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Reactions of ethyl 5,6,7,8-tetrafluoro-2-methylchromone-3-carboxy|ate 
and 3-acetimidoyl-5,6,7,8-tetrafluoro-4-hydroxycoumarin 

with S-nucleophiles 
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The reactions of ethyl 5,6,7,8-tetrafluoro-2.-methytchromone-3-carboxytate with mercap- 
toacetic acid and 1,2-ethanedithiol afforded C(7)-substitution products. The above-men- 
tioned chromone reacted with 2-mercaptoethanol to yield 7-mono- or 5.7,8-trisubstituted 
products depending on the reaction conditions. The reaction of 3-acetinndoyl-5,6,7.8- 
tetrafluoro-4-hydroxycoumarin with 2-mercaptoethanol afforded a 5,7.8-trisubstituted prod- 
uct. The acyl-tactone rearrangement of mono- and trisubstituted chromones yielded the 
corresponding coumarins. 

Key words: chromones, coumanns, S-nucleophiles, substitution, acyl-lactone rearrangement. 

Ethyl 5,6,7,8-tetrafluoro-2-methylchromone-3-carb- 
oxylate reacts with hydrazine and hydroxylamine with 
the pyran ring opening to form pyrazole and isoxazole 
derivatives, which are converted into benzopyranopyra- 
zole and benzopyranoisoxazole, respectively, as a result 
of the acyl-lactone rearrangement. I The reactions of this 
chromone with ammonia and benzylamine are also ac- 
companied by the opening of the heterocycle followed 
by intramolecular cyclization ! to form 3-carboximidoyl- 
5,6,7,8-tetrafluoro-4-hydroxycoumarins. in the reactions 
of the latter with ammonia and morpholine, the replace- 
ment of the F atom at position 7 rather than the opening 
of the heterocycle is the preferential process, z Data on 
the reactivities of the above-mentioned coumarins and 
chromone with respect to S-nucleophiles are not docu- 
mented. 

In the present work, we studied the reactions of ethyl 
5,6,7,8-tetrafluoro-2-methylchromone-3-carboxylate (1) 
(Scheme 1) and 3-acetimidoyl-5,6,7,8-tetrafluoro-4- 
hydroxycoumarin (7) (Scheme 2) with 2-mercapto- 2 
ethanol, mercaptoacetic acid, and 1,2-ethanedithiol. 

Chromone 1 reacts with mercaptoacetie acid in 3 
DMSO in the presence of Et3N to form a 7-carboxy- 
methylthio derivative (2), which is a product of nucleo- 4 
philie aromatic substitution of the F atom at position 7 

6 
(.see Scheme l, Tables I and 2), The reaction ofchrornone 
! with an equimolar amount of 1,2-ethanedithiol under 8 
analogous conditions gives 7,7"-ethylenedithiodi(ethyl 
5.6,8-trifluoro-2-methylchromone-3-carboxylate) (3). An 9 
analogous product was prepared 3 by the reaction of ethyl 
5,6,7,8-tetrafluorochromone-2-carboxylate with ethylene- 10 
diamine in DMSO. 

The reaction ofchromone  1 with 2-mercaptoethanol 12 
in DMSO in the presence of a small excess of t r ie thyl-  

amine at 18 ~ for 2 rain afforded 7-(2-hydroxy- 
e thyl thio)chromone (4) (see Scheme I, Tables 1 
and 2). 

The fact that the replacement in chromone occurred 
at position 7 was established based on the XOF NMR 
spectra of products 2 - 4  (see Table 2), namely, on the 
analysis of the signal multiplicity and the values of the 
spin-spin coupling constants with account of the pub- 
lished data. 4 

It should be noted that the conversions under consid- 
eration occurred only in the presence of a basic catalyst 

