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Sur'imRY 

Fluoroallene and 1,3-difluorcallene are prepared in 

good overall yield by the addition of dicLLorocarbene to 

vinyl fluoride and 1,2-difluoroethylene respectively, 

followed by pyrolysis of the dichlorocyclopropanes and 

treatment of the resulting dichloropropenes with zinc. 

Pyrolysis of l,l-dichloro-2-fluorocyclopropane over zinc gives 

fluoroallene directly. 

The reaction of allene rqith 2,2,5-trifluoro-3-trifluoro- 

methyloxiran at 180°C as a source of difluorocarbene gives both 

1 ,I -difluoro-2-methylenecyclopropane and its rearrangement 

product I-(difluoromethylene)cyclopropane, the latter reacting 

more readily with a. second difluorocarbene to give 2,2,3,3- 

tetrafluorospiropentane. In an anelogous way, fluoroallene 

reacts with dichlorocarbene, generated from trifluoro(trichloro- 

methyl)sila.ne at 14OV, to give g- and Z-l,l-dichloro-2- 

(fluoromethylene)cyclopropane, I-(dichloronethylene)-2-fluoro- 

cyclopropane, and 2,2,3,3-tetrachloro-4-fluorospiropentane. 
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IKTROYUCTION 

Early routes to tetrafluoroallene had the disadvantage 

of a low-yield final step, the dehydrobrominetion with strong 

base of 1,3-dibromo-1,1,3,3-tetrafluoropropanei2,3]; 

CF BrCEi2CF2Br 
-2EBr 

2 
> CF2:C:CF2 

Similar routes to fluoroallene, the difluoroallenes and 

trifluoroallene have recently been used [4]. An improved 

route to tetrafluoroallene used dehalogenation of 2,3-dibromo- 

1,1,3,3-tetrafluoropropene under mild conditions as the final 

step [51, and the pyrolytic dehalogenation of several perfluoro- 

iodo-olefins over copper has also allowed the formation of 

perfluoroalkylallenes in excellent yield [6]. Dehalogenation 

of the products of the pyrolysis of silicon-substituted l,l- 

dichlorocyclopropanes has been used to prepare silyl-allenes in 

good yield [7], and we report here the adaptation of these 

methods to the preparation of fluoroallene and 1,3-difluoro- 

allene, and some reactions of allenes with halogenocarbenes. 

RSSULTS ANT3 DISCUSSION 

(a) Preparation of monc+and di-fluoroallene 

The mixture of 2,3-dichloro-3-fluoropropene and g- and 

Z-2,3-dichloro-1-fluoro?ropenes obtained by flow pyrolysis 

of 1,l -dichloro-2-fluorocyclopropane [8] was unchanged after 

two hours at reflux with activated zinc dust in anhydrous 

dioxan, but after six hours in refluxing dimethylformamide 

gave an 64:; yield of I-fluoroallene. Pyrolysis of the 

cyclopropane at 400°C over zinc wool also gave the allene 

(807: yield) but with the pyrolysis system in use, 70;~ of the 

cyclopropsne was recovered, and attempts to increase the 

conversion by use of longer contact times resulted only in 

extensive charring. It is clear, however, that either the 

one-step or the two-step conversion of l,l-dichloro-2-fluoro- 

cyclopropsne into fluoroallene represents an improvement over 
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the literature preparation [4], since the cyclopropane is 

itself readily prepared in high yield. 

Cii2:CHF CIIF:CClG2Cl + CH :CCl.CBClF 

+ 

- CCl3SiF3 izn;D:,"; ' 

X2 :C: CFli 

a- And trans-1,2-difluoroethylene reacted in the gas 

phase at 1 40°C with trifluoro(trichloromet~hyl)silene to give 

the corresponding dichlorocyclogropanes in good yield [IO]. 

Flow pyrolysis of the individual dichlorocyclopropanes resulted 

in some geometric isomerisation End the formation of three 

isorreric olefins in each case. The knor component clearl; 

contained the CK? 2 group (55% triplet and doublet in the ':i 

and "2 n.m.r. spectra) , and w;s identified spectroscopically 

as trans-1,2-dichloro-3,3-difluoropropene. Its boiling point 

agreed with that reported by Wheley and Davis for the product 

obtained by the reaction of 1,2,3,3-tetrachloropropene with 

antimony trifluoride and stated to be 'probably the trans- 

isoner', but no other parameters were reported [I I]. 

