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Vanadium pentafluoride reaots with polyfluorinated and 

polychlorinated olefins, alkadienes, cycloalkenes and cyclo- 

dienes in CFC13 or without a solvent at -25' to IOO'C, forming 

products of addltlon of two fluorine atoms across the C=C bond. 

INTRODUC!L!ION 

Earlier we have reported fluorination of hexafluorobenze- 

ne, deoafluorodiphenyl, ootafluoronaphthalene [ll, penta- 

fluoropyridine, 3-ohlorotetrafluoropyridine, perfluoroanthra- 

oene [2l and p6ntafluorobenz6ne derivative6 c6F5X (X = H, D, 

Alk, OAlk, OH, CN, N02) [l-41 by vanadium pentafluoride. This 

paper presents the reeulte of our 6tUdie6 on the r6aOtiOn6 of 

vanadium pentarluoride with polyhalogenated oleZin6, dienes, 

OyOlOalkene6 and oyolOheXadiene6. 
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RESULTS AND DISCUSSION 

Polyhalogenated alkenes and cycloalkenes 

Fluorination of terminal fluoroolefins by vanadium penta- 
fluoride prooeeds readily at -30 to -2O’C in CFC13 solu- 
tion. The only reaotion produots are the respeotive poly- 
fluoroalkanes (Table 1) formed in high yields. 

CFC13 
CF2=C'LRp + VP5 - CF3-CFq 

W, 0, , "3" -W4 
"2 II 9 "4" 

X = Cl, Rp = C2F5 ("1","2") 
X = F. RF = (CF2)4CFC1CF2C1 ("3","4") 

The reaotivitg of tetraohloroethylene "5" toward6 vF5 
doe6 not differ from that of terminal fluoroolefins.It reaots 
with VF5 at -2O'C to give 1,2-difluorotetraohloroethane "6". 
No ohlorine exohange for fluorine is observed. 

Perfluoromethylvinyl ether "7" ie more stable againet 
vanadium pentafluoride than alkene6 “, II , "3" and "5". It6 

transformation to perfluoroethylmethyl ether "8" take6 plaoe 
only at 40°C, but even at that temperature the reaotion rate 
i6 lOW. 

CF2=CF-OCF3 t VF5 
II II 7 

Thi6 it3 in agreement with the data on the eleotrophilio 
fluoromerouration of perfluoropropylene and ether "7" by 
meroury difluoride in HF. The addition of HgF2 to perfluoro- 
propylene proceed6 at 75’C (24 h) t51, Wh6IYS6 with compound 

“7” HgF2 reacts only at 150°C (20 h) 161. At the same time, 
the radioal fluorination of polyhaloolerin6 by fluorine ie 
known to give rise to a large amount of fluorodimerization 
produots [71. In the fluorination6 of unsaturated oompound6 by 
vanadium pentafluoride. however, not a single produot of thie 
type has been found. 

Internal fluorooleri.t%s reaot with vanadium pentafluoride 
at higher temperature6 than the terminal onee. The reaotivity 
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TABLE 1 

Fluorination of polyhaloalkenes and -oyoloalkenee 

CompoundVP5 CFC13 Temperature Time Method Alkene Produots 
mm01 mm01 ml OC min conversion yield 

