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Recent ly  it was shown by us that e lectro~hi l ic  agents  r eac t  with octaf luoroindene (I) e i the r  at the 
double bond o r  at the CF 2 grouo [1]. As a continuation of studying the react ion of Dolyfluoroindenes with 
electro~hi l ie  agents it seemed  expedient  to us to study the relat ion between the react ivi ty  of the double bond 
and the geminal node in these  compounds with the same elect roohi l ic  agent (20% oleum) as a function of the 
substi tuents in the f i v e - m e m b e r e d  ring. Fo r  this purpose  we studied the behavior  of the 3-chlorohepta-  
f luo ro -  iT/) and 1 ,1 ,3- t r iehtoro~entaf luoroindenes  (III) in compar i son  to the behavior  of indene (I). To syn-  
thes ize  indene (III) we studied the react ion of indene (I) with AIC13. 

Indene (I) r e ac t s  eas i ly  with AICI3; indene (III) is fo rmed  along with indene (II) at a 2 : 1 ra t io  of in- 
dene (I) and A1C13. In addition, the react ion mixture  contains unreac ted  indene (I). 

' F ~' [l Alcl3 > + 

<~'~"> ~-..-/k'-V CH3COCl F 
F "F 

(1) (It) (Ill) 

The react ion of indene (I) with exce s s  A1C13 gives indene (llI) in good yield.  The s t ruc tu re  of indene {Ill) 
is conf i rmed by its t r ans fo rma t ion  under  the influence of PCI 5 to 1,1,2,3,3-oentachloronentaf luoroindan (IV). 

(III) ~~ 

(iv) 

It is ~ossible that the exchange of f luorine atoms by chlor ine in indene (I) when it is reac ted  with 
A1C13 p roceeds  via the Derfluoroindenyl cat ion? (or the cryptoion).  Here  the in termedia te ly  fo rmed  ~oly-  
f luorochloroindenes ,  with e i the r  one or  two chlorine atoms in the geminal  node, evidently en te r  into the 
allylic tyoe of r e a r r angemen t ,  which is observed,  for  examnle,  in the react ion of oerfluoror~ro~ylene with 
AICI 3 [3]. It ts not excluded that the in termedia te ly  fo rmed  indenes (A) and (]3), which contain f luorine 
and chlor ine a toms in the geminal  node, dis~rooort ionate  to give indenes that contain e i the r  two fluorine 

(A) C I ~ C l l  - - j  (B) Cl" "C~ 

*See [I, 2]" for  Communications 1 and 2. 
tThe  perf luoroindenyl  cation was genera ted  recent ly  [1]. 
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or  ch lo r ine  a toms  in the gemina l  node. A s i m i l a r  d i s p r o p o r t i o n a t i o n  of the 3 - f l u o r o -  and 3 , 3 - d t f l u o r o g e r -  
c h l o r o p r o p y l e n e s  in the p r e s e n c e  of A1CI 3 is known [4]. 

Indene  (I) d i s so lve s  r ead i ly  in 20% o leum to give h e D t a f l u o r o - l - i n d a n o n e - 2 - s u l f o n i c  acid (V). Indene 
(II) r e a c t s  l e s s  v i g o r o u s l y  with o leum.  Be s ide s  sulfonic ac id  (V), 3 -ch lo roDenta f luoro indenone  WI) is 
f o r m e d  in this  r eac t ion .  In the  c a s e  of indene {III) the r eac t ion  goes  mainlY at the gemina~ node and leads  
to indenone (VI). The  s t r u c t u r e  of indenone WI) was  c o n f i r m e d  by i t s  t r a n s f o r m a t i o n  under  the inf luence 
of PCI  5 to tndan (IV). 

