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SYNTHESIS OF HETEROCYCLES WITH 

POLYFLUOROALKYL SUBSTITUENTS FROM 

UNSATURATED COMPOUNDS CONTAINING 

POLYFLUOROALKYL GROUPS. (REVIEW) 

 
G. G. Furin 

 
Methods for the construction of heterocyclic systems containing polyfluoroalkyl substituents from 
derivatives of ethylene and acetylene are discussed. It is shown that various compounds with 
polyfluoroalkyl groups can be used as building blocks: α,β-unsaturated carbonyl compounds, their 
synthetic organosilicon equivalents (silyl-substituted alcohols, silyl ethers of enols), and also sulfones, 
nitriles, polyfluoroalkenes (in reactions at the double bond), acetylenecarboxylic acids, their esters, and 
polyfluoroalkynes. 
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 Over the last 20 years there have been many new developments in the use of the unique characteristics of 
fluorine-containing organic compounds [1-4].* Substitution of a hydrogen atom in a benzene ring or heterocycle 
by a polyfluoroalkyl group has a substantial effect on the physical characteristics and biological activity of the 
compound. Organofluorine compounds are used as pharmaceutical products, coolants, pesticides, and also in 
space technology [5-7]. The foregoing explains the considerable efforts put into the development of methods for 
the synthesis of heterocyclic compounds containing polyfluoroalkyl groups [8, 9] and the urgency of broad and 
comprehensive studies in this region. 
 The key methods for the production of these derivatives are based on two types of chemical 
transformations [10, 11]. The first includes processes that take place with the participation of the heterocyclic 
system into which the polyfluoroalkyl substituent is being introduced. The second type involves construction of 
the heterocyclic system itself from units containing polyfluoroalkyl groups. 
 The present review covers new data for the period 1981-2001 on the synthesis of heterocyclic 
compounds containing a polyfluoroalkyl substituent by the second method using various unsaturated compounds 
with polyfluoroalkyl groups as building blocks. Section 1 is devoted to the application of ethylene derivatives. 
The first part (1.1) covers many papers in which the heterocycles are constructed from α,β-unsaturated carbonyl 
compounds containing a polyfluoroalkyl group at the β-position: Acids (1.1.1), esters (1.1.2), aldehydes (1.1.3), 
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ketones (1.1.4). Saturated analogs of the indicated compounds that readily eliminate HHal and are converted into 
the necessary building blocks are also discussed. The next part of section 1 (1.2) is devoted to the use of 
synthetic equivalents of the α,β-unsaturated carbonyl compounds – silyl-substituted alcohols and silyl ethers of 
enols. Examples are then given (part 1.3) of the construction of heterocycles from other substituted ethylenes not 
containing C=O groups (β-polyfluoroalkylethylene halides, sulfones, nitriles) and also from imidoyl halides, in 
which the C=N bond takes part in the formation of the ring. The second part of the review concerns the use of 
acetylene compounds as building blocks. 
 The review reflects the principal trends in the development of methods for the synthesis of 
polyfluoroalkyl-substituted heterocycles in order to discover new approaches to the formation of the heterocyclic 
system and to predict new promising methods for the construction of heterocycles. It provides a supplement to 
and an extension of the author's previous reviews [12-15]. 
 
 
1. ETHYLENE DERIVATIVES IN THE SYNTHESIS OF HETEROCYCLES 
 
1.1. Carbonyl Compounds 
 
 Most of the publications over the period of the review were devoted to the synthesis of compounds 
containing polyfluoroalkyl groups by the reaction of polyfluorine-substituted carbonyl compounds (acids, esters, 
aldehydes, ketones) with nucleophilic reagents [8, 10]. As a rule, these compounds contain the 
(CF2)nCXYCHZCO– fragment (X = F, Cl; Y = F, Cl, Br; Z = H, F) or the –(CF2)nCX=CZCO– fragment that is 
formed from it as a result of the elimination of HY and also participates in the formation of the ring. 
 For compounds of type 1, containing a system of conjugated bonds C=C–C=O, during the action of the 
binucleophilic reagent initial attack occurs at the β-carbon atom with the formation of a carbanion, stabilized by 
the elimination of a fluoride ion from the same atom. 
 

F

R
O

F

R
O

F

H F

R

O

F

O

a

b

2

path apath b

R = H, OH, OAlk, Alk, Ar

1

Nu1Nu2

+

X(CF2)

Nu1Nu2

X(CF2)n

X(CF2)n n

Nu1Nu2

X(CF2)n

Nu2 Nu1

 
 
 Intramolecular nucleophilic cyclization of the intermediate compound 2 can take place in two directions: 
The nucleophilic center attacks the carbon atom of the C=O group with elimination of the group R (path a); the 
carbon atom of the CF group attached to (CF2)n is attacked with the generation of a carbanion, which then reacts 
with a proton from the reaction medium, leading to the formation of a heterocycle (path b) [15-19]. 
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 1.1.1. Acids. Few examples of the construction of heterocycles based on polyfluoroalkanoic acids have 
been described. Thus, with ethylene glycol in the presence of potassium hydroxide acids of type 3 (produced by 
the action of ethyl vinyl ether on the respective polyfluoroalkyl iodides in the presence of Na2S2O4 followed by 
oxidation [20]) form the cyclic acetals 4 [21]. 
 
 

CH2COOH

OO
1) KOH, HOCH2CH2OH

2) H3O3
4

4, n (yield, %): 5 (77), 7 (86), 9 (84)

F(CF2)  CF2CH2COOH
+

n

F(CF2)n

 
 
 
 This reaction takes place through the intermediate formation of the unsaturated acids 
F(CF2)nCF=CHCOOH under the action of the base, as was confirmed by the products 5 obtained in the reaction 
of the acids 3 with alcohols (mixtures of Z- and E-isomers) [21]. 
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COOH1) KOH, ROH, 20°C, 3 h

2) H3O
3

5

5 n, R (yield, %, Z/E): 5, Et (65, 95/5); 7, Et (86, 92/8);
9, Et (95, 100/0); 7, C2H4OC2H4OH (98, 100/0)

+

F(CF2)n

 
 
