i f f ^ î t

TEMPERATURES

C » 0 .9 7 2

TEMPERATURE X 5791 zero  360.0050 *X 5461 zero 360 .01°

r e a d i n g a [ a ] r e a d i n g a [ a ]

4 .80 357.1100 - 2 . 8 8 5 0  -148° 356.730° - 3 .2 8 0 ° -169°

9 .00 357.1500 - 2 . 8 5 5 0  - 1 4 7 0 356.780° - 3 .2 3 0 ° -106°

15.20 3 5 7 . 2 0 5 0 - 2 . 8 0 0 0 -144* 350.845° -3 .1 0 5 ° -163°

20.20 357.2600 - 2 . 7 3 5 °  -141° 356.900° - 3 . 1 1 0 ° -160°

24.8 0 357.3000 - 2 . 7 0 5 °  - 1 3 9 0 350.950° —3 . 0 6 0  ° -157°

29.80 35 7.3400 -2,GG5° - 1 3 7 0 357.000° - 3 .0 1 0 ° -155°

3 5 . GO 357.3900 - 2 . 6 1 5 °  - 1 3 5 0 357.050° - 2 ,9 0 0 ° -152°

40.80 357.420° - 2 .5 8 5 °  -133° 357.090° - 2 .9 2 0 ° -150°

44.00 3 5 7 . 4 5 5 0 - 2 . 5 5 0 °  -131° 3 5 7 . 1 2 5 0 - 2 . 8 8 5 ° - 1 4 9 0

49 .8  0 357.4900 - 2 . 5 1 5 0  - 1 2 9 0 357.175° - 2 .8 3 5 ° -143°
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[ok] Grai)h 5
Cl  Cl

[ o < ]  O F  R -  ( (  \  IN C H L O R O F O R M  V S .  T E M P E R A T U R E

1 7 0 - 1

C H ,  CH
1 6 5 -

1 6 0 -

1 5  5 -

1 5 0 -

1 4 5 -

1 4 0 -

1 9 5

130
X  5 7 9 1

5 03 020100

t e m p e r a t u r e



n\CT7^I^^ATirN OP ( - ) -n r -  

Tab lo  18 (a )

t  « 1 5 4 . 4 0  

T -  4 2 7 . G*K 

X = 54C1 A

Cl  C l

1 . 1

IN 2-riIENYLETÎL\>:0L

c = 0 .1198  g . / 2 0  cc

Zero a t  057.3700

Time (m in s . ) l o l a r i n e t r l c  r e a d i n g a observed

0 055.150 - 2 .2 2 0

30 355.320 -2 .0 5 0

70 355.475 - 1 .8 9 5

120 355.030 - 1 .7 4 0

180 355.800 - 1 .5 7 0

240 356.000 - 1 .3 7 0

340 350.210 -1 .1 6 0

420 35C.305 - 1 .0 0 5

500 350.500 - 0 . 8  70

GOO 35G.055 - 0 .7 1 5

720 350.790 - 0 .5 8 0

k =» 3 .112  X 10 ^ s e e .  ^ t i  = 3 7 1 .4  m i n s .

loZ" k = —4.50 70 10 / = 2.339
/  *r
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RtCMMISlTTON OF ( - ) - R -

T ab le  18 (b)

t  = 159.8®

T » 4 3 3 .0 ®K 

■» 54G1 A

Cl  Cl

IN 2-iHK^nxr-rrn.4N0L

c « 0 .1 2 0 2  g . / 2 0  c . c

Zero a t  357.330®

Time ( n i n a . ) i o l a r i m e t r i c  r e a d i n g ^observed

0 355.150 - 2 .1 8 0

30 355.315 - 2 .0 1 5

GO 355.530 -1 .800

DO 355.095 -1 .6 3 5

135 355.890 -1 .4 4 0

180 350.090 - 1 .2 4 0

225 350.250 - 1 .0 8 0

270 . 356.400 -0 .9 3 0

330 * 350.580 - 0 .7 5 0

405 350.730 -0 .0 0 0

495 356.885 -0 .4 5 5

600 357.000 -0 .3 3 0

720 357.090 - 0 .2 4 0

k « 5 .381 X lO” ^ s e c .  ^ = 214.7  m ins .

lofT. k = —4.2G91 1 0 ^ ,  = 2 .309
/ f
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Cl  Cl

IUCN?^I8ATI0N OF ( - ) - n ^  /

T ab le  18 (c )

t  = 170.0®

T = 4 4 3 . 2 ®K

X

IN 2-ITTPNXXETHi\N0L

1 = 1 c = 0 .1210 g . / 2 0  c . c .

