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A study has been made of the possibility of intramolecular cycliza- 
tion of a-benzamido-B-(pentafluorophenyl)acrylic acid (IIa) with 
the object of synthesizing heterocyclic compounds. When the acid 
IIa was heated with potassium fluoride in dimethylformamide, 3- 
benzamido-6,7,8,9-tettafluorocoumarin (III) was formed. Under 
the same conditions the methyl ester of (IIa) gave 2-phenyl-4-ear- 
bomethoxy-6,7,8,9-tetrafiuorobenz[f]oxazepine-l,3 (Va). Some 
reactions of the latter have been studied. 

Recently the preparation and properties of poly- 
fluorinated heteroeyclic compounds have been much 
studied. One of the most useful routes to such com- 
pounds is the intramolecular eyclization of sub- 

stituted polyfluorobenzenes [1, 2]. In a continuation 
of our work we have studied the possibility of intra- 

molecular cyclization of ~-benzamido-3-(penta- 

fluorophenyl)acrylic agid, hopefully to give interest- 
ing polyfluorinated indole derivatives. Intramolecular 

cyclization should be facilitated because the ortho 
fluorine atom is additionally labilized by the carboxyl 

group conjugated to the pentafluorphenyl ring. Also 
the heterocyclic ring formed would probably be stabi- 

lized by the endocyclie double bond. 
Potassium fluoride, which has a number of ad- 

vantages over other alkaline compounds [4], was 

used to absorb the hydrogen fluoride evolved. A 

product, CI~H7F4NO3, corresponding to the eliminat- 
ion of one molecule of hydrogen fluoride from IIa, 

was obtained by heating IIa with potassium fluoride 

in dimethylformamide. The IR spectrum of the pro- 
duct retained bands attributable to a secondary amide 
group (3380 cm -I, N--H; 1683 cm -I, C=O), but the 

earboxyl group bands were replaced by an intense 
band at 1740 cm -I (C=O of an ester). These results 

indicate that the product is 3-benzamido-5, 6, 7, 8- 
tetrafluorocoumarin (Ill). The UV spectrum of (Ill) 
is similar to that of its nonfluorinated analog (prepared 
according to [5]), but with a slight hypsochromic 
shift of the absorption maximum. Like coumarin [6], 

Ill dissolves in alkali to give a salt of ~-benzami- 
dotetrafluorocoumaric acid which was reconverted 
to Ill on acidification. The cyclization of IIa thus 
occurred at the carboxyl group under the conditions 
studied. 

To carry out eyelization at the amido group, methyl 

~-benzamido-fl-pentafluorophenylaerylate (IVa) was 

treated under the same conditions to give a product 

C17H~F4NO 3, i.e., one molecule of HF was again 

ev olv ed. 

*For part I, see [i]~ 
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The absence  of bands  in the N--H reg ion  in the IR 
s p e c t r u m  showed that cye l i za t ion  had o c c u r r e d  at 
the benzamido  group,  whi le  four equally in t ense  l ines  
in t h e l g F  NM1R s p e c t r u m  (51 2 .12 ,52  7 .87,  63 11.25,  
and 54 22.00 ppm,  r e l a t i v e  to hexaf luorobenzene  as 
i n t e r n a l  s tandard)  indica ted  the e l imina t ion  of an 
ortho f luor ine  a tom.  Addit ional  IR bands o c c u r r e d  at 
1745 (C=O, es ter)  and 1650 cln -1 (amide C = O  or 
C-~--N). However the combina t ion  of e l emen ta l  c o m -  
pos i t ion  and spec t roscop ic  data  does not p e r m i t  an 
unambiguous  a s s i g n m e n t  of a s t r u c t u r e  to the product .  
There  a re  at l eas t  two compounds- -which  a re  r e a s o n -  
able and agree  with the spec t roscop ic  data.  Some of 
the r e a c t i ons  of the p roduc t  we re  t he r e f o r e  s tudied 
to e s t ab l i sh  its s t r u c t u r e .  
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Compound Vl is an N-aeylated indole compound 

