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A b s t r a c t  - The r e a c t i o n s  of s e v e r a l  coumarins w i t h  t h a l l i u m  (111) 

s a l t s  have been i n v e s t i g a t e d .  The compounds i s o l a t e d  were u s u a l l y  

o x i d a t i o n  p roduc t s  de r ived  from i n i t i a l l y  formed o rganometa l l i c s .  

INTRODUCTION 

Though t h e  o r g a n i c  chemis t ry  of tha l l ium (111)  compounds i s  an e s t a b l i s h e d  

branch of r e s e a r c h ,  a  c o n s i d e r a b l e  amount of w o r k  s t i l l  remains t o  be done on 

t h e  r e a c t i o n s  of t h e  t h a l l i u m  ( I I L )  s p e c i e s  with h e t e r o c y c l i c  compounds. Previ -  

2  o u s l y ,  we have r e p o r t e d  t h e  r e a c t i o n s  of t h e s e  s a l t s  w i t h  i n d o l e s  . The p r e s e n t  

paper  d e s c r i b e s  our  i n v e s t i g a t i o n s  on coumarins. 

RESULTS AND DISCUSSIONS 

Coumarin r e a c t e d  slowly wi th  t h a l l i u m  ( 1 1 1 )  n i t r a t e  (TTN) i n  d r y  methanol t o  

y i e l d  ( I ) ,  mp 176'C,after  7 days .  Its I R  (KEr) spectrum showed a b s o r p t i o n  bands 

f o r  t h e  coumarin ca rbony l  (1720 cm-'1, n i t ro-group (1520, 1345, 896 cm-l) and 

1 , 2 , 4 - t r i s u b s t i t u t e d  benzene moiety (822, 802 cm-I). I ts  80 MHz 'H-WB showed a  

downfield C4-H ( b  8.32, s ) ,  a  methoxyl ( 6  3.95, s )  and t h r e e  a romat i c  p ro tons  of 

an 1 , 2 , 4 - t r i s u b s t i t u t e d  benzene r i n g  ( b  8 .89 ,  d ,  J = 2 . 3  Hz, C5-H; b 8.22, dd, 

J =  2.3,  9 .3  Hz, C7-H; 6 7.56,  d ,  J =  9 .3  Hz, CQ-H). This was i n  conformity  w i t h  

t h e  p resence  of a  6 - n i t r o  group. The 3-methoxylation can be  ekp la ined  by t h e  

a d d i t i o n  - e l i m i n a t i o n  mechanism o u t l i n e d  i n  Scheme I. The f i r s t  o x y t h a l l a t i o n  

s t e p  i s  n e c e s s a r i l y  slow because of t h e  i n e r t  na tu re  of t h e  3,4-double bond. 

.Ui t r ic  a c i d ,  produced d u r i n g  t h e  o x y t h a l l a t i o n  p rocess  i s  r e s p o n s i b l e  f o r  t h e  

observed n i t r a t i o n ,  whose e x a c t  s t a g e  of occurrence i s  n o t  c l e a r .  

3-Hydroaycoumarin when t r e a t e d  w i t h  TTN i n  dry methanol f u r n i s h e d  4-methoxy-3- 

hydroxycoumarin ( I I ) ,  mp 165 '~ .  This compound showed hydroxyl and l a c t o n i c  bands 



1 
a t  3300 ( b r )  and 1708 cm-' i n  i t s  1 ~ ( ~ ~ ~ 1 ~ ) s p e c t r u m .  I ts  8 0  MHz H-UMR spectrum 

showed peaks f o r  a  methoxyl group ( b  4.34, s ) ,  an exchangeable hydroxyl  (6 5.73, 

s )  and a  low f i e l d  a romat i c  p ro ton  (C5-H a t  b 7.78, dd, J= 7.9, 2.2 Hz). I t  

lacked t h e  C4-H s i n g l e t  a t  - b 7.02. The EI-MS lacked t h e  M+ peak,  t h e  h i g h e s t  

peak be ing  observed a t  m/r 163 (M-HCO). The f ragmenta t ion  p a t t e r n  was commen- 

s u r a t e  w i t h  t h e  a s s igned  s t r u c t u r e .  The probable  mechanism invo lves  t h a l l a t i o n  

a t  t h e  a c t i v a t e d  C-4 p o s i t i o n  fo l lowed by n u c l e o p h i l i c  d isplacement  of t h a l l i u m  

by a methoxyl group and t a u t o m e r i s a t i o n  (Scheme 11) .  