96 % 

"'I w 23 49 17 -20 30 

"3" 23 82 20 -20 30 

"5" 8.4 22.0 2 -20 30 

"7" 7 27 2 40 180 

w9fi 5.7 17.0 - 60 240 

“ll"7.7 28.0 - 150 240 

"12"6.5 27.0 - 100 300 

"13"6.9 13.0 4 -20 15 

"15"9.3 20.5 - 25 60 

"15"6.2 25.0 - 60 180 

"17"2.2 13.7 - 60 120 

"lg"1.4 4.8 - 25 120 

"lg"2.5 8.2 - 60 120 

"21"13.9 42.5 - 25 120 

"22"6.8 19.0 - 25 120 

"22"lO.l 48.0 - 60 180 

"25"5.6 18.0 - 150 240 

"25V.5 6.8 - 250 180 

"26“2.6 8.3 - 250 420 

"28"O.a 1.6 0.6 25 30 

“yl”6.9 6.9 10 

"31"34 171 40 

“32"6.8 6.8 10 

-20 

-20 

-20 

20 

20 

20 

A 

A 

A 

C 

C 

C 

C 

A 

C 

C 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

A 

A 

A 

90 "2" 81 

100 "4" 83 

48 "6" 72 

50 “8" 40 

50 "1 0'194 

9 "1 0'186 

100 "2" 46 

42 "1 4"66 

56 "1 6"32 

74 "1 6"59 

68 "18"62 

81 "2O"6O 

90 "20"74 

87 ois-"23"16 

trans-"23"56 

64 "24"89 

94 "24'195 

0 

65 "27"91 

0 

29 Yzy62 

"30'135 

20 "33"96 

85 "33"36 

"34"32 

"35"19 

22 "33"93 

"34" 2.2 

"35" 0.8 

(continued) 



TABIJ3 1 (oont.) 

“32”lO 40 IO -20 20 A 98 “33”66 

“34”20 

“35”l 1 

“36”0.65 2.0 2 -20 15 A 100 “38”85 

“39”2.2 9.6 - 25 60 B 69 “40”35 

“41 “55 

of rluoroolerine with two perrluoroalkyl group6 at the C=C 
bond is higher than that of fluoroolefins with three or four 

periluoroalkyl groups. Thu8 at 60°C, alkene "9'@ undergoes 50% 
oonvereion to periluoro-2-methylpentane “10” during 4 h 
whereas the conversion or its isomer ~~11" even at 150°C during 
the same time doe6 not exoeed 9%. 

60°C 

(CF3)2CFCF=CFCF3 

Mgw 

(CF3)2C=CFC2F5 

-I+ (cF~)~cEF~CF~ 

", , ,I oonver6ion 9% 

To oomplete rluordnation or alkene e98*, the reaotion ehould be 
conducted at 150-17O'C. 

Substitution or vinyl rluorinee by ohlorine raises the 
flUOrinatiOn rate Of pOlyhalOalk~eB. Thi6 i6 readily evident 
in the Oase Of the reaction of "12" and "13" with vF5. The former 

is iluorinated at 100°C while the latter reacts quickly at a 
temperature 88 low -2OOC. 

CF3CC1=CFCF3 t VF5 - CF3CFC1CF2CF3 
w, 2 ,I 100°C, 5 h “2 II 

CF3CC1=CC1CF3 t VP5 - CF3CFC1CFC1CF3 
“, 3” -20°C, 0.5 h II , 4 II 

!Phe reaotivity of polyrluorinated oyoloalkenee ie similar 
to that or internal olefine and Beem to be slightly dependent 
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on oyole size. Perfluorooyolobutene “15” reaota with VP5 at 
20-22OC, though after 1 h conversion of this ogoloalkene 16 
50!%. At 50-60°C the fluorination is more efficient. At the 
6ame time, 4-bromononaf luorooyolohexene VT! I1 does not reaot 
with VP5 at 25’C, but is fluorinated at 50-60°C, giving bromo- 
undeoafluorooyolohexane in 62% yield. 

El 
t v-F5 - 

cl 
tt, 5" "1 6” 

0 

Br 

CJ 

Br 

t VP5 - 

I' , 7" ",8" 

All unmarked bond6 to fluorine. 

