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Cyclopropene Chemistry. Part 1. Preparation and Some Reactions of 
3,3-Dichloro-l ,2-bistrifluoromethyI- and 1,3- Dichloro-2,3-bistrif luoro- 
methyl-cyciopropene 

By J. Michael Birchall," Klaus Burger, Robert N. Haszeldine," and Shmaiel N. Nona, Department of 
Chemistry, University of Manchester Institute of Science and Technology, Manchester M60 1 QD 

Both the title compounds may be obtained from the reaction of dichlorocarbene [generated by thermal decom- 
position of trifluoro(trichloromethyl)silane] with hexafluorobut-2-yne ; the 3.3-dichloro-compound is isomerised 
to the 1,3-dichloro-isomer by heat, light, or chemical catalysis, but conditions are described for the preparation of 
either pure cyclopropene. Treatment of either isomer with antimony pentafluoride gives solutions containing the 
chlorobistrifluoromethylcyclopropenium ion. Both isomers undergo free-radical addition of halogens, but the slow 
reaction of the 1,3-dichloro-compound with trifluoromethyl radicals gives a mixture of products. Diels-Alder 
reactions of both cyclopropenes with cyclopentadiene or with furan are described, and the 3,3-dichloro-compound 
gives a high yield of ' ene '-reaction products with (E)-but-2-ene. 

ALTHOUGH the literature abounds with examples of the 
synthesis of gem-dihalogeno-cyclopropanes via the 
addition of carbenes to olefinic systems, relatively few 
examples have emerged of the corresponding synthesis 
of cyclopropenes by the direct addition of carbenes to 
acetylenes. Difluorocarbene, generated either from 
difluorotristrifluoromethylphosphorane at  100 "C or 
from epoxyhexafluoropropene at  185 oC,2 adds to hexa- 
fluorobut-2-yne to give 3,3-difluoro-l,2-bistrifluoro- 
methylcyclopropene in low yield, and low yields of 3,3- 
difluoro-l-perfluoroalkylcyclopropenes have been ob- 
tained by the thermolysis of trimethyltrifluoromethyltin 
a t  150 "C in the presence of (perfluoroalkyl) acetylenes.s 
Traditional routes to dichlorocarbene have also usually 
given poor results with acetylenes? but the development 
of trifluoro(trichloromethy1)silane as a convenient gas- 
phase source of this carbene suggested that better 
results could be achieved in this area. 

Preparation of the Cyc1opropenes.-Reaction of tri- 
fluoro(trichloromethy1)silane with a six-fold excess of 
hexafluorobut-2-yne (total pressure ca. 2 atm) at 180 "C 
during 24 h gives two products, identified as 3,3-dichloro- 
1,2-bistrifluoromethylcyclopropene (1) (40 yo yield after 
purification) and its 1,3-dichloro-isomer (2) (9%). Both 
products show distinctive cyclopropene double-bond 

kC1 + YF3 .. 

absorption in the 5.3 pm region [(1), 5.27; (2), 5.37 pm; 
c f. 3,3-difluoro- 1,2-bistrifluoromet h ylcyclopropene, 5.49 ; 
3-chlorotristrifluoromethylcyclopropene,6 5.29 pm] and 
the expected parent ions in their mass spectra; the base 
peak in both cases arises from loss of a chlorine atom (pre- 
sumably from the allylic position in the unsymmetrical 
isomer (2)]. The 19F n.m.r. spectrum of the gem- 
dichloro-compound (1) shows only a singlet at 8~ 14.8 
whereas the isomer (2) shows quartets at 8~ 16.0 (' vinylic ' 
CF,) and 4.8 (' allylic ' CF,), with J ca. 0.8 Hz. 

The unsymmetrical dichloro-compound (2) is pro- 
duced under a variety of conditions by rearrangement of 
the symmetrical isomer (1) (see below), and its formation 
during the reaction of hexafluorobutyne with dichloro- 
carbene is probably facilitated by the initial formation of 
the expected adduct (1) in a ' chemically activated ' 
condition. The effect of ' chemical activation ' may be 
controlled, as in the reaction of dichlorocarbene with 
tetrafl~oroethylene,~ by the use of increased reaction 
pressure and lower temperatures, and at ca. 6.5 atm and 
140 "C reaction between the butyne and the silane yields 
only the symmetrical cyclopropene (1) in excellent yield 
(93 yo). Although the two cyclopropenes are separable 
by careful fractionation or by preparative g.l.c., both 
these procedures are inefficient, and control of the reac- 
tion to give a single product is therefore highly desirable. 
The pure unsymmetrical isomer (2) may be obtained 
quantitatively from the symmetrical compound (1) 
either by the action of heat (250 "C for 24 h) or by 
catalysis with aluminium chloride or antimony penta- 
chloride at  room temperature or below ; irradiation with 
ultraviolet light appears to lead to only partial conver- 
sion of (1) into (2). 

