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Abstract-Aldehydes condense at position 4 of 3-isochromanone in 

the presence of a base, in competition with the ring opening of 

the lactone. By control of the pH, the new syn and anti 4-ethyl- 

iaene and benzylidene derivatives are obtained with yields of 30 

and 28%. Due to the strong interaction of the olefinic proton 

with the carbonyl group of the lactone, in particular in the 

c a s e  of the stilbene structures prepared through reaction with a 

benzaldehyde, these syn and anti isomers a r e  easily resolved by 

chromatography and characterized. The 4-methylene 3-isochromano- 

ne obtalned through addition of formaldehyde is not stable and 

polymerizes readily to a mixture of polymers. 

During the course of studies on the reactivity of pyrano-naphthoquinones of the fu- 

sarubine type and more particularly in relationships with the possible origin of 

nectrlafuPonel, we w e r e  brought to carry o u t  reactions on 3-isochromanone chosen as 

a model (1,4-dihydro-3H-Z-benzopyran-3-one L) ,  a cornrnerclally available compound 

(Aldrich-Europe). Astonishingly enough, the condensation of aldehydes on the acti- 

vated methylene group at position 4 of 3-isochramanone 1s not reported and the pH 

controlled addition affords the expected 4 -ene  substituted derivatives with reaso- 

nable yields, so that we wish to describe the results of our experiments. 

By using an excess of acetaldehyde i n  ethanol and the slow addition of a KOH solut- 

ion under control of the pH, a 30% yield of a 1x1 mixture.of the two syn and anti 

lsornet-s g and b (4-ethylldene 3-isochramanonesl is observed.These products are 

easily resolved by chromatography and characterized, in particular in 'H NMR, be- 

cause of the interaction of the olefrnic proton wlth the carbonyl in g. 

With benzaldehyde, the two stllbene lactones 2 and b lsyn and anti 4-benzylidene 



3-isochromanonesl are obtained in the ratlo of 1:l with an overall yield of 28%. 

These lactones a, b, z, E, appear to be relatively stable products as shown by 
control TLC carried out on solutions Kept for several days at O'C and in absence of 

light. 

The additlon of formaldehyde on leads to the less stable 4-methylene 3-lsochroma- 

none 4 with a 20% yield.Analyses have to be carrled out rapldly on this substance - 

as rt polymerizes readily into a dimer according to MS determlnation.Howeve~,the 

NMR Spectra can not be interpreted any moreand suggest the presence of a mixture of 

polymers. 

In the case of the 4-ethylidene  soc chroma nones and c, attempts were made to u s e  

triethylam~ne or LDA I" THF or ~t 0 but the reactions were abandoned after repeti- 
2 

tlOnS With dlffe~ent concentratzons because of the lower ylelds which were observed 

I8  and 6% respectively). It seems that the strength of the base is a determinant 

factor in this reaction, hence an unavoidable competition with the hydrolysis of 

the lactone. 

The reaction of 3-isochromanone was c a r r ~ e d  out with p-hydroxy benzaldehyde, the 



HETEROCYCLES, V d  26, No 2, 1987 

resulting s y n  a n d  a n t 2  4 - ( p - h y d r o x y  b e n z y l l d e n e  3 - i s o c h r o r n a n o n e s  5 a  a n d  5b  re -  - - 

p r e s e n t i n g p o t e n t i a l  e s t r o g e n s ,  i n  p a r t i c u l a r  t h e  s y n  ( t r a n s o i d l  s t i l b e n e  s t r u c t u r e  

2  
5 h  . T h e s e  s u b s t a n c e s  were o b t a i n e d  w l t h  an  o v e r a l l  y i e l d  o f  8%.  - 

T h a t  t h e  4 - e n e  l a c t o n e s  a r e  p r e s e n t  i n  t h e  m e d i a  uhen  t h e  s t a r t i n g  3 - i s a c h r o m a n o n e  

1 h a s  n e a r l y  c o m p l e t e l y d i s a p p e a r e d  means a f  c o u r s e  t p a t  t h e y  a r e  more  s t a b l e . N e v e r -  - 

t h e l e s s ,  t h e  h y d r o l y s i s  o f  t h e  l a c t o n e  by t h e  b a s e  r e m a i n s  t h e  p r i n c i p a l  reaction, 

a s  7 0  t o  8 0 %  o f  t h e  s t a r t l n g  m a t e r l a l  is l o s t .  T h i s  competitive a d d i t i o n  o f  t h e  

a l d e h y d e  a t  p o s i t i o n  4 ,  p r e v i o u s  t o  t h e  l a c t o n e  o p e n i n g  i s ,  h o w e v e r ,  o f  p a r t i c u l a r  

i n t e r e s t  b e c a u s e  o f  i t s  g r e a t  simplicity a n d  b e c a u s e  i t  glves a g e n e r a l  access  t o  a 

f a m i l y  o f  heterocyclic compounds  w h i c h  c o u l d  n o t  be s y n t h e s i z e d  s o  e a s i l y  hy o t h e r  

m e t h o d s .  

