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INTRODUCTION

F lu o r e s c e n c e  i s  g e n e r a l l y  d e f in e d  a s  t h a t  ty p e  o f  

lu m in e s c e n c e  w h ic h  d o e s  n o t  hav e  a n  a p p r e c ia b le  a f t e r g lo w  

on  t e r m i n a t i o n  o f  th e  e x c i t a t i o n  p ro c e s s ,^ -  E x c i t a t i o n  b y  

l i g h t  a b s o r p t io n  i s  f o l lo w e d  im m e d ia te ly  b y  e m is s io n  o f  

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

I n v a r i a b l y ,  th e  w a v e le n g th  c o r r e s p o n d in g  t o  th e  

maximum i n t e n s i t y  o f  f l u o r e s c e n c e  i s  l o n g e r  th a n  th e  w ave­

l e n g t h  w h ic h  i s  a b s o rb e d  m o st s t r o n g l y  b y  th e  f l u o r e s c e r . 2

I n  t h e  s tu d y  j u s t  c o m p le te d , i n t e r e s t  was l i m i t e d  

to  f l u o r e s c e r s  w h ic h  a b s o rb e d  i n  th e  n e a r  u l t r a v i o l e t  an d  

f l u o r e s c e d  i n  th e  b lu e  o r  v i o l e t *

S in c e  b o th

4 -M e th y l-7 -h y d ro x y -  4 - M e t h y l - 7 - d i e t h y l -
c oum ar i n  am ino c o u m a rin

f l u o r e s c e  s t r o n g l y  i n  t h e  b lu e  e n d  o f  th e  s p e c tru m , i t  

w as d e c id e d  to  p r e p a r e  an d  s tu d y  a  g ro u p  o f  c o u m a r in s .

C oum arins a r e  n o t  g e n e r a l l y  c o m p a tib le  w i th  a l k a ­

l i n e  m e d ia  u n d e rg o in g  s p l i t t i n g  o f  th e  p y ro n e  r i n g  and 

f r a g m e n ta t io n  o f  t h e  r e s u l t i n g  s id e  c h a in .  C o n s e q u e n tly ,

(1 )  P . P r in g s h e im  and  M. V o g e l; L u m in e sc e n c e , I n t e r s c i e n c e  
P u b l i s h e r s  (1 9 4 3 )

(2 )  G .G . S to k e s ;  P h i l ,  T r a n s ,  1 4 3 , 385 (1 8 5 3 )
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(2 )

some a t t e n t i o n  was d e v o te d  t o  th e  a l k a l i n e  s t a b i l i t y  o f  

s e l e c t e d  c o u m a r in s .

T h e re  h a s  b e e n  l i t t l e  s tu d y  o f  a  c o m p re h e n s iv e  n a tu r e  

o f  th e  f l u o r e s c e n c e  an d  r e l a t e d  phenom ena o f  co u m arin s*

On th e  w h o le , th e  f r e q u e n t  r e f e r e n c e s  t o  t h e  f l u o r e s c e n c e  

o f  c o u m a rin s  a r e  c a s u a l  o b s e r v a t i o n s  o f  w o rk e rs  p r i m a r i l y  

i n t e r e s t e d  i n  p ro b le m s  o f  s y n th e s i s *

I n  1 9 2 7 , T . T a s a k i  p u b l i s h e d  a  s tu d y  o f  th e  u l t r a ­

v i o l e t  a b s o r p t io n s  o f  s e v e r a l  b e n z o p y ro n e s , m e th y l 

u m b e l l i f e r o n e  b e in g  th e  o n ly  s t r o n g  f l u o r e s c e r  among th em .3  

I n  th e  b r i e f  s t u d y ,  no c o r r e l a t i o n  w i th  th e  f l u o r e s c e n c e  

o f  c o u m a rin s  w as a t t e m p te d .

L a t e r ,  C h a k r a v a r t i  o b s e rv e d  t h a t  a  3 - c h lo r o  g ro u p  

e n h a n c e d  th e  f l u o r e s c e n c e  o f  u m b e l l i f e r o n e ,  w h e re a s  a

3 - n i t r o  g ro u p  d e s t r o y e d  i t *4

P r e v i o u s l y ,  P r i v a u l t  h a d  o b s e rv e d  t h a t  n i t r o  com pounds

(3 )  T . T a s a k i ;  A c ta  P h y to c h im ic a  3 ,  2 1 -9  (19227) .  .• ** 9
(4 )  D . C h a k r a v a r t i ;  J* Ind*  Chem* S o c . 1 2 ,  536 (1 9 3 5 )

HISTORICAL

3 -C h lo r o - 7 -h y d ro x y -  
c o u m a rin

3 - N i t r  o -7 -h y d ro x y  
c o u m a rin
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(3 )

seem ed to  w eaken o r  d e s t r o y  f l u o r e s c e n c e  when a d d e d  t o  a  

s o l u t i o n  o f  a  f l u o r e s c e r . 5

I n  1 9 3 5 , t h e  w a v e le n g th  ra n g e  o f  th e  a b s o r p t io n  a id  

f l u o r e s c e n c e  o f  t h r e e  7 -h y d ro x y c o u m a rin s  w as p u b lis h e d .®

Of c o u r s e  no f a r - r e a c ^ i in g  c o n c lu s io n s  w ere  p o s s i b l e  i n  su c h  

a  b r i e f  s t u d y .

A s tu d y  o f  c o n s t i t u t i o n a l  f a c t o r s  c o n t r o l l i n g  v i s i b l e  

f l u o r e s c e n c e  i n  com pounds o f  th e  b e n z o p y ro n e  g ro u p  was 

m ade b y  Rangasw am i and S e s h a d r i . 7

A 7 -h y d ro x y  g ro u p  seem ed e s s e n t i a l  s in c e  th e  s t r o n g ­

e s t  f l u o r e s c e r s  h av e  t h a t  c o n f i g u r a t i o n .  A lk y l  g ro u p s  i n  

th e  4 -  and  5 -  p o s i t i o n s  w ere  th o u g h t  t o  e n h an ce  f l u o r e s ­

c e n c e ,  w h e re a s  an  8 -m e th y l  h a d  a n  i n h i b i t i n g  e f f e c t *

F o rm y l, a c e t y l ,  n i t r o ,  b rom o , and  h y d ro x y l  g ro u p s  

i n  th e  5 - ,  6 - ,  o r  8 - p o s i t i o n  o f  a  7 -h y d ro x y c o u m a rin  w ere  

fo u n d  t o  i n h i b i t  f l u o r e s c e n c e ,  C a rb e th o x y  and c a rb o x y  

g ro u p s  i n  th e  3 - p o s i t i o n  e n h an ce  f l u o r e s c e n c e .

E a t e r ,  a  b r i e f  s tu d y  o f  some 3— s u b s t i t u t e d  c o u ­

m a r in s  was made b y  R angasw am i, S e s h a d r i ,  and  V e n k a te sw a r-  

lu ® ; a g a in  th e  m eth o d  u s e d  was v i s u a l  o b s e r v a t i o n  i n

(5 )  M. P r i v a u l t ;  Com ptes R endu 1 8 4 , 1120  (1 9 2 7 )

( 6 ) W. C z a p s k a -N o rk ie w ic z ;  B u l l ,  i n t o r n - a c a d .  p o l o n a i s e ,  
C la s s e  S c i .  m a th . n a t .  1935A , 4 4 5 -7

(7 )  S . R angasw am i and  T .R . S e s h a d r i ;  P r o c .  I n d i a n  A cad . 
S c i .  1 2 -A , 375 (1 9 4 0 )

(Q) S . R angasw am i, T .R . S e s h a d r i ,  an d  V, V e n k a te s w a r lu ;  
P ro c*  I n d .  A cad . S c i .  13 -A , 316  (1941)
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(4 )

o r d in a r y  s u n l i g h t .  S e v e ra l  7 -h y d ro x y  and  7 -m ethoxy  co u m arin s  

w i th  a c e t y l ,  c a rb e th o x y , o r  c a rb o x y  g ro u p s  a s  s u b s t i t u e n t s  

i n  t h e  3 - p o s i t i o n  w ere  f l u o r e s c e n t .  C u r io u s ly ,  th e  c o r ­

r e s p o n d in g  3 -b e n z o y l  and  3 -p h e n y l  d e r i v a t i v e s  w ere n o t  

. f l u o r e s c e n t .

L a t e r ,  V. B a la ia h ,  T .R . S e s h a d r i ,  and  V. V e n k a te sw a r lu  

c o n t in u e d  th e  s tu d y  show ing  h y d ro g e n a t io n  o f  th e  p y ro n e  

d o u b le  bond  to  d e s t r o y  f lu o r e s c e n c e .®

Cyano and p h e n y l  g ro u p s  i n  th e  t h r e e  p o s i t i o n  w ere 

c la im e d  to  e n h an ce  th e  f lu o r e s c e n c e  o f  u m b e l l i f e r o n e ;  

t h i s  e f f e c t  b e in g  a b s e n t  f o r  p o s t i i o n  f o u r .

U m b e l l i f e r o n e - 3 - a c e t ic  a c id  d o es  n o t  show a n  e n h a n c e d  

f l u o r e s c e n c e .  M e th y la t io n  d e c r e a s e s  th e  f lu o r e s c e n c e  

o f  a  7—h y d ro x y c o u m a rin  b u t  i n c r e a s e s  t h a t  o f  5 -  and

6 -h y d ro x y  c o u m a rin s  •

METHOD OP STUDY

A c a r e f u l  s tu d y  h a s  b e e n  made o f  th e  a b s o r p t iv e  and 

© m issive  p r o p e r t i e s  o f  a  g ra d e d  s e r i e s  o f  c o u m a rin s .

By a  g ra d e d  s e r i e s  i s  -m eant a  g ro u p  e a c h  member o f  

w h ich  d i f f e r s  fro m  i t s  n e a r e s t  r e l a t i v e  b y  b u t  one f e a ­

t u r e  o f  s t r u c t u r e .

(9 )  V. B a la ia h ,  T .R . S e s h a d r i ,  and  V. V e n k a te s w a r lu ;  P ro c .
I n d .  A cad . S c i .  1 1 -A , 68 (1 942 )
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F o r  ex am p le ,

(5 )

= o

5 -H y d ro x y - 7 -H y d ro x y - 
c o u m a rin  c o u m a rin

d i f f e r  f ro m  one a n o th e r  b y  a  s i n g l e  f e a t u r e  o f  s t r u c t u r e ,

A c c o rd in g ly ,  th e  mem bers o f  t h e  f o l lo w in g  s e r i e s

h av e  b e e n  s y n th e s i z e d :

OH ^

CO-
4 -M e th y l-  
c o u m a rin

- o

5 -H y d ro x y - 
c o u m a rin

zO

7 -H y d ro x y - 
co u m arin

r  O

7 -M eth o x y - 
c oum ar i n

CH*
CHjO

-.0

4 -M e th y l-6 -m e th -  
o x y c o u m a rin

3 -A c e ty l -7 -h y -  
d roxycoum ar i n

4 -M e th y l-6- h y -  
d ro x y c o u m a rin

r  O

4 -Me t h y l - 7 - h y -  
d ro x y c o u m a r in *
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(6)

4 -M e th y l-7 -m e th -
o x y co u m arin

CO
(3 -N itro c o u -
m a r ln

r  O

zO

6 -Amino -  
co u m a rin

r  O

3 -C h lo r o - 4 -m e th y l -  
7 -h y d ro x y c o u m a rin

3 -B e n z y l-4 -m e b h y l-  
7 -h y d ro x y c o u m a rin

Ho

COz  C a f e

E th y l  7 -h y d ro x y -  
coumar i n - 3- c a r ­
b o x y l  a t  e

3 - I s o p ro p y l-4 -m e th y l*  
7 -h y d ro x y c o u m a rin

•f

crtj

= o

4 -M e th y l-7 ~ h y d ro x y -
c a r b o s t y r i l

zo - o

4-Mo th y 1 - 7 - am ino-  
c a r b o s t y r i l

OH c /6

-00-
4 - M e th y l - 5 ,7 - d i ­
h y d ro x y  coum ar i n

4-Met h y l - 7 - d i e  t h y l -  
arainocoum ar i n

r  O

4 - M e th y l - 6 ,7 - d i -
h y d ro x y c o u m a rin
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(7 )

C oum arin

I n  t h i s  m anner i t  was h o p ed  t h a t  th e  s t r u c t u r a l
*

g r a d a t io n s  w ould  b e  r e f l e c t e d  i n  th e  a b s o r p t iv e  and  

e m is s iv e  c h a r a c t e r i s t i c s .

U l t r a v i o l e t  a b s o r p t io n  m e a su re m e n ts , f l u o r e s c e n t  

s p e c t r a  and  f l u o r e s c e n t  i n t e n s i t y  m easu rem en ts  w ere  o b ­

ta in e d *

SUMMARY

A t o t a l  o f  tw e n ty -o n e  c o u m a rin s  and  c a r b o s t y r i l s  h a s  

b e e n  s y n t h e s i z e d .  The a b s o r p t iv e  and  e m is s iv e  c h a r a c t e r ­

i s t i c s  o f  th e s e  com pounds hav e  b e e n  s t u d i e d  and c e r t a i n  

fu n d a m e n ta l  r e l a t i o n s h i p s  b e tw e e n  s t r u c t u r e  and  f l u o r e s c e n c e  

c h a r a c t e r i s t i c s  h av e  b e en  o b s e rv e d .

A c o n s t i t u t i o n a l  e f f e c t  n o t i c e d  b y  C h a k r a v a r t i  h a s  b e e n  

c o n f irm e d  and s e v e r a l  by  S e s h a d r i  an d  a s s o c i a t e s  d i s p u te d ;  

o t h e r  e f f e c t s  h av e  b e e n  n o te d .  F o r  o n e , d i l u t i o n  b e h a v io r  

ap p e a r s  to  be a  c h a r a c t e r i s t i c  o f  m o le c u la r  c o n f i g u r a t i o n .

B o th  C oum arin  and  4 -M e th y lc o u m a rin  hav e  b e en  fo u n d  t o  

f l u o r e s c e  i n  th e  n e a r  u l t r a v i o l e t .  A 4 -m e th y l g ro u p  s h i f t s  

th e  p o i n t  o f  f l u o r e s c e n c e  maximum to  l o n g e r  w a v e le n g th s ;  

s i m i l a r l y  w i th  7 - s u b s t i t u e n t s  whose o r d e r  o f  e f f i c a c i t y  i s  

d ie th y la m in o ,  h y d ro x y , am ino an d  m e th o x y . A 3 - c h lo r o  o r
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3 - c a r b e th o x y  g ro u p  s h i f t s  th e  f lu o r e s c e n c e  maximum to  

l o n g e r  w a v e le n g th s*

I t  h a s  b e e n  shown t h a t  a  3 - b e n z y l ,  a  3 - i s o p r o p y l  o r  

r e p la c e m e n t  b y  an  NH g ro u p  o f  th e  h e t e r o c y c l i c  oxygen  i n  

a  7 -h y d ro x y c o u m a rin  c o n f e r s  e x c e p t i o n a l  s t a b i l i t y  o f  

f lu o r e s c e n c e  i n  a l k a l i .

