
564 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

POLYFLUORINATED HETEROCYCLIC COMPOUNDS 

III. 3 -Subs t i tu ted  T e t r a f l u o r o c o u m a r i n s *  

T. D, Pe t rova ,  V. P.  Malnaev,  G. G. Yakobson,  and N. N. Vorozhtsov,  J r .  

Khimiya  Ge te ro t s ik l i ehesk ikh  Soedineni i ,  Vol. 4, No. 5, pp. 777-779,  1968 

UDC 547. 814 ;543. 422.4 

The treatment of 2-phenyl-4- car bomefl~oxy- 8,7,8,9-te~rafluoro- 
benz[f]oxazepin- 1,3 (I), 3-benzamido-5,6,7,8 -tetrafluorocoumarin 
(V), and a-benzamido- B-(2-hydroxy-3,4, 5,8-tetrafluorophenyi)- 
acrylic acid (III) with a mixture of glacial acetic acid and a mineral 
acid gave (IV), the 7r-complex of 3-hydroxy-5,6, V, 8-tetrafluoro- 
coumarin (VII) and benzoic acid. Treatment of (IV) with acetic 
anhydride gave 3-aeetoxy-5,6,7,8-tetrafluorocoumarin (VI) and 
benzoic acid. Treatment with diazomethane gave 3-methoxy-5, 
G, 7,8-tetrafluorocoumarin (VIII) and methyl benzoate. IV was 
also obtained from an equimolar mixture of its components. A 
mechanism for the formation of IV from I is proposed. 

In the p reced ing  paper  [1] we have shown that 
t r e a t m e n t  of methyl  ~-benzamido- /3-pentaf luorophenyl )  
ac ry la te  with p o t a s s i u m  in d i m e t h y l f o r m a m i d e  gave 
2-pheny1-4 - c a r b o m e t h o x y - 6 ,  7, 8, 9 - t e t r  a f luorobenz 
if] oxazepin-1 ,  3 (I) in which the he te rocyc l i c  r i n g  
is r ead i ly  opened by both acid and alkal i .  

In the p r e s e n t  work  we have s tudied the effects 
of acids to give not only r i n g  opening of I but a whole 
s e r i e s  of other  r e a c t i o n s .  We have inves t iga ted  these  
addit ional  p roduc ts ,  F o r  example  boi l ing  I with a mix-  
tu re  of g lacia l  acet ic  acid and su l fu r i c  acid or  hyd ro -  
gen chlor ide  or  b romide  gave a product  of compos i t ion  
CI6H~F405 (IV). The n i t rogen  was shown to be r emoved  
as a m m o n i a  dur ing  the reac t ion .  The IR s p e c t r u m  of 
the product  had in t ense  abso rp t ions  at 1704 cm -1, (acid 
~ O )  and 1752 em -1 (es te r  C~O) .  The in tense  sharp  
band at 3486 cm -1 may  be ass igned  as an O--H s t re tch .  

The enol ie  na tu re  of the hydroxyl  group was shown 
by the qual i ta t ive  r e a c t i o n  with i ron  (III) ch lor ide  
solut ion.  These  data ind ica te  that (IV) is an equ imo la r  
mix tu re  of 3 - h y d r o x y - 5 , 6 ,  7, 8 - t e t r a f l u o r o c o u m a r i n  
(VII) and benzoic  acid.  However it was not poss ib le  
to s epa ra t e  the components  by norma l  methods .  The 
product  could be r e c r y s t a l l i z e d  f rom organic  so lvents  
or sub l imed .  The components  of IV were  s epa rab l e  
only by chemica l  methods .  Thus ace ty la t ion  of IV with 
acet ic  anhydr ide  in the p r e s e n c e  of p e r c h l o r i c  acid 
gave 3 - a e e t o x y - 5 , 6 , 7 , 8 - t e t r a f l u o r o c o u m a r i n  (VI) 
which is eas i ly  s epa ra t ed  f rom benzoic  acid. The IR 
s p e c t r u m  of VI conta ins  an in t ense  absorp t ion  at 
1780 em -1 (es ter  C=--O), but the 3486 cm - 1 0 - - H  
s t re tch  of compound IV is absent  f rom VI. Acid 
hydro lys i s  of VI conver t s  it to 3 - h y d r o x y - 5 , 6 ,  7 , 8 -  
t e t r a f l u o r o c o u m a r i n  (VII). The s t r u c t u r e  of the l a t t e r  
is conf i rmed  by the in tense  ~ absorp t ion  bands at 
3486 (O--H s t re tch)  and 1750 cm -1 (es ter  C=O).  

T r e a t m e n t  of IV with d iazomethane  gave an eas i ly  
sepa ra t ed  m i x t u r e  of 3 -me thoxy-5 ,  6 , 7 , 8 - t e t r a f l u o r o -  
c o u m a r i n  (VIII) and methyl  benzoate .  Methyl benzoa te  

*For part II, see [I]. 

was identified chromatographically, while the absence 
of an O--H stretch and the presence of intense bands at 

1780 and 1250 em -I (ester C~O and C--O--C) in the 

IR spectrum of VIII confirmed its structure. 
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The structure of IV was also confirmed by its 

formation from an equimolar mixture of the eoumarin 

VII and benzoic acid. While the FR spectrum of 157 

contains only the bands of VII and benzoic acid, its 

UV spectrum is not the sum of the UV spectra of its 

components (see figure). This observation and the 

diff iculty of sepa ra t i ng  IV into its components  ind i -  
cates  that IV is a 7r-complex of the e o u m a r i n  VII and 
benzoic  acid. However fu r the r  study is needed for 
a def ini t ive  dec i s ion  on the na tu re  of IV. Accord ing  
to E r l e n m e y e r  and Standl in [2], 3 - hyd r oxyc oumar in  
and benzoic  acid fo rmed  f rom the hydro lys i s  of 3- 
b e n z a m i d o e o u m a r i n  a re  eas i ly  s epa rab le .  

