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It has been shown that polyfluorinated chromones, unlike their non- 
fluorinated analogs, give normal derivatives at the carbonyl group. It 
has been found that the oxidation of 3-ethoxyearbonyl-2-methyl-5, 6, 
7, 8-tetrafluorochromone gives a good yield of tetrafluorosalicylic 
acid. 

We have r e c e n t l y  shown that  the condensa t ion  of 
pen ta f luorobenzoyl  ch lor ide  with m a g n e s i o e t h o x y a c e -  
toace t i c  e s t e r  gives a good y ie ld  of 3 - e t h o x y c a r b o n y l -  
2 - m e t h y l - 5 , 6 , 7 , 8 - t e t r a f l u o r o c h r o m o n e  (I) [1]. This  
compound is  of def ini te  i n t e r e s t ,  s ince  de r i va t i ve s  of 
3 - c h r o m o n e c a r b o x y l i c  acid, which a re  cycl ic  fl-keto 
e s t e r s ,  have been  s tudied to a cons ide rab ly  s m a l l e r  
ex tent  than d e r i v a t i v e s  of 2 - c h r o m o n e c a r b o x y l i c  acid.  
In addi t ion,  it  was of i n t e r e s t  to f ind how the po ly -  
f l u o r o a r o m a t i c  r i n g  affects  the p r o p e r t i e s  of the 7-PY- 
rone  r i n g  condensed  with it. As is well  known,  in the 
c h r o m o n e s ,  the y - p y r o n e  r i n g  mos t ly  has a c ryp to -  
ionic  s t r u c t u r e ,  which leads  to the s u p p r e s s i o n  of the 
e l ec t roph i l i c  p r o p e r t i e s  of the ca rbonyl  group. Thus ,  
fo r  example ,  ch romones  do not r e ac t  with pheny lhy-  
d r az ine  [2] and p o s s e s s  reduced ac t iv i ty  with r e s p e c t  
to hyd roxy lamine ,  hyd raz ine ,  etc. ,  the at tack being 
d i r ec t ed  p r e d o m i n a n t l y  to the C2 a tom and lead ing  to 
the opening of the r ing .  At the s ame  t i m e ,  a c h a r a c -  
t e r i s t i c  f ea tu re  of the ch romones  is  the fo rma t ion  of 
an oxonium sa l t  with hydrogen  ch lor ide  [3] and of a 
p e r b r o m i d e  [4]. As compared  with the nonf luor ina ted  
c h r o m o n e s ,  the carbonyl  group in  I p o s s e s s e s  in -  
c r e a s e d  e lec t roph i l i c  p r o p e r t i e s ,  obviously  because  of 
the p r e s e n c e  of the po ly f luo roa romat i c  r i ng  and the 
e thoxycarbonyl  group, Compound I r e a c t s  with hydrox-  
y l a m i n e  hydroch lor ide  in acet ic  acid,  smoothly  giving 
an oxime [1], and with pheny lhydraz ine  i t  f o rm s  a 
phenylhydrazone  in a lmos t  quant i ta t ive  yield.  At the 
s a m e  t ime ,  I does not r eac t  e i the r  with b r o m i n e  or  
with hydrogen  ch lor ide ,  [1], apparen t ly  because  of the 
s t rong  effects  of the conjugat ion of the unsha red  p a i r  
of e l ec t rons  of the oxygen atom with the po lyf luor ina ted  
ring.  The 7 - p y r o n e  r i n g  in I proved to be ex t r eme ly  
r e s i s t a n t  to opening under  the act ion of the r eagen t s  
genera l ly  used for  this  purpose.  Thus ,  the r eac t ion  of 
I with b e n z y l a m i n e  fo rmed  N - b e n z y l - 2 - m e t h y l -  5, 6, 7, 
8 - t e t r a f l u o r o - 3 - c h r o m o n e c a r b o x a m i d e  [5,6] ; in  an 
a t tempt  at r i n g  opening by hea t ing  the subs tance  with 
aqueous a lka l i ,  a m i x t u r e  of products  was fo rmed ,  
f luor ine  be ing  spl i t  off [7]. On being heated with HI, I 
undergoes  ketonic  decompos i t ion  with the fo rma t i on  of 
2 - m e t h y l - 5 , 6 , 7 , 8 - t e t r a f l u o r o c h r o m o n e  (II) [8]; c o m -  
pound II i s  a l so  fo rmed  in a lmos t  quant i ta t ive  y ie ld  
when I is  heated with a mix tu re  of acet ic  and su l fu r ic  
acids.  It is  an i n t e r e s t i n g  fact  that  in  II the carbonyI  
group r e t a i n s  cons ide rab le  e lec t rophi l ic i ty .  Thus ,  i t  
i s  poss ib le  to obtain a phenylhydrazone  f rom II by 