which readily undergoes alkaline scission of the 

N-acyl group. The product was therefore treated 

with both an equimolar amount and an excess of 5% 

aqueous potassium hydroxide. In both eases a com- 

pound CI~H~FjNO ~ was formed, in the former case 

in addition to unreaeted product. The formula shows 

that neither tetrafluoroindole-2-earboxylie acid nor 

its ester was produced as would have been expected 

from VI. The new compound was acidic and contained 

a phenol ic  hydroxyl  group as shown by the qua l i ta t ive  
tes t  with i ron  (III) ch lor ide .  Together  with the amide  
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and earboxyl bands in the IR spectrum, these results 
indicate that the new compound is r 
(2 -hydr oxy-3, 4, 5, 6 -tetr afluor ophenyl) acrylic acid 
(VII). It is probable that the earboxyl group and the 
phenyl ring are in the trans configuration in VII, in 
contrast to the eis-tsomer which is formed from the 
eoumarin (Ill). Compound VII was converted to methyl 
(~-b enzamido-? -(2 -methoxy -3,4, 5,6 -t err afluor ophenyl) - 
acrylate (VIII) with diazomethane. The absence of a 
hydroxyl band and the presence of intense bands at 
1695 cm -~ (amide C=~O), 1730 em -I (ester C=---O), and 
3400 cm -~ (amide N--H) in the IR spectrum of (VIII) 
confirmed its identity. 

lg~; 

45- 

-- \'%,, 

3.si \ 

2~o 3'oo ~'so .b~'x n m  

UV absorp t ion  spec t ra :  1) 2 - p h e n y l - 4 - c a r b o m e t h o x y -  
6, 7, 8, 9 - t e t r a f l u o r o b e n z [ f ] o x a z e p i n e - 1 ,  3 (Va); 2) 2- 
( p - n i t r o p h e n y l ) - 4 - c a r b o m e t h o x y - 6 ,  7, 8, 9 - t e t r a f l u o -  

robenz [ f ]oxazep ine -1 ,  3 (Vb); 3) 2 - p h e n y I - 4 - ( p e n t a -  
f l u o r o b e n z a l ) o x a z o l o n e - 5  (Ia); 4) 2 - ( p - n i t r o p h e n y l ) -  

4 - (pen t a f l uo robenza l )oxazo lone -5  (Ib); 5) N - b e n -  
zoyl indole;  6) N- (p -n i t robenzoy l ) indo le .  

The f o r m a t i o n  of the acid VII f r o m  the compound 

Va is unde r s t andab l e  s ince  oxygen-con ta in ing  h e t e r o -  

cyc les  fused to a benzene  r ing  a r c  known to r ing  open 
to give o - h y d r o x y b e n z e n e s  [6, 7]. To f o r m  VII f r o m  
VI r e q u i r e s  s e i s s i o n  of a bond be tween  n i t rogen  and 

the benzene  r ing  which appea r s  unl ikely  s ince  no 

such c a s e s  a r e  known for  indole d e r i v a t i v e s .  Con-  
sequent ly  the benzoxazep ine  Va is the m o r e  l ike ly .  

Since b e n z o x a z e p i n e s - 1 , 3  have  not been  d e s c r i b e d  
p r e v i o u s l y  we have  c a r r i e d  out s o m e  s i m p l e  r e a c t i o n  
with Va, p a r t i e u l a r l y  the hyd ro ly s i s  of the e s t e r  

group.  Hydro lys i s  in aqueous ace tone  conta in ing a 
s m a l l  amount  of c o n c e n t r a t e d  h y d r o c h l o r i c  acid 
caused  opening of the h e t e r o c y e l i e  r i n g  to give a 
p roduc t  which gave  a co lor  with i ron  (III) ch lo r ide  
and whieh had an IR s p e c t r u m  conta ining bands at 
3550 em -~ (O--H), 3390 cm-~(N--H),  1720 em -1 ( e s t e r  
C'=~O), and 1680 cm -~ (amide C=~O). In compos i t i on  
and s p e c t r a  this  compound c o r r e s p o n d s  to methyl  
c ~ - b e n z a m i d o - f l - ( 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 a t e  (IX) and it was c o n v e r t e d  to e ther  VIII* by 
t r e a t m e n t  with d i azomethane .  

