
Journal ofFluorine Chemistty, 15 (1980) 79-82 

0 Elsevier Sequoia S.A.,Lausanne -- Printedinthe Netherlands 

Received: September 5,1979 

79 

?olyhalogeno-allenes and -acetylenes. part XIII 01. Dechlorination of 

1,2,2,j-'Tetrachl~~~_,l,j,j-tetrafluoropropane as a I?oute to Tetrafluoro- 

z33lene 

Chemistry Department, The University of Kanchester Institute of science 

& Technology, Manchester ~160 I& (Great Britain) 

During their pioneering work on the synthesis of tetrafluoroallene 

c2,jl t which established the 'bromo routes' subsequently developed 

further in these laboratories c4,g , jacobs and Bauer tried unsuccessfully 

to effect exhaustive dechlorination of 1,2,2,3-tetrachloro-l,l,j,~-tetra- 

fluoropropane (CF ClCCl SF 2 2 $1) C3] * 7 ie-exszination of this method, using 

starting material obtained by treatment. of commercial c-dichlorotetra- 

fluoroacetone with phosphorus pentachloriae p.fl, was co.nnenced in 1967 

[8] 8: part of a scorch for a less expensive route to tetrafluoroallene 

thm those based on dibromodifluorometk,ane. 

?etrafluoroallene was nbt.ained, but in only miserable yield (?A in 

each c~se),when !,?,?,?-tetrachlorotetrafluoro>ro~ane was treated with 

:na<nesium in boiling tetr&drofuran or vaporized aiid passed at low 

pressure over z:ild steel at 520 OX C; the product of partial dechlorination, 

2,3-dichloro-l,l,T,j-tetrafluoropropene (CP2ClXl=ZF,) was also produced L. 
(4 and l& yield, respectively). BO reaction appeared to occur when the 

propene, prepared in 72jti yield by treating the propane with zinc in hot 

dioxan, was subjected to the action of magnesium in boiling tetrahydrofuran, 

Also, 110 t etrafl~~oroallene Was detected amongst the products of pyrolysis 

of the propane over cooper turnin,-s at 300 "C or of the propane and the 

p'opene over heated copper powder of the type used in work on the synthesis 

of perfluoro-(3-methylbuta-1,2-diene) v?' -" dehalodenofluorination of the 

halojeno-olefins (CFj)2C=C&F3 (X = I, 3, or Cl) [y]. 
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1,2,2,3-~etrachlorotetrafluoropropane was recovered i.r~ 86, yield when 

its va?our Yas passed clowly at low pressare over ,copper turnings !:ou?;ed 

in a silica tube at 300 'C, the material consumed being converted into 

2,j-dichlorotetraf~~~oro~~ro~J~rJe (/I@,). ,.t t:OO “G, with freshly-yrcciritated 

copper powder as deh?.lo;,enatin~ :xen?, 51;: c:f i:;c ;IrO;~ane was CCriVertcd 

into a com,?lex t~t;~~f!.iloro~~leno-frce :g&t'U?c cGJltaif;iz!g the COtipGar.ds 

CF2C1CC1=Cr'2 (2TjJ), ~?3CCl=Cr'2 (29;), & q_nd -CE'3CCl=C?Cl (/f), CC2, TiJJd 

3iF 4 
; simillr pj~TOljr.:iZ of 2,3-dic~.lo;~otet~afl,~Oro,7Tuiycne gave Ci?,CCl=,::1' 

, 2' 
CC 2' and Sir' 4' 

the l,ir.t tM0 products l&ain being ;ro?uccd in ay,;rec:qbie 
L aXounL,s. Pluoride ion ge::er:_ >tod during These ;yrolyncs is I:resumed 

to have led to the conversion of 2 ,3-dichlorotetmfl,~orol:ro~ene :nto 

2-chloro_nentafluoro~ropcne, a ch.mgc k3OwJl @o] to be h,roU&t_ about by 

tetrnethylemmonium fluoride in chloroform e.t 0 ' C and shown in the present 

work to ocCur almost ,qU.antit-.+ively when the dichloropropene is pn::sed over 

heated potassium fluoride. Formation of the 1,2-dichlorotctrafluoro~ro~enes 

during the nasnage of 1,2,2,3 -tetr:ichlorotetrafl:~oropro;ane over hot copper in 

silica can be ascribed to isomerization of 2,3-lichlorotetrafluoropropene, 

a reaction vhich finds analogy in the silica-induced conversion CE BrCSr=CP 

A _ and z-Cr‘3CGr=CFiz &I. 
2 2 

Attempts to dechlorofluorinate 2-chloropent afluoropropene at 105 end 

500 "C over freshly-precipitated copger powder in a nickel >yrclysis tube 

failed, the olefin being recovered in 100 and EM,_ yield, resrectively {cf. - 
the failure to convert (C$ ) 

32 
C=CCl?F 

reagent at 450 "C [$J 3. 
3 into (C?3),C=C=CP2 with the same 

Ecactions of 1,2,2,3-~etrachloro-l,1,3,3-tetr~fl~~oro~royane 

(4 ‘dith zinc 

~re~t;Jent of the propane (7c,3 g, 0.29 :!Wle) wi%h aCtiVatd ziid; d7Usb 

(15 g) in boiling diox,an (500 3\ cm , for 5 h ,;*ave only ?,j-dichlorote:rafluoro- 

propene (38.3 g, 0.21 mole; 72;), identified by i.r. and 19F n.m.r. analysis. 