SUMMARY OP DATA 

A f u l l  t a b l e  o f  d a t a  i s  in c lu d e d  i n  o r d e r  t o  p e rm it  

f u r t h e r  c o m p a riso n s  i f  d e s i r e d *

I n  th e  d i s c u s s i o n  w h ic h  f o l lo w s  im m e d ia te ly  a f t e r ,  

o n ly  t h a t  d a t a  w h ich  i s  c o n s id e r e d  r e l e v a n t  t o  th e  t o p i c  

b e in g  d i s c u s s e d  i s  u s e d .

DISCUSSION AND RESULTS 

F l u o r e s c e n t  I n t e n s i t y :

The phenom enon o f  c o n c e n t r a t i o n  q u e n c h in g  was f i r s t  

n o t i c e d  bj? Stokes^-® . I n  th e  t y p i c a l  c a s e ,  s t a r t i n g  a t  

v e ry  lo w  c o n c e n t r a t i o n s ,  an  i n c r e a s e  i n  f l u o r e s c e n t  i n t e n ­

s i t y  i s  a s s o c i a t e d  w i th  i n c r e a s e d  c o n c e n t r a t i o n  up  t o  a  

p o i n t  b e y o n d  w h ic h  th e  f l u o r e s c e n t  i n t e n s i t y  d e c l in e s  

and  i s  s a i d  t o  b e  q u e n c h e d .

R e c e n t ly  V avilov^-*  h a s  s u g g e s te d  t h a t  c o u p l in g  b e tw e e n  

m o le c u le s  o c c u r s .  A t h ig h e r  c o n c e n t r a t i o n s ,  th e  c o u p l in g  

i s  g r e a t e r  t h a t  a t  lo w e r .  I n  t h e  c a s e  o f  th e  c o u p le d  

m o le c u le s  e x c i t a t i o n  e n e rg y  may c a u se  i n c r e a s e d  o s c i l l a t i o n

(1'0) G .G . S to k e s :  A nn. P h y s ik  9 6 , 522 (1 8 5 8 )

(1 1 )  S . I .  V a v ilo v :  Com pt. r e n d ,  a c a d .-  S c i .  U .R .S .S . 35 ,
1 0 0 -6  (1 942 )
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(9 )

o f  th e  c o u p le d  m o le c u la r , r a t h e r  t h a n  f l u o r e s c e n c e _

I n  th e  c a s e  o f  a  num ber o f  s u b s ta n c e s  i t  h a s  b e e n  

p o s s i b l e  to  show th e  s p e c i f i c  f l u o r e s c e n t  i n t e n s i t y  to  

b e  an  e x p o n e n t i a l  f u n c t i o n  o f  c o n c e n t r a t io n *  The f u n c t i o n  

o r  f u n c t i o n s  w h ic h  a p p ly  t o  t h e  c o u m a rin s  a r e  c e r t a i n l y  

m ore com plex .

I n  fo rm , th e  accom pany ing  c u rv e s  r e p r e s e n t i n g  f l u o r e s ­

c e n t  i n t e n s i t y  v e r s u s  c o n c e n t r a t i o n  f a l l  i n t o  s e v e r a l  

c l a s s e s .

F i r s t  o f  a l l ,  4 -M e th y l-6 -m e th o x y c o u m a rin  ( c u rv e  1 )  

i s  a  u n iq u e  c a s e .  As c o n c e n t r a t i o n  d e c r e a s e s  t h e  f l u o r e s ­

c e n t  i n t e n s i t y  r i s e s  g e n t l y ,  re m a in s  c o n s t a n t  f o r  a  p e r i o d  

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

I n  th e  se c o n d  c l a s s ,  w h ic h  in c l u d e s  7 -M e th o x y co u m arin  

(c u rv e  2 )  and  4 -M ethy1 - 7 -h y d ro x y c o u m a rin  (c u rv e  3 )  th e  

d e c l in e  o f  f l u o r e s c e n t  i n t e n s i t y  w i t h  c o n c e n t r a t i o n  f o l lo w s  

a  c u rv e  s i m i l a r  i n  fo rm  t o  a  p a r a b o l a .

The t h i r d  c l a s s  i n c l u d e s  4 - M e th y l-6 ,7 -d ih y d r o x y c o u ­

m a r in  (c u rv e  4 ) ,  4 -M e th y l-6 -h y d ro x y c o u m a rin  (c u rv e  5 ) ,

6 -A m inocoum arin  (c u rv e  6 ) ,  and  p r o b a b ly  4 - H e th y l - 5 ,7 -  

d ih y d ro x y c o u m a r in  (c u rv e  7 ) ,  I n  t h i s  c l a s s ,  t h e  c u rv e s  

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

c o n c e n t r a t i o n  d e c r e a s e s ,  t h e n  a  maximum an d  f i n a l l y  th e

’•lava l a te e o  d e c r e a s e  i n  f l u o r e s c e n t  i n t e n s i t y .
*  •  »

F . i n a l l y ,  t h e  f o u r t h  c l a s s  i n c lu d e d  3 - A c e ty l - 7 - h y -  

d ro x y  coum ar i n  (c u rv e  8 ) ,  4 -M e th y l-7 -h y d ro x y  c a r b o s t y r i l  

( c u rv e  n ) ,  o - E e n z y l-4 -m e th y l-7 -h y d ro x y c o u m a r in  (c u rv e  1 0 ) ,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(10)
4 -M e th y l-7 -d ie th y la m in o c o u m a r in  (c u rv e  1 1 ) ,  4 -M e th y l-7 -  

a m in o c a r b o s ty r i l  (c u rv e  1 2 ) ,  3 - I s o p r o p y l - 4-m.3t h y l - 7 -h .y- 

d ro x y c o u m a rin  (c u rv e  1 3 ) ,  7 -H y d ro x y co u m arin  (c u rv e  1 4 ) ,  

and  3 -C h lo ro -4 -m e th y l-7 -h y d ro x y c o u m a r in  (c u rv e  1 5 ) ,  I n  

a l l  c a s e s  o f  t h i s  c l a s s ,  t h e  f l u o r e s c e n t  i n t e n s i t y  c u rv e s  

r i s e  t o  a  maximum an d  t h e n  d e c l i n e .

In asm u ch  a s  c l a s s  3 c o n s i s t s  m a in ly  o f  6 - s u b s t i t u t e d  

c o u m a rin s  and c l a s s  4 , 7 - s u b s t i t u t e d  c o u m a r in s , i t  a p p e a r s  

t h a t  th e  b e h a v io r  on d i l u t i o n  o f  a  f l u o r e s c e n t  c o u m a rin  

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

b e n z e n e  r i n g .  S in c e  c l a s s  4 i n c lu d e s  s e v e r a l  c a r b o s t y r i l s  

an d  3 - s u b s t i t u t e d  c o u m a r in s ,  i t  w ou ld  a p p e a r  t h a t  su b ­

s t i t u t i o n  i n  th e  p y ro n e  r i n g  d o e s  n o t  e x e r t  a  d o m in an t

i n f lu e n c e  on th e  d i l u t i o n  b e h a v io r  o f  a  c o u m a rin . I n  :

e i t h e r  th e  6 -  o r  7 - p o s i t i o n  a  m ethoxy  g ro u p  h a s  an  anoma­

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

A t t h i s  p o i n t ,  i t  s h o u ld  b e  o f  i n t e r e s t  t o  i n s p e c t  

th e  e f f e c t  o f  s t r u c t u r e  on  th e  m a g n itu d e  o f  f l u o r e s c e n t  

i n t e n s i t y  a t t a i n e d .

C om parison  o f  7 -h y d ro x y c o u m a rin  (c u rv e  1 4 )  w i th  4 -  

&eth y l-7 -h y d ro x y c o u m a r i n  ( c u rv e  3 )  i n d i c a t e s  t h a t  a  - ,

4 -M e th y l g ro u p  h a s  a  d e l e t e r i o u s  e f f e c t  o n  f l u o r e s c e n t  - 

i n t e n s i t y  c o n t r a r y  t o  t h e  o b s e r v a t i o n  o f  Rangasw am i a n d  >

S e s n a d r i ? .  . : i : '
•  *

C o m parison  o f  7 -M eth o x y co u m arin  (c u rv e  2 )  w i th

7 -H y d ro x y co u m arIn  ( c u rv e  4 )  and  4 -M e th y l-6 -h y d ro x y c o u m a rin  

(c u rv e  5 )  w i th  4-M et h y l - 6 -m e th o x y c o u m a rin  ( c u r v e *1)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(11)
show s t h a t  m e th y l a t io n  o f  a  h y d ro x y l  g ro u p  d e c r e a s e s  th e  

f l u o r e s c e n t  i n t e n s i t y  i n  e i t h e r  c a s e  c o n t r a r y  to  t h e  o b ­

s e r v a t i o n  o f  B a la ia h ,  S e s h a d r i ,  and  V e n k a te s w o r lu ^ .

E x a m in a tio n  o f  4 -! .Io th y l-7 -h y d ro x y c o u m a r in  (c u rv e  3 ) ,

4 -M o th y l-6 ,7 -d ih y d ro x y c o u m a r in  (c u rv e  4 ) ,  and  4 - H e th y l - 5 ,7 -  

d ih y d ro x y c o u m a r in  c o n f irm s  t h a t  a  s e c o n d  h y d ro x y l  g ro u p  

i n  t h e  b e n ze n e  r i n g  o f  a  7 -h y d ro x y c o u m a rin  d e c r e a s e s  i t s  

f l u o r e s c e n c e ,  s l i g h t l y  i n  t h e  6 - p o s i t i o n  an d  v e ry  g r e a t l y  

i n  th e  5 - p o s i t i o n *

R e p la ce m en t o f  th e  l a c to n e  oxygen  b y  an  -NH- g ro u p  

h a s  a  f a v o r a b le  e f f e c t  a s  c o m p a r is o n  o f  4 - fc Ie th y l-7 -h y d ro x y -  

c o u m a rin  ( c u rv e  3 ) ,  4 - M e th y l - 7 - h y d r o x y c a r b o s ty r i l  ( c u rv e  9 ) ,  

an d  4 - M e th y l - 7 - a m in o c a r b o s ty r i l  (c u rv e  1 2 )  r e v e a l s .

When s u b s t i t u t e d  i n  th e  7 - p o s i t i o n  o f  4 - l I e th y l  c o u m a rin , 

th e  d e c r e a s in g  o r d e r  o f  f l u o r e s c e n t  e f f i c a c i t y  o f  g ro u p s  

i s  d i e th y la m in o ,  h y d ro x y , am ino , and  m ethoxy  a s  shown b y  

c o m p a r iso n  o f  4 -M e th y l-7 -h y d ro x y c o u m a r in  (c u rv e  3 ) ,  4 -  

M o th y l-7 -d ie th y lD m in o c o u m a r in  (c u rv e  1 1 ) ,  4 -M e th y l-7 -h y -  

d r c x y c a r b o s t y r i l  ( c u rv e  9 ) ,  and  4 - He th y 1 - 7 -am in o  c a rb o  s t y r i l  

(c u rv e  1 2 ) ,

C o m p ariso n  o f  7 -h y d ro x y c o u m a rin  (c u rv o  1 4 )  an d  3 - A c e ty l -

7 -h y d ro x y c o u m a rin  show s a  3 - A c e ty l  g ro u p  to  h av e  a  d e l e t e r ­

io u s  e f f e c t  o n  f l u o r e s c e n t  i n t e n s i t y ,  4 - lJ o th y l-7 -h y d ro x y -

c o u m a rin  (c u rv e  3 ) ,  3 -B e n z y l-4 -m o th y l-7 -h y d ro x y c o u m a r in  
/‘.c u rv e  l o )  show f l u o r e s c e n t  i n t e n s i t i e s  o f  a b o u t  t h e  same 

‘̂ cg n ib u d e  and  so  a  3 -B e n z y l  g ro u p  i s  w i th o u t  e f f e c t .  I n  

th e  c a s e  o f  3 - I s o p r o p y l - 4 - m o th y l - 7 - h y d r o x y c o u m a r in  th o
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(12)
d o c ro a s e d  f l u o r e s c e n t  i n t e n s i t y  may be  due t o  i m p u r i ty .

3 - C h lo r o - 4 -m e th y l - 7 - h y d r o x y c o u n a r in  (c u rv e  1 5 )  show s a  

m ore i n t e n s e  f l u o r e s c e n c e  th a n  4 - I io th y l-7 -h y d ro x y c o u m a r in  

(c u rv e  3 )  w h ic h  a g re e s  w ith  th e  o b s e r v a t i o n  o f  C h a k r a v a r t i  • 

U l t r a v i o l e t  A b s o r p t io n :

T h e re  i s  no known m an n er i n  w h ic h  know ledge  o f  th e  

a b s o r p t i o n  c h a r a c t e r i s t i c s  o f  a n  o r g a n ic  m o le c u le  c a n  

b e  u s e d  t o  f o r e t e l l  f l u o r e s c e n c e .  I n  f a c t ,  P r in g s h e im  

h a s  s t a t e d  w i th o u t  r e s e r v a t i o n  t h a t  t h e r e  i s  no  r e l a t i o n  

b e tw e e n  th e  f l u o r e s c e n c e  an d  th e  u l t r a v i o l e t  a b s o r p t io n  

or a  m o le c u le  o t h e r  th a n  th e  n e c e s s i t y  t h a t  a  m o le c u le  

m u st b e  e x c i t e d  b e f o r e  i t  c a n  f l u o r e s c e l .

As s t a t e d  b y  K n o b la u ch , th e  f l u o r e s c e n t  i n t e n s i  t y  i s  

P r o p o r t i o n a l  t o  t h e  i n t e n s i t y  o f  t h e  e x c i t i n g  r a d ia t io n l2 .  

As a  c o r o l l a r y ,  t h e  f l u o r e s c e n t  i n t e n s i t y  o f  a  lu m in e s ­

c e n t  m o le c u le  s h o u ld  be  r e l a t e d  t o  i t s  e n e rg y  a b s o r p t i o n .