I n  relationships w i t h  t h e  i s o f u r a n i c  s t r u c t u r e  o f  n e c t r i a f u r o n e l ,  a t t e m p t s  w e r e  

made t o  e p o x i d i z e  t h e  e t h y l i d e n e  i s o c h r o m a n o n e s  2 a n d  b, i n  v i e w  o f  t h e i r  rear -  

r a n g e m e n t  i n t o  i s o f u r a n i c  corn pound^^-^, b u t  a s s a y s  c a r r l e d  o u t  w i t h  m - c h l o r o  p e r -  

b e n z o i c  a c i d  f a l l e d ,  v e r y  l l k e l y  d u e  t o  t h e  c o n j u g a t i o n  o f  t h e  y e t  e x o c y c l i c  d o u b l e  

bond  i n  t h e s e  p r o d u c t s .  

EXPERIMENTAL 

Mps h a v e  been d e t e r m i n e d  w i t h  a K o f l e r  a p p a r a t u s  u n d e r  t h e  m i c r o s c o p e  a n d  a r e  cor -  

r e c t e d . M a s s  s p e c t r o m e t r y  h a s  b e e n  c a r r i e d  o u t  o n  an  AEI MS 5 0  a p p a r a t u s  a n d  'H N M R  

a n  a B r u k e r  2 0 0  MHz s p e c t r o m e t e r - ,  CDC13, zero TMS.6 ppm, U V  s p e c t r a  on  a Lambda-5 

a u t o m a t i c  r e c o r d e r  P e r k i n - E l m e r .  

Syn a n d  a n t i  4 - e t h y l i d e n e  3 - i s o c h r o m a n o n e s  2 a  and  Zb: i n  a t y p i c a l  e x p e r i m e n t ,  1 0 0  

mg ( 0 . 6 7  m M 1  o f  3 - i s o c h r o m a n o n e  I d i s s o l v e d  i n  8  r n l  e t h a n o l  were u s e d ,  a n d  3 0 0  mg 

a c e t a l d e h y d e  ( 1 9  m M 1  a d d e d .  A s o l u t i o n  o f  1 0 0  mg K C H  i n  3  m l  e t h a n o l  was t h e n  s l o w l y  

a d d e d  u n d e r  s t i r r i n g ,  a t  room t e m p e r a t u r e .  T h e  d r o p  by d r o p  a d d i t i o n  o f  t h e  b a s e  

was s t o p p e d  when t h e  pH r e a c h e d  9 a n d  c o n t i n u e d  uhen u n d e r  8. T h e  r e a c t i o n  was f o l -  

l o w e d  b y  S i 0 2  TLC on  S c h l e i c h e r - S c h c l l  f i l m s ,  d e v e l o p m e n t  w i t h  h e x a n e - e t h y l  a c e t a t e  

4 :  U V  o b s e r v a t i o n  ( D e s a g a  l a m p 1  a t  2 5 4  nrn.The a d d i t i o n  o f  t h e  b a s e  was d e f i n i t -  

l y  s t o p p e d  when o n l y  a t r a c e  o f  t h s  s t a r t i n g  m a t e r i a l  was n o t i c e d  f r o m  t h e  TLC ( R f  

0 . 4 5 1 .  The r e a c t i o n  m i x t u r e  was t h e n  t r a n s f e r r e d  i n t o  a s e p a r a t i n g  f u n n e l ,  2  v o l u -  

mes o f  e t h e r  a n d  3  v o l u m e s  o f  w a t e r  w e r e  a d d e d  and t h e  o r g a n i c  l a y e r  immediately 

d e c a n t e d  w i t h o u t  s h a k i n g ,  q u i c k l y  w a s h e d  w l t h  w a t e r ,  d r i e d  o v e r  Na2SC4 a n d  submit- 

t e d  t o  preparative TLC i n  t h e  same c o n d i t i o n s  ( S i 0 2  p l a t e s ,  1 mrn t h i c k n e s s )  f o r  



isolation. The substances were recovered from the scrapped SiO by ether, fll- 2 

t~atlon on a cotton plug and evaporation. By using thls method, a 30% yield of 

a 1:l ratio of the l s o r n e r s  g and b could be obtained (35.mg of the mixture). 
3 2a : RF. 0. 60, mp. 41-45-c, X max. ether, nm, 225 I E I. 5x10 I ,  256 rE I. 7 x  - 