The Cyclopropenz'um lon.-No evidence for the 
formation of a cyclopropenium ion 8 9 9  was obtained when 
either of the cyclopropenes was treated with aluminium 
chloride or antimony pentachloride in liquid sulphur 
dioxide under conditions which result in the formation of 
trjchlorocyclopropenium ion from tetrachlorocyclopro- 
pene.* Attempts to ' trap ' the cation by treatment of 
the symmetrical cyclopropene (1  ) with aluminium 
chloride in benzene led onlv to isomerisation to (2), and a 
slower isomerisation occurred in the presence of boron 
trichloride or boron trifluoride in sulphur dioxide. An 
excess of aluminium bromide also catalyses the rearrange- 
ment of (1) but results in some bromine-chlorine ex- 
change ; traces of the bromochloro-compounds (4a and 
b) are probably formed. 

The fact that the presence of trifluoroinethyl groups 
discourages cyclopropenium ion format ion is not sur- 
prising, and the successful isolation of such ions as stable 
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salts is known to depend heavily 0x1 the nature of the 
counter ion.8 The powerful Lewis acid, antimony 
pentafluoride in sulphur dioxide, does convert both 
cyclopropenes [( 1) and (2)] virtually quantitatively into 
chlorobistrifluoroniethylcyclopropenium salts, although 
with the unsymmetrical isomer (2) some evidence for 
equilibration andlor fluorine-chlorine exchange was also 
apparent in the 19F n.m.r. spectrum. Solid salts of the 
cyclopropenium ion (3) have not been obtained in an 

a; X =Br, Y = CI 
b; X = C I ,  Y = Br 

analytically pure condition, but the lYF n.m.r. spectrum 
of the cyclopropene (1) in sulphur dioxide containing 
antimony pentafluoride shows only a sharp singlet at  
8F 18.0, assigned to the trifluoromethyl groups in the ion 
(3), and a broad band centred on SF -34.0, attributed to 
SbF, and SbF,Cl- absorptions. The relatively small 
downfield shift of the CF,, groups is consistent with 
indirect attachment of the fluorine atoms to the threc- 
membered ring. Further support for the formation of 
the cation comes from its i.r. spectrum in antimony penta- 
fluoride, which shows characteristic bands at 5.42 and 
7.02 !I-m ( c j .  ref. 8). The unsymmetrical cyclopropene (2) 
gives so\utions of the ion (3) which show broad absorption 
in the 8F 18 region of the 19F spectrum, possibly reflecting 
the lower reactivity of the unsymmetrical compound (2) 
relative to  its isomer (1) (see below). 

Attempts to obtain chemical evidence for the presence 
of the ion (3) have been unsuccessful. In  each case, the 
ion (3) was obtained from the symmetrical cyclopropene 
(1) and antimony pentafluoride, but reaction of the 
solution (in SO.,) with water gave only an unidentified 
mixture ; none of the anticipated bistrifluoromethyl- 
cyclopropenone was found. Reactions with aromatic 
substrates (benzene, anisole, or p-xylene) lo also failed to 
give significant yields of tractable products and i t  ap- 
peared that the main reactions occurring in these systems 
involved polymerisation of the arene under the influence 
of the Lewis acid. 

It is tempting to suggest that rearrangement of the 
symmetrical (1) to  the unsymmetrical (2) cycloproperie, 
particularly when it is catalysed by Lewis acids, does 
proceed through the cyclopropenium ion (3) as an 
intermediate. However, i t  seems unlikely that the ion 
(3) is formed during thermal (vapour phase) or plioto- 
chemical isomerisation of the cyclopropene. Further- 
more, the symmetrical cyclopropene (1) is slowly isonier- 
ised to  (2) when it  is kept in contact with pure water at  
room temperature (slow hydrolysis also occurs) and, 
rather surprisingly, at a greater rate in contact with 
ethereal solvents.21 The most attractive mechanism 

for all these reactions involves a transition state of type 
(5 ) ,  in which the negative charge on the migrating chlor- 
ine may be stabilised by co-ordination to  a Lewis acid, 
or the positive character of the ring may be reduced by 
co-ordination to a saturated oxygen atom. The driving 
force for the rearrangement must be the greater thermo- 
dynamic stability of the unsymmetrical isomer (2) (now 
known to be less reactive than the symmetrical com- 
pound towards a wide variety of reagents), but only 
tentative explanations for this could be advanced at  
present. 