I n  t h e  p r e c e e d in g  s e c t i o n  th e  c u rv e s  F lu o r e s c e n t  

I n t e n s i t y  i n  a r b i t r a r y  u n i t s  v e r s u s  C o n c e n t r a t io n  a r e  

S iv e n .  A num ber o f  them  show a  maximum f l u o r e s c e n t  

I n t e n s i t y  a t  some p a r t i c u l a r  c o n c e n t r a t i o n .  The s p e c i f i c  

f l u o r e s c e n t  i n t e n s i t y ,  f l u o r e s c e n t  i n t e n s i t y  d iv id e d  b y  

th o  c o r r e s p o n d in g  c o n c e n t r a t i o n ,  a t  t h i s  p o i n t  seem s 

e l i k e l y  v a lu e  f o r  c o m p a r is o n  o f  one  f l u o r e s c e r  w i th

A n o th e r .

A M azda B-H -4 b l a c k  r a y  lam p w as u s e d  a s  a  s o u rc e  o f  

° * < 'i t in g  r a d i a t i o n  i n  th e  above  m e n tio n e d  f l u o r e s c e n t

^ 2 )  o .  K n o b la u c h : A nn. P h y 3 ik  5 4 , 193 (1 8 9 5 )
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(13)
i n t e n s i t y  m e a su re m e n ts . The sp e c tru m  o f  t h i s  lam p was 

o b ta in e d  b y  u s e  o f  a  Cenco S p e c tr o g ra p h  and  th e  f r e q u e n c y  

and  r e l a t i v e  i n t e n s i  t y  o f  e a c h  l i n e  o b ta in e d  b y  m e a su re ­

m ent on th e  p h o to g ra p h  and  c o m p a riso n  w i th  t a b l e s  o f  th e  

m e rc u ry  s p e c tru m .

Then f o r  e a c h  co u m arin  t h e  u l t r a v i o l e t  a b s o r p t io n  

c u rv e  and  th e  sp e c tru m  o f  th e  B-H -4 lam p was co m p ared .

F o r  e a c h  l i n e ,  th e  s p e c i f i c  e x t i n c t i o n  a t  i t s  w ave­

l e n g t h  i s  a  r e l a t i v e  m ea su re  o f  i t s  a b s o r p t io n  b y  th e  

c o u m a rin .

I n  t h i s  m an n er th e  r e l a t i v e  a b s o r p t io n ,  r e l a t i v e  

i n t e n s i t y ,  and  f r e q u e n c y  o f  e a c h  l i n o  s t r o n g l y  a b s o rb e d  

b y  th e  c o u m a rin  from  th e  e x c i t i n g  r a d i a t i o n  was o b t a in e d .  

F o r  e a c h  l i n e ,  th e  p r o d u c t  o f  th o s e  i s  a  m ea su re  o f  th e  

e n e rg y  im p a r te d  t o  th e  c o u m a r i n  b y  t h a t  l i n e .  The 

sum o f  th e  p r o d u c ts  f o r  a l l  l i n e s  a b s o rb e d  i s  a  m easu re  

o f  th e  t o t a l  e n e rg y  a b s o rb e d  an d  i s  h e r e a f t e r  c a l l e d  th e  

r e l a t i v e  a c t i v a t i o n .

I n  T a b le  I  w h ic h  f o l lo w s ,  num bers 2 ,  7 ,  an d  8 a r e  

h i g h l y  c o lo r e d  and  num ber € m o lt s  o v e r  a  2 .5 ° C . r a n g e .  

C o n s e q u e n tly , th o s e  may bo e x c lu d e d  fro m  th e  d i s c u s s i o n .

T a b l e . I  shows th e  i n t e r e s t i n g  p a r a l l e l  b e tw e e n  

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

The s e r i e s  a r r a n g e d  i n  o r d e r  o f  d e c r e a s in g  r e l a t i v e  

a c t i v a t i o n  i s  s i m i l a r l y  a r r a n g e d  w i th  r e s p e c t  t o  s p e c i f i c  

f l u o r e s c e n t  i n t e n s i t y .  I t  i s  a l s o  n o te w o r th y  t h a t  b o th  

C- an d  7 - s u b s t i t u t e d  c o u m a rin s  a p p e a r  i n  t h i s  s e c i e s .
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T ab le  I

R e la t i v e  S p e c i f i c  C one, a t  Max. 
Compound A c t i v a t i on F lu o r ,.  I n t .  . m g/100 m l.

1 .  4 -M e th y l-7 -  
d ie  th y la m in o -
c o u m a rin  42*2 1 .5  x  10 5 4 .7

2 .  3 - A c e ty l - 7 -  
h y d ro x y -
c o u m a rin  2 7 .1  8 .0  x  104 .6

3 * 7 -H y d ro x y -
c o u m a rin  2 3 .7  5 .6  x  104 12

4* 3 - C h lo r o - 4 -  
m e th y l - 7 -  
h y d ro x y -
co u m a rin  2 3 .6  5 .5  x  104 11

5 .  4 -M e th y l-6 ,  7 -
d ih y d ro x y  co u m a rin  2 2 .1  5 .2  x  10 4 4 .7

3 - I s o p r o p y l - 4 -  
me t h y l - 7 - h y d r o x y -
c o u m a rin  2 0 .0  2 .5  x '1 0 3 75

7 .  4 -M e th y l-5  ,7 -
d ih y d ro x y  c o u m a rin  2 0 ,0  2 . 2 , x  103 „ , 1 8 .8

8 .  4 -M e th y l-7 —
h y d ro x y  c a r b o s t y r i l  1 5 .3  7 .1  x '1 0 3 75

8* 3 -B e n z y l- 4 -
me th y l - 7 - h y d r o x y -
c o u m a rin  1 3 .9  3 .6  x  103 75

* 0 . 4 -M e th y l-6 -  “ ' ' ' * '
h y d ro x y  c o u m a rin  9 .0  1 .7  x  lO 3 r 1 8 .8

6-A m inocoum arin  8 .9  2 .6  x  103 9 .4

1 2 . 4-Me t h y l - 6 -  u- ' v :
m eth o x y  co u m a rin  7 .8  ~ 1 .7  x - 102 150
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T h is  s u g g e s t s  a  c o r o l l a r y  co  K n o b lau ch * s Law: The

f l u o r e s c e n t  i n t e n s i t y  o f  a n  e m i t t i n g  m o le c u le  i s  c l o s e l y  

r e l a t e d ,  p e rh a p s  p r o p o r t i o n a l ,  t o  th e  e n e rg y  a b s o rb e d  

b y  th e  m o le c u le *  T h ere  a p p e a rs  t o  be  a n  a s s o c i a t e d  

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

o f  a  s t r o n g l y  a c t i v a t e d  m o le c u le .  B o th  f a c t o r s  a p p e a r  

t o  b e  i n t e r r e l a t e d  and  in f lu e n c e  f l u o r e s c e n t  i n t e n s i t y .  

F lu o r e s c e n c e  S p e c t r a :

The f l u o r e s c e n c e  s p e c t r a  o f  a  num ber o f  c o u m a rin s  

h a v e  b e e n  o b ta in e d  an d  th e  p o s i t i o n  o f  e a c h  b a n d  d e t e r ­

m in e d , G e n e r a l ly ,  th e  b a n d  s p r e a d  d ep en d s on  e x p o s u re  

t im e  an d  s i m i l a r  f a c t o r s .  C o n s e q u e n tly , t h e  f l u o r o s -  

c e n c e  maximum i s  t a k e n  a s  th e  p o i n t  o f  c o m p a r is o n .

A ccom panying t h i s  s e c t i o n  i s  T a b l e - I I  w h ic h -c o n ­

t a i n s  a l l  th e  o b ta in e d  d a ta  p e r t i n e n t  t o  t h i s  s u b j e c t .

The p o s i t i o n s  o f  b a n d s  a n d  f l u o r e s c e n c e  m axim a a r e  

e x p r e s s e d  i n  a n g s tro m  u n i t s .  I n  t h e  f o l lo w in g  re m a rk s , 

th e  num ber acco m p an y in g  th o  name o f  a  compound r e f e r s  t o  

i t s  p o s i t i o n  i n  T a b le  I I ,  :

B o th  c o u m a rin  ( 1 )  an d  4 -M ethy lcoum ar i n  ( 2 ) t f l u o r e s c e  

i n  th e  n e a r  u l t r a v i o l e t .  The f i r s t  h a s  i t s  maximum 

a t  3515 an d  th e  l a t t e r  a t  3 8 3 0 , -

I t  i s  i n d i c a t e d  t h a t  s u b s t i t u t i o n  o f / a 'm e t h y l  ■
•  *

g ro u p  i n  th e  4 - p o s i t i o n  s h i f t s  t h e  f l u o r e s c e n c e  maximum: 

t o  a  lo n g e r  w a v e le n g th .  C o n f irm a tio n  i s  o b ta in e d  by  

c o m p a rin g  7-M othoxycoum a* i n  (3 ) .  w i th  4 -M e th y l- 7 -m e th o x y - 

c o u m a rin  (4 )  a n d  7 -H y d ro x y c o u m a rin  ( 5 )  w i th  4 -M e th y l-7 -  

hydroxycoum a* i n ,  : t . „ .
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(15 )

F u r t h e r ,  t h e  flu o re sc en c e m a x im u m  o f  a  h y d ro x y  com­

pound  l i e s  a t  a  l o n g e r  w a v e le n g th  t h a n  th e  c o r r e s p o n d in g  

m ethoxy  d e r i v a t i v e .  F o r  e x am p lo , com pare 7 -h y d ro x y -  

c o u m a rin  (5 )  w i th  7 -M e th o x y co u m arin  ( 3 ) ,  4 -M e th y l- 7 -  

hyd roxycoum arim  (6 )  w i th  4 -M eth y l-7 -tn e th o x y co u m ar i n  ( 4 ) ,  

a n d  4 -M e th y l-6 -h y d ro x y c o u m a r in  (8 )  w i th  4 -M e th y l—6-m oth  o x y - 

c o u m a rin  ( 9 ) .

t A h y d ro x y  g ro u p  i n  th e  7 - p o s i t i o n  s h i f t s , t h e  f l u o r e s ­

c e n c e  maximum t o  a  l o n g e r  w a v e le n g th  th a n  th e  same group- 

i n  t h e  6 - p o s i t i o n ;  h o w e v e r , t h e  c o n v e rs e  i s  t r u e  w i th  a  

m e th o x y  g r o u p .  Compare 4 -M e th y l- 7 -h y d ro x y c o u m a rin  (6 )  

w i th  4 -M e th y l-6 -h y d ro x y c o u m a r in  (8 )  and  4 -M e th y l-7 -  

m e th o x y co u m a rin  (4 )  w i th  4 -M o th y l-6 -m e th o x y c o u m a rin .

I n  th e  c a s e s  o f  4 -M e th y l- 7 - h y d r o x y c a r b o s t y r i l  (1 9 ) 

an d  4 - M e th y l - 7 - a m in o c a r b o s ty r i l  (2 0 )  th e  f lu o r e s c e n c e  

maximum o f  th e  h y d ro x y  d e r i v a t i v e  l i e s  a t  a  lo n g e r  

w a v e le n g th  th a n  t h a t  o f  th e  am ino d e r i v a t i v e .  A ls o ,  , ,  

th e  maximum o f  4 -M e th y l-7 -d ie th y la m in o c o u m a r in  (2 1 )  

l i e s  a t  a  l o n g e r  w a v e le n g th  th a n  t h a t  o f  4 -M e th y l- 7 - h y -  

d ro x y c o u ra a r in  ( 6 ) .  I t  a p p e a rs  th e n  when s u b s t i t u t e d  

i n  th e  7 - p o s i t i o n s  th e  v a r io u s  g ro u p s  i n f lu e n c e  th e  

P o s i t i o n  o f  th e  f l u o r e s c e n c e  m axim a i n  v a r y in g  d e g r e e s .

The a r ra n g e m e n t i n  o r d e r  o f  d e c r e a s in g  w a v e le n g th s  o f
•  •

f lu o r o s c o n c e  m axim a i s  d i e th y la m in o ,  h jd r o x y ,  am ino , a i d
•  .

m e th o x y .

C o m p ariso n  o r  4 -M e th y l-7 -h y d ro x y c o u m a r in  (6 )  w i th

3 - I s o p r o p y l - 4 - m e th y l- 7 - h y d r o x y c o u m a r in  (1 5 )  an d  3 -B e n z y l-

4 -m o th y l-7 -h y d ro x y c o u m a r in  (1 6 )  i n d i c a t e s  t h a t  an a l i -
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T ab le I I

1 .

i 2 .

3 .

j 4 .

r  5 .  

6 .

7 .

8 .

9*

10, 
11. 

' 12.

1 3 .

• 1 4 .

15

1 6 . 

' 17

Compound

C oum arin

M e th y lc o u m a rin

7 -M eth o x y co u m arin

4 -M e th y l-7 -  
m e th o x y co u m a rin

7 -hy t/roX yc oum tfrin

4 -M e th y l-7 -  
h y d ro x y c o u m a rin

5 -h y d ro x y c o u m a rin

4 -M e th y l- 6 -  
h y d ro x y c o u m a rin

4 -M e th y l-6 -  
me th o x y c  o u m arin

6-A m inoc oum ar i n

6 -N itro c o u m a r i n

3 - A c e ty l - 7 -
h y d ro x y c  oumar i n

4 - M e th y l- 5 ,7 -  
d ihydroxycoum a* i n

4 - M e th y l- 6 ,7 -  
d ih y d ro x y c  oum ar i n

3 - I s o p r o p y l - 4 -  
me th y l - 7 - h y d r o x y -  
c oumar I n

3 - B e n z y l - 4 -  
m e th y l-7 - h y d r o x y -  
c o u m a rin

3 - C h io r o - 4 -
m e th y l-7 -h y d ro x y *  
c o u m a rin

F lu o re s c e n c e  
Band - 

A ngstrom  U n i ts

3 5 1 0 >  3520

3510 -  4570

3640 -  4700

3660 -  5930 

4170 -  5210

3980 -  4930 

None

4050 -  4580

3890 -  4930 

None 

None

None

None

None

4090 -  4930

3970 -  4900

4070 -  5060

F lu o re s c e n c e  
Maximum 

A ngstrom  U n i ts

3515

3830

3850

3920

4410

4420

4270

• 4180

4460

4480

4580

E x p o su re
Time

3 ^  h r s ,

3 h r s ,

3 h r s . '

4 h r s  • 

1 ^  h rs ,*

3 /4  h r s  

19 h r s ,

3 h r s ,

3 h r s .  

19 h r s .  

3 h r s .

1 5 ^  h r s ,

3  h r s ,

3  h r s ,

~2§- h r s ,

3 h r s ,

l £  h r s .
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1 9 .

20. 
21.

T a b le  H  ( c o n t» d . )

F lu o re s c e n c e  F lu o r e s c e n c e
Bond Maximum E x p o su re

Compound A ngstrom  U n i t s  A ngstrom  U n i t s  Time

E th y l - 7 - h y d r o x y -  
c o u m a r in - 3 - c a r -
b o x y la te  4370 -  6060 4540 2 h r s .

4 -M e th y l-7 -
h y d r o x y c a r b o s t y r i l  3880 -  4520 4120 3 /4  h r s .