The other two isomers were identified sgcctroscopically 

as 2,3-dichloro-1,3-difluoropropenes, the higher boiling 

isomer being assigned the &structure on the basis of estimated 

dipole moments. The results of the syrolyses are shown in 

trace 

F 
\ 

,CHac1 Cl /CHF2 

7Y 
+ )c:c, + hydrogen halides 

H 'Cl H Cl 

43s 5% 14G 
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the Table. 'Joodv?ard-Z0ff;lsz.n rules gredict the iJredor::inant 

for:,~:.tion 0.: the z-isor. er fror; t:ie A tie-difiuorocyclopropttne 

(X-3 interaction _:rcferrc$ to F-L' interaction in the tr::nsFtion 

state), Su.t the choice is lebs cicnr-cut for the trzns-difluoro- 

c~clopron~ane; if the n&g-sting chlorine renains on the same 

side of the r.:olecule, as shown by Fleming md 'I'i:o:.as for the 

6,6-dichloro-3-~!ethoxybicyclo[: ,I, O]hexanes [I 21, it rmst 

approach either a :iydroc;en rt tLe zig-:>tion teminus to for~i 

the E-isor:er or a fluorine to Lor?:. the z- isomer. Cn steric 

and electronic grounds, therefore, prefcreatial for:atlon of 

Plow pyrolysis of the I,1 -dichloro-2,5-difluorocyclopropmes 

at 5OCOC 

Starting LIaterial 

CJntnct tirr,e (~6) 

?.Iole :a recovered as: 

trans-isomer* 

Z-2,5-Dichloro-1,3- 

difluoropropene 

I&2,5-Dichloro-1,3- 

difluoroyropene 

trams-1,2-Dichloro-3,3- 

difluoropropene 

iiydrogen halides 

Unknown+ 

196 235 

9 5 

24 29 

53 43 

<I 5 

4 14 

(2) (4) 

cis 

196 265 

15 14 

39 21 

34 11 

5 41 

9 6 

(5) (8) 

*Containing a trace of the cis-isonier in each case. 

+ieight 72 

the E-isocer would be expected, and, as shown in the Table, 

is found experir;;entally. Ilowever, since the cyclopropanes 

are undergoing geometric isonerisation, and since we were 
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unable to isolate sufficient of the pure s- -and z-olefins to 

test for their geometric isonerisation under the reaction 

conditions, further specu'ation is unjustified. The formation 

of the 1,2-dicUoro-3,3-difluoro>ropene requires either a 

simultaneous nigr-tion OP chlorine and fluorine, or a two-step 

re:Lction, the g- and s-2,3-dichloropro::enes being for;!ed and 

then undergoing a fluorine shift. Such a thermal migration of 

chlorine has been observes ,,reviously in similar pyrolyses [I3 3, 

CHCl=CCl*CEF 
2 

but fluorine migration usually rec;uires a Lewis aci5 catalyst. 

Iiowever, it is possible that decomposition products accumulating 

on the wall of the silica pyrolysis tube provide such a 

catalytic surface. When the mixed & and s-2,3-dichloro-1,3- 

difluoropropenes were refluxed with activated zinc dust in 

dimethylformamide, 1,3-difluoroallene was obtained in 73% 

yield, 375 of the olefins being consumed during a 6-hour 

reaction. Pyrolysis of the trans-dichlorodifluorocyclopropane 

over zinc at 400°C, however, failed to C,ive the allene. The 

cyclopropane was recovered (gl$), and the dechlorinated product 

(997; yield based on unrecovered cgclopropane) was shown to be 

3,3-difluoropropyne, presumably arising by isonerisation of 

the 1,3-difluoroallene. 