Substitution of vinyl fluorine6 by ohlorine inoreaees the 
fluorination rate of C=C bonds in oyoloalkenea. For example, 
in contrast to cycloalkene "II", chlorononafluorocyclohexene "19" 

is easily fluorinated at 25'C, forming chloroundecafluorocyclo- 

hexane “20” . Agitating vanadium pentafluoride with 1.2-diohlo- 
roootafluorooyolohexene “22” or 1,2-diOhlorohexafluoroyOlo- 
pentene @@21qt at 25’C lead.8 to the formation of 1,2-dlohloro- 
perfluorooyoloalkanee. At 50-60°C the oonvereion of oyolohe- 
xenes VY and “22” is go-%%, whereae for oyolohexene "17" it 
ia only 68%. The reaotion mixtures oontained no produots of 
ohlorine substitution by fluorine or bromine substitution by 
fluorine . 

Cl 

1c 

Cl 

Cl 
(CF21n + -5 - 

Cl c 
mqn 

n=l “2, ‘I @123" (oia:t-=i :3.5) 

n=2 ,022 ‘I "240, 

Substitution of v-1 rluorines by perfluoroalkyl groups 
sharply slows! down rluorination or the double bond. !Chilj 
tendenoy olearly ehow6 itself on paseing from bromooyolohexene 
ttl'7'* to 4( 5 )-bromoperfluoro-1 -methyloyolohexene "25 II and to 
perfluoro[4,4,0lbioyolodeoene “26”. Cyolohexene "25" is 



fluorinated at 250°C, whereas compound "26" is stable to V'F5 

at this temperature. 
150°C, 4 h 

F3C 
-Q)Br + vF5 -F p3C 0,~ 

250°C, 7 h 

+ vF5 e 

The reaotion of vanadium pentafluoride with l-methylnona- 

fluorooyolohexene "28" prooeeds in a more complex way, UlU 

fluorination of the double bond and substitution of one 

hydrogen by fluorine. 

25'C 

+ vF5 -0 
t 

H3C H3c 
PH2C 

It is worthwhile to note here that the reaction of 2,3,4,5,6-pen- 

tafluorotoluene with vanadium pentafluoride also leads to the 

formation of pentafluorobenzyl fluoride, along with the 

produots of fluorination of their aromatio ring [4l. 

It is interesting to oompare the reactivity of the per- 

fluorinated C=C bond and the aromatio ring. For that purpose 

we studied the reaotion of VF5 with perfluoro-3-propenylben- 

zene "31" and perfluoro-I-propenylbenzene "32". With a deficiency of 

VF5, both fluorinations prooeed with a high regioseleotivity, 

almost the only produot being perfluoropropylbenzene "33". In 

an exoess of VF 5, the produots of further fluorination "34" 

and g'35gg are rormed. 
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C6F5CF2CF=CF2 

"31 " 
C6F5CF2CF2CF3 

"33" Pl? PI? 
F F 

C6F5CF=CFCF3 

"32" "34" "35" 

As shown above, the internal perfluoroalkenes are fluorinated 
by IT5 at a higher temperature than the terminal ones. Hence, 

easy fluorination of C=C bond of oompound "32" Beems to be due 

to conjugation of the olefinic fragment with the aromatic 

ring. This i6 in agreement with the results of fluorinations 

of i6omerio perfluoro-1,2- and 1,4-dihydronaphthalenes 136" 

and "37". !l?he rormer is transformed exolueively to perfluoro- 

tetralin "38" , whereas fluorine addition to the olefinio 

fragment of the latter prooeeds oonourrently with fluorination 

of the aromatio ring [I 1. 

At the Bame time, the reaotion of VP5 with perfluoro-l-phenyl- 

oyolohexene 1f391g OOOUTB only at the aromatio ring. This is 

explained by the absenoe of oonjugation of the C=C bond of the 

oyolohexenyl fragment with the C6F5 group beoause of their 

non-ooplanarity. !J!he negative inductive effeot of the penta- 

fluorophenyl group also leads to inoreaBed deaotivation of the 

olerinio rragment In oompound "39" a6 oompared with that in 

oompoun& l@32@@, 1~36" and "37" (of. the relative reaotivity of 

OyolOheXeneB V7" and "25"). 