4 - M e th y l-7 -
a m in o c a r b o s ty r i l  3790  -  4580 4070 lig- h rs - .

4 - M e th y l-7 -
d ie th y la m in o -
c o u m a rin  4330 -  6060 4560
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(1 6 )

p h a t i c  g ro u p  i n  t h e  3 - p o s i t i o n  d o e s  n o t  g r e a t l y  i n f lu e n c e  

th e  p o s i t i o n  o f  th e  f l u o r e s c e n c e  maximum.

3 -C h lo ro -4 -m e th y l-7 -h y d ro x y c c u m a r in  (1 7 )  an d  E th y l

7-hydroxycoum a? i n - 3 - c a r t o x y l a t e  i n d i c a t e  t h a t  b o th  th e  

c h lo r o  and  th e  c a rb e th o x y  g ro u p s  d i s p l a c e  th e  f lu o r e s ; -  

cen ce  maximum to w a rd  lo n g e r  w a v e le n g th s ;  th e  fo rm e r  h a v ­

in g  a  s l i g h t l y  g r e a t e r  e f f e c t  t h a n  th e  l a t t e r *

S t a b i l i t y  o f  F lu o re s c e n c e  i n  A l k a l i :

The F lu o r e s c e n c e  o f  7 -h y d ro x y c  oumar i n  soon  d i s a p ­

p e a r s  on w arm ing i n  a l k a l i .  As f o r  th e  c h e m ic a l  c h an g e s  

w h ich  accom pany an d  c a u se  l o s s  o f  f l u o r e s c e n c e ,  l i t t l e  

i s  known* T iem ann an d  R eim er h a v e  show n t h a t  7 -h y d r  oxy-  

c o u m a rin  warmed a t  60 °  t o  70OC i n  a l k a l i  fo rm s t r a n 3 . 

2 ,4 -d ih y d ro x y c in n a m ic  a c i d  a n d .o n  lo n g e r  h e a t i n g , .

r e s o r c i n o l i 3 ,

4 -M e th y l-7 -h y d ro x y c o u m s rin  i s  a l i t t l e  m o r e . s t a b l e .  

Pechm ann a n d  D u is b e rg  h a v e  shown i t  t o .b e  d e g ra d e d  t o  

r e s o r c i n o l  by  s t r o n g  a l k a l i ^ .  A f t e r  t r e a tm e n t  w i th  33$ 

p o ta s s iu m  h y d r o x id e ,  t r a n s  2 ,4 -D ih y d ro x y -3 -m e th y lc in n a m ic  

a c i d  i s  i s o l a t e a b l e 3-6 . A m ore, c o m p re h e n s iv e  w ork  b y  

M u rty , R ao , an d  S e s h a d r i  i n d i c a t e s  t h a t  th e  a c t i o n  o f  

a l k a l i  on  4 -M eth y leo u m ar i n s  fo rm s  th e  t r a n s .c in n a m ic  ~ 

a c i d s 3-6 , .In  th e  exam ple  o f  3 - B e n z y l-4 - m e th y l-7 - h y d ro x y -

(1 3 )  F ,  T iem ann an d  C . B e im er: B er* 1 2 , 994 (1 8 7 9 ) ,

(3 4 )  H. v o n  Pechm ann an d  C* D u is b e rg ;  B er*  1 6 , 2122 (1 883 ) 

(3.5) K. F r i e s  an d  W* B o lk : A nn. 3 7 9 , 105 (1 910 )
«  <.

(3-6) K .S . M u rty , P .S *  R ao , an d  T.R* S e s h a d r i ;  P ro c*  I n d .  
A cad . S c i .  6A, 316  (1 9 3 7 )
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c o u m a rin , th e  a c t i o n  o f  p o ta s s iu m  h y d ro x id e  fo rm s  2 ,4 -  

d ih y d ro x y b e n z o ic  a c i d  and  B e n z y la c e to n e l7 .

P o s s i b l y ,  th e  l o s s  o f  f l u o r e s c e n c e  i s  a s s o c i a t e d  

w i th  o n e  o f  th e  f o l lo w in g  t r a n s f o r m a t i o n s ,  u s in g  4 -M e th y l-  

-7 -h y d ro x y c o u m a r in  a s  a n  ex am p le ;

I n  a n y  e v e n t ,  th e  e f f e c t  o f  s u b s t i t u e n t s  i n  th e  3 - p o s i t i o n  

an d  r e p la c e m e n t  o f  th e  h e t e r o c y l i c  ox y g en  b y  an  -N H -group  

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

C o n s e q u e n tly , a  num ber o f  3 - s u b s t i t u t e d  c o u m a rin s

a l c o h o l i c  p o ta s s iu m  h y d ro x id e  s o l u t i o n  an d  th e  f l u o r e s ­

c e n t  i n t e n s i t y  m e a su re d  a t  i n t e r v a l s .  E x p o su re  t o  ox y g en  

'was m in im iz e d  b y  a  n i t r o g e n  a tm o s p h e re .

The r e s u l t s  may be  sum m arized  b y  t h e  f o l lo w in g

OH

<?H3
c^ co2h

H

and  two c a r b o s t y r i l s  w ere  h e a t e d  a t  5 6°C , i n  a  s t r o n g

a e r i o s  w h ic h  i s  a r r a n g e d  i n  d e c r e a s in g  o r d e r  o f  s t a b i l i t y  

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

0-7) S . 'J a c o b s o n  an d  D. G hosh; J ,  Chem, S o c , 1 0 7 , 42B
(1 9 1 5 )
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1 .  4 - M e th y l - 7 - h y d r o x y c a r b o s ty r i l  ( c u rv e  1 )

2* 3 -B e n z y l-4 -m e th y l-7 -h y d ro x y c o u n a r in  (c u rv e  2 )

3 .  3 - I s o p ro p y l-4 -m e th y l- 7 - h y d ro x y c o u m a r in  ( c u rv e  3 )

4 .  4 - M e th y l - 7 - a m in o c a r b o s ty r i l  ( c u rv e  4 )

5 .  4 -M e th y l-7 -h y d ro x y c o u m a r in  (c u rv e  8 )

6 .  4 -M e th y l-7 -d ie th y la m in o c o u m a r in  (c u rv e  6 )

7 .  7 -H y d ro x y c o u m a rin  ( c u rv e  7 )

8 . 3 -C h lo ro -4 -m e th y l-7 -h y d ro x y c o u m a r in  (c u rv e  5 )

9 .  E th y l  7-hydroxycoum a? i n - 3 - c a r b o x y l a t e  ( c u rv e  9 )

M ost o f  t h e  c u rv e s  o f  F lu o r e s c e n t  I n t e n s i t y  i n  a l c o ­

h o l i c  KOH a t  56°C v e r s u s  t im e  show a  d e c r e a s e  i n  i n t e n s i t y ,  

t h e n  a  r i s e  and  f i n a l l y  a  c o n s t a n t  i n t e n s i t y  o r  a  s lo w  

d e c l in e  i n  i n t e n s i t y .

I n i t i a l l y ,  3 - c h lo ro -4 - m e th y l- 7 - h y d ro x y c o u m a r in  

(c u rv e  5 )  i s  v e r y  w e a k ly  f l u o r e s c e n t .  I n  t im e ,  th e  i n ­

t e n s i t y  r i s e s  i n  a  n e a r l y  p a r a b o l i c  c u rv e  t o  much h ig h e r  

i n t e n s i t i e s ;  h o w e v e r , t h i s  i s  c o n s id e r e d  to  b e  an  exam ple  

o f  p o o r  a l k a l i  s t a b i l i t y  f o r  th e  i n c r e a s e d  i n t e n s i t i e s  . 

a r e  p r o b a b ly  due to  d e c o m p o s it io n  p r o d u c t s . .  ’ , .

E ven th o u g h  th e  f l u o r e s c e n t  i n t e n s i t y  o f  4 -M e th y l-7 -  

a m in o c a r b o s ty r i l  r e m a in s  o f  th e  same o r d e r  o f  m ag n itu d e  

o v e r  a  p e r i o d  o f  many h o u r s ,  i t  i s  c o n s id e r e d  to  b e  l e s s  

s t a b l e  t h a n ,  f o r  e x a m p le , 3 -B e n z y l-4 -m e th y l  —7 - h y d ro x y -  

o o u m arin  (c u rv e  2 )  b e c a u s e  a l k a l i  e x e r t s  an  im m ed ia te  

and  p ro fo u n d  i n f l u e n c e  o n  i t s  f l u o r e s c e n c e .  I n  . a l l  

o t h e r  e x a m p le s  no  ch an g e  i n  c o l o r  o f  f l u o r e s c e n c e  i s  

n o t i c e d ,  b u t  i n  t h i s  c a s e  th e  i n f lu e n c e  o f  a l k a l i  c h a n g e s
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th e  c o lo r  o f  f l u o r e s c e n c e  from  o r c h i d  uo l i g h t  g r e e n ,

The b e h a v io r  o f  co u m arin s  i n  th e  p r e s e n c e  o f  a l k a l i  

i s  c o m p l ic a te d  by

1 .  p o s s i b l e  f l u o r e s c e n c e  o f  d e g r a d a t io n  p r o d u c t s ,

2 .  p o s s i b i l i t y  o f  c o n c e n t r a t i o n  q u e n c h in g ,

3 .  p o s s i b i l i t y  o f  q u e n c h in g  b y  e l e c t r o l y t e .

I n  th e  c a se  o f  th e  c a r b o s t y r i l s  t h e r e  i s  a  f o u r t h  i n t e r ­

f e r e n c e ,

4 .  ta u to m e r is m .

R e p la c e m e n t o f  th e  h e te r o c y c l ic o x y g e n  o f  a  f l u o r e s ­

c e n t  c o u m a rin  b y  th e  -N H -group  o r  i n t r o d u c t i o n  o f  a

3 —I s o p r o p y l  o r  3 -B e n z y l g ro u p  h a s  a  s a l u t a r y  e f f e c t  on  

th e  s t a b i l i t y  o f  th e  f lu o r e s c e n c e  to w a rd s  a l k a l i .  S in c e

4 -M e th y l-7 -h y d ro x y c o u m a r in  (c u rv e  8 )  I s  m ore s t a b l e  th a n

7 -h y d ro x y c o u m a rin , th e  4 -M e th y l g ro u p  i s  th o u g h t  t o  c o n f e r  

g r e a t e r  a l k a l i  s t a b i l i t y ,  A s i m i l a r  c o m p a r is o n o f  4 -M e th y l 

-V -h y d ro x y c o u m a rin  (c u rv e  8 )  w i th  4 -M e th y l- d ie th y la m in o -  

co tim arin  ( c u rv e  6 )  i n d i c a t e s  t h e  d ie th y la m in o  g ro u p  to

b e  s u p e r i o r  t o  th e  h y d ro x y l  i n  t h i s  r e s p e c t ,  A c h lo r o  “ 

or  c a rb e th o x y  g ro u p  i n  t h e  t h r e e  p o s i t i o n  i s  d e f i n i t e l y  

h a rm fu l-
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. EXPERIMENTAL PART 

S y n t h e s i s  o f  F l u o r e s c e n t  Compounds:

4 -  Me th y  1 -  7 - h y d ro x y  co umar i n  i s  e a a i l y  p r e p a r e d  b y  t h e  

v on  P e c h m a n n l 4  c o n d e n s a t io n  o f  r e s o r c i n o l  and  a c e t o -  

a c e t i c  e s t e r *

C o n c e n t r a t e d  s u l f u r i c  a c i d  (100 m l . )  was c o o le d  i n  

a  one l i t e r ,  r o u n d  b o t to m  f l a s k ,  e q u ip e d  w i t h  th e rm o ­

m e te r  and s t i r r e r ,  and  s u r r o u n d e d  by  an  i c e  b a t h .  A 

s o l u t i o n  o f  r e s o r c i n o l  (1 1 0 .1  g . ) i n  a c e t b a c e t i c  e s t e r . 

(1 3 0 .1  g . ) was a d d ed  a t  su c h  a  r a t e  t h a t  th e  r e a c t i o n  

t e m p e r a t u r e  n e v e r  r o s e  above 16°C ; two h o u r s  b e in g  r e ­

q u i r e d .  A f t e r  re m o v a l  o f  t h e . i c e  b a t h ,  t h e t r e a c t i o n  m ix ­

t u r e  was a l lo w e d  t o  s t a n d  f o r  24 h o u r s  a n d  was t h e n  . 

im m ersed  i n  i c e  w a t e r .  The p r e c i p i t a t e d  4 -lie  t h y l - 7 - „  

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

w ashed  w i t h  c o l d  w a t e r .  A f t e r . t h r e e  r e c r y s t a l l i z a t i o n s  

f ro m  a l c o h o l  a cc o m p a n ie d  b y ; t r e a t m e n t  w i t h  d e c o l o r i z i n g  

c h a r c o a l ,  a  w h i t e  p r o d u c t  m e l t i n g  a t  1 8 6 .5 °  —  187 .60C ^ 

was o b t a i n e d .  ■

4 -M e th y l-6 -h y d ro x y c o u m a r in ^ Q_was p r e p a r e d , i n  t h e  same 
as

m a n n e rA 4 -M e th y l-7 -h y d ro x y c o u m a r in .  The c ru d e  p r o d u c t  was 

r e c r y s t a l l i z e d  f ro m  d i l u t e d  a l c o h o l  w i t h  accom p an y ing  . 

t r e a t m e n t  w i t h  d e c o l o r i z i n g  c h a r c o a l .  A w h i t e  p r o d u c t  : , 

m e l t i n g  a t  2 4 6 .5 °  -  2 4 7 .0 °C  was o b t a i n e d .  r  :

(1 8 )  W. B o r s c h e :  B e r .  4 0 ,  2732 ( 1 9 0 7 ) _  -v -
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4 -M e th y l-6 -m e th o x y c o u m a r ln l 9  was p r e p a r e d  by m e t h y l a -  

t i o n  o f  4 -M e th y l - 6 - h y d r o x y  coumar» i n .  A m ix t u r e  o f  4 -  

M e th y l - 6 - h y d r o x y c o u m a r in  ( 1 7 .3  g . ) ,  p o t a s s i u m  c a r b o n a t e  

( 7 4 .7  g . ) and  d im e th y l  s u l f a t e  ( 4 4 .7  g . ) i n  a c e to n e  (25 0  m l . )  

w ere  r o f l u x e d  f o r  45 h o u r s  i n  a  r o u n d  b o t to m  f l a s k .  The 

a c e to n e  f i l t r a t e  was e v a p o r a t e d  and  t h e  r e s i d u e  com bined  

w i t h  th e  w a t e r  i n s o l u b l e  p o r t i o n  o f  th e  f i l t r a t i o n  

r e s i d u e ,  d r i e d  and  vacuum d i s t i l l e d . ji The f r a c t i o n  d i s ­

t i l l i n g  a t  1 75°  -  184°C © 1  mm. p r e s s u r e  was r e c r y s t a l ­

l i z e d  f ro m  a l c o h o l  and  m e l t e d  a t , 1 6 2 .6 °  -  1 6 3 . 8°C .