 
 It should be noted that α,β-unsaturated acids of type 1 (R = OH) themselves have not been used as 
starting compounds for the construction of heterocycles. Only the use of α-trifluoromethyl-substituted acrylic 
acid 6 for the synthesis of 5,6-dihydrouracils 7 is known [22]. 
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 The reaction of acids of type 8 with anilines in the presence of N,N'-dicyclocarbodiimide (DCC) leads to 
the formation of the respective amides, which eliminate hydrogen fluoride under the action of Et3N or NaHCO3, 
giving high yields of the N-arylamides 9. The further successive treatment of compounds 9 with pyrrolidine, 
HCl, and PPA gives 4-polyfluoroalkyl-2-quinolinols 10 [23, 24]. 
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 Substituted benzoxazinones 11 were synthesized similarly with high yields from the acids 8 and 
anthranilic acid or its derivatives [25, 26]. 
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 An interesting method for the construction of heterocycles starting from γ,γ,γ-trifluoropropionic acid 
through the intermediate 1,5-diazapentadienium salt 12 was described in [27]. (See [28] for details of the method 
for the preparation of such salts.) Salts of type 12 have high reactivity and form five- and six-membered 
heterocycles in reaction with binucleophiles. Thus, the reactions of γ,γ,γ-trifluoropropionic acid with amidines or 
hydrazine derivatives in the presence of the POCl3/Me2NCHO lead to the trifluoromethyl derivatives of 
pyrimidine 13 (yields 61-85%) or pyrazole 14 (yields 74-81%) respectively [27]. 
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 The reaction with amidines takes place according to the following scheme: 
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 The NH2 group of the amidine attacks the carbon of the salt 12 corresponding to the NMe2 group. The 
intermediate imine undergoes cyclization with the formation of a dihydropyrimidine derivative, which is 
converted by elimination of the dialkylamine into the pyrimidine derivative 13. 
 1.1.2. Esters. The reaction of the esters of polyfluoroalkanoic acids containing the –CXYCH2COOR 
fragment (see the beginning of section 1.1) with nucleophilic reagents in the presence of bases is widely used for 
the construction of heterocyclic systems. The action of the base initially leads to the elimination of HX and the 
formation of the corresponding unsaturated ester, the –CY=CHCOOR fragment of which takes part in further 
reaction with the nucleophile. The above-mentioned unsaturated esters have therefore also been used 
successfully in the synthesis of heterocycles. 
 The carbon atom with the largest positive charge is the center of attack by the nucleophile. The formation 
of five-, six-, or seven-membered heterocycles, as shown in the examples given below, is possible depending on 
the structure of the nucleophile [29]. 
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 Convenient methods for the production of substituted pyrazoles 16 (72-90%) [30] and 
dihydropyrimidinones 17 (89-95%) [31] with high yields were developed on the basis of esters of type 15. 
 Thus, reaction of the esters with hydrazine in alcohol leads to 3-hydroxy-5-polyfluoroalkylpyrazoles 16 
(yields 89-95%). The solvents and the temperature, like the length of the polyfluoroalkyl chain, do not have a 
substantial effect on the reaction. The simple experimental procedure and the high yields of the products make 
such an approach very attractive. In the presence of sodium carbonate the esters 15 react with substituted 
amidines with the formation of 2-substituted 6-polyfluoroalkylpyrimidinones 17 (yields 72-90%), and the nature 
of the polyfluoroalkyl group has little effect on the reaction. 
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 The reaction of esters of type 18 with N-aminopyridinium, N-amino-γ-picolinium, and 
N-aminoisoquinolinium iodides and with N-phenacylpyridazinium, N-phenacylpyridinium, and 
N-phenacylisoquinolinium bromides in the presence of bases led to polyfluoroalkyl-substituted 
pyrazolopyridinium and pyrazoloisoquinolinium (19) and also to pyrrolopyridazinium (20), pyrrolopyridinium, 
and pyrroloisoquinolinium (21) compounds respectively [32]. 
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19  R1, R2 (or R1 + R2), X, n (yield, %): H, H, H, 1 (73), F, 7 (58), Cl, 3 (48), Cl 5 (74);

Me, H, H, 1 (65), F, 1 (70), F, 7 (75), Cl, 3 (54); (CH2)4, H, 1 (77), F, 7 (77); Cl, 5 (65);
20  X, n (yield, %): H, 1 (80), F, 1 (70), F, 7 (95), Cl, 3 (80);
21  R1, R2 (or R1 + R2), X, n (yield, %): H, H, H, 1 (82), Cl, 3 (55), Cl, 5 (55); (CH2)4, H, 1 (55),

Cl, 3 (58); Cl, 5 (47), F, 7 (40); H, CN, Cl, 5 (traces), F, 7 (traces)  
 
 In the case of substituted benzimidazolium bromides and its tetrahydro derivative tricyclic compounds 22 
(yields 60-85%) and 23 (yields 75-78%) respectively, containing two nitrogen atoms, were obtained [33]. 
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 Various compounds with two condensed heterocycles were obtained from unsaturated esters of type 24. 
Thus, isomeric 4-polyfluoroalkyl-2H-pyrido[1,2-a]pyrimidin-2-ones 25 and 26 were obtained with yields of 
33-59% in the reaction of the ester 24 and 4-R-aminopyridine in acetonitrile in the presence of triethylamine, 
while pyridopyrimidines 27 were obtained in the case of 2-amino-6-methylpyridine [34]. In these processes it is 
possible to use K2CO3 instead of Et3N but under more rigorous conditions in acetonitrile. 
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 By using substituted 2-aminobenzothiazoles or 2-aminothiazole under similar conditions it was possible 
to obtain 2-polyfluoroalkyl-substituted 4H-pyrimido[2,1-a]benzothiazol-4-ones 28 or polyfluoroalkyl-5H-
thiazolo[3,2-a]pyrimidin-5-one 29 and 7H-thiazolo[1,2-a]pyrimidin-7-ones 30 respectively [34]. 
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 In the same work polyfluoroalkenylimidazo[1,2-a]pyridines were synthesized from unsaturated esters of 
type 24 and substituted 2-aminopyridines [34]. 
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N NH2

R

N
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20°C, 2 h

Reaction time (min), R in product, X, n (yield, %): 40, H, Cl, 1 (53);
60, H, F, 1 (59); 60, 7-Me, F, 1 (48); 70, 5-Me, Cl, 1 (46); 120, 6-Br, Cl, 3 (33)

CF(CF2)  XnX(CF2)  CF2CF2CF=CHCOOEtn

 
 
 In the case of 2-mercaptobenzimidazole 2-polyfluoroalkyl[1,3]thiazino[3,2-a]benzimidazol-4-one 31 was 
synthesized with a yield of 78% [34]. 
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 If the esters of polyfluoroalkanoic acids 32 not containing CH2 groups are used, the heterocycles with 
polyfluoroalkyl substituents are formed under different conditions and by a different mechanism. The 
condensation of these esters with oxiranes in the presence of Bu4P+Br– (TBPB) or KBr/18-crown-6 as catalysts 
leads to the formation of 2,2,5-trisubstituted 1,3-dioxolanes 33 with yields of 50-85% [35]. 

 

O OO
F(CF2)  COOR2

32

KF

18-crown-6

33

33  R1 = CH2OMe, CH2OPh; R2 = Me, Et, Pr-i, Bu; n = 1, 2

R1

OR2F(CF2)n

R1

+n

 
 
 To conclude section 1.1.2 it should be mentioned that apart from the esters there are also examples where 
other derivatives of polyfluoroalkanoic and perfluoroalkenoic acids containing a carbonyl group have been used. 
(Derivatives not containing a CO group are discussed in section 1.1.3.) Thus, the pyrrole derivatives 35 were 
synthesized from the amides 34 [36]. 
 