Table I. Data of elemental analysis of compounds 2--4, 6, 
8--10, and 12 

Corn- Found (%) Molecular 
pound Calculated formula 

C H F N 

48.04 2.g_.~ 15.01 - -  CIsHIIF306S 
47.88 2.95 15.15 
50.74 3.06 17.17 -- C2sH2oFdOsS 2 
50.76 3.04 17.21 
49.73 3.71 i5.74 -- CtsHI3F305S 
49.73 3.62 15.73 
47.90 4,76 3.84 - -  C19l-|23FO7S3 
47.69 4.84 3:97 
45.05 4.63 3.97 2.~"I ~ CI7tt20FNO6S 3 
45.42 4.48 4.23 3. I I 
46.73 3.12 17.06 4_~$. C~3H~0F3NO4S 
46.85 3.02 17.10 4.20 
46.74 2.89 17.16 -- CI3HgF3OsS 
46.71 2.71 I/.0_~ 
50.41 3=26 J7.26 - -  Cl4HliF304g 
50.60 3.34 17.15 

Translated from Izvestiya Akademii Nauk. Ser~va Khimicheskaya, No. 8, pp 1557--1561, August, 1999. 
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Scheme I 

0 

, ~ ~ . . / C O 2 E t  

HO..J 

O SH 

HO 

HS SH k.__-/ 
,, l ip 

OMSO, 
EI3N 

HO SH k___/ 

0 

~ , S . ~ O  J"--Me 

0 

Me ~ 0 ~/"~./- '~ S 

3 
0 ~ CO2Et 

S @ O l ~ ' - M e  
H o . . . )  

4 

OH ! 

S 0 ~ 

s- y -o Me 
F 

HO SH 

O 
( ~ / J ~ C O 2 E t  

s C oJLMe 

~ OH 

S 0 
F ~ C O 2 E t  

He O ~'S, O -Me 

I 
HO j 6 

(triethylamine). Actually, heating of chromone ! with a 
large excess of S-nucleophiles in DMSO at 80 ~ for 
10 h in the absence of a basic catalyst did not afford 
products 2--4.  

The reaction of chromone 1 with 2-mercaptoethanol 
over a more prolonged period yielded di- and irisubsti- 
tt,ted products 5 and 6 (see Scheme I). Disubstituted 
chromone 5 was not isolated in pure form. The forma- 
tion of the latter is evidenced by the 19F NMR spectrum 
of the reaction mixture. This spectrum has two doublet 
signals at 8 -100.61 and -125,60 with JF'--F = 4 Hz, 
which correspond to the F atoms at the C(6) and C(S) 
atoms, respectively, of disubstituted chromone 5 (along 
with signals of the F atoms of" products 4 and 6), The 
value of the spin-spin coupling constant unambiguously 

Scheme  2 
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Table 2. Yields, physicochemicat constants, and spectral characteristics of compounds 2--4, 6, 8--10, and 12 

Com- M.p. Yield IR, NMR, 6 (J/Hz) 

pound /~  (%) v/cm -+ IH t')F 

2 161--163 53 3300--3000 (OH): 1.29 (t. 3 tt, OCH2C'H3): 
1720 (CO2Et); 2.46 (s. 3 H. CH3); 
I670 {CO2H); 3.95 (s, 2 H, SCIq2); 
1630 (C=O); 4.31 (q, 2 H. O CH2CH3); 
1550 (C=C); 13.0 Ibr.s, 1 H, COOH) 
99O (CF) 

3 204--206 76 1730 (CO2Et); 1.39 (t, 3 H, OCH2CIt3); 
1645 (C=O); 2.51 (s, 3 H, CH3); 
1560 (C=C); 3.27 (s, 2 H, SCH2); 
990 (CF) 4.31 (q, 2 H, OCH2CH 3) 

4 121--123 ~2 3510, 3450 (OH); 1.29(t, 3 H, OCH2CH3): 
1720, 1710 (CO2Et); 2.46 (s, 3 H, CHo;  
1640 (C=O); 3.18 (s, 2 H, SCH2); 
1550 (C=C); 3.59 tin, 2 I-I, OCH2): 
990 (CF) 4.31 (q, 2 H, OCH2CH3): 

4.96 (br.s, I H, OH) 
6 133--137 53 3500--3200 <OH); 1.30(t, 3 H. OCH2CH3); 

t730 (CO2Et): 2.46 (s, 3 t1, Ctt3); 
1620 (C=O): 3.0--3.2 (m, 6 H, SCH~); 
1540. 1500 (C=C): 3.5--3.62 (m, 6 H, OCH2), 
990 (CF) 4.30 (q, 2 H, OCH2CH3); 

