
T A B L E  1. C h a r a c t e r i s t i c s  of  the  Compounds  Obtained 
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9,5 CgHgCIN207 
9,6 CgH,,N2OTP 

Ct~HI3C1N2Oz 
8[1 CI4HnCtN207 
-- CgHgCIN~O6S 

CIgHI3CIN~O6S 
7,7 C~4HnCIN2OsS 
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4,1 CllHloFsN304 
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1,6 CI6HI~F3N304 
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C,sH,3CIN20~S 
CI~HI4CIN~O6• 
X CHsCOOH 

8,5 C2~HIsC1NaO~ 
5,5 CIsH~CIN405 

Calc., % 
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51 
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18 
56 
96 
83 
50 
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79 
61 
57 
20 
34 
52 

51 
75 

* p - D i m e t h y l a m i n o s t y r y l .  

5 - ( p - D i m e t h y l a m i n o s t y r y l ) - 7 - m e t h y l p y r y l i a [ 2 , 3 - d ] p y r i m i d i n - 2 , 4 ( 1 H , 3 H ) d i o n e  P e r c h l o r a t e .  A mix tu re  of 
0.5 g of  sal t  Ia  and 0.25 g of  p - d i m e t h y l a m i n o b e n z a l d e h y d e  in 15 ml  of ace t ic  anhydr ide  was heated on a wa te r  
bath for  2 min,  a f t e r  which it was cooled ,  and the dye c r y s t a l s  w e r e  r e m o v e d  by f i l t r a t ion ,  washed with e the r ,  
and r e c r y s t a l l i z e d  f r o m  ace t ic  anhydr ide .  UV s p e c t r u m  (in ethanol) ,  Xma x (log ~) 570 nm (4.73). 
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P R E P A R A T I O N  O F  3 - S U B S T I T U T E D  I S O C O U M A R I N S  

IN  T H E  R E A C T I O N S  O F  H O M O P H T H A L I C  A N H Y D R I D E  

A N D  I T S  D E R I V A T I V E S *  

D.  K h .  M u t s e n i e t s e  a n d  Y u .  T .  R o t b e r g  UDC 547.81  

Ace ty l a t i on  of  4 -n i t r ohomoph tha l i c  anhydr ide  gave 4 - a c e t y l - 7 - n i t r o i s o c h r o m a n - l , 3 - d i o n e ,  
which was conve r t ed  to 3 - m e t h y l - 7 - n i t r o i s o c o u m a r i n .  3 - B e n z y l i s o c o u m a r i n  de r iva t ives  
w e r e  syn thes i zed  by r e a c t i o n  of homophtha l ic  anhydr ides  with a r y l a c e t i c  ac ids  in ace t ic  
anhydr ide  and t r i e thy l amine .  

The condensa t ion  of  homophtha l ic  ac ids  and the i r  e s t e r s  and anhydr ides  with compounds  conta in ing  
c a r b o n y l  g roups  is the m o s t  impor t an t  method for  the syn thes i s  of  i s o c o u m a r i n  de r iva t ives  [2]. Since h o m o -  
phthal ic  acid and its de r iva t ives  conta in  c a r b o n y l  and ac t ive  methy lene  g roups ,  they  a re  a lso  capable  of se l f -  
condensa t ion  to g ive  3 - ( 2 ' c a r b o •  de r iva t ives  [3-6].  

*Commun ica t i on  XXVIII f r o m  the s e r i e s  "Condensa t ion  of  D ica rboxy l i c  Acid  Anhydr ides  w i t h C o m p o u n d s  C o n -  
ta ining Act ive  Methylene Groups . "  See [1] fo r  c o m m u n i c a t i o n  XXVII. 