 
 

 
293 



CH2
X

R3

N

O

R1 R2

H+

ArH

35
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 The substituted 2H-pyran 37 (yield 62%) was obtained from the acid fluoride 36, acting as heterodiene in 
the Diels–Alder reaction with phenylacetylene [37]. 
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 1.1.3. Aldehydes. Aldehydes with general formula 38, mostly used for the construction of 
polyfluoroalkyl-substituted heterocycles, are obtained from fairly simple and accessible materials [38, 39] (see 
the scheme). The substituted pyrazoles 39 were synthesized with high yields (85-93%) as a result of the reaction 
of such aldehydes with hydrazine in alcohol [40, 41]. 
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EtOH, boiling
      8-10 h
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39  X = F, n = 2, 4, 6, 8; X = Cl, n = 4, 6, 8

.
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n

n [X(CF2)  CF2CH2CHO]n
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 Analogous products were obtained from the acetates 40, which are the adducts of polyfluoroalkyl iodides 
and vinyl acetate formed under the conditions for the synthesis of the aldehydes 38 [38-41]. Compounds 40 react 
readily with hydrazine and are converted into pyrazoles of type 39 through the intermediate hydrazones [42]. 
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X = F, Cl,  n = 3, 5, 7
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EtOH, boiling
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 The reaction of the aldehydes 38 with ethylenediamine leads to the substituted diazepines 41 (yields 
86-94%). The structure of one of them (X = F, n = 0) was confirmed by X-ray crystallographic analysis [43, 44]. 
The reaction probably takes place through the intermediate formation of the enamine 42 [43]. 
 

H2NCH2CH2NH2

EtOH
N

NH2

F N

NH2

N NH N N H

80°C, 2 h

38
– HF – HF

42 41

n = 0, X = F, Cl, Br; n = 4, X = F, Cl

nX(CF2)  CF2 X(CF2) n

X(CF2)n X(CF2)n

 
 
 By using substituted amidines 43 (R = Me, Ph) and the aldehyde 38 (X = Cl, n = 3) it was possible to 
construct 2-methyl- and 2-phenyl-substituted pyrimidines 44 with yields of 77 and 82% respectively [31]. 
 

R
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N H

N

N

(CF2)3Cl

R

R = Me, Ph

38 +
dioxane

60°С, 9 h

43 44

 
 
 Pyrimidines similar to compounds 44 were obtained in the reaction of the aldehydes 38 with ortho esters 
in the presence of ammonium carbonate [45] (see section 1.1.4). 
 In the reactions of the aldehydes 38 with the aromatic binucleophiles ortho-phenylenediamine (in 
alcohol, dioxane, acetonitrile, THF) or ortho-aminothiophenol (in acetic acid) the substituted 1H-benzimidazoles 
45 (yields 53-62%) or benzothiazoles 46 (yields 46-53%) respectively were obtained [46]. 
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 The reaction of the aldehydes 38 with ortho esters in the presence of ammonium carbonate leads to 
substituted pyrimidines (see 1.1.4). 
 The use of α-aryl-β-chloro-β-trifluoromethylacroleins 47 for the construction of heterocycles is also 
known. In reaction with sodium azide they are transformed into the substituted triazoles 48 [47]. 
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H N N N

N
NH

Ar CF3

NaN3

+ _

47 48

1) cyclization

2) H2O

Ar (yield, %): Ph (68), C6H4Br-4 (79), C6H4CF3-3 (32), C6H4CF3-4 (54)  
 
 
 Nucleophilic substitution of the chlorine atom by the azide group takes place initially, and this is then 
followed by attack by the nucleophilic center of the azide group at the double bond and deformylation in the 
presence of water. 
 With acrolein 47 (Ar = Ph) other nucleophilic reagents, such as para-phenylenediamine, ammonium 
thiocyanate, and guanidine, form heterocyclic compounds containing a trifluoromethyl substituent (yields 68, 56, 
and 39% respectively) [47]. 
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acetone, boiling, 6 h

EtOH
20°C, 2 h, boiling, 1 h
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 1.1.4. Ketones. The ketones used as building blocks in the synthesis of polyfluoroalkyl-substituted 
heterocycles represent a wide range of greatly varied structures. They included compounds of the aliphatic and 
cycloaliphatic series, chromones, etc. 
 The reaction of ketones of type 49 and hydrazine hydrate leads to the formation of 
3-(polyfluoroalkyl)pyrazoles 50 probably according to the following scheme [24]: 
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O H2NNH2  H2O

O
F

N
N

H

N
O

NH2

H

R2

.

49

– H2O

50

X(CF2)n
R1

R2

R1

R2

R1

R2

X(CF2)n
(CF2)  Xn

CHR1CF2(CF2)  Xn

 
 
 
 Substituted pyridazines 52 were obtained from ketones of type 51 [31]. 
 
 

O R
NH2

N H

N

N

R

dioxane

60°С

51 52

52  X, n, Y, R (yield, %): F, 1, Br, Me (80), Ph (89); Cl, 3, F, Me (78), Ph (85)

+
Bu-t

CH2CFY(CF2)   Xn

(CF2)  Xn

t-Bu

 
 
 
 The bicyclic product 53 was obtained from 2-perfluoroethylcyclopentanone under the same conditions 
(yield 80%) [31]. 
 
 

O

CF2CF3

N

N

CF3

Me
Me

NH2

N H

53

+

 
 
 
 Ishihara and coauthors [48, 49] found that 1-substituted perfluoro-1-alkenyl phosphates 54, obtained 
from polyfluoroalkyl alkyl ketones, can be used as precursors for the synthesis of various fluorine-containing 
pyrimidines and pyrazoles [48, 49]. Substituted pyrimidines 55 (yields 50-94%) are formed in their reaction with 
amidine hydrochlorides, while derivatives of pyrazole 56 (yields 82-91%) are formed with methylhydrazine 
[50]. 
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O
R NaOP(OEt)2

THF

F

R

O P
O

OEt
OEt

MeNHNH2

THF N
N

F

R

Me

N

N

R

FNH2  HCl

N H

-10 – 0°C
54

B, 20°C

55

20°C, 10-14 h

56
54–56  R = (CH2)2Me, (CH2)5Me, cyclo-C6H11, Ph; R1 = Me, Ph;

n = 1, 5; B = NaH, MeONa, K2CO3, KOH

.

CF2(CF2)  Fn F(CF2)n

R1F(CF2)n

F(CF2)n

R1

 
 
 The 1:1 adducts 57 of pentafluoroethyl iodide with alkynes RC≡CH [51, 52] react smoothly with 
hydroxylamine, forming substituted 5-trifluoromethylisoxazoles 59 through the intermediate ketone derivatives 
58. 
 

NH2OH  HCl

K2CO3, EtOH, H2O O
N

R

F3C
N

OH R

CH2CF2CF3

 60 oC

.

57

58 59

R = CH2OH, CH(OH)Me, CH(OH)Ph, CH2CH(OH)Ph, Ph

CF3CF2CH=CIR

 
 
 The ketones 60 and the structurally similar aldehydes 38 (R1 = H, see section 1.1.3) enter into reaction 
with orthoesters in the presence of ammonium carbonate with the formation of polyfluoroalkylpyrimidines 61, 
while in the case of cyclic ketones under the same conditions annelated pyrimidines 62 were obtained [45]. 
 