Thus compound Va unde rgoes  r i n g  opening m o r e  
r e a d i l y  than h y d r o l y s i s  of the e s t e r  group in acid 
med ia .  In c o n t r a s t ,  we have shown p r e v i o u s l y  that  

*A s e p a r a t e  p a p e r  is c o n c e r n e d  with o ther  p roduc t s  
obtained f r o m  Va by t r e a t m e n t  with acid.  

po ly f luor ina ted  f i v e -  and s i x - m e m b e r e d  h e t e r o c y c l e s  
a r e  m o r e  s table  than t he i r  nonf luor ina ted  analogs  
[2, 8]. Hence  the e a s e  of s c i s s i o n  of the h e t e r o e y c l i c  

r i n g  a lso  ind ica tes  the oxazepine  s t r u c t u r e  Va r a t h e r  

than the indol ic  s t r u c t u r e  VI. 
The UV s p e c t r u m  p rov ided  an addit ional  ba s i s  fo r  

the d i s t ine t ion  be tween  Va and VI. Since the a z o m e -  
thine does not i n t e r r u p t  a c h r o m o p h o r i c  s y s t e m ,  

the s y s t e m  of conjugated  bonds in Va inc ludes  the 

phenyl r i n g  so that  the UV s p e c t r u m  of the l a t t e r  

should show a change,  w h e r e a s  the phenyl group in 

VI ls not  inc luded in the c h r o m o p h o r i e  s y s t e m  and 
the UV s p e c t r u m  of the phenyl group should not show 

much  change.  
We have  obtained,  by a method s i m i l a r  to that  for  

Va, an analog of Va conta in ing a p - n i t r o  group 

on the phenyl r i n g  (Vb). This  group n o r m a l l y  causes  
a b a t h o e h r o m i c  shi f t  of the absorp t ion  m a x i m u m .  

F r o m  a e o m p a r i s o n  of the UV s p e c t r a  of Va and 

Vb (see f igure)  it  is  seen  that  both absorp t ion  m a x i m a  

of the l a t t e r  a r e  shi f ted  to longer  wave leng th  by 18 nm. 

It is i n t e r e s t i n g  that  a c o m p a r i s o n  of the UV s p e c t r a  
of 2 - p h e n y l - 4 - ( p e n t a f l u o r o b e n z a l ) o x a z o l o n e - 5  (In) and 

2 -(p -n i t r  ophenyl) -4-(p entaflu or  obenzM) ox az olone-5 
(Ib)*, i n t e r m e d i a t e s  in the syn thes i s  of Va and Vb 

and with c h r o m o p h o r e s  s i m i l a r  to them,  shows a 

no t i ceab le  long wave leng th  shif t  in the absorp t ion  
m a x i m a  of Ib, the compound conta in ing the p - n i t r o  
group.  In eon t r a s t ,  in t roduc t ion  of a p - n i t r o  group 

into the phenyl  r i n g  of N-benzoy l indo le  causes  a lmos t  

no change (see f igure) .  
All the above data  indica te  that  Va and Vb a re  

example s  of the p r e v i o u s l y  u n d e s e r i b e d  b e n z o x a z e -  

p i n e s - l ,  3. The f o r m a t i o n  of these  compounds is 

exp l i eab le  if it is r e m e m b e r e d  that  an amlde  group 
can r e a c t  e i t he r  at oxygen [9] o r  at n i t rogen  [10]o 