Although the dichlorocyclopropane route to fluoroallene 

is a considerable improvement over the previous method, 

particularly for the preparation of small samples of the 

allene, the corresponding route to 1,3-difluoroallene is less 

attractive, simply because the 1,2-difluoroethylenes, which 

need not, of course be separated if the preparation of the 

allene is the major interest, are less readily available then 

vinyl fluoride. The 1 ,l -difluoroethylene, which frequently 

arises as an impurity in 1,2-difluoroethylene preparation, 

presents no problem so far as allene preparation is concerned. 
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The 1,1-dichloro-2,2-difluorocyclopropene formed by the reaction 

with dichlorocarbene does not isomerise to a potential allene 

precursor, but loses difluoroc,?rbene to form I,1 -dichloro- 

ethylene and tetrafluoroethylene [I 31, which are readily 

separated from the dichlorodifluoropropenes. 

(b) lieactions of allenes rrith difluoro- and dichlorc-carbene 

The reaction of allene :,rith difluorocsrbene, generated 

by vapour-phase thermolysis of 2,2,3-trifluoro-3-trifluoro- 

methyloxiran at 180°C, gave a mixture of 1, I-difluoro-2- 

methylenecyclo2ropane (47;: yield), difluor0methylenecyclopr0pane 

(1153 yield), and 2,2,3,3-tetrafluorospiro-(2,2)-pentane (ll$ 

F 
ijF2 F 2 

CIi :C:CB 
2 2 

9 
B 

+ 
W F + Da 

F2 
F2 

yield). Separate experiments showed that the difluoromethylene- 

cyclopropane is formed from 1,1-difluoro-2-methylenecyclopropane 

under these conditions; after 3 hours at 2CO°C, 1,1-difluoro-2- 

methylenecyclogropane gave a I:1 mixture of starting material 

and difluoromethylenecyclopropane. This is in accord with 

previous work in which a higher temperature was used to generate 

difluorocarbene from perfluorocyclopropane, when difluoromethyl- 

enecyclopropane was the only C4 product detectable [14] and 

with the recent report by Dolbier and Fielder [I 51. 

As in the reaction of allene with :Jerfluorocyclopropane, 

[14] the formation of 2,2,3,3-tetrafluorospiropentane rather 

than the 2,2,4,4-isomer ;3arallels the reaction of trifluoro- 

(trichloromethyl)silane with allene [8]. Addition of :CX2 

to the exocyclic dihalogenomethylene group is markedly faster 

than to the exocyclic methylene in both cases. 1,l -Dichloro- 

and 1,1-difluoroethylene are known [16] to be more reactive 

towards dichlorocarbene end, to a lesser extent, difluoro- 

carbene, than ethylene itself, but the complete absence of 
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the 2,2,4,4-tetrahalogenospiropentane suggests additional 

deactivation of the exocyclic methylene by the ring dihalogeno- 

methjjlene group. Seyferth has reported the formation of the 

2,2,4,4-tetrachloro-compound when allene re:rcted with phenyl- 

trichloromethylnercury in refluxing benzene [17]; the ,-arametero 

reported clearly distinguish this from our tetrachloros2iro- 

pentane. Presumably at SC°C the only compounds competing for 

dichlorocarbcne are l,l- dichloro-2-methylenecyclopropane and 

allene itself, no isomerisation taking place at this temperature. 

The reaction of fluoroallene with an ezuinolar amount cf 

trifluoro(trichloronethyl)silane gave as major product a 2:l 

adduct of dichlorocarbene and the allene, identified 

unambiguously as 2,2,3,3-tetr&chloro-4-fluorospiro(2,2)Dentane 

(4) in 66;0 yield. The minor products comprised the two 

dichlorocarbene adducts to the unsubstituted double bond of 

the allene (1 and 2), together with the rearrangement product 

containing the exocyclic dichloromethylene group (T), which 

Fiere identified by their n.m.r. spectra and 6.1.~. mass spectra, 

CH2 :C: CHF 
*2 F H2 H 

+ _j H I% 
H2 1 

+ 

Cl 
F 

W Cl 

c12 2 
HP 

CClTSiZ3 
(1) (2) (3) 

Ii2 

IXI 

Cl2 

HF Cl2 

(4) 

each showing the expected molecular ion cluster. The n.m.r. 

spectra of (1) end (2) were very similar, and their mass 

spectra were, as expected for geometric isomers, identical. 