Addition Reactiom.-Despite the apparent steric 
congestion of the products, the 3,3-dichlorocyclopro- 
pene (1)  reacts with bromine in the dark, giving both the 
cis- and the twts-adduct [(sa) : (6b) = 1.0 : 4.6 at room 

a; W = X = C I ,  V = Y = B r ,  Z = C F 3  
b; W = X  = CI, V = Z = B r ,  Y = CF3 
c ;  V = W = C I ,  X=Y=Br ,  Z = C F 3  
d; V C X  = C I ,  W=Y=Br,  Z = C F J  
e; V = X  = Cl, W = Z = B r ,  Y = CF3 
f ;  V = W = C I ,  X = Z = B r  Y =CF3 cF3 

( 6 )  

ternperature, 1.0 : 3.0 at 70 "C]. This result is consistent 
with a free-radical mechanism, in which the preferred, less 
congested product (6b) is formed by approach of the 
bromine molecule from the more hindered side of the 
intermediate (7). Reaction of the unsymmetrical cyclo- 

(7)  

propene (2) with bromine at  70 "C is more complicated 
and leads to a mixture of four dibronio-compounds 
(6c-f) ; only the stereocheniical relationships between 
the trifluoromethyl groups are clear from the lSF n.m.r. 
spectrum of the mixture (Jcis-GF,,CF, ca. 14.3 ; ,Jlrans- 

CF,,CF, 0 Hz), but these together with steric arguments 
give a product ratio of (6) c : d : e : f == 4.0 : 2.2 : 1.1 : 1 .0  
(initial attack by a bromine atom at the end oi the double 
bond which carries the CF, group is assurned).l2 

Because of the tendency of the syrnmArical cyclo- 
propene (1) to  rearrange under the anticipated conditions, 
the susceptibility of the cyclopropene system to attack by 
trifluoromethyl radicals was investigated with the un- 
symmetrical isomer (2). However, no significant reac- 
tion occurred when this compound was heated with a 
threefold excess of trifluoroiodomethane at  240 "C €or 
40 h. Repetition of this experiment in the presence of 
mercury (to ahsorb the iodine atoini) led to 33% con- 
version into a complex mixture, the main componnnts of 
which were identified bv i.r.-mass spectrometry as com- 
pounds (8b--(ll) (Scheme 1) [yields basEd on cyclopro- 
pene (2) transiormed] ; the scheme provides a reasonable 
rationalisation of the main reaction pathways involved. 

Under photochemical conditions, this reaction takes a 
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rather different route. In the absence of mercury, 
irradiation of the cyclopropene (2) and trifluoroiodo- 
methane results in slow conversion into the symmetrical 
cycloyropene (I) ,  almost all the iodo-conipound being 

0 

ZCF,I +- Hg ---+ ZCF3 t HgI, 

(9) (5'ld (10) (15%) (11) (6%) 

SCHEME 1 

recovered. In the presence of mercury, the main pro- 
ducts are hexakistrifluoromethylcyclopropane, 1-chloro- 
tristrifluoromethylcyclopropene (8), and tetrakistrifluoro- 
methylallene (13), in ratios which depend upon the 
period of the irradiation; the allene may be formed by 
isomerisation (not necessarily by a concerted mechanism) 
of tetrakistrifluoromettiylcyclopropene (12), none of 
which was detected among the products. Attempts to 
produce a cleaner reaction by irradiation of a mixture of 

the cyclopropenc (2) and hexafluoroacetone have been 
unsuccessful ; little of the hexafluoroacetone decomposed 
during 96 h, but most of the cyclopropene was converted 
into involatile products and the only tractable product 
identified was a trace of the allene (13). 

The strained, electron-deficient, double bonds in both 
the dichlorocyclopropenes [( 1) and (2\] are dienophilic 
(cf. refs. 2 and 13), and both isomers react with cyclo- 
pentadiene or with furan at  room temperature. Reac- 
tion of the symmetrical compound (1) with cyclopenta- 
diene gives only one product (95% yield), unlike the 
related reaction of 3,3-difluorobistrifluoromethylcyclo- 
propene.2 The assignment of definite geometries to the 
products from the reaction of the 3,3-diflur>ro-compound 
with cyclopentadiene proved difficult, even with ad- 
ditional help from the 19F n.m.r. absoiption of the gein- 
difluoro-group,29 and in the present case, identification 
of the product as the endo-isomer (14) is only tentative; 

the endo-isomer seems more probable on steric grounds 
arid the lH n.m.r. bands fit more closely with the neces- 
sary revised assignments for the endo-<em-difluoro- 
compound (1 5)  .29 l4 The unsymmetrical dichlorocyclo- 
propene (2) gives three adducts with cyclopentadiene at  
room temperature, and the i.r., n.m.r., and mass spectra 
of the mixture are consistent with the presence of com- 
pounds (16)- (18) ; all the trifluoromethyl groups show 
distinct quartets in the n.m.r. spectrum (-7 ca. 15 Hz), 
indicating that only isomers with these groups c i s  to one 
another are formed l5 Formation of the bicyclo- 
compound (18) by concerted rearrangement of either of 

CI-CI F-F 

&CF3 

I CF3 
C l  

A 
(17) 

the initial adducts r(l6) or (17)] is allowed by the Wood- 
ward-Hoffmann rules, but adducts with trans-trifluoro- 
methyl groups could give the rearranged compound (18) 
only by a stepwise or symmetry-forbidden process; i t  
therefore seems improbable that such adducts are formed 
at all during the reaction. 