O
R

O

N

N

R

N

N

R

38, 60 61
61  R1 = Me, Et; X, n, R (yield, %): Cl, 4, Bu-t (90), Me (85), H (71);

Br, 2, H (70); F, 6, Bu-t (40)

(  )m

62

62  R = Me, Et; X, n, m, (yield, %): F, 2, 1 (82); 
                  Cl, 2, 2 (85); Cl, 4, 2 (85)

R1
CF2)  Xn X(CF2)n

X(CF2)n

X(CF2)n

R1C(OEt)3

(NH4)2CO3
EtOH

boiling, 8 h

RC(OEt)3

(NH4)2CO3
EtOH
boiling, 8 h

(  )m
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 The reaction of 2-polyfluoroalkylcyclohexanones 63, obtained from polyfluoroalkyl iodides and 
pyrrolidin-1-ylcyclohex-1-ene, with hydrazine hydrate leads to 3-polyfluoroalkyl-4,5,6,7-tetrahydroindazoles 
(yields 68-95%) [40, 41]. 
 

N

O
H2NNH2   H2O

N
N

H

  hexane,
UV, 20°C

.

EtOH, boiling

63

63  X = F, Cl; n = 2, 4, 6, 8

X(CF2)  CF2In

(CF2)  CF2Xn

(CF2)  Xn

 
 
 In the case of another binucleophile (hydroxylamine) mixtures of isomeric annelated isoxazoles 64 and 
65 are formed, although the latter are obtained with very low yields [53]. 
 

H2NOH  HCl

K2CO3
EtOH–H2O

O
N

N
O63

.

64 65

64, 65  X, n (yield of 64, %): F, 2 (90), 4 (80), 6 (79), 8 (75);
Cl, 4 (82), 6 (81), 8 (85)

boiling

+

(CF2)  Xn (CF2)  Xn

 
 
 By using α,β-unsaturated cyclic ketones with polyfluoroalkyl substituents it was possible to synthesize 
complex bicyclic compounds; the triazabicyclodecenes 66 were obtained from polyfluoroalkylchromones and 
diethylenetriamine in alcohol at 25°C [54] 
 

O

R
O

(H2NCH2CH2)2NH

EtOH

R

OH O N
H N

H

NH2 N

N

N

R

OH

H

Me, H, 2 (65); Me, F, 1 (87)

25°C, 24  h

67 66

66  R, X, n (yield, %): H, H, 1 (54); H, H, 2 (54); H, F, 1 (80);

(CF2)  Xn

(CF2)  Xn
X(CF2) n

 
 
 Nucleophilic attack by the primary amino group at the C(2) atom of the pyrone ring probably occurs at 
the first stage of the reaction. This is accompanied by opening of the ring and the formation of N-substituted 
aminoenones 67, which then undergo cyclization with participation of the electrophilic centers and release of 
water to triazabicycles [54]. 
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 Trifluoromethyl 2,2-dichlorovinyl ketone was used successfully for the construction of variously 
substituted heterocycles having a CF3 group among the substituents. Its reaction with N,N- and 
N,S-binucleophiles led to derivatives of pyrazole 68 (yield 56%) and 69 (yield 68%) and also thiazine 70 (51%) 
and 71 (56%) [55]. 
 

Cl

Cl

CF3

O

MeNHNH2

NHNH2
NO2

NO2

S=C(NH2)2

Me
NH2

S

N S

CF3 S

Me

N S

CF3 S

NH2

N

CF3

Cl

NO2

NO2

N

CF3

Cl

Me

70 71

69

68

 
 
 From β-polyfluoroalkyleneaminones 72 (the products from the reaction of N-arylpolyfluoroalkylimidoyl 
iodides and α-methyl ketones in the presence of sodium hydride) substituted pyrazoles 73 (yields 71-95%) were 
obtained in reactions with hydrazine, and substituted pyrimidines 74 (yields 70-96%) in reactions with amidines 
[56]. 
 

H2NNH2    H2O

N
N

H

R

NH2

Me

K2CO3,

NH2

Me

NH2   HCl

N H

O
R

N
H

Me

N

N

R

EtOH, 60°C

.
+

73

1,4-dioxane
80°С

+

74

.

R1 = Me, Ph. Product,  R, X, n (yield, %): 73,  Me, Cl, 2 (72); Bu-t, Cl, 2 (71);

Ph, F, 1 (90); Cl, 2 (93), Cl, 4 (86); 2-furyl, F, 1 (72), Cl, 2 (79), Cl, 4 (50); 
74,  Me, F, 1 (70), Cl, 2 (96), Cl, 4 (94); Ph, F, 1 (70), Cl, 2 (90), Cl, 4 (93)

R1

(CF2)  Xn

72

(CF2)  Xn

R1X(CF2)n
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 The reactions of compounds 75 with binucleophilic reagents take place by "Michael addition–
elimination" and cyclization scheme with the formation of the five-membered heterocycles 76 [57]. 

 

F9C4

F

F

O
Ar

F9C4

YN

F

Ar

O

R

RNHCH2CH2YH

75 76

76  R = H, Y = NH; R = Me, Y = NH, O; 
Ar = Ph, C6H4F-4, C6H4Cl-4, C6H4OMe-2

 
 
 In reaction with ethyl vinyl ether or propylene the α,β-unsaturated ketones 77 and 78 act as dienes, 
leading to the formation of the Diels–Alder adducts 79 (yield 85%) or 80 (the conditions of synthesis were not 
given in the cited papers, yields indicated in the scheme) [37, 58, 59]. 

 

N
O

CF3

F3C

COMe

H2C=CHOEt

MeCN,

F

F CF3

O
C2F5

O

F3C
CF3

N
COMe

OEt

F F

O

CF3

C2F5

20°C, 12 h

77 79

R1HC=CHOR2

78 80

80  R1, R2 (yield, %) : H, Et (88); Me, Pr-i (80); H, Ac (62)

R1

R2

 
 
 The vinyl ketone 78 reacts similarly with phenylacetylene, and the substituted 4H-pyran 81 is obtained 
(yield 8%) [59]. 

 
HPh

F F

O

CF3

C2F5Ph

78

81  
 
 With substituted acetylenes the N-acylimines of hexafluoroacetone 82 form substituted azoxazolines 83 
or 1,3-oxazines 84, depending on the structure of the reagents and the reaction conditions [60]. 
 

 
301 



 

N
F3C

F3C R
O

N

O

F3C CF3

R

F3C CF3

O

N

R

H
or

82 83 84

R1

R1

R1

 
 

Product, conditions of synthesis, R, R1 (yield, %): 83, dimethylaminopyridine, 0°C, Ph, COOEt (49), Ph, Ph (66), Bu-t, Ph (41), 
Bu-t, COOEt (34); 100°C, 48 h (80); toluene, 90°C, 50 h, Ph, Ac (11); boiling, 20 days, Ph, COOMe (36), C6H4Me-4, COOMe (30); 

C6H4Cl-4, C6H4Me-4 (29); 84, boiling in xylene, 48 h, Ph, Ph (66), Ph, Bu-t (80) 
 
 
 
1.2. Synthetic Equivalents of Carbonyl Compounds 
 
 Synthetic equivalents of the carbonyl compounds examined above (silyl-substituted alcohols 85 [16] and 
silyl ethers of enols 86 [17, 18]) have been used successfully for the construction of various polyfluoroalkyl-
substituted heterocycles. 
 
