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Abst rac t  - The base c a t a l y s e d  condensation products  of mes i ty l  

oxide and benualacetone with 4-hydroxycoumarin have been s tud ied .  

The r epor t ed  s t r u c t u r e s  (111) and ( I X )  o f  two condensat ion 

products  a r e  rev ised  as ( v )  and (x)  r e e p e c t i v e l y .  Chemical 

t r ans fo rma t ions  of (V) t o  (VI) ,  (VII )  and (~111) a r e  enumerated. 

13c NHH s p e c t r a  s t u d i e s  t o  d i s t i ngu i sh  between ( I V )  and ( V I )  

and t o  e s t a b l i s h  s t r u c t u r e  ( V )  a re  a l s o  recorded.  The p l aus i -  

b l e  mechanisms f o r  t h e  format ion  of two novel  compounds having  

t h e  coumarin l ac tone  r i n g  ruptured,  vi.. ( V I I I )  from ( V )  and t h e  

condensat ion product ( X I )  from 4-hydroxycoumarin and cinnamal- 

dehyde have a l s o  been d e l i n e a t e d .  

I n  oonnection t o  o u r  a t u d i e s  on t h e  chemistry of Eome 4-hydrowcoumarin 

d e r i v a t i v e s  having p o t e n t i a l  p e s t i c i d a l  p rope r t i e s ,  we r e i n v e s t i g a t e d  t h e  

oundensat ion r e a c t i o n s  of s eve ra l  u, @ -uneaturated carbonyl compounds 

1 
with 4-hydroyrcoumarin. a l r eady  r epor t ed  by Ikawa & . The r e i n v e s t i -  

g a t i o n  l e d  not  only t o  t h e  r e v i s i o n  of t h e  s t r u c t u r e s  of some of t h e  

p roduc t s ,  but  t o  t h e  i s o l a t i o n  of soma novel compounds 2-4. 

Of t h e  two condensa t ion  products  of 4-hydroxycoumarin (1) and mes i ty l  oxide 

( P Y , ~ .  48 h r )  t h e  hexane so lub le  l e s s  po la r  one, mp 93O (33$ y i e l d )  w a s  

ass igned t h e  s t r u c t u r e  (11) while t h e  hexane in so lub le  one,  mp 21Z0 (13%) 

1 w a s  ass igned t h e  s t r u c t u r e  (111) . However, t h e  s t r u o t u r e  (11) w a s  r ev i sed  

+Presen ted  i n  pa r t  i n  t h e  F i f t h  I n t e r n a t i o n a l  Congress of P e s t i o i d e  Chemistry 

(IUPAC) . Aug. 29 - Sep t .  4 ,  1982, Kyoto, Japan. Abs t r ac t s ,  p. Ic-6.  



5 as (IV) by Hutchineon t on t h e  b a e i e  of  spectral. analys ie .  Our s t u d i e s  

conform t o  t h i s  m p i e i o n  and a l so  l e a d  t o  t h e  *vieion of  t h e  s t r u c t u r e  of 

the  more p o l a r  oompound from (111) t o  (v)  through i ts  s p e o t r a l  f e a t u r e s  

[3mez(KBr) z 3330 om-l(0H group); PMR (d6-IMi30. 100 m a )  1 6  1.40 (6H, 2, 
0- . 

gem-dimethyl) . 1.64 , , C -  1.95 (a, 3. -E~-) .  7.06 ( l ~ ,  =, 
exchangeable with D20. -OK) and 7.30-7.78 (4H. =, aromatic 11's); t h e  only 

3H signal. a t  6 1.64 unembi~uously discarding s t r u c t u r e  (111) having a COCK3 

group 7 , supported by following chemical evidenoe. 