The assignment of E- and z- configuration as shown rests 

mainly on the correlation of g.1.c. retention time with t'ne 

calculated dipole moments of the two isomers, but is supported 

by the low field shift of the olefinic hydrogen in (I), cis 
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to the CC12 ~;roul: (cf. the 1,2-dictiloro-2-butenes [IS]). Thn 

n.m.r. spectrum of (3) was a close-cou$eA tiFL pattern, aad 

overlap prevented full analysis, The jeminol KY and 3 

cou@ingi; (2,. 5 and 66.5 Hz) ,however, xere simile to those 

previously found for 1 1 -dichloro-?-fluorocyclopropane (9.2 

aCd 6C.5Hz respectiveliT [B]), 

Althoug$~ (3) could be forxd by rez,rrmgenent of (1) 

and (2), its formation from the undttected isomer (5), which 

HE 

P (5) 

Cl 
2 

Trould be forme& by addition of dickioroczrbene to tl:e 

substituted double bond of fluorozJlene,cannot be ruled out. 

It is clear, however, that as in the reactions of allene with 

dichloro- and difluora-c;~rber.e, t!le rearranged compound with 

the exocyclic dihclogenonethylene group is considerably more 

reactive towards the carbe_:e than the original adducts. 

Pyrolyses i:ere carried out at low pressure through 

a silica tube (i.d. 12 IX, either empty or packed as appropriate 

heated over 5C cm by a 'Jild-3arfield electric furnace. The 

sample was contained in a stainless steel autoclave (16 cm3) 

kept at ~a. 160 OC an5 connected y& a needle vL.lve and flow 

meter to the pyrolysis tube, at the entrance to which was a 

manometer. The exit vapours l:er:: condensed at-196 OC. G.1.C. 

analysis was carried out on a F>e 104 chromntograqh l:ith flame 

ionisation detector, using 2 m columns for analysis and 4 m or 

10 m for preparative-scale separations. 1.r. spectra were 

recorded on Ferkin-Elmer I,Zodel 257 or 621 instruments, n.m.r. 

spectra on either a Ferkin-Elmer iilC or Fer3_n-Elmer Eitachi 

R20A ('H at 60.0 KHz, “F at 56.46 KHz) or a Varian I?AlOO 

('H at 10C.O KHz, " F at 94.1 KHz) spectrometer; chemical 
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shifts are reported with positive values to 10~ field of the 

reference material (‘13, tetr:nethylsilane, 13, ,trifl~croacetic 

acid), and mass spectr;: on a X.5. I. !Z;/9G2 mass spectrometer. 

Preparation of fluoroallene 

la) Via the dichlorofluoropropenes 

In a typical experiment, I,1 -dichloro-2-fluorocgclo- 

propane [G] (0.24 g, 1.9 nnol) was passed through a silica 

pyrolysis tube at 650 OC, with a contact time of 133 ns, to 

give a mixture of 2,3-dicilloro-3-fluoropropene (0.14 g, 59:;) 

and s- and z- 2,3-dichloro-I-fluoropropene (C.CO g, 25;;), 

identified as described previously [8], toget!ler wit!? hydrogen 

chloride (0.01 g) and unidentified material (O.CZ c). 

The mixed dichlorofluoroprosenes (0.32 g, 2.5 mmol) were 

refluxed (6 h) with activated zinc dust (0.65 g;) in dry 

dinethylformamide (2 cm3), and the products were collected at 

-78 OC, then distilled in vacua to give fluoroallene (0.13 g, 

e4.$), identified by its i.r. [4], n.m.r. ('R, d 86 Hzof d 

6Hz at +7.0; d ~Hz of d 2.8Hz at +5.7 p.p.m., intensity ratio 

1:2; I9 F, d 86 iIz of d 2.8 Ez at -97.8 p.p.m.) end mass spectra 

[ +, M 5% and mixed dichlorofluoropropenes (0.05 g, 14"/d) with 

the same isomeric composition as the starting materiel. 