 

C4F9CF2CF2

OH

SiR3

OSiR3F

C4F9CF2

85 86
R1

R1

 
 
 
 Compounds 85 and 86 were obtained according to the following scheme [19, 61-63]: 
 
 

C4F9CF2CF2I C4F9CF2CF2M

O

CF2CF2C4F9

SiR3

SiR3

O
_

O
C4F9CF2CF2 SiR3

85

86

R2MgBr

LiR2
or

– F
_

R1

R1

R1

 
 
 
 Products containing imidazoline 76 (Y = NH), oxazoline 76 (Y = O), thiazepine 87, diazepine 88, and 
pyrimidine 89 rings were obtained from compounds 85 and binucleophilic reagents under mild conditions with 
yields of 80-98% [57]. Some examples of such syntheses are presented below. 
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NH2

SH

MgSO4

S

N

C4F9

F

NH2

NH2

Et3N,

F

H

N

N

C4F9

N

N
F

F9C4 Ph

N
H

NH2  HCl

Ph

F9C4

YN

85

HOCH2CH2NHR1

H2NCH2CH2NHR1

or

20°C, 3 h

20°C, 4 h
87

88

89

boiling, 20 h

20°C, 3 h

Et2O

.

CHFCOR2

R1

76

R2

R2

R2

 
 

76  Y, R1, R2 (yield, %) : NH, H, Ph (88); NH, H, C5H11 (94); NH, Me, Ph (88);
O, H, Ph  (91); O, Me, Ph (92); O, Me, C5H11 (85).   Product, R2 (yield, %):  

87, Ph (87); 88,  Ph (92), C6H4F-4 (82), C6H4Cl-4 (98), C6H4OMe-4 (82); 89,  Ph (80)  
 
 The substituted pyrazoles 90 were synthesized from compounds 85 or 86 and methylhydrazine [19]. 
Initially an olefin of type 75 is formed, and its reaction with methylhydrazine leads to the product 90. 
 

F9C4

F

F

O

MeNHNH2

Et2O

C4F9

O

F

N
NH2

Me

N
N

Me

F

F9C4

O

F

C4F9

F N NH2

H Me

85

86

75

90

20°C, 4 h
– HF

– H2O

90 R1 (yield, %): Ph (99), C5H11 (57)

+
_

R1

R2

R2

R2

 
 
 Starting from derivatives of natural sugars 91 and perfluorobutyl iodide, the sugars 92 modified with a 
pyrazole substituent were obtained similarly through an intermediate compound of type 85 or 86 and its reaction 
with methylhydrazine [19]. 
 
 
 

303 



O
SiMe3

R
C4F9I

N
N

Me

C2F5

F

R

O

O

O

O
O

O

O
OBn

+

1) LiMe, Et2O,

2) -78°C – 20°C, 3 h

-78°C, 30 min

3) MeNHNH2

92

92  R (yield, %): (67), (42)

91

 
 

 The synthesis of five- and seven-membered heterocycles with yields of 85-94% from compounds 86 and 
ethylenediamine, N-methylethanolamine, and ortho-phenylenediamine has been described [57]. 
 

F

C4F9CF2 Ph

RNH(CH2)2XH

Et2O

F9C4 CHFCOPh

NX R

NH2

NH2

MeOH

F

H

N

N

C4F9

Ph

86

R = H, Me; X = NH, O

20°C, 18 h

20°C, 15 h

OSiMe2Bu-t

 
 
 
1.3. Other Compounds 
 
 In addition to the carbonyl compounds described above compounds not containing a C=O group have 
also been used successfully for the synthesis of polyfluoroalkyl-substituted heterocycles. The simplest of these 
are α-iodo-β-polyfluoroalkylethylenes, which react with N-cyanomethyltetrahydroisoquinolinium bromide in 
the presence of bases to form mixtures of tricyclic products 93 (yields 60-81%) and 94 (yields 35-55%) [21, 64]. 
 

DMF

B

N

R

F
F

N

R

N
CH2R

93 94

Product,  n, R:  93,  2, COPh, COOEt;   94,  2, 4, COPh;  4, CN

Cl(CF2)  CF2CF2CH=CHI
n

(CF2)       Cln+2

(CF2)  Cln +

Br+
_+
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 Substituted 2,5-dihydrothiophenes 95 or 2,5-dihydroselenophenes were synthesized by heating 4-methyl-
2-trifluoromethylpentadiene or 3-methyl-1,1-bis(trifluoromethyl)butadiene with sulfur or selenium respectively 
in an autoclave; with R = CF3 a small yield of 2,3-dihydrothiophene 96 was also obtained [65]. 
 
 

R

CF3

R
CF3

X

CF3
CF3

S

S or Se

275°C, 7 h

95 96

Product,  R, X (yield, %): 95  CF3, S (71); CF3, Se (68); Me, S (91);
                    Me, Se (not indicated);  96  (not indicated)

+

 
 
 
 The reaction of certain fluorine-containing olefins with pyridinium or isoquinolinium salts (easily 
transformed into ylides) leads to the formation of indolizines and 4H-pyrrolo[1,2-a]benzimidazoles respectively 
[66]. 
 
 

F

F X

F K2CO3, Et3N

N
F

R
O

N

R

O

F

N

R

O

N
R

O

DMF, 70°C

X = Cl, Br, F, CF3; R1 = H, 4-Me, 3-Me; R = Ph, OEt; Y = Cl, Br; Z = F, CF3

+
Y

_

R1

R1

Z

Z

Y

+

–

 
 
 Like the carbonyl compounds (section 1), the sulfones 97 react with nucleophilic reagents, forming 
various heterocycles [66-68]. 
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N
NF2HC

CH2SO2RNN
Ph

Ph

N

N

H

O

H

O

SO2RNaN3

Et3NN
N

N

SO2R

H

CH2SO2R

N

NN

S H

H Ph

H
NH2

COOMe
Ph

N

H

OHRSO2

O

H(CF2)2

Ph

97

2 PhNHNH2

6 Et3N

1) NaOCN, Et3N

2) HCl

1) NaSCN
2) PhNHNH2

(CF2)  Xn

X(CF2)n

X(CF2)n
X(CF2)   CF2CH2SO2Rn

 
 
 The first stage of the process is dehydrofluorination, leading to fluoroalkenyl sulfones. In the reaction 
with triethylamine in benzene, for example, dehydrofluorination is an equilibrium process [68]. 
 