20% oleum 

O) I 

(II) 20% oleum 
~l ~ ! I: ii I/[:  

(vl) (v) 

(III) 20% oleum ] pc~, ~ (IV) 
225  ~ 

The en t r ance  s i te  of the e l ec t rooh i l i c  agent  in the r eac t i on  of indene (i) with o leum is found to be in 
a g r e e m e n t  with the s tabi l i ty  of the i n t e r m e d i a t e l y  f o r m e d  cat ion,  and a lso  with the cha rge -d i s t r i bu t i on  in 
indene (I) [1]. The o r i en ta t ion  in the r eac t ion  of 20% o leum at the double bond of indene (iI) is a lso found 
to be in a g r e e m e n t  with the s tabi l i ty  of the i n t e rmed ia t e ly  f o r m e d  cat ion.  Howeve r ,  it is poss ib le  that  in 
indene (II), when c o m o a r e d  with indene (I), a d e c r e a s e  in the e l ec t ron  dens i ty  o c c u r s  in the 2 oos i t ion  ( s im-  
i l a r  to what t akes  o lace  when going f r o m  t e t r a f l u o r o -  to t r i f l u o r o c h l o r o e t h y l e n e  [5]), which l eads  to a de-  
c r e a s e  in the r eac t i v i t y  of the double bond in the r e a c t i o n s  with e lec t roph i l i e  agents .  The data on the o r i e n -  
ta t ion  in the r e a c t i o n s  of indenes  {I) and (H) with nucleoDhilic agen ts  [2] a l so  do not c o n t r a d i c t  this  a s s u m p -  
tion. A d e c r e a s e  in the r eac t iv i t y  of the double bond of indene (H) r a i s e s  the poss ib i l i ty  of drawing the 
geminaI  node into r eac t ion  with the o leum.  The  addit ional  in t roduct ion  into the geminaI  node of the m o r e  
labi le  ch lo r ine  a t o m s *  in p lace  of the f luor ine  a t o m s  [indene (III)] changes  the re la t ion  between the r e a c -  
t iv i ty  of the double bond and the gemina l  node in f avo r  of the la t te r .  

E X P E R I M E N T A L  

The  19F-Nl~IR s . e c t r a  were  taken on a Var ian  A - 5 6 / 6 0 A  in s t rumen t  at a f r equency  of 56.4 MHz us ing  
CC14 solut ions .  The concen t r a t i on  was 11 mole  %. The o ther  condi t ions  will be soeci f ied .  Hexa f luo ro -  
benzene  was used  as  the in ternal  s tandard .  The IR s p e c t r a  were  taken on a UR-20  in s t rumen t  us ing  e i the r  
CC14 solu t ions  o r  KBr  . e l l e t s .  The UV s ~ e c t r a  were  r e c o r d e d  on a SDecord UV-VIS in s t rumen t  us ing  h e p -  
tane solut ions .  The m o l a r  c o n c e n t r a t i o n  was  10-4-10 -3. The m o l e c u l a r  weights  were  d e t e r m i n e d  by m a s s  
s p e c t r o m e t r y  on MS-902 and MX-1303 in s t rumen t s .  The  t e m o e r a t u r e  of the admis s ion  s y s t e m  and ion iza -  
t ion c h a m b e r  was  100~ and the nomina l  e l e c t r o n  e n e r g y  was  70, 13.5, sad  11 eV. 

Reac t ion  of Oeta f luoro indene  (I) with AIC13. a) To a s t i r r e d  solut ion of 10.3 g of A1CI 3 in 35 ml of 
f r e s h l y  d i s t i l l ed  AcCl  at  ~20  ~ was added in d roos  a solut ion of 10.0 g of indene (I) in 15 ml of AcCI in 1 h. 
Then the mix tu r e  was  s t i r r e d  at ~20 ~ fo r  1 h, then at 50 ~ fo r  7 h, and let  s tand overnight .  The mix tu r e  
was  poured  on ice, and the o rgan ic  l a y e r  was washed with NaHCO 3 solut ion.  We obtained 13.2 g of a mi •  
t u r e  that  was d r i ed  ove r  MgSO 4. Va c uum -d i s t i l l a t i on  in a n i t rogen  s t r e a m  gave 10.7 g of 1 , 1 , 3 - t r i c h l o r o -  
oen ta f luoro indene  (HI) with b~ 108-109 ~ (9 ram). Found:  C 34.56; C1 34.36; F 30.69~c; moI.  wt. 308. 
C9C13F ~. Calcula ted:  C 34.93; CI 34.37; F 30.70~c; tool. vet. 308 (35Cl). 