The o x i d a t i o n  of 4-hydroxycoumarin by T M  proceeded i n  a  d i f f e r e n t  manner by 

way o f  a novel  d i m e r i s a t i o n  t o  g i v e  t h e  product  (111) .  mp 148-50°c.1ts I R  

s p e c t r ~ m ( C H C 1 ~ ) ~ h o w e d  peaks f o r  hydroxyl and l a c t o n i c  ca rbony l  groups (broad 

peak a t  3030-3300 and 1710 and was very  s i m i l a r  t o  t h a t  of t h e  parent  

1 compound. The H-UMR spectrum was a l s o  s i m i l a r  t o  t h a t  of 4-hydroxycoumarin b u t  

lacked t h e  C3-H s i n g l e t  a t  - & 5.56. The p roduc t  cou ld  t h e r e f o r e  be formulated  

5  a s  the  dimer (111)  o r  i t s  t a u t o n e r  ( I I I ' ) ,  whose p robab le  g e n e s i s  has 

been o u t l i n e d  i n  Scheme 111, i n v o l v i n g  t h e  a t t a c k  of one molecule of t h e  subs- 

t r a t e  on t h e  i n i t i a l l y  t h a l l a t e d  s p e c i e s  of t h e  o t h e r .  The EI-MS lacked t h e  M+ 

peak, t h e  h i g h e s t  peak being observed a t  m/z 138 co r respond ing  t o  t h e  frigmen- 

t a t i o n  shown. 

Scheme I 

~ ~ ( ~ ' ) ~ ' r +  ,NO3 MeOH 

OMe 



HETEROCYCLES. '401. 26, No. 5, 1987 

Tautornerisation 

(11) 

& T T N  MeOH , 

The r e a c t i o n  o f  4-hydroxycoumarin was r epea ted  with t h a l l i u m  (111)  a c e t a t e  (TTA) 

a s  t h e  r e a g e n t  when t h e  t h a l l a t e d  compound (IV) was ob ta ined .  This lacked t h e  

C3-H s i g n a l  i n  t h e  'H-NMR b u t  i n s t e a d  showed a  s i n g l e t  a t  1.58 f o r  t h e  

- T ~ ( O A C ) ~  grouping.  Presumably, t h e  lower leaving group c a p a b i l i t y  of - T ~ ( O A C ) ~  

a s  opposed t o  - T ~ ( N o ~ ) ~  p reven t s  t h e  format ion of t h e  dimer. Treatment of (IV) 

w i t h  sodium p e r c h l o r a t e  and p e r c h l o r i c  a c i d  i n  methanol, i n  an a t t e m p t  t o  

p r e p a r e  dimer (111) ,  l ed  t o  d e t h a l l a t i o n  and replacement of t h e  4-hydroxy group 

by a methoxyl t o  g i v e  ( v ) ~ ,  C10H803, mp 124Oc.The p robab le  mechanism i s  shown 

i n  Scheme I V .  (V) was a l s o  ob ta ined  On t rea tment  of 4-hydroxycoumarin w i t h  



a c i d i f i e d  methanol.  