(b) lig pyrolysis of 1,l -dichloro-2-fluorocgclopropane 

over metal 

li) Over zinc 

1,1-Dichloro-2-fluorocyclopropane (0.12 g, 0.9 mmol) 

was passed at 0.4 mm Hg through a silica tube packed with 

zinc wool kept at 395 OC; the contact time was 2.37 s. The 

products were separated in vacua to give fluoroallene 

(0.010 g, 24%) and the cyclopropane (O.OC g, 7W). In a 

control experiment, the cyclopropane was recovered unchanged 

after passage through an unpacked silica tube at 0.3 mm 1% 

and 400 OC with a contact time of 2.90 sec. 
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(ii) Over co;3ner 

1,1-Dichloro-2-fluorocyclopropane (0.73 g, 5.7 mmol) was 

passed at 2.0 mm IIg and 500 "C through a silica tube packed 

with activated copper powder [cf. ref 61, with a contact time 

of 219 ms. Considerable charring was evident, nnd volatile 

products were distilled in vacua to give hydrogen chloride 

(0.06 g, 285:) fluoroallene (0.09 g, 27$), and z mixture 

(0.30 t;, 41;:) of dichlorofluoropropenes sinil:x to that 

obtained by pyrolysis of the cycloaropane through an unpacked 

silica tube. In trial pyrolyses the cyclopropane was completely 

recovered after passage over copper at temperatures up to 

400 OC and contact times up to 2.63 s. 

Preparation of I. 3-Difluoroallene 

In a typical pyrolysis, 1,1-dichloro-trans-2,3-difluOro- 

cyclopropane (0.72 g, 4.9 mmol), ;,repared by the reaction of 

trans-1,2-difluoroethylene with trifluoro(trichloromethJl)- 

silane [lO],was passed at 500 OC and 3.5 mm IIg through a 

silica tube with contact time 235 ms to give hydrogen halides 

co.03 g), recovered 1,1-dichloro-trans-2,3-difluorocyclopropane 

(0.03 g, 5::) end the cis-isomer (trace), and, separated by 

preparative g.l.c., (4 m, S.E. 30, 20 "C); (i) Z-2,3-dichloro- 

1,3-difluoropropene (nc) (0.21 g, 29;0), b.p. 86 'C/760 mm IIg, 

'II n.m.r., d 48 HZ of d 1.6 I% at +7.2, d 77.6 Hz at +6.8 

p.p.n., equal intensities; 19 F n.m.r., d 48 ?iz of d 2.3 Hz 

at -58.3, d 77.6 Ez of d 2.3 Hz of d 1.6 Hz at -43.8 p.p.m., 

equal intensities; Analysis: Pound: C 24.2; H, 1.5; Cl, 

48.6; F, 25.C;:; PJ+, 146. C3H2F2C12 requires C, 24.4; Ii, 

1.4; Cl, 48.3; F, 25.86; I!, 146; (ii) Ij-2,3-dichloro-1,3- 

difluoropropene (nc) (0.31 g, 43$), b.p. 96 'C/760 mm iig, 

'H n.m.r., d 48 Hz of d 0.9 IIz at +6.7, d 76 9z of d 3 Hz 

at +7.4, equal intensities; "F n.m.r., d 48 Iiz of d 5.9 IIz 

of d 3 HZ at -52.2, d 77.6 Iiz of d 5.9 HZ of d G.9 Hz at 

-46.0, equal intensities; Analysis: Found: C, 24.2; II, 1.5%; 

r‘;+ 146; and (iii) trans-1,2-dichloro-3,7_difluoropropene 
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(C.@s,f, 5:"), b.p. L3 OS/76G mm I$ (lit. [II] b.p. 83 'C/76i' mm 
TT- ) A'& , :A n .c, . I-. t 55 ;-iz st 4.2, t 2 Hz at +6.5 p.p.m., equal 

inte-isit'e- I i ", 19>' n.m. I‘. d 55 1;:: of d 2 ,:z ;t -3c.3 i:.2.r. 