54G1 A Zero a i  357.050®

Time ( n i n s . ) l o l a r i n e t r i c  r e a d i n g ^observed

0 355.150 -2 .1 0 0

30 355.720 —1 . G30

00 350.075 - 1 .2 7 5

90 356.215 —I .035

140 35G.G75 - 0 .0 7 5

185 356.870 - 0 .4 8 0

235 357.040 - 0 .3 1 0

280 357.150 - 0 .2 0 0

330 357/210 -0 .1 4 0

375 357.250 —0.100

455 357.330 - 0 .0 2 0

840 357.340 —0 .010

k « 1 .355 X 10~4 s o c .

l o g .  k = —3.8681

i j  = 8 0 .3  mins 

1 0 ^ /  = 2.25G
/  T
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Tntbl e 18 (d )

t  o 179.8*

T « 4 5 3 .0*K
X « 54G1 A

IN 2-1IÎINYLETHANOL

c = 0 .1 208  g . / 2 0  c . c .

Zero a t  357.350*

Time ( m i n s .) 1 c l a r i m e t r i c r e a d i n g ^observed

0 355.335 -2 .0 1 5

6 3 5 5 .G15 - 1 .7 3 5

15 355 .865 ' —1.485

24 356.0  70 ' -1 .2 8 0

36 356.320 —1.0 30

48 356.540 —0 .810

GO 356.715 - 0 .6 3 5

75 356.865 —0.485

96 357.020 -0 .3 3 0

132 357.230 -0 .1 2 0

186 357.280 -0 .0 7 0

246 357.330 -0 .0 2 0

k -  3 .100  X 10-4 -1s e c . t t  -  37 .2 mins .

l o g .  k m —C.50 78 1 0 %  - 2.208



RACE?!ISATION"oF ( - ) - I t -

T ' b l e  18 (e )

Cl  Cl

DÎ 2-inrNYLETII\M0L

185»2* 1 . 1 c .  0*1198 g . / 2 0  c . c .

A
4 5 8 . 4°K

5401 A Zero a t  057.830*

Time ( m i n s . ) I o l a r i m e t r i c  r e a d i n g ^observed

0 355.300 - 1 .9 7 0

3 355.545 - 1 .7 8 5  '

6 355.070 - 1 .0 0 0

10 355.850 - 1 .4 8 0

14 350.000 —1.330

18 350.150 - 1 .1 8 0

22 350.280 —1.050

27 350.440 - 0 .8 9 0

32 350.500 - 0 .7 7 0

39 350.700 - 0 .0 3 0

45 350.820 —0.510

52 356.920 - 0 .4 1 0

GO 350.995 - 0 .3 3 5

k -  5 .008  X 10"4 s e c . “ ^

l o g .  k « 3 .3003

t ,  .  23.1 mins .  

1 0 %  = 2.181
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G R A P H  6C
R AC EMI SAT IO N OF ( - ) -OXE PIN

t 2170 0
3

2

1

UJ
—1
<o(/)
o
o
_J

Y

0.1

5 0 0100 200 3 0 0

T i m e  ( m i n s )



R A C E M I S A T I O N  O F  ( - ) - O X E P I N

G R A P H  6 d

t =179 B

0 . 5

3 0 0  TI ME ( m i n s )2 5 050 1 50100 2  0 0 i

G R A P H  6 b

t = 159-9

100 2 00 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0

T I M E  ( m i n s )
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o

R A C E M I S A T I O N  O F  { - j - O X E P I N

G R A P H  6 «

:  1 8 5 . 2

3 -

20 3 0 5 0

G R A P H  6 a

3 0 0200100 6 00 7 0 06 0 05 0 0

T I M E  ( MI N S )
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RVCK?.qSATION OF 

Tab le  19 graj^h 7

C l  Cl

DJ 2-lHFNYI.nmîAVOL

l o g j g k  /  1 0 7 t

T (K*) lO^/T k sec 1 lo g  k lo g  A ( sec AS ^ e . u .

427 .0 2.339 3.112 X 10” ^ -4 .5 0 7 0 13.29 - 0 . 5

433.0 2.309 5.381 X 10-5 -4 .2 6 9 1 13.30 - 0 . 4

443 .2 2.256 1.355 X 10-4 -3 .8 0 8 1 13.30 - 0 . 4

453.0 2.208 3 .100 X 10-4 - 3 . 5 0  78 13.29 - 0 . 5

458 .4 2.181 5.008 X 10-4
*

- 3 '. 30 03 13.29 - 0 . 5

12 2,AX V.VLU28 13.3 - 0 . 5

The s t r a i g h t  l i n e  i_lot  o f  l o g j  k a g a i n s t  10 /T  i s  shown in  

gra i 'h  7 • U s ing  t h e  method o f  l e a s t  s tm . i res ,  t h e  v a lu e  o f  E

was c a l c u l a t e d  to  be 34.8+ 0*1 K c a l . / m o l e .  From t h i s  t h e  v a lu e  

o f  \ was found t o  be 10^^^*^ and t h a t  o f  A S ^ —0 . 5  e . u .