4 -M eth y l-7 -m e th o x y co u m a r  i n  was p r e p a r e d  i n  a  m anner 

s i m i l a r  t o  t h a t  o f  4 - M e th y l-6 -m e th o x y c o u m a r in .  The 

f r a c t i o n  d i s t i l l i n g  a t  1 9 5 °  -  196°C  © 3 mm. was r e c r y ­

s t a l l i z e d  f ro m  a l c o h o l .  The p r o d u c t  m e l t e d  a t  2158.5° -  

1 6 0 .0 °C .

7 -H y d ro x y c o u m a r in 2Q was p r e p a r e d  b y  th e  c o n d e n s a t i o n  

o f  m a l i c  a c i d  a n d  r e s o r c i n o l  i n  s u l f u r i c  a c i d .  A m ix ­

t u r e  o f  r e s o r c i n o l  ( 1 1 0 .1  g . ) a n d .m a l i c  a c i d  (1 3 4 .1  g , ) 

c o v e r e d  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d  (500 g . )  was* 

h e a t e d  r a p i d l y  t o  2L35°C when v i o l e n t  f r o t h i n g  b e g a n .  - 

The m ix t u r e  was s t i r r e d  w i t h  th e  f la m e  rem oved  u n t i l  

f r o t h i n g  h a d  s u b s i d e d .  A f t e r  c o o l i n g  t o  n e a r  room tem ­

p e r a t u r e ,  t h e  r e a c t i o n  m ix t u r e  was im m ersed  i n  i c e  w a t e r .

*^h-* c o l l e c t e d  p r e c i p i t a t e  was r e c r y s t a l l i z e d  f ro m  w a t e r
    ___

(.<.9) G, D e s a i  a n d  C. M avan i:  P r o c .  I n d .  A cad . S c i .  15A,

1 (1 9 4 2 )

(2 0 ) -H .V .  Pechm ann: B e r .  1 7 ,  932 (1 8 8 4 )
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w i t h  accom pany ing  c h a r c o a l in g , ,  d r i e d  and  su b l in e t?  a t  

200°C  @ 1 mm. p r e s s u r e .  R e c r y s t a l l i z a t i o n  f ro m  a l c o h o l  

w i t h  acco m pany in g  t r e a t m e n t  w i t h  c h a r c o a l  g a v e  w o o l ly  

c l u s t e r s  m e l t i n g  a t  2 3 2 .3 °  -  2 3 3 .0 °C .

7 -M e th o x y co u m arin  was p r e p a r e d  b y  c o n d e n s a t i o n  o f  

t h e  m onom ethyl e t h e r  o f  r e s o r c i n o l  and  m a l i c  a c i d .  To 

a  m ix tu r e  o f  r e s o r c i n o l  (110 g . ) ,  sod ium  h y d r o x id e  (40 g . ) 

and  w a t e r  (400 m l . )  w ere  s lo w ly  a d d ed  130  g .  o f  d im e th y l"  

s u l f a t e .  The m ix tu r e - w a s  h e a t e d  on  a  w a t e r  b a t h  f o r  two 

h o u r s  an d  t h e n  r e f l u x e d  f o r  f o u r .  A f t e r  s t a n d i n g  o v e r ­

n i g h t ,  t h e  r e a c t i o n  m ix tu r e  was e x t r a c t e d  w i t h  e t h e r  an d  

t h e  e t h e r  s o l u b l e  r e s i d u e  s te a m  d i s t i l l e d .  The m onom ethyl 

e t h e r  was s e p a r a t e d  b y  e x t r a c t i n g  t h e  s te a m  d i s t i l l a t e  

w i t h  e t h e r ,  e x t r a c t i n g  th e  e t h e r  e x t r a c t  w i t h  3 N sod ium  

h y d r o x id e  a n d  p r e c i p i t a t i n g  t h e  m onom ethyl e t h e r  w i t h  an 

e x c e s s  o f  h y d r o c h l o r i c ^ a c i d .  The 75 g .  o f  p r o d u c t ,  m a l i c  

a c i d  (81 g . ) ,  a n d  s u l f u r i c  a c i d  (300 g . )  w ere  h e a t e d  

r a p i d l y  t o  I 2 5 ° C - a t  w h ic h  p o i n t  v i g o r o u s  f r o t h i n g  o c c u r r e d .  

A f t e r  f r o t h i n g  s u b s i d e d ,  t h e  m ix t u r e  w as a l lo w e d  t o  c o o l  

an d  t h e n  p o u r e d  i n t o  i c e  w a t e r .  A f t e r  s t a n d i n g  o v e r -  - 

n i g h t ,  t h e  t a c k y  s o l i d  was s e p a r a t e d  b y  f i l t r a t i o n ,  

r e c r y s t a l l i z e d  t w i c e  f ro m  d i l u t e  a l c o h o l  a n d  t h e n  vacuum 

d i s t i l l e d .  The f r a c t i o n  b o i l i n g  a t  15IP  -  154°C @ 1 mm*. _ 

was c o l l e c t e d  as* p r o d u c t  and  m e l t e d  a t  1 1 6 .5 °  -  1 1 7 . 5 °C .

6- I I I t r o c o u m a s in 2^ was p r e p a r e d  b y  n i t r a t i o n  o f  c o u -
«  .  .

(2 1 )  G. M0r g a n a n d  F .  M i c k l e t h w a i t :  J .  Chem. S o c .  8 5 ,
1233  (1 9 4 0 )
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(2 3 )

m a r i n .  A s o l u t i o n  o f  c o u m a r in  (100 g . ) i n  g l a c i a l  a c e t i c  

a c i d  (120 m l .  ) was t r e a t e d  w i t h  a  m ix t u r e  o f  fum ing  n i t r i c  

a c i d  (56 m l . )  a n d  g l a c i a l  a c e t i c  a c i d  (40 m l . ) .  Then con ­

c e n t r a t e d  s u l f u r i c  a c i d  (100 m l . )  was ad d ed  t o  t h e  c o o le d  

m i x t u r e .  A f t e r  a d d i t i o n  and  a  b r i e f  p e r i o d  o f  h e a t i n g  

on  a  w a t e r  b a t h ,  t h e  m ix tu r e  was p o u r e d  i n  i c e  w a t e r .

The y e l l o w i s h - w h i t e  n i t  r o  c o u m a r in  was d r i e d  b y  c o d i s ­

t i l l a t i o n  o f  t h e  w a t e r  w i t h  b e n ze n e  and  was r e c r y s t a l l i z e d  

f ro m  b e n z e n e .  The p r o d u c t  w h ic b  m e l t e d  a t  1 8 7 .8 °  -  1 8 9 . 4°C 

w e ig h e d  9 4 .1  g . .

6-Amino c o u m a r in 2^ was p r e p a r e d  b y  r e d u c t i o n  o f

6 - n i t r o c o u m a r i n .  6 - n i t r o c o u m a r i n  (47  g . )  w a s - s u s p e n d e d  

i n  h o t  w a t e r  (2400  m l . ) a c i d i f i e d  w i t h  h y d r o c h l o r i c

a c i d  (50 m l , ) .  To t h e  h e a t e d ,  s t i r r e d  m ix t u r e  was

s lo w ly  a d d ed  94 g .  o f  i r o n  p o w d e r .  The m ix tu r e  was h e a t e d  

a w h i le  l o n g e r ,  n e u t r a l i z e d  w i t h  an e x c e s s  o f  so d iu m  - 

b i c a r b o n a t e ,  a n d  im m e d ia te ly  f i l t e r e d .  On c o o l i n g  1 1 .3  g .  

o f  c ru d e  p r o d u c t 'w a s  o b t a i n e d .  R e c r y s t a l l i z a t i o n  f ro m  

w a t e r  g av e  a  p r o d u c t  m e l t i n g  1 6 3 .5 °  -  1 6 4 .5 ° C .

5 -H y d ro x y c o u m a r in 2 ^ was p r e p a r e d  i n  s e v e r a l  s t e p s ,  

b e g in n in g  w i t h  B - R e s o r c y l i c  a c i d . 2 ^

R e s o r c i n o l  ( 1 0 4 .3  g . ) ,  so d iu m  b i c a r b o n a t e  ( 4 2 9 .5  g . ) 

and  w a t e r  ( 1 . 1  1 . )  w e re  h e a t e d  on  a  w a t e r  b a t h  f o r  5 h o u r s

and  15 m in u te s ,  and t h e n  r e f l u x e d  f o r  45 m in u te s  w h i l e  a
- i n . , ,  —  -p -  -------------------------------------------------------------------------------------------------------------------------------------------------------------------- ——   — -------------------------------------------------------------------

(2 2 )  H, Shah  and  R . S h a h :  J .  Chem. S o c .  1 4 1 ,  1832 (19 38 )

( 2 3 ;  O rg a n ic  S y n t h e s e s :  V o l .  I I ,  557
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(24)
s t r o n g  s t r e a m  o f  c a r b o n  d i o x id e  w as b u b b le d  t h r o u g h  t h e

r e a c t i o n  m i x t u r e .  T hen c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d

(500  m l . )  was a d d e d  and  t h e  m ix t u r e  a l lo w e d  t o  c o o l  and

c r y s t a l l i z e .  A f t e r  f i l t r a t i o n  a n d  a i r  d r y i n g ,  7 1 ,7  g ,

o f  p r o d u c t  m e l t i n g  a t  216°C  w ere  o b t a i n e d  an d  w ere  u s e d

d ir e c t ly  to  fo rm  Methyl p -R esorcy la te24 .

B - R e s o r c y l i c  a c i d  (100 g . ) ,  m e th a n o l  (35 0  m l , ) ,

a n d  c o n c e n t r a t e d  s u l f u r i c  a c i d  (20  m l , )  w e re  r e f l u x e d  f o r

2 2  h o u r s ,  t h e  m e th a n o l  was d i s t i l l e i d ,  w a t e r  w as add ed  t o

t h e  p o i n t  o f  t u r b i d i t y  an d  t h e  m ix t u r e  was a l lo w e d  t o

c r y s t a l l i z e .  A f t e r  two r e  c r y s t a l l i z a t i o n s  f ro m  d i l u t e

m e th a n o l  w i t h  accom p an y ing  t r e a t m e n t  w i t h  c h a r c o a l ,

4 9 ,3  g ,  o f  p r o d u c t  m e l t i n g  a t  1 1 7 ,5 °  - 1 1 9 , 0°C w ere

o b t a i n e d .  T h i s  m a t e r i a l  was u s e d  t o  p r e p a r e  J i e t h y l  
•  •

2 , 4 - d i h y d r o x y - 3 - f o r m y l b e n z o a t e 2 6 ,

M e th y l  p - R e s o r c y la te ^ - 6 was p l a c e d  i n  a  d r y  o n e  l i t e y  

t h r e e  n e c k ,  w i t h  a l l  g l a s s  j o i n t s ,  f l a s k ,  e q u ip p e d  w i t h  

a  r e f l u x  c o n d e n s e r ,  a  g l a s s  s t i r r e r ,  a  g a s  i n l e t ,  and  a  

t o p p i n g  f u n n e l .  S u f f i c i e n t  d r y  e t h e r  ( o v e r  sod iu m ) 

was pumped i n t o  t h e  f l a s k  to  d i s s o l v e  t h e  M e th y l  p - R e s o r -  

c y l a t e .  T h en , s p e c i a l l y  p r e p a r e d 26  z i n c  c y a n id e  (21 g . ) 

was a d d e d .  To t h e  s t i r r e d  m i x t u r e ,  c o o le d  i n  a n  i c e - -  

s a l t  b a t h  was a d d e d  s l o w l y  a  s o l u t i o n  o f  A nhydrous

(2 4 )  R . R o b in s o n  a n d  R , S h ah : J ,  Chem, S o c ,  1 3 7 ,  1496
(1 9 3 4 )  ,

(2 5 )  R , S hah  and M, L a i w a l l a :  Chem, S o c ,  1 4 1 , 1828 (1 9 3 8 )m~mm~
(2 6 )  R# Adams an d  X, B o v in e :  J ,A ,C « S ,  4 5 ,  2 3 7 3 ’ (1 9 2 3 )
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(25)
Aluminum C h lo r id e  (24 g . ) i n  A nhydrous e t h e r .  A s t r o n g  . 

s t r e a m  o f  d r y  h y d ro g e n  c h l o r i d e / w a s  p a s s e d  i n t o : t h e  

s t i r r e d ,  c o o le d  m ix tu r e  f o r  12 h o u r s .  A t th e  end  o f  t h i s  

p e r i o d , - t h e  r e f l u x  c o n d e n s e r  was. rem oved  and  200 m l .  o f  

w a t e r  s lo w ly  a d d e d .  The h e a t  o f  h y d r o l y s i s  and  e v o l u t i o n  

o f  HC1 rem oved m ost o f  t h e  o t h e r .  The m ix tu r e  was h e a t e d  

on  a  w a t e r  b a t h  f o r  h a l f  an  h o u r .  The p r e c i p i t a t e  was 

c o l l e c t e d  an d  r e c r y s t a l l i z e d  tw ic e  f r o m  a l c o h o l .  The 

p r o d u c t  m e l t i n g  a t  1 3 4 .7 °  -  1 3 6 . 5 ° C ;w e ig h e d ? 1 0 .8  g .  and 

was u s e d  to  p r e p a r e  J J -R e s o ry la ld e h y d e ^ 1?* 2 5 .  r r r ,

M e th y l 2 ,4 - d i h y d r o x y - 3 - f o r m y l b e n z o a t e  (10 g . ) was 

d i s s o l v e d  i n  n o rm a l  sod ium  h y d r o x id e  > (200 . m l . ) -and  l e f t  

a t  room t e m p e r a t u r e  f o r  tiro d a y s .  A c i d i f i c a t i o n  p r e c i p i ­

t a t e d  t h e  a c i d  w h ic h  w as t r i t u r a t e d  w i t h  b e n z e n e  t o  r e ­

move u n c h a n g e d  e s t e r  and  r e c r y s t a l l i z e d . f r o m ; d i l u t e  m e th ­

a n o l .  The 2 , 4 - d i h y d r o x y - 3 - f o r m y l b e n z o i c  (6 g . ) a n d  : ; 

w a t e r  (90 m l . )  w ere  h e a t e d  t o g e t h e r . i n  a  s e a l e d  t u b e  a t  

1 0 0 °  -  110°C  f o r .  10  h o u r s .  The { 5 -R o so rcy la ld eh y d e  was i  

e x t r a c t e d  i n  e t h e r  and  th e  r e s i d u e  l e f t  on  e v a p o r a t i o n  o f  

t h e  e t h e r  was r e c r y s t a l l i z e d  f ro m  w a t o r .  r . „ . . . .

p - R e s o r c y l a ld e h y d e  (2 g . ) ,  a n h y d ro u s - s o d iu m  a c e t a t e  

(3  g . ) ,  and  a c e t i c  a n h y d r id e  (10  g . ) w ere  h e a t e d  i n  a  

s e a l e d  tu b e  a t  1 5 0 °  -  I60°C  f o r  3 h o u r s  and th e n  a t  . ..