Et3N [Et3N  HF]X(CF2)  CF2SO2CH2Phn + + .X(CF2)  CF=CHSO2CH2Phn  
 
 Derivatives of dicyanoethylene have been successfully used many times for the construction of 
heterocycles. Thus, the dihydropyrazole 99 was synthesized with a yield of 89% from the bis(trifluoromethyl)-
substituted derivative 98 and phenylhydrazine, and its structure was confirmed by X-ray crystallographic 
analysis [69]. The dihydrobenzodiazepine 100 (yield 55%) was obtained from the olefin 98 and ortho-
phenylenediamine [70], while the dihydrobenzoquinoline 101 (yield 91%) was obtained in the reaction with 
α-naphthylamine [71]. 
 

PhNHNH2

CF3
CF3

N
NNH2 H

Ph

NC

NH2

NH2

CF3
CF3

N

N

H

H

NH2

CN

NH2

F3C CF3

N NH2

H

CN

F3C

F3C

CN

CN

99

100

101

Freon 113

20°С, 4 h

Et2O

20°C, 24 h

Freon 113
20°С, 1.5 h

98
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 The reaction of 2-chloro-1,1-dicyano-2-trifluoromethylethylene with 2-aminopyridine and 
2-aminopicolines at room temperature leads to high yields of pyrido[1,2-a]pyrimidines 102 [71]. The reaction 
probably takes place through alkenylation of the amino group by the 2-chloroethylene followed by 
intramolecular cyclization. The structure of 3-cyano-4-imino-7-methyl-2-trifluoromethyl-4H-pyrido[1,2-a]-
pyrimidine (yield 56%) was confirmed by X-ray crystallographic analysis. 
 

F3C

Cl

CN

CN

N NH2R1

R2

R3

R4

N N

O CF3

CNF3C

Cl

CN

COOMe

N N

CF3NH

CN
102

H2O

HCl
R1

R2

R3

R4

103

103  R1 = R2 = R3 = H; R1, R2, R3 or R4 = Me, other R = H

R1

R2

R3

R4

 
 
 When 2-chloro-1-cyano-1-methoxycarbonyl-2-trifluoromethylethylene was used under similar 
conditions, substituted pyrido[1,2-a]pyrimidin-4-ones 103 were obtained (yields 23-53%) [71]. 
 The reaction of 2-substituted 1,1-dicyano-2-trifluoromethylethylene and aromatic amines or diamines 
leads to various nitrogen-containing heterocyclic compounds [72, 73]. 
 

XF2C

R

CN

CN

NH2

NH2

CF3
R

N

N

H

H

NH2

CN

N
N

Me

O

Ar

R CF2X

N
N O NH2

Me

Ar

CN

R
CF3

N
N H

Ar

NH2

NC

ArNHNH2 NH2

N H R CF2X

N

N

NH2

H

NC

N

CF3R

N NH2

CN

N
N NH2

Me

R CF2X

N
N N NH2

H

Me
CN

NH2

R CF2X

N NH2

H

CN

R1

R1

R1

R1
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 The examined examples show that the use of olefins with electron-withdrawing substituents, including 
polyfluoroalkyl, in reactions with nucleophiles can provide a general method for the synthesis of various 
heterocyclic compounds. 
 Other derivatives of polyfluoroalkanoic acids, i.e., imidoyl halides (which take part in the construction of 
the heterocycle through the C=N bond), have also found use as building blocks. Thus, substituted tetrazoles 105 
were synthesized with yields of 53-91% from the imidoyl chlorides 104 and sodium azide [74-77]. 
 

N
Cl

CF3

R
N

N

CF3

N
N

R N N
N

NF3C
R

NaN3 DMF

104 105

+
_

105 R (yield, %): Ph (80), C6H4Me-4 (91), C6H3Me2-3,4 (68), C6H4Cl-4 (53),
C6H3Cl2-3,4 (50), C6H4Br-4 (55), C6H4NO2-2 (53), C6H4NO2-4 (70), C6H4OMe-4 (94),

(CH2)3Ph (61)  
 
 The reaction of imidoyl chlorides 106 with acetophenone led to the substituted quinolines 107 [78]. 
 

N

R O
Me

Ph N

Ph

R

107  R = 4-Me, 2-Cl, 4-Cl, 4-I;  n = 2, 4

106 107

(CF2)  Cln

(CF2)  Cln

+

I

 
 
 2-Amino-4-iminoperfluoropent-2-ene, similar in structure to imidoylamidines, reacts with the anhydrides 
and chlorides of perfluoro carboxylic acids with the formation of 2,4,6-(perfluoroalkyl)-5-fluoropyrimidines 
[79]. 
 

CF3 CF3

NH2

F

N
H N

N

CF3

F

F3C RF

(RFCO)2O

Et2O
1-3°C

RF  (yield of pyrimidine, %):  CF3 (71),  C2F5 (73),  C3F7 (88)  
 
 
2. METHODS FOR THE CONSTRUCTION OF HETEROCYCLES FROM ACETYLENE 
DERIVATIVES 
 
 Two main methods for the construction of heterocycles from acetylene derivatives are known: 1) reaction 
of these derivatives (mainly acetylenecarboxylic acids and esters) with binucleophiles; 2) cycloaddition of 
polyfluoroalkynes [mainly bis(trifluoromethyl)acetylene and trifluoromethylacetylene] with azides, 
diazomethanes, and other unsaturated compounds. Published data are discussed below in accordance with the 
indicated paths. 
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2.1. Nucleophilic Addition–Cyclization 
 
 In the reaction of a binucleophilic reagent with acetylene derivatives with the general formula 
X(CF2)nC≡CR (where R is a COOH, COOEt, or other group, see below) an intermediate addition product (an 
ethylene derivative) is formed as a result of reaction of one of the nucleophilic centers with the carbon atom 
attached to the X(CF2)n group. In the addition product the second nucleophilic center attacks the same carbon 
atom or the carbon atom attached to the functional group R, leading to the formation of the heterocyclic 
compound. Thus, the heterocyclic compounds 110 were synthesized from acetylenecarboxylic acids of type 108 
and ethanedithiol, propanedithiol, mercaptoethanol or ethylene glycol through the intermediate products 109 
(mixtures of cis and trans isomers) [80, 81]. 

 
COOH

H

COOH
 

CH2COOH

Y
KOH, 20°C

108

109

110  Y, Z, m, X, n (yield, %): S, S, 2, H, 1 (76),  F, 1 (84);  S, S, 3, H, 1 (74),
H, 3 (26); S, O, 2, H, 1 (80),  F, 1 (76); O, O, 2, H, 1 (64), F, 1 (63)

X(CF2) 

HZ(CH2)   YH

110

Z
X(CF2) n

X(CF2) n

HZ(CH2)   Y

n

m

m m–1( )

 
 
 In the case of ethanedithiol (Y = Z = S) the diacids {CH2SC[X(CF2)n]=CHCOOH}2, which are the 
products from addition of two molecules of the acid 108 at the two nucleophilic centers, were also isolated in 
addition to compounds 110. The products 109 were obtained from mercaptoethanol (Y = S, Z = O) with yields of 
>85%, and their cyclization at 60°C led to the products 110. 
 During the reaction of the acids 108 with N-nucleophiles (Y = Z = NH, or Y = NH, Z = S) 
decarboxylation of the intermediate product (probably a mixture of the cis and trans isomers of the enamine 109 
with the imine 111) occurs, as a result of which the obtained heterocyclic compound 112 contains the Me 
substituent instead of the CH2COOH group (see 110) [82]. 