Although it  is usually assumed, largely on steric 
grounds, that cyclopropenes react with furan to give 
e n d o - a d d ~ c t s , ~ . ~ ~  the n.m.r. spectra of the products from 
both the .cyclopropenes used here [ ( l )  and (2)] and furan 
seem to favour exo-stereochemistry. Each reaction 
gives only one product at  room temperature [75% yield 
from (1) or 287:, in a more sluggish reaction from (2)]. 
The singlet olefinic proton absorption (6H 6.92) in the 
1i.m.r. spectrum of the product (19) from the symmetrical 
cyclopropene (1) has a width at half-height of 6.5 Hz, 
whilst for the bridgehead protons (6H 5.25) the value is 
only 4.2 Hz. The most likely explanation for this lies in 
a weak long-range coupling between endo-trifluoromethyl 
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groups and the olefinic protons; em-trifluorometh yl 
groups would be expected to  couple more strongly t o  the 
bridgehead protons. 

Stronger evidence exists for the structure (20) of the 
product from the unsymmetrical cyclopropene (2) and 
furan. lH Double-resonance experiments suggest that  
one of the olefinic protons (H-7) and a bridgehead proton 
(H-1) are coupled to the tertiary trifluoromethyl group 

0 0 

C I  I CF3 
CF3 

(a). Furthermore, this coupling is 
olefinic proton and only cn. 1.0 Hz 
proton ; only an exo-configuration, 
methyl group (a) in the endo-p~sition 

(20) 

ca. 2.4 Hz for the 
for the bridgehead 
with the trifluoro- 
can lead to  such an 

observation. R."olecular models suggest that  in the en,do- 
isomer, the trifluoromethyl-group (a) is very much closer 
to the bridgehead proton (H-I) than to the olefinic 
proton (H-7). Further support for the em-configuration 
comes from the I9F spectrum, which shows the quartet 
absorption of the tertiary trifluoromethyl group (a) to be 
further coupled. 

HTH Me 

.# H 
p 2  

Me 

1 

SCHEME 2 

In comparison with the Diels-Alder reaction of cyclo- 
propenes, the related ' ene ' reaction appears to have been 
rather neglected although cyclopropene itself apparently 
dimerises via a reaction of this type.16 During the 
present work, the reaction of equimolar proportions of 
3,3-dichloro- 1,2-bistriAuoronie t hylc yclopropene ( 1) and 

(E)-but-2-ene at  80 "C for 110 h gave a high.yield of two 
products, which showed remarkably similar spectro- 
scopic properties following separation by preparative 
g.1.c. The expected ' ene ' reaction produces a product 
with three new chiral centres, although the relationship 
between the two produced in the three-membered ring is 
fixed by the cis-nature of the additi01i.l~ The isolated 
products are therefore believed to be diastereoisomers (1 1) 
and (la) resulting from the two possible stereochemical 
approaches of the enophilic cyclopropene ; the major 
product (567; yield) would be expected to be the result 
of the ' pseudo-cxo ' approach (21) since the bulky chlorine 
atoms seem likely to interfere with the ' pseudo-endo ' 
approach necessary for the formation of the other isomer 
(22) (30%). The spectra of the two adducts are consis- 
tent with the structures proposed but do not clarify the 
stereoisomerism. Further work on reactions in this 
category is in progress. 

EXPERIMENTAL 

1.r. spectra were recorded on a Perkin-Elmer model 257 
or 62 1 grating spectrometer, fitted with sodium chloride 
optics. N.m.r. spectra were recorded on a Perkin-Elmer 
model R10 or Varian HA-100 high resolution spectrometer; 
the former instrument operated at 60 MHz for lH or at 
56.46 MHz for 19F spectra and the latter a t  100 MHz or 
94.1 MHz, respectively. Chemical shifts (6)  are quoted 
relative to external tetramethylsilane for lH or external 
trifluoroacetic acid for l9F nuclei and are positive to low 
field of the reference in each case; the solvent for solid 
specimens was carbon tetrachloride. Mass spectra were 
recorded on an A.E.I. model MS 902 instrument. 

G.1.c. columns were of 0.4-cm i.d. stainless steel or copper 
tubing, packed with Celite (Johns-Manville 545) coated with 
30% w/w of the stationary phase; the carrier gas was nitro- 
gen. Molecular weights were determined by Regnault's 
method unless otherwise stated. 

