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ABSTRACT

The r e a c t i o n  between 2 ,2* -b isb rom om etby lb ipbeny l and t r i -  

phenylpbosphine  has  been found to  produce a m ix tu re  o f  th e  mono- 

and di-phosphonium  brom ides . The e f f e c t s  in v o lv ed  in  th e  p r a c t i c a l  

work t o g e th e r  w ith  th e  d i f f i c u l t y  i n  s e p a r a t i n g  th e  m ix tu re  seemed 

to  i n d i c a t e  t h a t  a pu re  di-phosphonium  brom ide, th e  2 , 2 ’ - b i s ( t r i -  

pheny lphosphon iom ethy l)b ipheny l d ib rom ide , cou ld  n o t  be o b ta in e d  by 

th e  v a r io u s  methods d e sc r ib e d  in  th e  ex p e r im en ta l  s e c t i o n .  A ttem pts  

to  p re p a re  a  2 , 2 ’ - b r id g e d  b ip h en y l w ith  a  l a r g e r  b r id g in g  ch a in  by 

th e  r e a c t i o n  between b ipheny1 - 2 ,2 ’ -d ia ld e h y d e  and a P ( 0 ) - a c t i v a t e d  

re a g e n t  such  as t r im e th y le n e -b is (d ip h e n y lp h o s p h in e  o x id e )  have been 

u n s u c c e s s f u l .

A nine-membered r i n g ,  th e  l - m e t h y l - 2 ,3 ,8 ,9 - t e t r a h y d r o -  

4 , 5 î 6 , 7-cLibenzazonine (m .p. 55- 56°)  has been s y n th e s iz e d  and o p t i 

c a l l y  a c t i v a t e d  by c r y s t a l l i z a t i o n  o f  i t s  cam phoreulphonate (m.p, 

201-202°) from ace to n e .  The base  l i b e r a t e d  from t h i s  s a l t  was found 

to  have + ^ ^ 4° i n  ch lo ro fo rm , to  be o p t i c a l l y  s t a b l e  a t  room

te m p e ra tu re  and to  undergo com plete r a c e m iz a t io n  on h e a t i n g  u n d e r  

r e f l u x  i n  cyclohexane f o r  one hou r . I t s  u l t r a - v i o l e t  spectrum  a l s o  

r e f l e c t s  a  l a r g e  an g le  o f  t o r s i o n  i n  th e  ground s t a t e ,  comparable 

w i th  t h a t  o f  th e  1 , 2 , 3 , 4 -d ib e n z c y c lo n o n a - l ,3- d i e n e - 7- c a r b 6x y l i c  

a c id .  B es id es  th e  cam phorsulphonate , th e  m e th io d id e ,  th e  p i c r a t e  

and th e  t a r t r a t e  o f  t h i s  compound have a l l  been p re p a re d  and 

c h a r a c t e r i z e d .
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A r e i n v e s t i g a t i o n  o f  a  s e r i e s  o f  co n d en sa tio n  r e a c t io n s  

between b ip h e n y l - 2 , 2 ' -d ia ld e h y d e  and s e v e r a l  d iam ines i s  a l s o  

in c lu d e d  in  th e  p r e s e n t  work. The co n d en sa tio n  between 2 ,2 * -  

d iam inob ipheny l and o -p h th a la ld e h y d e  has been found to  g iv e  a  re d  

c r y s t a l l i n e  s o l i d  (m .p. 253-254^) as a main p ro d u c t .  S p e c tro s c o p ic  

s t u d i e s  seem to  show t h a t  i t  cou ld  n o t  be th e  c i s  10[îT-( 2“-am ino-2*-  

b i p h e n y l y l ) l - i s o i n d o l - 3 “ O n y l id e n e ] i s o in d o lo [2 .1 - a ] d ib en zo [d .  f ] -  

1 , 3 -d ia z e p in e  as p roposed  by B in d ra  and E l ix .  A p o s s ib l e  s t r u c t u r e  

f o r  t h i s  r e d  compound has  been t e n t a t i v e l y  advanced b u t  some o f  i t s  

chem ical r e a c t i o n s  r e q u i r e  f u r t h e r  s tu d y .



INTRODUCTION

A. A “b r i e f  accom it o f  th e  a p p l i c a t i o n  o f  th e  ¥ i t t i g  r e a c t i o n  
and th e  u s e  o f  th e  P ( o ) - a c t iv a ' t e d  r e a g e n t s .

The W i t t i g  r e a c t i o n  has  "been w ide ly  u sed  f o r  th e  s y n th e s i s  

o f  an o l e f i n  from a carbony l compound s in c e  i t s  d is co v e ry  in  1954» 

The r e a c t i o n  in v o lv e s  th e  n u c le o p h i l i c  a t t a c k  o f  an y l i d e  on th e  

carbony l carbon  to  form a b e ta in e  which o f t e n  sp o n tan eo u s ly  e l im i 

n a te s  th e  t r ip h e n y lp h o s p h in e  oxide to  y i e l d  th e  p ro d u c t .

ER' 0=0 + Ph3P=CR"R'’ ' ---- > ER’ C-CR"R"’
C)"PPh3 — > Ph^PO + RR'C=CR"R"'

y l i d e  b e ta in e

The m e r i t  o f  t h i s  r e a c t i o n  i s  t h a t  i t  can be c a r r i e d  o u t  u n d e r  m ild  

c o n d i t io n s  and t h a t  th e  p o s i t i o n  o f  th e  double  bond in  th e  r e s u l t 

in g  o l e f i n  i s  knoim w ith  g r e a t  c e r t a i n t y .

The e a r l i e s t  a p p l i c a t i o n  o f  t h i s  r e a c t i o n  in  th e  b ip h en y l 

s e r i e s  was th e  t r e a tm e n t  o f  m e tliy len e tr ip h en y lp h o sp h o ran e  ( l )  w ith  

2 , 2 ' - d ib e n z o y lb ip h e n y l  ( l l )  to  form 2 , 2 ‘ -d i ( /5 -p h e n y lv in y l)b ip h e n y l

( I I I )  by R i t t i g  and S t i l z  ( I 956) .  H a l l  and P rak o b sa n t isu k h  ( I 965)

^ HgC^C C—CHg0=0 0=0PhtP=OH



found t h a t  th e  r e a c t i o n  between b ip h e n y l - 2 ,2 ' -d ia ld e h y d e  (rv) and 

th e  s t a b l e  phosphorane (V) p roceeded  s a t i s f a c t o r i l y  to  g iv e  th e  

m ethyl e s t e r  (V l) .

(IV)

Ph3P=CH- 0 0 2 ^ 3  

( V )

CH=CH-C02CH3

CH=CE-C02CE3

(VI)

When th e  d iphosphorane  ( V I I l )  d e r iv e d  from th e  bisphosphonium  

dibrom ide (V I l )  was a llow ed  to  r e a c t  w ith  benza ldehyde, i t  gave 

2, 2 ’ -di-p<{ - s t y r y lb i p h e n y l  ( IX ) .

HpC onp 
1 +  + 1  Ph3? PPh3

(V II)
2Br

PhiP

HC 
II

PhCH HCPh

(V II I ) (IX)

Analogous to  th e  above r e a c t i o n  was th e  p r e p a r a t i o n  o f  

2 , 2 ' - b i s [2 -Ç ^ -n ap h th y l)v in y l ] b ip h e n y l  (X Il)  from (IV) and (X l) as 

w e l l  as  from ( V I I l )  and (X) by Bergmann and h i s  co-w orkers  ( I 967)

CEO

(X)

CH=PPh:

(XX)

CH=CH • C jo H y  —/3 

rj^ CH=CH«

(X II)

R i t t i g  r e a c t i o n  between th e  d iphosphorane d e r iv e d  from



( X I I l )  and th e  d ia ld eh y d e  (IV) hy a d d i t io n  o f  equ im olar  amounts o f  

( X I I l )  and ( r v )  i n  methanol to  a s o l u t i o n  o f  l i t h iu m  methoxide in  

m ethanol a t  room tem p e ra tu re  to  g ive  a 5^^ y i e l d  o f  (XIV) had been

CEgFPh^Br

ix /Z -C E ^ P h ^ B r"
(X I I I )

4 ^ ~ \ - ce=ch

CH=CH-|
(XIV)

r e p o r t e d  by M i tc h e l l  and Sondheimer ( I 968) .  The n a p h th a len e  de

r i v a t i v e ,  an 11-raembered r i n g  compound (XV) was o b ta in e d  i n  52^ 

y i e l d  by c a t a l y t i c  h y d ro g en a tio n  o f  (XIV) in  e th y l  a c e t a t e  over 

5̂ 0 Pd-CaCO^ f o r  30 m inu tes .

CEg-CEg

CEg-CEg
(XV)

R e c e n t ly ,  R ab in o v itz  and h i s  co-w orkers  ( I 970) had s u c c e s s 

f u l l y  p re p a re d  th e  9-membered r i n g  compound (XVIl) by th e  t r e a tm e n t  

o f  th e  d ia ld eh y d e  (IV) w ith  th e  d iphosphorane d e r iv e d  from b is p h o s 

phonium d ibrom ide  (XVl). The r e a c t i o n  was c a r r i e d  ou t u n d e r  an

Ph^PCEgCEgCEgPPh}

(XVI)
2Br



argon  atm osphere and in  th e  p re sen ce  o f  sodium methoxide i n  DIvIP a t  

50° f o r  3 h o u rs .  A lthough th e  y i e l d  ( 5 0̂) was v e ry  low, i t  i n d i c a t e d  

t h a t  th e  r e a c t i o n  was a p p l i c a b le  to  th e  p r e p a r a t io n  o f  2 , 2 *-b r id g e d  

b ip h e n y ls  where th e  hom ocyclic  b r id g e  c o n ta in s  on ly  a l i p h a t i c  

ca rb o n s .

The R i t t i g  r e a c t i o n  p ro v id e s  a s h o r t e r  r o u te  to  th e  sy n th e 

s i s  o f  b ip h e n y ls  w ith  a l a r g e r  b r id g in g  r i n g .  The r e s u l t i n g  com

pounds such  as (XIV) and (XVIl) w i l l  be tw is t e d  and d issym m etr ic  

when s a t u r a t e d  in  th e  b r id g in g  ch a in .  O p t ic a l  r e s o l u t i o n  might 

p e rh ap s  be a ch iev ed  by means o f  chromatography on c e l l u l o s e - 2^ -  

a c e t a t e  o r  th e  l i k e .

A nother s h o r t e r  r o u te  to  th e  s y n th e s i s  o f  2 , 2 ' -b r id g e d  

b ip h e n y ls  w i th  a l a r g e r  b r id g in g  r i n g  cou ld  perhaps  be found by th e  

u s e  o f  th e  so c a l l e d  P ( 0 ) - a c t i v a t e d  re a g e n ts  d is co v e re d  by H orner 

and h i s  co-w orkers  i n  1958. These re a g e n ts  a re  organophosphorus 

compounds c o n ta in in g  th e  group P(o)-CH2 . They r e a c t  r e a d i l y  w ith  

a ldehydes  and k e to n e s  w ith  v a r io u s  f u n c t io n a l  groups to  y i e l d  

o l e f i n s  and t h e i r  d e r i v a t i v e s  as  r e p r e s e n te d  by th e  fo l lo w in g  

r e a c t i o n :

R’ -CO-R" + R2P(0)-CH2-R"’ —>R'R"C=CER"' + R2P(0)0H

P ( o ) - a c t i v a t e d  o l e f i n  s y n th e s i s  has  been r e p o r te d  to  p o s se s s  

a number o f  advan tages  ove r  th e  R i t t i g  r e a c t i o n .  In  th e  R i t t i g  

r e a c t i o n ,  a ldehydes  w ith  s t r o n g  e le c t r o n - d o n a t i n g  groups n e a r  th e
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r e a c t i o n  c e n t r e  a re  n o n - r e a c t iv e .  Phosphoranes c o n ta in in g  e l e c t r o n -  

w ithdraw ing  groups do n o t  as a r u l e  r e a c t  w ith  k e to n es  u n d e r  th e  

u s u a l  c o n d i t io n s .  A lthough th e se  d i f f i c u l t i e s  may he avoided  hy 

h e a t i n g  th e  components a t  h ig h  te m p e ra tu re s  i n  s e a le d  tu b es  f o r  a 

lo n g  d u r a t io n  o r  by c a r r y in g  ou t th e  r e a c t i o n  in  h ig h - b o i l i n g  

s o lv e n t s ,  th e s e  s ev e re  r e a c t i o n  c o n d i t io n s  have an u n fa v o u ra b le  

e f f e c t  on th e  y i e l d s  o f  u n s a tu r a t e d  p ro d u c ts  and in  many c a se s  th e y  

a re  n o t  p e r m is s ib le .  F u r therm ore , pe rhaps  th e  most im p o r tan t  o f  

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

o l e f i n  so formed in  a  m a jo r i ty  o f  c a se s .

On th e  o th e r  hand, P ( o ) - a c t i v a t e d  re a g e n ts  a re  more r e a c t i v e  

tow ards th e  c a rb o n y l compounds s in c e  th e y  a re  more n u c l e o p h i l i c  th an  

phosphoranes . The i s o l a t i o n  o f  o l e f i n s  i s  much s im p le r  because  th ey  

can be r e a d i l y  s e p a ra te d  from th e  h ig h ly  w a te r - s o lu b le  a l k a l i  m eta l 

s a l t s  o f  a lk y lp h o s p h o r ic  a c id s ,  whereas in  R i t t i g  r e a c t i o n ,  th e  

s e p a r a t i o n  o f  th e  u n s a tu r a te d  p ro d u c t  from tr ip h e n y lp h o s p h in e  ox ide  

always in v o lv e s  a  s p e c i a l  p ro c e d u re .

Like th e  R i t t i g  r e a c t i o n ,  P ( 0 ) - a c t i v a t e d  o l e f i n  s y n th e s i s  

makes i t  p o s s i b l e  to  in t ro d u c e  th e  0=0 double  bond i n  a  s p e c i f i e d  

p o s i t i o n  and to  in c r e a s e  th e  l e n g th  o f  th e  carbon c h a in .  The r e 

a g e n ts  a re  s a i d  to  be more r e a d i l y  a c c e s s ib l e  th a n  th e  phosphoranes .

The p r e s e n t  work in c lu d e s  th e  p r e p a r a t io n  o f  s e v e r a l  b i 

f u n c t io n a l  p ( 0 ) - a c t i v a t e d  re a g e n ts  i n  an a t te m p t  to  o b ta in  some 

2 , 2 ' - b r id g e d  b ip h e n y ls  by th e  r e a c t i o n  between th e s e  r e a g e n ts  and
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b i p h e n y l - 2 ,2 ' “ d ia ld e h y d e .  However, i n s t e a d  o f  g iv in g  any i d e n t i f i 

a b le  p ro d u c t ,  th e  d ia lde iiyde  decomposed u n d e r  th e  in f lu e n c e  o f  

h e a t i n g  and th e  e f f e c t  o f  th e  s t r o n g  base  p o ta ss iu m  t e r t - b u t o x i d e  

which was u sed  as  a  co n d en sa tio n  r e a g e n t .  I t  was th o u g h t t h a t  th e  

fo rm a tio n  o f  th e  u n s a tu r a te d  compounds o f  t h i s  type  cou ld  p ro b ab ly  

be ach iev ed  by th e  u se  o f  th e  a p r o t i c  s o lv e n t s  such  as  DÎ IF and 

c a r r y in g  o u t th e  r e a c t i o n  a t  low er te m p e ra tu re .

The a p p l i c a t i o n  o f  th e  R i t t i g  r e a c t i o n  and th e  u se  o f  th e  

P ( 0 ) - a c t i v a t e d  r e a g e n ts  a re  by f a r  th e  two most im p o r tan t  methods 

f o r  th e  s y n th e s i s  o f  o l e f i n s  and so f o r  th e  p r e p a r a t i o n  o f  2 , 2 ' -  

b r id g e d  b ip h e n y ls  v i a  a s h o r t e r  r o u te .
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B. The s te r e o c h e m is t ry  o f  2 ,2 ’ -b r id g e d  b ip h en y ls

H i s t o r i c a l  development

M olecu la r  dissymmetry due to  r e s t r i c t e d  r o t a t i o n  was n o t  

known u n t i l  th e  s u c c e s s f u l  r e s o l u t i o n  o f  o p t i c a l l y  a c t i v e  6 , 6 ' -  

d i n i t r o d ip h e n i c  a c id  by C h r i s t i e  and Kenner in  1922. I t  was a t  

t h a t  t im e g e n e r a l ly  c o n s id e re d  t h a t  th e  two benzene r in g s  i n  b i 

pheny l and i t s  d e r i v a t i v e s  had a fo ld e d  s t r u c t u r e  and th e  1 , 1 ' -bond 

was ex tended  (F ig u re  l ) .  However, th e s e  workers r e a l i z e d  t h a t  a 

c o l l i n e a r  s t r u c t u r e  would s t i l l  be d issym m etric  p ro v id e d  th e  two 

benzene r in g s  were n o t  c o p la n a r .

/  y  F ig u re  1. An erroneous  s t r u c t u r e
o f  b ipheny l m olecule  -  

^ ^  a fo ld e d  s t r u c t u r e .

The h y p o th eses  t h a t  th e  b ip h en y l m olecule  had i t s  two 

benzene r in g s  c o l l i n e a r  and t h a t  th e  i n t r o d u c t io n  o f  bu lky  o r th o 

s u b s t i t u e n t s  would make i t  more d i f f i c u l t  f o r  th e s e  two r i n g s  to  

p a s s  th ro u g h  th e  c o p la n a r  s t a t e  by r o t a t i n g  about th e  1 , 1 ' -bond 

were a lm ost s im u lta n e o u s ly  made by T urner and Le F e v re ,  B e l l  and 

Kenyon, and M il l s  i n  1926. On t h i s  b a s i s ,  th e  two benzene r in g s  

i n  6 , 6 ' - d i n i t r o d i p h e n i c  a c id  cannot be co p lan a r  owing to  th e  o b s ta 

c le  e f f e c t  o f  th e  o r t h o - s u b s t i t u e n t s  and as a r e s u l t  o f  non -co 

p l a n a r i t y ,  th e  m olecule  i s  d issym m etr ic  and o p t i c a l  r e s o l u t i o n  i s  

t h e r e f o r e  p o s s ib l e  (F ig u re  2 ) .  E x ten s iv e  s tu d ie s  on b ip h en y l



HOgC NO 2

0 ^  COgH

M irro r

11

OÿT CO2H

HOgC NO2

F ig u re  2, Not superim posab le  enantiom ers: 
r e s o lv a b le  6 , 6 ’ - d i n i t r o d i p h e n i c  a c id .

isom erism  have proved t h a t  th e  in t r a m o le c u la r  s t e r i c  e f f e c t  can 

q u i t e  o f t e n  g iv e  r i s e  to  m o lecu la r  dissymmetry and have th u s  e s ta b 

l i s h e d  th e  o b s ta c le  th e o ry  o f  r e s t r i c t e d  r o t a t i o n .

The e s ta b l is h m e n t  o f  t h i s  th e o ry  has s t im u la te d  th e  i n t e r e s t  

o f  many s te r e o c h e m is t s  i n  s tu d y in g  th 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  

( i n  term s o f  number and s i z e )  on o p t i c a l  a c t i v i t y  and on th e  ease  

o f  ra c e m iz a t io n  o f  th e  b ip h en y l  d e r i v a t i v e s .  T h is  s tu d y  a l s o  i n 

c lu d ed  th e  e f f e c t  o f  th e  in t r o d u c t io n  o f  s u b s t i t u e n t s  i n t o  th e  meta 

and p a ra  p o s i t i o n s .  The r e s u l t s  o f  r i n g  c lo s u r e  between th e  2- and 

2 ' -  o r  6 ' -  s u b s t i t u e n t s  i n  o p t i c a l l y  a c t i v e  compounds have been 

i n v e s t i g a t e d  on ly  by a few w orkers .

In  1927 , M eisenheimer and H oring found t h a t  th e  d i la c ta m  

( 11 ) o b ta in e d  from o p t i c a l l y  a c t i v e  6 , 6 ’ -b i s ( a c e ta m id o )d ip h e n ic  

a c id  ( l )  i s  o p t i c a l l y  i n a c t i v e .  T h is  has  o f  course  to  be th e  case

HOgC NHAc CO-NH

( I )
Cold

AcNE 00gH
H2SO4

NE-CO
( I I )
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s in c e  th e  m olecule  i s  p l a n a r  and has a  c e n t r e  o f  symmetry and i t s  

ta u to m e r ic  form would he f u l l y  a ro m atic  and p la n a r  as w e l l .

However, o p t i c a l  a c t i v i t y  i s  r e t a i n e d  in  compounds w ith  a 

l a r g e r  b r id g in g  r i n g .  The two b ip h en y ls  (IV) and (v) o b ta in e d  

from ( - ) - 2 , 2 ' -d ia m in o -6 , 6 ' -d im e th y lb ip h en y l  ( i l l )  by Sako in  1931

Me MeMe Me Me Me

HgN NHg 

( I I I )

K IIH 

Ph

EN NE

(IV) (V)

a re  o p t i c a l l y  a c t i v e  because  th e  f l e x i b i l i t y  o f  th e  th re e -a to m -  

b r id g e  a llow s th e  r i n g  system  to  assume a m u l t ip l a n a r  s t r u c t u r e  

and th e  two benzene n u c l e i  to  rem ain n o n -c o p la n a r .

A l l  a t te m p ts  to  dem onstra te  m u l t i p l a n a r i t y  w ith o u t  a d d i

t i o n a l  h in d ra n c e  by th e  6-  and 6 ’ - s u b s t i t u e n t s  i n  such a r i n g  

system  were i n  v a in  and th e  p ro o f  o f  m o le c u la r  dissym m etry was n o t 

a ch iev ed  u n t i l  th e  s u c c e s s f u l  p r e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  6 , 6-  

d ic a rb e th o x y d ib e n z o - [a ,c ]  [ 1 , 3 ] cy c lo h e p ta d ie n e  (V l) by I f f l a n d  and 

S ie g e l  i n  1956.

(VI)
E t0 2 C ^ C 0 2 E t

For ro u g h ly  th e  p a s t  tw enty  y e a r s ,  2 ,2 ’ -b r id g e d  b ip h e n y ls  

have been e x te n s iv e ly  s tu d ie d  and have y ie ld e d  much in fo rm a t io n  to
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s te r e o c h e m is t s  f o r  two im p o r tan t  re a so n s :  " f i r s t l y ,  th ey  a re  a lm ost 

un ique  among o rg a n ic  m olecu les  o f  comparable com plex ity  i n  t h a t  

th ey  e x i s t s ,  i n  many c a s e s ,  i n  only  two con fo rm ations  which a re  

e n a n t io m e r ic a l ly  rela ted*, seco n d ly ,  th e  energy  b a r r i e r  s e p a r a t in g  

th e s e  conform ations  i s  f r e q u e n t ly  h ig h  enough to  be c o n v e n ie n t ly  

m easurab le"  ( a b s t r a c t  from a rev iew  by D. M. H a l l ,  I 969) .

E l e c t r o n i c  s p e c t r a

The a b s o r p t io n  o f  l i g h t  i n  th e  v i s i b l e  and u l t r a - v i o l e t  

w aveleng th  r e g io n s  by o rg a n ic  m olecu les  u s u a l l y  r e s u l t s  in  e l e c 

t r o n i c  t r a n s i t i o n s  in v o lv in g  7 r - e le c t r o n s  w ith  o r  w ith o u t  i n t e r 

a c t i o n  w ith  s u b s t i t u e n t s  c o n ta in in g  o th e r  7 r - e le c t ro n  o r  n - e l e c t r o n  

sys tem s , t h a t  i s  u n sh ared  p a i r  o f  e l e c t r o n s  a s s o c i a t e d  w ith  atoms 

such  as  n i t r o g e n  and oxygen. E m p ir ic a l  c o r r e l a t i o n  between u l t r a 

v i o l e t  l i g h t  a b s o r p t io n  and m o le c u la r  s t r u c t u r e  depends upon th e  

f a c t  t h a t  u l t r a - v i o l e t  l i g h t  a b s o rp t io n  i s  c h a r a c t e r i s t i c  o f  c e r 

t a i n  T - e l e c t r o n  system s o r  chromophores r a t h e r  th a n  t h a t  o f  th e  

m olecule  as  a whole. When two o r  more chromophores a re  p r e s e n t  i n  

th e  same m olecule  w ith o u t  c o n ju g a t io n ,  th e  o v e r a l l  a b s o r p t io n  i s  

a lm ost a d d i t i v e .  When two o r  more chromophores a re  i n  c o n ju g a t io n ,  

th e  a b s o rp t io n  band u s u a l l y  s h i f t  to  th e  lo n g e r  w aveleng th  r e g io n  

(ba thochrora ic  s h i f t )  and i t s  i n t e n s i t y  i s  f r e q u e n t ly  h ig h e r  th a n  

th o se  observed  f o r  th e  two s e p a r a t e ly .

The u l t r a - v i o l e t  spectrum  o f  b ip h en y l i t s e l f  e x h i b i t s  a
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b road  b i g h - i n t e n s i t y  band a t  249 w ith  a  maximal m o le c u la r  ex

t i n c t i o n  c o e f f i c i e n t  o f  17,300 i n  96^ e th a n o l  (Beaven and H a l l ,  

1956) .  T h is  band has  been a t t r i b u t e d  to  resonance  between th e  two 

a ro m a tic  n u c l e i  and hence i s  sometimes termed " th e  c o n ju g a t io n  

band". A lthough th e  b ip h e n y l  m olecule  was shown by x - r a y  c r y s t a l  

a n a ly s i s  to  be c o p la n a r  i n  th e  c r y s t a l l i n e  s t a t e  (B har, 1932) and 

presum ably  has  an i n t e r p l a n a r  ang le  between th e  two benzene r in g s  

o f  zero  to  45^ i n  s o l u t i o n  (Braude, 1945)» i t  was g e n e r a l ly  assumed 

t h a t  a  c o p la n a r  s t r u c t u r e  was e s s e n t i a l  f o r  s u f f i c i e n t  o v e r la p p in g  

o f  th e  ^ - o r b i t a l s  o f  th e  two benzene r in g s  to  produce th e  t y p i c a l  

b ip h e n y l  spec trum .

The i n t r o d u c t i o n  o f  on ly  two s u b s t i t u e n t s  i n to  th e  s t e r i -  

c a l l y  s e n s i t i v e  o r th o  p o s i t i o n s  o f  th e  b ip h en y l m olecule  was found 

s u f f i c i e n t  to  p re v e n t  th e  two benzene r in g s  from be in g  c o p la n a r  i f  

th e  s u b s t i t u e n t s  a re  l a r g e  enough. T h is  was r e a d i l y  r e f l e c t e d  by 

th e  u l t r a - v i o l e t  s p e c t r a  o f  a number o f  o r t ^ - d i s u b s t i t u t e d  b i 

p h e n y ls ,  e . g . ; th e  u l t r a - v i o l e t  spectrum  o f  2 ,2 ’ -d im e th y lb ip h e n y l  

(F ig u re  3) f a i l e d  to  show th e  c h a r a c t e r i s t i c  i n t e n s e  b ip h en y l  

a b s o r p t io n  i n d i c a t i n g  a l a c k  o f  c o n ju g a t io n  between th e  two benzene 

r in g s  owing to  i n t e r f e r e n c e  between th e  two methyl groups and th e  

2 ' -  and 6 ’ -hyd rogen  atoms (W illiam son  and Hodebush, 1941). On th e  

o th e r  hand, as  th e  i n t e r f e r i n g  e f f e c t  o f  th e  two hydroxy l groups i n  

2 ,2 ’ -d ih y d ro x y b ip h en y l i s  co m p ara t iv e ly  sm a l l ,  th e  u l t r a - v i o l e t  

spectrum  o f  t h i s  compound showed b o th  th e  c h a r a c t e r i s t i c s  o f  a
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5 x 1 0

t

10 260 
A. (nm)

300220

F ig u re  3.

UV s p e c t r a  o f  ‘b iphenyl (

2 , 2 ’ -d irn e th y lh ip h en y l ( ------ )
in  l i g h t  p e tro leu m  ( h .p .  100-  
120°) (Beaven e t  a h , ,  I 96I )  and
2 , 2 ' -d ih y d ro x y b ip h en y l  (-------)

in  95/^ e th a n o l  (W illiam son  and 

Rodebush, 1941)*

c o n ju g a ted  b ip h e n y l  and o f  phenyl which cou ld  be an in te rm e d ia te  

case  (W illiam son  and Rodebush, l o c . c i t . ) ,

By jo in i n g  th e  2 , 2’ - p o s i t i o n s  i n  b ip h en y l  w ith  a  s a t u r a t e d  

b r id g e  o f  two o r  more atoms, th e  two benzene r i n g s  can a l s o  be 

f i x e d  a t  an i n c l i n e d  ang le  and th e  r e s u l t i n g  hom ocyclic  o r  h e t e r o 

c y c l i c  r i n g  w i l l  be n o n p la n a r  p ro v id e d  t h a t  i t  r e t a i n s  th e  normal 

bond le n g th s  and a n g le s .  The i n t e r p l a n a r  ang le  9 between th e  two 

benzene r i n g s  may a ls o  be c a l c u l a t e d  f o r  u n d i s t o r t e d  s t r u c t u r e s  

where th e  b r id g e  c o n s i s t s  o f  2, 3 o r  4 atoms. When th e  b r id g e  

c o n s i s t s  o f  5 o r  more atoms, t h e r e  can be no p o s s i b i l i t y  o f  o b t a in 

in g  a f i x e d  an g le  s in c e  th e  b r id g in g  r i n g  i s  f l e x i b l e .

F o r  b ip h e n y ls  where th e  b r id g e  has  one atom such  as f l u o r -  

ene ( V I l ) ,  th e  above c o n s id e r a t io n s  a re  n o t  a p p l i c a b le  s in c e  th e
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m olecule  i s  p l a n a r  and th e  two benzene r in g s  a re  n o t  c o l l i n e a r .  

However, f o r  compounds where th e  b r id g e  c o n s i s t s  o f  two atoms such 

as  9 ,1 0 -d ih y d ro p h en an th ren e  ( V I I I ) ,  th e  two benzene r i n g s  a re  c o l 

l i n e a r  and, as has been observed  by s e v e r a l  w orkers , th e  u l t r a -

w / /— y j

E2C—CHg ( V I I I )

v i o l e t  spectiura  o f  95lO -d ihydrophenan th rene  e x h i b i t s  a  t y p i c a l  h ig h -  

i n t e n s i t y  b ip h e n y l  band a t  Ajj^g  ̂ 264 nm, 18,000  and a b road  low-

i n t e n s i t y  band a t  th e  lo n g e r  w avelength  re g io n .  The appearance  of 

th e s e  bands as  a b s o r p t io n  c o n t r ib u t io n s  from th e  s e p a r a te  u n con ju 

g a te d  phenyl chromophores made i t  r e a so n a b le  to  th in k  about a  l e s s e r  

an g le  e i n  t h i s  compound th a n  i n  b ip h en y l i t s e l f .

The th re e -a to m -b r id g e  b ip h en y l (IX) has an u l t r a - v i o l e t  

spectrum  showing a s h i f t  o f  b ip h en y l co n ju g a t io n  band to  s h o r t e r  

w aveleng th  247 nm) accompanied by a r e d u c t io n  i n  e x t i n c t i o n

c o e f f i c i e n t  (6max 15>700). On in c r e a s in g  th e  number o f  b r id g in g  

carbon atoms to  4 > th e  compound so formed (x) e x h i b i t s  a  f u r t h e r

^ 2 \  /CEg
CHo (IX )

EgC ^Hg
HoC — CHo (X)

shift of the conjugation band (A^^g^ 235 nm, 6max 9>^80) (Cope and
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Sm ith , 1956) (F ig u re  4)* The i n t e r p l a n a r  ang le  e i n c r e a s e s  r a p id ly

6 x 1 0

12

10
3

280260 300220

-3

F ig u re  4 .

UV s p e c t r a  o f  2 ,2 ’ -b r id g e d
b ip h en y ls  w i th  s i x - ( ------- '),

seven -(  -), e i g h t - ( ------- )
and n i n e - (  ) membered

homocyclic r i n g s  in  95^ 
e th an o l  (Mislow, Eyden and 
S ch ae fe r ,  I 962) .

X (nm)

w ith  i n c r e a s in g  number o f  b r id g in g  atoms and e l e c t r o n i c  i n t e r a c t i o n  

between th e  two benzene r in g s  i s  s t i l l  s u f f i c i e n t  to  produce a 

s e p a r a te d  c o n ju g a t io n  band even when 0 i s  as l a r g e  as  99° ( f o r  com

pound X ). Complete c o p la n a r i t y  o f  th e  benzene r i n g s  i s  e v id e n t ly  

n o t  r e q u i r e d  f o r  th e  development o f  a  c o n ju g a t io n  band.

In  b ip h e n y ls  where th e  b r id g e  c o n s i s t s  o f  5 atoms such  as 

th e  c a rb o x y l ic  a c id  (X l) ,  th e  c o n ju g a t io n  band i s  p r e s e n t  o n ly  as

CO2H
(XI) (X II)
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an i n f l e c t i o n  a t  s h o r t  w aveleng th  (A 231 nrn, % 5>550) and i t s  spec 

trum i s  n e a r ly  superim posah le  on t h a t  o f  th e  o p en -ch a in  an a lo g  2 , 2 ' -  

d ie th y lh ip h e n y l  (X I l )  (Mislow, Eyden and S c h a e fe r ,  I 962) .

As i t  has  heen s t a t e d ,  i n t r o d u c t io n  o f  two r e l a t i v e l y  l a r g e  

groups in to  th e  o r th o  p o s i t i o n s  o f  h ip h e n y l  o r  i t s  d e r i v a t i v e s  w ith 

o u t  a  b r id g in g  r i n g  cou ld  produce a hypsochromic s h i f t  and a red u c 

t i o n  i n  i n t e n s i t y  o f  th e  maximum o f  th e  c o n ju g a t io n  hand. Here th e  

two benzene r i n g s  a re  r e l a t i v e l y  f r e e  to  in c r e a s e  th e  ang le  o f  t w i s t  

so as to  accommodate th e  s u b s t i t u e n t s  (B a s t ia n s e n ,  1950; L i t t l e j o h n  

and Sm ith , 1 9 5 4 )» However, i n  th e  case  o f  a  b r id g e d  b ipheny l w i th 

o u t  a  f l e x i b l e  r i n g ,  th e  m olecule  i s  c o n s t r a in e d  and accommodation 

o f  two e x t r a  o r th o  s u b s t i t u e n t s  was found to  be e n e r g e t i c a l l y  p r e f e r 

a b le  f o r  some atoms o r  groups l a r g e l y  by t h e i r  in - p l a n e  o r  o u t - o f -  

p la n e  d e fo rm a tio n . F o r  example, 2 , 2 ' -d ic h lo ro b ip h e n y l  shows a l a r g e  

hypsochrom ic s h i f t  ( ç a ,  I 9 nm) o f  th e  c o n ju g a t io n  band as compared 

w ith  t h a t  o f  th e  b ip h en y l  (F ig u re  5)5 whereas i n  th e  case  o f  d i -  

c h lo ro d ih y d ro d ib en zazep in iu m  s a l t  ( X I I l ) ,  th e  p re sen c e  o f  two c h lo 

r i n e  atoms i n  th e  6 -  and 6 ’ - p o s i t i o n s  has  on ly  a  sm all  e f f e c t  on th e  

i n t e n s i t y  o f  th e  a b s o r p t io n  maximum and th e  s h i f t  o f  c o n ju g a t io n

Br

(X III)

Br

(XIV)
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band 247 nm) i s  n e g l i g i b l e  as compared w ith  t h a t  o f  th e  d i -

hydrod ibenzazep in inm  s a l t  (XIV) which has  248 nm (Beaven and

H a l l ,  1956*, Ahmed and H a l l ,  I 96O).

5 x lO

10

5 x lO

6

10 
5  X l O

260220 300

F ig u re  5*

UV s p e c t r a  o f  b ip h en y l 
( -------) and 2 , 2 ' - d i c h l o r o 

b ip h en y l  (  ) i n  96^
e th a n o l  (Beaven and H a l l ,

1956) .

A (nm)

I t  i s  im p o r tan t  to  n o te  t h a t  most s u b s t i t u e n t s  would cause 

a bathochrom ic  s h i f t  i n  th e  absence o f  any s t e r i c  e f f e c t ,  b u t  f o r  

a  p a r t i c u l a r  s u b s t i t u e n t ,  th e  ba thochrom ic  s h i f t  w i l l  be th e  same 

i n  a  b r id g e d  b ip h e n y l  and an u n b r id g ed  b ip h e n y l .  The c o n ju g a t io n  

band in  a  g iv en  compound r e p r e s e n t s  a  b a lan c e  between th e  b a th o 

chromic s h i f t  which i s  u s u a l l y  due to  i n t e r a c t i o n  between th e  ir and 

n - e l e c t r o n  sy s tem s , and th e  hypsochromic s h i f t  which i s  due to  a 

d e c re a se  in  e l e c t r o n i c  i n t e r a c t i o n  a c ro s s  th e  1 , 1 ’ -bond o f  th e  two 

benzene r i n g s .  The sm all  hypsochromic s h i f t  i n  th e  ch lo ro  compound 

(X I I l )  a l s o  i n d i c a t e s  t h a t  c h lo r in e  atoms can be accommodated in



20

th e  6-  and 6 ' - p o s i t i o n s  w ith  only  a sm all  in c re a s e  i n  th e  ang le  

between th e  p la n e s  o f  th e  two benzene r in g s  bu t t h i s  i s  no lo n g e r  

p o s s ib l e  when th e  two c h lo r in e  atoms a re  r e p la c e d  by l a r g e r  bromine 

o r  io d in e  atoms. The c o n ju g a t io n  band i s  p r e s e n t  on ly  as  an i n 

f l e c t i o n  i n  th e  s p e c t r a  o f  b o th  th e s e  compounds (F ig u re  6 ) .

5 z lO

10 
5 XlO

t

10 220 260 300 
A (nm)

F ig u re  6,

UV s p e c t r a  o f  4* , l* ‘- d i c h l o r o -

( -------) j  4 >1 —dibromo—(------- )
and 4 ' , l " - & i - i o d o - 2 ,7 - d i h y d r o -  
3 )4 :5 ,6 -& ib e n z a z e p in iu m - l-  
s p i r o - 1 ’" - p ip e r id in iu m  bromide

(......... ) i n  96^  e th a n o l  (Ahmed
and H a l l ,  I 96O).

O p t ic a l  a c t i v i t y  and ra c e m iz a t io n

F or a  hom ocyclic  2 ,2* - b r id g e d  b ip h en y l where th e  b r id g e  has 

one atom, i . e . ,  f lu o r e n e  ( V I l ) ,  t h e r e  i s  no p o s s i b i l i t y  o f  o p t i c a l  

isom erism  s in c e  th e  m olecule  i s  p l a n a r  and s t r a i n e d  (Brown and 

Bortner*, Burns and I b a l l ,  1954)• "When th e  b r id g e  c o n s i s t s  o f  two 

carbon atoms as  i n  p h enan th rene  (XV), th e  m olecule  i s  a lso  p la n a r ,  

b u t  th e  s a t u r a t e d  compound 9)10-&ihy&?opbenanthrene ( V I I l )  appea rs  

to  have a tw i s t e d  b ip h en y l system and th e  m olecule  i s  d issym m etr ic .  

However, a t te m p ts  to  d em onstra te  o p t i c a l  a c t i v i t y  i n  i t s  d e r i v a t i v e
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such  as (XVl) were u n s u c c e s s fu l  (H a ll  and T urner ,  1955) presum ably 

owing to  th e  low energy  b a r r i e r  to  in v e r s io n  (H o w le tt ,  1955)- 1%

s p i t e  o f  t h i s  f a i l u r e ,  th e  o r th o  d i s u b s t i t u t e d  d ihyd rophenan th rene

(XVIl) was o b ta in e d  o p t i c a l l y  a c t iv e  and th e  ( R ) - ( - ) - f o r m  o b ta in e d  

was found to  have an a c t i v a t i o n  energy f o r  r a c e m iz a t io n  o f  23.1  

k c a l  mole ^ (Mislow and Hopps, I 962) .