4.6 (br.s, 3 H, OH) 
8" 1286--190 86 'r 3500--3000 (OH, NH): 2.55 (s, 3 H, CH3); 

71 g 1680 (C=O); 3.03--3.16 (m, 6 H. SCH2); 
1600, 1550, 1510 3.4--3.6 (m, 6 H, OCH2): 
(C=S, C=N); 4.4 (br.s, 3 H, CH?OH): 

990 (CF) 9.98 (br.s, I H, NH); 
11.6 (br.s. 3 H, OH) 

9 184--191 76 3340, 3180 (NH, OH); 2.55 (s, 3 H, CH3); 
1680 (C=O): 3.12 (m, 2 H, SCH2); 
1610, 1550 (C=S, C=N); 3.55 lm, 2 H. OCH2); 
980 (CF) 493 (br.s, 1 H, CH2OH); 

10.15 (br.s, I H. NH); 
11.74 (br.s, 3 H, OH) 
2.68 (s, 3 H, CH3); 
3.22 (m, 2 H, SCH2); 
3.61 (m, 2 H. OCH2]; 
6.6 (br.s, I H, CH2OH) 

10" 135 24 .+, 3300 (OH): 
(decomp.) 86 s 1730 (SOOH); 

1630 (C=O); 
1600, 1535 (C=C): 
1010--990 {CF) 

12" 87--9(t 67 '~, 1730 tSO2Et); 
80 B 1630 (C=O): 

1600, 1535 {C=C); 
1010--990 (CF) 

2.03 (s, 3 H. CH3CO): 
2.40 (s, 3 H, CII31; 
3.28 (m, 2 H, SCH2): 
4.24 (m, 2 H. OCH~): 
6.1 (br.s, I H, CH2OH) 

-146.18 (dd, 1 F, F-5I; 
-136.07 (dd, I F, F-6); 
-130.13 (dd, I F, F-8, 
J5-6 = 22.0, Js-~ = 15.61 

-143.73 (dd, I F, F-5); 
-13475  (dd, I F, F-6): 
- t30.16 (dd, 1 F. F-8, 
J5-~ = 22.0, ./5-8 = t6.6/ 

-146.22 (dd, I g. F-5): 
-135.75 (dd, I F, F-6): 
-129.78 (dd, I F, F-8, 
Js-e  = 22.4, ds-a = 15.51 

-107.9 (s, I F) 

-101.5 (s, I F) 

-147.36 (dd, 1 F, F-5), 
-138.91 (dd, I F. F-6); 
-131.94 (dd, I F. F-8, 
Js-6 = 23.5, Js-,s = 15.0.1 

-142.40 (dd, I F, F-51: 
-137.55 (dd, I F. F-6); 
-131.48 (dd, I F. F-8, 
Js-6 = 23.0, Js -s  = 15.01 

-143.73 (dd, I F, F-5): 
-134.75 (dd, 1 F. F-61; 
-130.16 (dd, 1 F, F-8, 
Js-t~ = 22.0, J5-8 = 16.6) 

* The yields of compounds prepared according to procedures ,,I and B are given. 

indicates that  the replacement  o f  the second F a tom by 
the 2 - m e r c a p t o e t h a n o l  molecule  occurs at position 5. 
which agrees well with the published data. 4 Evidently, 
c o m p o u n d  5 r e a c t e d  with t h e  third m 0 l e c u l e  of  
2 -mercap toe thano l  to form trisubstituted derivative 6 
rather than accumula t ing  in the reaction mixture. Com-  
pound 6 was obta ined  in modera te  yield as the only 
react ion p roduc t  upon heating o f  chromone  I with an 
excess o f  2 -mercap toe thano l  and triethylamine for 3 h 
(see Tables  I and  2). 

C o u m a r i n  7 reacted with 2 -mercap toe thano l  in 
D M S O  in the presence of  an excess of  t r iethylamine at 
80 ~ (3 h) to form a 5,7,8-tr is(2-hydroxyethylthio)  
derivative (8) (see Scheme 2, Tables I and 2). Corn- 

pound 8 can also be synthesized by treat ing c h r o m o n e  6 
with aqueous ammonia ,  as a result o f  addi t ion of  a m m o -  
nia at the C(2) atom leading to the pyran ring open ing  
followed by intmmoleei i lar  Cyciization. 