Treatment O i  (V) with BF -e the ra te  i n  presence o r  abeenoe of ~ b ( 0 ~ o )  
3 4 in 

dry benaene (0.5 h r )  afforded t h e  dehydration product (VI) (28%), mp l lOo 

( l i g h t  p e t r o l  - ether),'C15H1403 (M+ 242); ~ I ~ ~ ~ ( K B ~ )  I 1705 om-' (ooumarin 

CO) ; PMR (C3C13, _gq !?%a) I b 1.45 (611, 8 ,  gem-dimethyl) , 1.94 (F, .@, o l e f i -  

nic Q3), 4.63 ( l ~ ,  &, viny l  H) . 7.20-7.80 (4H, el, aromatio Ha  a ) .  The 

d i s t i n c t i o n  between t h e  p o s i t i o n  isomers ( I V )  and (YI) could a leo  be made 

through l3c NMH s p e c t r a l  s t u d i e s  described l a t e r .  

U s e  of methanolic benaene medium i n  t h e  above reao t ion  yie lded (30%) t h e  

ketal  (VII) , t h e  methyl e t h e r  of (v)  , mp 120° (chloroform - l i g h t  p e t r o l ) ,  

c ~ ~ H ~ ~ ~ ~  (M+ 274) [ $ m a r ( ~ ~ r )  1705 cm-' (ooumarin C=O) ; PIvlR (CDCl3. 100 MBB) : 

6 1.41. 1.52, 1.65 (each 3H, 4, t h r e e  Q g l e ) .  1.88. ,2.14 (each 18. 4, J-13 

H E ,  - Q 2 - ) ,  3.28 ( w ,  a,. - 0 ~ ~ )  A d  7.22-7.83 ( 4 ~ .  g, aromatic Has)]. 
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The above r eao t ione  when c a r r i e d  out i n  presence of  ~ b ( 0 A o ) ~  af forded ,  i n  

a d d i t i o n  t o  t h e  compounds (VI )  o r  (YII),  another novel  compound (VIII)  (4%) - 
a 1 - l a c t o n e  d e r i v a t i v e  formed by t h e  rupture  of t h e  coumarin l a c t o n e  moiety. 

The compound (~111). mp 142O (chloroform - l i g h t  p e t r o l ) ,  Cl.,H1404 (M+ 234) 

possewoes a n  2-hydroxyacetophenone type6 chromophore [ A  (&OH) : 257 m 
rnax 

( l o g e  4.21) and 331 (3.82)] and showed FeCl - co lou ra t ion .  The I R [ ~ ~ ~ ~ ( K E W ) :  3 
3510 cm-l(~EI), 1779 ( f - l a c t o n e  c=o ) ,  1660 (conjugated che la t ed  c=o)] and 

t h e  PMH s p e c t r a l  d a t a  i n  CDC13 (100 PIE.) C61.0, 1.4 ( each  3i. g ,  two- CM3's). 

2.29, 2.61 (each  1H. A, J=17Hz, -CH_*-), 5.52 ( l ~ ,  a, -CO-$-CO-), 6.86-7.60 

( 4 ~ .  g, aromat ic  H' s )  and 11 .e6 ( lH, g, disappearing on D20 shake ,  -OW_)] a r e  

f u l l y  oons i s t en t  with t h e  der ived  s t r u c t u r e  ( V I I I ) .  

(YI 1 (Y I1 1 (Yn11 

Thus, t h e  above , r e a c t i o n s  e e t a b l i e h e d  t h e  s t r u c t u r e  (v )  and not (111) f o r  . . 
t h e  more p o l a r  condensat ion product .  A ketomethyl group i n  a compound as 

i n  (111) would be oonverted i n t o  t h e  -COCH20bc group on t r ea tmen t  with 
. 