175°  -  1Q0°C f o r  a n  h o u r .  _ A f t e r  c o o l i n g ,  t h e  m ix tu r e  > 

was s h a k e n  f o r  2 h o u r s  w i t h  w a t e r  (50 m l . ) .  -  The s e p a r a t e d

*

(2 7 )  K. N akazaw a: J .  Pharm . S o c .  J a p a n  5 9 ,  57 (1 9 3 9 )
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(26)
5 - a c e to x y c o u m a r in 28 wa3 f i l t e r e d  o f f ,  r e c r y s t a l l i z e d  f ro m  

w a t e r  a n d  h y d r o l y z e d  t o  5 -h y d ro x y c o u m a r in  a s  f o l l o w s :

5 -A c e to x y c o u m a r in  (1  g . )  and  25#  s u l f u r i c ,  a c i d  (30  m l* )  

w ere  r e f l u x e d  f o r  45 m in u te  a * The i n s o l u b l e  5 -h y d ro x y - ' 

c o u m a r in  s e p a r a t e d  a i d  was r e c r y s t a l l i z e d  f ro m  d i l u t e  

a l c o h o l .  A p r o d u c t  ( . 3  g . )  m e l t i n g  a t  2 2 9 .3 °  -  2 2 9 .9°G 

was o b t a i n e d .

4 -M e th y lc o u m a r ln ^ 9 was p r e p a r e d  b y  c o n d e n s in g  p h e n o l

w i t h  a c e t o a c e t i c  e s t e r .  To c o n c e n t r a t e d  s u l f u r i c  a c i d

(180  m l . )  i n  a  f l a s k  e q u ip p e d  w i t h  s t i r r e r , . t h e r m o m e t e r  an d

d ro p p in g  f u n n e l  w ere  s lo w ly  a d d e d  a  m ix t u r e  o f  d r y  p h e n o l  -

(30  g . )  a n d  a c e t o a c e t i c  e s t e r  (20  g . ) .  A f t e r  an  h o u r  o f  
'  •> * " 

s t i r r i n g ,  t h e  m ix t u r e  was h e a t e d  t o  75°C on a  s te am  b a t h .

The r e a c t i o n  r a i s e d  t h e  t e m p e r a t u r e  t o  85°C a f t e r  w h ic h  ,
i t .

t h e  m ix t u r e  c o o le d  t o  room t e m p e r a t u r e  a n d  was im m ersed  

i n  w a te r  (1^- 1 . ) .  The w a t e r  s o l u t i o n  was e x t r a c t e d  w i t h  

e t h e r ,  s a t u r a t e d  w i t h  s a l t  a n d  a g a i n  e x t r a c t e d .  The e t h e r  

e x t r a c t s  w ere  s h a k e n  w i t h  d i l u t e  sod ium  h y d r o x id e  u n t i l

no  more c o l o r  was e x t r a c t e d .  A f t e r  d i s t i l l i n g . o f f , t h e  {
 ̂ * _ . * 

e t h e r  a n d  a l l o w i n g  t h e  c o l o r l e s s  r e s i d u e  t o  c o n g e a l ,  t h e

c ru d e  p r o d u c t  was r e c r y s t a l l i z e d  frdiii w a t e r .  The f i n a l

p r o d u c t  m e l t e d  a t  7 8 . 7 °  -  7 9 .8 ^ C .

4 - M e t h y l - 7 - A m l n o c a r b o s t y r l l 3 0 was p r e p a r e d - b y  c o n - - -

d e n s a t i o n  o f  m e ta  p h e n y le n e  d ia m in e  a n d  a c e t o a c e t i c  e s t e r .

(2 8 )  H. Bohme: B e r .  72B, 2130 (1 9 3 9 )

(2 9 )  P .  P e t e r s  a n d  H» S im o n is :  Ber^ 4 1 ,  831 (1 9 0 8 )

(3 0 )  E .  B e s t h o r n  a n d  H. B yvanck : B e r .  3 1 ,  798 (1 8 9 8 )
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M eta p h e n y le n e  d ia m in e  (40  g . )  an d  a c e t o a c e t i c  e s t e r  (55  g . )  

w ere  h e a t e d  a t  130°C i n  a  s e a l e d  tu b e  f o r  5 h o u r s .  Then 

t h e  c r y s t a l l i z e d  c o n t e n t s  o f  t h e  tu b e " w e re  r i n s e d  o u t  

w i t h  m e th a n o l ,  r e c r y s t a l l i z e d 4from  a b s o l u t e  e t h a n o l  a n d  

t h e n  fro m  w a t e r .  - A m a l t  o f - f i n e  n e e d l e s  m e l t i n g  2 7 0 .4 °  ~  

2 7 2 . 0°C w ere  o b t a i n e d .  ' '' * , *'

4 - M e t h y l - 7 - h y d r o x y c a r b o s t y r i l 5 -*-?32• was p r e p a r e d  b y  a  

s i m i l a r  m an ner  t h r o u g h  c o n d e n s a t io n  o f  m e ta  am in o p h en o l  

a n d  a c e t o a c e t i c  e s t e r .  The c ru d e  p r o d u c t  was t r i t u r a t e d  

w i t h  5% sodium* h y d r o x i d e ,  f i l t e r e d ,  a n d  t h e  f i l t r a t e  

t r e a t e d  w i t h  p ow dered  d r y  i c e .  The p r e c i p i t a t e d  4 - m e t h y l -  

7 - h y d r o x y c a r b o s t y r i l  was r e c r y s t a l l i z e d  f ro m  d i l u t e  a l c o h o l  

a n d  d r i e d  i n  a  vacuum o v e n .  W o o lly  c l u s t e r s  m e l t i n g  a t  

3 3 3 °  -336°C  w ere  o b t a i n e d .  ; *

5 - C h lo r o - 4 -m e th y l - 7 - h y d r o x y c o u m a r in 3 3 was p r e p a r e d  b y  

a  t y p i c a l  Pechmann c o n d e n s a t i o n  o f  r e s o r c i n o l  and  © C -chloro- 

a c e t o a c e t i c  e s t e r .  ! The p r o d u c t  was r e c r y s t a l l i z e d  f i v e  

t im e s  w i t h  c h a r c o a l i n g  f ro m  d i l u t e  a l c o h o l '  a n d  m e l t e d  a t  

2 4 3 ,9 °  — 2 4 4 .7 °C .

e ( - C h l o r o a c e t o a c e t i c  o s t e r 3 4  was p r e p a r e d  b y  c h l o r i -
- ’ » - *K. i

n a t i o n  o f  a c e t o a c e t i c  e s t e r  a s  f o l l o w s :

S u l f u r y l  c h l o r i d e  (135  g . )  was a d d ed  o v e r  a  p e r i o d  o f  3

h o u r s  t o  a c e t o a c e t i c  e s t e r  (140  g . ) a n d  warmed on  a  w a t e r
’ *

(3 1 )  H. v o n  Pechm ann: B o r .  3 2 , 3687 (1 8 9 9 )

(3 2 )  H. v o n  Pechm ann a n d  0 .  S c h w a r tz :  B e r .  3 2 ,  3700 (1 8 9 9 )

(3 3 )  H. von  Pechmann a n d  E .  H anke: B e r .  3 4 ,  357 (1 9 0 1 )

(3 4 )  P .  A l l i h n :  B e r .  1 1 ,  567 (1 8 7 8 )
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(28)
b a t h  f o r  7 h o u r s .  T h e ' r e a c t i o n  m i x t u r e  was vacuum d i s ­

t i l l e d  a n d  t h e  f r a c t i o n  (78 g . )  b o i l i n g  a t  1 0 3 °  110°C

@ 3 8 m m . was t a k o n  a s  p r o d u c t .

3 - 1 s o p r o p y l -4 - ra e t h y l - 7 - h y d r o x y c o u m a r in  h a s  n o t  b e e n  

r o p o r t e d  i n  t h e  l i t e r a t u r e  a n d  was p r e p a r e d  b y  c o n d e n s a t io n  

o f  r e s o r c i n o l  a n d < ~ i s o p r o p y l a c e t o a c e t i c  e s t e r  i n  t h e  u s u a l  

m a n n e r .  The p r o d u c t  r o c r v s t a l l i z e d  tw ic e  f ro m  a l c o h o l  

m e l t e d  a t  2 0 8 .5 °  -  2 1 1 . 0 °C . 1 - 4

A n a l y s i s  c a l c u l a t e d  f o r  C^3H ^ 0 3 : • ~ - - - '  :

V ^ C arbo n  " H ydrogen  •

' ' ’Pound  °  71.54J6 ~ 6,41%

7 0 .8 3 #  6 .7 1 #

The u l t r a v i o l e t - a b s o r p t i o n  c u r v e s  a r e  r e g a r d e d  a s

i n d i c a t i v e  o f  t h e  s t r u c t u r e  o f  3 - I s o p r o p y l - 4 - m e t h y l - 7 -  ”

h y d ro x y c o u m a r in .  I n  a l l  c a s e s ,  t a b u l a t e d  b e lo w  t h e  f  orm - 4

o f  t h e  c u r v e s  i s  n e a r l y  i d e n t i c a l :
. . .  Maximum U .V . . , E x t i n c t i o n  

Compound A b s o r p t i o n  (m/u) a t  Max.

3 - I s o p r o p y l-4 -M e t h y l -  
7 -H y d ro x y c o u m a r in  323 u 7 8 .1  .

7 -Me th o x y  c o u m a r in  3 2 0 8 6 , 4

4 - M e th y l - 7 - h y d r o x y -  , r _
c o u m a r in  ... 325  ; 8 9 .7

4 - M e th y l - 7 - m e th o x y -  '* r
c o u m a r in  320 . 7 8 . 3

• • . i %'■ ‘ .. * * *• ?

7 -H y d ro x y c o u m a r in  - 3 2 5 _____ ______ 89.2....

4 - M e t t iy l - 5 ,7 - d ih y d r o x y c o u m a r in 35 was p r e p a r e d  i n  th e

(3 5 )  H. Pechmann a n d  J .  Cohen: B e r .  1 7 , 2189 (188 4 )
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(29)
u s u a l  m an n e r  from  p h l o r o g l u c i n o l  a n d  a c e t o a c e t i c  e s t e r #

The p r o d u c t  r e c r y s t a l l i z e d  tw ic e  f ro m  a c e t i c  a c i d ,  m e l t e d  

a t  2710 -  2 7 1 . 5°C .

4 - M e t h y l - 6 ,7 - d ih y d r o x y c o u m a r ln 3 6 was p r e p a r e d  i n  a 

s i m i l a r  m an n er  f rom  a c e t o a c e t i c  e s t e r  an d  h y d ro x y h y d ro -  

q u in o n e  t r i a c e t a t e .  The c ru d e  4 - M e th y l - 6 ,7 - d ih y d r o x y c o u -  

m a r i n  (40  g . )  was d i s s o l v e d  b y  w arm ing w i t h  b o r a x  (80  g . )  

a n d  w a te r  (280  m l# )»  On c o o l i n g  o f  t h e  f i l t r a t e ,  a  com plex  

b o r a t e  s e p a r a t e s #  The b o r a t e  i s  d i s s o l v e d  i n  w a t e r  (720  m l# )  

an d  a d d ed  t o  w a t e r  (200  m l . )  c o n t a i n i n g  s u l f u r i c  a c i d  (20  g # )#  

The s e p a r a t e d  p r o d u c t  was f i l t e r e d ,  d r i e d ,  an d  m e l t e d  a t  

2710  -  2 7 1 . 50C. .

Hydroxyhydroquinone37 was p r e p a r e d  a s  f o l l o w s :

C o n c e n t r a t e d  s u l f u r i c  a c i d  (8  g . ) a d d e d  t o  a c e t i c  an h y ­

d r i d e  (120  g . ) was s t i r r e d  and  t r e a t e d  w i t h  q u in o n e  (40  g . )  

a t  s u c h  a  r a t e  t h a t  th e  t e m p e r a t u r e  r i s e s  a n d  r e m a in s  b e -  

tw e en  400 -  50OC. The m ix t u r e  i s  a l l o w e d  t o  s t a n d  u n t i l  

c o o l e d  t o  room t e m p e r a t u r e  a n d  t h e n  p o u re d  i n t o  w a t e r  (500  m l # ) ,  

c o o le d  t o  10OC a n d  f i l t e r e d #  The p r o d u c t  r e c r y s t a l l i z e d  f ro m  

a l c o h o l  a n d  d r i e d  m e l t e d  a t  960  -  9 7 o c .

Quinone38 was p r e p a r e d  b y  o x i d a t i o n  o f  h y d ro q u in o n e #  

H y d ro q u in o n e  i s  d i s s o l v e d  i n  w a t e r  (1  1 . )  a t  50?C, c o o le d  

t o  20°C an d  c o n c e n t r a t e d  s u l f u r i c  a c i d  (50  g . )  added#

(3 6 )  O rg a n ic  S y n t h e s e s :  V o l .  I ,  360

( 3 7 )  O rg a n ic  S y n t h e s e s :  V o l .  I ,  317

(3 8 )  O rg a ii ic  S y n t h e s e s :  V o l .  I ,  482
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(30)
A s o l u t i o n  of. sod ium  d ic l i ro m a te  (70  g ; )  i n  w a te r  ( o S i n l . )  

i s  a d d ed  a t  s u c h  a  r a t e  t h a t i t h e  s t i r r e d ,  c o o le d  m ix t u r e  - 

r e m a in s  b e tw e e n  2 0 °  -  3 0°C . .As so o n  a s  a  p e rm a n e n t  y e l l o w ­

i s h - g r e e n  c o l o r  a p p e a r s ,  t h e  m ix t u r e  i s  c o o le d  t o  10°C a n d  

f i l t e r e d .  The f i l t r a t e  i s  e x t r a c t e d  w i t h  b e n z e n e  and  t h e  1 

r e s i d u e  d i s s o l v e d  i n  b e n z e n e  (250  m l . )  w h ic h  i n c l u d e s  t h e  

b e n z e n e  e x t r a c t .  The h o t  b e n ze n e  s o l u t i o n  i s  d r i e d . w i t h  

c a lc iu m  c h l o r i d e ,  f i l t e r e d  h o t ,  an d  ,b e n z e n e  d i s t i l l e d  . 

u n t i l  q u in o n e  p r e c i p i t a t e s .  The r e s i d u e  was c h i l l e d  i n  

an  i c e  b a t h  a n d  t h e  q u in o n e  c o l l e c t e d  b y  f i l t r a t i o n .