EXPERIN~NTAL 

IR spectra were recorded on a UR-10 spectrometer. Strong bands 
around 1800 cm -~ (fluorinated benzene ring) were observed in the 
spectra of all fluorinated compounds. UV spectra were recorded 
on an SFD-2 spectrometer at a concentration of 10 -4 in a 0.5 cm 
cell. The xgF NMR spectra were recorded with a JNM-3H spectro- 
meter at 50 MHz. The identities of products were established by 
comparison of IR spectra and by determination of mixed melting points, 

2ophenyl-4-(pentafluorobenzal)oxazolone-5 (Ia) was prepared 
according to [3], mp 171~ ~ C, )'max I 280 nm (lg e 4.13); 
Xmax II 338 nm (lg r 4.45), in dioxane. 

2-(p-nitrophenyl)-4-(pentafluorobenzal)oxazolone- 5 (Ib) was 
prepared from pentafluorobenzaldehyde, p-nitrohippuric acid, and 
sodium acetate in a manner analogous to In. Yield 33.5~ , mp 
153~ ~ C (from a mixture of eyclohexane and acetone). Found, 
%: C 50.82, 50.51; H 1.45, 1.44: F 24.97, 24.61; N 7.44, 7.28. 
C a l c u l a t e d  for CI6HsFsNzO4,%: C 5 0 . 0 0 ;  H 1.30~ b ~ 24 .70 ;  N 7 . 3 0 .  
The following bands were observed in the IR spectrum (CC14 solution): 
1350 and 1540 cm -I (nitrogroup). 1820 cm "~ (lactone group). The 
UV spectrum m dioxane showed bands at Kma x I 268 nm (lg e 4.04) 
and kma x II 348 nm (ig s 4.36). 

*The oxazolone, !rb, containing the nitro group, is 
more reaetivethan In. For example, even on attempted 
crystallization from methanol it was converted to 
methyl ~-(p-nitrobenzamido) -f? -pentafluorophenyla- 

crylate (IVb) 
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a-Benzamido-8-(pentaf luorophenyl)acryl ic  acid (IIa) was obtained 

from Ia according to [3], mp 231~ ~ C. 

~-(p-Nitrobenzamido)-~-(pentafluorophenyl)acrylic acid (IIb) was 
obtained from Ib analogously to IIa, yield 90%, rnp 217~176 C 
(from aqueous rnethanol). Found, %: C 47.51, 4%82; H 1.77, 1.92; 

F 23.06, 23.20.  Calculated for C~GH7FsN805, %: C 47.70; H 1.74; 
F 23.60.  The following bands were found in the IR spectrum (KBr 
disc): 1350 and 1540 -~ (nitro group), 1680 cm -z (amide C=O),  1715 "l 
(acid C=O),  and 3000-3400 em -~ (broad, OH and NH). 

Methyl a-benzamido-~-(pentafluomphenyl)acrylate (IVa) was 
obtained by treating the acid IIa with diazomethane in the normal 
way. Yield 93%. After washing with potassium hydroxide solution 
and water, followed by drying, it has rnp 13%5~ ~ C (from aque- 
ous methanol) .  Found, %: F 25.42, 25.64; N 4.05, 4.11. CalcuIated for 
Ct7H10FsNO3, %: F 25.8(]; N 3.77. IR spectrum (in CC14): t710 cm -1 
(amide C : O ) ,  1740 cpa -1 (ester C=O),  and 3400 cpa -~ (amide NH). 

Methyl r 13-(pentafluorophenyl)acrylate (IVb) 
was prepared (a) by t reatment  of the acid lib with diazometh-  
ane; yield 83%, rnp 184~ ~ C (from aqueous methanol) .  Found, 
%: C 49.00, 48.73; H 1.86, 2.06; F 22.82, 22,95; N 7.30, 7.50. 
Calculated for CITHgFsN8Os, %: C 48.50; H 2.16;  F 22.80; N 6.74.  
IR spectrum in CC14; 1350 and 1540 cm "1 (nitro group), 1700 cm "1 
(amide NH); and (b) by recrystallization of the oxazolone lib from 

methanol ,  yield 58%. 
3-Benzamido-5,6,7, 8-tetrafluorncoumarin (III). IIa (0.185, 