We failed to obtain 3 -ace t imidoy l -5 ,6 ,8 - t r i f luoro-4 -  
hydroxy-7- (2-hydroxye thyl th ioJcoumar in  (9) free from 
admixtures  of  the initial coumar in  7 and product  8 by 
treating compound  7 with 2 -mercap toe thanol  under  con-  
dit ions o f  the synthesis of  monosubs t i tu ted  derivatives 
2 - - 4  from chromone  1, i.e., using catalyt ic amount s  o f  
tr iethylamine.  A convenient  p rocedure  for the synthesis 
of  coumar in  9 involves the ring open ing  of  monosub -  
stitued ch romone  4 under the act ion of  N H 4 O H  and 
recyclizat ion (Scheme 3, see Tables  1 and 2). 
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Scheme 3 
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Thus ,  we demons t r a t ed  tha t  the  acyl - lac tone  rear-  
r a n g e m e n t  is typical of  m o n o -  (4) and  t r isubst i tuted (6) 
c h r o m o n e s  in a basic m e d i u m ,  as with  the initial n o n -  
subs t i tu ted  c h r o m o n e  1.1 

The  r ep l acemen t  of the  F a t o m  by the  2 -hydroxye th-  
ylthio g r o u p  in c o u m a r m  9 has  a subs tant ia l  effect on  the 
chemica l  proper t ies  of  the  lat ter .  T h u s  when  t reated with 
aqueous  alkali ,  coumar in  9 was rea r ranged  to c h r o m o n e -  
carboxyl ic  acid 10 (see S c h e m e  3, Tab les  I and  2). This  
r e a r r a n g e m e n t  was not obse rved  in the  case of  nonsubs t i -  
tuted c o u m a r i n  7. 2 Previously ,  I it has  been  d e m o n s t r a t -  
ed tha t  the  reaction o f  5 ,6 ,7 ,8 - t e t ra f iuoro-2-meth .v l -  
c h r o m o n e - 3 - c a r b o x y l i c  ac id  with NH.~OH was a c c o m -  
panied  by the  pyran r ing o p e n i n g  and  decarboxyla t ion .  
U n d e r  these  condi t ions ,  ac id  1O is stable.  

The  IR and  N M R  spec t ra l  da ta  do not rule out  an 
a l te rna t ive  s t ructure ,  viz., 3 - a c e t y l c o u t n a r i n  11. 

OH 0 

S ~  Me 
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11 

The  s t ruc tu re  of  c o m p o u n d  10 was proved by c h e m -  
ical conve r s ions .  Thus  a lka l ine  hydrolysis  of  ester  4 
afforded ac id  10. In a d d i t i o n ,  w h e n  t rea ted  with a mix-  
ture of  ace t i c  and  h y d r o c h l o r i c  ac ids ,  bo th  acid 10 and  
its es ter  4 gave the s a m e  p r oduc t  12 as a result of  
deca rboxy la t i on  and ace t y l a t i on  (see Scheme  3. Tables  I 
and 2). C o m p o u n d  12 c a n n o t  be ob ta ined  from cou -  
rearm I I. All the above e x p e r i m e n t a l  da ta  unambiguous -  
ly c o n f i r m  the  c h r o m o n e  s t ruc tu r e  o f  heterocycle  10. 

T h u s ,  it can be c o n c l u d e d  tha t  the react ions  of  
c b r o m o n e  1 with S - n u c l e o p h i l e s  afforded produc ts  of  