HC=CH

(XVI) (XVII)(XV)

The fo rm a t io n  o f  b ip h en y l w ith  a  th re e -a to m -b r id g e  i s  p a r 

t i c u l a r l y  easy  (Kenner and T u rn e r ,  I 9I I ;  Heaven, H a l l  and T u rn er ,  

1952) b u t e a r l y  a t te m p ts  to  r e s o lv e  such  a compound w ith o u t  o r th o  

s u b s t i t u e n t s  had f a i l e d .  However, th e  d i e t h y l  e s t e r  (V l) was even

t u a l l y  o b ta in e d  i n  th e  (+ )-fo rm  by a s e r i e s  o f  r e a c t i o n s  w ith

(VI)
EtOgC^ 'C02Et

( + ) - 6 , 6 ’ - d i n i t r o d i p h e n i c  a c id  as a s t a r t i n g  m a te r i a l  ( i f f l a n d  and 

S ie g e l ,  1956) ,  T h is  compound (V l) was o p t i c a l l y  l a b i l e  and 

racem ized  in  cyclohexane s o lu t i o n  a t  32 ,5 °  w ith  a h a l f - l i f e  o f  80 

m in u tes .

O p t i c a l l y  a c t i v e  b ip h e n y ls  i n  which fo u r  atoms j o i n  th e
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2-  and th e  2 ’ - p o s i t i o n  to  form p a r t  o f  an eight-membered r i n g  have 

a l s o  been o b ta in e d ,  e . g . ,  th e  r e s o l u t i o n  o f  th e  d ic a r b o x y l ic  a c id s  

(X V II l ) . T h is  compound e x i s t s  i n  c i s  and t r a n s  forms (heaven 

e t  a l . ,  1955) hvorken e t  a l . ,  195Ô)* The c i s - a c i d  was r e s o lv e d  by

CO 2%

(XVIII)

c r y s t a l l i z a t i o n  o f  th e  morphine s a l t  from ace to n e .  I t  raceraized in  

e th a n o l  a t  31 .5^  w ith  a  h a l f - l i f e  o f  85 m inu tes .  The t r a n s - a c i d  

■was r e s o lv e d  th ro u g h  i t s  b ru c in e  s a l t  a l s o  from ace to n e  and had a 

h a l f - l i f e  o f  m u ta ro ta t io n  o f  12 m inutes i n  e th a n o l  a t  31,5^ (hvorken 

e t  a d . , 1958) .

The p r e p a r a t i o n  o f  2 ,2 ’-b r id g e d  b ip h e n y ls  w ith  a n in e -  

membered r i n g  i s  r a t h e r  d i f f i c u l t  to  a c h ie v e .  However, Mislow and 

h i s  co-w orkers  ( I 962) were a b le  to  o b ta in  th e  c a rb o x y l ic  a c id  (X l) 

by a c y lo in  r i n g - c l o s u r e  o f  th e  d i e s t e r  (XIX) and d i r e c t  o x i d i z a t i o n  

o f  th e  p ro d u c t  to  th e  d ik e to n e  (XX) fo l lo w ed  by r i n g - c o n t r a c t i o n  o f  

i t s  d e r i v a t i v e ,  th e  d iazo k e to n e  (XXl). I t  was o p t i c a l l y  a c t i v a t e d

\ 1
E 2C CHg

H 2C CE2 

Me02C C02Me

(XIX)

COoH

(XX) (XXI) (XI)
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by se c o n d -o rd e r  asymmetric t r a n s fo rm a t io n  and was found to  be o p t i 

c a l l y  s t a b l e  a t  room te m p e ra tu re .  I t  had W] = - 4 8 . 4° i n  benzene 

and by h e a t i n g  u n d e r  r e f l u x  in  benzene f o r  one hour, i t  underwent 

com plete  r a c e m iz a t io n .  As compared w ith  th e  c i s - d i c a r b o x y l i c  ac id

(X V IIl) (B rae “ 22.8  k c a l  mole ^ ) ,  t h i s  nine-raembered r i n g  compound 

(®rac “ 24 .0  k c a l  mole was o p t i c a l l y  r a t h e r  more s t a b l e .

There a re  a  few compounds w ith  a l a r g e r  b r id g in g  r i n g .  The 

t r ib e n z o c y c lo d e c e n e  (XXIl) was o b ta in e d  by a newer method r e l a t e d  

to  th e  W i t t ig  r e a c t i o n  (Bestraann and R uppert ,  I 968) b u t  i t s  o p t i c a l  

a c t i v i t y  was n o t  knoivn.

H2C CEg 

E2C CH2 (XXII)

U
O p t ic a l  a c t i v i t y  has a l s o  been dem onstra ted  i n  b ip h e n y ls  

where th e  b r id g e  j o in in g  th e  2 -  and 2 ’ - p o s i t i o n  has a t  l e a s t  one 

h e te r o  atom. The 9 -& rsa f lu o ren e8  such  as  (X X IIl) and 9 - 8 t i b i a -  

f lu o r e n e s  such  as  (XXIV) were b o th  o b ta in e d  in  t h e i r  en an t io m er ic

(XXIII) L II (XXIV)

\  /x;02H



24

forms b u t  t h e i r  dissymmetry i s  due to  th e  pyram ida l a rrangem ent of 

th e  th r e e  d i s s i m i l a r  groups around th e  h e te r o  atom (Campbell and 

M o r r i l l ,  1955î Campbell and P o l l e r ,  1956).

The tw o-a tom -b r idge  b ip h en y l b en zo [3 ,4 “ Ç ]c in n o l in e  (XXV) i s  

p l a n a r ,  and a g a in  l i k e  p h e n an th ren e , th e r e  can be no p o s s i b i l i t y  of 

o p t i c a l  isom erism .

(XXV)

Although many h e t e r o c y c l i c  b ip h e n y ls  where th e  b r id g in g  

r i n g  c o n s i s t s  o f  t h r e e  atoms have been p re p a red ,  i n  th e  absence  of 

o th e r  o r th o  s u b s t i t u e n t s ,  on ly  th e  compound (XXVl), o b ta in e d  i n  

s o l u t i o n ,  was found to  show ( l a b i l e )  o p t i c a l  a c t i v i t y ,  h av ing  

[^ ]2 5  -  3 .1^  (T ruce  and Emrick, 1956)*, presum ably th e  p re sen c e  o f  

th e  l a r g e  h e te r o  atom g iv e s  s u f f i c i e n t  o p t i c a l  s t a b i l i t y  f o r  th e  

o p t i c a l  a c t i v i t y  to  be d e t e c t a b l e  a t  room te m p e ra tu re .

E02C< CO pH

F or 2 , 2 ' - b r id g e d  b ip h e n y ls  w ith  a h e t e r o c y c l i c  b r id g in g  

r i n g  o f  f o u r  atoms and w ith  only  hydrogens occupying th e  6 -  and 

6 ’ - p o s i t i o n ,  on ly  a  few o f  them have been found o p t i c a l l y  a c t i v e .  

The te t r a h y d ro d ib e n z d ia z o c in e  (XXVIl) was r e s o lv e d  by c r y s t a l l i 

z a t i o n  o f  th e  ( + ) -  and ( —) -o^-bromocamphor-/?"- s u lp h o n a te s . I t  was
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found to  have h ig h  o p t i c a l  l a b i l i t y  w ith  a h a l f  l i f e  p e r io d  o f

ra c e m iz a t io n  o f  1 ,4  m inutes  a t  23 i n  ace tone  and has an a c t i v a t i o n  

energy  o f  22,1 k c a l  mole ^ (Ahmed and H a l l ,  1959)* The d ib e n zo -  

d i t h ia c y c lo o c ta d ie n e  (XXVIII) was p a r t i a l l y  r e s o lv e d  by p a s s in g

S—S
(XXVII) (XXVIII)

th ro u g h  a column o f  c e l l u l o s e - 2 ^ ^ a c e t a t e .  The (+ )-fo rm  has 

= +66^ i n  ch lo ro fo rm  and has  an energy b a r r i e r  o f  27 .3  k c a l/m o le  

to  r a c e m iz a t io n .  T h is  compound i s  o p t i c a l l y  h ig h ly  s t a b l e ,  p r e 

sumably owing to  th e  l a r g e  s i z e  o f  th e  two s u lp h u r  atoms which 

c o n fe rs  n o ta b le  r i g i d i t y  on th e  m olecule  (L u t t r in g h a u s  e t  a l ,  I 967) .

A few compounds b o th  hom ocyclic  and h e t e r o c y c l i c  where th e  

b r id g e  c o n s i s t s  o f  one o r  more double bonds a re  o p t i c a l l y  h ig h ly  

s t a b l e  as compared w ith  s i m i l a r  compounds w ith  a  s a t u r a t e d  b r id g in g  

r i n g .  Thus th e  d ib e n zo d iaz o c in e  (XXIX) which can be r e a d i l y  r e 

so lv ed  by c r y s t a l l i z a t i o n  o f  th e  b ru c in e  s a l t  ( B e l l ,  1952) i s  o p t i 

c a l l y  s t a b l e  up to  240° in  e th y l  b en zo a te  (H a l l  and I n s o le ,  I 964)

II II 
PhC —  CPh

(XXIX) (XXX)



and th e  t r i h e n z o c y c lo h e p ta t r i e n e  (XXX), in  •which th e  •u n sa tu ra t io n  

i s  p a r t  o f  a t h i r d  benzene r i n g ,  racem izes  in  d i ( 2 - m e th o r y e th y l ) -  

e t h e r  a t  139° (Tochtermann and Kuppers, 1965)* The h ig h  o p t i c a l  

s t a b i l i t y  can presum ably be a t t r i b u t e d  to  th e  g r e a t e r  r i g i d i t y  con

f e r r e d  on th e s e  compounds by a d d i t i o n a l  double bonds s in c e  tw i s t i n g  

o f  th e  double  bonds i s  an e s s e n t i a l  defo rm ation  f o r  r e a c h in g  th e  

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

2 , 2 ' “B rid g ed  b ip h e n y ls  w ith  a h e t e r o c y c l i c  nine-membered 

r i n g  a re  r a t h e r  i n a c c e s s i b l e  and f o r  a  number o f  y e a r s ,  o n ly  th e  

p h e n y ld ih y d ro th e b a in e  (XXX.I5 R = P h) was kno^wn to  p o s se s s  o p t i c a l

MeO.

Me

(XXXI)

MeO

-me
MeO

MeO MeO OMe

(XXXII)

- \

Me

(XXXIII)

a c t i v i t y  (Robinson, 1947; B en t ley  and Robinson, 1990» 1992). This 

compound has a  hydroxy l group in  th e  o r th o  p o s i t i o n  which i s  b u t 

t r e s s e d  by th e  a d ja c e n t  methoxy group. The p re sen ce  o f  an asym

m e tr ic  carbon atom on th e  b r id g in g  r i n g  in d ic a t e s  a  p o s s i b i l i t y  of 

i t s  e x i s t i n g  as f o u r  d ia s te r e o is o m e rs  and in  f a c t ,  th ey  were a l l  

i s o l a t e d  by S m all, S a rg en t  and B r a l le y  (1947). C onform ationa l 

change r e s u l t i n g  from a t w i s t  o f  th e  b ipheny l s k e le to n  was b rough t 

about by p ro longed  h e a t in g  o f  any o f  th e s e  isom ers a t  200° i n  a
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s e a le d  tu b e ,  b u t  n o t  th e  ra c e m iz a t io n  o f  th e  asymm etric carbon atom 

u n d e r  th e se  c o n d i t io n s .

The a c t i o n  o f  anhydrous magnesium io d id e  on th e b a in e  ( X X X I I )  

fo l lo w ed  by l i t h iu m  aluminium h y d rid e  r e d u c t io n  o f  th e  p ro d u c t  was 

shown to  g iv e  (XXXI; R = Il)  (H a l l  and Manser, I 967 ; B en t ley ,  I 967) .

B y t r e a t i n g  (X X X I*, R = H ) w ith  th e  r e a g e n t  (PhNMe2)^(0Et) a t  about 

110° i t  gave th e  te tra h y d ro tr im e th o x y -R -m e th y l-d ib e n z a z o n in e  ( X X X I I l )  

which has no asym m etric  carbon atom on th e  b r id g in g  r in g .  T h is  com

pound i s  o p t i c a l l y  a c t i v e  and has an a c t i v a t i o n  energy  to  racem iza

t i o n  o f  31*5 k c a l  mole ^ (Manser, I 967) .  As compared w ith  th e  

c a rb o x y l ic  a c id  (X l) ,  i t  was more o p t i c a l l y  s t a b l e  presum ably owing 

to  th e  e f f e c t  o f  th e  b u t t r e s s e d  o r th o  methoxy1 group.

C lo se ly  r e l a t e d  to  th e  compound (XXXIIl) i s  th e  a lk a l o id  

p ro to s te p h a n in e  (XXXIV) which has been o b ta in e d  v i a  a  s y n th e s i s e d  

method (P e c h e re r  and B r o s s i ,  I 967) bu t  a t te m p ts  to  b r in g  about o p t i 

c a l  r e s o l u t i o n  had f a i l e d  (Takeda, I 956) .  S in ce  th e  c a rb o x y l ic  

a c id  (X l) i s  o p t i c a l l y  s t a b l e ,  th e  rep lacem en t o f  -CH-COgR group 

by >NCH^ group seemed v e ry  u n l i k e l y  to  have a l a r g e  e f f e c t  on th e  

ease  o f  ra c e m iz a t io n .  I t  was though t t h a t  t h e  s y n th e s i s  o f  a

MeO

Y
MeO

(XXXIV)
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h e t e r o c y c l i c  nine-membered r i n g  w ith o u t  any s u b s t i t u e n t  on th e  

phenyl r in g s  (XXXV) would be o f  g r e a t  s y n t h e t i c  i n t e r e s t  and i f  

o p t i c a l  r e s o l u t i o n  cou ld  be ach ieved , th en  a comparison o f  i t s  

u l t r a - v i o l e t  spectrum  o r  i t s  ra c e m iz a t io n  d a ta  w ith  th o s e  o f  th e  

hom ocyclic  nine-membered r i n g  (X I) would p ro b ab ly  p ro v id e  some 

in fo rm a t io n s  about b ip h e n y ls  w ith  a  l a r g e r  h e t e r o c y c l i c  b r id g in g  

r i n g .
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C. Some c o n d en sa tio n s  'between a rom atic  d ia ld eh y d es  and d iam ines

F or rough ly  th e  p a s t  t e n  y e a r s ,  th e  c o n d en sa tio n s  between 

a ro m a tic  d ia ld e h y d es  and diam ines have been i n v e s t i g a t e d  by a 

number o f  w orkers . The r e a c t i o n  p ro d u c t  o f  o -p h th a la ld e h y d e  and 

o-phenylened iam ine  was confirm ed to  have th e  s t r u c t u r e  ( l )  r a t h e r  

th a n  ( I I )  (Amos and G i l l i s ,  I 9 6 4 ) .  S im i l a r ly ,  th e  p ro d u c ts  o b ta in e d

oc'>̂
H-

w
C=F

0=3
H

( I )  ( I I )

by th e  t r e a tm e n t  o f  o-phenylened iam ine w ith  n a p h th a l e n e - 2 ,3 - d i 

a ldehyde , 2 ,3 -d iam in o n ap h th a len e  w ith  o -p h th a la ld e h y d e ,  2 , 3 - d i -  

am inonaphthalene w ith  n a p h th a le n e -2 ,3 -d ia ld e h y d e  and 1 ,2 -d ia m in o -  

n a p h th a len e  w ith  n a p h th a le n e -2 ,3 -d ia ld e h y d e  were shoim to  have th e  

s t r u c t u r e s  ( i l l ) ,  ( I V ) , ( v )  and (V ia  o r  VIb) r e s p e c t i v e l y  ( P e r lm u t te r  

and Knapp, I 967) .

( I l l )
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The r e a c t i o n  between 1 ,8 -d iam in o n ap h th a len e  and n a p h th a le n e -  

1 , 8-d ia ld e h y d e  had a l s o  been found to  g ive  th e  "hy d rid e  s h i f t "  p ro 

d u c t  (V I l )  r a t h e r  th an  th e  b i s - S h i f f  base  ( V I I l ) .  S im i la r  r e a c t i o n s

^ y - N = C E - < Q >

(V II I )

between 1 , 8-d ia ra inonaph tha lene  and o -p h th a la ld e h y d e  o r  b ip h e n y l -  

2 , 2 ' - d i  a ldehyde as w e ll  as n a p h th a le n e -1 , 8-d ia ld e h y d e  and o -p h e n y l-  

enediam ine o r  2 , 2’ -d iam inob ipheny l a l s o  f a i l e d  to  g ive  a  l a r g e r  r i n g  

such  as ( V I I l ) .  The p ro d u c ts  o b ta in e d  were r e p o r te d  to  have th e  

s t r u c t u r e s  ( IX ) ,  (X), (X l) and (X Il )  r e s p e c t i v e l y  ( h in d r a  and E l ix ,  

1970).

(X)

(X II)

A ttem pts  had a l s o  been made to  p re p a re  th e  ten-membered 

r i n g  ( X I I l )  by co n d en sa tio n  between b i p h e n y l - 2 ,2’ -d ia ld e h y d e  and 

o-phenylened iam ine  b u t  th e  p ro d u c t  was found to  be (XTV) ( S p a r a to r e ,
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1959 î Hawthorne and h i s  co -w orkers ,  1963) and in  a d d i t i o n  to  t h i s  

compound, some w orkers a l s o  o b ta in e d  th e  b y -p ro d u c t  (XV) when th e  

r e a c t i o n  was c a r r i e d  ou t i n  methanol (B in d ra  and E l ix ,  I 9 6 9 ) .  The 

compound (XVl) had a l s o  been i s o l a t e d  as  a b y -p ro d u c t  o f  t h i s  con

d e n s a t io n  r e a c t i o n  a l th o u g h  th e  main p ro d u c t  was th o u g h t to  have

(X I I I )

C—C

(XIV)

th e  s t r u c t u r e  ( X I I l )  by a n o th e r  worker (P rakobsan tisu lch , I 9 6 4 ) .  In  

v iew  o f  th e  f a c t  t h a t  th e  co n d en sa tio n  between b ip h e n y l - 2 ,2’ - d i 

a ldehyde and 2 , 2 ' -d iam inob ipheny l was shown to  g ive  (XVIl) r a t h e r  

th a n  (XVIIl) (Bergmann and h i s  co -w orkers ,  I 966) B in d ra  and E l ix ,  

1970) 8.nd t h a t  a  com parison o f  th e  s p e c t ro s c o p ic  in fo rm a t io n  about

A

(XVIII)

(XIV) p ro v id e d  by th e  w orkers concerned as w e ll  as  th e  m e l t in g  

p o i n t s  re c o rd ed  by them ( s e e  page 67 ) seemed to  r e v e a l  a  d i s t i n c t
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f e a t u r e  o f  (XIV), a  r e i n v e s t i g a t i o n  o f  t h i s  co n d en sa tio n  r e a c t i o n  

was th u s  o f  i n t e r e s t .

As we have mentioned in  th e  p re v io u s  i n t r o d u c t io n  (page 2S 

2 , 2 ' -b r id g e d  b ip h e n y ls  where th e  b r id g e  c o n s i s t s  o f  one o r  more 

double  bonds a re  h ig h ly  o p t i c a l l y  s t a b l e  as compared w ith  s i m i l a r  

compounds w ith  a s a t u r a t e d  b r id g in g  r i n g .  The a t tach m en t o f  an 

e th y lo x y ca rb o n y l group to  ( X I I l )  would, a f t e r  h y d r o ly s i s ,  th u s  

s e rv e  as a hand le  f o r  r e s o l u t i o n  i f  ( X I I l )  cou ld  be o b ta in e d .  The 

p re v io u s  work o f  P rak o b sa n t isu k h  seemed to  i n d i c a t e  t h a t  th e  con

d e n s a t io n  between b ip h e n y l - 2 ,2 ' -d ia ld e h y d e  and e th y l  3 j4-^ .iam ino- 

b en zo a te  had g iven  (XIX) r a t h e r  th a n  (XX). Although t h i s  was no

EC OH
N N

COoEt

/ / \  /™ 2  
K N

0
COgEt

lo n g e r  co n s id e re d  to  be th e  c a se ,  a  s t r u c t u r e  d e te rm in a t io n  o f  th e  

r e a c t i o n  p ro d u c t  i s  a l s o  in c lu d e d  i n  th e  p r e s e n t  work.

The co n d en sa tio n  between 2 , 2 ' -d iam inob ipheny l and o - p h th a l -  

a ldehyde was found to  have g iven  n e i t h e r  th e  expec ted  compound (XXl) 

n o r  th e  one w ith  an a l t e r n a t i v e  s t r u c t u r e  (XXIl) (Blood and H o l l e r ,  

1957)* As th e  p ro d u c t  o b ta in e d  was r e p o r te d  to  be a  polymer p lu s  

some u n i d e n t i f i e d  r e d  s o l i d s ,  a  r e i n v e s t i g a t i o n  o f  t h i s  co n d en sa t io n  

r e a c t i o n  i s  a l s o  o f  i n t e r e s t .  The p r e s e n t  work has so f a r  p roved  

t h a t  th e  r e a c t i o n  has  g iven  a re d  c r y s t a l l i n e  s o l i d  (m .p. 253- 254^)
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0=0 0=0V \ h,

(XXII) (XXIII)

v i t h  m o lecu la r  fo rm ula  26^40 and some 2~amino~2 ’ - p h th a l im id o -  

b ip h en y l  (X X IIl)  as  a  b y -p ro d u c t .  N e v e r th e le s s ,  th e  r e c e n t  r e p o r t  

o f  B in d ra  and E l i x  (1969) t h a t  t h i s  co n d en sa tio n  gave a polym er 

seemed to  confirm  Blood and N o l l e r ' s  exper im en t,  B in d ra  and E l ix  

a l s o  o b ta in e d  some re d  to  p in k  co lo u red  compounds v i t h  e m p ir ic a l  

form ulae  C^QHg^N^O and C^qH2^N^j and a c c o rd in g  to  them, th e s e  com

pounds cou ld  have th e  s t r u c t u r a l  form ulae (XXIV), (XXV), (XXVl) and

(XXIV)

(XXVl)

(XXV)

| ' 'N E 2  (XXVll)
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(XXVIl), The compound (XXVl) (m.p, 262^) was found to  have u l t r a 

v i o l e t  spectrum  superim posah le  on t h a t  o f  th e  re d  compound (m.p. 253- 

254^) o b ta in e d  i n  th e  p r e s e n t  experim en t.  Both o f  them were a l s o  

found to  have s i m i l a r  IR, NMR and mass s p e c t r a  and hence must have 

th e  same s t r u c t u r e .  As th e  p roposed  s t r u c t u r e  (XXVl) was by no 

means s a t i s f a c t o i y ,  a  f u r t h e r  d is c u s s io n  about th e  s t r u c t u r e  o f  th e  

p r e s e n t  r e d  compound was advanced.
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DISCUSSION

A. Attem pted p r e p a r a t io n  o f  b ip h e n y ls  w ith  a lo n g e r  b r id g in g  chain

S ta b le  b isphosphoranes  such as ( l l )  have been r e p o r te d  to  

be a c c e s s ib l e  by h e a t in g  th e  bisphosphonium s a l t  ( l )  f o r  s e v e r a l  

hours  a t  160° u n d e r  reduced  p re s s u re  i n  th e  p re sen ce  o f  phosphorus 

p en to x id e  (Bestraann and R upper t ,  I 966) .

Ph^P'^ "^PPh-

( I )

HO CH

2Br
Ph^P PPh3

( I I )

The r e a c t i o n  between th e  b isphosphorane  ( l l )  and o-xyler&rl 

d ibrom ide ( i l l )  fo llow ed  by a lk a l i n e  h y d ro ly s is  o f  th e  r e s u l t i n g  

bisphosphonium s a l t  ( i v )  to  g ive  th e  tr ib en zo cy c lo d e c en e  (V)

PhoP
a

CHpBr 

( I I I )

Ph^PCE ECPPh^

EpC CE,

(IV)

2Br

(V)

( b r i e f l y  m entioned on page 23) p ro v id e s  a  new p o s s i b i l i t y  f o r  th e  

s y n th e s i s  o f  a s e r i e s  o f  2 ,2 ’ -b r id g e d  b ip h e n y ls .  By r e a c t i o n  o f  

( 11 ) w i th  (V l) and t r e a tm e n t  o f  th e  p ro d u c t  w ith  a base  u n d e r  th e  

same c o n d i t io n ,  th e  compound ( V I I l )  would p robab ly  be o b ta in a b le .
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HC CH
II II

Ph^P PPh]

CIÎ + Br(CIl2)n®r 

(VI)

Phi^PCII HCPPh:, 
^  \ /

CH
HpC CHp 

\ / .
(CH2)„  2Br~ (CEg)^ 

(V II)  (V II I )

n = 2 ,3 ,4  e t c .

The diphosphonium s a i t  ( l )  had been p re p a re d  as  a  d ih y d ra te  

w ith  m.p. 324- 327° i n  a s a t i s f a c t o r y  manner by r e a c t i o n  between 2 , 2 ’ -  

bisbrom oraethylb iphenyl (iX) and t r ip h e n y lp h o sp h in e  i n  a h ig h  b o i l i n g  

s o lv e n t  (x y le n e )  o r  by h e a t in g  th e  two r e a c t io n s  t o g e th e r  f o r  about 

5 m inutes  a t  180° w ith o u t  a s o lv e n t  (H a l l  and P rak o b sa n t isu k h ,  I 965) .  

However, when th e s e  methods were a p p l ie d  (m e s i ty le n e  as  s o l v e n t ) ,  

b o th  th e  r e a c t i o n s  gave a m ix tu re  o f  th e  mono- and d i -phosphonium 

s a l t s  ( I  and X) which were v e ry  d i f f i c u l t  to  s e p a r a te .  The c r y s t a l 

l i n e  s o l i d  had m.p. 310-314^ a f t e r  s u c c e s s iv e  c r y s t a l l i z a t i o n  from 

e th a n o l - e t h y l  a c e t a t e .

HoC CHo + PPho ----- ^  HpC vfip
^ 1 1 ^  ^ ^1+ +1 
Br Br Ph^P PPh^

(IX)

Br "^PPh-

( I )
2Br

(X)
Br

The u se  o f  Pr-IP as a s o lv e n t  had been r e p o r te d  to  g iv e  a h ig h  

y i e l d  o f  compound ( l )  w ith  m.p. >300°  when th e  r e a c t i o n  was c a r r i e d  

ou t  u n d e r  n i t r o g e n  (Bergmann, B racha, A granat and K raus, 1967) .



37

However, by u s in g  HI-IF as a s o lv e n t  u n d e r  th e  same c o n d i t io n ,  th e  

p ro d u c t  remained a m ix tu re  o f  th e  two phosphonium s a l t s .  The c r y s 

t a l l i n e  s o l i d  o b ta in e d  from e th a n o l - e th y l  a c e t a t e  had m.p. 312-317°* 

S ince  a l l  a t te m p ts  to  o b ta in  a pure  diphosphonium s a l t  ( l )  

proved  u n s u c c e s s f u l ,  th e  a p p l i c a t io n  o f  W i t t ig  r e a c t i o n  as w e ll  as 

i t s  m o d if ic a t io n s  was abandoned. A t t e n t io n  was draim to  th e  u se  o f  

th e  BO c a l l e d  P ( 0 ) - a c t i v a t e d  re a g e n ts  d is co v e re d  by H om er and h i s  

co-w orkers  ( 1958) .  Two r e a c t i o n  schemes were p re s e n te d  as fo l lo w s :  

I ,  For b ip h e n y ls  c o n ta in in g  a hom ocyclic  r in g .

A.

// W H-)— ("H 
HO OH

(XI) (X II) (X I I I )

B.
OHBr(CH2)^Hr 2 2 %  Ph3P'^(CH2)^P%3 PhgP(CH2)^PPhg

0 0ZBr

(VI) 

n  = 2, 3 and 4

(XIV) (XV)

c.

X)._ J \ J f
HC CH + PEgP(CH2)„PPh2 

0 00 0

(XIII) (XV)

^ H C  C H _ %
\  /HC ^CH

(C%2)n-2

(XVI)

(CHg)„

(VIII)
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I I .  For b ip h e n y ls  c o n ta in in g  a h e t e r o c y c l i c  r in g .

(XVII)
I__

PhgPCl ^— > PhgP-OCEgCEgCl

(XVIII) 

one s te p

Ph2P(CHg)2^(CEg)gPPhg 
0 CE 2 0

CH3IEÎ2

(XX)

^  PhgPCEgCEgCl 
0

-ECl

1
Ph2PCB=CB2 ^ (XV) 

^ n = 2

(XIX)

B.

EG CE

(X II I )

-C E 2-CE2-CE2,

Ph2P( CEg) 2^( CEg) gPPhg 
0 CE3 0

(XX)

ECEo
CE 2”‘CE 2”"CE 2/

L-CE=CE-CEE2

(XXI)

ECE3

T rans~9, 10- d ih y â r o - 9 , 10-dihydTO3yphenan th rene  (X I l )  was 

o b ta in e d  by r e d u c t io n  o f  phenan th raqu inone  (X l) w ith  l i th iu m  

aluminum h y d rid e  in  dry  e t h e r  (Booth, Boyland and T u rn er ,  1950).
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The y i e l d  was around 69^  owing to  th e  fo rm a tio n  o f  a da rk  g reen  

s u b s ta n c e ,  p o s s ib ly  th e  compound (XXIl) s in c e  quinhydrone (XXIIl)

0 HO
II I

0 EG
(XXII) (XXIII)

i s  a l s o  d a rk  g reen  in  c o lo u r .  A ttem pts to  improve th e  y i e l d  by 

u s in g  a l a r g e  excess  o f  re d u c in g  agen t were u n s u c c e s s fu l .

The o x id a t io n  o f  compound (X Il )  w ith  le a d  t e t r a - a c e t a t e  in  

d ry  benzene to  g ive  b ip h e n y l - 2 ,2’ -d ia ld e h y d e  ( X I I l )  (H a l l  and 

P ra k o b sa n t isu k h ,  I 965) i s  an e x c e l l e n t  method f o r  th e  p r e p a r a t io n  

o f  t h i s  compound. R eac tio n  proceeded  smoothly a t  room te m p era tu re  

and th e  crude y i e l d  was a lm ost q u a n t i t a t i v e .  The d ia ld eh y d e  ( X I I l ) , 

o b ta in e d  as p a le  y e l lo w  c r y s t a l s  from e t h e r - l i g h t  pe tro leum  ( b .p .  

40 - 60° )  cou ld  a l s o  be p u r i f i e d  by chromatography on n e u t r a l  alum ina 

and e lu t e d  w ith  a m ix tu re  o f  e t h e r  and l i g h t  pe tro leum  to  g ive  

c o lo u r l e s s  c r y s t a l s .  R e g r e t f u l ly ,  an a p p re c ia b le  amount o f  th e  

m a te r i a l  came down as an g .- la c to n e  (XXIV) w ith  m.p, 133-134°. T h is

/C=0 (XXIV)

compound had been  o b ta in e d  as  a  b y -p ro d u c t  when b ip h e n y l - 2 ,2 ’ - d i 

a ldehyde was su b m itted  to  th e  a c t io n  o f  c o n c e n tra te d  po tass ium
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hydrox ide  s o lu t io n  on th e  l i n e s  o f  th e  Cannizzaro  r e a c t i o n  (Kenner 

and T u rn er ,  I 9I I ) .  I t  was th ough t t h a t  in  th e  p r e s e n t  experim en t,

KOH s o lu t io n ^ EOEgC COgH 

Main p ro d u c t

-EgO ■> EoC C—0

B y-product

th e  " n e u t r a l  alum ina" was s l i g h t l y  b a s i c  and hence l e d  to  th e  forma

t i o n  o f  th e  E - la c to n e  v i a  a s i m i l a r  r e a c t i o n  pathway.

The p r e p a r a t io n  o f  t r i r a e th y le n e - 1 ,3 - b i s ( t r ip h e n y lp h o s p h o -  

nium) dibrom ide (XIV, n =3) by r e a c t i o n  between I ,3 -d ib rom opropane  

(V I, n = 3)  and an excess  o f  t r ip h e n y lp h o sp h in e  was c a r r i e d  ou t  i n  

BICP (H orner,  Hoffmann, K lin k , E r t e l  and Toscano, I 962) g iv in g  a 

y i e l d  o f  89^ .  R ea c tio n  between 1 ,4 -d ib rom obutane  (V I, n = 4 )  and 

excess  t r ip h e n y lp h o sp h in e  i n  a c e t o n i t r i l e  i n  an a u to c la v e  a t  9^° 

a f fo rd e d  th e  t e t r a m e th y le n e - 1 , 4 -b is ( t r ip h en y lp h o sp h o n iu m ) d ibrom ide 

(XIV, n = 4) (H orner e t  a l . , I 962) .  The y i e l d  was up to  95^.

The two phosphine oxide (XV, n = 3 and 4 )  were im m ediate ly  

o b ta in e d  by a l k a l i n e  h y d r o ly s i s  o f  th e  two phosphonium s a l t s  (XIV, 

n  = 3 and 4 ) .  H y d ro ly s is  o f  compound (XIV, n = 4)  a ls o  produced a 

sm all  amount o f  th e  in te rm e d ia te  (XXV) b u t  i t  cou ld  be avo ided  by 

lo n g e r  h e a t in g .

Ph3P(CH2)4PPh2
IBr 0

(XXV)
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R eac tio n  between "biphenyl-S, 2 ' - d ia ld e h y d e  ( X I I l )  and th e  

phosph ine  ox ide  (XV, n = 3 )  i n  dry  to lu e n e  in  th e  p re sen ce  o f  p o t a s 

sium t e r t - h u t o x i d e  and u n d er  th e  n i t r o g e n  atmosphere f a i l e d  to  g ive  

th e  b r id g e d  b ip h en y l (XVI, n = 3 ) .  The p ro d u c t  was found to  be a 

m ix tu re  o f  9 ,10 -phen an th ren eq u in o n e  (X l) ,  f lu o ren o n e  (XXVl) and 

b ip h en y l  (XXVIl)« I t  seemed t h a t  th e  b ip h e n y l-2 ,  2 ' -d ia ld e h y d e  had 

undergone a s e r i e s  o f  r e a c t i o n s  v e ry  r a p id ly  u n d e r  th e  in f lu e n c e  o f  

th e  s t r o n g  b a se .

OH-2 ir ,HC CH ) 0 B e n z i l i c  a c id
arrangem ent HO ^C02H

OH
Heat

(XXVII) ^*^2

(XXVI)

S ince  th e  d ib e n z o - c y c lo o c ta te t r a e n e  (XXIX) cou ld  be o b ta in e d  

from b o th  compound (XXVIIl) and (XXX) w ith  m.p. 123-124° ( Vogel, 

F ra s s  and H e lp e r s ,  1^63), i t  was hoped t h a t  th e  t r e a tm e n t  o f

(CH^COjgO •

(XXVIIl)

CH3C02 02CCH3 

(XXX)
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■biphenyl-2, 2’ “ d ia ld eh y d e  w ith  e th y le n e - ‘b is (d ip h e n y lp h o sp h in e  ox ide) 

(XV, n = 2), a ‘by -p roduct o b ta in e d  from p r e p a r a t io n  o f  dipheny 1 v i n y l -  

phosphine  oxide  ( s e e  page 43)» might l e a d  to  th e  fo rm a tio n  o f  such 

an a lk en e  and p ro v id e  some r e a c t i o n  c o n d i t io n s  f o r  th e  s y n th e s i s  o f  

compounds w ith  a  l a r g e r  b r id g in g  r i n g .  However, when th e  r e a c t i o n  

was a t tem p ted  i n  d iy  to lu e n e  w ith  d i f f e r e n t  q u a n t i t i e s  o f  po ta ss ium  

t e r t - b u t o x i d e  as  co n d en sa tio n  r e a g e n t ,  th e  p ro d u c t  rem ained a mix

t u r e  o f  9 ,10 -p h en an th ren eq u in o n e  and f lu o ren o n e .

In  o rd e r  to  a s s u re  t h a t  th e  f a i l u r e  o f  th e s e  experim ents  

was n o t  due to  i n e f f i c i e n t  te c h n iq u e ,  i t  was dec id ed  to  r e p e a t  one 

o f  H o m e r ’ s experim en t: th e  t r e a tm e n t  o f  e th y le n e -b i s (d ip h e n y  1 -  

phosphine  ox id e )  w ith  benzophenone. As i t  was expec ted , 1 , 1 , 4 , 4 -  

t e t r a p h e n y l - 1 ,3 - b u ta d ie n e  (XXXl) was o b ta in e d  i n  39^ y i e l d ,

PhgPCHgCHaPPha ^  ^ K -t--bu tox iae  .̂ phgC=CH-CH=CPh2

(XXXI)

A f u r t h e r  a t tem p t was th e  p r e p a r a t i o n  o f  d ib e n z o -c y c lo d e c a -  

t e t r a e n e  (XVI, n = 4) by th e  r e a c t i o n  between b ip h e n y l - 2 ,2 ' - d i -  

a ldehyde and te t r a m e th y le n e -b is (d ip h e n y lp h o s p h in e  ox ide)  (XV, n = 4 )<  

However, th e  p ro d u c t  o b ta in e d  was s t i l l  a m ix tu re  o f  th e  f a m i l i a r  

9 ,1 0 -p h en an th ren eq u in o n e  and f lu o ren o n e  and some u n re a c te d  diphenyl- 

phosphine  o x id e .

O bv iously , th e  above c o n d i t io n  u sed  by H orner and h i s



43
co-w orkers  i n  t h e i r  p r e p a r a t i o n  o f  many o l e f i n s  by th e  a c t i o n  o f  

P (0 ) - a c t i v a t e d  r e a g e n ts  upon carbony l compounds i s  n o t  a p p l ic a b le  to  

th e  s y n th e s i s  o f  o l e f i n s  when b ip h e n y l - 2 , 2 ' -d ia ld e h y d e  i s  in c lu d e d  

in  th e  r e a c t i o n .  F u r therm ore , k e to n es  such as 9 ,1 0 -p h e n a n th re n e -  

quinone and f lu o ren o n e  which appeared  to  be u n r e a c t iv o  towards th e  

P ( 0 ) - a c t i v a t e d  r e a g e n ts  may n o t  be u sed  f o r  th e  same pu rpose . The 

s y n th e s i s  o f  2 , 2 *-b r id g e d  b ip h en y ls  as i n d i c a t e d  in  th e  r e a c t i o n  

scheme ( l )  cou ld  p o s s ib ly  be ach ieved  by th e  u se  o f  a n o th e r  conden

s a t i o n  r e a g e n t  and s o lv e n t  and by v a ry in g  th e  r e a c t i o n  tim e.

For th e  second scheme, th e  compound (XX) was o b ta in e d  i n  a 

tw o -s te p  p ro c e s s .  The r e a c t i o n  between d ipheny lphosph ine  c h lo r id e  

(XVIl) and e th y le n e  ox ide  in  dry  benzene im m ediate ly  a f fo rd e d  2 - 

c h lo ro e th y l  d ip h e n y lp h o s p h in i te  (X V IIl) which was h e a te d  w ith  t r i 

e th y l  amine i n  an a u to c lav e  to  g ive  d ip h en y lv in y lp h o sp h in e  oxide 

(XIX) and th e  e th y le n e -b is (d ip h e n y lp h o s p h in e  ox ide) (XV, n = 2) as 

a  b y -p ro d u c t  (Kabachnik, Medved, P o l ik a rp o v  and Y udina, I 962 ) .  The 

y i e l d  were 53.6  and 1 6 .8^  r e s p e c t i v e l y .  The t r e a tm e n t  o f  th e  d i 

p h e n y lv in y lp h o sp h in e  ox ide  w ith  methylamine a t  room tem p e ra tu re  in  

a  c lo se  v e s s e l  gave [2 , 2 ' - ( m e th y l im in o )d ie th y l j  b i s  [d iphenylphosphine  

o x id e ]  (XX) (Kabachnik e t  a d . ,  I 962) i n  Qdfo y i e l d  bu t i t  was con

ta m in a ted  w ith  t r a c e s  o f  ( 2-m ethy lam in o e th y l)d ip h en y lp h o sp h in e  oxide

( XXXII).