Preparation of 3,S-Dichloro- 1,2-bistrzfEuorornethylcy~Zo~ro- 
pene.-(a) At ca. 2 atm. Hexafluorobut-2-yne (40.0 g, 247 
mmol) and trifluoro(trichloromethy1)silane (7.25 g, 35.6 
mmol) were sealed in V ~ C U O  in a 5-1 flask and kept a t  180 "C 
for 24 h. The volatile products were distilled in  zlacuo, and 
the fraction condensing a t  -78 "C (4.90 g; M 241) was 
separated by g.1.c. (7 m Silicone MS 550;  room temperature) 
(distillation through a spinning-band column was also 
effective) to give 3,S-dichloro- 1,2-bistr~fEuoromethyZcyclo- 
propene (3.51 g, 40%) (Found: C, 24.5. C5CI2F, requires C, 
24.5y0), M 245, b.p. (isoteniscope) 52.7 "C a t  760 mmHg, 
L, 3 1.49 k J mol-l, and 1,3-dichloro-2,3-bistrifluoromethyl- 
cyclopropene (0.80 g, 9%). The fraction condensing a t  
-196 "C from the reaction was shown (i.r.) to consist of 
hexafluorobutyne and the usual mixture of silanes produced 
by decomposition of the carbene p recu r~or .~  Both dichloro- 
cyclopropenes were shown to contain two chlorine atoms by 
mass spectrometry [Found: M (3sCl) 2441 and showed 
major fragmentation patterns dominated by loss of an 
allylic chlorine atom. The 3,3-dichloro-compound showed 
A,,,,. (vapour) 5.27, 7.64, 7.82, 8.07, 8.38, 8.62, 9.26, 9.51, 
9.73, 11.05, 11.90, 12.30, 12.60, 12.96, and 14.22pm. 

Hexafluorobut-2-yne (6.32 g, 39.0 
mmol) and trifluoro(trichloromethy1)silane (1.83 g, 8.90 
mmol), sealed in vacuo in a 250-cm3 Pyrex tube for 12 h a t  

(b) A t  ca. 6.5 atm. 
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140 "C, gave a fraction condensing a t  -78 "C consisting of 
pure (g.l.c., n.m.r.) 3,3-dichloro- 1,2-bistrifluoroniethyl- 
cyclopropene (2.04 g, 93Oj,), &I 244. 

Rearrangenlent of the 3,3-Dichlwocyclopropene.-(a) Ther- 
mal. 3,3-Dichloro-l,2-bistrifluoromethylcyclopropene (0.72 
g), heated in vacuo in a sealed 30-cm3 tube a t  250 "C for 24 h, 
gave a -78 "C fraction consisting of pure (g.1.c.) 1,3- 
dichlor0-2,3-bistriflt~oronzetlzyZcy~lopropene (0. 7 1 g, 990/, j 
(Found: C, 24.4"h); n/r 243, b.p. (isoteniscope) 61.4 "C a t  
760 mmHg, L, 31.52 kJ mol-1, A,,,,,. 5.37, 7.63, 7.82, 8.26, 
8.30, 8.45, 9.60, 11.04, 12.61, 12.98, 13.25, 13.90, and 14.24 
pm-  

The 3,3-dichlorocyclopropene ( 1.50 g, 
6.13 mmol), sealed in vacuo in a 30-cm3 silica tube, was 
shaken and irradiated with light from a Hanovia U.V.S. 
500-\IT lamp (12 cm distant) for 48 h. Fractionation in 
vu.cuo gave a fraction condensing a t  -78 "C, shown (g.l.c., 
i.r., n.m.r.) to consist of starting material (0.93 g, 62%) and 

(b) Photochmzical. 

(1)  
(mmol) 

5.27 
1 .oo 
4.53 
4.08 
2.70 
2.43 
0.50 
4.00 

12.78 

sulphur dioxide (5 vol.) were sealed in vucuo in a thick- 
walled n.m.r. tube. Some precipitate appeared when the 
mixture was allowed to warm to room temperature, but i t  
dissolved on shaking (CARE!). The resulting red-brown 
solution was shown by its I9F n.m.r. spectrum (see above) to 
contain chlorobistrifluoromethylcyclopropenium chloro- 
pentafluoroantimonate as the only organic compound. 

(ii) The cyclopropene ( I )  (0.865 g, 3.53 mmol) was slowly 
introduced, via a syringe, into a flask equipped with a serum 
cap and containing freshly distilled antimony pentafluoride 
(1.585 g, 7.34 mmol). The resulting exothermic reaction 
gave a red-brown solution, a drop of which was placed 
between two sodium chloride plates and protected from 
moisture by a film of Silicone grease. The i.r. spectrum 
thus obtained showed the disappearance of the absorption a t  
5.27 pm (C=C stretching) and the appearance of characteris- 
tic cyclopropenium bands 8 a t  5.42 and 7.02 pm. 

Freshly distilled (b) From the 1,3-dichlorocyclo~ro~ene. 