The  t~F-NMR s o e c t r u m  of indene (HI) has  four  s igna ls  at 5 - -28.2 ,  - -22.8,  - -13.1 ,  and - -8 .7  Dpm, 
with a r e s p e c t i v e  in tens i ty  ra t io  of 1: 1: 2: 1. I n f r a r e d  s p e c t r u m  (u, cm-1):  1668 (C= C), 1516, 1501 
(f luor inated a r o m a t i c  ring).  U l t r av io le t  s p e c t r u m ,  ) 'max 309 n m  (log e 3.24). 

b) To a s t i r r e d  solut ion of 0.50 g of indene (I) i n 2 . 5  ml of AcCI  at ~20  ~ was added in d rops  a solut ion 
of 0.14 g of A1CI 3 in 2.5 ml of AcC1. Then the mix tu r e  was  s t i r r e d  at ~20  ~ fo r  1.5 h and worked u~ as  

*See, f o r  example ,  the h y d r o l y s i s  of t , l , l - t r i c h l o r o - 4 , 4 , 4 - f l u o r o b u t e n e  [6]. 
$See [2] f o r  the UV s p e c t r a  of the o ther  oo ly f luoro tndenes .  
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desc r ibed  in the o reced ing  exper iment .  We obtained 0.46 g of a mix ture  that,  based  on the data of the I~F-- 
NMR and IR s~ec t ra ,  contains indenes {i), {iI), and (HI) in an ~ 4 : 1 : 2  ra t io  (from the lgF -NMR spect ra) ,  
r e spec t ive ly .  

Hep ta f luo ro - l - i ndanone -2 - su l fon i c  Acid (V). Indene (i) (0.20 g) was s t i r r ed  with 0.2 ml of 20% pleura 
at  ~20 ~ Indene (I) d isso lved  comole te ly  in 5-10 min to give sulfonic acid (V). The 191~-NMR s~ee t rum of 
the obtained solution was recorded ,  and then the reac t ion  m a s s  was poured into water .  The aqueous so lu-  
tion was worked up in the usual  manne r  to give 0 .31g  of the S-benzyl th iuronium sal t  of sulfonic acid (V) 
with mp 163-164 ~ (from water}. Found: C 40.48; H 2.14; F 26.65; N 5.28; S 12.95%. CITHllF~N204S 2. 
Calculated: C 40.48; H 2.20; F 26.37; N 5.56; S 12.71%. The IR andlgF-NMR soec t r a  of the sa l t  a re  
given in [1]. 

The 19F-NMR s p e c t r u m  of sulfonie acid (V) (in pleura) has  seven s ignals  of equal intensity at 5 --68.6 
(AB system,JgFemF = 283 Hz); +1.0 (F2), --33.3, --31.8, --27.7, --21.8 (fluorine a toms  of a romat i c  a n d -  57.6 

ring}. 

3-Chloro~entaf luoroindenone WI). A mixture  of 7.0 g of indene (III) and 7 ml of 20% oleum was 
s t i r r ed  at ~20 ~ for  1 h and then ~oured on ice. The mix tu re  was ex t rac ted  with e ther ,  the ex t rac t  was 
dr ied ove r  MgSO4, and the solvent  was dist i l led off. We obtained 5.7 g of a yel low product ,  which was 
our i f ied  by subl imation,  mD 97.5-98.5 ~ (in a sea led  capi l la ry) .  Found: C 42.17; C1 13.87; F 37.31%; 
mol.  wt. 254. CgClF50. Calculated: C 42.46; CI 13.93; F 37.31%; tool. wt. 254 (35C1). 

The ISF-NMR s p e c t r u m  of indenone (VI) has  five s ignals  of equal intensi ty at  6 --28.1, --21.0, --18.9, 
--16.7, a n d - - 1 1 . 9  opm. In f r a r ed  s pec t rum (9, cm-1): 1748 (C=O), 1656 (C=C), 1500 (fluorinated a romat ic  
ring).  Ul t rav io le t  spec t rum,  ~max, nm (log e): 310 (3.37}, 324 (3.50), 338 (3.39), 382 (2.83). 