PhgPCHpCEÆH
I ( X X X I I )

0 CE3
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As t h e  u s e  o f  v a r io u s  P ( o ) - a c t i v a t e d  r e a g e n ts  f a i l e d  to  

g iv e  a  b r id g e d  b ip h e n y l ,  no a t te m p t  was made a t  th e  p r e p a r a t io n  o f  

compound ( X X l ) ,
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B , The s y n th e s i s  o f  l - m e t h y l - 2 ,3 , 8 , 9 - t e t r a h y d r o - 4 ,5 : 6 ,7 -  

d ih enzazon ine  (X l) and i t s  o p t i c a l  r e s o l u t i o n .

The s y n th e s i s  o f  t h i s  compound was c a r r i e d  ou t a c c o rd in g  to  

th e  fo l lo w in g  r e a c t i o n  scheme:

I , R = CO2H VI, R = CH2COHH2

I I , R = CC^Me V II, R = CH2CO2H

I I I , R = CH2OH V II I , R = CH2CC2Et

IV, R = CH2Br IX, R = CH2CH2OH

V, R = CH2CH X, R = CH2CH2Br

CH3BIÎ2

HgC CH2 h e a t ,  p r e s s u r e  
B r Br

► P i c r a t e  X II

—̂ Camphorsulphonate X I I I

► T a r t r a t e  XIV

► Io d id e  XV
(X) (XI)

The r e a d i l y  a v a i l a b l e  d ip h e n ic  a c id  ( l )  was chosen as  a 

s t a r t i n g  m a te r i a l  and co n v er ted  i n to  d im ethy l 2 , 2 ‘ -d ip h e n a te  ( l l )  

by h e a t in g  u n d e r  r e f l u x  w ith  methanol in  th e  p re sen c e  o f  s u lp h u r ic  

a c id  i n  88% y i e l d .  R eduction  o f  th e  d ip h e n a te  w ith  l i th iu m  aluminum 

h y d r id e  i n  dry  e t h e r  ( H a l l ,  L e s s l i e  and T u rn er ,  1950) gave an 89% 

y i e l d  o f  2 , 2 ’ -b ish y d roxym ethy lb ipheny l ( i l l ) .  A d d it io n  o f  t h i s  d io l  

to  hydrobrom ic a c id  (48-50%) a t  90° im m edia te ly  a f fo rd e d  2 , 2 ’ - b i s -  

brom om ethylbiphenyl (IV) (H a l l  e t  ^ . ,  I 9 5 0 ) .  The y i e l d  was 85%.

The 2 , 2 ' - b i p h e n y l d i a c e t o n i t r i l e  (V) was o b ta in e d  from th e
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dibrom ide (IV ) .  R eac tio n  o f  th e  l a t t e r  w ith  p o tass ium  cyanide  in  

aqueous a lc o h o l  (Kenner and T urner ,  I 9I I )  gave an 80% y i e l d  o f  (v ) 

i n  th e  f i r s t  a t te m p t  b u t  i n  th e  fo l lo w in g  p r e p a r a t i o n s ,  th e  y i e l d  

v a r i e d  from 33 to  61% owing to  th e  fo rm a tio n  o f  a  c y c l i c  amino- 

n i t r i l e  (XVl). The c y c l i c  a m in o n i t r i l e  could  p ro b ab ly  be co n v er ted

>  KoC^ G-COpH  
^ \  / /  ^

C
E pC , C-CH>  HoC

Br Br CH CH
HEg 

( X V I I )

C-CH CHCH

(XVIII)

COoH

i n to  th e  d e s i r e d  2 ,2 ’ - b ip h e n y ld i a c e t i c  a c id  (V I l )  v i a  a c id  h y d ro ly 

s i s  to  (X V IIl) and t r e a tm e n t  o f  th e  p ro d u c t  w ith  m e thano lic  sodium 

hydrox ide  as  i n  methods u sed  by P e c h e re r  and B ro s s i  ( 1967) in  t h e i r  

p r e p a r a t io n  o f  3 , 4 ' , 9 , 5 ' - t e t r a m e t h o x y - 2 ,2*- b ip h e n y ld i a c e t i c  a c id
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(XXIl) from (XX) v i a  (XXl). Hcwever, in  view o f  th e  f a c t  t h a t  the

w
H p C , C -C N

NHp (XX)

HoC, C-OT

OH (XXI)

OMe MeO OMe MeO OKe

XMKe & k
MeO—] ]—

HpC CÏÏ2 
E O g C  C O pH

(XXII)

u se  o f  d im ethy l su lphox ide  (IMSO) in  th e  p r e p a r a t io n  o f  3 , 4 ' , 5 , 5 ' -  

te t r a m e th o x y - 2 ,2*- " b ip h e n y ld ia c e to n i t r i l e  from th e  c o rre sp o n d in g  

d ibrom ide and po tass ium  cyan ide  (P e c h e re r  e t  a l , ,  1$67) had g iven  

a s in g l e  p ro d u c t  i n  good y i e l d  ( 78^ )  and th e  f a c t  t h a t  th e  a p r o t i c  

s o lv e n t  DMSO can d i s s o lv e  b o th  o rg an ic  and in o rg a n ic  r e a g e n t s ,  i t  

was p roposed  to  c a r ry  ou t th e  experim ent in  t h i s  s o lv e n t .  By u s in g  

BIvISO as s o lv e n t ,  th e  y i e l d  o f  d i a c e t o n i t r i l e  was b ro u g h t up to  78^ 

and th e r e  was no s ig n  o f  any s id e  r e a c t i o n .  DMSO i s  e s p e c i a l l y  

u s e f u l  i n  d i s s o lv i n g  io n i c  compounds: i t  s o lv a t e s  th e  c a t i o n s  most 

s t r o n g ly  and le a v e s  th e  an ions  h ig h ly  r e a c t i v e ,  whereas th e  p r o t i c  

s o lv e n t s  such  as w a te r  and e th a n o l  ten d  to  s o lv a t e  an ions  p a r t i c u 

l a r l y  f i r m ly  and low er t h e i r  r e a c t i v i t y .

I t  i s  w orth  n o t in g  t h a t  th e  above c y c l i c  compound had a ls o  

been o b ta in e d  by Kenner and T urner  ( 19I I )  w ith  m.p, 189° from (V) 

and was th o u g h t by them to  be a c y c l i c  i m i n o n i t r i l e  (X X II l) ,

HoC CH-CK
V

I I
m

(XXIII)
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S p e c tro s c o p ic  i n v e s t i g a t i o n  shows t h a t  th e  imino s t r u c t u r e  can 

h a rd ly  account f o r  i t s  f e a t u r e s ,  A s tu d y  o f  th e  IIMR and IR s p e c t r a  

o f  t h i s  compound i s  th u s  o f  i n t e r e s t .  T h is  w i l l  he d is c u s s e d  on 

page 59.

The a c t i o n  o f  c o n c e n tra te d  s u lp h u r ic  a c id  on d i a c e t o n i t r i l e  

(V) gave 2 , 2 ' " -h iphenyld iacetam ide  (V l) (Kenner e t  a l . ,  I 9I I )  i n  72̂ ': 

y i e l d .  H y d ro ly s is  o f  t h i s  amide w ith  a b a s ic  r e a g e n t  produced 

2 ,2*- b ip h e n y ld i a c e t i c  a c id  (V Il )  (Kenner e t  I 9I I ) -  The y i e l d

was 84^ .  I t  m elted  a t  151-152° and tu rn e d  ou t to  have m.p. 174-175° 

a f t e r  a few months' s to r a g e .  The two m e l t in g  m o d if ic a t io n s  were 

a l s o  o b ta in e d  by Mislow, Hyden and S c h a e fe r  ( I9 6 2 )  i n  t h e i r  p r e p a ra 

t i o n  o f  t h i s  a c id .

The d i r e c t  r e d u c t io n  o f  d i a c e t i c  a c id  (V Il )  to  2 ,2 ’ - b i s -  

( 2 -h y d ro x y e th y l)b ip h en y l  ( i x )  was c a r r i e d  o u t i n  d ry  e t h e r  by means 

o f  l i t h iu m  aluminum h y d rid e  (Mislow e t  I 9 6 2 ) .  Since  th e  y i e l d

was up to  78%, t h e r e  i s  no p o in t  i n  o b ta in in g  t h i s  d i o l  v i a  th e  

m ethyl o r  e th y l  e s t e r  ( V I I l )  o f  th e  co rre sp o n d in g  a c id .  Moreover, 

by h e a t in g  th e  d i a c e t i c  a c id  w ith  e th a n o l  in  th e  p re sen ce  o f  concen

t r a t e d  s u lp h u r ic  a c id  in  th e  u s u a l  manner, th e  e th y l  e s t e r  o b ta in e d  

was a  v is c o u s  o i l  which d id  n o t  s o l i d i f y .  A lthough Kenner (1913) 

had i s o l a t e d  t h i s  compound in  l a r g e ,  rhombic c r y s t a l s  from l i g h t  

pe tro leum  ( b .p .  60 -80°) and de te rm ined  i t s  m e l t in g  p o in t  ( 4 9 ° ) ,  y e t  

a t te m p ts  to  c r y s t a l l i z e  from th e  same s o lv e n t  as w e ll  as from o th e r  

s o lv e n t s  were u n s u c c e s s fu l .  I t  rem ained as a c o lo u r l e s s  o i l  a f t e r
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s tanding: f o r  over one y e a r .  The d io l  (IX) p re p a re d  from t h i s  o i l y  

e th y l  e s t e r  u s in g  l i th iu m  aluminum h y d rid e  as re d u c in g  agen t 

amounted to  an o v e r - a l l  y i e l d  o f  ahout 48^*

The p r e p a r a t io n  o f  2 ,2 ’ -b is (2 -h ro m o e th y l)h ip h e n y l  (x) from 

th e  j u s t  m entioned d io l  (IX) in v o lv ed  no d i f f i c u l t y ,  h u t  th e  l o s s  

due to  vacuum d i s t i l l a t i o n  was trem endous. Form ation  o f  (x) was 

e f f e c t e d  hy th e  a c t i o n  o f  phosphorus t r ih ro m id e  on th e  d io l  i n  dry  

benzene (Mislow e t  a d . , I 962) .  The dibromo compound was r e p o r te d  to  

have m.p. 48-49*5° a f t e r  p u r i f i c a t i o n  by chromatography on n e u t r a l  

a lum ina and r e c r y s t a l l i z a t i o n  from m ethanol. However, a f t e r  ch ro 

m atograph ic  p u r i f i c a t i o n ,  a t te m p ts  to  c r y s t a l l i z e  from methanol were 

u n s u c c e s s f u l .  F u r th e r  p u r i f i c a t i o n  by vacuum d i s t i l l a t i o n  gave a 

c o lo u r l e s s  o i l  o f  h ig h  v i s c o s i t y ,  b o i l i n g  a t  l8 0 ° /2  mm, i n  41^  y i e l d .

The method u sed  in  th e  s y n th e s i s  o f  th e  t e r t i a r y  amine ( X l ) , 

a  nine-membered r i n g  compound, was e s s e n t i a l l y  t h a t  a p p l ie d  by 

P e c h e re r  and B ro s s i  ( I 967) i n  th e  s y n th e s i s  o f  p ro to s te p h a n in e  (XXIV)

MeO OMe
'OMe

(XXIV)

The dibrom ide (x) was d is s o lv e d  in  d ry  benzene and h e a te d  

w ith  an excess  o f  methylamine in  an a u to c lav e  a t  140- 150° f o r  two 

hours  u n d e r  f i f t e e n  atm ospheres o f hydrogen. The t e r t i a r y  amine
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formed was worked up in  th e  u s u a l  way. A f te r  p u r i f i c a t i o n  hy chro

matography on a l k a l i n e  a lum ina ( a c t i v i t y  l )  u s in g  benzene as  e lu e n t ,  

i t  was o b ta in e d  as a  c o lo u r l e s s  o i l .  I t  could n o t  be c r y s t a l l i z e d  

from s o lv e n t s  l i k e  benzene and l i g h t  pe tro leum  by s c r a tc h in g ,  co o l

in g  o r  s ta n d in g  i n  a  r e f r i g e r a t o r ,  n o r  could  i t  be induced  to  

s o l i d i f y  by le a v in g  th e  o i l  i n  a vacuum d e s ic c a to r  ove r  a d ry in g  

agen t o r  ru b b in g  w ith  a  s o lv e n t  on a watch g l a s s .  However, c r y s t a l 

l i z a t i o n  was ach ieved  by con v ers io n  o f  t h i s  amine i n t o  a  m onopicra te  

fo llow ed  by decom position  o f  th e  p i c r a t e  w ith  sodium hydrox ide  s o lu 

t i o n ;  when th e  re g e n e ra te d  base  was s t i r r e d  w ith  l i g h t  p e tro leu m  

( b ,p ,  60-80°) i t  was o b ta in e d  as a  c o lo u r le s s  c r y s t a l l i n e  compound, 

m.p, 55- 58° '  The y i e l d  in  th e  r in g - c lo s u r e  s ta g e  was r a t h e r  poor, 

b e in g  o n ly  35»7/'o c a l c u l a t e d  from th e  amount o f  i t s  m onopicra te  

o b ta in e d  a f t e r  r e c r y s t a l l i z a t i o n .

E lem en ta l a n a ly s i s  o f  compound (Xl) gave an a c c e p ta b le  

r e s u l t ,  a l th o u g h  th e  p e rc en ta g e  o f  carbon  was found to  be a  b i t  

low er th a n  th e  r e q u i r e d  v a lu e  ( s e e  page I 52) ,

The m o lecu la r  w eight o f  t h i s  compound can be d e te rm ined  i n 

d i r e c t l y  from m o lecu la r  weight d e te rm in a t io n  o f  i t s  m onop icra te  by 

a s p e c t ro s c o p ic  method as d e sc r ib e d  by Cunningham and h i s  co-w orkers 

( 1951) '  Hy u s in g  th e  f a c t  t h a t  e th a n o l i c  s o lu t io n  o f  p i c r i c  a c id  

abso rbs  s t r o n g ly  between 3500 and 4OOO A, whereas on ly  a  few c o lo u r 

l e s s  o rg a n ic  compounds show a p p re c ia b le  a b so rp t io n  i n  t h i s  r e g io n ,  

th ey  de term ined  th e  absorbances  o f  a number o f  p i c r a t e s  a t  an
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a r b i t r a r y  wave l e n g th  ( 38OO A) and hav in g  found t h a t  th e  m o la r  

a b s o r p t i v i t i e s  were v e ry  c lo se  to  an average  v a lu e  13 ,440 , a va lue  

in  e x c e l l e n t  agreement w ith  th e  m olar a b s o r p t i v i t y  o f  p i c r i c  a c id ,  

th ey  assumed t h a t  th e  p i c r a t e s  had “ 13,440.

The m o lecu la r  w eight o f  th e  m onopicrate  o f  compound (X l) 

de te rm ined  by t h i s  sp ec tro sc o p y  method was in  good agreem ent w ith  

th e  c a l c u l a t e d  v a lu e  ( e r r o r  , A lthough th e  r e s u l t  may be

f o r t u i t o u s ,  y e t  t h i s  method p rov ided  a p re l im in a ry  e s t im a t io n  o f  

th e  m o lecu la r  w eight o f  th e  t e r t i a r y  amine. The most a c c u ra te  

v a lu e  must be sought from mass spectrum ,

Com parision o f  th e  IR spectrum  o f  th e  t e r t i a r y  amine (X I) 

w ith  t h a t  o f  th e  p ro to s te p h a n in e  (Spectrum Ho, l )  may n o t  be 

adequate  f o r  p ro o f  o f  s t r u c t u r e  because some o f  th e  f e a t u r e s  o f  the  

l a t t e r  were obscured  by th e  n u jo l  bands. However, th e  a b so rp t io n s  

o f  th e  t e r t i a r y  amine s t i l l  re sem bles  th o se  o f  p ro to s te p h a n in e  

ex cep t  f o r  th e  p re sen c e  o f  a s t r o n g  band a t  76O cm ^ and th e  absence 

o f  two s t r o n g  bands a t  1602 cm ^ ( 6 , 2 4 / 0  158? cm ^(6,3yW) which,

a c c o rd in g  to  Takeda ( 1963) ,  might be due to  m e th o x y l - s u b s t i tu te d  

a ro m a tic  r i n g s .  The s t r o n g  band a t  ?60 cm ^ cou ld  p ro b ab ly  be 

a t t r i b u t e d  to  th e  o u t - o f - p la n e  C-H bending  a b so rp t io n  o f  t h e  two 

o r th o - d i - s u b s t i t u t e d  benzene n u c l e u s , T h e  band n e a r  1450 cm ^ 

may be accounted  f o r  by th e  a rom atic  C=C v i b r a t i o n  and th e  band a t 

1382 cm” ^ by th e  symmetric bending  v i b r a t i o n  o f  th e  m ethyl group 

a t ta c h e d  to  n i t r o g e n , T h e  weak band a t  1470 cm ^ lo o k s  l i k e  a
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com bination  o f  asymmetric methyl bend ing  v i b r a t i o n  and methyl s c i s 

s o r in g  v i b r a t i o n .  S ince  a l l  o rg a n ic  compounds have bands between 

2750 cm” ^ and 3100 cra” ^ due to  C-H s t r e t c h i n g  v i b r a t i o n s ,  th e  

p re sen c e  o f  a group o f  peaks i n  th e  2700-3100 cm ^ re g io n  can only  

be co n s id e re d  as a r i s i n g  from symmetric and asymmetric methyl 

s t r e t c h i n g  v i b r a t i o n s  as w e ll  as s a t u r a t e d  and u n s a tu r a te d  ca rb o n -  

liydrogen s t r e t c h i n g  v i b r a t i o n s .

As i t  i s  w e ll  kno\m t h a t  th e  I R  spectrum  a lo n e  i s  i n s u f f i 

c i e n t  to  prove th e  d e t a i l e d  s t r u c t u r e  o f  a  new compound, a  s tu d y  o f  

i t s  ITIvîR o r  mass spectrum  i s  a  n e c e s s i t y .

The HIvIR spectrum  o f  th e  t e r t i a r y  amine (Spectrum  Ho. 2A) 

can be w e ll  c o r r e l a t e d  w ith  t h a t  o f  th e  p ro to s te p h a n in e  (Spectrum  

Ho. 2B). The l a t t e r  showed two a b s o rp t io n  l i n e s  c e n t r e d  a t  6 6 .7 1 5 

two d o u b le ts  c e n tr e d  a t  6 6 . 4 , p ro b ab ly  th r e e  l i n e s  a t  6 3 .8 -3 .95»  

a  m u l t i p l e t  a t  6 2 .2 -2 .8  and a s i n g l e t  n e a r  6 2 ,3 .  These s ig n a l s  

were a ss ig n e d  r e s p e c t i v e l y  f o r  the- two p ro to n s  in  th e  p a r a - p o s i t i o n  

o f  r i n g  A, two p ro to n s  i n  th e  meta- p o s i t i o n  o f  r i n g  B as th e  AB 

ty p e ,  and th e  p ro to n s  o f  O-CH^, 0 -CH2CH2-H and H-CH^ groups. In  

c o n ju n c t io n  w ith  th e  known chem ical s h i f t s  a s s ig n e d  to  th e  a ro m atic  

p o r to n s  i n  benzene (6 7 . 27) ,  th e  m ethylene p ro to n s  i n  -CH2Ph (6 2 , 4 ) 

o r  i n  R-CH2H-R’ (6 3 . 3 ) and th e  methyl p ro to n s  in  -HCH^ (ab o u t  

6 2 , 16 ) ,  i t  i s  obvious t h a t  th e  s ig n a l s  in  Spectrum Ho. 2A can be 

a s s ig n e d  as fo l lo w s :  The m u l t i p l e t  a t  6 6 .9 5 - 7 .2  must a r i s e  from

the eight aromatic protons. Those absorption lines at & 2.4-2.77
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Spectrum Fo. 2k,

NI»IR spectrum  o f  l - m e tb y l - 2 , 3 , 8 , 9- t e t r a h y d r o -  

4 j 5 ï 6 , 7-cLi"ben2azonine  w ith  m.p. 55-58^.

HqPpCH2-CH2
CE^oUoCH^

TMS

Spectrum Eo. 2B.

E3TR spectrum  o f  p ro to s te p h a n in e .
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a re  due to  th e  e ig h t  m ethylene p ro to n s  and acco rd in g  to  Takeda 

( 1963)? th e  s p l i t t i n g  p a t t e r n  must he th e  A2B2 type  a l th o u g h  th e  

ass ignm ent i s  s t i l l  n o t  c l e a r .  The s i n g l e t  a t  6 2 .28 i s  a t t r i b u t 

a b le  to  th e  th r e e  e q u iv a le n t  p ro to n s  o f  th e  methyl group. S ince  

t h e r e  a re  a l t o g e t h e r  n in e te e n  p ro to n s  in  th e  fo rm ula  and th e  i n t e 

g r a te d  i n t e n s i t i e s  o f  th e  t h r e e  s ig n a l s  a re  in  th e  r a t i o  8 :8 :3  

r e s p e c t i v e l y ,  th e  s t r u c t u r e  o f  t h i s  t e r t i a r y  amine i s  beyond a l l  

doubt,

A comparison o f  th e  u l t r a - v i o l e t  spectrum  o f  1 -m e th y l-  

2 ,3 j8 ,9 ~ te t r a h y d r o - 4 ,5 î8 ,7 - d ib e n z a z o n in e  (X l) w ith  t h a t  o f  1 , 2 , 3 , 4 -  

d ib e n z c y c lo n o n a -1 ,3 -d ie n e -7 -c a rb o x y l io  a c id  (XXV) shows t h a t  th e

(XXV)

CO 2%

compound w ith  a h e te r o c y c l i c  nine-membered r i n g  i s  s p e c t r o s c o p ic a l l y  

a lm ost as c o n ju g a ted  as  th e  one w ith  a horaocyclic r i n g  o f  th e  same 

s i z e  (Spectrum ]To, 3 and Table  l ) .  The hypsochroraic s h i f t  and drop 

in  e x t i n c t i o n  c o e f f i c i e n t  o f  th e  b ip h en y l c o n ju g a t io n  band e x h ib i te d  

i n  th e  spectrum  o f  th e  l a t t e r  ( i n f l e c t i o n  a t  231 nm, 6 = 5̂ 50) a re  

a l s o  observed  in  t h a t  o f  th e  fo rm er ( i n f l e c t i o n  a t  ca. 235 nm,

6 = 6 , 600) .  The two i n f l e c t i o n s  a t  \  = 266 nm (6 =  1 ,004) and X=274 nm 

( 6 = 718) i n  th e  lo n g  w aveleng th  re g io n  can be compared w ith  th e  two 

bands a t  = 265 nm and X^g^ = 273 nm (Ej^^x’ 8OO and ca . 600
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—  (x i)  
  (XXV)12
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12
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280260 

X (nm)
220

260220 230 280240 250 270
X (nm)

SpGctxnm No. 3.

UV spectrum  o f  l - m e t h y l - 2 ,3 ,8 ; 5 - t e t r a b y d r o - 4 ,5 : 6 ,7 -  
dilDensazonine w ith  m.p. 55-56^ in  $6^ e th a n o l .
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Table 1.

M olar a b s o r p t iv i ty  ( t )  o f  l - m e th y l - 2 ,3 ?8 ,9 “ 
te tra h y d ro -4 j5 î6 ,7 -cL ib e n za z o n in e  in  96% 

e th a n o l (c o n c e n tr a t io n :  0,005  mole*, c e l l  
th ic k n e s s :  2 mm; in s tru m e n t: Unicam SP 5OO5 
re a d in g s  o f  A: " -0 ,2  to  0 ,7 ).

A (nm ) t x  10’ ^ A (n m ) 10 ^ A (n m ) e x  10

280 0.298 263 1.028 237 5.960

279 0.361 262 1.036 236 6 .330

278 0.425 260 1.080 235 6 .600

277 0.503 258 1.140 234 6 .860

276 0.590 256 1.224 233 7 .160

275 0.654 254 1 .364 232 7 .540

274 0.716 252 1.600 231 7 .800

273 0 .752 250 1.916 230 8 .240

272 0 .762 248 2 .344 229 8 .640

271 0.770 246 2.848 228 9 .140
270 0 .800 244 3.500 227 9.740
269 0.846 243 3 .880 226 10 .460
268 0 .902 242 4 .230 225 11.520

267 0.958 241 4 .610 224 12 .700

266 1.004 240 4 .940 223 14 .240
265 1.028 239 5.270 222 15 .760

264 1.028 238 5.620

^ i n f  '235 nm, 6 i n f  6 ,600 ;

^ i n f  266 ^  % in f

^ i n f  274 nm & inf 716.
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r e s p e c t iv e ly )  in  compound (XXV).

I t  i s  obvious t h a t  th e  co n ju g a tio n  must be s l i g h t l y  l e s s  

in h ib i t e d  and th e  ang le  o f to r s io n  must be s m a lle r  in  compound (X I) 

th a n  in  compound (XXV). S ince  f o r  2 , 2 ' -b r id g e d  b ip h en y ls  where th e  

b r id g e  has f iv e  o r  more atom s, th e  b r id g in g  r in g  i s  f l e x i b l e  and 

many co n fo rm ations a re  p o s s ib le ,  i t  seems th a t  an e s t im a tio n  o f  th e  

v a lu e  o f  6 i s  devo id  o f  s ig n if ic a n c e  a lth o u g h  acc o rd in g  to  S u z u k i 's  

c a lc u la t io n ,  compound (XXV) assumed a v a lu e  of  6 = 68^.

The cam phorsulphonate (X I I l)  and th e  t a r t r a t e  (XIV) o f  th e  

t e r t i a r y  amine (X l) were o b ta in e d  in  th e  re s p e c t iv e  y ie ld s  o f 

and 35% hy a llo w in g  th e  amine to  r e a c t  w ith  (+ )-cam p h o r-1 0 -su lp h o n ic  

a c id  and ( + ) - t a r t a r i c  a c id  s e p a ra te ly  in  e th a n o l a t  room te m p e ra tu re . 

They were found to  have m.p. 201-202^ and 118-120° r e s p e c t iv e ly .

The q u a te rn a ry  io d id e  (XV) had a lso  been o b ta in e d  in  34% y ie ld  by 

r e a c t io n  betw een th e  amine (X l) and m ethyl io d id e  in  ace to n e . I t s  

m e ltin g  p o in t  was 168-170°.

The t e r t i a r y  amine (X l) was o p t i c a l ly  a c t iv a te d  by c r y s t a l 

l i z a t i o n  o f  i t s  cam phorsulphonate (X I I l)  from ace to n e . The base  

l i b e r a t e d  from t h i s  s a l t  had [ol] + 614° in  ch lo ro fo rm  and was 

o p t i c a l l y  s ta b l e  a t  room te m p e ra tu re . Complete ra c e m iz a tio n  was 

e f f e c te d  by h e a tin g  u n d e r r e f lu x  in  cyclohexane f o r  one ho u r.
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In  th e  p re v io u s  s e c t io n  (page 4 7 ) j i t  has been  m entioned 

th a t  th e  c y c l ic  a m in o n it r i le  (XVl) m e ltin g  a t  192-193° had a lso

HpC, C-CN 

NHo

^C-COpH

(XVI) m . (XVII)

been o b ta in e d  by Kenner and T u rn er ( I 9I I )  w ith  m .p. 189° and was 

th o u g h t by them to  be a  c y c l ic  im in o n i t r i l e  (X X IIl) because  t h i s  

s t r u c tu r e  co u ld  accoun t f a i r l y  w e ll f o r  th e  fo llo w in g  sequence o f 

r e a c t io n s :

CH-CN -- ° -̂ -̂ v^-°- - °^  HpC CH-COpH
82^04 ^

m

(X X III)

(XXVI)

Hot d i l u t e  
HpSO^

CEg
C
0 (XXVIII)

EpC CHCOpH 
C
Ô (XXVII)

However, when th e  c y c l ic  a m in o n it r i le  (XVl) was t r e a t e d  w ith  co ld  

c o n c e n tra te d  s u lp h u r ic  a c id  as th e  method u sed  by K enner and T u rn e r, 

th e  a c id  o b ta in e d  was found to  have th e  s t r u c tu r e  (XV Il) and th e  

m e ltin g  p o in t  (179°) ^̂ Eis a lm ost th e  same as t h a t  o f  compound (XXVl)



(m .p . 180°) o b ta in e d  by Kenner and T u rn er. I n v e s t ig a t io n  o f  th e  

d e ta i l e d  s t r u c tu r e  about compound (XXVIl) and (XXVIIl) i s  beyond 

th e  scope o f t h i s  s tu d y  b u t th e  NIîR and IR s p e c tr a  o f  (XV Il) w i l l  

be m entioned in  t h i s  s e c t io n .

S in ce  K enner and T u rn e r 's  experim ent had a ls o  been perform ed 

by B ird  (1953) who found th a t  th e  m e ltin g  p o in t  o f  th e  two compounds 

(X X IIl) and (XXVl) were 192-193° and 180° r e s p e c t iv e ly ,  i t  i s  

obvious t h a t  b o th  th e  c y c l ic  a m in o n it r i le  and th e  c o rre sp o n d in g  ac id  

o b ta in e d  in  th e  p re s e n t  p re p a ra t io n s  a re  j u s t  th e  same compounds as 

th o se  o b ta in e d  by K enner and T u rn er and l a t e r  by B ird . ¥e a re  now- 

d e a l in g  w ith  th e  p o s i t io n  o f  ta u to m e ric  equ ilib ri-um  r a th e r  th a n  the  

assignm en t o f  an a l t e r n a t i v e  s t r u c tu r e  to  a r e a c t io n  p ro d u c t. A ll 

we want to  know i s  which ta u to m e ric  s t r u c tu r e  i s  more l i k e l y  to  f i t  

th e  n i t r i l e  and which to  f i t  th e  a c id .

The r e a c t io n  o f 3 ,4 ',5 ,5 '- t e t r a m e th o x y - 2 ,2 '- b ip h e n y ld ia c e to -  

n i t r i l e  (XXIX) w ith  a  c a t a l y t i c  amcunt o f sodium e th o x id e  in  e th an o l 

g iv in g  6 -a m in o -2 ,4 ,9>1 0 -te tra m e th o x y -5 H -d ib e n z o [a ,c ] -c y c lo h e p te n e -  

7 - c a r b o n i t r i l e  (XX) and n o t compound (XXX) (P e c h e re r  and B ro s s i ,  

1967) seems to  in d ic a te  t h a t  th e  e x is te n c e  o f  a seven-membered

MeO OMe MeO   OMe MeO   OMe
>OMe

HoC C-CIT <-----  HpC CHp HpC^ CHON^ \  // ^ \ \  \ _ /
Ç CN OH Ç
NHp KH

(XX) (XXIX) (XXX)
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c y c l i c  im in o n i t r i l e  i s  open to  d o u b t. In  f a c t ,  th e  in f r a - r e d  

spectrum  o f  compound (XX) re p o r te d  to  have a b so rp tio n  bands a t  3450, 

3350, 3220, 2930 , 2828 , 219O, 2635, 1590 and I 515 cm“ ^ can be w e ll 

c o r e la te d  w ith  th e  a b so rp tio n  bands o f compound (XVl) which a re  a t  

3450 , 3340 , 3220, 3060 (w eak), 3010 (w eak), 219O, I 638 , I 58O, I 49O, 

1455 , 1442 , 1430 , 1190 and in  th e  re g io n  725-760 cm ^ (Spectrum

No. 4 ) .

S in ce  p rim ary  amines show two a b so rp tio n  bands in  th e  3300-

3500 cm ^ re g io n  a r i s in g  from th e  sym m etric and asym m etric N-E 

s t r e t c h i n g  v ib r a t i o n s ,  a  t h i r d  band ( i n  some c a se s)  in  th e  same 

re g io n  due to  hydrogen bonding e f f e c t s  and an NHp d efo rm atio n  

a b so rp tio n  n e a r  I 65O cm th e  p re sen ce  o f  th re e  medium a b so rp tio n  

bands a t  3450 , 3340 and 3220 cm ^ and a s t ro n g  band a t  1638 cm ^ 

in  th e  i n f r a - r e d  spectrum  o f  compound (XVl) must be a s t ro n g  

ev id en ce  o f  th e  p re sen ce  o f  an NEg group in  t h i s  compound. The 

band a t  2I 9O cra""  ̂ i s  o b v io u s ly  due to  C=N a b so rp tio n  and th e  two 

bands a t  I 58O and 1590 cm ^ must a r i s e  from th e  C-C s t r e t c h i n g  

v ib r a t io n s .  The two medium a b so rp tio n s  a t  about 1455 8.nd 1442 cm ^ 

may be a t t r i b u t e d  to  a  t h i r d  C=C a b so rp tio n  band as w e ll as th e  CHp 

d e fo rm a tio n  v ib r a t io n .  The band a t  1095 cm ^ cou ld  p ro b ab ly  a r i s e  

from th e  C-N s t r e t c h i n g  v ib r a t io n .  The s t ro n g  a b so rp tio n s  in  th e  

725-760  cm~^ re g io n  must be due to  o r th o  d i s u b s t i t u t io n s . ^6

The above s t r u c t u r a l  problem  can a ls o  be so lv ed  on th e  

b a s is  o f th e  number o f  s ig n a l s  and t h e i r  r e l a t i v e  i n t e n s i t i e s  in
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th e  ÎTT'IR spectrum  o f t h i s  c y c l ic  comp cun d. (Spectrum  }To. 5)« As can 

he seen  in  s t r u c tu r e  (X V l), th e re  a re  two p ro to n s  a t ta c h e d  to  a 

n i t r o g e n  atom h u t th e re  i s  no p ro to n  a tta c h e d  to  C2 , w hereas in  

s t r u c tu r e  (X X II l) , th e re  i s  one p ro to n  a t ta c h e d  to  Cg and a n o th e r  

one to  th e  n i t ro g e n  atom. The spectrum  showed a m u l t ip le t  a t  

ahou t 6 7-7*6 a r i s i n g  from th e  e ig h t  a ro m atic  p ro to n s , a  h road  hand 

a t  6 4*97 c o rre sp o n d in g  to  th e  two amino p ro to n s  and an AB q u a r te t  

a t  6 2 , 89- 3 .4  ( J  = 12 ,5  c / s )  due to  th e  tifo ch em ica lly  e q u iv a le n t 

h u t  m a g n e tic a lly  n o n -e q u iv a le n t p ro to n s  o f th e  m ethylene group.

The in te g r a te d  i n t e n s i t y  r a t i o  was 8 :2 :2  r e s p e c t iv e ly .  Had th e  

s t r u c tu r e  ( X X IIl) heen  c o r r e c t ,  th e re  would have had fo u r  groups o f  

s ig n a l s  w ith  an i n t e n s i t y  r a t i o  o f  8 :1 :1 :2 ,

Spectrum  ITo, 5»

ITMR spectrum  o f  l-a m in o -2 -cy a n & -3 ,4 ,5 ;6 -d ih e n zo - 

c y c lo h e p ta - l ,3 ,5 - t r i e n e  w ith  ra^p, 192- 193^.
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The in f r a - r e d  spectrum  o f  th e  a c id  (XVIl) (Spectrum  ITo. 6) 

seemed to  r e t a i n  th e  norm al amine a b so rp tio n s  a t  3500 , 3350 and 

1640 cm ^ as compared w ith  th e  i n f r a - r e d  spectrum  o f  th e  c y c l ic  

a m in o n i t r i le  (Spectrum  ITo, 4)» b u t i t  d id  n o t e x h ib i t  th e  norm al 

a c id  carb o n y l a b so rp tio n  a t  about I 7OO cm The p re sen ce  o f  a 

medium a b so rp tio n  band n e a r  1300 cm ^ shown by most am ino -acid s 

seemed to  in d ic a te  t h a t  t h i s  compound i s  o f  th e  same c la s s  and th e  

band a t  1575 cm ^ may be a t t r i b u t e d  to  th e  io n ic  carb o n y l ab so rp 

t io n ,  b u t f o r  an am in o -ac id , th e  p re sen ce  o f  z w i t te r io n  form sh o u ld
-1  +g iv e  r i s e  to  a  band n e a r  3070 cm due to  th e  group and no

band sh o u ld  ap p ea r in  th e  norm al 3300-3500 cm ^ re g io n .

S ince  th e  i n f r a - r e d  spectrum  o f  th e  a c id  d id  n o t g iv e  much 

ev id en ce  about i t s  s t r u c tu r e ,  f u r th e r  in fo rm a tio n s  were sough t from 

i t s  IBIR spec trum .

The spectrum  o f th e  a c id  (Spectrum  ITo, 7) re v e a le d  th e  

p re sen c e  o f  an amino group and an a c id  g roup . The s i n g l e t  a t  

6 14,76  may be due to  th e  p ro to n  o f  th e  -COOH group a lth o u g h  i t  

appeared  a t  a  lo w er f i e l d  p o s i t io n  as compared w ith  most a c id ic  

p ro to n s  (6 1 0 .5 -1 2 ) , The m u l t ip le t  a t  & 7 -0 -7 .6 3  i s  o b v io u sly  due 

to  th e  e ig h t  a ro m a tic  p ro to n s . The broad  band a t  S 5*6 can be w e ll 

a t t r i b u t e d  to  th e  two p ro to n s  o f  th e  amino group (EIHIg i s  a t  6 5 -9 )• 

The s in g l e t  a t  6 3 .13  must come from th e  r e s t  o f  th e  two m ethylene 

p ro to n s  a lth o u g h  i t  a ls o  ap p ears  a t  a low er f i e l d  p o s i t io n  (PhCE2 

i s  a t  6 2 , 4 ) .  S in ce  th e  in te g r a te d  i n t e n s i t i e s  o f  th e  above s ig n a l s
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a r e  a ls o  c o r r e c t  f o r  1 ,  8 ,  2 and 2 p ro to n s  r e s p e c t i v e l y ,  t h i s  a c id  

m ust he compound ( X V I l )  and n o t  ( X X Y l ) .

0  ppm ( 6 )816 14 612 210 4

S p e c tru m  N o . 7*

NMR s p e c tru m  o f  l - a m in o - 3 ,4 > 5 > 8 ~ d ih e n z o c y c lo h e p t a -  

1 , 3 > 5 - ' t r i e n e - 2 - c a r h o x y l i c  a c id  w i t h  m .p . 1 7 9 °  

( i m p u r i t i e s  i n  th e  s o lv e n t  a t  6 1 . 8  and 6 3 . 7 ) .
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C. F orm ation  o f  “b ridged  b ip h e n y ls  “by am ine-carbony l co n d en sa tio n s

a. C ondensation  betw een b ip h e n y l-2 ,2*-d ia ld e h y d e  and 

o~pheny le n e d ia m in e .

E a rly  in  1959» S p a ra to re  had made an a tte m p t to  p re p a re  

th e  h e te r o c y c l ic  b r id g e d  b ip h en y l ( l )  by r e a c t io n  betw een b ip h e n y l-  

2, 2’ -d ia ld e h y d e  and o -phenylened iam ine  in  m ethanol a t  room tem pera

t u r e .  He o b ta in e d  a c r y s t a l l i n e  s o l id  w ith  m.p. 52-57^ (c o u ld  be a 

m is p r in t  f o r  152- 157^) b u t i t  was th o u g h t to  be th e  azep in e  ( l l )

( I I )

( I )

because  o f  i t s  b a s i c i t y  and because  th e  u l t r a - v i o l e t  s p e c t r a  o f  

t h i s  compound b o th  in  m ethanol and in  h y d ro c h lo r ic  a c id  were s im i

l a r  to  th o se  o f  l-b e n z y l-2 -p h e n y lb e n z im id a z o le  ( i l l )  in  th e  same 

s o lv e n ts .

N H-CE
// ( I I I )
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A few y e a r s  l a t e r ,  Hawthorne and h i s  co-w orkers ( I 963) r e 

p o r te d  t h a t  th e  c r y s t a l l i n e  s o l id  o b ta in e d  by them from t h i s  r e 

a c t io n  was th o u g h t to  e x h ib i t  dimorphism because th e y  had i s o l a t e d  

two d i f f e r e n t  in te r c o n v e r t ib le  c r y s ta l  form s (rhom boid, m.p, I 88-  

191^5 n e e d le , m .p, 189 -1 9 2 °). T h e ir  in f r a - r e d  s p e c t r a  were d i f f e r 

e n t from each o th e r  as n u jo l  m u lls  b u t i d e n t i c a l  in  carbon  d i s u l f i d e .  