 

HZCH2CH2NH2
KOH

N
MeHZCH2CH2

 

Me

NH

N
CH2COOHHZCH2CH2

 

108 109

112

20 oC

– CO2

boiling

112  Z, X, n (yield, % ): N, H, 1 (88), N, H, 3 (77), N, F, 1 (80), S, H, 1 (80)

(CF2)  X

111

Z

n

CF2)  X CF2)  Xnn

+

 
 
 Analogous transformations in the case of ortho-phenylenediamine led to the product 113 (yield 76%) 
[82]. 
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CHF2 COOH
NH2

NH2

N

NH2

CHF2HOOCCH2

NH2

N

CHF2Me

 

Me

CHF2N

N

H

H

+
boiling, 1 h

boiling

– CO2

113

EtOH – H2O

 
 
 The cis and trans isomers of the products 109 and 115 from oxidation at the triple bond were obtained 
from esters of type 114, as in the examples examined above. Under the reaction conditions the Z-isomer 115 
undergoes cyclization to the substituted ester of thiophene-3-carboxylic acid 116 [83]. 
 

MeOOCCH2S

COOEt

SCH2COOMeEtOOC
COOEt

HSCH2COOMe
S O

OMe

COOEt

S

OHEtOOC

109 115

116 n (yield, %): 4 (63); 6 (56); 8 (53)

114

F(CF2)n

_F(CF2)n
(CF2)  Fn

F(CF2)n

+

115

nF(CH2)
116

 
 
 By using methylhydrazine and hydrazine hydrate as binucleophiles in reactions with acetylene 
derivatives containing a polyfluoroalkyl group it is possible to synthesize various substituted pyrazoles with 
yields of 52-98% [84, 85]. 3-Polyfluoroalkyl-substituted pyrazoles have high biological activity and can be used 
a herbicides, fungicides, and insecticides [85]. 
 

F5C2 COOEt
MeNHNH2

MeOH N
N

OH

F5C2

H

R
H2NNH2  H2O

N
N

H

R

0°C, 12 h

95% EtOH
25°C, 3-6 h
boiling, 4-6 h

X, n, R: F, 1, Ph, CH2OH, CH(OH)Me; F, 3, Ph; F, 5, Ph;

Cl, 3, Ph, CH2OH, C(OH)Me2;  Cl, 5, CH2OH

.
(CF2)  Xn

X(CF2)   CF2n
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 Substituted N-arylimines 117 (obtained from N-arylpolyfluoroalkylimidoyl iodide and acetylene 
derivatives in the presence of Pd(PPh3)2Cl2/CuI in Et3N/MeCN) under the influence of an excess of hydrazine 
hydrate or substituted amidine give pyrazole derivatives 118 (yields 94-99%) and pyrimidine derivatives 119 
(yields 74-80%) respectively [86]. 
 
 

N
Ar

R

H2NNH2   H2O

EtOH (MeOH,
DMF, MeCN),

N
NR

H

ArNH2

N

N

R

ArNH2
K2CO3

NH2   HCl

N H

60°C

1,4-dioxane,
    boiling

117

118

119

118, 119  R = Ph, SiMe3, Bu, COMe; R1 = Me, Ph; X = F, Cl;  n = 2, 4

.

.

+

+

(CF2)  Xn

(CF2)  Xn

(CF2)  Xn

R1

R1

 
 
 
 
1.2. Dipolar Cycloaddition 
 
 The ability of acetylene derivatives to form heterocycles through cycloaddition with unsaturated 
compounds also shows up in polyfluoroalkyl-substituted acetylenes, acting as dipolarophiles. Some examples of 
[3+2] and [4+2] cycloaddition are given below [87-92] 
 As a result of the reaction of phenyl azide with phenyl(perfluorohexyl)acetylene the triazole 120 was 
obtained with a 76% yield [87]. 
 
 

(CF2)5CF3Ph PhN3

N

N
N

(CF2)5CF3

Ph

Ph

120

+

 
 
 
 The high regioselectivity in the reactions of perfluoroalkylacetylene with 4-methoxyphenyl azide [88], 
benzonitrile oxide [89], or diazomethane [90], leading to the formation of five-membered heterocyclic 
compounds 121 (yield 65%), 122 (67%), and 123 (11%), has been demonstrated. 
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F3C H
Et2O

N O

CF3Ph

N O

CF3

Ph

N3MeO

N N

N CF3MeO

N OPh

ampul

50°C, 40 h

121

122 123

35°C, 3 h
+

C
+ –

 
 
 By the 1,3-bipolar cycloaddition of aromatic nitrile oxides and polyfluoroalkyl acetylene derivatives it is 
possible to synthesize polyfluoroalkylisoxazoles 124 and 125 [93]. The ratio of the isomers 124 and 125 
amounts to ~90:10. 
 

COOMe
Et2O, Et3N

R

O
NMeOOC

R

N O

O
N

MeOOC

R

124 125

0°C, 6 h

Mixture of 124 and 125, R, n, X (total yield, %): H, 1, F (92); H, 2, F (94); H, 3, F (94);

2-Cl, 1, F (97), 2-Cl, 2, F (95), 2-Cl, 3, F (94), 4-Cl, 1, F (97); 4-Cl, 2, F (90); 4-Cl, 3, F (94)

X(CF2)n

X(CF2)n

X(CF2)n

C

+

+ –

 
 
 Perfluoro-2-butyne reacts similarly with phenyl azide [88], and perfluoropropyne reacts with 
diphenyldiazomethane [94], giving respective products 126 (yield 80%) and 127 (35%). 
 

F3C CF3

F CF3

PhN3

N N

N CF3

CF3

Ph

Ph2C=N2

N N

CF3

F
Ph

Ph

Et2O, ampul
50°С, 4 h

126

127

Et2O, 20°C
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 Regiospecific addition of diazomethane also occurs in the case of ethyl 
perfluorobutylacetylenecarboxylate and leads to the formation of compound 128 (yield 75%) [90]. 
 

F9C4 COOEt
H2C=N2

N N
H

C4F9

COOEt
Et2O, 20 oC

128  
 
 The pyridinium ylide formed from the salt 129 enters into reaction with perfluoro-2-butyne to form the 
indolizine 130 [95, 96]. 
 

F3C CF3 N

CF3

+ TfO
_

N

CF3

CF3

CF3

129 130

+

 
 
 N-Methyl-N-(2-perfluoropropenyl)trifluoroacetamide can react with various dipolarophiles through the 
valence tautomer of cyclic azomethine ylide. Thus, [3+2] cycloaddition in the reaction with perfluoro-2-butyne 
leads to the trifluoromethyl derivative of pyrrole 132 [96]. 
 