hea t ing  to 180 ~ C. The y - p y r o n e  r i n g  in  II i s  no topened  
by the act ion of HI or  by hea t ing  with Pd /C  in T e t r a l i n  
[9], and i t s  r eac t ion  with benzyIamine  f o r m s  produc t s  
of nucleophfl ic  r e p l a c e m e n t  of the f luor ine .  We were  
able to c leave  the 7 - p y r o n e  r i n g  only by oxidizing I 
with a solut ion of KMnO4 in acetone at room t e m p e r a -  
tu re .  The m a i n  product  of this  p r o c e s s  was the p r e -  
v ious ly  unknown t e t r a f l u o r o s a l i c y l i c  acid (Ill). The 
s t r u c t u r e  of III was conf i rmed  by the r e s u l t s  of ana ly -  
ses ,  s p e c t r a ,  and chemica l  reac t ions .  In the FtSNMR 
s p e c t r u m  [ in te rna l  s t anda rd - -  p -b i s ( t r i f l uo rome thyD-  
benzene] ,  four  s igna l s  of approx imate ly  equal i n t en -  
s i ty  a r e  observed .  The n a t u r e  of the sp l i t t ing  and a 
c o m p a r i s o n  with the ca lcu la ted  va lues  of the chemica l  
shif ts  made  i t  poss ib le  to a s s ign  the s igna ls  in the 
fol lowing way: 73.3 ppm,  F4; 87.9 ppm,  F2; 102.5 ppm,  
F1; and 110 ppm,  F ~. When III was ace ty la ted  with ace -  
t ic  acid ,  o - a c e t y l t e t r a f l uo r osa l i c y l i c  acid (IV) was ob-  
ta ined ,  and i ts  r e ac t i on  with phenol fo rmed  phenyl te t -  

r a f l uo rosa l i cy l a t e  (V). 

F 0 F* 

F--~-~--COOE2H ~ K~nO4 F~--[~--COOU 
F-~.>~..o;-C. ~ F ' - % J - o .  

I I 

I H1 or ~,~ 
HzSO 4 + CH3COOH 

f O F F 
F - - ~  F--~"~--CO0 H F-- R -  COO C6H 5 
F-- --CB 3 F-- ~k~_..~--OCOCfl~ F-- ~ . ) - -OH 

r r 
F II F IV F V 

EXPERIMENTAL 

2-Methyl-5, 6, :7,8-te~afluoroehromone (II). Five grams (16.5 raM) 
of 3-ethoxycarbonyl-2-methyl-5, 6, 7,8-tetrafluorochromone (I) was 
heated with a mixture of 13 ml of CHsCOOE, 10 ml of water, and 1.6 

ml ofconc HzSO 4 at 130 ~ C for 4~hr, after which the evolution of CO 2 had 

ceased. The reaction mixture was cooled and made alkaline. The crys- 

tab that deposited were filtered off with suction and washed with wa- 
ter, giving 3.5 g of II (92%), mp 102-104 ~ C (from petroleum ether). 
Found, a]~. C 51.54, 51.52; H 1.51, 1.40; F 32.51, 32.81. Calculated for 
CIoH4F40~, %: C 51,73; H 1.73; F 32.73. IR specr:um (in KBr), am-l: 
1008 s (C--F), 1115 s (C--O--C), 1498 s and 1526 s (polyfluorinated 
aromatic ring), 1613 s (C----C, conjugated with C=O), 1668 s (C-----O in 
chromones). UV spectrum (in ethanol): kma x 224 and 296 nm (log 6 
4.316 and 3.82). The F Ja NMR spectrum [internal standard--p-bis(tzi- 
fluoromethyl)benzene] had four signals of approximately equal intensity: 
80.S ppm, F4; 88.3 ppm, F2; 96.9 ppm, FI; and 100.6 ppm, F ~. Com- 

pound II was also obtained in :76% yield by heating I with HI at 140- 

160 ~ C for 4 hr. To obtain the phenylhydrazone, 2.5 g (10.:7 ram) of II 

and 1.2 g (10.7 raM) of phenylhydrazine were mixed and heated at 
170-180 ~ C for 10 rain. The precipitate that formed was filtered off 
with suction and was washed with water and a minimum amount of 
ether. This gave 1.84 g of a mixture of stereoisomerie phenylhydra- 
zones (52.6%). Recrystallization from hexane gave 0.69 g of an isomer 
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with mp 152-154 ~ C. Found, %- C 59.19, 59.20; H 3.08, 2.98; F 23.35, 
23.36; N 9.02, 8.91. Calculated for CI6HIoF4N20, %: C 59.62; H 3.11; 
F 23.60; N 8.69. UV spectrum (in ethanol): Xma x 264 and 290 nm 
(log s 4.266 and 3.894). The part of the precipitate insoluble in hexane 
was recrystallized from benzene, giving 1 g of an isomer with mp 215-  
~17 ~ C. Found, %: C 59.40, 59.79; H 2.95, 2.98; F 23.26, 23.34; 
N 9.08, 9.09. UV spectrum (in ethanol) : kma x 246 nm (log ~ 4.114). 