The compound was p roved  to  have th e  s t r u c tu r e  ( l l )  r a th e r  th a n  ( l )  

by i t s  HTvIR spectrum  (two a l i p h a t i c  p ro to n s  a t  T  5*03).

C ondensation  betw een b ip h e n y l-2 ,2 ' -d ia ld e h y d e  and o -p h e n y l-  

enediam ine was a ls o  perform ed  by P rak o b san tisu k h  ( 1964) w ith  e th y l 

ene g ly c o l as a  s o lv e n t  a t  160°. She o b ta in e d  a m ix tu re  o f  two 

compounds: one was w a te r  s o lu b le  and m elted  a t  227-230° b u t i t  was 

i n s u f f i c i e n t  f o r  a n a ly s is ;  a n o th e r  was w a te r in s o lu b le  and had m.p. 

198- 199°* The u l t r a - v i o l e t  spectrum  o f  th e  l a t t e r  in  m ethanol 

(^max 298 nm, lo g S  4.164» -^max ^98 nm, lo g  S 4 .1 5 5 ) vas a lm ost 

id e n t i c a l  w ith  t h a t  o f  S p a ra to re ’ s compound and th e  p i c r a t e  (m .p , 

279- 280°) p re p a re d  from i t  cou ld  be s a id  to  have th e  same m e ltin g  

p o in t  as th e  p i c r a t e  (m .p, 278-280°) p re p a re d  by S p a ra to re . How

e v e r , when th e  r e a c t io n  was c a r r ie d  o u t in  m ethano l, she o b ta in e d  

two s o l id s  w ith  m .p, 189-191° and 216-219°, The h ig h  m e ltin g  s o l id  

was i d e n t i f i e d  as th e  q u in o x a lin e  (IV) by com parison o f  i t s  i n f r a 

re d  spectrum  w ith  t h a t  o f  th e  knoi-m specim en and by mixed m e ltin g  

p o in t  ( 219- 221° ) ,  She d id  n o t g iv e  any comment about th e  s o l id  

w ith  m .p. 189- 191° o r  come to  a c o n c lu s io n  about th e  s t r u c tu r e  o f
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c — c
IT N (IV)

th e  compound w ith  m .p. 158-159°• She had o b ta in e d  th e  in f r a - r e d  

s p e c t r a  o f  th e s e  two compounds b u t d id  n o t n o t ic e  t h a t  th e y  were 

a lm ost su p erim posab le  ( s e e  Spectrum  Ho, 8 A & B ).

B in d ra  and E l ix  ( I 969) ;  i n  an a tte m p t to  o b ta in  ( l ) ,  and 

in  ig n o ran ce  o f  S p a ra to re ’ s and o th e r  w o rk e rs’ ex p erim en ts , a lso  

showed t h a t  th e  co n d en sa tio n  p ro d u c t was ( l l )  id .th  m .p. 160° when 

b ip h e n y l - 2 ,2 ’ -d ia ld e h y d e  and o -pheny lened iam ine  were a llow ed  to  

r e a c t  in  a c e t i c  a c id  o r  benzene a t  room te m p e ra tu re . They proved  

t h a t  th e  r e a c t io n  in v o lv ed  an in te rm o le c u la r  h y d rid e  s h i f t  by t r e a t 

ment o f  o -pheny lened iam ine  w ith  equ im olar p ro p o r tio n s  o f  b ip h e n y l-  

2, 2 ’ - d i  aldehyde and b ip h e n y l- 2 ,2’ -d id e u te ro a ld e h y d e .

However, when m ethanol was u sed  as a  s o lv e n t ,  th e y  o b ta in e d  

a  p a le  y e llo w  s o l id  w ith  m ,p. 155° in  90^ y i e ld .  I t  was found to  

c o n ta in  ap p ro x im a te ly  80  ̂ o f ( l l )  and 20ÿ o f  (v) which cou ld  n o t be

H H (V)
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s e p a ra te d  "by p re p a ra t iv e  TLC. I t s  IIÎ-îR spectrum  eo ih ib ited  a d d i t io n a l  

s i n g l e t s  a t  i  6 ,4 4  (? 3 .5 6 , IH, m ethine p ro to n ) and j  3 .09  ( r 6 . 91,

3H, OMe p ro to n s )  ‘b e s id e s  th e  s ig n a l s  co rre sp o n d in g  to  th o se  o f  

compound ( l l ) .

The e l im in a tio n  o f  ( l )  as a p o s s ib le  s t r u c tu r e  f o r  th e  con

d e n sa tio n  p ro d u c t l e f t  no room f o r  argum ent. The u l t r a - v i o l e t  

a 'b so rp tio n  spectrum  o f  th e  compound w ith  m .p, 160° o b ta in e d  in  

e th a n o l by B in d ra  and E l ix  was found to  have /^n^ax 230 nm, lo g g  4 .4 3 ; 

Amax 260; lo g  6 4 .3  and 300, lo g g  4 .28  which were v e ry  c lo se

to  th e  v a lu e s  re c o rd ed  by P rakobsan tisu lch  and hence by S p a ra to re . 

However, when th e  ÎÏÏ-IR spectrum  o f  B in d ra  and E l i x 's  compound (m .p . 

160°) was concerned , th e  chem ical s h i f t  o f th e  two a l i p h a t i c  p ro to n s  

was n o t c o n s is te n t  w ith  th e  v a lu e  re p o r te d  by Hawthorne and h i s  co

w orkers . A ccord ing  to  B in d ra  and E l ix ,  th e  spectrum  e x h ib ite d  

s ig n a l s  a t  6 8 .0 7 -8 .3  ( r i , 7 0 -1 .9 3 , IE ) , 6 7 .2 5 -8 .0 0  ( r2 .0 0 -2 .7 5 ,  H E ) 

and "an AB double d o u b le t a t  S 6 . 58 , 4 .7 8  ( r 3 .4 2 ,  5» 22% J  = 15 Hz, 

2H)".

In  o rd e r  to  confirm  th e  s t r u c tu r e  o f  t h i s  co n d en sa tio n  

p ro d u c t and to  o b ta in  i t s  HMR spectrum  f o r  com parison pu rpose  (s e e  

page 76 ) ,  b ip h e n y l-2 ,2 ' -d ia ld e h y d e  and o-phenylened iam ine were once 

and a g a in  a llow ed  to  r e a c t  in  m ethanol a t  room te m p e ra tu re . The 

p ro d u c t o b ta in e d  was chrom atographed on n e u t r a l  alum ina and th e n  

r e c r y s t a l l i z e d  from aqueous e th a n o l to  g ive  c o lo u r le s s  p rism s in  

82^  y i e ld .  I t s  m e ltin g  p o in t  was 192-193^.
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When th e  r e a c t io n  was c a r r ie d  o u t in  e th a n o l and th e  p ro d u c t 

r e c r y s t a l l i z e d  from aqueous e th a n o l w ith o u t a b e fo reh an d  p u r i f i c a 

t io n  by chrom atography, th e  c r y s t a l l i n e  s o l id  was o b ta in e d  in  66^ 

y i e l d  and had m.p. 154-157°- A p o r t io n  o f  t h i s  s o l id  tu rn e d  o u t to  

have m .p. 192- 193° when r e c r y s t a l l i z e d  from th e  same s o lv e n t  and 

co u ld  n o t be b ro u g h t back  in to  th e  low m e ltin g  form by f u r th e r  c ry s 

t a l l i z a t i o n ,  The o th e r  p o r t io n  a ls o  tu rn e d  o u t to  have m.p, I 89-  

191° on s to ra g e  f o r  a  few weeks.

The i n f r a - r e d  s p e c t r a  o f  th e se  co n d en sa tio n  p ro d u c ts  

o b ta in e d  b o th  from  m ethanol and e th a n o l were superim posab le  on each 

o th e r  i r r e s p e c t iv e  o f  t h e i r  d if f e r e n c e  in  m e ltin g  p o in t s .  They were 

a ls o  i d e n t i c a l  w ith  th e  in f r a - r e d  s p e c t r a  o f  th e  two s o l id s  w ith  

m .p. 158- 159° and m .p. 189-191° o b ta in e d  by P ra lcobsan tisukh  (s e e  

Spectrum  Wo. 8 ) .  Hence a l l  co n d en sa tio n  p ro d u c ts  w ith  th e  m o lecu la r 

fo rm u la  C20%4l^2 to  have th e  same s t r u c tu r e .

The WM spectrum  o f th e  p re s e n t  compound w ith  m .p. 192-193° 

(Spectrum  Ho, 9A) was ru n  a t  100 Mc/s w ith  CHCl^ as s o lv e n t .  The 

two m u l t ip l e t s  c e n tre d  a t  about 6 7-8  and 6 8 .2  co u ld  be due to  each 

o f  th e  two a ro m a tic  p ro to n s  o rth o  to  n i t r o g e n  s in c e  t h e i r  s p l i t t i n g  

p a t t e r n  c lo s e ly  resem ble  each  o th e r  and a re  c o n s is te n t  w ith  th o se  

o f  th e  s ig n a ls  a r i s i n g  from th e  p ro to n s  o rth o  to  n i t r o g e n  (se e  

Spectrum  Ho. lOB and Ho. 20B ). T h e ir  in te g r a te d  i n t e n s i t i e s  a re  in  

th e  r a t i o  o f  1 :1  co rre sp o n d in g  to  a t o t a l  o f  two p ro to n s . The o v e r

la p p in g  l i n e s  in  th e  re g io n  6 7 -1 -7 -7  a re  o b v io u sly  due to  th e  r e s t
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Spectrum  No, 9 A.
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0 ppm (S)

NliR spectrum  o f  15n~dilDenzo [c, e]'ben2;im idazo- 

[ l , 2- a ] - a z e p in e  w ith  m .p, 192- 193° (p robed  a t  
about 50°C). The s ig n a l  c e n tre d  a t  6 4*92 
becomes a s in g le t  a t  h ig h e r  te m p e ra tu res  and 

an KB q u a r te t  a t  low er te m p e ra tu res  ( fo llo w in g  
sp ec tru m ).

w IL

Spectrum  No, 9 B,

Probe te m p e ra tu re s : 50°» 60°, 65° ( to p ) ,  -1 0 ° , 0 ° , 
1 0°, 20°, 30° and 40°C (bo ttom , l e f t  to  r i g h t ) ,
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o f  th e  a ro m a tic  p ro to n s . They a re  su h d iv id ed  in to  two groups and 

th e  in te g r a te d  i n t e n s i t y  i s  c o r r e c t  f o r  te n  p ro to n s . The s ig n a l  

c e n tre d  a t  6 4*92 h as an i n t e n s i t y  r a t i o  co rre sp o n d in g  to  two p ro 

to n s  and must he due to  th e  two m ethylene p ro to n s . On e le v a t io n  o f 

p robe te m p e ra tu re , th ey  gave r i s e  to  a s i n g l e t .  When th e  tem pera

tu r e  was d e c rea se d  to  30°C o r  low er, th e y  showed a ty p ic a l  KB 

q u a r te t  = 14 c / s ;  Spectrum  No, 9B ), The c o n s id e ra b le  l i n e

b ro ad en in g  f e a tu r e  seems to  in d ic a te  t h a t  th e  two p ro to n s  a re  i n t e r 

m ed ia te  betw een m a g n e tic a lly  e q u iv a le n t and n o n e q u iv a len t s t a t e s .

As i t  can be see n , th e  chem ical s h i f t  o f  th e  two m ethylene 

p ro to n s  i s  v e ry  c lo se  to  th e  v a lu e  re p o r te d  by Hawthorne and h is  

co -w orkers b u t d i f f e r e n t  from th o se  re p o r te d  by B in d ra  and E l ix .  

However, s in c e  th e  p re s e n t  NI'ÎR spectrum  seems to  accoun t f a i r l y  

w e ll f o r  th e  s t r u c tu r e  ( l l ) ,  a summary may be made a t  t h i s  s ta g e : 

C ondensation  betw een b ip h e n y l- 2 ,2 ' -d ia ld e h y d e  and o-pheny lened iam ine  

a t  room te m p e ra tu re  in  m ethano l, e th a n o l ,  benzene, a c e t i c  a c id  and 

a t  160° in  e th y le n e  g ly c o l gave 1 5 H -d ib e n z o [c ,e ]b e n z im id a z o [ l,2 -a J -  

a zep in e  ( l l )  as a main p ro d u c t w ith  m .p, 192-193°. I t s  m e ta s ta b le  

form had m.p, , The b y -p ro d u c t 15-raethoxydibenzo [ c , e ] -

b e n z im id a z o [ l ,2 -a ]a z e p in e  (V) w ith  m .p, 100° had been o b ta in e d  when 

m ethanol was u sed  as a  s o lv e n t  and in  th e  p re sen c e  o f  sodium 

m ethoxide (5^^)» i t  was i s o l a t e d  as a main p ro d u c t in  34^ y i e ld  

(B in d ra  and E l i x 's  r e p o r t ) .  The q u in o x a lin e  (IV) was once o b ta in e d  

from th e  r e a c t io n  m ix tu re  by P ralcobsan tisukh  b u t n o th in g  more i s  

kno^m about h e r  w a te r  s o lu b le  p ro d u c t w ith  m.p. 227-230°,
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b . C o n d e n s a tio n  b e tw e e n  b ip h e n y l - 2 ,  2 * -d ia ld e h y d e

and e t h y l  3 , 4 -d ia m in o b e n z o a te .

C lo s e ly  r e l a t e d  to  th e  c o n d e n s a tio n  b e tw e e n  b i p h e n y l - 2 , 2 ’ -  

d ia ld e h y d e  and o -p h e n y le n e d ia m in e  was th e  c o n d e n s a tio n  b e tw e e n  

b i p h e n y l - 2 , 2 ‘ - d ia ld e h y d e  and e t h y l  3 ,4 -d ia m in o b e n z o a te  ( V )  w h ic h  

was o b ta in e d  fro m  p -a m in o b e n z o ic  a c id  ( l )  a c c o r d in g  to  th e  f o l lo w in g  

r e a c t i o n  p ro c e s s :

KEg N E 'A c  N H .A c N llg  NEg

O  —  0  0 " ° '  -  0 “ ^ -  0 ” ^
COgH COgH COgH COgEt COgEt

( I )  ( I I )  ( I I I )  ( I V )  ( V )

p -A m in o b e n z o ic  a c id  ( l )  was c o n v e r te d  i n t o  p -a c e ta m id o -  

b e n z o ic  a c id  ( l l )  i n  80^  y i e l d  by h e a t in g  u n d e r  r e f l u x  w i t h  a c e t i c  

a c id  and a c e t i c  a n h y d r id e .  The p ro d u c t  was th e n  added  to  fu m in g  

n i t r i c  a c id  a t  lo w  te m p e r a tu r e  to  g iv e  m - n i t r o - p - a c e t a m id o b e n z o ic  

a c id  ( i l l )  i n  74% y i e l d .  R e a c t io n  b e tw e e n  t h e  a c id  ( i l l )  and  

e th a n o l  i n  th e  p re s e n c e  o f  h y d r o c h lo r ic  a c id  g ave  a  62% y i e l d  o f  

e t h y l  r a -n it r o -p -a m in o b e n z o a te  ( I V )  w h ic h  was re d u c e d  w i t h  s ta n n o u s  

c h lo r id e  i n  c o n c e n t r a te d  h y d r o c h lo r ic  a c id  t o  g iv e  th e  e t h y l  3 , 4 -  

d ia m in o b e n z o a te  (v). The y i e l d  was 42%.

The c o n d e n s a tio n  b e tw e e n  b i p h e n y l - 2 , 2 ’ -d ia ld e h y d e  and e t h y l  

3 ,4 -& ia M in o b e n z o a te  h ad  a ls o  b een  p e r fo rm e d  by P r a k o b s a n t is u k h  

( 1964 ) .  She a l lo w e d  th e  tw o r e a c t a n t s  to  r e a c t  i n  e th a n o l  a t  room  

te m p e r a tu r e .  T h e  p ro d u c t  o b ta in e d  was a  m ix tu r e  o f  tw o compounds
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•with, rn.p, 214-215° and 226°. The low m e ltin g  compound was i d e n t i 

f i e d  as th e  q u in o x a lin e  (V l) hy com paring i t s  i n f r a - r e d  spectrum  

w ith  t h a t  o f  th e  a u th e n t ic  sample and hy mixed m e ltin g  p o in t  ( 214-  

2 1 6 °), The h ig h  m e ltin g  one was th o u g h t hy h e r  to  he th e  compound 

(V Il)  because o f  th e  p re sen ce  o f a " s tro n g "  C=N peak  a t  1613 cmT^ 

in  i t s  i n f r a - r e d  spectrum  and on subsequen t h y d ro ly s is ,  i t  gave an 

a c id  w ith  e m p ir ic a l fo rm ula  02x^14^ 2^2 th o u g h t to  be th e  c o r re 

spond ing  a c id  ( V I I l ) .

C—C

C02Et COpEt

(V III)

COpH

S in ce  P rak o b sa n tisu k h  d id  n o t produce any ev idence  in  sup

p o r t  o f  s t r u c tu r e  ( V I I l ) , i t  meant t h a t  th e  s t r u c tu r e  o f  h e r  con

d e n sa tio n  p ro d u c t w ith  m .p. 226° rem ained to  be p roved . In  v iew  

o f  th e  f a c t  t h a t  th e  co n d en sa tio n  betw een b ip h e n y l-2 ,2*-d ia ld e h y d e  

and o -pheny lened iara ine  had g iv en  th e  azep ine  ( s t r u c tu r e  I I ,  page 67) 

as a  main p ro d u c t, i t  was d ec id ed  to  r e p e a t  h e r  experim en t a t  th e  

same tim e and p rove th e  s t r u c tu r e  o f  th e  p ro d u c t by com parison o f  

i t s  s p e c t r a  w ith  th o se  o f  th e  azep in e  i f  p o s s ib le .

As i t  was ex p ec ted , th e  r e a c t io n  between b ip h e n y l-2 ,2’ -  

d ia ld eh y d e  and e th y l  3 ,4 -& iam inobenzoate in  e th a n o l a t  room
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te m p e ra tu re  gave a s o l id  w ith  m .p. 228-229°. I t s  i n f r a - r e d  spectrum  

was id e n t i c a l  w ith  t h a t  o f  th e  compound w ith  m .p. 226° o b ta in e d  by

P ra k o b sa n tisu k h , I t  showed th e  C=0 and C-0 s t r e t c h in g  f re q u e n c ie s

o f  th e  e s t e r  o f  an a ro m a tic  a c id  a t  1695 cm ^ and 1260 cm” ^

r e s p e c t iv e ly  and a weak band r a th e r  th a n  a s t ro n g  band a t  about

I 6 l8  cm ^ (S pectrum  No, IDA), The p re sen ce  o f t h i s  weak band seemed 

to  be in d ic a t iv e  o f  th e  p re sen ce  o f  th e  C=N group in  th e  condensa

t i o n  p ro d u c t as compared w ith  th e  C=N s t r e t c h in g  a b so rp tio n s  o f  th e  

3 j8 -d im e th y l -4 ,5 î6 , 7 -d ib e n z o - l ,2 -d ia z o c in e  (IX) a t  1610 cm ^ (Bacon 

and L in d say , 1958) and th e  5 ,6 :7 ,8 -d ib e n z o - l ,4 -d ia z o o in e  (x) a t  

I6 l6  cm ^ (Bacon and Bankhead, 1963) a lth o u g h  th e  in f r a - r e d  spectrum  

o f  th e  azep in e  ( s e e  page 70) showed on ly  a v e ry  weak band a t  about

MeC CMe
1
N N

W II W II
N--N PhC--CPh

(IX ) (X)

-1

/ “ 2
N N 

COgEt

1615 cm"^. However, th e  i n t e n s i t y  o f  t h i s  band co u ld  h a rd ly  show 

w hether th e  compound in v o lv e s  a  C=N double bond as  in  s t r u c tu r e  (X l) 

o r  two C=N doub le  bonds as i n  s t r u c tu r e  (V Il)  because  in  a v a r i e ty  

o f  a ro m a tic  compounds w ith  two C=N g ro u p s, t h i s  C=N a b so rp tio n  band 

had been observ ed  to  v a ry  from an in te n s e  sh arp  peak  to  a  b road  weak 

hump (Bacon and L in d say , I 958) .
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700 ciri1500 100.11001300

Eexacliloro"butadiene (x )

Spectrum  Ho. 1 0 A

-1

Ÿ 7  6 r  ^  j  / 0 .....  pPhiCé}

•. _ ,A*

Spectrum  No. 10 3 .

IE (a*, in  h ex ac h lo ro b u ta d ie n e ) and EMR (B) 
s p e c t r a  o f  1 2 (o r l l ) - c a f b e th o x y - 15H -d ibenzo - 
[c ,e ]b e n z ira id a z o [ l ,2 ~ a ]a z e p in e  -with m .p. 228-

229° .
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A com parison o f  i t s  ITMR spectrum  (Spectrum  Eo. l O B )  v i t h  

t h a t  o f  th e  azep in e  (S tr u c tu r e  I I ,  page 67 , Spectrum  F 0 .9A) 

p ro v id e d  a c l e a r  view  about i t s  s t r u c tu r e .  I t  showed a b so rp tio n  

l i n e s  s im i la r  to  th o se  o f  th e  azep in e  ex cep t th e  p re sen ce  o f  two 

a d d i t io n a l  s ig n a l s  a r i s in g  from th e  p ro to n s  o f  th e  e th y l  group and 

hence i t  ought to  be th e  1 2 (o r  13) -c a rb e th o x y -19E - d ib e n z o [c ,e ] -  

b e n z ira id a z o [ l ,2 -a ]a z e p in e  (X l) b u t n o t th e  d ia z e c in e  ( V I l ) .

In  th e  OTÎR spectrum  o f  compound (X l) , th e  t r i p l e t  and th e  

q u a r te t  c e n tre d  a t  6 1 .44  and 6 4 «43 have a common l i n e  s e p a ra t io n  

o f  7 c / s .  The i n t e n s i t i e s  o f  th e se  m u l t ip le ts  a re  in  th e  r a t i o  o f  

3:2  and th o se  o f  th e  in d iv id u a l  l i n e s  w ith in  each m u l t ip le t  a re  

a p p ro x im a te ly  1 :2 :1  and 1 :3 :3 :1  r e s p e c t iv e ly .  S ince  th e  s p l i t t i n g  

p a t t e r n  b e lo n g s to  ty p e , th e s e  s ig n a ls  must a r i s e  from th e

p ro to n s  o f  th e  e th y l  group. The low f i e l d  s h i f t  o f  th e  m ethylene 

p ro to n s  can be accoun ted  f o r  by i t s  b e in g  a t ta c h e d  to  a  s t ro n g ly  

d e s h ie ld in g  a ry lc a rb o n y lo x y  group A r,C 0 ,0 - which i s  ex p ec ted  to  

s h i f t  an a tta c h e d  m ethylene p ro to n s  to  about 6 4 *33 .

The m u l t ip le t  a t  6 8 ,3  may a r i s e  from th e  two p ro to n s  b o th  

o rth o  to  n i t ro g e n . T h is  i s  c o n s is te n t  w ith  th e  t o t a l  s h i f t  in  

p o s i t io n  o f  benzene p ro to n  (6 7»23) caused  by th e  o r th o - s u b s t i t u t e d  

-COOR (+ 6 0 . 8 ) and an e th y le n ic  s k e le to n  -CH= (+ 6 0 ,2 ) .  The i n t e 

g ra te d  i n t e n s i t y  i s  c o r r e c t  f o r  two p ro to n s . The two d o u b le ts  n e a r  

6 8 .0  co u ld  be due to  th e  r in g  p ro to n  o rth o  to  th e  group

s in c e  th e y  appeared  in  a  low er f i e l d  p o s i t io n  and th e  in te g r a te d
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i n t e n s i t y  i s  c o r r e c t  f o r  one p ro to n .

The a b so rp tio n  l i n e s  g a th e re d  in  th e  re g io n  & 7 .3 -7 * 9  must 

be a t t r i b u t e d  to  th e  hydrogen atoms in  th e  b ip h en y l n u c le u s . They 

have an in t e n s i t y  r a t i o  co rre sp o n d in g  to  e ig h t  p ro to n s .

The two b road  peaks a t  6 5» 23, 5-05 sure o b v io u s ly  due to  

th e  two m ethylene p ro to n s  o f th e  b r id g in g  r in g .  The in te g r a te d  

i n t e n s i t y  i s  c o r r e c t  f o r  two p ro to n s . They gave r i s e  to  a  s i n g l e t  

a t  90° (p ro b e  te m p e ra tu re )  o r  h ig h e r  b u t appeared  as a  q u a r te t

" 14 c / s )  a t  30^ o r  lo w er. T h is  i s  e x a c tly  th e  s i t u a t i o n  we 

have seen  in  th e  ET-ÏR spectrum  o f  th e  azep in e  m entioned a t  page 74)* 

There was no compound l i k e  (V l) o r  any o th e r  b y -p ro d u c t 

o b ta in e d  in  th e  p re s e n t  co n d en sa tio n  r e a c t io n .  The fo rm a tio n  o f  

(V I) seemed to  be u n l ik e ly  s in c e  th e  m other l iq u o r  gave on ly  an 

a d d i t io n a l  crop  o f  (X I) a f t e r  p a s s in g  th ro u g h  a column o f  n e u t r a l  

a lum ina.
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c* C ondensation  betw een 2 ,2* -d iam in o b ip h en y l and 
o-p h th a la ld e h y d e .

A few y e a r s  b e fo re  th e  r e p o r t  o f  S p a ra to re ’ s experim ent 

(page  67) ,  B lood and R o l le r  (1957) had c a r r ie d  o u t th e  co n d en sa tio n  

betw een 2 , 2 ' -d ia ra in o b ip h en y l and o -p h th a la ld e h y d e  u n d e r a  v a r i e ty  

o f  c o n d itio n s  hopping  to  o b ta in  th e  2 ,3 : 4 ,5 : 8 ,9 - t r i b e n z o - l ,6 -  

d ia za c y c lo d e c ap e n ta en e  ( l ) .  They found th a t  th e  r e a c t io n  p roceeded

EgR RHg

v e ry  r a p id ly  in  m ethanol and e th a n o l b u t slow ed doivn in  1-b u ta n o l 

and benzene, Rhen a m od era te ly  c o n c e n tra te d  s o lu t io n  was employed, 

i t  gave an amorphous re d  s o l id  which decomposed o v e r th e  range 

142- 160° .  Rhen th e  two r e a c ta n t s  ( 1 .2  g o f  diam ine and 0 .7  g o f  

d ia ld eh y d e) were d is so lv e d  s e p a ra te ly  in  e th a n o l (100 ml f o r  each) 

and added slow ly  ( 0 ,5 2  ml p e r  hour) to  a  la rg e  q u a n t i ty  o f  b o i l in g  

e th a n o l ( 9OO m l), th e  p ro d u c t o b ta in e d  was a  re d  o i l  which r e s i s t e d  

c r y s t a l l i z a t i o n  a f t e r  b e in g  chrom atographed on a c t iv a te d  alum ina 

w ith  m ethylene c h lo r id e  as an e lu e n t .  A f u r th e r  w ashing o f  th e  

column w ith  th e  same s o lv e n t  gave a sm all amount (0 .0 0 6  g) o f  

y e llo w  c r y s t a l s  w ith  m .p, 233-236°. I t s  in f r a - r e d  spectrum  ( i n  KBr) 

showed a b so rp tio n s  a t  2898 , I 658 , I 6 l3 ,  1587, 1527, 1483, 1429,
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1364, 1273, 1092 , 1018, 950, 943, 885, 864, 840, 823, 800, 743 

and 712 cm b u t a tte m p ts  to  p re p a re  more o f  t h i s  s o l id  p roved 

u n s u c c e s s fu l .

In  a n o th e r  p re p a ra t io n ,  about two tim es th e  above q u a n t i t i e s  

o f  r e a c ta n t s  were d is so lv e d  s e p a ra te ly  in  equal amounts o f  e th a n o l 

(lOO ml f o r  each) and added to  3 1 o f  b o i l in g  e th a n o l a t  a r a t e  o f  

0 .2 7  ml p e r  h o u r. The p ro d u c t was s t i l l  o b ta in e d  as an amorphous 

s o l id  a f t e r  chrom atograph ic  p u r i f i c a t i o n  and decomposed over th e  

ran g e  123-205^. I t s  i n f r a - r e d  spectrum  ( in  KBr) had a b so rp tio n s  a t  

3390, 2907 , 1700 , 1634, 1475 , 1438, 1300, I I 84 , IO4 I ,  978, 753 and 

694 cm

The above co n d en sa tio n  p ro d u c ts  were th o u g h t to  be some 

s o r t  o f  polym ers by Blood and R o l le r  and were n o t in v e s t ig a te d  any 

f u r th e r .

In  th e  p re s e n t  ex p erim en t, i t  was found t h a t  a  re d  c r y s t a l 

l i n e  s o l id  cou ld  be r e a d i ly  o b ta in e d  in  53^  y ie ld  i f  th e  two r e a c t 

a n ts  were d is s o lv e d  s e p a r a te ly  in  a  minimum amount o f  e th a n o l and 

a llow ed  to  r e a c t  a t  room te m p e ra tu re . The s o l id  had m.p. 253-254^ 

a f t e r  r e c r y s t a l l i z a t i o n  from e th y l  a c e ta te  and had a s tro n g  carb o n y l 

a b so rp tio n  a t  I 69O cmT^ in  i t s  i n f r a - r e d  spectrum  (s e e  page 93)

which was a b se n t from t h i s  re g io n  o f  th e  i n f r a - r e d  spectrum  o f

Blood and R o l l e r 's  y e llo w  compound w ith  m.p. 233-236°. I t s  v i s i b l e  

spectrum  showed a  s tro n g  a b so rp tio n  band a t  = 478.4  nra w ith

lo g g jjjax  ” 4 .17  in  e th a n o l (Spectrum  Ro. 1 1 ). The m o lecu la r fo rm ula
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Spectnim  Ho. 11.

V is ib le  spectrum  o f th e  red  compound 

w ith  m .p. 253- 254^ ( in  95^ e th a n o l ) .  
C e ll th ic k n e s s :  0 .2  cm; c o n c e n tra tio n ; 

3 .32  X lO”'̂*’ m o le /l .
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o f  t h i s  re d  compound was found to  he hy e x ac t mass

measurem ent o f  th e  m o lecu la r io n  (m easured mass = 578.2096; c a lc u 

l a t e d  mass = 578 . 2108) as w e ll as hy c a lc u la t io n  from th e  m o lecu la r 

w eigh t and th e  r e s u l t  g iven  hy q u a n t i t a t iv e  e lem en ta l a n a ly s is .  I t  

was th o u g h t to  have th e  s t r u c tu r e  ( l l )  as d is c u s s e d  on page 92 . I t

H H

0 im m

( I I )

y

was p a r t i a l l y  re s o lv e d  hy chrom atography on c e l lu lo s e -2 g ^ a c e ta te  

and was found to  have v e ry  h ig h  o p t ic a l  s t a b i l i t y  ( s e e  page I 65 ) .

The tre a tm e n t o f  t h i s  re d  compound w ith  a  d e h y d ra tin g  ag en t ( p -  

to lu e n e s u lf o n ic  a c id )  has b rough t about a  com plete rem oval o f  th e  

carb o n y l a b so rp tio n  band from th e  i n f r a - r e d  spectrum  o f  th e  r e a c t io n  

p ro d u c t (Spectrum  Ho. 12) b u t th e  l a t t e r  h as  n o t y e t  been 

in v e s t ig a te d .

C ondensation  betw een b ip h e n y l-2 ,2 ' -d ia ld e h y d e  and o - p h th a l-  

a ldehyde a ls o  gave an amorphous s o l id  as a  b y -p ro d u c t when th e  

m other l iq u o r  was ev ap o ra ted  to  d ry n ess  and th e  r e s id u e  chrom ato

g raphed  on n e u t r a l  alum ina w ith  sodium d r ie d  e th e r  as an e lu e n t .

I t  co u ld  be r e c r y s t a l l i z e d  from e th a n o l-p e tro le u m  e th e r  ( b .p .  60-  

80^) to  g iv e  y e llo w is h  re d  c r y s ta l s  w ith  m .p. 166-168°. I t s  IR
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spectrum  a lso  showed a ca rb o n y l a b so rp tio n  a t  about IJOO cm ^ 

(Spectrum  No. 13) b u t th e  r e s t  o f  th e  a b so rp tio n  bands were q u i te  

d i f f e r e n t  from th o se  o f  B lood and N o lle r* s  compound w ith  m.p. 123- 

205^ . The p re sen c e  o f  two bands in  th e  NH s t r e t c h in g  re g io n  (3300- 

3500 cm seemed to  in d ic a te  t h a t  th e  compound was a p rim ary  r a th e r  

th a n  a secondary  amine.

The mass s p e c tro s c o p ic  d e te rm in a tio n  o f  th e  m o lecu la r w eight 

o f  t h i s  compound had g iv en  th e  p o s s ib le  fo rm ula  C2oh2z!|.^2^2 (^^^.sured 

mass = 314*1057? c a lc u la te d  mass = 314*1055) v h ich  f i t t e d  w ith  th e  

r e s u l t s  o b ta in e d  from e lem en ta l m ic ro a n a ly s is  ( s e e  page 163).

In  th e  mass spectrum  o f  t h i s  compound (Spectrum  No. 14)? th e  

m o le c u la r  io n  peak  appeared  to  be a t  m/e = 314* The prom inent m eta

s t a b l e  peak  a t  m/e = 88 .9  vas ev idence  f o r  th e  fo llo w in g  t r a n s i t i o n :

m^^ ------- ^  mg^ + n e u t r a l  fragm ent

314  167 147

The m ass m ea su rem e n t o f  t h e  i o n  w i th  m /e = I 67 gav e  t h e  f o rm u la  

C i2H^N (m e a s u re d  m ass = c a l c u l a t e d  m ass = 167*0735) s u g g e s t i n g  t h a t  

i t  c o u ld  be  t h e  c a r b a z o le  io n  ( i l l ) .

+

( I I I )

S im ila r ly ,  th e  m e ta s ta b le  peak  a t  m/e = 294 in d ic a te d  th a t  

th e  io n  co rre sp o n d in g  to  th e  peak  a t  m/e = 296 in v o lv e d  a l a b i l e  

hydrogen atom and th a t  th e  fo llo w in g  t r a n s i t i o n  had occured :
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+ +niĵ   >  nig + n e u t r a l  fragm ent

296 295 1

However, th e  peak  a t  m/e = 296 seemed to  he a r is e n  from some con

tam in en t because th e re  was no m e ta s ta b le  peak  c o rre sp o n d in g  to  th e

fo llo w in g  t r a n s i t i o n  and i t  r e s u l te d  in  d i f f e r in g  314/296  r a t i o

+ + nra  ̂  > mg + HgO

314 296 18

when th e  sam ple was run  a t  d i f f e r e n t  te m p e ra tu re .

In  c o n ju n c tio n  w ith  some o f th e  f e a tu r e s  in  th e  above i n f r a 

re d  spectrum , i t  was th o u g h t t h a t  th e  b y -p ro d u c t cou ld  be 2-am ino-  

2 ' -p h th a lira id o b ip h e n y l (IV ).

A s tu d y  o f  i t s  HI«rR spectrum  proved  th a t  th e  s t r u c tu r e  (IV) 

was c o n s is te n t  w ith  th e  observed  f e a tu r e  (Spectrum  Ho. 15 A) as 

in t e r p r e te d  below . The i n t e n s i t i e s  o f  th e  s ig n a ls  in  th e  re g io n  

6 2 .1 - 3 .1  and a t  6 6 .5 -6 ,6 7 ,  6 ,9-7*1? 7*2-7*6 and 7*6-7*9 a re  in  

th e  r a t i o  o f  1 :1 :1 ;2 :2  r e s p e c t iv e ly .  S in ce  th e re  a re  a l to g e th e r  

14 p ro to n s  in  th e  fo rm u la , a  u n i t  i n  th e  r a t i o  sh o u ld  th e r e f o r e  . 

co rre sp o n d  to  2 p ro to n s .

The hump a t  6 2 .1 -3*1  was rem ovable by d e u te r a t io n  w ith
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~1

10 9 8 7 6

Spectrum  Ho, 1 5 A.

4 —  —

0 ppm (6)

10 9 8 7 6

Spectrum  Ho. I 5 B.

0 ppm (6 )

HIÆR s p e c t r a  o f  2 -am ino-2‘ - p h th a l -  
im idob ipheny l w ith  m .p. 166-168^,
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I>20 (Spectrum  Ho. 15 B) and was l i k e l y  to  a r i s e  from th e  two -HE2 

p ro to n s  h u t n o t th e  two -HE p ro to n s  a d ja c e n t to  th e  two carb o n y l 

groups as in  s t r u c tu r e  (v) s in c e  th e  -HE p ro to n  in  4 -m e th y l-  

b e n z a n il id e  i s  a t  6 9*45 (page 108) .

mi HH

00 CO

The m u l t ip le t  a t  6 6 . 5- 6 .67  cou ld  be due to  th e  two r in g  

p ro to n s  o rth o  and p a ra  to  th e  -HE2 group as th e  s h i f t s  o f  benzene 

p ro to n s  (6  7 . 27) in  th e s e  p o s i t io n s  caused  by th e  s u b s t i tu e n t  a re  

abou t -  6 0 .8  ( o r th o ) and -  6 0 .4  ( p a ra ) . S im ila r ly , th e  o th e r  

m u l t ip le t  a t  6 6 .9 -7 * 1  cou ld  be due to  th e  two r in g  p ro to n s  o rth o  

and p a ra  to  -H(C0 ) 2*Ar group as  compared m th  th e  s h i f t s  o f  benzene 

p ro to n s  to  + 6 0 ,4  ( o r th o ) and -  6 0 .3  ( p a ra ) caused  by th e  s u b s t i 

tu te d  -HE*CO*R group.

The a b so rp tio n  l i n e s  a t  6 7*6-7*8 may a r i s e  from th e  fo u r  

r i n g  p ro to n s  o r th o  and p a ra  to  th e  two carbony l groups s in c e  th e  

s h i f t s  o f  th e  two r in g  p ro to n s  o rth o  and p a ra  to  -CO*R group a re  

abou t 6 0 .6  and 6 0 .3  r e s p e c t iv e ly .  Those a t  6 7*3-7*6 a re  

o b v io u s ly  a t t r i b u t a b l e  to  th e  r e s t  o f  th e  4 r in g  p ro to n s .

The ro u te  to  th e  fo rm a tio n  o f  th e  compound (IV ) was n o t 

kno-vm. I t  was f i r s t  su sp e c te d  th a t  t h i s  compound cou ld  have been
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form ed from th e  diam ine and p h th a l ic  a c id  i f  th e  p h th a la ld eh y d e  

c o n ta in e d  some p h th a l ic  a c id  o r  o x id esed  to  i t  d u rin g  th e  r e a c t io n .  

However, when o -p h th a la ld e h y d e  was u sed  soon a f t e r  r e c r y s t a l l i z a 

t i o n ,  th e  y ie ld  o f  t h i s  h y -p ro d u c t was s t i l l  a p p re c ia b le . The 

tre a tm e n t o f  b ip h e n y l-2 ,2 ' -d iam ine  w ith  p h th a l ic  a c id  u n d e r such  

a c o n d it io n  d id  n o t g iv e  any p ro d u c t. Recovery o f  th e se  two r e 

a c ta n ts  was a lm ost q u a n t i t a t iv e .

The i n f r a - r e d  s p e c tru m  o f  th e  r e d  compound w i t h  m .p . 2 5 3 -  

254°  (S p e c tru m  H o . 1 6 )  e x l i i b i t s  a  s t r o n g  c a rb o n y l a b s o r p t io n  b and  

a t  1690 cmT^ and  a n o th e r  s t r o n g  b an d  a t  76O cm ^ w h ic h  i s  a t t r i b u t 

a b le  to  o r t h o - d i - s u b s t i t u t e d  a r o m a t ic  a b s o r p t io n  a r i s i n g  fro m  c u t -  

o f - p la n e  d e fo r m a t io n  v i b r a t io n s  o f  th e  f o u r  a d ja c e n t  h y d ro g e n  atom s  

r e m a in in g  on t h e  r in g .^ ^  A cco m p an y in g  th e  band a t  7 6 0  cm o r t h o -  

d i - s u b s t i t u t i o n  a ls o  g iv e s  r i s e  to  a  s e r ie s  o f  r e l a t i v e l y  w eak  

bands i n  950-1225  cra” ^ r e g io n  and th u s  re n d e rs  th e  i d e n t i f i c a t i o n  

o f  th e  tw o medium a b s o r p t io n s  a t  1095 cm ^ and I I 65 cm ^ d i f f i c u l t .