Ins t i tu te  of  Organic  Synthes is ,  A c a d e m y  of  Sc iences  of  the  La tv ian  SSR, R iga  226006. Riga  Medica l  Ins t i -  
tu te ,  R iga  226047. T r a n s l a t e d  f r o m  Khimiya  Ge te ro t s ik l i chesk ikh  Soedinenii ,  No. 11, pp. 1487-1489,  November ,  
1977. Original  a r t i c l e  submi t t ed  October  22, 1976. 
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We have es tab l i shed  [7] that  homophthalic (Ia) and 4-methoxyhomophthal ic  (Ib) anhydrides do not r e a c t  
with phenylacet ic  acid as carbonyl  components  in acet ic  anhydride in the p r e s e n c e  of t r i e thy lamine  but instead 
undergo aeetylat ion at C a. A study of the analogous reac t ion  of 4-ni t rohomophthal ic  anhydride (Ic) showed that 
at r o o m  t e m p e r a t u r e  in the p r e s e n c e  of t r i e thy lamine  Ic is acetyla ted by acet ic  anhydride to give 4 - a c e t y l - 7 -  
n i t r o i s o e h r o m a n - l , 3 - d i o n e  (]I), which is isolated in the f o r m  of the t r i e thy l ammonium salt .  Acetylat ion of Ic 
with acetyl  chlor ide in the p r e s e n c e  of pyr idine at 0-5 deg C leads to pyr id in ium sal t  II. The format ion  of a 
s table  pyr id ine  complex  that  does not undergo decomposi t ion under  the influence of acid was noted in [8] in the 
synthes is  of 4 - a e e t y l - 7 - m e t h o x y - 6 , 8 - d i n i t r o i s o c h r o m a n - l , 3 - d i o n e .  
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I a R=H; b R=OCHs;c R=NO2; II, VI, VII R=,NO2; IV, V a R=NO~, Rt=H;b R=H, 
RI=NO2; c R=OCH3, RI=NO2; d R=RI=NO2 

The introduction of an e l ec t ron -aecep t o r  group in I sharp ly  changes its reac t iv i ty .  At 90-95 deg C, Ic 
r eac t s  with phenylaeet ic  acid in acet ic  anhydride containing t r i e thy lamine  to give 3 -benzy l -7 -n i t r o i soco u mar in  
(IVa). The r a the r  high yield (51%) of IVa indicates  that under the acylat ion conditions (Ic ~ II and Ic ~ IVa) 
phenylacet ic  acid is m o r e  r eac t ive  than acet ic  anhydride.  In addition, the introduction of a ni t ro group in the 
phenylaeet ic  acid molecule  i nc rea se s  its abil i ty to undergo reac t ion  with homophthalic,  4-methoxyhomophthal ic ,  
and 4-ni t rohomophthal ic  anhydrides to give 3 -benzy l i socoumar in  der iva t ives  (IV). Our r eac t i on  of homophthalic 
anhydrides  I a -c  with a ry laee t i c  acids in acet ic  acid in the p r e sence  of t r i e thy lamine  is a new method for  the 
p r epa ra t i on  of the p rev ious ly  unknown 3 -benzy l i socoumar in  der iva t ives .  It may be assumed  that  the reac t ion  
p roceeds  as acylat ion with subsequent  r e a r r a n g e m e n t  of the in te rmedia te  (III) in accordance  with the known [9, 
10] m e c h a n i s m  of the r eac t i on to  give 3-subs t i tu ted  i socoumar ins .  

With r e s p e c t  to reagen ts  that p romote  hydro lys i s ,  i socoumar ins  IV and 4 - a c e t y l - 7 - n i t r o i s o c h r o m a n - l , 3 -  
dione (II) behave like typica l  lactones.  They a re  s table  with r e spec t  to acidic and neutra l  reagents  but r eac t  
with alkal is  to give 2 -ca rboxybenzy l  ketches (V, VI), which in acidic media  a re  capable  of recyc l iza t ion  to 

i socoumar ins  IV and VII. 