3-Ethoxycarbonyl-2-methyl-5,  6, 7,8-tetrafluorochromone phenyl-  
hydrazone. A mixture of 0.5 g (1.65 raM) of I and 0.18 g (1.65 raM) of 
phenylhydrazine was heated at 180 ~ C for 5 rain and cooled, and 1 ml  
of water and i ml  of ether were added. The mixture was triturated un-  
til a precipitate formed. The precipitate was filtered off with suction 
and washed with water to give 0.62 g (96%) of the phenylhydrazone, 
mp 167-169 ~ C (from CCh). Found, %: C 58.31, 58.16; H 3.32, 3.43; 
F 19.20, 18.83; N 7.43, 7.52; OC2I~5 1%07. 12.25. CalcuIated for 
C~gHIff4N203, %: C 57.91; H 3.58; F 19.25; N 7.11; OC2Hs 11.40. 

Tetrafluorosalicyltc acid (III), Solutions of 5 g ( i6.5 raM) of I 
in 20 ml of acetone and of 5.2 (33 mM) of KMnO a in 180 ml  of acetone were 
mixed,  and the mixtt~re was stirred at room temperature for 16 hr. The ace-  
tone was distilled off, the residue was boiled with water, and the precipitate 
of manganese dioxide was filtered off and washed several times with 
boiling water. The filtrate was evaporated, acidified, and extracted 
continuously with ether for 15 hr. This gave 2.2 g (64%) of III, mp 
168.5-170 ~ C (ffomwater).  Found, % G 40.17, 40.19; H 1.16, 1.00; 

F 36.31, 36.21; mol .wr,  207, 212. Calculated forCTIq2F403, %: C40.03; 
H 0.95; F 86.19; mol.  wt. 210. IRspectrum (in GC14) , era ' l ;  1010 s 
(G--F), 1500 s (polyfhorinated aromatic ring), 1690 s (C~O,  bound), 
1710 s (C=O,  free), 3085 broad (OH, bound), 3500 m (OH, free). 
UV spectrum (in ethanol): kma x 228 and 300 nm (log $ 3.903 and 3.48). 

o-AceVfketrafluorosalicylic acid (IV), a mixture of 0.3 g 
(1.4 raM) of I, 0.7 ml of acetic anhydride, and 3 drops of cone H2304 
was heated for a few minutes.  After cooling, 3 ml  of water were 

added and the precipitate formed was filtered off, washed with water, 
and dried. This gave 0.19 g of IV (53%), mp 104-106 ~ C (from a mix-  
ture of hexane and benzene). Found, g]o: C 43.40, 48.35; H 1.68, 1.77; 
F 30.59, 30.29. Calculated for CgH4F404, %: C 43.07; H 1.58; F 30.03. 
IR spectrum (in KBr), era'l: i000 s (C-F), 1260 s (C--O in esters), 
1500 s and 1535 s (polyfluorinated aromatic ring). UV spectrum (in 
ethanol): Krnax 268 nm (log r 2.954). 

Phenyl tetrafluorosalicylate (V). A mixture of 0.7 g (3.3 raM) of 
III and 0.32 g (3.3 mM) of phenol was heated to 165 ~ C, 0.2 g of 
POC13 was added, and the mixture was kept at this temperature for 1 hr. 
Then it was cooled to 60 ~ C and poured into water; the precipitate that 
separated was filtered off with suction and washed with water. This 
gave 0.73 g (77%) of V, mp 81-82.5 ~ C (from ethanol). Found, %: 
C 54.58, 54.82; H 2.12, 2.05; F 26.33, 26.71. Calculated for CI~sF40~, 
%: C 54.65; H 2.09; F 26.52. IR spectrum (in KBr), cm-X: 1010 s 
(C--O in esters), 1500 s and 1540 s (polyfluorinated aromatic ring), 
and 1700 s (C=O in esters). UV spectrum (in ethanol): kma x 274, 280, 
and 312 nm (log r 3.474, 3.447, and 3.477). 
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