The  b an d  a t  a b o u t I 64O cm”’̂  may be due to  C=H s t r e t c h i n g .  

The a s s ig n m e n t o f  t h i s  b and  i s  a ls o  a  d i f f i c u l t  one a lth o u g h  i t

f a l l s  i n  t h e  a r y l  c o n ju g a te d  C=H s t r e t c h in g  a b s o r p t io n  ra n g e  1 6 3 0 -  

—T1660 cm" , b u t  i t  can  be c o n fu s e d  w i t h  th e  s k e l e t a l  s t r e t c h i n g  

modes o f  th e  C=C d o u b le  bond w h ic h  le a d s  to  th e  p re s e n c e  o f  a  group
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o f  fo u r  bands in  th e  re g io n  era The two hands n e a r

1480 era ^ and I 6OO era ^ in  c o n ju n c tio n  w ith  th e  weak C-H s t r e t c h in g  

band n e a r  3020 era a re  c h a r a c t e r i s t i c  o f  th e  a ro m a tic  r in g  i t s e l f .

The appearance  o f  two weak bands in  th e  neighbourhood o f  

3400 era ^ and 3500 cm ^ can h a rd ly  show w hether th e  compound i s  a 

p rim ary  o r  a  secondary  am ine. They may a r i s e  from th e  sym m etric 

and asym m etric s t r e t c h i n g  v ib r a t io n s  o f  two hydrogen atoms a t ta c h e d  

to  one n i t r o g e n  o r  from th e  s t r e t c h in g  v ib r a t io n s  o f  two TT-H groups 

in  d i f f e r e n t  chem ical env ironm en ts . A lthough d i f f e r e n t i a t i o n  can 

be sough t from  th e  re g io n  I 59O -I65O cmT^ in  which p rim ary  amines 

may g iv e  r i s e  to  a  s tro n g  to  medium N-H defo rm atio n  a b so rp tio n  

w hereas in  th e  case  o f  secondary  am ines, on ly  a  v e ry  wea-k band i s  

o b se rv ed , in  th e  p re s e n t  spectrum , t h i s  re g io n  i s  obscu red  by th e  

a ro m a tic  r in g  v ib r a t io n  n e a r  I 6OO cm The un ique  in d ic a t io n  o f 

i t s  b e in g  a seco n d ary  r a th e r  th a n  a  p rim ary  amine i s  th e  p re sen ce  o f 

a  weak band n e a r  I 5IO cm”^ . T h is  band has been in v e s t ig a te d  by 

d e u te r a t io n  te c h n iq u e s  as an a d d i t io n a l  weak a b so rp tio n  a r i s in g  from 

th e  N-H d e fo rm a tio n  v ib r a t io n  coupled  w ith  th e  lo w er-freq u en cy  C-ÏÏ 

s t r e t c h i n g  v ib r a t io n  in  secondary  amines (H adzi and S k rb lja k , 1957)* 

However, th e  r e l i a b i l i t y  o f  such a weak ev idence  i s  d o u b tfu l .

I t  may be concluded th a t  th e  most d e f in i t e  in fo rm a tio n  g iven  

by th e  i n f r a - r e d  spectrum  about th e  m o lecu la r s t r u c tu r e  i s  t h a t  th e  

re d  compound c o n ta in s  0=0 and H-H g roups. In s te a d  o f  in d ic a t in g  th e  

p re sen c e  o f  a  c e r t a i n  c la s s  o f  am ines, i t  shows th a t  th e  compound
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can be an amide as w e ll s in c e  amides a lso  have a b so rp tio n  in  th e  

I 6OO-I64O cm ^ re g io n  due to  N-ÏÏ d e fo rm a tio n .

The d ed u c tio n  o f  th e  m o lecu lar s t r u c tu r e  o f  th e  re d  compound 

depends h e a v ily  upon th e  e x ac t d e te rm in a tio n  o f  i t s  m o lecu la r w eigh t. 

To en su re  t h a t  th e  m o lecu la r io n  peak in  i t s  mass spectrum  has been 

chosen p ro p e r ly  i s  th e r e f o r e  a  n e c e s s i ty .

A tte n t io n  has been drawn to  th e  f a c t  th a t  hydrogen lo s s e s  

can o ccu r p r i o r  to  io n iz a t io n  b u t th e re  i s  no s ig n  o f  t h i s  because  

when t h i s  happens, th e  spectrum  u s u a l ly  e x h ib i t s  a s e r i e s  o f  peaks 

2 a .ra .u . a p a r t  from th e  pseudo m o lecu la r io n  peak.

A b s tra c t io n  o f  a  hydrogen atom from a n e u t r a l  m olecule by 

th e  m o lecu la r io n  o r  f i s s i o n  o f  m o lecu la r io n  w ith  th e  lo s s  o f  a 

hydrogen atom can a ls o  be th e  case  in  th e  p re s e n t  compound. I f  io n s  

a re  p roduced in  s ig n i f i c a n t  amount and a re  v e ry  s ta b le  w hereas th e  

m o le c u la r  io n  h as low s t a b i l i t y  and fragm en ts  r e a d i ly ,  th e  s u b s ta n 

t i a l  peak  co u ld  be M+1 o r  M-1. F o r tu n a te ly ,  t h i s  co n fu s io n  i s  

e x p e lle d  by th e  K itro g e n  R ule which s t a t e s  t h a t  th e  peak  co rre sp o n d 

in g  to  th e  m o lecu la r io n  o f  a m olecule w i l l  be o f  even mass excep t 

when an odd number o f  n i tro g e n  atoms i s  p re s e n t .  E lem en ta l a n a ly s is  

( s e e  page 163) in  co n n ec tio n  w ith  th e  approxim ate  m o lecu la r w eigh t 

g iv en  by th e  mass spectrum  shows th a t  th e  re d  compound c o n ta in s  4
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n it r o g e n  atoms and so th e  m o lecu lar io n  peak must he e i t h e r  a t  

m/e = 578 o r  58O. S ince th e  m olecule c o n ta in s  40 carbon  atoms and 

th e  chance o f h av in g  one atom i s  about 44fo, th e re  must be a  peak  

a t  M+1 h av in g  an i n t e n s i t y  o f about 445“ o f t h a t  o f  th e  m o lecu la r io n  

peak  M. As can be seen  from Spectrum  ITo. IJA  ( o r  17®) > th e  h e ig h t  

o f  th e  peak  a t  m/e = 579 i s  about 46^  o f  th a t  o f  th e  peak  a t  m/e = 

578 , T h is  in d ic a te s  t h a t  th e  peak a t  ra/e = 578 ought to  be th e  

m o le c u la r  io n  peak  r a th e r  th a n  th e  one a t  m/e = 58O.

However, th e  d i f f i c u l t y  in  re c o g n iz a tio n  o f  th e  m o lecu la r 

io n  peak  s t i l l  e x i s t s  because th e  m o lecu lar io n  may lo s e  a  m olecule  

o f  hydrogen in  i t s  f ra g m e n ta tio n  p ro c e ss  as w e ll ,  Hhen t h i s  i s  th e  

c a se , th e  peak  a t  m/e = 58O cou ld  p robab ly  be th e  m o lecu la r io n  

peak  and th e  one a t  m/e = 578 cou ld  be due to  th e  fragm ent io n s .

At t h i s  p o in t ,  a  c a r e fu l  exam ination  o f  th e  IIMR spectrum  o f  th e  re d  

compound i s  n e c e s sa ry . C a lc u la tio n  o f  th e  v a r io u s  in te g r a te d  in te n 

s i t i e s  shows th a t  th e re  a re  n o t more th a n  28 p ro to n s  appeared  in  

th e  IIMR spectrum  in c lu d in g  th e  p ro to n  from CÏÏCI3 and o th e r  im p u ri

t i e s  o f  th e  s o lv e n t .  I f  th e  m olecule o f  the  re d  compound c o n ta in s  

27 p ro to n s , i t s  m o lecu la r io n  w i l l  be o f  odd mass 579> b u t t h i s  i s  

p r o h ib i te d  by th e  N itro g e n  R ule ,

I t  i s  th u s  b e lie v e d  t h a t  th e  peak  a t  m/e = 578 i s  a  genu ine 

m o le c u la r  io n  peak  b e in g  com patib le  w ith  a l l  th e  o th e r  f e a tu r e s  o f  

th e  mass spectrum  as can be seen  in  th e  fo llo w in g  d is c u s s io n .



-p

- m

00

CO VO

o o u T s p u n q v  O A iq-tjpoH  ")&

PQ

mLT\
CU

-P

 ̂Co

©ou'spimq.Y OATï^pon



98
E xact mass measurement combined w ith  e lem en ta l a n a ly s is  in 

d ic a te s  t h a t  th e  m o lecu la r form ula o f  th e  re d  compound i s  C^qH251̂ ^0 . 

The p o s s i b i l i t y  o f i t s  b e in g  an e th e r  i s  ru le d  o u t because  th e re  i s  

an M -I8 peak  in  th e  mass spectrum . The p resen ce  o f  a s tro n g  c a r 

bony l a b s o rp tio n  band a t  I 69O cm ^ in  th e  i n f r a - r e d  spectrum  (s e e  

Spectrum  No. 16) shows th a t  i t  cou ld  be an a ldehyde , a  ke tone  o r  an 

am ide, b u t th e  p o s s i b i l i t y  o f  i t s  b e in g  a k e to -e n o l ta u to m e ric  mix

tu r e  i s  r e j e c t e d  because th e re  i s  no s ig n a l  due to  th e  co rre sp o n d in g  

p ro to n  in  th e  k e to -fo rm  in  th e  NMR spectrum  (s e e  Spectrum  No, 18 A 

and page IO7 ) .

A s tu d y  o f  th e  NT€R spectrum  a lso  re v e a ls  t h a t  th e  re d  com

pound i s  n e i th e r  an aldehyde n o r an amide and b e s id e s  th e  two 

ex changeab le  p ro to n s , on ly  a ro m atic  p ro to n s  a re  observ ed . I t  m ust, 

th e r e f o r e ,  be an amino k e to n e . The r e l a t i v e l y  low p e rc en ta g e  o f  

hydrogen in v o lv e d  i n  th e  fo rm ula  and th e  c o lo u r  o f  th e  compound i t 

s e l f  a l l  le a d  to  th e  p r e s e n ta t io n  o f  th e  fo llo w in g  two a l t e r n a t iv e  

s t r u c tu r e s :

0 m  NE

N N

c —

(B)
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S tr u c tu r e  ( a )  i s  su p p o rted  by th e  MR spectrum  and can account 

f a i r l y  w e ll f o r  th e  f e a tu r e s  o f  th e  two mass s p e c t r a  probed  a t  

280° and 200^ C (Spectrum  No. 17 A and No, 17 B) as d e sc r ib e d  in  th e  

fo llo w in g  s e c t io n s .

The m o le c u la r  io n  M (m/e = 578) may be formed by th e  lo s s  

o f  a  non-bonded e le c t r o n  from oxygen o r  any n i tro g e n  atom in  

s t r u c tu r e  (A ), The two peaks a t  m/e = 579 and m/e = 58O a re  th e  

c h a r a c t e r i s t i c  is o to p e  peaks (M+l) and (M+2),

E l im in a tio n  o f  w a te r from th e  m o lecu lar io n  M and i t s  two 

i s o to p ic  s p e c ie s  (M+l) and (M+2) g iv es  r i s e  to  a group o f  peaks a t  

m/e = 560 , m/e = 56I  and m/e = 5^2 r e s p e c t iv e ly .  A p o s s ib le  ro u te  

co u ld  be as  fo llo w s ;

•O^HN N-H

N N 
C —  C
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S in ce  o d d -e le c tro n  io n s  a re  l e s s  s t a b l e ,  e l im in a tio n  o f  a hydrogen 

atom from th e  fragm ent io n  o f ra/e = ^60 to  produce th e  most s ta b le  

e v e n -e le c tro n  io n  co rre sp o n d in g  to  th e  peak a t  m/e = 559 i s  a ls o  

p o s s ib le .

E l im in a tio n  o f  c a rb az o le  as a  n e u tr a l  fragm ent from th e  

m o le c u la r  io n  le a d s  to  th e  fo rm atio n  o f  an o d d -e le c tro n  io n  o f 

m/e = 41 1 .

W N

N IT
II II

—

—
II

ITH

mi/e = 411

To a ch iev e  th e  most s ta b le  e le c t r o n  c o n f ig u ra tio n , t h i s  io n  may 

a b s t r a c t  a  hydrogen atom from a n e u t r a l  fragm ent g iv in g  r i s e  to  a 

peak  c o rre sp o n d in g  to  m/e -  412 ,
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Il +HÏÏ
Il II

C —  C

m

c ' B
0

-G
II
im

( I ) , ( I I ) ,
'E

o r

( I I I )

m/ e  = 412

D eg rad a tio n  w ith  lo s s  o f  ammonia and th e n  carbon monoxide 

as two s t a b l e  n e u t r a l  fragm ent from th e  fragm ent io n  o f m/e = 412 

sh o u ld  p roduce  two io n s  co rre sp o n d in g  to  th e  two peaks a t  m/e = 395 

and m/e = 367 r e s p e c t iv e ly .

The decom position  o f th e  doubly charged  m o lecu lar io n  may 

y i e ld  an io n  o f  m/e = 297»

oa<
to  HN mi

mi

/  \
B E  E Ho r

CO e tc ,
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I f  i t  p ro ceed ed  as  below , th e  r e s u l t in g  io n  would be o f  m/e = 296 

and m/e = 282 .

• NH

F THH

m/ e  = 282

ÎT m

\  A % / '  m/e = 296

The lo s s  o f  a  hydrogen atom from th e  fragm ent io n  o f  m/e = 297 may 

a ls o  produce  th e  io n  o f  m/e = 296.

S u c c e ss iv e  e l im in a tio n  o f a benzene fragm ent, carbon mon

ox id e  and hydrogen cyan ide  from th e  io n  o f  m/e =412  ( l  o r  I I )  seems

+ÎTH N

0 KH 

m/e = 412  ( I I )

EC

281

o r N
II

It
EE

V
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to  g iv e  an io n  o f  in/e = 281. A lthough th e  mechanism i s  n o t known, 

th e s e  f ra g m e n ta tio n s  a re  su p p o rted  hy th e  f a c ts  t h a t  t h i s  io n  and 

th e  io n  o f  m/e = 296 were found to  have th e  form ulae C2022^:2 ^Jid 

^20%4^^3 a c c u ra te  mass measurement:

M easured P o s s ib le  C a lcu la te d
mass form ulae masses

296.1185  C20ÏÎ14E3 296.1189

281.1081  C20H13E2 281.1079

Peaks a t  m/e = 289 and m/e = 280 a re  o b v io u sly  due to  th e  

two doubly  charged  m o lecu la r io n  M and fragm ent io n  (M -I8 ) 

r e s p e c t iv e ly .

The d e r iv a t io n  o f  th e  io n  o f m/e = 279 i s  r a th e r  d i f f i c u l t  

to  im ag in e . I t  cou ld  have been formed from th e  fragm ent io n  o f  

m/e = 411 by su c c e s s iv e  e lim in a tio n  o f  a benzene frag m en t, carbon 

m onoxide, hydrogen cyan ide and a hydrogen atom o f th e  benzene r in g .

E l im in a tio n  o f  hydrogen cyanide from b o th  io n s  o f  ra/e = 296 

and m/e = 281 sh o u ld  produce fragm ent io n s  o f m/e = 269 and ra/e = 

254 r e s p e c t iv e ly .

The peak  a t  m/e = 266 i s  n e g l ig ia b le  in  Spectrum  Eo. 17B.

The o r ig i n  o f  th e  fragm ent io n  co rrespond ing  to  t h i s  peak  i s  n o t

c l e a r  b u t p ro b a b ly  cou ld  be r e l a t e d  to  th e  io n  o f  m/e = 281 i f  an 

-EH group sh o u ld  happen to  be l o s t  from i t .

The p eak  a t  m/e = 167 must be due to  th e  c a rb a z o le  io n .

Loss o f  a hydrogen atom from t h i s  s p e c ie s  co rresponds to  th e  io n
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o f m/e = 166. F is s io n  o f C=E double bond and th e  1 , 1 ' -bond o f  th e

b ip h e n y l n u c le u s  sh o u ld  g ive  r i s e  to  io n s  o f  m/e = 91 .

Peaks due to  th e  w e ll known benzene fragm ent io n s  a re  th o se  

a t  m/e e q u a ls  to  79, 78, 77, 52, 51, 50 and 39. The two peaks a t

m/e = 44 a^^d m/e = 32 must be due to  CO2 and O2 from t r a c e s  o f  a i r

in  th e  in s tru m e n t.  F in a l ly ,  peaks a t  m/e = 28, m/e = 27 and 

ra/e = 18 a re  due to  carbon monoxide, hydrogen cyan ide and w a te r 

r e s p e c t iv e ly .

A d i s t i n c t  f e a tu r e  in  th e  two mass s p e c t r a  o f  t h i s  compound 

p ro b ed  a t  280^ and 200^ C i s  th a t  in  th e  f i r s t  spectrum , th e  base  

peak  i s  a t  m/e = 56O w hereas in  th e  second spectrum  th e  base  peak 

i s  a t  m/e = 78 . T h is  cou ld  be th a t  a t  low er te m p e ra tu re , e l im in a 

t i o n  o f  w a te r  to  g iv e  th e  fragm ent io n  o f  m/e = 56O d id  n o t o ccu r 

so r e a d i ly  and so th e  o th e r  frag m e n ta tio n s  o ccu rred  and went down 

to  th e  fragm en t io n  o f  m/e = 78 and o th e r  sm all pieces*, i . e . ,  th e  

main f ra g m e n ta tio n s  a t  200° C were n o t th rough  th e  io n  o f  ra/e = 56O. 

The breakdown o f  fragm ent io n  (M-18) w ith  th e  fo rm atio n  o f  th e  

benzene fragm en t seems to  im ply th e  r e a l i t y  o f  i t s  s t r u c tu r e .

T h e  ITI'IR s p e c tru m  o f  th e  r e d  compound shows two b ro a d  humps 

i n  t h e  h ig h e r —f i e l d  p o s i t i o n  and a t  l e a s t  s e v e n  g ro u p s  o f  s ig n a ls  

th e  a r o m a t ic  r e g io n  (S p e c tru m  E o , 18A). The 6 v a lu e s  and th ein
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4--

10 9 8 7

Spectrum  Ho. 18A.

3 .5

5 4 3 2 1 0 ppm (6 )

/

Vi V' %

10 9 8 7 6 5 4  3 2 1 0  ppm (S)

Spectrum  Ho, 1 8 B.

HMR s p e c t r a  o f th e  re d  compound v i th  ra.p. 253-254°.
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numbers o f  p ro to n s  re s p o n s ib le  fo r  th e  in d iv id u a l  s ig n a ls  a re  l i s t e d  

in  T ab le  2.

Table 2.

Chem ical s h i f t s  f o r  th e  p ro to n s  o f
th e re d compound -with m.p. 2 5 3 -2 5 4 °

6 H M u lt ip l ic i ty A ssignm ent

2 .8 1 Broad hump a o r  b

3 . 1 1 Broad hump b o r  a

5 . 6 - 5 . 9 1 5 l in e s c

6 .2 1 T r ip le t d

6 . 3 - 6 . 7 4 M u ltip le t e and f

6 . 9 - 7 . 3 1C1 M u ltip le t g ,h  and i

7 . 3 - 7 . 8 5 M u ltip le t j ; k , l  and m

7 . 9 2 M u ltip le t n

8 . 3 1 T r ip le t o

b o r  a S  o r  b

S tru c tu re  ( a)
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The u se  o f  th e  d e u te ra t io n  method im m ediately  r e v e a ls  th a t  

th e  two "broad humps a re  due to  exchangeable p ro to n s  and a re  n o t 

coup led  to  any o th e r  s ig n a ls  in  th e  arom atic  re g io n  (Spectrum  

Ho. 18b ) .  The problem  a r i s e s  from th e  f a c t  th a t  th e  s ig n a ls  in  the  

a ro m a tic  re g io n  a re  f in e  and i r r e g u la r .  I n t e r p r e ta t io n  o f  th e  

spectrum  on th e  b a s is  o f  s p l i t t i n g  p a t te r n  i s  a lm ost im p o ssib le  

ex cep t f o r  th o se  co rre sp o n d in g  to  one p ro to n .

I t  i s  obv ious t h a t  th e  re d  compound i s  n o t an aldehyde 

b ecau se  th e r e  i s  no resonance  a t  6 $-11  where aldehyde i s  expec ted  

to  show a s i n g l e t .  The p re sen ce  o f  two broad humps in d ic a te s  th a t  

th e  two exchangeab le  p ro to n s  a re  q u ite  d i f f e r e n t  in  t h e i r  e n v iro n 

ments and so th e  p o s s i b i l i t y  o f i t s  hav ing  th e  s t r u c tu r e  deno ted  

as (b )  on page 98 i s  r e a d i ly  ru le d  o u t.

The two exchangeab le  p ro to n s  must be, th e r e f o r e ,  e i t h e r  

a t ta c h e d  to  two d i f f e r e n t  n itro g e n  atoms o r one a tta c h e d  to  a 

n i t r o g e n  and th e  o th e r  one to  an oxygen atom, b u t th e  l a t t e r  case  

i s  v e ry  u n l ik e ly .  As i t  has been shown th a t  th e  compound c o n ta in s  

o n ly  one oxygen atom and th e re  i s  a carbonyl a b so rp tio n  band in  i t s  

in f r a - r e d  sp ec tru m , th e  p re sen ce  o f  an OH group i s  im p o ssib le  u n le s s  

t h i s  i s  n o t a  s in g le  compound b u t a k e to —e ro l ta u to m e ric  m ix tu re .

F o r an e n o l ic  p ro to n , th e  chem ical s h i f t  i s  about 6 15-17* 

A lthough  t h i s  i s  beyond th e  range o f th e  p re se n t spectrum , a  k e to -  

en o l m ix tu re  a ls o  g iv e s  r i s e  to  a s ig n a l  somewhere in  th e  h ig h e r— 

f i e l d  re g io n  due to  th e  co rresp o n d in g  p ro to n  in  th e  k e to -fo rm , bu t
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w ith  g r e a t ly  red u ced  in te g r a te d  in t e n s i ty .  In  o th e r  w ords, i f  th e  

two ta u to m e r ic  form s a re  p re s e n t  in  equal amount, th e  i n t e n s i t y  o f 

t h i s  s ig n a l  sh o u ld  co rrespond  to  one h a l f  o f  a p ro to n . However, the  

in te g r a te d  i n t e n s i t y  o f  th e  two humps i s  c o r re c t  f o r  two p ro to n s .

The s ig n a l  due to  a m ethine p ro to n  i s  a lso  expected  to  he sh a rp e r  

th a n  th e s e .  Hence th e  p resen ce  o f an e n o lic  OH i s  d o u b tfu l .

The p o s s i b i l i t y  o f  i t s  b e in g  an amide w ith  th e  s t r u c tu r e  

u n i t  -ArCO-HH-Ar- i s  a lso  ru le d  ou t because s ig n a ls  a r i s in g  from 

th e  p ro to n  a t ta c h e d  to  n i tro g e n  in  a rom atic  amide shou ld  ap p ear in  

th e  lo w - f ie ld  r e g io n . The chem ical s h i f t  o f  t h i s  p ro to n  in  4 -  

m e th y lb e n z a n ilid e  ( l )  p ro v id e s  a good example.

a 6 2.49

a  / = \  9  / = \ 1  ^

8 d a 7.85
( I )  e 9.45

I t  ought to  be q u ite  in t e r e s t i n g  a t  t h i s  s ta g e  to  see  how 

f a r  s t r u c t u r e  (A) i s  a b le  to  account f o r  th e  f e a tu re s  o f  th e  HMR

spectrum  o f  t h i s  re d  compound.

The t r i p l e t  a t  6 8 .3  cou ld  be due to  th e  p ro to n  a d ja c e n t to  

th e  ca rb o n y l g roup . I t s  chem ical s h i f t  i s  com patib le  w ith  t h a t  o f 

th e  o r th o  p ro to n  in  4 '-H benyl& cetophenone ( l l ) .

a 6 2.59  
b 7 .3 2 -7 .7 0  

c 7.64  
d 8 .0 0
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The s p l i t t i n g  p a t t e r n  i s  n o t d i f f i c u l t  to  u n d e rs tan d . S ince  two

a ro m a tic  p ro to n s  in  th e  meta- p o s i t io n  o f each o th e r  can g iv e  r i s e

to  fo u r  a b s o rp tio n  l i n e s  (se e  Spectrum Ho. 2b ), one shou ld  ex p ec t

to  see  a  group o f  th re e  l in e s  i f  t h i s  p ro to n  was f u r th e r  s p l i t  by

a n o th e r  p ro to n s  in  th e  m e ta -p o s i tio n . The in te g r a te d  in t e n s i t y  i s

c o r r e c t  f o r  one p ro to n .

The m u l t ip l e t  c e n tre d  a t  6 7*9 may a r i s e  from th e  two

a ro m a tic  p ro to n s  o r th o  to  th e  n itro g e n  atoms in  th e  eight-raem bered

r in g  as compared w ith  th e  chem ical s h i f t  o f th e  two p ro to n s  o rth o

to  n i t r o g e n  in  2 ,3 -d ip h e n y lq u in o x a lin e  ( i l l ) :

a

  :
a

I t s  i n t e n s i t y  co rre sp o n d s  to  two p ro to n s .

The m u l t ip le t  a t  6 6 .3 -6 .7  seems to  be su b d iv id ed  in to  two 

g ro u p s. The s ig n a l  c e n tre d  a t  6 6 .45  could be due to  th e  two 

a ro m a tic  p ro to n s  o r th o  to  HH, w hile  th e  o th e r  group c e n tre d  a t  

6 6 .6 5  may be a t t r i b u t e d  to  th e  two p ro to n s  p a ra  to  HH. These 

ass ig n m en ts  a re  based  on th e  f a c t  t h a t  arom atic  p ro to n s  o rth o  and 

p a ra  to  ÎHI in  H -phenylbenzylam ine (IV) a re  a t  6 6 .55  end 6 6 .63  

r e s p e c t iv e ly ,

a 6 3.78  d 6 6.63

e c
(IV )

a  D / = \  I ^ b 4 .22  e 7 .1 2

c 6 .55  f  7 .27
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The s p l i t t i n g  p a t t e r n s  a re  i r r e g u la r  hu t resem ble th o se  a r i s in g  

from a ro m a tic  p ro to n s  o rth o  and p a ra  to  an amino group. The t o t a l  

in te g r a te d  i n t e n s i t y  i s  c o r r e c t  f o r  4 p ro to n s .

The s ig n a l  a t  6 6 .2  i s  analogous in  s p l i t t i n g  p a t te r n  to  

th e  s ig n a l  a t  6 8 .3 .  I t  cou ld  be a r is e d  from th e  a rom atic  p ro to n  

in d ic a te d  as d in  s t r u c tu r e  (A ). The in te g ra te d  in te n s i ty  i s  a lso  

c o r r e c t  f o r  one p ro to n .

At 6 5 .6 - 5 .9 ,  th e re  appears a group o f  l i n e s  p ro b ab ly  5, 

and 3 o f  them a re  a lm ost o f  equal in t e n s i t y .  The in te g r a te d  in te n 

s i t y  c o rre sp o n d s  to  one p ro to n  which cou ld  be th e  a ro m atic  p ro to n  

in d ic a te d  as c in  s t r u c tu r e  (A ). I t s  f e a tu re  cannot be accounted  

f o r  by s im p le  s p l i t t i n g  r u le .

The t o t a l  e f f e c t  o f  s u b s t i tu e n ts  on th e  chem ical s h i f t s  o f  

th e  above two p ro to n s  in d ic a te d  as c and d i s  n o t knoT^m. A con

s t r u c t i o n  o f  th e  B re id in g  model shows th a t  th e se  p ro to n s  l i e  over 

th e  p la n e  o f  one o f  th e  two benzene r in g s  a tta c h e d  to  th e  HH groups 

(F ig u re  7 and 8 ) . I t  i s ,  th e r e f o r e ,  though t t h a t  th e  s h i f t s  o f  

th e s e  p ro to n s  to  th e  h ig h —f i e l d  p o s i t io n  o f th e  a rom atic  re g io n  

must be due to  th e  lo n g -ran g e  s h ie ld in g  e f f e c t  o f  th e  benzene r in g .  

The m o n o b e n z o  [ 2 ,2]p a racy c lo p h a 2ie (V) p ro v id es  a good example. The 

two a ro m a tic  p ro to n s  in d ic a te d  by th e  arrows a re  a t  6 5 .5  because 

th ey  l i e  o v e r th e  p lan e  o f a n o th e r  benzene n u c leu s . F or th e  same 

re a so n , th e  p ro to n  a tta c h e d  to  Cg in  [ 2 ,2]m etacyclophane (V l) i s  a t

6 4 .2 7 .
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F igure 7.

F igure  8.

M olecular models showing the two arom atic pro tons 
being  above the p lane of the  benzene r in g .
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(V)

«

/ 2

l î / V -

\
/2 /A 6

/o 9 -
(V I)

The r e s t  o f  th e  a ro m a tic  p ro to n s  must he r e s p o n s ib le  f o r  

th e  two groups o f  s ig n a l s  in  th e  re g io n  6 6 .9 - ? .8 .  T h e ir  chem ical 

s h i f t s  a re  a ls o  co m p atib le  w ith  th o se  o f  th e  p ro to n s  in d ic a te d  as 

e in  N -pheny lbenzy lam ine , a  and b in  2 , 3 -d ip h e n y lq u in o x a lin e , c in  

4 ' -p h en y lace to p h en o n e  and b in  4 -m e th y lb e n z a n ilid e .

F in a l ly ,  th e  two b ro ad  humps a t  6 2 .8  and 3 .1  a re  due to  

th e  two ex changeab le  p ro to n s  as m entioned in  th e  v e ry  b e g in n in g  of 

t h i s  s e c t io n .  T h e ir  combined i n t e n s i t y  can a lso  be e s tim a te d  from 

th e  i n t e n s i t y  o f th e  s i n g l e t  a r i s e d  from  DHO in  Spectrum  No. 18B.

R e c e n tly , B in d ra  and E l ix  ( 1969) a lso  r e in v e s t ig a te d  th e  

c o n d e n sa tio n  betw een 2 ,2 ’ -d iam in o b ip h en y l and g -p h th a la ld e h y d e  in  

an e f f o r t  to  i s o l a t e  th e  compound ( l ) .  The r e a c t io n  was c a r r i e d

( I )
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o u t in  m ethanol a t  room te m p e ra tu re . They found t h a t  th e  m ajo r 

p ro d u c t vas a  " l in e a r "  polym er as re p o r te d  hy Blood and B o i l e r  

( 1957)* The m in o r ity  a ffo rd e d  fo u r  h ig h ly  c o lo u red  compounds which 

were s e p a ra te d  and p u r i f i e d  hy re p e a te d  chrom atography on a lum ina  

p l e t e s  and c h a r a c te r iz e d  as ( l l ) ,  ( i l l ) ,  (IV) and (V ). The d e t e r 

m in a tio n  o f  th e  s t r u c tu r e  o f  th e se  fo u r  compounds was hased  upon

m .p. 276-280  
( d e c . )

o

( I I )

(IV )

m .p. 267-265°

( I I I )

IT-I

th e  fo llo w in g  s p e c tro s c o p ic  d a ta  and e x p e rim en ta l r e s u l t s ;

1 . A ccu ra te  mass m easurem ent o f  th e  r e s p e c t iv e  m o le c u la r  io n s  

gave th e  e m p ir ic a l  fo rm ulae  f o r  ( l l )  and ( i l l )  and

°40® 2ôV  (I?) (V).
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2 .  The IJME spec trum  o f  (iV) shove à  t h a t  t h i s  compound c o n ta in ed  

24 a ro m a tic  p ro to n s  ( t  1 ,7 - 3 .8 ,  m u l t ip le t s )  and tv o  exchange

a b le  p ro to n s  ( t 6 . 9 “ 7.3> b ro ad , exchanged v i t h  D2O ).

3 . The i n f r a - r e d  spectrum  o f  (IV ) e x h ib i te d  ca rb o n y l a b so rp tio n  

a t  1690 and I 7IO cm ^ and two bands a t  3360 and 3450 cm ^ 

v h ic h  v e re  s a id  to  confirm ed  th e  p re sen c e  o f  a p rim ary  amino 

g ro u p .

4 . The m ajo r peaks t h a t  appeared  in  th e  mass spectrum  o f  (IV ) 

v e re  a t  m/e 579, 578 (lOOfO, 560, 395, 297, 296 , 282 , 281 

and 254 .

5 . B oth th e  anhydro-com pounds ( l l )  and ( i l l )  r a p id ly  h y d ro ly sed  

vhen t h e i r  ch lo ro fo rm  s o lu t io n s  v e re  exposed s e p a r a te ly  to  

th e  a tm osphere . They b o th  gave a m ix tu re  o f  (IV) and (v ) ,

6 . D eh y d ra tio n  o f  e i t h e r  (IV ) o r  (v) v i t h  phosphorus oxy- 

c h lo r id e  and p y r id in e  re g e n e ra te d  a  m ix tu re  o f  th e  anhydro- 

compounds ( 11) and ( i l l ) .

7 . The u l t r a - v i o l e t  and v i s i b l e  s p e c t r a  o f  ( l l ) ,  ( i l l ) ,  (IV) 

and (V) resem bled  t h a t  o f  th e  d i(3 -m e th y l im in o - l- is o in d o -  

l in y l id e n e )  (V l) and hence i d e n t i f i e d  th e  chrom ophoric  

g roups p re s e n t  in  th e s e  compounds (Spectrum  Fo. 1 9 ) .

DCH

im

m

ÏTCÏÏ3 (VI) (V II)
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8 . O x id a tio n  o f  ( i l l )  v i t h  p o ta ss iu m  perm anganate in  a c e t i c  

a c id  gave M -(2 '-n i t r o -2 -b ip h e n y ly l )p h th a l im id e  (V I l)  as th e  

main p ro d u c t.

4 .0 •V

3 .0

2 .0
200 300 600500400

Spectrum  Ko, I 9 . A(nm)

UV and v i s i b l e  s p e c t r a  o f  I I  (—

I I I  ( ------------ ) ,  IV ( -----------V (•

and VI {----------- ) .

),

The mass s p e c t r a l  f ra g m e n ta tio n  p a t t e r n s  o f  ( l l ) ,  ( i l l ) ,  (IV ) and

(V) v?ere s a id  to  he o b scu re  and o f  no a id  i n  s t r u c tu r e  e lu c id a t io n .

At t h i s  r e p o r t ,  a  c a r e f u l  r e - c o n s id e r a t io n  o f  th e  a s s ig n 

ment o f  a s t r u c t u r a l  fo rm u la  to  th e  p re s e n t  re d  compound w ith  m.p. 

253- 254^ i s  n e c e s s a ry . The e le c t r o n i c  spectrum  o f  t h i s  compound 

was found su p erim p o sab le  on t h a t  o f  ( IV) w ith  m .p, 262°, I t s
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i n f r a - r e d  spectrum  a ls o  e x h ib i te d  a b s o rp tio n  bands n e a r  3360 and 

3450 cm ^ and a t  I 69O cm ^ ( th e r e  co u ld  be a n o th e r  one a t  I 7IO cm""^). 

A com parison  o f  th e  MIR and mass s p e c t r a  o f  th e s e  two compounds 

showed t h a t  th e y  have s im i la r  s p e c t r a l  f e a tu r e s  ex cep t th e  absence  

o f  some a b s o rp tio n  l i n e s  a t  T 4 . 4 - 4 .1  (6  5 *6- 5 - 9 ) th e  M'ER sp ec 

trum  o f  ( IV ) . R e s p ite  t h i s  d i s s i m i l a r i t y  and a d e v ia t io n  o f  m e ltin g  

p o in t s ,  th e  two compounds can be s a id  to  have th e  same s t r u c tu r e .

They may have d i f f e r e n t  a rran g em en ts  o f  atoms in  space  ( s e e  IXA 

and IX B) i f  th e  absence o f  th o se  a b s o rp tio n  l i n e s  a t  T  4 .4 - 4 « 1 i s  

in  acco rd an ce  w ith  th e  r e p o r t  and n o t a  m is tak e  o f  p r in t i n g .

However, th e  c o n c lu s io n  draim  by B in d ra  and E l ix  in  th e  

s t r u c t u r e  d e te rm in a tio n  o f  t h e i r  co n d en sa tio n  p ro d u c ts  i s  open to

q u e s t io n . As we have m entioned  on page 94» th e  p re se n c e  o f  two
—1 —Ia b s o rp tio n  bands n e a r  3400 cm and 3500 cm in  th e  i n f r a - r e d

sp ec tru m  can n o t show w h eth er th e  re d  compound i s  a  p rim ary  o r  a 

seco n d ary  am ine. On th e  o th e r  hand , th e  p re se n c e  o f  two s e p a ra te  

humps rem ovable by d e u te r a t io n  w ith  R2O in  th e  Mffi spectrum  o f  t h i s  

r e d  compound ( s e e  page 107) seemed to  se rv e  as a s t ro n g  ev id en ce  o f  

i t s  b e in g  a seco n d ary  r a t h e r  th a n  a p rim ary  am ine. T h is  p o in t  o f  

v iew  may be su p p o rte d  by com parison  o f  i t s  Hlffî spec trum  w ith  t h a t  

o f  th e  2 -am in o -2 ‘ -p h th a lim id o b ip h e n y l ( V I I l )  in  which th e  a b s o rp tio n

(V III)



117
due to  th e  two amino p ro to n s  on ly  ap p ea red  as  a smooth hump 

(Spectrum  No. 15A).

In  a d d i t i o n  to  t h i s  argum ent, one can see  t h a t  ( l l )  and 

( i l l )  a r e  d ia s t e r e o m e rs  t h a t  owe t h e i r  e x i s t e n c e  to  h in d e re d  r o t a 

t i o n  about doub le  bonds. A lthough d e h y d ra t io n  o f  e i t h e r  (IV) o r  

(v) w ith  phosphorus  o x y c h lo r id e  and p y r i d i n e  might cause  i s o m é r i s a 

t i o n ,  h y d r o ly s i s  o f  ( l l )  o r  ( i l l )  to  b r i n g  th e  c leav ag e  o f  e i t h e r  

C=N bond sh o u ld  g iv e  on ly  th e  c i s  compound (IV) o r  th e  t r a n s  com

pound (v) r e s p e c t i v e l y  b u t  n o t  a m ix tu re  o f  (IV) and (v).

The e l e c t r o n i c  s p e c t r a  o f  ( i l l )  and (V) seem to  be q u i t e  

d i f f e r e n t  from t h a t  o f  t h e  d i ( 3 - m e t h y l im in o - l - i s o i n d o l in y l id e n e )

(V l)  which may n o t  s e rv e  as  a  s u i t a b l e  compound f o r  com parison .

F i n a l l y ,  o x id a t io n  o f  an amine to  y i e l d  a  n i t r o  compound 

i s  an e x t r a o r d in a r y  r e a c t i o n .  T e r t i a r y  amines a re  l i k e l y  to  g iv e  

an amine ox id e  on th e  l i n e s  o f  Cope e l i m in a t io n .

An i n s p e c t i o n  o f  th e  m o le c u la r  s t r u c t u r e  o f  (IV) and (V) 

seems to  g iv e  u s  an im p re s s io n  t h a t  th e  two compounds sh o u ld  lo s e  

w a te r  v e ry  r e a d i l y  to  g iv e  ( l l )  o r  ( i l l )  a s  a  main p ro d u c t .  How

e v e r ,  a c c o rd in g  to  B in d ra  and E l i x ’ s r e p o r t ,  compound (iV ) was 

o b ta in e d  i n  b e t t e r  y i e l d ,  b e in g  9 .2 ^  as compared w i th  a  2^ y i e l d  

o f  ( 11 ) and a  2 .3 ^  y i e l d  o f  ( i l l ) .