The band of the s t re tch ing  v ibra t ions  of a carbonyl  group in the IR spec t r a  of IV is found in a lower  pos i -  
t ion than in the s p e c t r a  of a romat i c  7-1actones and sa tura ted  5-1actones but has the intensi ty ra t io  of the a b s o r p -  
t ion bands that  is c h a r a c t e r i s t i c  for i socoumar ins  [11]. The mos t  intense band is the vC=O band of a lactone 
r ing at 1720-1745 e m  -1, followed by the vC=C band of the i socoumar in  r ing in the C3-C 4 posi t ion at 1654-1660 
c m - l ;  the leas t  intense v ib ra t ions  a re  those of the benzene ring a t  1607-1622 and 1580-1588 c m  -1. 

The authors  s i nce re ly  thank P r o f e s s o r  N. M. Turkevich  for  reviewing the manusc r ip t  and for his valuable  

comments .  

EXPERIMENTA L 

Genera l  Method for  the P r e p a r a t i o n  of 3 -Benzy l i socoumar in  Der iva t ives  (IV). Equimolar  amounts (0.01 
mole) of homophthalic anhydride I and a ry lace t i c  acid were  dissolved in 19 m l  (0.2 mole) of acet ic  anhydride,  
4.2 ml  (0.03 mole) of t r i e thy lamine  was added, and the mix ture  was heated at 90-95 deg C for  15 min,  a f t e r  
which it was poured into a mix tu re  of ice and concent ra ted  HC1 (100 g/50 ml). Af ter  decomposi t ion of the acet ic  
anhydride,  the p rec ip i t a te  was r emoved  by f i l t ra t ion and washed with water .  The co lo r l e s s  or  yellowish 
products  were  r e e r y s t a l l i z e d  f r o m  acetic  acid or  ethanol.  
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T A B L E  1. 3 - S u b s t i t u t e d  I s o c o u m a r i n s  and T h e i r  D e r i v a t i v e s  

~a 

Found, 9o 

lib 197--198 

II c 188--189 

1Va I55--156 

IVb 175--176 67,90 
IVc 2!6--217 65,85 

IVd 172--173 58,57 

VI 1.13--14,1 53,55 

vb 263--265 64,35 
Ve 282--283 62,43 

VII 179--180 58,07 

! 
C [:[ [ N 

56,22 ,1,861 7,05 

56,46 3,301 7,51 

67,98 3,861 4,97 

3,56 ] 4,77 
4,05j 4,21 

3,11 I 8,28 

4,06 6,45 

,I,37 4,37 
4,73 4,31 
3,46 6,39 

aThe  IR s p e c t r a  
t r o m e t e r ,  b T h e  

Empirical 
formula 

C28H2~N3Oz2 

C27HIgN3O12 

C~6H~INO, 

Cl6HliNO4 
CITHI3NO5 

C~H~oN206 

C~oHgNOs 

C~6H~3NO5 
CITHIsNO6 
CIoH?N04 

Calc.,~ o 

c t .  N 

56,09] 4,88 7,01 

56,16 1 3,32 7,28 

68,33 1 3,94 4,98 

68.331 3.94 4,98 
65.591 4,21 4,50 

58,90[ 3,09 8,59 

53,82 I 4,05 6,28 

64,21 I 4,38 4.68 
62,0014,59 4,2~ 
58:5413,44 6,8~ 

IR spectrum, 1500-180Q cm "1 region 
(intensity, %)a 

t735 (80), 1712 (82), 1675 (72), 1608 (86), 
1588 (72), 1525 (74) 

1745 (74), 1718 (72), 1668 (61), 1610 (78), 
1588 (69), 1530 (66) 

1742 (82), 1654 (69), 1615 (66), 1585 (66), 
1528 (64) 

1720 (81), 1660 (72), 1610 (65), 1528 (72) 
1728 (78), 1662 (65), 1607 (60), 1580 (60), 

1520 (70) 
1745 (85), 1660 (64), 1622 (71), 1588 (65), 

1528 (78) 
1726 (77), 1700 (81), 1618 (51), 1590 (34), 

1530 (63) 
1674 (56), 1648 (52), 1600 (60), 1518 (66) 
1715 (48), 1669 (77), 1596 (86), 1519 (75) 
1745 ~80), 1660 (64), 1610 (44), 1588 (66), 

1525 (55) 

1 

Yield, 

58,8 

44,7 

51,0 

96,0 
94,5 

96,8 

80,5 

73,2 
81,4 
87,5 

of m i n e r a l  o i l  s u s p e n s i o n s  of  the  s o l i d s  w e r e  ob t a ined  with a UR-10  s p e c -  
t r i e t h y l a m m o n i u m  s a l t .  CThe p y r i d i n i u m  sa l t .  