V a lues  of  A were c a l c u l a t e d  from t h e  e o u a t i o n

l o g  A .  logjQk + E / 4 . 5 7 6 .  l / T

and v a l u e s  o f  A S  from

A s " ^  o 4 .576  l o g , . k  / t  + e /T  -  49.20 *=10 r a c '  ’

G r a p h i c a l l y ,  E i s  found t o  be 34 .8  K c a l . /m o le
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RACEMISATION OF (-) - O X E P I  N

g r a p h  7 L O G  k V S

-3.2H

2 2 0 2 2 2 2 24 2 2 6 2 2 8 2 30 2 32

/ r
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R\Cr?^ISATION OF ( - ) - R -

Table  20 (a )

t  -  188.8*

432.0*

5461 A

B rN

CH3 CH3

1 dm,

IN 2-rni ÎYLETH.AM0L

Zero a t  359.00*

Tine  ( m i n s . ) I o l a r i m e t r i c  r e a d i n g ^observed

0 358.120 -1 .8 8 0

15 358.195 -1 .805

30 358.190 - 1 .8 1 0

50 358.205 - 1 .7 0 5

72 358.340 -1 .6 6 0

100 358.385 —1.615

140 358.475 - 1 .5 2 5

200 358.570 —1.430

280 358.810 - 1 .1 9 0

380 358.975 - 1 .0 2 5

480 359.140 -0 .8 0 0

580 359.260 -0 .7 4 0

770 359.400 -0 .5 4 0

972 359.580 -0 .4 2 0

1212 350.745 -0 .2 5 5

k = 2.690 X 10 

l o g  k -  —4.5702

—o = 429 m ins .  

10^^ = 2.165



RACr?!lSATION OF ( - ) - I t -

T ab le  20 (b)

t  -  199.9»

T -  473.1»

-  221 -  ;

Cl  Cl

B r

C H  C H

1 - 1  dm. 

"X -  54G1 A

IN 2-inEKYT,ETHANOL

Zero a t  360.00

Time (m in a . ) l o l a r i n e t r i c  r e a d i n g ^observed

0 358.230 -1 .7 7 0

8 353.325 - 1 . 6 7 5

18 358.420 -1 .5 9 0

30 353.470 -1 .5 3 0

45 353.555 -1 .4 4 5

60 358.055 - 1 .3 4 5

80 358.780 - 1 .2 2 0

100 358.975 -1 .0 2 5

132 358.970 —1.030

160 359.125 - 0 .8 7 5

202 359.300 —0.700

253 359.395 -0 .6 0 5

313 359.570 -0 .4 3 0

408 359.700 -0 .3 0 0

520 359.800 -0 .2 0 0

k -  7.000 X lOT^ t i  -  105 m ins .
2

l o g .  k » - 4 .1 5 4 3 l o V ^  .  2 .114



RACETTSVTTON OF ( - ) - R -

T ab le  2 0 (c)

2 1 1 . 3 0

4 3 4 . 5 0

-  222 -

C H ,  CH

1 ^ dm.

% 54G1 A

IN 2 - l  ITINYLEl’HANOL

Zero a t  3G0.080

Time ( m i n s . ) 1 o l a r i m e t r i c  r e a d i n g ' ;  observed

0 358.050 - 2 .0 3 0

2 3 5 8 .1 G5 - 1 .9 1 5

5 358.200 - 1 .8 8 0

10 358.330 - 1 .7 5 0

15 358.450 -1.C30

20 358.520 - 1 .5 6 0

25 3 5 8 . G35 - 1 .4 4 5

31 358.755 -1 .3 2 5

40 358.920 - 1 .1 6 0

50 359.020 -l.OGO

Cl 359.155 • - 0 .9 2 5

75 359.740 -0 .7 7 5

90 359.4G5 - 0 .6 1 5

110 359.550 -0 .5 3 0

140 3 5 9 .7 GO —0 . 3  20

k « 1.91G X 10~^ 

l o g .  k » —3.7175

t .  = GO.3 m ins .  

1 0  V t  = 2 .064
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lUCEy<I*^ATT(»r OF ( - ) - R -

T ab le  20 (d)

t  "  220.7*

T -  493.9*

Br"

1 ■ 1 dm.