3 10 I ,  e .  I. MS, m l z  174, (MI), Anal. calc. for CllH1002 : C, 75. 84; H, 5. 79; 

found: C, 75. 94; H, 5. 82. 'H NMR, 7 .  2 0  (aleflnlc proton, lH, q ,  8 Hz), 2. 20 

(CH3, 3H, d, 8 Hz), 5. 30 (0CH2, 2H, s ) ,  7. 3-7. 5 (aromatic protons, 4H, m ) .  

2b : Rf 0. 70, oil. anal, calc. for CllH1002 : C, 75. 84; H ,  5. 19; found, C, - 

15. 88,H, 5. 82; slmilar properties in MS and NMR, but oleflnic proton at 5 
6. 85 ( q ,  8 Hz), and CH3 slgnal displaced a t 6  2. 95. 

Syn and anti 4-benzylidene 3-lsochromanones 3a and 3b : these products were ob- 

tained under the same conditions as for substances g and b, startlng with 

benaaldehyde and I, in the ratio 1:l and an overall yleld of 28%. 

3a : Rf. 0. 60, mp; 125-12g°C, 1 max. ether, nm, 221 ( E  1 . 3 ~ 1 0 ~ 1 ,  315 I 8 . 8 ~  - 

10~1, MS, m l z  236 I M + ) ,  anal. calc. for C16H1202 : C, 81. 34; H, 5. 1 2  found: 

C, 81, 28; H, 5.09; NMR, olefinic proton for the syn stilbene6 at 6 7. 90, 

(In, 3 1 ,  7. 3-1. 6 (aromatic protons, 9H1, 5.38 10CH2, 2H, s l .  

3b : Rf. 0. 40, mp. 56-60°C; anal. calc. for C16H1202 : C,81. 34; H, 5. 12; 

found: 81. 30; H, 5. 10; simllar properties in MS and 'H NMR, except for the 

olefinic proton at s 7 .  30 (IH, sl, cdrresponding to the anti form. 

4-methylene 3-isochramanone 4 : this substance is formed by condensation of 1 

with formaldehyde with a 20% yield. 

4 : Rf. 0. 55 in herane-ethyl acetate (4:11, oil, MS, m l z  160 (MI); anal. calc. - 

for C10H802 : C, 74. 99; H, 5. 03; foond: C, 14. 82; H, 5. 15; 'H NMR, methyl- 

ene protons at& 6. 65 (lH, s), and 6. 25 (lH, s), 5. 40 (OCH2, ZH, s), thls 

substance polymerizes readlly (20 h at O'C) into a white product mp. 206-210DC, 

Rf. 0. 05, MS. M+ at m l z  320 corresponding to a dimer. However, the NMR spectrum 

can  not be interpreted any mare and suggests the presence of a mixture of hlgher 

polymers. 

Syn and ant1 4-(p-hydrorybenzylidene) 3-isochromanones 5a and 5b : these subst- 

ances were prepared by reaction of 1 with p-hydroxybenzaldehyde as described for 

2a and 2, (15 mM aldehyde for 1 m M  of starting material). In this c a s e ,  due to - 

the presence of the phenol~c OH group, acidlf~cation wlth dilute HC1 was neces- 

sary after the reactlo" and previous to extraction. The mixture of the isomers 
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5a and 2 was separated by preparative SiU2 TLC, development wlth hexane-ethyl - 
acetate 12:3), overall yield 8%. 

5a : amorphous Droduct,Rf. 0. 35, MS, m l z  252, M'; anal. calc. for C - 
16~12'3 : 

C,76. 18; H, 4. 80; found: C, 76. 08; H, 4. 90; 'H NMR, olefinic proton (IH, s) 

at 5 7. 95. 
5b : amorphous product, anal. calc. - for Cl6Hl2O3: C,76. 18; H, 4. 80; found, C, 

76. 11; H, 4. 88; MS and 'H NMR ld. 2, but oleflnic proton IlH, s l  at & 7. 30. 
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