P ~ ( O A C ) ~  and BF   ether at^'-^. On t h e  o t h e r  hand, l e a d  t e t r a a c e t a t e  may 3 

have some f u n c t i o n  i n  t h e  formation of (V111). According t o  t h e  most 

reasonable  ooncept, o x i d a t i o n  of t e r t i a r y  alcohol f u n c t i o n  [here t h e  hemi- 

k e t a l  OH group i n  (v)] occu r s  by ~ b ( 0 A c ) ~  and dur ing  t h i s  ox ida t ion ,  

f ragmenta t ion  becomes t h e  major r e a c t i o n  path. I n  t h i s  p a r t i o u l a r  case .  

t h r e e  p o s s i b l e  modes of f ragmenta t ion  of (a) mw occur ,  of which one 

p o s s i b l e  mode g i v e s  r i s e  t o  a r a d i o a l ( b )  primary as we l l  as homoal ly l io ,  

which h a s  c e r t a i n  amount of c o n t r i b u t i o n  towards resonance as ehown 

(scheme 1 ) ;  onoe i t  i s  formed, it c o l l a p s e s  on t o  t h e  ooumarin carbonyl  

oxygen. The r e s u l t i n g  resonance e t a b i l i s e d  r a d i c a l  ( 0 )  p i c k s  up an a c e t a t e  

r a d i c a l  t o  l o e e  a molecule of a c e t i c  anhydride and t a k e e  up a molecule of 

water  t o  form t h e  f i n a l  product (VII I )  as show i n  Scheme 1. 



Scheme 1. Plaus ib le  mechanism f o r  t h e  formetion of (VIII) from (v) 

13c NMK epectroscopic s t u d i e s  on (IV), (VI) and ('311) have been made, which 

provided a method f o r  cha rac te r i s ing  t h e  isomere (IV) and (VI) . Chemioal 

. eh i f t  and degree of protonat ion of each oarbon were determined by noise 

decoupled (ND) and s i n g l e  frequency off-resonance decoupled (sFoILD)~O'~~ 

spect ra  respect ively .  6C expreesed i n  ppm assignable t o  each carbon atom 
12 

of t h e  compounde (IV) , (VI) and (VII) a r e  wummarieed i n  Table 1. 

The resonance s igna l  a t  102.2 ppm i n  t h e  13c NMR wpectrum of (=I) c l e a r l y  

showed t h e  presence of a -0-b-0- type  moiety i n  t h e  k e t a l  (VII) and conee- 

quently i n  t h e  corresponding hemiketal (v). Hence, t h e  dehydration prcduct 
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of (v)  and t h e  isomer of t h e  former must be (VI) and (IV) r e spec t ive ly ,  

thue  r u l i n g  out the  a l t e r n a t e  p o s s i b i l i t i e e .  Purthermore, t h e  resonance 

s ig l ia ls  of C-2'. C-3' and C-4' of (IV), ( V I )  and (VII) a r e  i n  good agree- 

ment with t h e  reepect ive  s t n ~ c t u r e  derived o n  t h e  bas ie  of t h e  f a c t  t h a t  

e i t h e r  of (IV) and (VI )  containe four  sa tura ted  aarbons including one 

t e r t i a r y ,  while (vII) possesses s i x  such saturated carbons of lmioh two 

a r e  t e r t i a r y .  

Table 1. 13c NMR ( c D c ~ ~ )  s i g n a l s  of (IV). (VI) and (VII)  

Spectmm 6c ( P P ~ )  of Compound mn at 
C-2 C- 3 C-4 C-4a C-5 C-6 C-7 

L ~ ~ ( P P ~ )  of 
Compound 

0-8 C-8a 0-2' 3 C-4' -mi3 - C )  - 0 g 2  

Again, t h e  s t r u c t u r e  ( I X )  f o r  the  base oatalyeed reao t ion  produot -(35$) of 