r ep l acemen t  of  the  F a t o m s  r a the r  than  resul t ing  in the  
open ing  of  the labile he te rocyc le ,  which  was observed  in 
the reac t ions  o f  c o m p o u n d  I wi th  N-nuc leoph i l e s .  I It is 
known 5,6 tha t  the r eac t ions  of  derivat ives of  f l uo roqu ino -  
l ine -3 -ca rboxy l i c  ac ids  with  S -nuc leoph i l e s ,  wh ich  are 
the  best s tudied r eac t i ons  of  this  type, occur  regioselec-  
t ively to form 7 - s u b s t i t u t e d  qu ino tones .  The  reac t ions  o f  
6 ,7 -d i l l uo ro -  and  6 , 7 , 8 - t r i f l u o r o q u i n o l o n e s  wi th  2 - m e r -  
c a p t o e t h a n o l  a n d  o - a m i n o t h i o p h e n o l  also afforded ex- 
clusively m o n o s u b s t i t u t e d  p roduc t s .  7 -9  The r e p l a c e m e n t  
of  the F a t o m s  at pos i t ions  5 and  8 occurs  10- t2  it" 
derivat ives of  6 , 8 -d i -  a n d  5 ,6 ,8 - t r i f l uo roqu ino lon i c  acids  
c o n t a i n  subs t i t uen t s  at the  C(7)  a tom.  

The  fo rma t ion  of  t r i subs t i tu ted  products  in r eac t ions  
o f  f luor inated  c h r o m o n e  and  c o u m a r i n  der ivat ives  wi th  
nuc leoph i les  was obse rved  l'br the  first t ime.  We even 
failed to isolate m o n o s u b s t i t u t e d  p roduc t  9 in the  reac-  
t ion  of  c o u m a r i n  7 wi th  2 - m e r c a p t o e t h a n o l .  This  act i -  
vat ing effect of  the  a lky l th io  g roup  on  the r ep l acemen t  of  
F a toms,  which  is c o m p a r a b l e  wi th  tha t  of  s t rong e lec-  
t r o n - w i t h d r a w i n g  g roups  ( C F  3 and  NO2),  13,14' is a t t r ib -  
utable  to high po la r izab i l ty  o f  the  S - - A r F  bond ,  wh ich  is 
not  charac te r i s t i c  o f  X - - A r F  b o n d s  with o the r  e l e c t r o n -  
d o n o r  subs t i tuen ts  (X = OAIk,  O H ,  NH 2, b le ,  etc.). The  
polar iza t ion  o f  the  S ~ A r F  b o n d  in D M S O  is suff ic ient  
to induce  add i t iona l  po l a r i za t i on  o f  the C - - F  bond .  

Experimental 

The IR spectra were recorded on a Specord IR-75 spec- 
trometer in the 400--4000 cm -I region (as Nujol mulls), The 
~H NMR (80 MHz, relative to MejSi) and lgF NMR 
(75 MHz, relative to C6F~) spectra were measured on a Tesla 
BS-587 A spectrometer in DMSO-dt .  Elemental analysis was 
carried out on a Carlo Erba CHNS-O EA 1108 elemental 
analyzer, 

Compounds I 15 and 7 I were prepared according to known 
procedureS. 

Ethyl 7-earboxymethylthio- 5,6,8-trifluoro-2-methyl- 
chromone-3-carboxylate (2). Mercaptoacetic acid (3.8 g, 
41.3 mmol~ and triethylamine (0.3 mL) were added to a 
solution of chromone 1 (2 g, 6.58 tumuli in DMSO (30 mL) 
The reaction mixture was kept at 18 ~ for 20 rain and then 
poured into a mixture of water (150 mL) and concentrated 
HCI (10 mL). The precipitate that formed was filtered off, 
washed with water, and recrystallized from toluene. Product 2 
was obtained in a yield of 1.3 g (see Tables I and 2). 

7,T- Ethylenedithiodi(ethyl 5,6,8-trifluoro-2-methylehro- 
mone-3-earboxylate) (3). Ethanedithiol (0.5 g, 5.32 retool) and 
triethylamine (0.3 mL) were added to a solution of chromone 1 
(3 g. 9.$7 retool) in DMSO (60 mL). The reaction mixture was 
kept for 10 rain. The precipitate that formed was filtered off, 
washed with water, dried, and rer from CCI 4. Com- 
pound 3 was obtained in a yield of 2.5 g (see Tables 1 and 2). 