Polyhalogenated aliphatic dienes and cyclohexadlenes 

In view of our results on the reaotion6 of vF5 with poly- 
halogenated alkenes and oyoloalkeneB, it Beems reasonable to 

suggest that the fluorination rate of the C=C bond in non- 

oonjugated aliphatio or oyolio dienes is ohiefly governed by 

the nature and number of substituents at the sp2-hybrid oarbon 

atome and does not depend on mutual diBpOBitiOn Of OlefilliO 
fragnente. To oonfirm this supposition, we have BtUdied 

fluorination of polyfluorinated ogolohexadienes by vanadium 

pentafluoride. 

Treatment of the CFC13 Bolution of perfluoro-1,4-oyolo- 
hexadiene “42” with 4 equivalents of VP5 at -25'C leads to the 
formation of perrluorooyolohexene "43" (Table 2). 

Increase of temperature from -25 to 25'C raises conversion of 

diene q'42't from 26 to lOO%, but the only produot of fluorina- 

tion remains ogolohexene 0'43'0. Substitution of one of vinyl 

fluorines in oompound "4.2" by hydrogen or ohlorine leads to 

inoreased fluorination rate of this olefinio fragnent a8 

oompared with the CF=CF fragment. I-II-Heptafluoro-1,4-oyolo- 

hexadiene "44" is fluorinated at -25'C to form predominantly 

4-H-nonafluorooyolohexene "45". Fluorination of l-ohlorohepta- 

fluoro-1.4-oyolohexadiene "46" prooeeds in a similar way. With 

vinyl fluorine in diene @@42" substituted by the trifluoro- 

methyl group, fluorination ooours only at 20-25'C to give 

exoluBively perfluoro-1-methyloyolohexene "50". 
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TABLE 2 

Fluorination of polyhalo-1,3-butadienes and poly- 
fluorooyolohexadienee 

Compound VF5, ran01 Temperature,‘C Method Produote, 
IlXllOl (CFC13,ml) (Time, min) (Alkane yield, % 

oonversion,%) 

“42” 3.0 
“42” 4.8 
“44 1 .o 
“46” 1 .7 
“46” 3.8 
“49” 1 .5 
“51” 1.6 

12.1 (5) 
19.2 (6) 
2.1 (5) 
6.2 (5) 

15.2 (6) 
6.8 (6) 
5.5 (6) 

5.5 (5) 
62 (7) 

96 (30) 
205 (50) 

-25 (15) 
25 (25) 

-25 (20) 
-25 (15) 
25 (20) 
25 (20) 
25 (20) 

-25 (15) 
-20 (20) 

-20 (20) 
-20(180) 

A (26) 
B (100) 

A (39) 
A (45) 
B (100) 
B (70) 
B (100) 

A (29) 

A (81) 

A (97) 

A (100) 

“43” 87 

"43" 91 

"45"75,"47" 4 

"1 9'127 ( “48”59 

"20"38, "48"57 

"50" 92 

~~52~~53,*~29*vl 

"30"29 

"43" 83 

OiB--1'12" 20 

tram-"12"36,"2" 8 

"56"34,"57"30 

"56"37,"57"31 

0 0 0 
X + 

vp5 - 
+ 

-2oOc 

X =F ,942 Ifi 

B "44" 

Cl ,846 I@ 

CF3 “49” 

"43" 87 

"45" 75 

"48" 59 

Yield, 96 

“47” 4 
“19” 27 
“50” 92 

At 25'C the products of fluorination of diene "46" in exce88 
VP5 are ogolohexene 1g48” and ohloroundeoafluorooyolohexane 
"20Q1 whioh ie rormed in these oonditions from l-ohloronona- 
fluorooyolohexene (see above). 

1 -Methylheptaf luoro-1 ,4-oyolohexadiene “51” doee not 
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reaot with VF5 at -25'C, and at 20-25'C it iB transformed to 

a mixture of 4-methylnonafluoroogolohexene, metbylundeoa- 

fluorooyolohexane and I-fluoromethylnonafluorooyolohexene. 