The f a c t  t h a t  th e  p r e s e n t  r e d  compound (m .p. 253-254^) i s  

( o r  v e ry  l i k e l y  to  be ) a  secondary  amine and t h a t  a  m olecu le  o f  

w a te r  can be removed from i t  ( b u t  n o t  so e a s i l y )  e i t h e r  by th e
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a c t i o n  o f  a  d e h y d ra t in g  a g e n t ,  o r  hy th e  bombardment o f  h ig h  en erg r  

e le c t ro n B  in  th e  i o n i z a t i o n  chamber o f  mass sp e c t ro m e te r ,  i s  very  

h e l p f u l  to  s t r u c t u r e  d e te r m in a t io n  o f  t h i s  compound.

F o r  a  secondary  amine w ith  th e  m o le c u la r  fo rm ula  .

t h e r e  a re  o n ly  f o u r  p o s s ib l e  s t r u c t u r e s  t h a t  can be drawn w ith  the  

normal v a l e n c i e s  o f  carbon , hydrogen and n i t r o g e n ,  namely ( IX ) ,  (X), 

(XI) and ( X I I ) .

aiDo
0 m  m

(IX)

mI
c

KH
I
C

/ \  / S
0 N

(X)

A A
o=c c=c c(

(XI)

A  f \
o=c c=c c 

% / \ \  / (X II )

A c o n s t r u c t i o n  o f  t h e i r  m o le c u la r  models shows t h a t  (IX) i s  

l i k e l y  to  l o s e  a  m olecu le  o f  w a te r  b u t  t h e r e  rem ains no p o s s i b i l i t y  

f o r  (X) o r  (X II )  to  do so .  The two -NH groups i n  (X l) can g e t  in  

to u c h  w i th  each  o th e r  and i n t e r a c t i o n  between th e s e  two groups ( i f  

t h i s  sh o u ld  happen) may l e a d  to  th e  fo rm a t io n  o f  ( W ) and ( l l ) .
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However, t h i s  co u ld  n o t  he th e  case  f o r  t h e r e  w i l l  he a  h in d e re d  

r o t a t i o n  o f  th e  two henzene r in g s  a t t a c h e d  to  th e  two -HH groups 

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

The f a c t  t h a t  th e  p r e s e n t  r e d  compound i s  h ig h ly  o p t i c a l l y  

s t a b l e  i s  a l s o  i n  o p p o s i t io n  to  th e  ass ignm ent o f  a  m o le c u la r  

s t r u c t u r e  l i k e  (X l) which m ight he o p t i c a l l y  l a b i l e  as  a  r e s u l t  o f  

r e s t r i c t e d  r o t a t i o n  o f  r i n g  A about th e  s in g le  bond to  th e  carbon  

atom o f  th e  C=C double  bond.

The c o n c lu s io n  t h a t  th e  p r e s e n t  re d  compound cou ld  have th e  

s t r u c t u r e  (IX) seems to  o b ta in  a f u r t h e r  su p p o r t  by th e  e x is t e n c e  

o f  a  t o t a l  o f  fo u r  c o n f ig u r a t i o n a l  isom ers  as  sho-vm below, ( r ) and 

(S ) r e f e r  to  th e  c o n f ig u r a t io n s  o f  each  b r id g e d  b ip h e n y l  w i th in  th e  

m o lecu le .

aiDO
(S ,S )-IX A

H H

(R,R)-IXA

C C
HH HH

C — ■

( r , s ) - ix b
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They a re  in d eed  two s e t s  o f  e n an tio m ers .  They cou ld  he th e  two 

compounds o b ta in e d  by B in d ra  and E l i x  w ith  th e  e m p ir ic a l  fo rm u la  

C40H26H4O, The two anhydro-compounds w ith  e m p ir ic a l  fo rm u la  

C40H24H4 may w e ll  have th e  fo l lo w in g  two s e t s  o f  s t r u c t u r e s :

N H

(r , s ) - x i i i a

x V
N H

S uperim posab le  on 

i t s  m i r r o r  image 
(S ,R - c o n f ig u r a t io n )  

A meso compound

(R ,R )-X IirB

Hot superim posab le  

on i t s  m i r ro r  image 

( S , S - c o n f ig u r a t io n )

S t r u c t u r e  (X I I I  A) p o s s e s s e s  a  p la n e  o f  symmetry and i s  o f  co u rse  

su p er im p o sab le  on i t s  m i r r o r  image. I t  would be o p t i c a l l y  i n a c t i v e  

i f  i t  does e x i s t .  On th e  o th e r  hand, s t r u c t u r e  (X I I I  B) i s  n o t  

su p e r im p o sab le  on i t s  m i r r o r  image and hence would be o b ta in e d  as 

a m ix tu re  o f  two en an tio m ers ,

A c o n s t r u c t i o n  o f  m o le c u la r  models o f  th e  above f o u r  s e t s  

o f  s t r u c t u r e s  may h e lp  u s  to  e x p la in  why th e  d e h y d ra t io n  o f  e i t h e r  

one o f  th e  two compounds w ith  e m p ir ic a l  fo rm ula  C4QH25H4O sh o u ld  

g iv e  a m ix tu re  o f  two anhydro-compounds and t h a t  th e  h y d r o ly s i s  of 

e i t h e r  anhydro-coinpound r e g e n e r a te d  a  m ix tu re  o f  th e  two compounds
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w ith  e m p ir ic a l  fo rm u la  C4QÏÏ25N4O, h u t  th e  r e a l i t y  o f  t h i s  experim ent 

i s  q u e s t io n a b le .

The rem a in in g  problem  i s  t h a t  th e  o x id a t io n  o f  an amine to  

g iv e  a n i t r o  compound i s  an unex p ec ted  r e a c t i o n .  A lthough th e  com

pound w ith  an e m p ir ic a l  fo rm u la  C20% 2^ 2^4 b e l ie v e d  by B in d ra  

and E l i x  to  be th e  H - ( 2 ’ - n i t r o - 2 - b ip h e n y ly l ) p h th a l i r a i d e  (V I l )  

b ecau se  i t s  i n f r a - r e d  spectrum  showed two a b s o r p t io n  bands a t  1530 

(HO2) and 1350 cra""  ̂ (HO2) i n  a d d i t i o n  to  th e  carbony l a b s o r p t io n ,  

a  compound l i k e  (XIV) may w e ll  g iv e  r i s e  to  s i m i l a r  a b s o r p t io n  bands.

H HO 2
II ^

0 (XIV)
c
II 
0
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d. C ondensa tion  between b ip h e n y l - 2 ,2 ' -d ia ld e h y d e  

and 2 ,2 * -d ia m in o b ip h e n y l .

I t  would be o f  i n t e r e s t  to  n o te  t h a t  a l th o u g h  th e  conden

s a t i o n  between b i p h e n y l - 2 ,2 ' -d ia ld e h y d e  and o -pheny lened iam ine  and 

a l s o  betw een 2 , 2 ’ -d iam in o b ip h en y l and o -p h th a la ld e h y d e  f a i l e d  to  

g iv e  th e  ex p ec ted  compounds w ith  a  ten-membered r i n g ,  th e  conden

s a t i o n  between th e  two b ip h e n y ls  had g iven  9»2 0 -d ia z a te t r a b e n z o -  

[ a , G , g , i]cy o lo d o d e ce n e  ( l )  as  a  s in g l e  p ro d u c t  w i th  m.p. above 300°

HpN NHp

( I )

when th e  r e a c t i o n  was c a r r i e d  o u t i n  methanol a t  room te m p e ra tu re  

(Bergmann, A granat and K raus, I 966) .  T h is  compound was r e p o r te d  to  

have i n f r a - r e d  a b s o r p t io n  bands a t  1625, I 6OO, I 56O, 1475 and 

1450 cm~^ ( i n  n u jo l )  and NIffi a b s o r p t io n  s i n g l e t  a t  6 8 ,05  a r i s i n g  

from th e  two v i n y l i c  p ro to n s ,  m u l t i p l e t  a t  & 6 .6 0 -7 ,0 8  due to  th e  

two p ro to n s  o r th o  to  th e  m eth ine group and a n o th e r  m u l t i p l e t  a t  

6 7 , 2- 7 .75  c o r re sp o n d in g  to  th e  r e s t  o f  th e  I 4 a ro m a tic  p ro to n s .

I n  o r d e r  to  make a com parison w i th  th e  p r e s e n t  work, 

b i p h e n y l - 2 , 2 ' -d ia ld e h y d e  and 2 ,  2 ’ -d iam inob ipheny l were a llow ed  to  

r e a c t  i n  e th a n o l  a t  room te m p e ra tu re .  The s o l i d  o b ta in e d  was r e -  

c r y s t a l l i z e d  from benzene g iv in g  c o lo u r l e s s  p r ism s  w i th  m.p. 312-313^
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Spectrum No, 20 B.

IR ( a )  and NT# (B) s p e c t r a  o f  9 f 2 0 ~ d ia z a te t r a -  
■benzo[a,Ç ,g , i ] c y c lo d o d e c e n e  w ith  m.p. 312- 313° .
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i n  68̂ 0 y i e l d .  I t s  i n f r a - r e d  spectrum  (Spectrum  No. 20A) showed 

a b s o r p t io n  bands as i n d i c a t e d  above, whereas i t s  Nî«îE spectrum  

(Spectrum  No. 20B) was found to  have a s i n g l e t  a t  6 7 .9 3 ,  a  m u l t i 

p l e t  a t  é 6 .6  and a group o f  o v e r la p p in g  a b s o r p t io n  l i n e s  a t  6 7 *2-  

7 .8 .  The i n t e n s i t i e s  o f  th e s e  s i g n a l s  a re  i n  th e  r a t i o  o f  1 :1 :7  

r e s p e c t i v e l y .  The m u l t i p l e t  a t  6 6 .6  was th ough t to  a r i s e  from th e  

two r i n g  p ro to n s  o r th o  to  n i t r o g e n  b u t  n o t  to  th e  m eth ine group 

s in c e  th e  s h i f t  i n  th e  p o s i t i o n  o f  benzene p ro to n s  o r th o  to  th e  

s u b s t i t u e n t  -CH= i s  +6  0 .2  which means t h a t  th e  two a ro m a tic  p ro to n s  

o r th o  to  th e  m eth ine  group sh o u ld  ap p ea r  a t  a l o w e r - f i e l d  p o s i t i o n .  

The s p l i t t i n g  p a t t e r n  o f  t h i s  m u l t i p l e t  i s  c o n s i s t e n t  w ith  o r th o  

and meta c o u p l in g s  around th e  r i n g .
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REMAraCS

M elt in g  p o in t s  below 120° were de te rm ined  in  an o i l  b a th .  

Those above 120° were de te rm in ed  on an E le c t r o - th e r m a l  m e l t in g  

p o i n t  a p p a r a tu s .  A l l  m e l t in g  p o in t s  a re  c o r r e c t e d .

I n f r a - r e d  s p e c t r a  were measured on a Unicam SP. 200 s p e c t r o 

p h o to m e te r  e i t h e r  w ith  a  m u ll in g  agen t o r  as p re s s e d  KBr d i s c s .

V i s ib l e  s p e c t r a  were measured on a Unicam SP. 800 au to m a tic  

r e c o r d in g  s p e c t ro p h o to m e te r .  U l t r a - v i o l e t  s p e c t r a  were measured on 

a Unicam SP. 500 manual sp e c tro p h o to m e te r .  Quartz  c e l l s  were 

employed th ro u g h o u t .

Mass s p e c t r a  were measured by th e  Physico-C hem ical Measure

ments U n i t  a t  H a rw e ll ,  B erks .

NME s p e c t r a  were e i t h e r  ru n  a t  100 MHz by th e  P h y s ic o -  

Chemical Measurements U n i t  a t  H arw ell ,  Berks o r  a t  60 IMHz on a 

V a r ia n  A 60 in s t ru m e n t .  Chemical s h i f t s  were measured on th e  6 -  

s c a l e  r e l a t i v e  to  TMS as i n t e r n a l  s ta n d a rd  (6 = o ) .

O p t i c a l  r o t a t o r y  d i s p e r s i o n  cu rves  were measured on a 

P e rk in -E lm e r  P 23 sp e c tro p h o to m e te r .

M io ro an a ly ses  were perform ed e i t h e r  by Dr. A B ern h a rd t  and 

h i s  s t a f f  i n  R es t  Germany o r  by Dr. S t r a u s s  a t  Oxford.
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EXPERIMlüITAL

Dim ethyl 2 , 2 ' - d ip h e n a te

(b .  P ra k o h s a n t isu k h ,  Ph.D. T h e s is ,  U n i v e r s i t y  o f  London, I 964 )

A s o l u t i o n  o f  d ip h e n ic  a c id  (lOO g, O.412  mole) i n  methanol 

(1000  g) was h e a te d  u n d e r  r e f l u x  w i th  c o n c e n t ra te d  s u lp h u r ic  a c id  

(100  g) f o r  6 h o u rs .  I t  was th e n  poured  i n to  ap p ro x im a te ly  2 1 

o f  w a te r  w i th  s t i r r i n g .  The w h ite  c r y s t a l l i n e  s o l i d  o b ta in e d  was 

f i l t e r e d  o f f  and washed w i th  s a t u r a t e d  sodium b ic a r b o n a te  s o lu t io n  

th e n  w i th  w a te r .  A f t e r  d ry in g ,  f i r s t  a t  about 60° on a  w a te r  ba th ,  

and th e n  o v e r  c o n c e n t r a te d  s u lp h u r ic  a c id  i n  a vacuum d e s i c c a t o r ,  

th e  c rude  p ro d u c t  (103 g) had m.p. 72- 74°* R e c x y s t a l l i z a t i o n  from 

m ethanol gave c o l o u r l e s s  p r ism s  ( 98 .1  g) i n  88^ y i e l d ,  m.p. 73-74° 

( l i t , , 7 3 -7 4 ° ) .  T h is  experim en t was perform ed  fo u r  t im es  w i th  

380 g o f  d ip h e n ic  a c id  and gave 354 8 o f  d im ethy l d ip h e n a te .

2 , 2 ' -E ish y d ro x y m eth y lb ip h en y l

(D. M. H a l l ,  M. S. L e s s l i e  and E. B. T u rn er ,

J .  Chem. S oc . , 1950, 711)

D im ethyl d ip h e n a te  (38 g, O .I4 mole) was d i s s o lv e d  i n  Na- 

d r i e d  e t h e r  (360 ml) and added as  f a s t  as  r e f l u x i n g  p e r m i t t e d  to  

l i t h i u m  aluminum h y d r id e  ( 8 .5  g, 0 .2 2  mole) i n  d ry  e t h e r  (300 ml) 

w i th  s t i r r i n g .  When r e a c t i o n  appeared  to  be o v e r ,  wet e t h e r ,  w a ter  

and d i l u t e  s u lp h u r ic  a c id  were s u c c e s s iv e ly  in t r o d u c e d  u n t i l

two c l e a r  l a y e r s  were o b ta in e d .  The e t h e r  was removed by h e a t i n g  

on a w a te r  b a th ,  and th e  w h ite  s o l i d ,  a f t e r  f i l t r a t i o n ,  was washed
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w ith  w a te r  and d r i e d  a t  about 90° i n  th e  oven. I t  was c r y s t a l l i z e d  

from benzene g iv in g  w h ite  n e e d le s  (2 6 .7  g, 89^ ) ,  m.p. 111-112° 

( l i t . ,  1 1 2 -1 1 3 ° ) .  T h is  p r e p a r a t i o n  was re p e a te d  s e v e r a l  t im e s  and 

a l t o g e t h e r  346 g o f  d im e thy l d ip h e n a te  were co n v e r ted  i n to  224 g o f  

d i o l .

2 ,2 * -E isb rom om ethy lb ipheny l

(D. M. H a l l ,  H. S. L e s s l i e  and E. E. T u rn er ,

J .  Chem. S o c . , I 95O, 711)

2 ,2 ’ -E ish y d ro x y m eth y lb ip h en y l  (30 g, 0 ,088 mole) was added 

w i th  s t i r r i n g  to  hydrobrom ic a c id  (48-50/b, I 5OO ml) i n  a  w ide

necked  c o n ic a l  f l a s k  a t  90° . A f t e r  th e  a d d i t io n ,  i t  was b o i l e d  

f o r  20 m inu tes  and th e n  l e f t  to  cool do-vm. The s o l i d  was c o l l e c t e d  

on a  s i n t e r e d  g l a s s  f i l t e r ,  washed w i th  c o ld  w a te r  and d r i e d  i n  a 

vacuum d e s i c c a t o r  o v e r  sodium hydrox ide  p e l l e t s .  When c r y s t a l l i z e d  

from l i g h t  p e tro leu m  ( b .p .  6 0 -8 0 ° ) ,  c o lo u r l e s s  p r ism s  (4 O.4  g, 85^) 

were o b ta in e d .  I t  m e lted  a t  91-92° ( l i t . ,  91-93°: 94^) .  A t o t a l  

amount o f  273 g o f  d ib rom ide  were p re p a re d  from 220 g o f  d i o l  by 

t h i s  method.

2 , 2*-B is ( t r ip h e n y lp h o s p h o n io m e th y l )b ip h e n y l  d ibrom ide

A. W ithout any s o lv e n t
(p .  M. H a l l  and B. Praloobsantisulch, J .  Chem. Soc . , I 965 , 6311)

2 , 2 ' -E isb rom om ethy lb ipheny l ( 3 .4  g, 0 .01  mole) and t r i -  

p h en y lphosph ine  (9  g , 0 .034  mole) were ground to g e th e r ,  p a sse d
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th ro u g h  a f i n e  s ie v e  and c o l l e c t e d  as  a  t h i n  l a y e r  i n  a l a r g e  

h e a k e r .  The m ix tu re  was th e n  p la c e d  i n  a m eta l  h a th  (c o v e red  w ith  

c h a r c o a l )  a t  290° f o r  5 m in u te s .  As soon as th e  te m p e ra tu re  ro s e  

up ,  th e  powder m elted  bu t r e a d i l y  s o l i d i f i e d  and cou ld  n o t  be w e l l  

s t i r r e d  by hand. The s o l i d  was l e f t  to  cool down and ground w ith  

benzene . The i n s o lu b l e  m a te r i a l  was f i l t e r e d  o f f ,  washed w i th  

l i g h t  p e tro leu m  ( b .p .  60 -80°) and d r i e d .  I t  was c r y s t a l l i z e d  from 

e t h a n o l - e t h y l  a c e t a t e  g iv in g  w h ite  c r y s t a l s  (5*4 g, 60fc, su p p o sin g  

th e  compound was a d i s u b s t i t u t e d  phosphonium s a l t ) ,  m.p. 294-306°. 

A f t e r  s u c c e s s iv e  c r y s t a l l i z a t i o n  from th e  mixed s o lv e n t s ,  i t  m e lted  

a t  310-314° ( l i t . ,  323-326° f o r  d ibrom ide d ih y d ra te  and betw een 

250-300° a f t e r  l o s s  o f  w a te r ;  y i e l d :  78%).

B. In  d ry  m e s i ty le n e

M es i ty le n e  was d r i e d  f i r s t  w i th  calc ium  c h lo r id e ,  th e n  

d i s t i l l e d  th ro u g h  a column and d r i e d  ag a in  w ith  sodium v d re .  The 

dibromo-compound (2 0 .4  g, 0 .06  mole) and t r ip h e n y lp h o s p h in e  (42  g, 

0 .1 6  mole) were d i s s o lv e d  s e p a r a t e l y  i n  th e  d ry  s o lv e n t  (660 ml i n  

a l l )  and h e a te d  t o g e th e r  u n d e r  r e f l u x  f o r  35 h o u rs  w i th  v ig o ro u s  

s t i r r i n g .  The w h ite  phosphonium s a l t  g r a d u a l ly  appeared  and when 

r e a c t i o n  had f i n i s h e d ,  i t  was f i l t e r e d  o f f ,  washed w ith  l i g h t  

p e tro le u m  ( b .p .  60 -80°) and d r i e d .  The crude p ro d u c t  o b ta in e d  

(50  g) had m.p. 280-305°. S u c c ess iv e  c r y s t a l l i z a t i o n  from e th a n o l -  

e t h y l  a c e t a t e  gave w h ite  c r y s t a l s ,  m.p. 313-321°. The f i l t r a t e ,  

when e v a p o ra te d  to  d ry n ess  u n d e r  red u ced  p r e s s u r e  and th e  r e s id u e



washed w i th  e t h e r  gave a n o th e r  crop o f  c r y s t a l s  ( 6 ,64  g) • A f t e r  

r e c r y s t a l l i z a t i o n  from e th y l  a c e t a t e ,  i t  m e lted  a t  154-155°. This 

was found to  he th e  t r ip h e n y lp h o s p h in e  oxide  hy i t s  m e l t in g  p o in t ,  

n u c l e a r  m agnetic  re so n an ce  and i n f r a r e d  s p e c t r a .

■When th e  r e a c t i o n  was c a r r i e d  o u t  u n d e r  a  slow s tream  o f  

d ry  n i t r o g e n  ( l a b e l :  " o x y g e n - f re e ”) w i th  a s o l u t i o n  o f  th e  dibromc- 

compound ( 3 .4  g) and t r ip h e n y lp h o s p h in e  (7*9 g) iu  d ry  m e s i ty le n e  

f o r  a d u r a t io n  o f  35 h o u rs ,  t r ip h e n y lp h o s p h in e  ox ide  (O.76  g) was 

a g a in  i s o l a t e d  from th e  f i l t r a t e .  The r e s u l t i n g  phosphonium s a l t  

( 6 .1  g) m e lted  a t  290-305° and in c r e a s e d  to  315-323° a f t e r  many 

more c r y s t a l l i z a t i o n s .

C. In  d ry  dim ethylform am ide

(E. D. Bergmann, P. Bracha, I .  A granat and M. A. Kraus,

J .  Chem. Soc . , I 967 , 328)

Dimethylformamide was b o i l e d  w i th  o n e - te n th  o f  i t s  volumn 

o f  benzene ( d r i e d  ove r  ca lc ium  c h lo r id e )  and d i s t i l l e d  th ro u g h  a 

f r a c t i o n a t i n g  column. The m iddle  f r a c t i o n  ( b .p .  194-195°) Mas 

c o l l e c t e d  and u sed  w ith o u t  f u r t h e r  t r e a tm e n t .  The dibromo-compourc 

( 3 .4  g, 0 .01  mole) and t r ip h e n y lp h o s p h in e  ( 5 .8  g, 0 .022  mole) were 

d i s s o lv e d  in  th e  d ry  s o lv e n t  (30  ml) and h e a te d  u n d e r  r e f l u x  f o r  

3 h o u rs  u n d e r  d ry  n i t r o g e n .  The r e a c t i o n  m ix tu re  was th e n  l e f t  to  

s t a n d  o v e rn ig h t  and th e  phosphonium s a l t  o b ta in e d  was f i l t e r e d  o f f ,  

washed w i th  e t h e r  and d r i e d .  I t  was c r y s t a l l i z e d  from e t h a n o l -  

e t h y l  a c e t a t e  g iv in g  w h ite  c r y s t a l s  (7 .1  g ) ,  m.p. 303-311°. A f t e r
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t h r e e  more c r y s t a l l i z a t i o n s ,  i t  m e lted  a t  312-317° ( l i t . ,  m.p. above 

300°, c rude  y i e l d :  $8%).

T r a n s - 9 , lO -d ih y d r o -9 , 10-d ihydroxyphenan th re n e
( j .  Booth , E. Boyland and E. E. T u rn er ,  J ,  Chem, Soc. , 1950, 1188)

The l i t h iu m  aluminum h y d rid e  ( i g ,  0 .025  mole) was suspended 

i n  sodium d r i e d  e t h e r  (200 ml) and th e  9 ,1 0 -p h en an th ren eq u in o n e  

(4  g» 0,019  m o le ) ,  p r e v io u s ly  d r i e d  o v e r  phosphorus p e n to x id e ,  was 

p u t  i n  a  S o x h le t  th im b le  and e x t r a c t e d  w ith  th e  e th e r ,  A g r e e n is h  

y e l lo w  p r e c i p i t a t e  was formed soon a f te rw a r d s .  E x t r a c t io n  was 

c o n t in u e d  f o r  6 h o u rs  and th e  r e a c t i o n  m ix tu re  t r e a t e d  i f i t h  w a te r  

(40  ml) and d i l u t e  s u lp h u r ic  a c id  (120 ml) a f t e r  c o o l in g  to  room 

te m p e ra tu re .  The e t h e r  s o l u t i o n  was combined w ith  th e  e t h e r a l  

e x t r a c t  o f  th e  aqueous s o l u t i o n  and washed s e v e r a l  t im es  w i th  d i l u t e  

sodium h y d ro x id e  s o l u t i o n  u n t i l  f r e e  o f  g reen  su b s ta n c e .  ><hen d r ie d  

o v e r  sodium h ydrox ide  p e l l e t s ,  th e  g reen  su b s tan ce  was a g a in  formed 

and c o l l e c t e d  a t  th e  bottom o f  th e  f l a s k .  I t  was f i l t e r e d  o f f  and 

th e  e t h e r  removed by d i s t i l l a t i o n .  The d io l  o b ta in e d  was r e c r y s t a l 

l i z e d  from benzene g iv in g  w h ite  n e e d le s  (0 .36  g ) , m.p. 186-187° .

The y i e l d  was 32yc based  on th e  amount o f  quinone consumed i n  t h i s  

p r e p a r a t i o n  ( l i t . ,  n e e d le s ,  m.p. 185-187°, p r ism s ,  1 9 4 ° ) .  A g r e a t  

d e a l  o f  phen an th ren eq u in o n e  ( 0.29  g) Mas l e f t  i n  th e  th im b le .

The p r e p a r a t i o n  o f  d i o l  was th e n  re p e a te d  w ith o u t  a S o x h le t  

e x t r a c t o r . T h e  s o l i d  phenan th renequ inone  (4  g) was added i n
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sm a l l  p o r t i o n s  to  th e  s t i r r e d  su sp e n s io n  o f  l i t h iu m  aluminum hydride  

( l  g) i n  d ry  e t h e r  (200 ml) and th e  m ix tu re  h e a te d  u n d e r  r e f l u x  fc r  

4& h o u rs .  On a d d i t i o n  o f  w a te r  (45 ml) and d i l u t e  s u lp h u r i c  a c id  

(60  m l) ,  two c l e a r  l a y e r s  were o b ta in e d .  The e t h e r  l a y e r  co n ta in ed  

some w h ite  n e e d le s ,  and when more e t h e r  was added w ith  s h a k in g ,  

g reen  s u b s ta n c e  was formed. T h is  su b s ta n c e  was decomposed w i th  

d i l u t e  s u lp h u r ic  a c id  and th e  g e n e ra te d  ye llow  s o l i d  d i s s o lv e d  in  

a d d i t i o n a l  e t h e r .  The combined e t h e r a l  s o l u t i o n ,  a f t e r  b e in g  washed 

w i th  d i l u t e  sodium hydrox ide  s o l u t i o n ,  was a g a in  d r i e d  o v e r  sodium 

h y d ro x id e  p e l l e t s .  The fo rm a tio n  o f  g reen  su b s tan ce  was s t i l l  

c o n s id e r a b le .  The p ro d u c t  o b ta in e d  (3 .1  g) was r e c r y s t a l l i z e d  f r c n  

benzene g iv in g  w h ite  n e e d le s  ( 2.15  g> 53^0, m.p. l8 6 - l 8 7 ° .

I t  was a t te m p te d  to  c a r r y  ou t  th e  r e a c t i o n  by th e  u s e  o f  an

e t h e r  e x t r a c t o r .  The phenan th renequ inone  (8 g, 0 .038 mole) and

sodium d r i e d  e t h e r  (lOO ml) were p u t  i n t o  an e t h e r  e x t r a c t o r  which 

was jo in e d  to  a  f l a s k  ( l  l i t e r )  c o n ta in in g  l i t h iu m  aluminum h y d rid e  

(2  g, 0 .0 5  mole) and d ry  e t h e r  (400 m l) .  Both o f  th e  su sp e n s io n s  

were s t i r r e d  w i th  m agnetic  s t i r r e r s .  The fo rm er was warmed i n  a 

w a te r  b a th  and th e  l a t t e r  h e a te d  u n d e r  r e f l u x .  E x t r a c t i o n  was 

c o n t in u e d  u n t i l  a l l  s o l i d  d i s s o lv e d  (5 ho u rs )  and th e  s o l u t i o n  in  

th e  e x t r a c t o r  was poured  i n t o  th e  f l a s k .  The m ix tu re  was h e a te d

f o r  one more ho u r  and th e n  worked o u t  a s  d e sc r ib e d  i n  th e  above

s e c t i o n .  W hite n e e d le s  o f  th e  d io l  were o b ta in e d  ( 5 .3  g) i n  65% 

y i e l d  when r e c r y s t a l l i z e d  from benzene, m.p. l 8 6 - l 8 7 ° .  I t  was
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s p a r in g ly  s o lu b le  i n  h o t  cyclohexane and r e c r y s t a l l i z a t i o n  from 

t h i s  s o lv e n t  was n o t  s a t i s f a c t o r y .

B ip h e n y l-2 ,  2 ' -d ia ld e h y d e

(D, M. H a ll  and B, P ra k o h sa n t isu k h ,  J .  Chem. Soc. , 1965 , 6311 )

To a su sp e n s io n  o f  th e  d ih y d ro d ihydroxyphenan th rene  ( 8 .5  g, 

0 .0 4  mole) i n  sodium d r i e d  benzene ( 25O m l) ,  s o l i d  l e a d  t e t r a 

a c e t a t e  ( 18 .2  g, 0,41  mole) was added and th e  m ix tu re  s t i r r e d  a t  

room te m p e ra tu re  f o r  4 h o u rs .  A f t e r  s t i r r i n g ,  th e  w h ite  le a d  d i 

a c e t a t e  was f i l t e r e d  o f f  and th e  y e llo w  f i l t r a t e  was ev ap o ra te d  to  

d ry n e ss  u n d e r  reduced  p r e s s u r e  to  g ive  an o i l y  su b s ta n c e  (8 ,1  g) 

which s o l i d i f i e d  on s t a n d in g  o v e rn ig h t .  The s o l i d  o b ta in e d  was 

r e c r y s t a l l i z e d  from d ry  e t h e r - l i g h t  p e tro leu m  ( b .p .  40 -60°)  g iv in g  

p a l e  y e l lo w  c r y s t a l s  ( 6 .9  g) i u  82/o y i e l d  ( l i t . ,  73%), m.p. 57-59°»

I n  a n o th e r  p r e p a r a t i o n ,  th e  crude  d ia ld eh y d e  (4  g) was 

p u r i f i e d  by chrom atography. I t  was d i s s o lv e d  i n  a  minimum amount 

o f  d ry  e t h e r  and p a sse d  th ro u g h  n e u t r a l  a lum ina (60  g) u s in g  a 

m ix tu re  o f  30ÿt d ry  e t h e r  and 70/'ô o f  l i g h t  p e tro leu m  ( b .p .  40 -60°)  

as  e l u e n t .  The f i r s t  p o r t i o n  o f  e lu a t e  gave c o lo u r l e s s  p r ism s  

( 1 .9 2  g) and had m.p. 6 0 -6 l°  ( l i t . ,  61-62°) when r e c r y s t a l l i z e d  

from i t s  c r y s t a l l i z a t i o n  s o lv e n t .  The second p o r t i o n  o f  e l u a t e  

y i e l d  w h ite  c r y s t a l s  (1 .3 1  g) which were i n s o lu b le  i n  e th e r .  When 

r e c r y s t a l l i z e d  from e th y l  a c e t a t e ,  th e  compound m elted  a t  133-134° 

and was i d e n t i f i e d  as  an g - l a c to n e  (XXIV; page 39) b o th  by i t s
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m e l t in g  p o in t  and i n f r a r e d  spectrum .

Trime th y 1e n e - 1 , 3 - b i s ( t r ipheny lpho  sphonium) d i bromide

( L .  H o r n e r ,  H . H o ffm a n n , M. K l i n k ,  H . E r t e l  and  V . G. T o s c a n o ,

Chem. H e r . ,  I 962 , 9^ , 58I )

T r ip h en y lp h o sp h in e  (38  g , 0.145  mole, an ex cess  o f  45%) vas 

d i s s o lv e d  i n  dim ethylform am ide (130 ml, d r i e d  o v e r  m o le c u la r  s ie v e  

and d i s t i l l e d )  and h e a te d  u n d e r  r e f l u x  w i th  1 , 3-dibrom opropane 

( 10 .1  g , 0 .0 5  mole) f o r  3 h o u rs .  White c r y s t a l l i n e  s o l i d  began to  

form a f t e r  abou t 30 m in u te s '  h e a t i n g .  When r e a c t i o n  had f in i s h e d ,  

i t  was l e f t  t o  coo l down, c o l l e c t e d  by f i l t r a t i o n  and washed w ith  

l i g h t  p e tro leu m  ( b .p .  6 0 -8 0 ° ) .  The f i l t r a t e  gave a  second crop  o f  

c r y s t a l l i n e  s o l i d  when c o n c e n t r a te d .  I t  was a l s o  washed w ith  l i g h t  

p e tro le u m  and d r i e d  t o g e th e r  w i th  th e  f i r s t  c rop a t  110-120°. 

R e c r y s t a l l i z a t i o n  from e t h a n o l - e t h e r  gave w h ite  n e e d le s  (3 2 .4  g, 

8951) ,  m.p. 332-334° ( l i t . ,  335-336° and 344-345° ? 4 ) .  T r ip h e n y l -  

phosph ine  (1 0 .7  g, 91% o f  th e  e x cess )  was re c o v e re d  from th e  

f i l t r a t e  and th e  l i g h t  p e tro leu m  washings a f t e r  e v a p o r a t io n  and 

r e c r y s t a l l i z a t i o n .

T r i m e t h y l e n e - b i s ( d ip h e n y lp h o s p h in e  o x id e )

( L .  H o r n e r ,  H . H o ffm a n n , W. K l i n k ,  H . E r t e l  and  V . G. T o s c a n o ,

Chem. H e r . , 19&2, 95 , 5 8 l)

T r ir a e t h y le n e -b is ( t r ip h e n y lp h o s p h o n iu r a )d ib r o r a id e  ( 15 .8  g, 

0 .034  m o le )  was p u t  i n t o  sod iu m  h y d r o x id e  s o l u t io n  ( 6 . 8  g o f  HaOH
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p e l l e t s  i n  80 ml o f  w a te r )  and b o i l e d  u n d e r  r e f l u x  f o r  2 h o u rs  w ith  

s t i r r i n g .  The o i l y  su b s ta n c e  was e x t r a c t e d  w ith  ch lo ro fo rm  and the  

s o l u t i o n  d r i e d  o v e r  cinhydrous sodium s u lp h a te .  A f t e r  f i l t r a t i o n  and 

removal o f  s o lv e n t  by d i s t i l l a t i o n ,  a c o lo u r l e s s  o i l  was o b ta in e d .  

The o i l  s o l i d i f i e d  when a llow ed  to  s ta n d  o v e rn ig h t .  The s o l i d  was 

washed w ith  e t h e r ,  sucked to  d ry n ess  and c r y s t a l l i z e d  from to lu e n e -  

cyclohexane  to  g iv e  w h ite  c r y s t a l s  (1 0 .6  g, YÔ b), m.p. 140-141°

( l i t . ,  142-144°! 63?i).

T e tra m e th y le n e - l ,4 -b is ( t r ip h e n y lp h o s p h o n iu m )d ib ro m id e

(L . H orner,  H. Hoffmann, ¥ . K lin k , H. E r t e l  and V. G. Toscano,

Chem. H e r . ,  1962, 95» 5&l)

T r ip h en y lp h o sp h in e  ( 65 .6  g, 0 .2 5  mole, 25% i n  e x c e s s ) ,  1 ,4 -  

d ibrom obutane (2 1 .6  g, 0 .1  mole) and a c e t o n i t r i l e  (30 ml) were p la ce d  

a l t o g e t h e r  i n  an a u to c la v e  and h e a te d  a t  90° f o r  36 h o u rs .  The 

r e s u l t i n g  c r y s t a l l i n e  mass was f i l t e r e d  o f f ,  d i s s o lv e d  i n  ch lo ro fo rm  

and p r e c i p i t a t e d  w i th  e t h e r .  When r e c r y s t a l l i z e d  from m e th an o l-  

e t h e r ,  i t  gave t r a n s p a r e n t  t e t r a g o n a l  p r ism s  (7 0 .4  g, 95%) which 

became opaque a f t e r  s to r a g e  f o r  a  few days, m.p. 295- 297° ( l i t . ,

296- 298° ) .

Te tra m e th y le n e -b is (d ip h e n y lp h o s p h in e  ox ide)

(L. H orner,  H. Hoffmann, W. Klinlc, H. E r t e l  and V. G. Toscano,

Chem. H e r . , 1962, 95? 5&l)

T e tra m e th y le n e -b is ( t r ip h e n y lp h o sp h o n iu m )d ib ro ra id e  (37 g,
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0 .0 5  mole) was h e a te d  u n d e r  r e f l u x  w i th  sodium hydrox ide  s o l u t i o n  

( lO  g o f  NaOH p e l l e t s  i n  100 ml o f  w a te r )  f o r  2 h o u rs .  The p ro d u c t  

was e x t r a c t e d  w i th  ch lo ro fo rm  and th e  s o lu t io n  d r i e d  o v e r  anhydrous 

sodium s u lp h a te .  A f t e r  d ry in g ,  th e  s o lu t i o n  was c o n c e n t r a te d  and 

t r e a t e d  w i th  e t h e r .  The w h ite  p r e c i p i t a t e  o b ta in e d  was c o l l e c t e d  

on a f i l t e r ,  washed w ith  some e t h e r  and sucked to  d ry n e s s .  When 

b o i l e d  w i th  to lu e n e ,  t h e r e  was a g r e a t  d ea l  o f  i n s o lu b le  m a t e r i a l .

I t  was f i l t e r e d  o f f  and c r y s t a l l i z e d  from e th a n o l - e t h e r  g iv in g  

w h i te  p r ism s  (9 -0 5  g ) , m.p. 188-190°. The to lu e n e  s o l u t i o n  was 

warmed on a  h o t  p l a t e  w ith  a d d i t i o n  of cyclohexane. I t  gave t e t r a -  

m e th y le n e -b is (d ip h e n y lp h o s p h in e  o x ide )  i n  w hite  c r y s t a l l i n e  form

( 9 .3 6  g, 415Î), m.p. 260- 261°  ( l i t . ,  259- 260° ;  lo c ^ i) .

The low m e l t in g  compound (7*87 g) was once a g a in  b o i l e d  fo r  

2 h o u rs  w i th  sodium hy d ro x id e  s o l u t i o n  (2 .1  g o f  NaOH p e l l e t s  i n  

20 ml o f  w a te r )  and worked up as s t a t e d  above. The p ro d u c t  o b ta in e d  

was a l l  s o lu b le  i n  h o t  to lu e n e .  A d d it io n  o f  cyclohexane gave w hite  

c r y s t a l s  (5 .8 1  g, 96%). I t  m e lted  a t  261-262°. The t o t a l  y i e l d  o f  

phosph ine  d io x id e  was “]0fo. The low m e l t in g  one was o b v io u s ly  th e  

in te r m e d ia te  compound t e t ra m e th y le n e -1 -d ip h e n y lp h o sp h in e  o x id e - 4 -  

tr ip h en y lp h o sp h o n iu m  bromide ( l i t . m . p ,  172° and 1 8 7°) .
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A ttem pted  p r e p a r a t i o n  o f  1 , 2 , 3 ;4 - d i 'b e n z o - c y c lo n o n a - l ,3 ,5 ,8 - t e t r a e n e  
(A dapted  from: L. H o m er ,  H. Hoffmann, W, K lin k ,  H, E r t e l  and 

V, G. Toscano, Chem. H er. , I 962 , 95, 5 8 l)

A tw o-necked  f l a s k  ( 25O ml) was p la c e d  on th e  b a la n c e ,  

f lu s h e d  w i th  n i t r o g e n  ( d r i e d  w ith  c o n c e n t ra te d  s u lp h u r ic  a c id )  and 

weighed a c c u r a t e l y .  Po tass ium  t e r t - b u t o x i d e  was poured d i r e c t l y  

i n t o  th e  f l a s k  th ro u g h  a t u b u l a t e  o u t l e t  and weighed to  th e  r e q u i r e d  

amount ( 4 .4 8  g, 0 ,0 4  m ole) . A f t e r  w eigh ing , i t  was soaked w i th  

to lu e n e  (80  ml, d r i e d  ove r  sodium w ire  and r e d i s t i l l e d )  and s t i r r e d  

w i th  a g l a s s - s e a l e d  m agnetic  s t i r r e r .  T r im e th y le n e -b is (d ip h e n y l 

phosph ine  ox id e )  powder (4*444 g, 0 .01  mole) was added i n  sm a l l  

p o r t i o n s .  The s o l u t i o n  which became p a le  ye llow  soon a f t e r  th e  

a d d i t i o n ,  was s t i r r e d  f o r  some t im e . The f l a s k  was f i t t e d  w i th  a 

doub le  s u r f a c e  condenser c a r r y in g  a calc ium  c h lo r id e  tu b e  and th e  

tu b e  f o r  th e  p a ssag e  o f  n i t r o g e n  was re p la c e d  by a d ro p p in g  fu n n e l .  