2 - C a r b o x y b e n z y l  K e t o n e s  (V). Compounds  IV w e r e  hea ted  in 10% a l k a l i  s o l u t i o n  un t i l  t h e y  d i s s o l v e d  c o m -  
p l e t e l y ,  a f t e r  which the s o l u t i o n  was  coo l ed  and a c i d i f i e d  with d i lu te  HC1. The  p r e c i p i t a t e  was r e m o v e d  by  f i l -  
t r a t i o n  and r e c r y s t a l l i z e d  f r o m  aqueous  e thano l  o r  a c e t i c  ac id .  

4 - A c e t y l - 7 - n i t r o i s o c h r o m a n - l , 3 - d i o n e  (II). A) T r i e t h y l a m m o n i u m  Sal t .  A 4 .14 -g  (0.02 mole)  s a m p l e  of  
Ic was d i s s o l v e d  by g e n t l e  hea t i ng  in 38 m l  (0.4 mole)  of  a c e t i c  a n h y d r i d e ,  a f t e r  which the  so lu t i on  was  coo led  
to  r o o m  t e m p e r a t u r e  and t r e a t e d  with  8.4 m l  (0.06 mole)  of  t r i e t h y l a m i n e .  A f t e r  24 h, the  m i x t u r e  was  p o u r e d  
o v e r  a m i x t u r e  of  100 g of  i c e  and 50 m l  o f  c o n c e n t r a t e d  HC1. The  r e s u l t i n g  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  a c e t i c  ac id  o r  a c e t o n e .  

B) P y r i d i n i u m  Sal t .  A 6 . 3 6 - m l  (0.09 mole)  s a m p l e  of  a c e t y l  c h l o r i d e  and 35 ml  of a b s o l u t e  p y r i d i n e  w e r e  
added  a t  0 -5  deg  C in a n i t r o g e n  a t m o s p h e r e  to a s o l u t i o n  of 6.21 g (0.03 mole)  o f  Ic in  120 ml  of a b s o l u t e  
d ioxane .  A f t e r  10 min ,  the  y e l l o w  p r e c i p i t a t e  was r e m o v e d  by  f i l t r a t i o n  and r e c r y s t a l l i z e d  as  in  method  A.  

2 - C a r b o x y b e n z y l  Me thy l  Ke tone  (VI). A 0 . 0 1 - m o l e  s a m p l e  of  s a l t  II  w~s hea ted  at  90 deg C in 40 m l  of  a 
10% NaOH s o l u t i o n  fo r  10 ra in ,  du r ing  which the  l i b e r a t i o n  of an a m i n e  was  d e t e c t e d .  The  s o l u t i o n  was  coo led  
and a c i d i f i e d  with HC1, and the  c o l o r l e s s  c r y s t a l s  w e r e  r e c r y s t a l l i z e d  f r o m  w a t e r .  

3 - M e t h y t - 7 - n i t r o i s o c o u m a r i n  (VII). A s o l u t i o n  of  2.2 g (0.01 mole)  of  VI in 10 m l  of  90% H2SO 4 was  
a l l owed  to s tand  fo r  24 h, a f t e r  which i t  was  d i lu ted  with w a t e r ,  and the  c o l o r l e s s  p r e c i p i t a t e  was  r e m o v e d  by  
f i l t r a t i o n ,  washed  with w a t e r ,  and r e c r y s t a l l i z e d  f r o m  e thanol .  Compound  IVb was  s i m i l a r l y  ob ta ined  f r o m  Vb. 
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