(b) With mzn,nesium 
JL sclution of t,le proc~,-.e (7.56 6, 24.7 zmole) in drJ tetrahydrofu-.an 

(50 cm3) was added ~lo~,rly (1 h) to a siirrcd rr,ix%cre of s.2,ner;ium t,J:nings 

(3.0 c) _irid boil'ng tetr&ydrofuran (300 ~33) . The vol-itile yrOciUCt, S’df?iZt 
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by a slow flow of nitrogen into cold traps (-72 and -196 'c), was fract- 

ionated in vacua to give tetrafluorodlene (0.219 g, 1.96 mmole, '&) and -- 
2,3-dichloro-1 ,l,j, 3-tetrafluoropropene (0,225 Q, 1.22 mmole, &IL), both 
of which were identified by i.r. spectroscopy. 

(cl iith iron 

The propane (4,X 6, 16.54 mmolcj was passed at 10 mm& pressure 
during 1.25 h through a silica tube (CO x 1 cm) packed with 'silver' 
steel wool (Stephenson Xills Ltd., grade 5, previously activated in situ _- 
with hydrogen at 500 "C) and h eated to 520 'C over 50 cm. of its length. 

The volatile product, collected in two traps cooled to -196 OC, was fract- 

ionatcd in vacua to provide tetrafluoroallene (0.119 g, 1.07 mmole, F,"), -- 
2, j-dicliloro-l,l, 3,3-tetrafluoropro,-ene (0.553 L;, 3.02 mmole, lcc,l), two 

<by g.l,c.) anidentified products (total: 0.017 g), and silicon tetra- 

flliori~de. 

(d) iith copyer 
l'assa,~e of I,?,?,+tetr~chl orotetrafluoropropane vapour (7.30 g, 28.7 

mmolc) at 15 mmiIL pressure during 4.5 h over hot (300 %I L,) copper turnings 

(previously activated with r-ddrogen as above) in the apparatus used in 

experiment (2) above Save a mixture of starting material (6.305 6, 24.8 

mr~olc, R$,, recovery) and 2,3-dichlorotetrafluoro~ro~ene (0.333 i;, 1.82 

nmole, 46; based on CZ2C1CC12CP2C1 consumed). 

In another experiment, 5"83 g (?2,95 mmole) of the propane was passed 
(10 mmFI; 4. h) through a silica tube (100 x 1 cm; heated length 60 cm) 

loosely sacked with freshly-precipitated copper powder (ca. 40 g, prepared - 
as describe3 in ref. 9) and heated to 400 'C. The volatile product was 

condensed at -196 "C then subjected to trnp-to-trarj fractional condcnsatior 

in vrcuo; r-nalysis of the fraction:s by coupled g.l.c,-i,r. and '9, n.n.r . -- 
methods showed the p:,oducts to be 1 ,2,2,3-tetrachlorotetrafluoropropane 

(11.35 ::;mole, 49,: reao<cry), 2,3-dichlorotetrafluoropro~ene (2.4 mmole, 

2!$ based on CP~C~CZ~,CY,C~ consumed), g and &1,2-dichlorotctrnfluom- 

prope=.e (0,36 mcole, 3;:); 2-ciiloro:,ent~fluoropropene (3-23 mmole, 2@[), 

traces of at least three u:.identified compounds, and carbon dioxide and 

qilicon tetrafluoridc (totCal: 4.0 mde). 

Xcactions of 7,j-Dichloro-l,l, 3,3-tetrsfluoropropene 

(a) .;ith copper 

Using the apparatus described in the second part of (2) above, 

?,j-2ic~,lorote+rzfl~loro1:rol~lie (3.27 c, 17.9 :!miole) was 2assed at 12 
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mmhg pressure during 0.5 h over hot (405 "C) freshly-precipitated 

copper powder. The volatile product, collected at -196 "C, was shown 

by standard techniques to comprise starting material (12.2 mniole, 6R;:), 

2-chloropentafluoropropene (0.60 mmole, l/1:, based on cY2clCcL~~ 2 
consumed), carbon dioxide, and silicon tetrafluoride. 

(b) With potassium fluoride 
During 0.5 h, 2.09 g (11.4 maole) of vaporized 2,+dichlorotetra- 

fluoroprcpene was passed, at 1 mmhg pressure, through a hot (400 '2) 

silica tube (100 x 1 cm), the heated section (60 cm) of which w;g loosely 

packed with anhydrous potassium fluoride. Zractionation of the volatile 

product (collected at -196 'c) -F &dve 2-chloro:>entafluoropropenc (1.68 6, 

10.1 mmole, 97jj; condensed at -152 OC in a trap-to-trap train) and 

starting material (0.19 g, 1.04 mmole, 9,. recovery; -72 
0 
c t.rz&. )* The 

identity of the 2-chloropentafluoropropene was confirmed by '9, n.m r . . 

spectroscopy EtJ. 
A similar fluorination at 200 0 

C and 5 mmi;g Lave 2-chlorogentafluoro- 

propenc in 95:ti yield based on 630~ recovery of starting material. 
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