Scheme I V  

Umbell iferone f a i l e d  t o  y i e l d  any o x i d a t i o n  p roduc t  even on prolonged t r e a t m e n t  

with TTN i n  methanol. The on ly  two p roduc t s  ob ta ined  were t h e  3 - n i t r o  and 6- 

n i t r o  d e r i v a t i v e s , ( V I I ) a n d  (VI) , a r i s i n g  from n i t r a t i o n  by t h e  n i t r i c  a c i d ,  

genera ted  d u r i n g  t h e  format ion of t h e  t h a l l i u m  (111)  s a l t  of t h e  p h e n o l i c  group 

i n  umbe l l i f e rone  a s  w e l l  a s  by some s o l v o l y s i s  of TIN. Both n i t r o - d e r i v a t i v e s  

showed I R  a b s o r p t i o n s  f o r  the  -NO2. -OH and l a c t o n i c  >C=O groups [1525. 1310, 

1 
1290; 3220; 1730 cm- -(vI) ;and 1560, 1370; 3210; 1730 cm-L(v11 r e s p e c t i v e l y  . 

1 The H-NMR s p e c t r a  were compat ib le  w i t h  t h e  s t r u c t u r e s  (VI )  and (VI I ) .  The 

former e x h i b i t e d  t h e  c h a r a c t e r i s t i c  AB p a t t e r n  f o r  t h e  coumarin 3- and 4-protons 

( A  6.33 and 6 7.97, J =  9.5 Hz). ( V I I )  lacked t h i s  c h a r a c t e r i s t i c  d o u b l e t ,  b u t  

snowed a downfield s i n g l e t  a t  8 9 .10  which can be  a s c r i b e d  on ly  t o  t h e  C4-proton. 

Action of d i l u t e  methanol ic  n i t r i c  a c i d  on umbe l l i f e rone  a l s o  g i v e s  (VI)  and 

(VII)  under s i m i l a r  c o n d i t i o n s .  
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EXPERIMENTAL 

Mps were r ecorded  on a  Kof ler  block and a r e  uncorrected.  'H-NMR s p e c t r a  were 

recorded a t  8 0  o r  a t  100 MHz. I R  and UV s p e c t r a  were recorded on a  Perkin-Elmer 

(Model 782) and Varian 634 S spec t romete r s  r e s p e c t i v e l y .  Anhydrous Na2S04 was 

used f o r  d r y i n g  e x t r a c t s .  Column and th in - l aye r  chromatography were c a r r i e d  o u t  

3  us ing  s i l i c a  g e l  (6C-120 mesh) and s i l i c a  g e l  G ,  r e s p e c t i v e l y .  3-Hydroxycoumarin 
4  and 4-hydroxycoumarin were prepared by l i t e r a t u r e  methods. 

React ion of TTN and Coumarin - Coumarin (1.46 g, 10 mmol) i n  d r y  MeOH (20 m1)was 

t r e a t e d  w i t h  t h a l l i u m  (111)  n i t r a t e  t r i h y d r a t e  (TTN) (5 .00 g ,  11 mmol) a t  room 

temperature .  A f t e r  7  days ,  t h e  s o l v e n t  was removed and t h e  r e s i d u e  chromatogra- 

phed t o  g i v e  ( I )  (400 mg, 18%) up 1 7 6 ° ~ ( f r o m  benzene) i n  t h e  p e t r o l - b e n z e n e ( 1 : l )  

e l u a t e  and unreac ted  COUmarin (450 mg, 31L) i n  the benzene-EtOAc ( 6 : l )  e l u a t e s .  

(Found : C.54.12; H,3.09; N,6.21$, C10H7N05 requ i re s  C.54.30; H,3.19; N,6.33%). 

7 0  eV MS & 221  (M+),  190  (M-OW), 175 (M-NO~),  1 4 4  (M-OMe-NO2). 

React ion of TTN and 3-H~droxvcoumarin - 3-Hydroxycoumarin (500 mg, 3  mmol) i n  

d r y  MeOH (15 m l )  was t r e a t e d  wi th  TTN (1.32 g ,  3  mmol) a t  room temperature .  

A f t e r  keeping o v e r n i g h t ,  t h e  p r e c i p i t a t e d  tha l l ium ( I )  n i t r a t e  was f i l t e r e d  and 

t h e  s o l v e n t  was removed. Chromatography of t h e  r e s idue  y i e l d e d  ( 1 1 )  (100 mg, 

17$),  mp 1 6 5 O ~ , i n  t h e  pet ro l -benzene ( 1 : l )  e l u a t e s .  (Found : C,62.42; H.4.03; 

Cl0ti8O4 r e q u i r e s  C,62.50; H,4.l6%).  EI-MS r& 163 (M-HCO), 162 (M-HCHO), 134, 

133 (M-EH3-CO), 127, 121, 120  (M-C3H402), 105, 93, 92,  77 ( C ~ H ~ ' ) .  