Rearrangement of the 3,3-dichlorocyclopropene (1) 
Starting materials 

* 
Lewis acid 

(mmol) 
BF, (5.24) 
BCl, (1.00) 
AlCl, (7.26) 
A1C1, (3.80) 
AlCl, (2.55) 
Sbc& (3.33) 
SbCl, (1.00) 
SbC1, (3.20) 
SbF, (6.95) 

Products 

Others 
(mmol) 

SO, (24.2) 
SO, (4.00) 

SO, (16.10) 
c6136 (6.41) 

SO, (5.00) 
C,H, (9.36) 
so, (4.53) 

Time/ (1) 
h (mmol) 

120 4.53 
24 0.92 
48 
60 
48 
48 

76 
1 

c 

(2) 
(mmol) 

0.37 
0.08 a 
4.45 
3.88 
2.65 
2.37 

3.92 b 
6.98 

c 

7 

0 thers 
(mmol) 

C6H, (8.98) 
Involatile e 

0 Carried out in standard n.m.r. tube; analysis only by n.m.r. b Contaminated with some benzene; amounts estimated by g.1.c. 
c I n  n.m.r. tube: reactants kept initially at - 78 "C for 30 min then examined by variable-temperature leF n.m.r., starting at - 70 "C; 
reaction began a t  -40 "C and was complete at - 30 "C, no components other than cyclopropenes being detected. Freshly distilled 
in Pyrex under nitrogen. e A brown liquid, probably impure cyclopropenium salt (ca. 2.9 g), which failed to crystallise when kept. 

its unsymmetrical isomer (0.37 g, 25"/0 conversion). The 
involatile residue (0.16 g) (Found: C, 22.5; F, 43.9%) was 
unidentified. 

(c) With Lewis acids. These experiments (Table) were 
conducted, except where otherwise stated, in vaczio in sealed 
tubes (25-30 cm3) kept a t  room temperature (15-20 "C). 
The products were distilled in vucuo and the - 78 "C fraction, 
which contained the cyclopropenes, was analysed by g.l.c., 
i.r. and 19F n.ni.r. spectroscopy, and molecular-weight 
determination. 

Reaction of the 3,3-Dichlorocyclopropene with Aluminium 
Bromide.-The cyclopropene (0.65 g, 2.65 mmol) and an- 
hydrous aluminium bromide (0.96 g, 3.60 mmol) were 
sealed i n  vacuo in a 10-cm3 tube and shaken a t  room temp- 
erature for 110 h .  The resulting -78 "C fraction was 
shown by 19F n.m.r. to contain four components, identified 
by their chemical shifts as starting material (0.20 g, 31% 
recovery), the unsymmetrical cyclopropene (2) L0.40 g, 89% 
based on ( 1) transformed], 3-bromo-2-chloro- 1,3-bistrifluoro- 
methylcyclopropene (0.04 g, 9%), showing poorly resolved 
quartets a t  8~ 5.4 and 15.7 ( J  Ga. 0.8 Hz), and 2-bromo-3- 
chloro- 1,3-bistrifluoromethylcyclopropene (0.007 g, 2:/0 j ,  
having absorption a t  B F  3.14 and 16.6. The i.r. spectrum of 
the mixture showed C-Br stretching bands a t  15.55 and 
17.10 pm, and the presence of the bromochloro-compounds 
was also confirmed by a parent peak at wz/e 288 in the mass 
spectrum (C,BrClF, requires M ,  288).  

The  Cyclopropenium I092 (3) .-(a) From the 3,3-dichloro- 
cyclopropene. (i) Freshly distilled antimony pentafluoride 
(1 vol., GU. 0.1 cm3), the cyclopropene (1) (0.5 vol.), and 

antimony pentafluoride (1 vol., ca. 0.1 cm3), the cyclopro- 
pene (2) (0.5 vol.), and sulphur dioxide (5  vol.), sealed in a 
thick-walled n.m.r. tube, gave a 19F spectrum which showed 
chlorobistrifluoromethylcyclopropenium chloropentafluoro- 
antimonate to be the major organic component (see above). 
The other components (total ca. 5%) gave absorption a t  8F 
17.0 and 17.7. 