React ion of 3-ChloroheDtafluoroindene (H) with 20% Oleum. A mix tu re  of 0.25 g of indene (II) and 
0.25 ml of 20% oleum was s t i r r e d  a t  50 ~ Indene (II) d issolved comple te ly  in 25-30 min to give sulfonic 
acid (V) and indenone (VI). The 19F-NMR spec t rum of the obtained solution was recorded ,  and then the 
reac t ion  m a s s  was poured into water .  The mix tu re  was ex t rac ted  with CH2C12 and dried over  MgSO 4. F r o m  
the ex t rac t  we isola ted 0.07 g of indenone (VI). The IR and 19F-NMR s p e c t r a  of the indenone are  identical 
with the s p e c t r a  of the product  obtained in the p reced ing  exper iment .  The aqueous por t ion was worked up 
in the usual  manne r  to give 0.27 g of the S-benzyl th iuronium salt  of sulfonie acid (V) with m~ 163-164 ~ 
(from water) .  The IR s p e c t r u m  of the sa l t  is  identical with the suee t rum of the sa l t  of the sulfonic acid 
(V) that  was obtained f r o m  indene (I). 

Based on the ISF-NMR spec t r a l  data, sulfonic acid (V) and indenone (VI) (identified in a para l le l  ex -  
p e r i m e n t  by the addition of the authentic product)  were  obtained in a r e spec t i ve  ra t io  of ~2 : 1. 

1 ,1 ,2 ,3 ,3-PentachloroDentaf luoroindan (IV). A mix ture  of 0.62 g of indene (III) and 1.25 g of PC15 
was heated in a sea led  ampule  at 225 ~ for  7.5 h. The reac t ion  m a s s  was t r a n s f e r r e d  to water  ex t rac ted  with 
CH2C12, and dried over  MgSO 4. The solvent was dist i l led off. We obtained 0.67 g of indan (IV) with mp 
80.4-81 ~ (from ethanol). Found: C 28.45; C1 46.30; F 24.51%. C9C15F5. Calculated: C 28.42; C1 46.61; 
F 24.97%. The  19F-NMR s~ec t rum of indan (IV) has  th ree  s ignals  at 5 --71.3 (F2), --23.2 (F4,7), and - 1 5 . 6  
DDm (F 5'6), with a r e spec t i ve  intensi ty ra t io  of 1 : 2 : 2 .  

I n f r a r ed  s pec t rum  (9, cm-1): 1645 ,  1520, 1510 (fluorinated a romat i c  ring), 1398, Ul t raviole t  spec -  
t rum,  }'max, nm (log e): 270 (2.91 sh), 275 (2.95). 

React ion of Indenone (VI) with PC1 s. A mix ture  of 0.10 g of indenone WI) and 0.25 g of PCl 5 was 
heated  in a sealed ampule  at  150 ~ fo r  7 h and at 225 ~ fo r  7.5 h. The mix tu re  was worked u~ as  desc r ibed  in 
the p reced ing  exper iment .  We obtained 0.14 g of indan {IV). The IR and 19F-NMR spec t r a  of indan {IV) a re  
identical  with the s pec t r a  of the product  obtained in the preceding  exper iment .  

C O N C L U S I O N S  

1. T h e  reac t ion  of oetaf luoroindene with a luminum chloride g ives  1,1,3-tr ichloroDentafluoroindene.  

2. The react ion  of 20% oleum with octaf luoroindene leads to hep ta f luo ro - l - indanone-2 - su l fon ic  acid, 
with 3-chloroheptaf luoroindene  to a mix tu re  of heo ta f luo ro - l - indanone-2 - su l fon ie  acid and 3 -ch lo ropen ta -  
f luoroindenone,  and with 1,1,3-tr ichloro~)entafluoroindene to 3-chloropentaf luoroindenone.  
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