0 CH3 t vP5--+ 
(JCH3t (JCB' + oCH2F 

"51 " ,152 II "29" "30" 

The two latter oompounds are the produots of fluorination 

of I-methylnonafluorooyolohexene "28". 
Thus the relative rate of fluorination of the formally 

independent non-equivalent olefinio fragments of 1,4-ogolohe- 

xadiene derivatives aotually depends on the donating or 

aooepting ability of a substltuent at the c=C bond. However it 

should be borne in mind that I-X-heptafluoro-1,4-oyolohexa- 

dienes reaot with VP5 at a lower temperature than the 

respeotive I-X-nonafluorooyolohexeneB. For example, fluorina- 

tion of the CF=CCl bond in oyolohexadiene "46" ooours at 

-25'C, and in oyclohexene "19" at t25'C. Simultaneously the 

CF=CF bond is fluorinated, though to a less extent, whereas 

fluorine addition to this fragment in polyfluorooyolohexenes 

is observed only at 50-60°C. 

Fluorination of perfluoro-1,3-oyolohexadiene "53" at 

-25'C leads to perfluorooyolohexene. Other polyfluordnated 

1,3-oyolohexadiene derivatives are ourrently not readily 

available, and their reaotions with VF5 have not been studied. 

The terminal polyhalo-1,3-alkadienes reaot with vanadium 

pentafluoride in the same oonditions as terminal alkenes. The 

reaotion of VP5 with 2-ohloropentafluoro-1,3-butadiene "54" 

prooeeds ohiefly by fluorine 1,4-addition (formation of alkene 

“12"). As polyfluoroalkane "2" ie formed from "12" under more 

drastio oonditions (see above), it seems to be here the 

produot of sequential 1,2-addition of fluorine. 

CF2=CC1-CF=CF2 t VF5 - CF3CC1=CFCF3 

"54" ", 2 II 
t CF3CCl$F2CF3 
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-25'C 
Trsatment of perohloro-1,3-butadiene "55“ with VF5 at 
leads to the formation of 1,2,3,4-tetrafluorohexaohloro- 

butane "56" and 1,1,2,4-tetrafluorohexaohlorobutane "57" in 
about equal yields. A speoial experiment has Bhown that there 
is no mutual oonversion of oompounds "56", "57" under the 
rsaotion oonditions. This indioates the parallel routes of 
their formation though the meohanism of their f'ormation is 
still unolear. 

As a result of studies on the rsaotions or vanadium 
pentafluoride with polyhalogenated oompounds, we oan build the 
following series or C=C bond reaotivity variation depending on 
substituents : 

CF,=CFRp > Ry,CF=CFRy, > (Rpl)2C=CFRp > U$,)2C=C(Rp)2 

>c=c<x : X=HBC1>CH3>F>RY,>ORR 

It is readily evident that the relative reaotivity of 
polyhalogenated unsaturated oompounds with VF5 olearly indioa- 
tes the eleotrophilio nature of this rluoride. However it 
seems untimely to judge about the rluorination meohanism. 

ExPERImENTAIl 

The NMR speotra were rsoorded on a Varian A56/6OA ('H at 

60 MHz, "F at 56.4 MHz) and WP 200 SY instruments ("F at 
188,31 MHZ). The internal standard iS TMS ('H) and C6F6 (F"). 
The IX speotra were reoorded on a Speoord IR 75 instrument in 
Ccl4 solutions; mass-speotra, on a Finnigan MAT-2800 instru- 
ment. 