React ion of TTN and 4-H~droxvcoumarin - 4-Hydroxycoumarin (400 mg, 2  mmol) i n  

d r y  MeOH (12 m l )  was t r e a t e d  wi th  TTN (1 .00  g ,  2 mmol) a t  room temperature  and 

kept  ove rn igh t .  The p r e c i p i t a t e d  tha l l ium ( I )  n i t r a t e  was f i l t e r e d  o f f .  Af te r  

removal of t h e  s o l v e n t ,  t h e  r e s i d u e  was chromatographed t o  g ive (111 /111 ' ) (150  mg, 

19%). mp 148-50°c,in t h e  p e t r o l  benzene ( 1 : l )  e l u a t e s .  (Found : C.66.99; H,3.U2; 

C18H1006 r e q u i r e s  C,67.08; H 3 . 1  UVA;:? 298, 229 nu. EI-MS n& 138, 120, 

92. 

React ion of TTA and 4-Hvdrox~coumarin - 4-Hydroxycousarin (100 mg, 0.6 mmol) i n  

t h e  1:2 mix tu re  of g l a c i a l  a c e t i c  a c i d  and absolute  e t h a n o l  (15 ml)  was t r e a t e d  

w i t h  TTA (230 mg, 0.6 mmol) a t  room temperature .  Af te r  5  days ,  t h e  s o l v e n t  was 

removed under reduced p r e s s u r e ,  t h e  r e s i d u e  t r ea ted  wi th  CHC13 and water .  The 

r e s i d u e  from t h e  aqueous p o r t i o n  a f t e r  removal of w a t e r  was e x t r a c t e d  w i t h  

anhydrous e t h a n o l  t o  g i v e  ( IV)  (200 mg, 67%). decamp. p t .  2 m 0 c .  



Reaction of ( I V )  wi th  Sodium P e r c h l o r a t e  and P e r c h l o r i c  Acid - The compound ( IV)  

(150 mg, 0 .3  mmol) i n  d r y  MeOH ( 1 0  ml)  was t r e a t e d  w i t h  sodium p e r c h l o r a t e  and 

pe rch lo r i c  a c i d  a t  room temperature .  A f t e r  t h r e e  days ,  t h e  r eac t ion -mix tu re  was 

n e u t r a l i s e d  and then e x t r a c t e d  wi th  e t h e r .  Removal of t h e  s o l v e n t  gi;es (V), 

(20 mq, 37%) mp 1 ~ 4 ~ ~ . ( ~ o u n d  : C,68.05; ~ , 4 . 2 2 ,  C10H803 r e q u i r e s  C,68.18; 

H,4.54%). 

Reaction of TTN and Umbelliferone - Umbel l i ferone (650 mg, 4  mmol) i n  dry  MeOH 

(25 ml) was t r e a t e d  w i t h  TTN ( 2  9 ,  4  mmol) a t  room temperature .  A f t e r  7  days ,  t h e  

p r e c i p i t a t e d  t h a l l i u m  ( I )  s a l t  was f i l t e r e d  o f f ,  t h e  s o l v e n t  was removed and t h e  

res idue  chromatographed t o  g i v e  (VI )  (200 mg, 24;L). mp 2 1 9 O ~ , i n  t h e  p e t r o l  - 
benzene ( 1 : l )  e l u a t e s  and ( V I I )  (100 mg, 12<) ,  mp 260-62O~, in  t h e  benzene-ethyl-  

a c e t a t e  ( 5 : l )  e l u a t e s .  (Found: C,51.99; H,2.32; N.6.45, C9HgN05 r e q u i r e s  C.52.17; 

H,2.41; N,6.71% - VI).  
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