4-h~droxycoumerin and benaalacetone as  proposed e a r l i e r 1  i s  rev i sed  by u s  

a s  (x )  through s p e o t r a l  (IB, PMX and MS) analysis. The s p e c t r a l  d a t a  of 

t h e  product ( x ) ,  mp 162O. C19H1604 (M+ 3 0 I 3 ) ; [ l ) ~ ~ ~  (KBr) L 1678 cm-' (couma- 

r i n  C-0) ; PMR ( c D c ~ ~ ,  90 M X 5 )  I 6 1.66 , 2 ,  - 3  2.38, 3.45 (eaoh lH, 

d, J=20 H E ,  -q2-) , 4.17 ( lH,  a, A - h  7.14-8.0 ( 9 ~ .  _m, aromatic H's ) ]  - 
c l e a r l y  ind ioa ted  t h e  absence of a ketomethyl gmup a s  propoeed i n  ( IX)  . 
The condensation r e a c t i o n  of 4-hydroxycoumarin and cinnamaldehyde is being 

repor ted  f o r  t h e  f i r e t  time. 4-Hydroxycoumarin was ref luxed with cinnamal- 

dehyde i n  water  containing t r a c e s  of ~ y r i a i n e  f o r  14hr. The reao t ion  mixture 

on cooling and e x t r a c t i n g  with chlomform yielded a mixture of two products. 



separated .by chromatography .ovqr s i l i c a  ge l .  . The yellow compound (XI) , ,  

mp 151° (ahloroform - l i g h t  p e t r o l )  , C1F1402 (M' 250) ,[ Amax(I3t0~) i 358 nm 

6 
(log& 4.44). and 243 ,(3.96),  . reminiecent  .of phydroxyacetophsnone t y p e .  : 

- 1 
chrornophare; QmaX (mr) : 1615 cm (h igh ly  conjugated carbonyl group);  

PMx (CDC13, 80 m e )  : 6 7.12-1.35 1 , aromatic and o l e f i + c  H ' s )  and 

12.78 ( lH ,  2, D 0 exchanged, -oz)] was obtained i n  lower  y i e l d  ( -  15%). 2 

This h i t h e r t o  unknown h igh ly  conjugated compound showed PeCl -coloura t ion .  
3 

Under t h e  r e a c t i o n  condi t ion ,  thermodynamically more s t a b l e  t r a n s - t a n s  

diene is expected t o  be formed; but  because of  overlapping with aromatic 

protons,  no pmr evidence could be provided. The formula t ion  (XI )  w a s ,  

however, confirmed from i ts  i d e n t i t y  with t h e  product obta ined from t h e  

base oa ta lysed  condensation of 2-hydroxyacetophenone and cinnamaldehyde. 

The formation of  ( X I )  n e c e s s a r i l y  involves t h e  baee -ca tdysed  condensation 

of 4-hydmxycoumarin with cinnamaldehyde fol lowed by an  i r r e v e r s i b l e  base- 

ca ta lysed  breakdown of t h e  coumarin laotone  ring g iv ing  r i s e  t o  t h e  P -keto- 

acid ( d )  , which under t h e  r e a c t i o n  cond i t ion  e a s i l y  decarboxylates t o  

af ford  the  ened io l  (e) . The l a t t e r ,  i n  t u r n ,  on l o s i n g  t h e  elements of 

water fu rn i shed  t h e  f i n a l  product (XI )  (Scheme 2 ) .  
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Scheme 2. P o s s i b l e  mechanism , f o r  t h e  formation of ( X I )  

From t h e  r e s u l t s  rece ived  i n  t h e  foregoing r e a c t i o n s ,  it is ev iden t  t h a t  

i n  t h e  condensat ion of 4-hydmxycounarin with m e s i t y l  oxide,  both  aarbonyl  

a d d i t i o n  and Michael type a d d i t i o n  occur ,  whereas wi th  benvalacetone only 

Michael a d d i t i o n  t a k e s  place and cinnamaldehyde g i v e s  r i s e  t o  carbonyl  

a d d i t i o n  presumably due t o  i ts  h i g h e r  aarbonyl a c t i v i t y  t h a n  benealace tone .  

F u r t h e r  exper iments  with s e v e r a l  o t h e r  d, P -unsa tura ted  carbonyl  compounds 

a r e  i n  p rog res s  wi th  a view t o  f i n d i n g  out  the g e n e r a l i t y ,  i f  any,  of  t h i s  

t ype  Of r e a c t i o n s .  
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