Bromination of the Cyc1opropenes.-(a) T h e  3,3-dichlo~o- 
compound. The cyclopropene (1) (0.73 g, 2.98 mmol) and 
bromine (0.74 g, 4.63 mmol) were sealed in vacuo in a 
60-cm3 tube and kept a t  70 "C for 16 h. Removal of the 
volatile materials in vacua then left a white crystalline resi- 
due, which sublimed to give cis/trans-1,2-dibromo-3,3- 
dichloro- 1,2-bistrifluoromethylcycIopropane (Found : C, 
14.9. C5Br2C12F6 requires C, 14.8y0), ' m.p. 49-52 "C; 
attempts to separate the isomers by g.1.c. (10 m Poly- 
ethyleneglycol adipate, 100 "C) were unsuccessful. The i.r. 
spectrum showed the disappearance of the C=C absorption 
a t  5.27 pm, and the 19F n.m.r. spectrum showed only two 
singlets (intensity ratio 1.0:  3.0) a t  8~ 22.7 and 20.0, 
assigned to CF, absorption in the cis- and trans-isomers, 
respectively. The mass spectrum showed no parent ion, 
but the breakdown pattern was in agreement with the 
structure proposed; peaks a t  m / e  323, 325, 327, and 329 in 
the correct isotopic ratio of 3 :  7 :  5 :  1 indicated the 
presence of the ion C,BrCIF,+, and the base peak a t  wile 209 
was assigned to the cyclopropenium ion, C,ClF,+. Kepeti- 
tion of the experiment a t  room temperature for 48 h gave 
the same products in a cis : trans ratio of 1.0 : 4.6. 

(b) T h e  1,3-dichloro-compound. The cyclopropene (2) 
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(0.31 g, 1.27 mmol) and bromine (0.35 g, 2.19 mmol) were 
heated in a sealed tube in vacuo a t  70 "C for 16 h. Removal 
of volatile material left a white crystalline residue, sublim- 
ation of which yielded a mixture of 1,3-dibromo-2, 3- 
dichloro-l,2-bistrifluoromethylcyclopropanes (0.25 g, 49:;) 
(Found: C, 14.5o/b), m.p. 42-44 "C. The i.r. spectrum 
showed no unsaturation and the mass spectrum was similar 
to that of the products from the 3,3-dichlorocyclopropene ; 
the lgF n.m.r. spectrum showed bands a t  BF 22.6 and 19.9 
(q, J 14.3 Hz) (6d), 21.8 and 19.2 (9, J 14.3 Hz) (6c), 20.9 
and 16.5 (s) (Be), and 20.4 and 17.4 (s) (6f) with relative 
intensities 2.2 : 4.0 : 1.1 : 1.0, respectively. 

Reaction of the l13-Dichlorocyclopropene witla Trifluoro- 
iodomethane.-(a) Thermally, with mercury. The cyclo- 
propene (2) (1.86 g, 7.59 mmol), trifluoroiodomethane (4.31 
g, 22.0 mmol), and mercury (3 crn,), sealed in vacuo in a 
250-cm3 tube, were kept a t  240 "C for 40 h. The resulting 
-78 "C fraction (1.91 g) showed ten peaks on g.1.c. (2 m 
Silicone SE-30, 60 "C), and further examination by i.r.- 
g.1.c. (10 m Silicone SE-30, 100 "C) and mass spectrometry- 
g.1.c. (4.5 m Silicone SE-30, 60 "C) resulted in the identifi- 
cation of : (i) 2-chloro- 1,3,3-tristrifluoromethylcyclopropene 
(8) C0.38 g ,  54% based on (2) consumed]; (ii) 2-chloro-3- 
(difluoromethylene) - 1 , 1 , 2-tristrifiuoromethylcyclopropane 
(9) (0.04 g, 5%); (iii) starting material (2)  (1.24 g, 677; 
recovery) ; (iv) chloropentakistriff uoromethylcyclopropane 
(1 1) (0.05 g, 6%) ; and (v) 1,2-dichlorotetrakistrif€uoro- 
methylcyclopropane ( 10) (stereochemistry unknown) (0.13 
g, 15%). The fraction condensing a t  - 196 "C (2.61 g) was 
shown by i.r. spectroscopy to be mainly trifluoroiodome- 
thane containing a trace of hexaff uoroethane. Compound 
(8) showed Amax. 5.30 pm (C=C stretching) and a strong 
absorption region a t  7.60-8.50 pm (C-F stretching) ; na/e 
278 (M', loo%),  259 ( M +  - F, 95), 243 ( M +  -- C150), and 
69 (CF,, 69). Compound (9) showed A,,,,,. 5.70 ( G C  str) 
and 7.30-8.60 pm (C-F str) ; fn/e 328 ( I l l+ ,  90%) 309 ( M +  - 
F, 95), 293 ( M +  - C1, 95), 259 ( M +  - CF,, loo), and 69 
(CF,, 30). Compound (1 1) showed 7.60-8.70 pm (C-F 
str) ; m/e (416 (M+, SO./b), 397 ( M f  - F, lo),  381 ( M +  - C1, 
2), 347 (M+ - CF,, 50), and 69 (CF,, 100). Compound (10) 
showed A,,,, 7.70-8.60 pm (C-F str); nz/e 382 (iW+, 250/:,), 

and 69 (CF,, 100). 
The cyclopropene 

(2) (1.20 g, 4.90 mmol) and trifluoroiodomethane (2.61 g, 
13.25 mmol), sealed in vacuo in a 60-c1n3 silica tube, were 
irradiated with a Hanovia U.V.S. 500-\V lamp (10 cm 
distant) for 135 h. The fraction condensing a t  - i 8  "C 
(1.20 g) contained two components, identified by i.r.-g.1.c. 
( 3  m Silicone SE-30, 70 "C) as the 3,3-diclilorocyclopropene 
(1) (0.12 g, loo/,) and starting material (1.08 g, 900/). The 
fraction condensing a t  - 196 "C (2.51 g) was trifluoroiodo- 
methane with a trace of hexaffuoroethane. 