\  m 5461 A

IN 2-H T î î ;YLETHAN0L

zero  a t  360.035

Time (mins) I o l a r i m e t r i c  r e a d i n g ^observed

0 358.200 - 1 .8 3 5

2 358.290 - 1 .7 4 5

4 358.325 . -1 .7 1 0

7 358.480 - 1 .5 5 5

10 358.530 - 1 .5 0 5

15 358.645 -1 .3 9 0

21 j 358.890 - 1 .1 4 5

25 359.015 -1 .0 2 0

30 359,125 —0 .910

40 859 . 255 - 0 .7 8 0

50 359.470 - 0 .5 6 5

61 359 .590 —0.445

75 359.700 —0.335

90 359.820 -0 .2 1 5

110 359.050 —0.130

k -  3 .925 X 10~4 

l o g .  k «= —3.4061

= 29 .4  m i n s .

l o V , 9 . 0 2 4
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M CT^gSATIO N OF ( - ) - R -

T ab le  20 (e )

t  .  229.1»

T « 502.3»

Br
/  \

CH3 CH3

1 = 1 dm.

A -  54G1 A

IN 2-nTT!NYI.CTIÎ.\>^0L

Zero a t  3CO.050

Time (m in a . )  
t

T o ia r i m e t r i c  r e a d i n g ^observed

0 358.250 -1 .8 0 0

1 358.370 -1 .6 8 0

2 358.450 - 1 .6 0 0

4 358.600 —1.450

6 358.730 - 1 .3 2 0

8 358.845 - 1 .2 0 5

11 359.000 —1.050

14 359.130 - 0 .9 2 0

18 359.290 -0 .7 0 0

22 359.405 —0 . 645

28 359,570 - 0 .4 8 0

35 359.710 - 0 .3 4 0

42 359.785 -0 .2G5

50 059.880 -0 .1 7 0

GO 359.935 - 0 .1 1 5

k « 7.711 X 10~4 

lofr ,  k “ —3.1129

es 15 .0  mina.  

,^310 / = 1.991
/ T
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RACEMI SATI ON OF H - À 2 E P I N V U M  BROMIDE

G R A P H  6  e

2 2 9 . 1 *

4 0 5 030201 0

T I ME  ( m i N s )
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( - ) r A Z E P I N U M  B R O M f D ER A C E M I S A T I O N O F

G R A P H  8 c

2 n  *3

0  5 -

UJ

4 0 80 #0
T I M E  (  M i n s )

100 120 U O

G R A P H  8  d

0 . 3 -

20 4 0 1066 0 80

T i m e  ( m i n s )
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R A C E M I S A T I O N  OF ( - ) - A Z E P I N I U M  BROMIDE

G R A P H  8 a

UJ
<uU)
o
o

200 6 0 0  

T i m e  ( m i n s )

8 0 0 1000

G R A P H  8 b

t  = 1 9 9 . 9

0 - 2 -

100 200 3 0 0 4 0 0 5 0 0

TI ME ( M I N S  )



R A C n/ISA TIO N  OF (■>)-T t-

T a b le  21 g ra ^ h  9

228 -  

Cl  Cl

C H  C H

IN 2-lTTT^TYLETIÎA_N0L

l o g j ^ k  v s .  10^/T

T (K°) lO^/T 1 —1k s e c . l o g  k l o g  A ( s e c . ^ ) A S e . u .

462.0 2.165 2.690 X lO 'S - 4 .5 7 0 2 13 .53 4-0 #37

473.1 2 .114 7.009 X 10"5 - 4 .1 5 4 3 13.52 4-0.33

484.5 2 .064 1.915 X 10~4 -3 .7 1 7 5 13 .54 4-0.47

4 939 2 .024 3.925 X 10“ ^ - 3  . 4061 13 .54 4-0.43

5 0 2 .3 1.991 7.711 X 10~4 -3 .1 1 2 9 13.53 4-0.53

lti:\N VALUES 13.5 + 0 .4

The s t r a i g h t  l i n e  j l o t  o f  log^^k  a g a i n s t  10 /T  i s  shewn

i n  g r a j h  9 • U s ing  t h e  method of  l e a s t  mean s q u a r e s ,  th e  v a lu e

o f  E was c a l c u l a t e d  t o  be 38 .3  + 0 . 2  K c a l . /mole* From t h i s ,  t h e

13.5v a lu e  o f  A was found t o  be 10 * and t h a t  o f  S + 0 . 4  e . u .

Va lues  o f  A were c a l c u l a t e d  from t h e  e q u a t i o n

^ogj^A « lo g  j q Ic + E / 4 .5 7 6 .  1/T

and v a l u e s  o f  A  S from

A  = 4 .576  l o g . . _ k  /T + e/T -4 0 .2 010 rac

Grai h i c a l l y ,  E i s  found t o  be 38 .3  K c a l . / m o l .
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o

R A C E M I S A T I O N  O F  { - ) - A Z E P I N I U M  B R O M I D E

G R A P H  9

h - 3 - 0

2-10 2 122.00 2-U 2 162 02 2 082.06

10
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