F3C CF3

N

CF3F3C

F3C CF3

Me
F

F
N

O

MeF3C

CF3

131
132

– F2C=O
+

+
_

 
 
 Perfluoro-2-butyne and other trifluoromethyl-substituted acetylenes also react with the pyridinium ylide 
133; [3+2] cycloaddition in the presence of sodium hydride results in the formation of substituted indolizines 
134 [97-100]. 
 

X CF3 N

COOEt

+
_

N

CF3

X

COOEt
133 134

134  X (yield, %): F (13); CF3 (24); H (22)

+

 
 
 In photolytic reaction with perfluoro-2-butyne the hetero-1,3-diene 135 gives 
tetrakis(trifluoromethyl)furan 136 [98]. 
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F3C
CF3

O

N2

– N2

F3C CF3

O

CF3F3C

F3C CF3

F3C
CF3

O

 

135 136

_

 
 
 Being 1,3-dipoles, the nitrile imines 137 formed intermediately from ketone hydrazones enter into [3+2] 
cycloaddition with 1-aryl-3,3,3-trifluoro-1-propyne, giving the isomeric trifluoromethylpyrazoles 138a and 138b 
[101]. 
 

N
N

Cl H

Ar1 Ar2 Et3N Ar CF3

N
N

CF3

Ar

N
N  

N
N

Ar

CF3

137

138a 138b

Ar, Ar1, Ar2 (yield of mixture of compounds 138a and 138b), 138а : 138b : C6H4Cl-2, Ph,
C6H4Cl-4 (84), 97:3; C6H4OMe-4, C6H4Cl-4, Ph (87), 98:2; C6H4NO2-4, C6H4Cl-2, Ph (80),
97:3; C6H4SMe-4, C6H4OMe-4, Ph (89), 96:4; C6H4SO2Me-4, C6H4NO2-4, Ph (73), 97:3;
C6H4Cl-2, Ph, C6H4Cl-2 (87), 98:2; C6H4Cl-2, Ph, C6H4OMe-4 (85), 96:4); C6H4Cl-2, Ph,

C6H4NO2-4 (72), 97:3

Ar1

Ar2

Ar1 Ar2+ _

+

Ar1

Ar2

 
 
 A common feature of polyfluoroalkylacetylenes is their ability to enter into a Diels–Alder reaction with 
heterodienes, leading to heterocycles containing polyfluoroalkyl substituents. Thus, methyl vinyl ketone and 
substituted trifluoropropynylamine 139 form the adduct 140 (yield 97%) as a result of [4+2] cycloaddition [102]. 
 

F3C NBu2 O
Me

O

CF3

NBu2Me139
140

+

 
 
 Perfluoroalkylacetylenes react with substituted furans, giving the Diels–Alder products 141, the action of 
heat on which leads to the substituted oxepins 142 as a result of a thermal retro-Diels–Alder reaction [103-110]. 
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F3C CF3

O

CF3F3C

R R

O
R

CF3

CF3

F3C

F3C
R

O R

CF3

CF3F3C

F3C

R

CCl4, 144 h

141
142

UV

142  R (yield, %): Me (38), Et (35)

+

 
 
 By the Diels–Alder reaction of ethyl polyfluoroalkylacetylenecarboxylates with the N-pyrrolecarboxylate 
ester 143 [103] or furan 144 [103, 104] it is possible to synthesize new derivatives of the above-mentioned 
heterocycles with polyfluoroalkyl substituents 145 and 146 through intermediate compounds 147 and 148. 
 

COOEt

O

R

COOEt  

O

COOEt  

N
COOEt

R
N

COOEt

COOEt

R
N

COOEt

O

R COOEt

R

xylene
130-140°С

147 145

50-75°C, 
36-44 h

150°C, 4 h
144

148
146

Compound, R (yield, %): 145,  CF3 (44), C5F11 (51), C7F15 (65);
146,  CF3 (38), C5F11 (55), C7F15 (68); 148,  CF3 (51), C5F11 (81), C7F15 (79)

143

 
 
 In the reaction of acetylenes 149 with benzohydroxyimidoyl chloride 150 the presence of the base makes 
it possible to synthesize derivatives of 5-polyfluoroalkylisoxazole 151 and isomeric isoxazoles 152 [111]. 
 

N
Ar

Cl

OH Et3N, CH2Cl2

R1 R2

O
N

Ar

R1

R2

O
N

Ar R1

R2

149

150 151 152

Reaction temperature, °С, R1, R2, yield 151/152, %, (151 : 152), 
49/3, (80:20); 0, C2F5, COOEt, 38/18  (79:21); 20, CF2Cl, COOMe, 68/5  (87:13); 

76/2  (85:15); 0, CF3, H, 41/not indicated (ni)  (77:23); 

+

 0, CF3, COOMe, 

20, CHF2, COOEt,
20, CF3, 60/ ni (ni); 40, CF3, Ph, ni/11 (ni)  
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 The Diels–Alder reactions of polyfluoroalkylacetylenecarboxylic acids with 2,3-dimethyl-1,3-butadiene 
lead to the 1,4-addition products 153 [112]. 

 

COOH

COOH
THF

66°C, 24 h
153

153  n (yield, %): 1 (94), 3 (86), 5 (91)

H(CF2)n +
(CF2)  Hn

 
 
 Analogous products were obtained in the case of 2-methyl-1,3-butadiene, furan, and 
1,2,4,5-tetramethylbenzene [112]. 
 To conclude section 2.2 it is necessary to mention the synthesis of tetrakis(trifluoromethyl)thiophene 
(yield 61%) from perfluoro-2-butyne and elemental sulfur [113]. The mechanism of the process is unknown. 
 

F3C CF3

S

S

CF3

CF3

F3C

F3C
sulfolane

110°С  
 
 In the present review an attempt has been made to draw the attention of chemists to an interesting and 
rapidly developing region of organic chemistry, concerning the synthesis of heterocyclic compounds with 
polyfluoroalkyl groups, and to acquaint specialists working on the creation of medicinal and agricultural 
products with the new methods of preparation. Data (mostly of the last decade) on methods for the construction 
of heterocyclic systems with polyfluoroalkyl substituents from certain unsaturated compounds containing 
polyfluoroalkyl groups have been classified and analyzed. The material examined in the review draws attention 
to the immense possibilities for the synthesis of various fluorine-containing products that are interesting 
prospective subjects for further research into their properties. 
 It can be seen that intramolecular nucleophilic cyclization involving an unsaturated polyfluoroalkyl-
containing molecule has been used successfully in the construction of a heterocyclic system. At the same time 
the presence of the fluorine atoms in the starting materials provides the basis for the formation of new double 
bonds and their participation in the formation of the heterocycle and also motivates the search for new ways of 
introducing fluorine-containing functional groups. 
 Since advances in high selectivity have become a more and more important factor in chemical processes, 
it is clear that the new approaches to the construction of a heterocyclic system described in the review may find 
extensive use in the ordered synthesis of fluorine-containing substances. 
 The authors hope that the review will provide a give rise to a wider understanding of the unique 
characteristics of organofluorine compounds and extend their applications into other fields. 
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