B ip h e n y l - 2 ,2 ’ -d ia ld e h y d e  ( 2 .1  g, 0 .01  m o le ) , d i s s o lv e d  i n  d ry  

to lu e n e  (20  m l) ,  was th e n  added s lo w ly  and th e  m ix tu re  h e a te d  under 

r e f l u x  on th e  o i l  b a th  a t  130° f o r  9 h o u rs .  As th e  te m p e ra tu re  rose  

to  65° ,  th e  c o lo u r  o f  th e  s o l u t i o n  g ra d u a l ly  changed from y e l lo w  to 

p a le  g reen  and f i n a l l y  to  d a rk  brown. When coo led  to  room tem pera

t u r e ,  w a te r  was added u n t i l  no more s o l i d  was l e f t  i n  th e  f l a s k .

The o rg a n ic  l a y e r  was s e p a r a te d ,  washed w ith  w a te r  and d r i e d  over 

anhydrous sodium s u lp h a t e .  A f t e r  f i l t r a t i o n  and removal o f  s o lv e n t  

u n d e r  reduced  p r e s s u r e ,  a  y e l lo w  s o l i d  ( I .36 g) was o b ta in e d .
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C r y s t a l l i z a t i o n  from benzene gave 9 ,1 0 -p h en an th ren eq u in o n e  (0 .5 4  g) 

i n  26% y i e l d ,  m.p, 207-209°. The f i l t r a t e  was chrom atographed or. 

n e u t r a l  a lum ina  (15  g) and washed down w ith  l i g h t  p e tro le u m . The 

low b o i l i n g  f r a c t i o n  ( b .p .  40 -60°)  a f fo rd e d  a l i t t l e  b i t  o f  b iphenyl 

( 0.06  g, 4%)> m.p. 68- 69° .  The h ig h  b o i l i n g  f r a c t i o n  ( b .p .  8O- 

100°) y i e ld e d  g reen  o i l  which s o l i d i f i e d  on lo n g  s ta n d in g .  Re

c r y s t a l l i z a t i o n  from l i g h t  p e tro leu m  ( b .p .  60-80°) gave f lu o r e n o r e  

( 0 .3 2  g, 18%) i n  g re e n is h  y e l lo w  c r y s t a l l i n e  form, m.p. 82 -8 3 ° .

A l l  th e  t h r e e  compounds o b ta in e d  were i d e n t i f i e d  bo th  by t h e i r  

m e l t in g  p o in t s  and by co m paris ion  o f  t h e i r  i n f r a r e d  s p e c t r a  w ith  

th o s e  o f  th e  known specim ens.

A ttem pted  p r e p a r a t i o n  o f  1 , 2 , 3 ,4 -8-ibenzo-cy c lo o c t a t e t r a e n e  

(A dapted  from: L. H orner, H. Hoffmann, ¥ .  K lin k ,  H. E r t e l  and 

V. G, Toscano, Chem. H er. , I 962 , 95, 5 8 l)

P o tass ium  t e r t - b u t o x i d e  (2 .3 5  g, 0 .021 mole) was in t ro d u c e d  

i n t o  a  tw o-necked  f l a s k  (250  ml) u n d e r  d ry  n i t r o g e n  and covered  

w i th  d ry  to lu e n e  (40  ml) as  d e s c r ib e d  i n  th e  p re v io u s  exper im en t.  

E th y le n e -b is (d ip h e n y lp h o s p h in e  ox ide)  (2 .1 5  g, O.OO5 mole) was added 

i n  sm a l l  p o r t i o n s  w ith  s t i r r i n g  and s t i l l  u n d e r  n i t r o g e n  atm osphere. 

The s o l u t i o n  became p a le  y e llo w  im m edia te ly  a f t e r  th e  a d d i t i o n  o f  

th e  f i r s t  p o r t i o n  and th e  s o l i d  p o ta ss iu m  t e r t - b u t o x i d e  d is ap p e a re d  

when a l l  had been added. S t i r r i n g  was co n t in u e d  f o r  a s h o r t  time 

and th e  s o l u t i o n  o f  b i p h e n y l - 2 ,2 ' -d ia ld e h y d e  ( I .05  g, O.OO5 mole)
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i n  d ry  to lu e n e  (10 ml) was added th ro u g h  a d ro p p in g  f u n n e l .  The 

m ix tu re  tu rn e d  to  d a r k - r e d  c o lo u r  d u r in g  th e  a d d i t i o n .  I t  was 

h e a te d  u n d e r  r e f l u x  to  an o i l  h a th  te m p e ra tu re  o f  130° f o r  9 hou rs  

and th e n  l e f t  to  coo l down. The c o lo u r  o f  th e  s o l u t i o n  r e tu r n e d  to

p a le  y e l lo w  and th e r e  was some d a rk - r e d  s o l i d  c o l l e c t e d  a t  th e

bottom  o f  th e  f l a s k .  The s o l i d  was d e s t ro y e d  by a d d i t i o n  o f  w a te r  

and th e  o rg a n ic  l a y e r ,  a f t e r  s e p a r a t io n ,  was washed w i th  w a te r  and 

d r i e d  o v e r  anhydrous sodium s u lp h a t e .  The d ry  s o l u t i o n  was d i s 

t i l l e d  o f f  g iv in g  a y e l lo w  s o l i d  (0 .7 2  g ) .  I t  was r e c r y s t a l l i z e d  

from benzene and gave 9 ,1 0 -P b en an th ren eq u in o n e  ( 0 .24  g) iu  23% 

y i e l d ,  m.p. 208-210°. The f i l t r a t e ,  when p a sse d  th ro u g h  n e u t r a l  

a lum ina (10  g) u s in g  l i g h t  p e tro leu m  ( b .p .  80- 100°)  as e lu e n t ,  

a f fo rd e d  some g reen  o i l  (0 .3 3  g ) .  I t  s o l i d i f i e d  on s ta n d in g  f o r  a 

few days. R e c r y s t a l l i z a t i o n  from l i g h t  pe tro leum  ( b .p .  60-80°)

gave f lu o re n e o n e  ( 0 . l 8  g) i n  20̂ b y i e l d ,  m.p. 83- 84° .  There was no

ev id en ce  o f  th e  p re s e n c e  o f  th e  expec ted  compound.

1 , 1 , 4 , 4 - T e t r a p h e n y l - l , 3 - b u t a d i e n e

( L .  H o r n e r ,  H .  H o f f m a n n ,  W.  K l i n k ,  H .  E r t e l  a n d  V .  G .  T o s o a n o ,

C h e m .  H e r . ,  1962, 95, 581)

P o tass ium  t e r t - b u t o x i d e  ( 1 .5  g, 0 .0135 mole) was weighed in  

a  tw o-necked  f l a s k  u n d e r  d ry  n i t r o g e n  and s t i r r e d  w ith  sodium d r i e d  

to lu e n e  (20 ml) as  d e s c r ib e d  b e f o r e .  When th e  f i r s t  p o r t i o n  o f  

e th y le n e -b i s (d ip h e n y lp h o s p h in e  o x id e )  (1 .3 8  g, 0 .0032 mole) was
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added, th e  s o l u t i o n  became p a le  y e llo w  in  an i n s t a n t .  A f t e r  th e  

a d d i t i o n  o f  a l l  s o l i d ,  a double  s u r f a c e  condenser w ith  d r y in g  tube 

was jo in e d  to  th e  f l a s k .  N i t ro g e n  was d is c o n n e c te d  and i t s  i n l e t  

f i x e d  w i th  a d ro p p in g  fu n n e l .  The s o l u t i o n  o f  benzophenone (1 ,2 5  g, 

0.0068  mole) i n  d ry  to lu e n e  (lO  ml) was th e n  added th ro u g h  th e  

fu n n e l  and th e  m ix tu re  h e a te d  u n d e r  r e f l u x  f o r  9 hours  on an o i l  

b a th  a t  130°. The c o lo u r  o f  th e  s o l u t i o n  changed from y e l lo w  to  

o range  and to  re d -o ra n g e  one a f t e r  a n o th e r  and became l i g h t e r  again  

when a c o l o u r l e s s  p r e c i p i t a t e  was s e p a ra te d .  When co o led  to  room 

te m p e ra tu re ,  w a te r  was added to  d i s s o lv e  th e  s o l i d  formed. The 

w a te r  l a y e r  was removed and th e  o rg a n ic  s o l u t i o n  washed w i th  some 

w a te r  and d r i e d  o v e r  anhydrous sodium s u lp h a t e .  A f te r  f i l t r a t i o n  

and d i s t i l l a t i o n ,  a  g reen  s o l i d  (O .5I  g) was o b ta in e d .  R e c r y s t a l 

l i z a t i o n  tw ice  from g l a c i a l  a c e t i c  a c id  gave p a le  g reen  f l u o r e s c e n t  

n e e d le s  (O .44  g) i n  39̂ % y i e l d ,  m.p. 196-197° ( l i t . ,  195-196°*, 41%).

A ttem pted  p r e p a r a t i o n  o f  1 , 2 , 3 ,4 -d ib e n z o -c y c lo d e c a - l , 3 , 5 , 9 - t e t r s e n e  

(A dapted from: L. H orner, H. Hoffmann, W. K lin k ,  H. E r t e l  and 

V. G. Toscano, Chem B e r . , 1962, 95? 58 l)

To a s t i r r e d  su sp e n s io n  o f  po ta ss ium  t e r t - b u t o x i d e  (3 .3 7  g, 

0 .0 3  mole) i n  d ry  to lu e n e  (40  ml) i n  a  tw o-necked f l a s k  u n d e r  dry 

n i t r o g e n ,  t e t r a m e th y le n e -b is (d ip h e n y lp h o s p h in e  ox ide)  powder 

( 2.29  g, 0 .005  mole) was added. The s o l u t i o n  rem ained c o l o u r l e s s  

a f t e r  2 h o u rs '  s t i r r i n g  a l th o u g h  p a le  y e llo w  c o lo u r  had appeared
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f o r  a  s h o r t  t im e . I t  was g r a d u a l ly  h e a te d  to  130° on an o i l  h a th  

and k e p t  a t  t h i s  te m p e ra tu re  f o r  a n o th e r  2 h o u rs .  The s o l u t i o n  

changed to  p a le  y e l lo w , egg y e llo w  and f i n a l l y  to  p u re  t e a  c o lo u r  

w i th  in c r e a s e  i n  te m p e ra tu re .  The two s o l i d s  d i s s o lv e d  i n  th e  hot 

s o l u t i o n  h u t  when th e  s o l u t i o n  was coo led  down, some w h ite  p r e c i p i 

t a t e  appea red  a g a in .  The s o l u t i o n  o f  h ip h e n y l - 2 ,2’ - d ia ld e h y d e  

( 1 .05  g, 0 ,005  mole) i n  d ry  to lu e n e  (lO  ml) was added dropw ise  a t  

room te m p e ra tu re .  The r e a c t i o n  m ix tu re  sudden ly  changed to  r e d -  

o range  c o lo u r .  I t  was h e a te d  u n d e r  r e f l u x  f o r  8 h o u rs .  D uring  

th e  h e a t i n g ,  a  c o l o u r l e s s  p r e c i p i t a t e  s e p a ra te d  and some hrovm 

s o l i d  was formed. The s o l i d  was d i s s o lv e d  i n  w a te r  a f t e r  c o o l in g .  

The w a te r  s o l u t i o n  was d is c a rd e d  and th e  o rg a n ic  s o l u t i o n  washed 

w i th  w a te r  and d r i e d  o v e r  anhydrous sodium s u lp h a te .  Removal o f  

s o lv e n t  gave y e l lo w  s o l i d  (O .84  g ) . When warmed w ith  ben zen e , th e re  

appea red  a sm all  amount o f  w h ite  s o l i d .  I t  was f i l t e r e d  o f f  and 

d r i e d .  The s o l i d  o b ta in e d  (0 .1 2  g) had m.p. 258-260° and i t s  i n f r a 

r e d  spec trum  was i d e n t i c a l  w ith  t h a t  o f  th e  phosphine  d io x id e  (5% 

r e c o v e r y ) .  The benzene s o l u t i o n  gave 9 ,1 0 -p h en an th ren eq u in o n e  

( 0 .3 2  g) i n  31% y i e l d ,  m.p. 206-208°. I t s  m other l i q u o r  y i e ld e d  

f lu o re n o n e  (0 .1 3  g, 15%, m.p. 82 -83°) and some more quinone (0 .0 2  g) 

a f t e r  ch rom atog raph ic  s e p a r a t i o n  ( n e u t r a l  a lum ina, 10 g ) , f i r s t  

w i th  l i g h t  p e tro leu m  ( b .p ,  80-100°) and th e n  w ith  benzene as  e lu e n t .
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D ip h e n y lv in y lp h o sp h in e  ox ide

(M, I ,  Kabachnik , T. Ya. Medved', Yu, M. P o l ik a rp o v  and K, S, Yudina, 

I z v e s t .  Akad. Naulc S .S .S .R . , O td e l . Kbim. Nauk 1$62, 9, 1584)

E th y len e  ox ide  was f i r s t  coo led  to  0 ° , th e n  e v a p o ra te d  a t  

room te m p e ra tu re ,  and p a ssed  th ro u g h  soda lim e i n t o  a s o l u t i o n  o f  

d ip h en y lp h o sp h in e  c h lo r id e  (7 7 .2  g, 0 .3 5  mole) i n  sodium d r i e d  

benzene ( I 40 m l) .  The r e a c t i o n  f l a s k  ( 5OO ml) was equipped  w ith  a 

d ry  i c e  condense r  c a r r y in g  an U -tube  f i l l e d  w ith  p a r a f f i n  o i l .  The 

r e a c t i o n  m ix tu re  was s t i r r e d  w ith  a m agnetic  s t i r r e r  and e th y le n e  

o x ide  was added a t  such  a  r a t e  t h a t  th e  tem p e ra tu re  d id  n o t  r i s e  

above 6 0° . A d d i t io n  was c o n t in u e d  f o r  a  f u r t h e r  p e r io d  o f  1 hour 

when th e  exo therm ic  r e a c t i o n  had f i n i s h e d .  The c o lo u r l e s s  s o lu t i o n  

o b ta in e d  was d i s t i l l e d  u n d e r  reduced  p r e s s u r e  to  remove th e  s o lv e n t .  

The r e s i d u a l  p ro d u c t  was poured  i n t o  an a u to c la v e  t o g e t h e r  w i th  t r i -  

e th y lam in e  (54 g, 0 .5 3  mole) which had p re v io u s ly  been  d r i e d  over 

p o ta ss iu m  h y d ro x id e  p e l l e t s  and d i s t i l l e d  th ro u g h  a  f r a c t i o n a t i n g  

column. The a u to c la v e  was h e a te d  f o r  1 ho u r  a t  120° th e n  f o r  3 

h o u rs  a t  160°. The r e s u l t i n g  c r y s t a l l i n e  s o l i d  was f i l t e r e d  o f f  

(130  g ) ,  d r i e d  o v e r  c o n c e n t ra te d  h y d ro c h lo r ic  a c id  i n  a  d e s i c c a t o r  

and e x t r a c t e d  w i th  350 ml o f  h o t  benzene. The u n d is s o lv e d  w h ite  

p r e c i p i t a t e  was c o l l e c t e d  on a s i n t e r e d  g l a s s  f i l t e r  and washed 

w i th  w a te r  to  remove t r i e th y l a m in e  h y d ro c h lo r id e .  R e c r y s t a l l i z a t i o n  

from 50% e th a n o l  gave e th y le n e -b is (d ip h e n y lp h o s p h in e  o x id e )  as  a 

b y -p ro d u c t  (1 2 .7  g, 16.8%), m.p. 269-270 ( l i t . , 269-270 ; 18%).
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T h e  b e n z e n e  s o l u t i o n  was w ashed  w i t h  w a t e r ,  d r ie d  o v e r  a n h y d ro u s  

so d iu m  s u lp h a te  and  e v a p o r a te d  to  d r y n e s s . The w h it e  s o l i d  o b ta in e d  

was c r y s t a l l i z e d  fro m  b e n ze n e  g i v in g  th e  d ip h e n y lv in y lp h o s p h in e  

o x id e  ( 42 .84  g) i n  53.6% y i e l d ,  m .p . 116-117° ( l i t . ,  116-117°; 55%)»

[ 2 , 2 ' - ( m e th y l im in o ) d i e th y l ] b i s  [d ipheny lphosph ine  oxide]

(A d a p te d  fro m : M. I ,  K a b a c h n ik , T .  Y a .  M e d v e d ', Y u . M. P o l ik a r p o v  

and  K . S . Y u d in a ,  I z v e s t . A k a d . IT au k  S . S . S . R . , O td e l .  K h im . IT auk

1962 , 9 , 1584 )

D ip h e n y lv in y lp h o sp h in e  ox ide  (2 .0 5  g, O.OO9 mole) was p u t  

i n t o  a  sm all  P a r r  bomb p ro v id e d  w ith  a  s to p p e r  c a r r y in g  a ca lc ium  

c h lo r id e  tu b e ,  and co o led  i n  a  d ry  i c e - e t h a n o l  m ix tu re  to  abou t -1 0 ° .  

Methylam ine ( I . 4  g, 0 .045  mole) was a l s o  coo led  to  th e  same tem pera

t u r e  and added to  th e  s o l i d .  The s to p p e r  was r e p la c e d  by th e  

o r i g i n a l  equipm ent and th e  r e a c t i o n  m ix tu re  a llow ed  to  s ta n d  a t  room 

te m p e ra tu re  f o r  one day. I t  was th e n  d r i e d  u n d e r  reduced  p r e s s u r e  

to  remove th e  ex cess  o f  methylarnine. The p ro d u c t  o b ta in e d  was 

c r y s t a l l i z e d  from b e n z e n e -e th e r  g iv in g  m e th y ld i (2 -d ip h e n y lp h o s -  

p h in y le th y l ) a m in e  (1 .9 3  g , 88%) i n  w h ite  c r y s t a l l i n e  form, m.p. I 66-  

167° .  Found: C, 7 1 .9 ;  H , 6 .6 ;  N , 3 .04 ; F, 1 1 .9 .  M = 487.1837 (from  

mass sp ec tru m ) .  029^ 21^ 02^2 r e q u i r e s  C, 7 1 .4 .  H, 6 .4 ;  N, 2 .9 ;  F, 

12 . 7%, M = 4 8 7 . 1830 . The mass spectrum  r e v e a le d  t h a t  th e  sample 

c o n ta in e d  t r a c e s  o f  ( 2 -m e th y lam in o e th y l)d ip h en y lp h o sp h in e  o x id e .
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2 ,2 * -B iphen y l d i a c e t o n i t r i l e

A. In  a b s o lu te  a lc o h o l

( j .  Kenner and E. G. T u rn er ,  J .  Chem. Soc. , 1911, 99, 2101)

A s a t u r a t e d  aqueous s o l u t i o n  o f  po ta ss ium  cyan ide  (1 .4 7  g, 

0 .0 2 2  mole) was b o i l e d  w i th  about 3 t im es  i t s  volume o f  a b s o lu te  

a lc o h o l  (20 m l) ,  and to  t h i s  b o i l i n g  m ix tu re ,  f i n e l y  powdered 2 , 2 ' -  

b isb rom om ethy lb ipheny l ( 3 .4  g, 0 .01  mole) was added i n  sm all 

p o r t i o n s .  The r e a c t i n g  s o l u t i o n  was m a in ta in ed  a t  50-60° f o r  4 

h o u rs  and th e n  t r e a t e d  w ith  w a te r .  The d i a c e t o n i t r i l e  came dovm 

as an o i l  b u t  r e a d i l y  s o l i d i f i e d .  I t  was f i l t e r e d  o f f ,  washed w ith  

w a te r ,  and d r i e d  o v e r  ca lc ium  c h lo r id e  u n d e r  vacuum. C r y s t a l l i 

z a t i o n  from e th a n o l  gave p a le  y e llo w  c r y s t a l s  ( l . 85 g, 80%), 

m .p. 77- 78° ( l i t . , 77°; 90%). T h is  p r e p a r a t i o n  was re p e a te d  fo u r  

t im e s ,  some on a  l a r g e r  s c a l e ,  and i n  th e  subsquen t r e a c t i o n s ,  a 

m ix tu re  o f  two p ro d u c ts  was o b ta in e d :  th e  d i a c e t o n i t r i l e  and a p a le  

y e l lo w  s o l i d ,  which was l e s s  s o lu b le  i n  e th a n o l ,  was s e p a ra te d  and 

r e c r y s t a l l i z e d  tw ice  from e th a n o l  g iv in g  p a le  y e llo w  n e e d le s ,  

m .p. 192- 193° .  T h is  s o l i d  was l a t e r  proved to  be th e  c y c l i c  com

pound l -a m in o -2 -c y a n o -3 ,4 ,  5 ,6 - d ib e n z o c y c lo h e p ta - l ,  3 , 5“ "triene (XVI; 

page 46) .  I t  had a l s o  been o b ta in e d  by Kenner and T u rn e r  w ith  

m.p. 189° b u t  was th o u g h t by them to  be a  c y c l i c  i m i n o n i t r i l e  (XXIII; 

page 47) .  When th e  c y c l i c  compound was o b ta in e d ,  th e  y i e l d  o f  

d i a c e t o n i t r i l e  was reduced  to  33%.
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B. In  d im ethy l s u l f o x id e

(A dapted from: B. P e c h e re r  and A. B r o s s i ,

J .  O rg . Chem. , I 967 , 1053)

A s a t u r a t e d  s o l u t i o n  o f  2 , 2 ' -h ish rom orae thy lh ipheny l (2 0 .4  g, 

0 .06  mole) i n  d im e th y l  s u l f o x id e  ( I 80 ml, d r i e d  o v e r  z e o l i t e  

m o le c u la r  s i e v e )  was added g r a d u a l ly  to  a s t i r r e d  su sp e n s io n  o f  

p o ta ss iu m  cyan ide  ( 9 .76 g, O . I 5 mole) i n  th e  same s o lv e n t  (60  m l) . 

The s o l u t i o n  became y e llo w  w i th in  a  s h o r t  tim e and i t s  te m p e ra tu re  

ro s e  to  35° a-t th e  end o f  th e  a d d i t i o n .  A f te r  k e ep in g  a t  30-35° 

f o r  2 h o u rs ,  w a te r  was added and th e  p a le  y e l lo w  p r e c i p i t a t e  

o b ta in e d  was f i l t e r e d  o f f ,  washed w ith  w a te r  and d r i e d .  The crude 

p ro d u c t  (12  g) was c r y s t a l l i z e d  from e th a n o l  g iv in g  p a le  y e l lo w  

r e c t a n g u l a r  b lo c k s  (IO . 8  g , 78%), m.p, 77 -78° . T h is  p r e p a r a t i o n  

had been  r e p e a te d  seven  t im es  w i th  142 .8  g o f  d ib rom ide . The d i 

a c e t o n i t r i l e  o b ta in e d  was 7 1 .2  g i n  a l l .

l - a m i n o - 3 ,4 ,5 ,6 - d i b e n z o c y c l o h e p t a - l , 3 , 5 - t r i e n e - 2 - c a r b o x y l i c  a c id  
(A dapted  from: J .  Kenner and E. G. T u rn er ,

J .  Chem. Soc. , I 9I I ,  99, 2101)

The unlcnown ( l  g, m.p. 192-193°; supposing  i t  was an amino- 

n i t r i l e )  o b ta in e d  from p r e p a r a t i o n  o f  2 , 2 ' - b i p h e n y l d i a c e t o n i t r i l e  

was d i s s o lv e d  i n  c o ld  c o n c e n t ra te d  s u lp h u r ic  a c id  (lO ml) and 

a llow ed  to  s ta n d  o v e r n ig h t .  The r e s u l t i n g  s o l u t i o n  was p ou red  on 

to  c ru sh ed  i c e  w i th  s t i r r i n g .  The w h ite  p r e c i p i t a t e  o b ta in e d  was 

f i l t e r e d  o f f ,  washed w i th  co ld  w a te r  and d i s s o lv e d  in  d i l u t e  sodium
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h y d ro x id e  s o l u t i o n .  A f te r  f i l t r a t i o n ,  th e  f i l t r a t e  was a c i d i f i e d  

w i th  d i l u t e  s u lp h u r ic  a c id .  The r e g e n e ra te d  s o l i d  was c o l l e c t e d  on 

a  f i l t e r ,  washed w ith  w a te r ,  d r i e d  and c r y s t a l l i z e d  from e th a n o l  

g iv in g  w h i te ,  f i n e  c r y s t a l s  (O .67  g, 62%), m.p. 179° ( l i t . , 180°, 

f o r  th e  a c id  o b ta in e d  from th e  supposed c y c l i c  i m i n o n i t r i l e ) .

2 ,2 * -B ip h e n y ld ia ce ta m id e

( j .  Kenner and E. G. T u rn e r ,  J .  Chem. Soc. , I 9I I ,  99, 2101)

2 ,2 * - B i p h e n y l d i a c e t o n i t r i l e  (1 3 .9 3  g, O.O6 mole) was d i s 

s o lv e d  i n  f i v e  t im es  i t s  w eigh t o f  c o n c e n t ra te d  s u lp h u r ic  a c id  and 

th e  s o l u t i o n  a llow ed  to  s ta n d  f o r  24 h o u rs .  I t  was th e n  poured  

s lo w ly  i n t o  a p p ro x im a te ly  250 ml o f  w a te r  and made a l k a l i n e  w i th  

ammonia s o l u t i o n  (S .G . 0 .8 8 ,  90 m l) .  The y e llo w  p r e c i p i t a t e  

o b ta in e d  was c o l l e c t e d  on a f i l t e r ,  washed w ith  c o ld  w a te r  and d r ie d  

i n  th e  oven. C r y s t a l l i z a t i o n  from e th a n o l  gave p a le  y e llo w  n e e d le s  

( 11 .6  g , 72%), m.p. 209- 211° .  When r e c r y s t a l l i z e d  tw ice  from th e  

same s o lv e n t ,  i t  had m.p. 217-218° ( l i t . , 210-211°) . T h is  p ro ced u re  

was perform ed  s i x  t im e s ,  consuming 8 0 .1  g o f  d i a c e t o n i t r i l e  to  

o b ta in  55*6 g o f  d ia ce to am id e .

2 , 2 ' -B iphen y l d i a c e t i c  a c id

( j .  Kenner and E. G, T u rn e r ,  J .  Chem. Soc . , I 9I I ,  99, 2101)

2 , 2 ' -B ip h e n y ld ia ce ta m id e  ( 5 .8  g , 0 .0216 mole) was b o i l e d  

u n d e r  r e f l u x  w i th  sodium hydrox ide  s o l u t i o n  (10%, 60 ml) u n t i l  no
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more ammonia gas cou ld  be d e te c te d  ( l 6  h o u r s ) .  The m ix tu re  was 

th e n  a c i d i f i e d  w ith  d i l u t e  s u lp h u r ic  a c id  and th e  d i a c e t i c  a c id ,  

which came down as a p a le  y e l lo w  p r e c i p i t a t e ,  was f i l t e r e d  o f f .  I t  

was washed w ith  some i c y  w a te r  and c r y s t a l l i z e d  from w a te r  ( w i th  

a d d i t i o n  o f  c h a r c o a l )  g iv in g  c o lo u r l e s s  p rism s (4*9 g, 84%). 

m.p, 151- 152° ( l i t . ,  153- 154°)* In  a n o th e r  p r e p a r a t io n ,  th e  a c id  

o b ta in e d  had m.p. 174-175° and s in c e  th en  a l l  p r e p a r a t io n s  o f  t h i s  

a c id  have g iv en  th e  h ig h  m e l t in g  p ro d u c t .  The low m e l t in g  one 

tu rn e d  o u t  to  have m.p. 174- 175° ( l i t . 174- 174*5° )  a f t e r  s to r a g e  

f o r  a  few months. A l to g e th e r  41*6 g o f  th e  d i a c e t i c  a c id  were 

o b ta in e d  by t h i s  method, some on a l a r g e r  s c a l e ,  th e  consum ption 

o f  d ia ce ta m id e  b e in g  52.1  g.

D ie th y l  2 ,2 * - b i p h e n y ld i a c e t a t e

( j .  Kenner, J .  Chem. Soc . , 1913, 613)

2 , 2 ' - B ip h e n y ld ia c e t i c  a c id  ( 2 .7  g, 0 .01  mole) was d i s s o lv e d  

i n  e th a n o l  (40  g) and h e a te d  u n d e r  r e f l u x  w i th  i t s  own w eigh t o f  

c o n c e n t r a te d  s u lp h u r ic  a c id  f o r  5 h o u rs .  The r e a c t i o n  m ix tu re  was 

poured  i n t o  w a te r  ( - 4OO ml) w i th  s t i r r i n g  and th e  o i l y  su b s ta n c e  

e x t r a c t e d  w i th  e t h e r .  The etheii^al s o lu t io n  was washed w i th  sodium 

b ic a r b o n a te  s o l u t i o n  and d r i e d  o v e r  anhydrous sodium s u lp h a t e .

A f t e r  d ry in g  and removal o f  s o lv e n t ,  i t  gave c o lo u r l e s s  o i l  which 

d id  n o t  s o l i d i f i e d  on lo n g  s ta n d in g .  I t  vas th e n  d i s s o lv e d  in  

sodium d r i e d  e t h e r  and tw o - th i r d s  o f  th e  s o l u t i o n  (lOO ml) was
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added to  a  s t i r r e d  su sp e n s io n  o f  l i t h iu m  aluminum h y d r id e  ( l  g) in  

d ry  e t h e r  (50  ml) as  s t a t e d  i n  th e  fo l lo w in g  p r e p a r a t i o n .  The 

p ro d u c t  o b ta in e d  was c r y s t a l l i z e d  from benzene-n -hexane  g iv in g  th e  

2 , 2 ' - b i s ( 2 -h y d ro x y e th y l)b ip h e n y l  (0 .7 7  g, m.p, 87 -88°) i n  an o v e r 

a l l  y i e l d  o f  48%. The rem a in in g  o n e - t h i r d  o f  th e  s o l u t i o n  was 

e v a p o ra te d  and a t te m p ts  to  c r y s t a l l i z e  from e th a n o l  o r  l i g h t  

p e tro leu m  ( b . p .  60 -80°) were u n s u c c e s s f u l  ( l i t . ,  m.p. 49^ from 

l i g h t  p e t ro le u m ) ,

2 ,2 * - B is (2 -h y d r o x y e th y l ) b ip h e n y l  

(K, Mislow, S, Hyden and H. S c h a e fe r ,

J .  Amer. Chem. S o c . , I 962 , 1449)

To a  s t i r r e d  su sp e n s io n  o f  l i t h iu m  aluminum h y d r id e  (1 .7 5  g, 

0 ,046  mole) i n  sodium d r i e d  e t h e r  (50  m l) , a  s o l u t i o n  o f  2 , 2 ’ - b i -  

p h e n y ld i a c e t i c  a c id  (5  g» O.OI84 mole) in  d ry  e t h e r  ( 4OO ml) was 

added a t  such  a r a t e  t h a t  th e  s o l u t i o n  b o i le d  g e n t ly .  When r e a c t i o n  

was o v e r ,  wet e t h e r ,  w a te r  and 2 N s u lp h u r ic  a c id  were added one 

a f t e r  a n o th e r  u n t i l  two c l e a r  l a y e r s  were o b ta in e d .  The e t h e r  l a y e r  

and th e  e t h e r a l  a b s t r a c t  o f  th e  aqueous l a y e r  were combined, washed 

w i th  sodium b ic a r b o n a te  s o l u t i o n  and d r i e d  ov e r  anhydrous sodium 

s u l f a t e .  Removal o f  most o f  th e  e t h e r  a f fo rd e d  a c o lo u r l e s s  o i l  

which c r y s t a l l i z e d  on s ta n d in g  o v e rn ig h t .  The p ro d u c t  ( 3 .9  g) had 

m.p. 77-79^ . R e c r y s t a l l i z a t i o n  from benzene-n -hexane  gave c o lo u r 

l e s s  p r ism s  ( 3 .5  g) i i :  7 %  y i e l d ,  m.p, 88- 89° ( l i t . ,  88- 89° ) .  The
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r e d u c t io n  o f  d i a c e t i c  a c id  was r e p e a te d  s i x  tim es  and 20 .4  g o f  

d i o l  were o b ta in e d .

2 ,2 * - B i s ( 2 -b ro m o e th y l)b ip h en y l
(K. Mislow, S. Hyden and H. S c h a e fe r ,

J .  Amer. Chem. Soc . , 1962, 1449)

A s o l u t i o n  o f  2 ,2 ' - b i s ( 2 - h y d r o x y e th y l ) b ip h e n y l  (5  g, 0.02Co 

mole) i n  sodium d r i e d  benzene (50  ml) i n  a two-necked f l a s k  was

co o led  to  1 0° . The f l a s k  was lo o s e l y  s to p p e re d  and phosphorus  t r i -

brom ide ( 5 .6  g, 0.0206  mole) was added dropwise th ro u g h  a  s e p a ra to ry  

f u n n e l .  A v is c o u s  m a te r i a l  appeared  im m edia te ly  a f t e r  each  a d d i t io n .  

I t  was s t i r r e d  u n t i l  a l l  d i s s o lv e d  and th en  h e a te d  u n d e r  r e f l u x  f o r  

2 h o u rs .  The c l e a r  r e s u l t i n g  s o l u t i o n  was poured  o u t ,  washed w ith  

c o ld  w a te r ,  and d r i e d  o v e r  anhydrous sodium s u l f a t e .  A f t e r  f i l t r a 

t i o n  and rem oval o f  benzene u n d e r  reduced  p r e s s u r e ,  i t  gave a  p a le  

brown sy rup  ( 6 .9  g)* The syrup  was d i s s o lv e d  in  n -hexane , p a sse d  

th ro u g h  140 g o f  n e u t r a l  a lum ina  ( a c t i v i t y  I I )  and e l u t e d  w i th  

n -h ex an e .  E v a p o ra t io n  o f  th e  s o lv e n t  from th e  combined e l u a t e s  gave 

a  c o l o u r l e s s  o i l  ( 4 .8 6  g ) .  A ttem pts  to  c r y s t a l l i z e  from m ethanol 

were u n s u c c e s s f u l .  I t  was th e n  p u r i f i e d  by vacuum d i s t i l l a t i o n .

The d ibrom ide  o b ta in e d  (2 .4 9  g> 4 lÿ )  had b .p .  l 8 0 ° / 2  mm ( l i t . ,  

m.p. 48-49*5^ from m e th a n o l) .  A l to g e th e r  I 9 .6 8  g o f  d i o l  were used  

i n  t h i s  p r e p a r a t i o n  to  g iv e  a t o t a l  y i e l d  o f  12 .29  g.
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1- M e t h y l - 2 ,3 ,8 ,9 - t e t r a h y d r o - 4 , 5î 6 , 7 -d ih en zazo n in e  
(A dapted from: B. P e c h e re r  and A. B ro so i ,

J ,  Org. Chem. , I 967 , 1053)

A s o l u t i o n  o f  2 , 2 ' - h is (2 - h ro m o e th y l )h ip h e n y l  ( I .84  g, O.OO5 

mole) i n  sodium d r i e d  benzene (70  ml) was poured  i n to  an a u to c la v e  

accommodated w ith  a  s to p p e r  c a r r y in g  a ca lc ium  c h lo r id e  tu b e ,  and 

c o o led  to  about -1 0 °  i n  a  m ix tu re  o f  dry  i c e  and e th a n o l .  The 

m ethylam ine, a v a i l a b l e  i n  a s e a le d  tu b e ,  was a l s o  coo led  to  -1 0 °  

and added to  th e  s o l u t i o n  as  soon as  th e  s e a le d  tu b e  was opened.

The a u to c la v e  was th e n  im m edia te ly  f i t t e d  w ith  i t s  o r i g i n a l  eq u ip 

ment and th e  m ix tu re  h e a te d  f o r  2 hou rs  a t  140- 150° u n d e r  f i f t e e n  

a tm ospheres  o f  hydrogen. When r e a c t i o n  had f i n i s h e d ,  th e  benzene 

s o l u t i o n  was washed w ith  c o ld  w a te r  and e x t r a c t e d  3 t im es  w i th  

h y d r o c h lo r ic  a c id  (iCffo, 25 ml i n  a l l ) .  On a d d i t i o n  o f  an ex cess  o f  

p o ta ss iu m  h ydrox ide  s o l u t i o n  (10^ , 28 m l) ,  th e  l i b e r a t e d  amine was 

ta k e n  up w i th  e t h e r  (100 ml) and d r i e d  o v e r  anhydrous sodium s u l f a t e .  

A f t e r  f i l t r a t i o n  and removal o f  e t h e r  by f r a c t i o n a l  d i s t i l l a t i o n ,  a 

s l i g h t l y  c o lo u re d  sy rup  ( I . I 5 g) was o b ta in e d .  I t  was d i s s o lv e d  i n  

benzene (12 m l) ,  p a sse d  th ro u g h  30 g o f  "Camag” a l k a l i n e  a lum ina  

( a c t i v i t y  l )  and e lu t e d  w ith  benzene. The e l u a t e ,  when ev ap o ra te d  

to  d ry n e ss  u n d e r  reduced  p r e s s u r e ,  gave a c l e a r ,  o i l y  su b s ta n c e  

( 0 .9 2  g) which d id  n o t  s o l i d i f y  on lo n g  s ta n d in g .  A ttem pts  to  

r e c r y s t a l l i z e  from s o lv e n t s  such  as  benzene and l i g h t  p e tro leu m  

were u n s u c c e s s f u l .  I t  was t h e r e a f t e r  c o n v e r ted  i n t o  i t s  m onop ic ra te
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(0 .8 3  g) as d e s c r ib e d  in  th e  fo l lo w in g  p r e p a r a t i o n .  The s y n th e s i s  

o f  t h i s  t e r t i a r y  amine was perform ed  3 t im es  w i th  d i f f e r e n t  q u a n t i 

t i e s  o f  d ib rom ide  to  a f f o r d  5*62 g o f  th e  n e a t  base  as  a sy rup .

The y i e l d  i n  th e  r i n g - c l o s u r e  s ta g e  was 35.7% b ased  on th e  amount 

o f  p i c r a t e  o b ta in e d .

1-M e th y l-2 ,  3 , 8 , 9 - t e t r a h y d r o - 4 , 5* 6 , 7 -d ib en zazo n in e  m onopicra te  

A. P r e p a r a t i o n

A c o n c e n t r a te d  e t h a n o l i c  s o l u t i o n  o f  th e  t e r t i a r y  amine 

( s y r u p ,  0 .9 2  g , ^ 0 ,0038  mole) was added dropw ise w i th  sh ak in g  to  a 

s a t u r a t e d  s o l u t i o n  o f  p i c r i c  a c id  (O.87  g, 0 .0038 mole) i n  e th a n o l .  

The y e l lo w  p i c r a t e  was o b ta in e d  a t  once. I t  was f i l t e r e d  o f f  and 

d r i e d  u n d e r  vacuum. R e c r y s t a l l i z a t i o n  tw ice  from benzene gave f l a t  

y e l lo w  c r y s t a l s ,  m.p. 176-177° . The y i e l d  (O .83  g) was 46^ ,  c a lc u 

l a t e d  as  i f  th e  sy rup  were a  p u re  compound. A l to g e th e r  5*51 g o f  

th e  t e r t i a r y  amine were c o n v e r te d  i n t o  th e  m onop ic ra te  g iv in g  a 

t o t a l  y i e l d  o f  4 .2 2  g. Found; C, 59-0 , 5 9 .2 ;  ÏÏ, 4 .7 ,  4 .8 ;  R, 1 2 .2 ,  

1 2 .0 .  ^23^22^4^7 r e q u i r e s  C, 59 .3 ;  H, 4 .9 ;  1 1 .9 ^ .