3 - B e n z y l - 4 -me t h y l - 7 - h y d r o x y c o u m a r l n ^  was p r e p a r e d ;  

b y  a  Pechmann c o n d e n s a t i o n  o f  r e s o r c i n o l  a n d  o c -b e n z y l-  , . 

a c e t o a c e t i c  e s t e r .  The p r o d u c t  was r e c r y s t a l l i z e d  tw ic e  , .  

f ro m  a l c o h o l  a n d  m e l t e d  a t  2 3 1 .7 °  -  2 3 3 .0 ° C .

c< - B e n z y l a c e t o a c e t l c  e s t e r 3 9 was p r e p a r e d  a s . f o l l o w s :

I n  a  o n e - l i t e r  r e f l u x  a p p a r a t u s  p r o t e c t e d  f ro m  m o i s t u r e  

a n d  e q u ip p e d  w i t h  s t i r r e r  and  d r o p p in g ,  f u n n e l  w ere  p l a c e d  ; 

d r y  b e n z e n e  (300  m l . )  a n d  sod ium  (23  g . ) , .  .T hen  t o  t h e  

s t i r r e d  r e f l u x i n g  m ix t u r e  was a d d e d  a c e t o a c e t i c  e s t e r  (130  m l . )  

o v e r  a  p e r i o d  o f  s e v e r a l  h o u r s .  A f t e r  s o l u t i o n  c f  t h e  

so d iu m , t h e  m ix tu r o  was f i l t e r e d  i n t o  a  s i m i l a r  a p p a r a t u s ,  

an d  t o  t h e  r e f l u x i n g  s o l u t i o n  b e n z y l  c h l o r i d e  (140 m l . )  

v/ac s lo w ly  a d d e d .  R e f l u x i n g  a n d  s t i r r i n g  w ere  c o n t i n u e d

(3 9 )  P .  E h r l i c h i  A m .  1 8 7 , 12 (1 8 7 7 )  „ ; ■
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u n t i l  t h e  m ix t u r e  was no  l o n g e r  a l k a l i n e . T h e n  i t  w as 

f i l t e r e d  f ro m  t h e  s a l t ,  w ashed , s t r i p p e d ,  a n d  vacuum d i s -  i 

t i l l e d *  'T h e  f r a c t i o n  b o i l i n g  a t  1 4 8 °  -  153°C © 9 ’mm. w a s ^ •- 

t d k e n - a s  p r o d u c t  (85  g « ) ,

c < - I s o p r o p y l  a c e t o a c e t i c  e s t e r 40 was p r e p a r e d  s i m i l a r l y *

D ry a l c o h o l  p r e p a r e d  b y  r e f l u x i n g  a b s o l u t e  a l c o h o l  o v e r  

m agnesium  and  i o d i n e  f o r  s e v e r a l  h o u r s  a n d  d i s t i l l i n g  

d i r e c t l y  i n t o  t h e  r e a c t i o n  v e s s e l  was u s e d  a s  s o l v e n t*  

I s o p r o p y l  b ro m id e  was u se d *  The f r a c t i o n  b o i l i n g  a t  

1 9 5 °  -  197°C was t a k e n  a s  p r o d u c t*

E th y l - 7 - » h y d r o x y c o u m a r ln - 3 - c a r b o x y la te 4 1 was p r e p a r e d

f ro m  2 ,4 - d ih y d r o x y b e n z a ld e h y d e  (5  g * ) ,  m a lo n ic  e s t e r  (6  g , ) ,  

a n d  a  d ro p  o f  p i p e r i d i n e .  A f t e r  s t a n d i n g  a week t h e  s o l i d  

p a s t e  was w ashed  o u t  w i t h  d i l u t e  h y d r o c h l o r i c  a c id *  , The , 

p r e c i p i t a t e  was r e  c r y s t a l l i z e d  f r o m ; d i l u t e  a l c o h o l*  .The 

p r o d u c t  m e l t e d  a t  1 7 1 .9 °  -  1 7 2 . 3 °C . ... . . .

3 - A c e ty l - 7 - h y d r o x y c o u m a r in 9  was p r e p a r e d  f ro m  2 , 4 - d i h y -  

d ro x y b e n z a ld e h y d e  (5  g * ) ,  a c e t o a c e t i c  e s t e r  ( 7 . 5  g * ) ,  : . :

a n d  a  d ro p  o f  p i p e r i d i n e .  The p r o d u c t  was r e c r y s t a l l i z e d  

f ro m  a l c o h o l  a n d  m e l t e d  a t  2 3 7 °  -  2 3 7 .6°C*

4 - M e th y l - 7 - d l e th y la m in o c o u m a r ln  was p r e p a r e d  a s  f o l l o w s  

D i s t i l l e d  m e t a d i e th y l a m i n o p h e n o l  (20  g . ) ,  a c e t o a c e t i c  e s t e r  

(22  g . ) ,  z i n c  c h l o r i d e  (10  g * ) ,  a n d  a b s o l u t e  a l c o h o l  (40  g . )

( 4 0 )  E .  P r a n k l a n d  an d  B* Duppa: A nn. 2 0 4 , 179 (188 0 )

(4 1 )  H. von  Pechm ann a n d  E* G r a e g e r ;  B e r .  3 4 , 385 (1 9 0 1 )
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w ere  r o f l u x e d  f o r  30 h o u r s .  Tho r e a c t i o n  m ix tu r e  was 

p o u r e d  i n t o  w a t e r  (400  m l . )  c o n t a i n i n g  a  few  d r o p s  o f  s u l ­

f u r i c  a c i d .  A f t e r  s e v e r a l  d a y s ,  t h e  s o p a r a t e d  o i l  c r y s t a l ­

l i z e d  a n d  was f i l t e r e d ,  d r i e d ,  an d  vacuum d i s t i l l e d .  The 

f r a c t i o n  b o i l i n g  a t  2 4 0 °  -  243°C Q 6 . 5  mm. was t a k e n  a s  

p r o d u c t ;  i t  m o l t e d  a t  7 0 . 1 °  -  71°C*

F l u o r e s c e n c e  I n t e n s i t y

I n  o r d e r  t o  m e a su re  th o  f l u o r e s c e n t  i n t e n s i t y  o f  

c o u m a r in s  i n  a l c o h o l ,  i t  \7as n e c e s s a r y  t o  b u i l d  an , i n s t r u ­

m ent. The s k e t c h  a n d  w i r i n g  d ia g ra m  w h ic h  f o l l o w  show th o  

s a l i e n t  f e a t u r e s  o f  t h o  i n s t r u m e n t  d e s ig n o d  b y  M o s s r s .  S o l l o r  

a n d  B e rg h a u s e n .
t

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

b l a c k  b o x  w i t h  u l t r a v i o l e t  p a s s e d  b y  a  W ood 's  f i l t e r ,  w h ic h  

h a s  a  s h a r p  c u t - o f f  a t  a b o u t  4100A0 . A f t e r  p a s s i n g  t h r o u g h  

a  2% sod ium  n i t r i t e  s o l u t i o n  t o  rem ove u l t r a v i o l e t  f r e q u e n c i e s ,  

t h o  f l u o r e s c e n t  l i g h t  f e l l  on  a  p h o t o c e l l .  Tho r e l a t i v e  

p o s i t i o n s  o f  p h o t o c e l l ,  sam plo  c o l l ,  an d  u l t r a v i o l e t  s o u r c e  

a r e  i n d i c a t e d  i n  t h o  v e r t i c a l  v iow  o f  th o  s k e t c h  o f  th o  

b l a c k  b o x .

F o r  e a c h  f l u o r e s c e n t  c o u m a r in ,  th o  f l u o r e s c e n t  i n t e n ­

s i t i e s ,  e x p r e s s e d  i n  a r b i t r a r y  u n i t s ,  o f  s o l u t i o n s  v a r i n g  

i n  c o n c e n t r a t i o n  f ro m  0 -3 0 0  rag/100 m l .  o f  a l c o h o l  w ore ob ­

t a i n e d  a s  f o l l o w s :

When t h e r e  i s  n o  f l u o r e s c e n t  s o l u t i o n  i n  t h o  b l a c k  b o x ,  

t h o  d a r k  c u r r e n t  a f t e r  a m p l i f i c a t i o n  c a n  bo b a la n c o d  b y  a  

s m a l l  r e s i s t a n c e .  Thon th o  f l u o r c s c o n t  s o l u t i o n  i s  p l a c e d  i n
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( 3 5 )

th o  sam ple  c e l l  and  th o  r e s u l t i n g  p h o t e l e c t r i c  c u r r e n t  i s  

b a l a n c e d  a f t e r  a m p l i f i c a t i o n  b y  d i a l  box  r e s i s t a n c e s .  The 

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

a n c e .  S in c e  t h e  l i n e  v o l t a g e  c a n  f l u c t u a t e ,  t h e  f l u o r e s c e n t  

s o l u t i o n  was a l t e r n a t e d  v / i th  a  s t a n d a r d  f l u o r e s c e n t  s o l u t i o n  

and  a n  a v e ra g e  f l u o r e s c e n t  i n t e n s i t y  o b t a i n e d  f o r  e a c h .

T hen  e a c h  a v e ra g e  f l u o r e s c e n t  i n t e n s i t y  ( i n  ohms o f  d i a l  

bo x  r e s i s t a n c e )  was m u l t i p l i e d  b y  a  f a c t o r  w h ich  w ou ld  r e ­

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

a c c o p te d  v a l u e .  The f l u o r e s c o n t  i n t e n s i t y  o f  t h e  f l u o r e s c e n t  

s o l u t i o n  was t h e n  s a i d  t o  bo e x p r e s s e d  i n  a r b i t r a r y  u n i t s .

As u s e d  i n  t h i s  w ork , an  a r b i t r a r y  u n i t  i s  su c h  t h a t  a  s o l u ­

t i o n  o f  4 - I . I c th y l -7 -h y d ro x y c o u m a r in ,  300 m g/100 ml i n  a l c o h o l  

i n  a  4 e n s  by  2 cm b y  5 cm volumo (20  m l . )  h a s  a  f l u o r e s c e n t  

i n t e n s i t y  o f  360 a r b i t r a r y  u n i t s .

4 -M e th y l- 7 - h y d r o x y c o u m a r in  d o e s  change  i n  f l u o r e s c e n t  

i n t e n s i t y  on s t a n d i n g  i n  a l c o h o l ' a s " t h e  f o l l o w i n g  show s:

I n i t i a l  P i n a l  Time
Compound i n  A lc o h o l  F l u o r .  I n t .  F l u o r .  I n t .  ( H r s . )

( A r b i r t a r y  U n i t s )

4 - M e th y l - 7 - h y d r o x y -
c o u m a r in  360 165 2 ,2 8 0  '

3 - B e n z y l - 4 - M c th y l -
7 -h y d ro x y c o u m a r in  308 301 192

1 .

E i t h o r  o f  t h e  two compounds i n d i c a t e d  i s  a  s a t i s f a c t o r y  

s t a n d a r d  o v e r  a  p e r i o d  o f  a  few  d a y s .  3 - B o n z y l - 4 - M e th y l - 7 -  

h y d ro x y c o u m a r in  u n d o r  n i t r o g o n  i n  a  s c a l e d  c e l l  was u s e d  a s  

a s t a n d a r d .
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(34)
U l t r a v i o l e t  A b s o r p t io n

The u l t r a v i o l e t  a b s o r p t io n  c u rv e s  f o r  th o  s e r i e s  s t u d i e d  

w ere  p l o t t e d  from  d a ta  o b ta in e d  fro m  a  Beckm ann s p e c t r o p h o to ­

m e te r*

B r i e f l y ,  i n  e a c h  c a se  a  s o l u t i o n  o f  th e  c o u m a rin  i n  

p u re  a l c o h o l  was p r e p a r e d .  The in s t r u m e n t  i s  so  a r r a n g e d  

t h a t  a  l i g h t  beam  o f  c o n s t a n t  i n t e n s i t y  c a n  be  p a s s e d  a l ­

t e r n a t e l y  th r o u g h  a  s e t  o f  m a tc h e d  c e l l s  ( e q u a l  i n  l e n g t h ) ;  

one c o n ta in in g  th e  s o l u t i o n  th e  o t h e r  a l c o h o l .  I n  t h i s  m an­

n e r ,  a n  i n s t r u m e n t a l  c o m p a r is o n  o f  th e  i n t e n s i t y  o f  th e  

beam  i n c i d e n t  u p o n  th e  c o u m a rin  m o le c u le s  a n d  th e  t r a n s -  . 

m l t t e d  beam  ( i n c i d e n t  l e s s  a b s o r b e d )  i s  p o s s i b l e .

The la w  w h ich  a p p l i e s ,  t o  l i g h t  a b s o r p t io n  i s :

E -  k c d  l o g  I o / I  

W here E i s  c a l l e d  t h e  e x t i n c t i o n ,  I o  th e  i n c i d e n t ,  i n t e n s i t y ,

I  t h e  t r a n s m i t t e d  i n t e n s i t y ,  c th e  c o n c e n t r a t i o n  o f  th e  

s o l u t i o n ,  d  i t s  t h i c k n e s s ,  an d  k  a  c o n s t a n t  c h a r a c t e r i s t i c  

o f  th e  a b s o r b in g  m o le c u le s .  T h u s , E o b ta in e d  d i r e c t l y ,  fro m  

th e  in s t r u m e n t  d iv id e d  b y  th e  p r o d u c t  o f <c e l l  l e n g t h  b y

s o l u t i o n  c o n c e n t r a t i o n  i s  th e  s p e c i f i c  e x t i n c t i o n  w h ic h  i s

o f  g e n e r a l  c o m p a ra t iv e  v a l u e .

I n  a  c o m p le te  d e te r m i n a t i o n ,  th e  s p e c i f i c  e x t i n c t i o n  

n f  a  compound-’i s .  o b t a in e d  a t  o a c h  w a v e le n g th .  I n  th o  B eck­

m ann in s t r u m e n t ,  th o  w a v e le n g th  s e l e c t o r  i s  l o c a t e d  b e tw e e n  

th o  sam p le  an d  th e  p h o t o c e l l  r a t h e r  th a n  b e tw e e n  th o  l i g h t

s o u rc e  and t h e  s a m p le .
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The c u r v e s ,  s p e c i f i c  e x t i n c t i o n  v e r s u s  w a v e le n g th , 

w ere  u s e d  t o  o b t a i n  a  c o m p a ra tiv e  v a lu e  o f  th e  e n e rg y  a b ­

s o rb e d  b y  e a c h  com pound.