T::c ~ichlorc~ifl~~oropro~~cnes (i;.;L G, 4.0 z,rol) were 

refluxed ( 6 h) ;+ith dry ~~inet~l~~l.fo;lr.anli~e (2 CL: 3 ) :+nc zinc 

dust tc Live 1,3-difluoroallene (O.CCG {:, 27;.), identified 

by its i.r. [J] and mass sijectrn, and a mixture (C.37 g, 63:L) 

of dichlorodifluorooropenes Kit?. the ea,.e isomeric coiC;:ositiOn 

as the starti:i- -89 tericl. _ ~ AAL, 

Pyrolysis OS 1, I-Jichloro-trens-2,3-difluoro c;,iclo~;rogane 

over zinc 

l,l-Dichlor0-trans-2,3-diflu0rocyclo~~ro~~~ne (0.21 g, 

1 .o, rmol) w,s pgrolysed ov;r zinc wool at 4CG 'C and G.3 mr. Fig 

pressure y:ith contact time 1.94 s, to Live 3,3-diflucropropyne 

(0.01 g, 8;;), identified by its i.r. spectrum [19], red 

starting material (G.19 g, 91:;). 

Xeaction of allene i:ith 2,2,3-trifluoro-3-trifluoromethvloxiran 

Allene (4.6 z, 115 rz:ol) and 2,2,3-trifluoro-3-trifluoro- 

methyloxiran (6.3 g, 38 mnol) were kept in vacua in a 5 litre 

Pyrex b~LLb at 180 OC (6 h) to give a mixture (a.:> g) of allcne 

and trifluoroccetyl fluoride, I,1 -difluoro-2-metkylenecyclo- 

propane (1.63 g, 47;~)~ I-( difluoromethylene)cyclopropane 

(0.20 g, II;-), end 2,2,3,3-tetrafluor0sp~rOpentane (0.28 g, 

II::), identified by comparison with authentic samples [14]. 

1 ,I-Difluoro-2-r:ethylenecyclopro!:sne (0.31 g, 3.4 miiiol), 

after 3 h in vacua at 2GO OC in a 15 cm3 Pyrex tube, gave 

starting material (0.15 6, 4&) and I-(difluoromethylene)- 

cyclopropsne (0.15 g, 48%). A second sample (0.43 g, 4.8 mmol) 

in a 6 cm 3 Pyrex tube was extensively charred after 6 h at 

200 OC, and gave silicon tetrafluoride (C.lG g, 35$), starting 

material (0.03 g, 6$), end I-(difluoromethylene)cyclopropane 

(0.17 g, 40:;). 
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Reaction of fluoroallene ;rith trifluoro trichloromethyl silsne 

Irifluoro(trichloromethyl)silane (4.67 i;, 23.0 121201) 23d 

fluoroallene (1.34 t,, 23.C mr.01) vere kept in vacua in a 3 

litre Pyrex bulb at 140 OC (12 h) to give a mixture (2.81 6) 

Of cilicon halides IMid fluoroellene, 2 mixt_we Of g-1,1- 

dichloro-2-(fluoro.-zethylcne)cyclopropane (1) (0.39 g, 12$), 

Z-l,l-dichloro-2-(iluoromethylene)cyclopropane (2) (0.20 g, 

6:") , and 1 -fluoro-2-(dichloronethylene)cyclopropane (3) 

(G.25 e, &A), identified by their n.n.r. and mass spectra, and 

2,2,3,3-tetrachloro-4-fluorospiropentazne (nc) (4) (1.70 g, 66:" 

b.p. 67 OC/9 mm !ig, m.g. 20 OC; identified by its n.m.r. and 

mass spectra. Analysis: l?ound: C, 26.6; Ii, 1.4; F, 8.2; 81, 

63.6:;. C5E3FC14 requires C 26.8; 1-T, 1.3; F, 8.5; Cl. 63.4,:). 

N.m.r. parameters 

Compound 6‘H &!i, z;F 2J(HF) 4J(HH) 4J(HF) 

(I 1 +7.56 +2.23 -50.0 87.0 3. 3 7.0 

(2) +6.76 +2.25 -36.4 87.0 2.5 7.0 

(3)" +5.33 +I.86 -53.1 68.5 - - 

(4)"" +5.05 +1.92(A) -132.0 64.6 - - 

+1.67(B) 

), 

* J(U) 8.5H2 

**J(AB) 8.0, J(AX) 18.5, J(BX) 10.3, J(Q) 4.1, J(BP) 5.3Hz. 
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