0.5 mmole) ,  anhydrous KF (0.04 g, 0.7 mrnole),  and dry DMF 
(Sml) were stirred at 100 ~ C for 5 hr. The mixture was cooled, 25 
ml  water added, and the precipitate removed, washed with water, 
and dried, to give 0.1 g of product, which was washed with meth-  
anol, sublimed in vacuo in a water-cooled vessel and recrystallized 
from benzene,  mp 229~ ~ C. Found, %: C 57.14, 56.90; H 2.01, 
1.86; F 22.19, 22.16; N 4.10, 4.36. Calculated for C16HdF4NO3, %: 
C 57.14; H 1.78; F 22.60; N 4 . 1 7 .  krnax 308n rn ( l g  e 4 . 3 5  UV 
spectrum in ethanol). 0.05 g of the initial acid IIa was separated 
from the aqueous f ihrate  on acidification. 

2-Phenyl-4-carbomethoxy-  6, 7, 8,9-tetrafluorobenz[f]oxazepine- 
3 (Va). IVa (0.18 g, 0.5 rnmole),  anhydrous KF (0.04 g, 0.7 mmole  
and 5 ml dry DMF were stirred at 100 ~ C for 5 hr. The mixture was 
cooled, 25 ml water added, the precipitate separated, washed with 
water, and dried to give 0.15 g (88%) of Va, mp 119~ ~ C 
(from methanol) .  Found, %: C 58.34, 58.48; H 2.35, 2.44; F 21.47, 
21.75; N 4.0% 3.95; hi 351, 341. Calculated for ClzHgF4NO3, ~;: 
C 58.10; H 2.56; F 21.65; N 3.99; hi 351. UV spectrum in dioxane: 
hrnax I 254 urn (ig e 3.96). 

2-(p-Nitrophenyl)-4-earbomethoxy- 6 ,7 ,8 ,  9-tetrafluorobenz[f]-  
oxazepine-3 (Vb). This compound was obtained from IVb in an 
analogous manner.  Yield 79%, mp 168~-169 ~ C (from chloroform). 
Found, %: C 51.63, 51.44; H 2.35, 2.31; F 18.45, 18.44; N 6.69, 
6.86. Calculated for CITHaF4N8Os, %: C 51.55; H 2.02; F 19.2; 

N 6.97.  [R spectrum in CC14:1250 ran" ~ (ester C----O). UV spectrum 
in dioxane: Kmaxl  272 nm ( lge  4.27); kmaxII  346 nm ( lge  3.95). 

-Benzamido- ~-(2-hydtoxy-3,  4, 5, 6-tetrafluorophenyl)acrylic 
acid (VII) a) Va (lg, 2.8 parnole) and 25 ml of 5% aqueous KOtf 
were stirred at 80 ~ C for 16 hr until the solid had almost completely 
dissolved. Unreacted Va (0.04 g, pap 118~ ~ C) was filtered 
off, the f ihrate  was acidified with hydrochloric acid, and the pre- 
cipitate fihered, washed with water and dried to give VII (0.84 g, 
87% based on Va consumed), pap 189~ (with decomposition, 
from aqueous methanol) .  Found, %: C 54.47, 54.19; H 2.90, 2.88; 
1 ~ 20,47, 20.61; N 4.17, 4,88. Calculated for CxdflgF4NO4, %:C54.20: 
s 2.54; F 21.40; N 4.16. 

b) It was also obtained from IX in a similar manner.  
Methyl (x-benzamido- 8-(2-hydroxy-3, 4, 5,6-tetrafluorophenyl) 

acrylate (IX), V~ (0.15 g, 0.4 mmole) ,  3 ml acetone, 1 rnl water, 
and 3 drops of cone. HC1 were boiled for 2 hr. To the cooled m i x t u r e  
10 ml of water was added and the precipitate was filtered off to 
give 0.12 g (77o/,) of IX, rnp 169.5~176 (from benzene).  
Found, %: C 55.37, 55.46; H 3.07, 8.07; F 20.59, 20.81; N 3.80, 
3.90; OCH 3 7.97, 8.14. Calculated for C17Hl~F4NO4, %: C 55.30; 
H 2.99; F 20.60; N3.80;  OCH 3 8.30. 