Ethyl 7- (2-hydroxyet hylt hio)-5,6,8-trilluoro-2-methyl- 
chromorte-3-earhoxylate (4) .  2 -Mercaptoe thanol  (3.8 g, 
48.7 retool) was added to a solution of chromone I (3.8 g. 
12.5 retool) in DMSO (70 mL). The reaction mixture was 
cooled to 20 ~ Then triethylamine (2 mL) was added and the 
reaction mixture was kept for 2 rain and poured into a mixture 
of concentrated HCI (70 mL) and water (130 mL). The precip- 
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irate that formed was filtered off, dried, and recrystallized from 
CCI~. Product 4 was obtained in a yield o f  3.7 g (see Tables I 
and 2). 

Ethyl 6-fluoro-S,7,8-tris(2-hydroxyethylthio)-2-methyl- 
chromone-3-carboxylate (6) .  2 - M e r c a p t o e t h a n o l  (16 g, 
205 mmol) and  t r ie thylamine (I6 mL) were added to a 
solution of c h r o m o n e  1 (8.4 g, 27.6 mmol)  in D M S O  
(150 mL). The reaction mixture was heated at 80 ~ for 3 h, 
cooled, and poured  into a mixture o f  concentra ted HCI 
(50 mL) and water  (300 mL).  The precipitate that formed was 
filtered off, dried,  and recrystallized from acetonitrite. Prod- 
uct 6 was obtained in a yield o f  7.0 g (see Tables I and 2). 

3 -Ace t im idoy l -6 - f l uo ro -4 -hyd roxy -5 ,7 ,8 - t r i s (2 -hyd roxy -  
ethyl thio)coumarin (8). Method A. 2-Mercaptoe thanol  (18 g, 
231 retool) and  t r ie thylamine (18 mL) were added to a 
solution o f c o u m a r i n  7 (5., g, 20.7 retool) in D M S O  (80 mL). 
The reaction mixture  was heated at 80 ~ for 3 h, cooled,  and 
poured into a mixture  o f  concentra ted  HCI (50 mL)  and 
water (200 mL).  The  solut ion was kept at 20 ~ l~r 24 h. The 
precipitate that fo rmed was filtered off, dried, and reck'stal-  
l(zeal from acetonitr i le.  Product 8 was obtained in a yield of  
8.0 g (see Tables I and 2). 

Method B. A solution of  ch romone  6 (0.45 g, 0.94 retool) 
in 25% aqueous a m m o n i a  (30 mL) was stirred at 18 oC for 
48 h. The p rec ip i t a te  that  fo rmed was filtered of f  and 
dried. Compound  8 was obta ined in a yield o f  0.3 g (see Tables 
I and 2). 

3 - A c e t i m i d o y l - 5 , 6 , 8 - t r i f l u o r o - 4 - h y d r o x y - 7 -  ( 2 - h y d r o x y -  
e thyl th io)coumarin  (9).  A solut ion of  ch romone  4 (10 g, 
27.6 retool) in 25% aqueous  a m m o n i a  (200 mL) was stirred at 
20 "C for 48 h. The  precipitate that tormed was filtered off 
and dried. Product  9 was obta ined in a yield o f  7.0 g (see 
Tables 1 and 2). 

7-(2-  Hydroxyethyl th io) -5 ,6 ,8- t r i f luoro-2-  methylchromone-  
3-carboxylic acid (10)..~lethod A. A solution of  ch romone  4 
(0.45 g, 1.24 m m o l )  in 25% ,~ueous  ammonia  (40 mL)  was 
refluxed for 2 h and acidified with concentrated HCI to pH 
1--2. The precipitate that formed was filtered off, dried, and 
recrystallized successively from heptane and CCt 4. Product 10 
was obtained in a yield of  0.1 g (see Tables 1 and 2). 

Method B. A solut ion of  coumar in  9 (6 g, 18 mmot)  and 
NaOH (7 g, 175 retool) in water (200 mL) was stirred at 20 "C 
for 2 h and acidified with concentra ted HCI to pH 2--3.  The 
precipitate that fo rmed was filtered off, washed with water, and 
recostall ized from CCI 4. C o m p o u n d  10 was obtained in a yield 
o f  2.5 g (see Tables  I and 27. 