B« S p e c tro p h o to m e tr ic  d e te r m in a t io n  o f  th e  m o le c u la r  w eight 

(K. G. Cunningham, W. Dawson and F. S. S p r in g ,

J .  Chem. S o c . ,  1957, 3, 2305)

A few p ie c e s  o f  th e  p i c r a t e  b e in g  weighed a c c u r a t e ly  (3 .2 5  

mg) were d i s s o lv e d  i n  e th a n o l  ( 96^ )  i n  a volum e^ic  f l a s k  and th e  

s o l u t i o n  d i l u t e d  to  100 ml. The u l t r a - v i o l e t  spec trum  re c o rd e d
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•with t h i s  c o n c e n t r a t io n  hy th e  u se  o f  a  Unicam SP 800 s p e c tro p h o to 

m e te r  and a  p a i r  o f  matched q u a r tz  c e l l s  o f  1 cm t h i c k n e s s  uas 

shown helow:

1 .4

S 1 -2

I
M 0 . 8  

^  0.6

3800À

0 .4

30002500 3500 4000

\ ( A )

By assum ing th e  p i c r a t e  io n  has  a v a lu e  o f  13,440 f o r  ^3800 , th e  

m o le c u la r  w eigh t M was de te rm in ed  from th e  r e l a t i o n s h i p

M -  13 ,440  C n /lo g  i ^ )

where n i s  th e  m olar r a t i o  o f  th e  p i c r i c  a c id  to  h a se s  o f  p i c r i c  

a c id  to  hydrocarbons  i n  th e  p i c r a t e  and C i s  measured i n  grams p e r  

l i t r e  o f  s o l u t i o n .  The v a lu e  c a l c u l a t e d  and found f o r  th e  mono- 

p i c r a t e  were l i s t e d  i n  T ab le  3.

T ab le  3-

P i c r a t e

l - M e t h y l - 2 ,3 ,8 ,9 -
t e t r a h y d r o - 4 , 5 :& ;7 -
d ib en zazo n in e

’(mg/1 0 0  ml)

3 .250 0.93

hog( J  )38oo ^ found ^ c a l c .

469.6 46 6 .4 + 0,7
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c .  D ecom position

The m onop ic ra te  (0 .8 3  g, O.OOI78 mole) was p u t  i n t o  sodium 

h y d ro x id e  s o l u t i o n  ( lO ^, 7 ml) and w e ll  s t i r r e d  w ith  a d d i t i o n  o f  

w a te r  ( I 5 ml) and e t h e r  (20 ml) to  b r in g  a l l  s o l i d  d i s s o lv e d .  The 

a l k a l i n e  s o l u t i o n  was r e p e a te d ly  e x t r a c t e d  w ith  e t h e r  and th e  

combined e t h e r a l  s o l u t i o n  d r i e d  o v e r  p o tass ium  hydrox ide  p e l l e t s .  

A f t e r  f i l t r a t i o n ,  e t h e r  was removed by c a r e f u l  f r a c t i o n a l  d i s t i l 

l a t i o n  and th e  l i b e r a t e d  amine d r i e d  in  a  vacuum d e s i c c a t o r .  

C r y s t a l l i z a t i o n  from l i g h t  p e tro leu m  ( b .p ,  60-80^) gave c o lo u r l e s s ,  

r e c t a n g u l a r  c r y s t a l s  (0 .3 2  g) i n  76^  y i e l d ,  m.p. 55-56^. Found:

C, 85 . 3 ; H, 8 .3 ;  N, 6 . 3 . r e q u i r e s  C, 8 6 .0 ;  H, 8 .0 ;  U, 5 . 9 .

1-M e th y l-2 ,  3 , 8 , 9 - t e t r a h y d r o - 4 ,5 * 6 ,7 -d ib en zazo n in e  cam phorsulphonate

The t e r t i a r y  amine (0 .2 3  g, 0.00097 mole) was d i s s o lv e d  

i n  a  minimum amount o f  e th a n o l  i n  a  c o n ic a l  f l a s k  (10 ml) and a 

s a t u r a t e d  s o l u t i o n  o f  (+ )-cam p h o r-1 0 -su lp h o n ic  a c id  ( 0 .225  g, 

0.00097  mole) i n  e th a n o l  was added dropw ise. The f l a s k  was lo o s e ly  

s to p p e re d  w i th  a  co rk  and l e f t  to  s ta n d  a t  room te m p e ra tu re .  The 

s o l u t i o n  rem ained  c l e a r  a f t e r  many days. Irlhen ev ap o ra te d  to  d ry 

n e s s  i n  th e  a i r ,  i t  gave an o i l y  su b s ta n c e  which d id  n o t  s o l i d i f y .  

I t  was th e n  warmed w i th  a  few m i l l i l i t e r s  o f  ace to n e  and on 

s c r a t c h i n g  and s t a n d in g ,  w h ite  c r y s t a l l i n e  s o l i d  (0 .4334  g) was 

o b ta in e d .  R e c r y s t a l l i z a t i o n  from ace to n e  y ie ld e d  t r a n s p a r e n t  

c r y s t a l s  which became opaque a f t e r  k eep in g  in  th e  vacuum d e s i c c a t o r
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f o r  one day. Both th e  f i r s t  crop (O.O84 g) and th e  second crop 

( 0 .1526  g) had m.p. 201-202°. Y ie ld :  52^.

(•f ) - l -M e t l iy l -2 ,  3 , 8 , 9 - t e t r a h y d r o - 4 ,5 : 6 > 7 -d ih en zazo n in e

The azo n in e  cam phorsulphonate  (2nd crop; 120 mg; 0 ,000255 

mole) was p la c e d  i n  a  sm all  c o n ic a l  f l a s k  fo l lo w ed  hy a d d i t i o n  o f  

w a te r  (8  ml) and sodium hy d ro x id e  s o l u t i o n  (4  ml; 0 .01  mole) w ith  

s t i r r i n g .  The m ilky m ix tu re  was th e n  e x t r a c t e d  w ith  ch lo ro fo rm  

(4  ml) and th e  o rg a n ic  s o l u t i o n  p i p e t t e d  o f f ,  washed tw ice  w i th  

w a te r  (4  ml i n  a l l )  and d r i e d  o v e r  a  l i t t l e  h i t  o f  p o ta ss iu m  carbon

a t e  f o r  a  s h o r t  w h ile  i n  a sm all  g l a s s  p o t  w ith  s i n t e r e d  f i l t e r .  

A f t e r  f i l t r a t i o n  u n d e r  p r e s s u r e ,  a p o r t i o n  o f  s o l u t i o n  was t r a n s 

f e r r e d  to  a  p o l a r im e te r  tu b e  and o bserved  w ith  a  P e rk in -E lm e r  P 23 

s p e c t r o p o la r im e te r  and th e  r e s t  was k e p t  i n  a r e f r i g e r a t o r .  The 

l i b e r a t e d  azon ine  was found to  be d e x t r o r o t a to r y  and o p t i c a l l y  

s t a b l e  a t  room te m p e ra tu re .  I t  racem ized  a f t e r  h e a t i n g  u n d e r  r e f lu x  

i n  cyclohexane  f o r  one ho u r .  The r e s u l t s  o b ta in e d  were l i s t e d  in  

T ab le  4 -A. and 4B and a p l o t  o f  s p e c i f i c  r o t a t i o n  a g a in s t  wave

l e n g th  i s  sho>m i n  F ig u re  9*
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Table 4 A .

O p t ic a l  r o t a t i o n s  o f  ( + ) - l - m e t h y l - 2 ; 3 , 8 , 9 - t e t r a h y d r o -  

4 , 5 î 6 , 7~diben2azon ine  in  ch lo ro fo rm  ( c o n c e n t r a t i o n  o f  

s o l u t i o n :  O.OO505 g /m l, b e in g  c a l c u l a t e d  from th e
amount o f  i t s cam phorsulphonate  employed i n  t h i s

d e te r m in a t io n ; c e l l  le n g th : 0 ,01  dm).

t  21°.

A (nra) X(nra) 4 "

258 +0.034° + 6 7 3 ° 278 +0 . 015° + 297°

260 0 .031 614 282 0 .013 257

262 0 .029 574 286 0 .010 198

264 0.027 535 290 0.010 198

266 0 .024 475 294 0 .008 158

268 0 .022 435 298 0 .009 178

270 0.020 396 302 0 .009 178

272 0 .019 376 306 0.008 158

274 0 .018 356 310 0 .007 138

276 0.017 336

t  5 7 ° . C. A f t e r  k e ep in g  a t  57° f o r  1:

\ { r m ) 4 ' X(nm) w r
254 +0 . 025° + 495° 254 +0 . 024° +4 7 5 °
256 0 .024 475 256 0 .022 436

258 0.023 4 5 5 258 0.020 396

260 0 .022 436 260 0 .019 376
262 0 .019 376 262 0.016 317
264 0 .014 277 264 0 .015 297

266 0 .012 238 266 0 .013 257

268 0 .008 158 268 0 .012 238

270 0 .009 178 270 0 .007 138
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Table 4B.

O p t ic a l  r o t a t i o n s  o f  ( + ) - l - m e t h y l - 2 , 3 , 8 , 9 - t e t r a b y d r o -  

4 ) 5 î 6 , 7 -d ib e n z az o n in e  i n  n -hexane ( c o n c e n t r a t i o n  o f  

s o lu t i o n :  0 .00758 g /m l, b e in g  c a l c u l a t e d  from th e  
amount o f  i t s  cam phorsulphonate  employed i n  t h i s  

d e te r m in a t io n ;  c e l l  l e n g th :  0 .01  dm) a t  41° .

A(nra) 4 ' w f \{rm) 4 '
240 +0 . 031° +409° 256 +0 . 017° +224°
242 0 .0 3 0 395 258 0.016 211

244 0 .029 382 260 0 .015 198
246 0 .028 369 262 0 .012 158
248 0 .027 356 264 0 .009 119
250 0 .025 330 266 0 .007 92
252 0 .023 303 268 0.006 79
254 0 .020 264

7r A. At 21° i n  ch lo ro fo rm

[oi]xlO - 2

230

F ig u re  9«

At 57 in  
ch lo ro fo rm  
f o r  12 hours

At 41 i n  n -hexane

240 250 260 270 280
W avelength (nm)

290 300  310
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1-M eth y l- 2 , 3 , 8 , 9 - t e t r a h y d r o - 4 , 5 : 6 , 7 -d ib en zazo n in e  t a r t r a t e

To a c o n c e n t r a te d  s o l u t i o n  o f  th e  t e r t i a r y  amine (O.O5 g,

0 .00021 mole) i n  e th a n o l  i n  a  c o n ic a l  f l a s k  (5  ml) , a  s a t u r a t e d  

s o l u t i o n  o f  ( + ) - t a r t a r i c  a c id  (0 ,0158  g, 0,000105  mole) i n  e th a n o l  

vas  added. The f l a s k  vas  l o o s e l y  s to p p e re d  and s to o d  a t  room 

te m p e ra tu re  f o r  a f e v  days . No s o l i d  s e p a ra te d  from th e  s o l u t i o n .

I t  vas  t h e r e f o r e  e v a p o ra te d  u n d e r  vacuum to  d ryness  and th e  r e s u l t 

in g  o i l  varmed v i t h  a c e to n e .  On s c r a t c h in g  v i t h  a g la s s  ro d  and 

s t a n d in g  o v e r n ig h t ,  v h i t e  s o l i d  vas  o b ta in e d .  E e c r y s t a l l i z a t i o n  

from ace to n e  gave t i n y  c r y s t a l s  (0 ,0 2 3  g, 35^)) m.p. 118-120°.

1 , l - D i m e t h y l - 2 ,3 ,8 ,9 - t e t r a h y d r o - 4 , 5 : 6 ,7 -d ibenzazon in ium  io d id e

A m ix tu re  o f  m ethyl io d id e  (0 .0 8 2  g, O.OOO6 mole) and th e  

t e r t i a r y  amine ( s y ru p ,  0 ,095  g> O.OOO4 mole) i n  ace to n e  ( d r i e d  

o v e r  anhydrous p o ta ss iu m  c a rb o n a te  and th en  d i s t i l l e d  th ro u g h  a 

f r a c t i o n a t i n g  column) vas  h e a te d  u n d e r  r e f l u x  f o r  one h o u r .  The 

r e s u l t i n g  s o l u t i o n  vas  r e d  i n  c o lo u r ,  and vhen e v ap o ra te d  to  d ry 

n e s s  gave an o i l y  su b s ta n c e  v h ic h  s o l i d i f i e d  on s t a n d in g  o v e rn ig h t .  

The s o l i d  (0 ,1 4  g) was vashed  v i t h  e th y l  a c e t a t e  and r e c r y s t a l l i z e d  

from e t h a n o l - e t h e r  g iv in g  p a le  r e d  p r ism s ,  m.p. 168-170°. The 

y i e l d  o f  th e  q u a te r n a r y  io d id e  ( 0 ,0 5 2  g) vas 34^, assum ing t h a t  the  

sy rup  vas  a  p u re  compound. Found: C, 5 7 .1 ;  ÏÏ, 5 .3 ;  N, 3 .6 ;  I ,  33.4. 

C i8H22^ I  r e q u i r e s  G, 5 7 .0 ;  H, 5 .8 ;  N, 3.7? 33.5"^.
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C ondensa tion  between ~biphenyl-2, 2*-d ia ld e h y d e  
and o -pheny lened iam ine

(F , S p a r a to r e ,  Ann. Chim. ( I t a l y ) ,  1959» 49» 2102)

B ip h e n y l -2 , 2 ' - d ia ld e h y d e  ( I .05  g, O.OO5 mole) and o -p h e n y l -  

ened iam ine  (0 ,5 4  g» O.OO5 mole) were d i s s o lv e d  s e p a r a t e l y  i n  a  m in i

mum amount o f  m ethanol (10  ml i n  a l l )  a t  room te m p e ra tu re .  The two 

s o l u t i o n s  were mixed up and l e f t  to  s ta n d  f o r  one day. The mixed 

s o l u t i o n  rem ained  v e ry  c l e a r  a f t e r  s t a n d in g .  I t  vas  th e n  t r e a t e d  

v i t h  v a t e r  and a g r e a t  d e a l  o f  p a le  y e l lo w  s o l i d  vas  o b ta in e d .

A f t e r  f i l t r a t i o n  and d ry in g ,  th e  s o l i d  (1 .3 9  g) was d i s s o lv e d  in  

some benzene , p a s se d  th ro u g h  n e u t r a l  a lum ina  (20  g) and e lu t e d  v i t h  

sodium d r i e d  e t h e r .  The e l u a t e ,  vhen e v a p o ra te d  to  d ry n e s s ,  gave 

n e a r l y  c o l o u r l e s s  c r y s t a l s  (1 .2 7  g» m.p. 1 9 0 -1 9 3 °) .  I t  vas  r e c r y s 

t a l l i z e d  from aqueous e th a n o l  ( 35/̂  o f  v a t e r )  g iv in g  c o lo u r l e s s  

c r y s t a l s  ( 1 .1 5  g) v i t h  m.p. 192- 193° ( l i t . ,4? 189- 190° )  i n  82^  

y i e l d  and vas  shovn to  have th e  s t r u c t u r e  ( l l )  as d is c u s s e d  on page

6 7 .

The d ia ld e h y d e  (1 ,0 5  g) and th e  d iam ine (0 .5 4  g ) , vhen d i s 

s o lv e d  in  e th a n o l  (25  ml i n  a l l )  and th e  m ix tu re  s c r a tc h e d  v i t h  a 

g l a s s  ro d ,  p roduced  p a le  y e l l o v  s o l i d  a lm o s t  i n s t a n t a n e o u s ly .  The 

s o l i d  o b ta in e d  vas  c r y s t a l l i z e d  from aqueous e th a n o l  ( 35% o f  v a t e r )  

g iv in g  c o lo u r l e s s  p r ism s  (0 .5 5  g» m.p. 1 5 7 -1 5 8 ° ) .  The f i l t r a t e  vas 

p o u red  i n t o  v a t e r  (20  m l) ,  d ig e s t e d  v i t h  benzene and d r i e d  o v e r  

anhydrous sodium s u lp h a t e .  A f t e r  d ry in g ,  most o f  th e  benzene vas
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removed and th e  c o n c e n t r a te d  s o l u t i o n  p u r i f i e d  hy chrom atography 

on n e u t r a l  a lum ina  (15  g) u s in g  sodium d r i e d  e t h e r  as e l u e n t .  The 

e l u a t e  gave some more c r y s t a l s  (0 .3 8  g, m.p. 154-157°) .  T o t a l  y i e l i :  

66%. When r e c r y s t a l l i z e d  from e th a n o l  o r  aqueous e th a n o l ,  t h e  cca -  

pound tu rn e d  o u t  to  have m.p. 192- 193° and cou ld  n o t  be g o t  back 

i n t o  m.p. 154- 157° by r e c r y s t a l l i z a t i o n  from th e  same s o l v e n t .  I t  

vas  th o u g h t  to  be th e  same compound o f  h ig h e r  m e l t in g  m o d i f ic a t io n  

because  i t s  i n f r a - r e d  spectrum  vas  i d e n t i c a l  v i t h  t h a t  o f  t h e  lo v e r  

m e l t in g  form v h ic h  had g r a d u a l ly  tu rn e d  out to  have m.p. 192- 193° 

on s to r a g e  f o r  a  f e v  v eeks .

p -A cetam idobenzo ic  a c id

(E . R i t s e r t  and W. E p s te in ,  Chem. Z e n t r . , I 9O4 , 1, 1587»

D eu tsch  R. P. 151725)

p-Arainobenzoic a c id  (50  g , 0 ,364  mole) vas  added to  a  v a rz  

m ix tu re  o f  g l a c i a l  a c e t i c  a c id  (200 ml) and a c e t i c  an h y d rid e  (200 nl)  

v i t h  sh ak in g  and th e n  h e a te d  u n d e r  r e f l u x  f o r  6 h o u rs .  The r e s u l t 

in g  s o l u t i o n  vas  a l lo v ed  to  s ta n d  o v e rn ig h t  and th e  c r y s t a l l i n e  

s o l i d  o b ta in e d  vas  f i l t e r e d  o f f ,  vashed  v i t h  v a t e r  and d r i e d .  The 

c rude  p ro d u c t  (3 3 .6  g) had m.p. 254-256°. The f i l t r a t e  vas  concen

t r a t e d  to  g iv e  a n o th e r  crop o f  c r y s t a l l i n e  s o l i d  (2 1 .5  g, m.p. 253-  

256° )  and th e n  poured  i n to  v a t e r  (200 ml in c lu d in g  v a s h in g s )  g iv in g  

th e  l a s t  c rop  ( I .4  g» m.p. 250-255°) .  R e c r y s t a l l i z a t i o n  from e th a n c l  

gave v h i t e  p r ism s  ( a l t o g e t h e r  5 2 .2  g) i n  80% y i e l d ,  m.p. 255- 257°

( l i t . ,  250- 251° and 260-262°; 55% ^4 ) .
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m -N itro -p -a c e ta rn id o'benzoic a c id

( a .  K a is e r ,  Chem. B e r . , I 885 , 3^, 2942)

Fuming n i t r i c  a c id  (d .  1.51» 96 ml) vas s t i r r e d  \ r i th  a  

g l a s s - s e a l e d  m agnetic  s t i r r e r  and coo led  in  an i c e - s a l t  m ix tu re  to  

a  te m p e ra tu re  b e tv e e n  0° and -1 0 ° .  p -A cetam idobenzo ic  a c id  (50  g,

0 .2 8 8  mole) vas added to  i t  a t  such a r a t e  t h a t  th e  te m p e ra tu re  d id  

n o t  r i s e  above 7 ° .  A f t e r  th e  a d d i t i o n ,  th e  g r e e n is h  y e l l o v  s o lu 

t i o n  vas  s to o d  in  th e  f r e e z i n g  m ix tu re  f o r  one hou r and th e n  poured  

on to  c ru sh ed  i c e  v i t h  s t i r r i n g .  The y e l l o v  s o l i d  o b ta in e d  vas  

c o l l e c t e d  on a  f i l t e r ,  v ashed  v i t h  v a t e r  and d r i e d .  The crude 

p ro d u c t  ( 5 3 .3  g) m e lted  a t  215-218°. C r y s t a l l i z a t i o n  from e th a n o l  

gave y e l l o v  s o l i d  ( 4 6 .5  g , 74%)» m.p. 217- 220° ( l i t . ,  220-221°) .

E th y l  m -n i t ro -p -a m in o b e n z o a te

(B. P ra k o b s a n t i su k h ,  Ph.D. T h e s is ,  U n i v e r s i t y  o f  London, I 964 )

m -N it ro -p -a c e ta m id o b e n z o ic  a c id  (20 g, O.O89 mole) vas  d i s 

so lv e d  i n  e th a n o l  ( 4OO ml) and th e  s o l u t i o n  h e a te d  u n d e r  r e f l u x  v i t h  

c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  (120 ml, d. I . I 8 ) f o r  5 h o u rs .  The 

r e a c t i o n  m ix tu re  v a s  th e n  t r a n s f e r r e d  to  a  l a r g e  b e a k e r  and v a t e r  

(/^400 ml) vas  added v i t h  s t i r r i n g  u n t i l  no more t u r b i d i t y  appeared . 

The y e l l o v  s o l i d  o b ta in e d  vas f i l t e r e d  o f f ,  vashed  v i t h  some v a t e r  

and d r i e d .  The crude p ro d u c t  had m.p, 128-131°. R e c r y s t a l l i z a t i o n  

t v i c e  from e th a n o l  gave y e l l o v  c r y s t a l l i n e  s o l i d  ( I I .6  g , 62%). I t  

m e lted  a t  135-138° ( l i t . , ^ ^  m.p. 140- 142° ) .
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E th y l  3 »4-d iam inobenzoate

(E . R i t s e r t  and W. E p s te in ,  Chem. Z e n t r , , I 904 , 1, I 587 ,
D eu tsch  R. P. I 51725)

S tannous c h lo r id e  ( 3 7 * 5  81 0,166 mole) vas  s t i r r e d  v i t h  

c o n c e n t r a te d  h y d ro c h lo r ic  a c id  (47  ml) i n  a tvo  necked f l a s k  f i t t e d  

v i t h  a d ro p p in g  fu n n e l  and a d i s t i l l a t i o n  condenser .  The m ix tu re  

vas  h e a te d  to  b o i l i n g  and a s a t u r a t e d  s o l u t i o n  o f  e th y l  m - n i t r o - p -  

am inobenzoate  (10  g, 0 .0475  mole) i n  e th a n o l  vas  added d ro p v is e .

As soon as  th e  n i t r o  compound touched  th e  h o t  m ix tu r e , i t s  y e l l o v  

c o lo u r  fad ed  avay. A g r e a t  p o r t i o n  o f  th e  s o lv e n t  vas  d i s t i l l e d  

o f f  d u r in g  th e  a d d i t i o n .  The r e s u l t i n g  s o l u t i o n  vas  p a le  g reen  in  

c o lo u r ,  and vhen coo led  to  room te m p e ra tu re ,  i t  vas  t r e a t e d  v i t h  

an ex cess  o f  sodium hy d ro x id e  s o l u t i o n  (30%). The v h i t e  c a k e - l i k e  

p r e c i p i t a t e  o b ta in e d  vas  f i l t e r e d  o f f ,  vashed v i t h  i c y  v a t e r  and 

e x t r a c t e d  v i t h  h o t  v a t e r .  S u c c ess iv e  e v a p o ra t io n  o f  v a t e r  gave 

t h r e e  c ro p s  o f  p a le  brovn n e e d le s  ( 2 .5  g> 0 ,9  g and 0 .2  g) i n  42% 

y i e l d .  They m e lted  a t  108-110°, 107-109° and 105-108° r e s p e c t i v e l y .  

When r e c r y s t a l l i z e d  from h o t  v a t e r ,  th e  compound had m.p. 109-110° 

( l i t . ,  110-111°; 30% y i e l d ) .  The c r y s t a l s  o b ta in e d  v e re  n e a r ly  

c o l o u r l e s s .
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C ondensa tion  b e tv e e n  b ip h e n y l -2 ,  2 ' -d ia ld e h y d e  
and e th y l  3 ,4 -d ia in in o b en zo a te

(B, P r a k o b s n a t isu k h ,  Ph.D. T h e s is ,  U n iv e r s i t y  o f  London, I 964)

A s a t u r a t e d  e th a n o l i c  s o l u t i o n  o f  b ip h e n y l - 2 ,2’ -d ia ld e h y d e  

( 0 ,8 4  g , 0 .004  mole) vas mixed up v i t h  t h a t  o f  e th y l  3 ,4 -d ia m in o -  

b en zo a te  ( 0 . ? 2  g , 0 ,004 mole) a t  room te m p e ra tu re .  No s o l i d  vas 

formed a f t e r  t h r e e  days ' s t a n d in g .  On s c r a t c h i n g  v i t h  a g l a s s  rod , 

a  f a i r l y  p u re  y e l l o v  p r e c i p i t a t e  vas  o b ta in e d .  I t  vas  f i l t e r e d  o f f  

and d r i e d .  The c rude  p ro d u c t  (O .76  g) m e lted  a t  220-224°. The 

m other l i q u o r  vas  l e f t  t o  s ta n d  f o r  one day g iv in g  some more c r y s 

t a l s  ( 0 .11  g) v h ic h  a l s o  m e lted  a t  220-224°. The rem a inder  vas 

e v a p o ra te d  to  d ry n e s s ,  d i s s o lv e d  i n  some benzene and p a sse d  o v e r  a  

column o f  n e u t r a l  a lum ina (10  g ) .  When e lu te d  v i t h  l i g h t  pe tro leum  

( b . p .  60- 80° ) ,  i t  gave n e a r ly  c o l o u r l e s s  s o l i d  ( O . I 4 g ) , m.p. 221- 

224° .  The t h r e e  l o t s  o f  p ro d u c t  v e re  combined and r e c r y s t a l l i z e d  

from e th a n o l  g iv in g  v h i t e  p r ism s  (0 .8 2  g, 58%), m.p. 223-225°.

A f t e r  tvo  more c r y s t a l l i z a t i o n  from e th a n o l ,  i t s  m.p. ro s e  to  228- 

229° (T h e s i s ,  m.p. 226°; y i e l d :  47%; a n a l y s i s  f i t s  023^ 3^ 2^ 2 *̂

T h is  compound vas  p roved  to  have th e  s t r u c t u r e  (X l)  as  d is c u s s e d  

on page 77.

2 , 2 ' -D iam inobiphenyl

(W. L. Moshy, J .  Org. Chem. , 1957, 671 )

A m ix tu re  o f  i r o n  povder (60  g ) ,  v a t e r  (30  ml) and g l a c i a l  

a c e t i c  a c id  (2  ml) v e re  s t i r r e d  m e ch a n ic a l ly  i n  a  tv o -n e c k ed  f l a s k
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(500  ml) and b o i l e d  u n d e r  r e f l u x  f o r  15 m in u tes .  2 , 2 ’ - D i n i t r o b i -  

pheny l ( 24 .4  g, 0 .1  mole) vas  added i n  sm all  p o r t i o n s  o c c a s io n a l ly  

vashed  dovn v i t h  e th a n o l  (lO  m l) .  I t  vas  a g a in  b o i l e d  f o r  5 hours  

and th e n  a b s t r a c t e d  v i t h  h o t  benzene (200 m l) .  The benzene s o lu 

t i o n  vas  d e c a n te d  and d r i e d  ove r  anhydrous p o ta ss iu m  c a rb o n a te .  

A f t e r  f i l t r a t i o n  and removal o f  s o lv e n t ,  th e  p ro d u c t  o b ta in e d  

( 1 7 .5  g) was c r y s t a l l i z e d  from a mixed s o lv e n t  c o n ta in in g  80% o f  

e th a n o l  and 20% o f  l i g h t  p e tro leu m  ( b .p .  60- 80° )  g iv in g  s l i g h t l y  

co lo u re d ,  t r a n s p a r e n t  p r ism s  ( I 6 .9  g, 92%), m.p. 79- 80° ( l i t . ,  80-

81° ,  97 . 8^ ) .

C ondensa tion  b e tv ee n  2 , 2 ' -d iam in o b ip h en y l and o -p h th a la ld e h y d e

2 , 2 ' -D iam inob ipheny l ( 2.76  g, O.OI5 mole) and p - p h t h a l -  

a ldehyde  (2 .0 1  g, 0 ,015  mole) v e re  d i s s o lv e d  s e p a r a t e ly  i n  a  m in i

mum amount o f  e th a n o l  (52  and 28 ml r e s p e c t i v e l y )  a t  room tem pera 

t u r e .  The s o l u t i o n s  v e re  g r a d u a l ly  mixed up and th e  m ix tu re  vas  

found to  have a  r e d  c o lo u r .  A f t e r  one d a y 's  s ta n d in g ,  t h e r e  

appea red  a r e d  c r y s t a l l i n e  s o l i d  and i t  vas s c r a tc h e d  from tim e  to  

t im e .  When more s o l i d  vas formed, i t  vas  f i l t e r e d  o f f  and vashed  

v i t h  e t h e r .  The c rude p ro d u c t  (1 .8 2  g) had m.p. 225-230° and a f t e r  

r e c r y s t a l l i z a t i o n  from benzene, i t  gave re d  t i n y  c r y s t a l s  ( I .5 8  g) 

v i t h  m.p. 246- 248° .  When r e c r y s t a l l i z e d  from e th a n o l ,  i t  m e l te d  a t  

249- 250° and f u r t h e r  c r y s t a l l i z a t i o n  from e th y l  a c e t a t e ,  t h e  m e l t 

in g  p o i n t  r a i s e d  to  253-254°.
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The f i l t r a t e  vas combined v i t h  th e  e t h e r  v a sh in g s  and evapo

r a t e d  to  d ry n e s s .  The d a rk - r e d  gum o b ta in e d  (3 .1  g) vas  d i s s o lv e d  

i n  some benzene , p a sse d  th ro u g h  a column o f  n e u t r a l  a lum ina  (60  g) 

and e l u t e d  v i t h  sodium d r i e d  e t h e r .  Removal o f  s o lv e n t  y ie ld e d  an 

amphorous re d  s o l i d  ( 1 .2  g, m.p. 90- 95° )  vh ich  vas r e c r y s t a l l i z e d  

from e th a n o l /p e t r o le u m  e t h e r  ( b .p .  60-80°) g iv in g  y e l l o v i s h  re d  

c r y s t a l s  (O .84  g , 18%) v i t h  m.p. 166-168°. The column vas th e n  

vashed  v d th  ch lo ro fo rm  g iv in g  a n o th e r  crop o f  red  s o l i d  v h ic h  a l s o  

had m.p, 246- 248° ( 0 ,7 2  g) a f t e r  r e c r y s t a l l i z a t i o n  from benzene.

The t o t a l  y i e l d  o f  t h i s  compound ( 2 .3  g) vas 53%,

Thus th e  c o n d en sa t io n  b e tv ee n  2 ,2*-d iam in o b ip h en y l and o -  

p h th a la ld e h y d e  gave tvo  p ro d u c ts .  The one v i t h  m.p, 253-254° vas  

b e l i e v e d  to  have th e  s t r u c t u r e  A ( s e e  page 9 8 ) .  Found: C, 8 2 ,0 ,  

8 3 ,4 ;  H, 4 . 55 , 4 .7 7 ;  N, 1 0 .1 ,  9 , 8 ; 0 , 3 ,1 1 .  ^40^ 26^ ^  r e q u i r e s

C, 8 3 .0 ;  H, 4 ,5 3 ;  N, 9*7; 0 , 2.77%, The o th e r  one v i t h  m.p. 166- 

168° vas  p roved  to  be 2 -am in o -2 * -p h th a l im id o b ip h en y l ( s e e  page 89 

Found: C, 75*3; H, 4 , 6 ; N, 9 .4 ;  0 ,  1 0 .5 . C a lc ,  f o r  C2qH^^N2^2*

C, 76.4s H, 4 .5 ;  n ,  8 .9 s  0 ,  10 . 2% ( l i t . m . p .  1 7 4 -176°) .

T rea tm en t o f  2 ,2 * -d iam in o b ip h en y l  v i t h  o - p h th a l i c  a c id

2 , 2 ' -D iam inobiphenyl (0 .9 2  g, 0,005 mole) and o - p h t h a l i c  

a c id  ( 0 ,8 3  g, 0 .005  mole) v e re  d i s s o lv e d  s e p a r a t e ly  i n  e th a n o l  

(40  ml i n  a l l )  a t  room te m p e ra tu re .  The two s o l u t i o n s  v e re  v e i l  

mixed and a l lo v e d  to  s ta n d  f o r  one veek  amd th e n  d i s t i l l e d  u n d e r



164
re d u ced  p r e s s u r e .  The r e s id u e  vas vashed  v i t h  ch lo ro fo rm  and th e  

i n s o l u b l e  s o l i d  f i l t e r e d  o f f ,  d r i e d  and c r y s t a l l i z e d  from e th a n o l -  

ch lo ro fo rm  g iv in g  v h i t e  c r y s t a l l i n e  p h t h a l i c  a c id  (0 ,7 3  g, 88% 

r e c o v e r y ) ,  ra,p, 192-194°. The ch lo ro fo rm  s o l u t i o n  vas  e v ap o ra te d  

to  d ry n ess  and th e  s o l i d  o b ta in e d  vas c r y s t a l l i z e d  from e th a n o l -  

l i g h t  p e tro le u m  ( b .p ,  60 -80°)  to  g ive  th e  diam ine (0 .7 9  g, 86% 

r e c o v e r y ) ,  m.p. 78 -8 0 ° . There  vas  no r e a c t i o n  between th e  tvo  

r e a c t a n t s  u n d e r  th e  above c o n d i t io n s .

D e h y d ra t io n  o f  th e  re d  compound

The r e d  compound ( O . l  g, m.p, 253-254°) was d i s s o lv e d  in  

sodium d r i e d  x y le n e  (60 ml) and h e a te d  u n d e r  r e f l u x  v i t h  p - t o l u e n e -  

s u l f o n i c  a c id  (O.O4 g) f o r  one hou r. When coo led  to  room tem pera

t u r e ,  th e  r e s u l t i n g  s o l u t i o n  vas  vashed  v i t h  some sodium b ic a r b o n a te  

s o l u t i o n  th e n  v i t h  v a t e r  and d r i e d  o v e r  anhydrous sodium s u lp h a t e .  

A f t e r  d ry in g ,  th e  s o lv e n t  vas  d i s t i l l e d  o f f  u n d e r  reduced  p r e s s u r e  

g iv in g  a  d a rk  r e d  gum v h ic h  vas  vashed  v i t h  a  l i t t l e  e th a n o l  th e n  

d i s s o lv e d  i n  ch lo ro fo rm  and a l lo v e d  to  e v ap o ra te d  on a  v a tc h  g l a s s .

A sm a l l  p i e c e  o f  r e d  s o l i d  vas  d e p o s i te d  and t h i s  vas  c o l l e c t e d  and 

v ashed  a g a in  v i t h  e th a n o l .  I t s  i n f r a - r e d  spectrum  vas re c o rd e d  

( s e e  page 85 ) b u t  th e  s o l i d  o b ta in e d  vas  i n s u f f i c i e n t  f o r  d e te rm i

n a t i o n  o f  i t s  m o l t in g  p o i n t .
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P a r t i a l  o p t i c a l  r e s o l u t i o n  o f  th e  re d  compound (m .p. 253-254°)

( a method ad ap ted  from r e s o l u t i o n  o f  o p t i c a l l y  a c t i v e  4 , 5 , 6 , 7 -  

d ih e n z o - 1 ,2 - d i th io c y c lo o c ta d ie n e .  A. L u t t r in g h a u s ,  U. Hess and

H. J .  Rosenbaum, Z. N a t u r f . ,  1967, 22b, 1296)

T e c h n ica l  " c e l lu lo s e - 2 j - - a c e t a t e "  ( l l O  g) was f i n e l y  ground, 

p a s se d  th ro u g h  a s ie v e  to  remove th e  c o a rse  p a r t i c l e s  and b o i l e d  w ith  

cyclohexane  f o r  6 h o u rs .  A f t e r  f i l t r a t i o n ,  i t  was d r i e d  a t  80° u n d e r  

vacuum and th e n  soaked  w i th  th io p h e n e - f r e e  d ry  benzene f o r  one day. 

The m ix tu re  was th e n  poured  d i r e c t l y  i n to  a v i b r a t e d  column ( h e ig h t :  

100 cm, 0 1 .8  cm) and th e  s o l u t i o n  o f  th e  r e d  compound ( 0 .4  g, m.p. 

249- 250° )  i n  d ry  benzene (28 ml) was ru n  th ro u g h  th e  a c e t a t e  u s in g  

sodium d r i e d  e t h e r  as  e lu e n t .  The e l u a t e  was c o l l e c t e d  in  some accu

r a t e l y  weighed b o t t l e s  a t  10 m l - f r a c t i o n  w i th  a  f r a c t i o n  c o l l e c t o r .  

When e v a p o ra te d  to  d ry n e s s ,  th e  f i n e  r e d  c r y s t a l s  o b ta in e d  i n  d i f f e r 

e n t  b o t t l e s  were d r i e d  i n  a  vacuum d e s i c c a t o r .  The v a r io u s  o p t i c a l  

r o t a t i o n s  o f  d i f f e r e n t  f r a c t i o n s  were d e te rm ined  w i th  a sodium D l i n e  

p o la r im e te r  ( tu b e  l e n g th  = 2 dm) and th e  r e s u l t s  a r e  l i s t e d  in  T ab le  5*

T ab le  5 .

F r a c t i o n
No

E lu a te
(ml)

O b ta ined
(mg)

C o n c e n tra t io n  
(mg/20ml CIICI3 ) 4 (OC)

1-7 70 2 .14
8-9 20 21.21 21.21 +0 .2 4 22 +113.1

10-11 20 29.27 27.36 +0 .2 8 22.5 +102.3

12-13 20 26.16 23.54 +0.17 21 +72 , 2

14-17 40 32 .30 25 .32 N il

18-21 40 27.09 27.09 -0 .1 1 23 —4 0 » 6

22-29 80 17 .78 17 .78 - 0 .1 23 - 5 6 .2

30-40 110 11.21
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The (+) r e d  compound o b ta in e d  from f r a c t i o n  10-11 a l s o  had 

m.p. 249—250 • I t s  s o l u t i o n  (27 .3 6  mg/20 ml CHCI3 ) on s t a n d in g  a t  

room te m p e ra tu re  f o r  5 days was observed  to  have = +0 . 27° ;

[ô ] = +98 . 7° .  T h is  s p e c i f i c  r o t a t i o n  d id  n o t  change when th e

s o l u t i o n  i n  ch lo ro fo rm  was b o i le d  u n d e r  r e f l u x  f o r  1-J- h o u rs .

P r e p a r a t io n  o f  9 , 2 0 - d i a z a t e t r a b e n z o [ a , c ,g , i ]c y c lo d o d e c e n e  ( l i  p . 122) 
(E. D. Bergmann, I .  A granat and M. A. K raus,

J .  Org. Chem, , I 967 , 33, 600)

B ip h e n y l - 2 ,2’ -d ia ld e h y d e  ( I .05  g , O.OO5 mole) and 2 , 2 ' -  

d ia ra inob ipheny l (O. 92 g, O.OO5 mole) were d i s s o lv e d  s e p a r a t e l y  in  

a  minimum amount o f  e th a n o l  (20  ml f o r  each) a t  room te m p e ra tu re  

and th e n  mixed. IHiite c r y s t a l l i n e  s o l i d  was observed  soon a f t e r 

w ards. The s o l u t i o n  was l e f t  to  s ta n d  o v e rn ig h t  and th e  s o l i d  

o b ta in e d  was f i l t e r e d  o f f  and d r i e d .  I t  was c r y s t a l l i z e d  from 

benzene g iv in g  w hite  p r ism s  (1 .2 2  g, 68%), m.p. 306-309°. A f t e r  

r e c r y s t a l l i z a t i o n  tw ice  from th e  same s o lv e n t  i t  m e lted  a t  312-313°

( l i t . , above 300° from b u ta n o l ) .
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