The m o l e c u l a r  complex IV is also fo rmed  on hea t -  
ing the c o u m a r i n  V [1] or a - b e n z a m i d o - ~ - ( 2 - h y d r o x y -  
3, 4, 5 , 6 - t e t r a f l u o r o p h e n y l ) a c r y l i c  acid {lid [1] with 
a mix tu re  of glacial  acet ic  acid and concen t ra t ed  
hydroch lor ic  acid.  It may the re fo re  be suggested  
that the acid III and the e o u m a r i n  V are  i n t e r m e d i a t e s  
in the conve r s ion  of I to IV. If it is fu r the r  r e m e m -  
be red  that I is conver ted  to the es te r  of a - b e n z a m i d o -  
~9 -(2 -hydroxy -3 ,4 ,  5,6 - t e t r  afluorophenyl) acry l ic  acid 
(II) [1] under  mi ld ly  acidic condi t ions ,  then the con-  
v e r s i o n  of I and IV can be p i c tu red  in t e r m s  of the 
sequence  of r e a c t i ons  shown in the d i ag ram.  

The new polyf luor ina ted  de r iva t ives  of c o u m a r i n  
may have useful  phys io logica l  p r o p e r t i e s ,  p a r t i c u -  
l a r ly  s ince  it is known that a n u m b e r  of e o u m a r i n  
de r iva t ives  have an t ibac te r i a l  act ivi ty [3, 4]. 
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UV Spectra were recorded on an SFD-2 spectrometer in ethanol at 
a concentration of 1 �9 10 .4  M and a thickness of 0.5 cm.  IR spectra 
were recorded on a UR-10 spectrometer.  

The molecular  complex of 3-hydroxy-5 ,6 ,  7 ,8- te t raf luoroeou-  
mat in  and benzoic acid (IV). a) 1.5 g (4.4 mmoles)  of I, 7 ml  of 

glacial  acetic acid, and 8 ml of cone. HC1 were boiled for 7 hr. 

Water (15 ml) was added to the cooled mixture and the precipitate 
(0.88 g)was filtered off. Another 0.21 g was obtained by evaporation 
of the filtrate: total yield 70%, after sublimitation in vacuo in a 
water-cooled vessel, the mp 132.5~176 C (sealed capillary). 
Found, %: C 53.84, 53.56; H 1.98, 1.90; F 22.12, 22.09. Calculated 
for CgH2F40:~. C7H602, %: C 54.00; H 2.25; F 21.40.  ~-max I 226 
nm (lg e 4.16); ) 'max II 306 nm (lg e 3.89).  Compound IV was 
similarly obtained from III and V. 

b) Equimolar quantities of VII and benzoic acid were dissolved 
in methanol ,  the methanol  evaporated, and the residue sublimed 
to give IV, mp 130.5~ ~ C (sealed capillary). 

3 -Ace toxy-5 ,6 ,7 ,8 - te t ra f luc rocoumar in  (VI). 0 .14  g (0.39 mmole)  
of sublimed IV, 0 .6  mt  of glacial  acetic acid, 0 .6  ml  of acetic 
anhydride, and 3 drops of cone. HC104 were kept at room t e m -  
perature for 90 rain. The mixture was poured into water, the solid 
filtered off, washed with water, stirred with soda solution, filtered 
again, washed with water and dried to give 0.08 g VI, mp 101.5 ~  
102 ~ C. Found, %. C 47.86, 48.13; H 1.52, 1.55; F 27.43, 27.60. 

Calculated for CllH4F404, %; C 47.85; H 1.45; F 27.59.  Xma x 278 
nm (lg ~ 4.09).  

3-Hydroxy-5, 6 ,7,8-tetxaflucrocournarin (VII) ,  0.27 g ( 0 . 1  mmole)  

VI, 2 ml cone. HC1, and 2 ml .  glacial  acetic acid were boiled for 
4 hr. Water (6 ml) was added to the  cooled mixture and the precipitate 
was filtered off--0.17 g (75%) of VII, mp after vacuum sublima- 
tion, 152.5~ ~ C (sealed capillary). Found, %: C 46.66, 46.83; 
H 0.83, 0.88; F 32.06, 32.32. Calculated for CgH2F403, %: C 46.20; 
H 0.86; F 32,45. ) 'max I 254 nm (lg s 3.81), ) 'max II 330 nm (lg s 
4.15). 

3-Methoxy-5, 6,7,8-tetrafluorocoumarin (VIII). 0.15 g (0.42 
mmole) IV was l~eated with diazomethane in the normal way. 
A product of 0.12 g with a strong smell of methyl benzoate was 

obtained. Reerystallization from methanol gave VIII, mp 136.5 ~ 138 ~ 
C. Found, %: C48.84, 48.77; H 1.46, 1.92; F30.11, 30A5; M 249, 

251. Calculated for CIoH4F403, %: C 48.40; H 1.61; F 30.65; M 248. 
kma x 290 nm (Ig ~ 4.08). 
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U V  a b s o r p t i o n  s p e c t r a :  1) t h e  m o l e c u l a r  c o m p l e x  

( IV)  o f  3 - h y d r o x y - 5 ,  6,  7,  8 - t e t r a f l u o r o c o u m a r i n  

(VII )  a n d  b e n z o i c  a c i d ;  2) 3 - h y d r o x y - 5 ,  6, 7,  8 - t e t r a -  

f l u o r o c o u m a r i n  (VII) ;  3)  b e n z o i c  a c i d .  4~ s u m  o f  t h e  

c u r v e s  f o r  V I I  a n d  b e n z o i c  a c i d .  
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