7 - (2 -Ace toxye thy l th io ) -S ,6 ,7 - t r i f l uo ro -2 -me thy l eh romone  
(12). MethodA. A solut ion o f  c o m p o u n d  4 (0.65 g, 1.79 mmol)  
in a mixture o f  acetic acid (15 mL) and HCI (3 mL)  was 
refluxed for 15 h and  poured into water. The precipitate that 

formed was filtered off, washed with water, dried, dissolved in 
heptane  (10 mL) ,  and filtered from insoluble admixtures .  Then 
the solvent was removed. C o m p o u n d  12 was obtained in a 
yield o f  0.4 g (see Tables I and 2). 

Nlethod B. C o m p o u n d  12 was prepared as described above 
from acid 10 (0.40 g, 1.2 retool) in a yield o f  0.28 g (see Table.,, 
I and 2)~ 

References 

I . V . I .  Saloutin, I. T. Bazyl', Z. E. Skryabina, and S. P. 
Kisi l ' ,  Zh. Org. Khim., 1997, 33, 1241 [Russ. J. 0~. Chem.. 
1997, 33 (Engl. Transl.)]. 

2. I. T. Bazyl', S. P. Kisi l ' ,  A. E. Sharapko. Ya. V. Burgart, 
V. I. Saloutin, and O. N. Chupakhin, Zh. O z .  Khim., 1998, 
34, 394 [Russ. J. Org. Chem., 1998, 34 (Engl. Transl.)]. 

3. V. I. Saloutin. I. T. Bazyl', Z. E. Skr'yabina, and O. N. 
Chupakhin, Izv. Akad. Nauk, Ser. Khim., 1994, 904 [Russ. 
Chem. Ball., 1994, 43, 849 (Engl. Transl.)]. 

4. G. A. Mokrushina, S. G. Alekseev, V. N. Charushin, and 
O. N. Chupakhin, Zh. ),~eso).,uz. Khim. Obshch. ira. D. I. 
Mendeleeva, 1991, 447 IMendeleev Chem. J., 199] (Engl. 
Transl.)] 

5. ,%1. Ohta and H. Koga, J. Med. Chem.. 1991, 31, 131. 
6. lap. Pat. 156961, Chem. Abstrs., 1990, 112, 20980. 
7. T. Yoshida, Y. Yamamoto, and N. Yagi, Yakugaku Zasshi, 

1990, I I0 ,  25~. 
8. P. M. Naumova, V N. Charushin, and O. N. Chupakhin, 

Te~. do~:l. IX Vsesouy7.. simpoz, po tselenapravlennomu 
izyskaniyu lekarstvennykh sredstv [Abstracts of Papers, 9th 
All-Union Symposium on the Directed Search for Drugs], 
Zina tne ,  Riga, 1991, 33 (in Russian).  

9. S. K. Kotovskaya,  G. A. Mokrushina ,  and V. N. Charushin ,  
Tez. dokl. Lu ~e~ouyz. simpoz, po tselenapravlennomu i~'s- 
kant),,u lekarstvennykh sredstv [Abstracts of Papers, 9th All- 
lblion Symposium on the Directed Search for Dr~tgs], Zinat-  
ne. Riga, 1991, 102 (in Russian). 

10. T. Uno,  M. Takamatsu ,  and Y_ InDue, J. Med. Chem., 
1987, 30, 2t63.  

I [. US Pat. 4767762, 1988, Chem. Abstr3"., 1987. 107, 217616t. 
12. T. Miyamoto ,  J - f .  Matsumoto,  and K. Chiba,  J. Med. 

Chem., 1990, 33, 1645. 
13. Reaktsionna.va sposobnost" pol~oraromaticheskikh soedinenii 

[Reactivity of Polyfluoroaromatic Compounds], Ed. G. G. 
Yakobson.  Nauka,  Novosibirsk, 1983, 440 pp. (in Russian). 

14. I .  S. Cobrina,  Fluor. Chem. Revs., 1974, 7, I. 
15. N. N. Vorozhtsov. V. A. Barkhash, A. T. Prudchenko,  and 

T. I. Khomenko ,  Dokl. Akad. Nauk ,TSSR, 1965, 164, 1046 
[Dokl. Chem., 1965 (Engl. Trangl.)]. 

Received December 25, 1998; 
in revised form Marc h I O. 19_99 