Vanadium pentafluoride was syntheeized by treatment of 
vanadium with rluorine in a flow system in a nickel reaotor. 
Berors uBe VP5 was distilled [ref.]. 
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TABLE 3 

NMR speotral data 

Compound “F chemical shifts (ppm) coupling 

oonstante (Hz) 

“2” 85.0(3F1),83.4(lF4),42.2(2F3), J(2,3)= 10 

24.3(1F2) 

“4”(n.c.) 99.5(2F1),82.0(3F8),48.5(2F7), 

44.2(CF 
3 

),41 .0(2CF2),36.6(2F3), 

31.8(lF ) 

“29” [81a 43.5(2F2A,6A),39.1 (2F3A’5A), J(AB) - 280 

38.3 (lF4*) ,26.3(2F2B’6B) 

23.6(2F3B*5B),21 .0(lF4B)’ 

YS0@‘(n.o.)b51 .l (2F6),42.1 (2F3),39.9(1F2), J(H-F,gem)= 47 

28.9(4F4*5),-60.1 (lF”) 

1134’*(n.o.) 83.8(3F7),60.8(2F6),53.1 (2Fa,lF2), 

49.6(2F3),36.9(2FB),ll.2(lF5),4.4(lF4) 

tq35f’(n.o.) 81 .6(3Fr),56.0(lF2),53.8(2Fu,2F6), 

41 .8(2F3),36.6(2Ff+,27.8(2F4,2F5) 

t~52~~(n.o.)057.8(lF3A),54.6(lF5A),43.1 (lF6*),J(AB)” 275-285 

35,8(IF5B),25.8(lF6B),9.7(lF2), 

7.6(lF’),-8.4(lF4) 

“56”(L,D 102.4(1F1,1F4),53.5(lF2,1F3) J(2,3)=-10, 

or meso)d J(1,2)=(3,4)=-17.6 

J(l,4)=-19.0 

f’56’*(meso 103.5(lF1,1F4),52.5(1F2,1F3) J(l,2)=(3.4)=-15.2 

or L,D)d J(l,3)=(2,4)=12.8 

J(l,4)=-21.2 

J(2,3)=-10.7 

~~57~~(n.o.)dl10.4(lF1A),106.2(lF1B), J(AB)=l60, 

103.2(1F4),58.7(lF2) J(lB,2)=-13 

J(lA,4)=-28, 

J(lB,4)=-25, 

J(2,4)=16 

J(lA,2)=-10 

a0(H) 1.61, ha(H) 5.24, ‘0(H) 1.98, dThe “F NMR speotrum 

ha6 been interpreted by JK.V.Galakhov. 
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Fluorination with Vanadium Pentafluoride 

Method A. An un6aturated oompound and CFC13 were plaoed into a 

polyohlorotrifluoroethylene reaotor provided with a Teflon 

stirrer and Teflon-ooated thermocouple, and the mixture was 

cooled to -25 to -2O'C. Then a solution of VF 
5 

in an equal amount 

or CFCl3 was added portionwiee, during stirring, at 6uoh a 

rate as to keep the temperature down at -2O'C. The mixture was 

then agitated and poured onto ioe. The organio layer was sepa- 

rated, washed with oold water, dried over I@04 or CaC12. and 

the solvent was dietilled off. Known compounds were identified 

by using NMR and GIL! analyeie with addition of authentio 
samples: in all cases, identical values were recorded. New com- 

pounds were isolated by preparative GLC. 

Method B. Into a 10 ml niokel tube, vanadium pentafluoride wa6 

plaoed, oooled to -20 to - lO"C, and a fluorinated uu6aturated 

oompound (or it6 CFC13 6olution) was added. The tube wa6 her 

metioally 0106ed and 6haken at the above temperature. The tube 

was oooled to -20 to -10"~ and the reaotion mixture poured onto 

ioe. Then the mixture was treated a6 desoribed above. 

Method C. The reaotion wa6 oarried out a6 deeoribed under 

Method B (without a solvent). but after hava been kept 

for Borne time, the reaotion produota were distilled off from 

the tube to the trap (-78'C). Then they were treated with 

water, dried and analy6ed. 

Tables 3, 4 and 5 show the IR and NMR 6peotr6 and the 

analytioal data of new oompound6. 
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