Methyl c~-benzamido- ~ ( 2 - m e t h o x y - 3 , 4 ,  5, 6-tetrafluorophenyl) 
acrylate (VIII). a) Treatment  of VII (0 .2  g, 0.6 mmole)  with diazo- 
methane  in the normal manner  gave O. 21 g (97~ of VIII. After 
t reatment  of the reaction mixture with sod< water, and recrystal l iza-  
tion from methanol ,  the product had rnp 160~ C. Found, %: 
C 56.39, 56.47; H 3.51, 3.28; F 19.79, 19.72; N 3.87, 4.06; OCH 3 
16.29, 16.41. Calculated for C18HI3F4NO4, %: C 56.30; H 3.40; 
F 19.85; N 3.66; OCH a 16.20. 

b) Treatment  of IX (0.07 g, 0.2 rnmole) with diazomethane in 

the normal manner gave VIII (0.06 g, 82%) with mp 158~ ~ C 
after t reatment  of the solution with soda, water and recrystallization 
from methanol .  

N-(nitrobenzoyl)indole. To a suspension of sodium hydride (0.20 
g, 8.8 mmole)  in 5 ml  of glyme a solution of indole (0.88 g, 7.5 
rnmole) in 5 ml  glyme was added dropwise and with stirring. There 
was a vigorous evolution of hydrogen, stirring was continued for 
about an hour and then p-nitrobenzoyl chloride (1.89 g, 7.5 minnie) 
in 5 mI of glyme was added. A precipitate formed and the mass 
solidified. The mixture was refluxed for 80 rnin, and 20 mI of 
water was added after the mixture had cooled. The precipitate 
dissolved to give a two-layered liquid, the lower layer of which 
solidified. The solid was removed,  and washed with potassium 
hydroxide, water, and ethanol to give the product (1.88 g. ,  79%), 
mp 156~ ~ C (after purification on A12Oa). Found, %: N 10.53, 
10.40. Calculated for ClsHt0NzOa, %: N 10.52. IR spectrum in 
CHCls: 1348 and 1630 crn -I (nitro group), 1890 cm -l  (apaide C=O).  
UV spectrum in ethanol: krnax 258 nm (lg e 4.81).  

N-Benzoylindole was prepared similarly from benzoyl chloride 
and indole. Yield 33%, rnp 68~176  (l i t  [1]: mp 6~~ ~ C); 

UV spectrum in ethanol: krnax I 250 nm (lg e 4.88); ) 'max II 302 
npa (lg ~ 8.80). 
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s e r .  k h i m o ,  1 9 6 8  ( in  p r e s s ) .  

9 .  L .  V .  K a a b a k ,  A .  P .  T o m i l o v ,  a n d  S.  L .  

V a r s h a v s k i i .  P r o b l e m s  of  O r g a n i c  S y n t h e s i s  [ in  

R u s s i a n ]  32 ,  1 9 6 5 .  

1 0 .  H o u b e n - W e y l ,  M e t h o d e n  d e r  o r g a n i s c h e n  C h o r a l e ,  

S t u t t g a r t ,  8,  7 0 9 ,  1 9 5 2 .  

1 1 .  R .  W e i s s g e r b e r ,  B e r . ,  4 3 ,  3 5 2 3 ,  1 9 1 0 .  

14 July 1966 N o v o s i b i r s k  I n s t i t u t e  of  

O r g a n i c  C h e m i s t r y ,  

S i b e r i a n  D i v i s i o n ,  

A c a d e m y  of  S c i e n c e s  

USSR 