I n  th e  f l u o r e s c e n t  i n t e n s i t y  m e a su re m e n ts , a  Mazda 

B-H -4 lam p was u s e d  a s  a  s o u rc e  o f  e x c i t i n g  r a d i a t i o n .

From  a  p h o to g ra p h  o f  i t s  s p e c tru m  and  t a b l e s ,  th e  f r e q u e n c y  

and  i n t e n s i t y  o f  e a c h  l i n o  c o u ld  be  d e te rm in e d . T h is  p h o to ­

g ra p h  a l s o  in c lu d e d  th e  sp o c tru m  o f  a  sod ium  v a p o r  lam p a s  

r e f e r e n c e .

I n  t u r n ,  e a c h  l i n e  c o u ld  be com pared  w i th  th o  s p e c i f i c  

e x t i n c t i o n  v e r s u s  w a v e le n g th  c u rv e  f o r  a  s e l e c t e d  com pound; 

th e  s p e c i f i c  e x t i n c t i o n  a t  t h a t  w a v e le n g th  b e in g  a  m easu re  

o f  i t s  r e l a t i v e  a b s o r p t i o n .  T hen th e  p r o d u c t  o f  f r e q u e n c y  

b y  r e l a t i v e  a b s o r p t io n  b y  r e l a t i v e  i n t e n s i t y  i s  a  m ea su re  

o f  t h e  e n e rg y  a b s o rb e d  fro m  th e  l i n e  b y  th o  com pound. The 

sum o f  t h e s e ,  th e  r e l a t i v o  a c t i v a t i o n  b e in g  a  m easu re  o f  

th e  e n e rg y  a b s o rb e d  fro m  th e  e x c i t i n g  r a d i a t i o n .

A t a b u l a t i o n  o f  t h e  l i n e s  o f  th e  sp e c tru m  o f  a  Mazda 

B-H -4 lam p f o l lo w  t o g e t h e r  w i th  th e  u l t r a v i o l e t  a b s o r p t io n  

c u rv e s  o f  th e  s e r i e s  s t u d i e d .
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U l t r a v i o l o t  S p ec tru m  o f  lla z d a  B-K -4 Lamp

R c l .  I n t o n s -
V /avo leng th  F re q u e n c y  x  10" s i t y  o f  L in e

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

3 0 2 1 .5  .9 9 3  5

3 1 2 5 .6  .9 6 0  8

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

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

3 3 4 1 .4 8  .8 9 8  6

3380 .8 6 2  1

3530 .8 5 1  1

3550 .8 4 6  1

3 6 5 0 .1 5  .8 2 2  10

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

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

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

3730 .8 0 4  1

3770 .7 9 6  3

3800 .7 8 9  2

3340 .7 8 2  ' -2

3 9 0 6 .4  ,7 6 8  6
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(12)
d e c r e a s e d  f l u o r e s c e n t  i n t e n s i t y  may be  duo t o  im p u r i ty .

3 -C h lo ro -4 -m e th y l-7 -h y d ro x y c o u m a r in  (c u rv e  1 5 ) show s a  

m ore i n t e n s e  f l u o r e s c e n c e  th a n  4 - I io th y l-7 -h y d ro x y  co u m a rin  

(c u rv e  3 )  w h ic h  a g re e s  w ith  th e  o b s e r v a t i o n  o f  C h a k r a v a r t i  • 

U l t r a v i o l e t  A b s o r p t io n :

T h ere  i s  no known m anner i n  w h ic h  know ledge o f  th e  

a b s o r p t io n  c h a r a c t e r i s t i c s  o f  an  o r g a n ic  m o le c u le  c an  

b e  u s e d  t o  f o r e t e l l  f l u o r e s c e n c e .  I n  f a c t ,  P r in g s h e im  

h a s  s t a t e d  w i th o u t  r e s e r v a t i o n  t h a t  t h e r e  i s  no r e l a t i o n  

b e tw e e n  th e  f l u o r e s c e n c e  an d  th e  u l t r a v i o l e t  a b s o r p t io n  

o f  a  m o le c u le  o t h e r  th a n  th e  n e c e s s i t y  t h a t  a  m o le c u le  

m u st b e  e x c i t e d  b e f o r e  i t  c a n  f l u o r e s c e l .

As s t a t e d  b y  K n o b la u ch , th e  f l u o r e s c e n t  i n t e n d ,  t y  i s  

p r o p o r t i o n a l  t o  th e  i n t e n s i t y  o f  th e  e x c i t i n g  r a d i a t i o n l S .  

As a  c o r o l l a r y ,  th e  f l u o r e s c e n t  i n t e n s i t y  o f  a  lu m in e s ­

c e n t  m o le c u le  s h o u ld  be  r e l a t e d  t o  i t s  e n e rg y  a b s o r p t i o n .

I n  th e  p r e c e e d in g  s e c t i o n  th e  c u rv e s  F lu o r e s c e n t  

I n t e n s i t y  i n  a r b i t r a r y  u n i t s  v e r s u s  C o n c e n t r a t io n  a r e  

g iv e n .  A num ber o f  them  show a  maximum f l u o r e s c e n t  

i n t e n s i t y  a t  some p a r t i c u l a r  c o n c e n t r a t i o n .  The s p e c i f i c  

f l u o r e s c e n t  i n t e n s i t y ,  f l u o r e s c e n t  i n t e n s i t y  d iv id e d  b y  

th o  c o r r e s p o n d in g  c o n c e n t r a t i o n ,  a t  t h i s  p o i n t  seem s 

a l i k e l y  v a lu e  f o r  c o m p a riso n  o f  one f l u o r e s c e r  w i th  

a n o th e r .

A M asda B-H -4 b l a c k  r a y  lam p wa3 u s e d  a s  a  s o u rc e  o f  

e x c i t i n g  r a d i a t i o n  i n  th e  above  m e n tio n e d  f l u o r e s c e n t

(1 2 )  0 .  K n o b la u ch : A nn. P h y s ik  5 4 ,  193 (1 8 9 5 )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SP
EC

IF
IC

 
EX

TI
N

C
TI

O
N

100 -
7-H¥DR0XYC0UMARIN

90 -

80 -

70 -

60 -

50 -

30 -

10

‘220 240 260 280 300 320 340 360 380 400
WAVELENGTH- MILLIMICRONS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SP
EC

IF
IC

 
EX

TI
N

C
TI

O
N

3- CHL0R0-4-HETHYL-7-HXDR0XYC0UMARIN

70-

50-

30-

2 0 -

10

220 240 260 280 300 320 340 360 380 400
WAVELENGTH- UILLIMICRONS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SP
EC
IF
IC
 
EX
TI
NC
TI
ON

5-HYDR0XYC0UMARIN80*

70-

60-

5 0 -

40

2 0 -

10

WAVELENGTH- MILLIMICRONS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SP
EC
IF
IC
 
EX
TI
NC
TI
ON

80

70-

60-

50-

4 0

30-

20

10-

1 6

4 -  I E  TH £L -  7 -  l.E TH 0 XY C 0 UI.I ARIN

i , r  ■■ . . , r , , t i. .....|........... i ........... . o— q— o— cj—
220 240  260 280 300 320 340 360 380 390

WAVELENGTH -  I.IILLII.IICRONS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



140“

6-NITR0C0UMARIN130 -

120

110 -

100 -

a 90 - 
oM

M 80 *

H

60 -

50 -

40 i

30 ~

20 -

10 -

220 240 260 280 300 320 340 3'
WAVELENGTH- MILLIMICRONS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4-UE1HYLC0UHARIN 18

60

50
Ss
oM
E-»O
53M
Eh4 0XW
ow
&«MO
w
a 30

20

10

#
f

r

320 240 260 280 300 320 340 360 3 8 0

WAVELENGTH-- MILLIMICRONS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F lu o r e s c e n t  S p e c t r a

A Cenco G r a t in g  S p e c tro g r a p h  was u s e d  t o  o b t a i n  p h o to ­

g ra p h s  o f  f l u o r e s c e n t  s p e c t r a  w here  p o s s i b l e .

CENCO GRATING SPECTROGRAPH 
(Top v ie w )

>  B -H -4 Lamp (U .V .)  
y  & A1 r e f l e c t o r

4 j e l l  c n tn g  /•}
F lu o r e s c e n t j j  S l i t  & C o l l im a to r  
S o l ’n

G r a t in g

F ilm  H o ld e r  & ^  
m ask in g  s l i d e s  '

FILL! HOLDER

i

S t r i p  o f  F ilm  E xposed  
b y  M asking S l id e

S
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U s u a l ly ,  a b o u t  f o u r  s p e c t r a  w ere  p r i n t e d  on  e a c h  

f i l m .  As r e f e r e n c e ,  th o  sp e c tru m  o f  th o  e x c i t i n g  lam p 

(1  m in . e x p o s u re )  an d  t h a t  o f  a  sod ium  v a p o r  lam p (15  m in . 

e x p o s u re )  w ere  t a k e n .  T hen , two e x p o s u re s  t o  th e  f l u o r e s c ­

e n ce  w ere  o b ta in e d ,  one o f  a b o u t 3 h o u r s ;  th o  o t h e r  o f  a b o u t 

20 h o u r s .

The f l u o r e s c e n c e  e x p o s u re s  w ere  t a k e n  a s  f o l lo w s :  A

s o l u t i o n  o f  t h e  f l u o r e s c e r  ( . 3  g /1 0 0  m l . )  i n  p u re  a lc o h o l  

i n  a  s q u a re  g l a s s  c o l l  was p la c e d  a g a i n s t  th e  w id e n e d  s l i t  

o f  th e  s p e c t r o g r a p h .  A Mazda B -H -4 lam p e q u ip p e d  w i th  an  

alum inum  r e f l e c t o r  was p la c e d  a s  c lo s e  a s  p o s s i b l e  t o  th e  

s o l u t i o n  o f  th e  f l u o r o s c o r  w i th o u t  p l a c in g  th e  lam p i n  su c h  

a  p o s i t i o n  t h a t  l i g h t  fro m  i t  c o u ld  r o a c h  th e  s l i t  e i t h e r  

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

To a i d  i n  th e  s tu d y  o f  th e  p h o to g ra p h s  o f  f lu o r e s c e n c e  

s p e c t r a ,  a  s c a l e  was made a s  f o l lo w s :  A p h o to  o f  th o  B-H-4

s p e c tru m  and th o  sod ium  v a p o r  lam p s p e c tru m  was m ade . The

p o s i t i o n  o f  e a c h  l i n e  was d e to rm in o d  by  u s e  o f  a  h an d

s p e c t r o s c o p e  and t a b l e s .  The s p e c t r o g r a p h  i s  d e s ig n e d  so

t h a t  th e  w a v e le n g th  o f  a  l i n e  i s  l i n e a r l y  r e l a t e d  t o  i t s  

d i s t a n c e  fro m  a  p o i n t  o f  r e f e r e n c e .

I n  e a c h  c a s e  w horo a  p r i n t  o f  . th e  f l u o r e s c e n c e  s p e c ­

tru m  was o b ta in e d ,  th e  ban d  odges an d  maximum w ere  C 3 t i -  

m a ted  an d  t h e i r  p o s i t i o n s  d e te rm in e d  b y  u s e  o f  th e  s c a l e . —

F lu o re s c e n c e  S t a b i l i t y  i n  A lk a l i

A lc o h o l w h ic h  h a d  boon  r e f l u x o d  o v e r  p o ta s s iu m  h y -
’  J ‘ !

d ro x id o  was d i s t i l l e d  u n d e r  n i t r o g e n  i n t o  a  f l a s k  co n ­
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( 3 9 )

t a i n i n g  a lc o h o l  w ashed  p o ta s s iu m  h y d ro x id e  p e l l e t s .

A f t e r  becom ing  s a t u r a t e d  a t  room te m p e ra tu re  and  c l e a r ­

in g ,  a  p o r t i o n  (100  m l . )  o f  t h i s  s o l u t i o n  was p la c e d  i n  a 

c o n s ta n t  te m p e r a tu re  b a th  and  a l lo w e d  t o  come t o  a  te m p e r­

a t u r e  o f  56°C .

Tho d o t a i l s  o f  th o  b a th  a r c  d e s c r ib e d  i n  th o  accom pany­

in g  s k e t c h .  The a l k a l i n e  s o l u t i o n  was k e p t  au 55°0  i n  a 

v e s s e l  su sp en d e d  i n  a c e to n e  v a p o r .

To th e  a l k a l i n e  s o l u t i o n  u n d e r  n i t r o g e n  was a d d ed  a  

p o r t i o n  (30  m l . )  o f  f l u o r o s c e r  ( . 3  g /1 0 0  m l . )  i n  a ld e h y d e  

f r e e  a l c o h o l .  The m ix tu r e  was s t i r r e d  b y  b u b b l in g  n i t r o g o n  

th ro u g h  and  th e n  a  sam plo  p i p c t t e f u l  (9 .0 5 4  m l . / p i p a t t o )  

was rem oved , p l a c e d  i n  a  g l a s s  c e l l  i n  a  n i t r o g o n  a tm o sp h e re  

an d  d i l u t o d  w i th  a ld e h y d e  f r o o  a l c o h o l .  Tho b a th  cham ber 

was f i l l e d  w i th  n i t r o g o n  and  c lo s o d .  .......

I n  th o  u s u a l  m an n e r, b y  a l t e r n a t i o n  i n  th o  f lu o r o m e to r  

o f  sam plo  and s t a n d a r d  and  a d ju s tm e n t  o f  th e  a v e ra g o  v a l u e s ,  

th o  f l u o r e s c e n t  i n t e n s i t y  i n  a r b i t r a r y  u n i t s  o f  th o  sam plo 

was o b ta in e d .  E x p o su re  t o  th o  a tm o sp h e re  was m in im iz e d  

b y  a  n i t r o g e n  a tm o s p h e ro .

A t i n t e r v a l s  o f  t im e ,  th e  i n d i c a t e d  p ro c e d u ro  was r e ­

p e a t e d .  Of c o u r s e ,  i n  a l l  m easu rem en ts  o f  f l u o r e s c e n t  i n ­

t e n s i t y ,  a l l  v e s s e l s  m u st bo s c r u p u lo u s ly  c lo a n  f o r  t r a c e s  

o f  i m p u r i t i e s  may havo  a  p ro fo u n d  e f f e c t  on  f l u o r e s c e n t  i n ­

t e n s i t y .

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

was p l o t t e d  a g a i n s t  t im e  i n  h o u r s .  Tho c o m p le x ity  o f  t h e
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d e g r a d a t io n  p r o c e s s  d o es  n o t  p e rm i t  a n y  b u t  a  q u a l i t a ­

t i v e  c o m p a riso n  o f  th o  e f f e c t  o f  s t r u c t u r e  on th e  d u r a ­

b i l i t y  o f  f lu o r o s c e n c o  i n  a l k a l i .
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