The cyclopropene (2) 
(1.16 g ,  4.74 mmol), trifiuoroiodomethane (2.88 g, 14.70 
mmol), and mercury (5 cm3), irradiated as above for 175 h, 
gave a fraction condensing a t  - 78 "C (1.22 g) .  Analysis of 
this by i.r.-g.1.c. and mass spectrometry-g.1.c. showed the 
four major components to be ( i )  tetrakistrifluoromethyl- 
allene [0.09 g, 17% based on (2) transformed1,ls (ii) hexa- 
kistrifluoromethylcyclopropane (0.41 g,  5 3 O / , ) ,  (iii) Z-chloro- 
tristrifluoromethylcyclopropene (0.085 g, 18%), and (iv) 
starting material (2)  (0.75 g, 65%). The hesakistrifluoro- 
methylcyclopropane showed A,,,,,. 7.70-9.00 pni (C-F str) ; 
nz/e 450 (AT+,  small), 381 (Illt - CF,, 20:/,), 343 ( M '  -- 

363 (M' - F, 25), 347 (&Z+ - C1,12), 313 (A4 +-  CF3, loo), 

(b) Photochewtically, without mercury. 

(c) Photochemically, with mercuvy. 

C,F5, 32), 293 (M' - C,F,, 27), and 69 (CF,, 100). Repeti- 
tion of this reaction for 42.5 and for 116 h gave the same 
products in the molar ratios (i) : (ii) : (iii) : (iv) of 4 : 5 : 7 : 84 
and 14 : 11 : 12 : 63, respectively. 

Diels-Alder Reactions.-(a) With cyclopentadzene. (2) 

The 3,3-dichlorocyclopropene (1) (0.79 g, 3.22 mmol) and 
freshly distilled cyclopentadiene (0.24 g, 3.63 mmol) were 
sealed in vaeuo in a 10-cm3 tube and kept a t  room tempera- 
ture for 16 h. Removal of the volatile materials in vacwo 
left a white crystalline solid, which on sublimation gave 
endo- 3,3-dichloro- 2,4-bzstrifEu0romet~~~ltric~~cZo i3.2.1, 02* 4] oct- 
6-ene (14) (0.95 g, 95%) (Found: C, 38.9; H, 2.2. C,,H6- 
C1,F6 requires C, 38.6; H, 1.9yo), m.p. 78 "C, 6.23br 
(H-6 and -7), 3.66br (H-1 and -9, 2.26 (syn-H-8), and 
1.86 (AB system, J A ~  8.0 Hz, bridge protons) [cf. the gem- 
difluoro-compound (15), which shows bands a t  s= 6.27, 
3.57, 2.36, and 1.84; its exo-isomer absorbs a t  BE 6.72, 3.57, 
2.01, and 1.151; 3914 8~ 20.43 (s), 7.22, 7.45, 7.66, 7.80, 
7.91, 7.97, 8.20, 8.44, 8.64, 8.73, and 14.70p1-11, ?n/e 310 (ill') 
with appropriate (Mi- + 2) and (LW+ + 4) peaks for two 
chlorine atoms. No structural change was detected when 
the adduct was kept a t  room temperature for 3 months. 

(22) The 1,3-dichlorocyclopropene (2) (0.81 g, 3.27 mmol) 
and cyclopentadiene (0.25 g, 3.79 mmol) were kept in a 
sealed tube at room temperature for 20 h. Removal of the 
volatile products left a liquid, shown by g.1.c. (2 m Silicone 
SE-30, 140 "C) and n.1n.r. spectroscopy to consist of endo- 
2,3-dichloro-3,4-bis'irifluoromethyltricyc10[3.2.1. 02* 4]o~t-G- 
ene (16) (0.65 g, 650,6), the exo-isomer (17) (0.095 g, S o d ) ,  and 
4,4-dichloro-2,3-bistrifluoromethylbicyclo[ 3.2.l]octa-2,6- 
diene (18) (0.10 g, 10:;) (Found: C, 38.9; H, 2.0%). The 
endo-structure is assigned to the major product mainly by 
analogy with the reaction of the symmetrical cyclopropene 
[paragraph (i)j ; its 19F spectrum showed B F  23.iO and 14.50 
(each q, J 15.7 Hz). The exo-isomer showed SF 20.20 and 
10.35 (each q, J 14.9 Hz), and the diene (18) showed 8,,, 
21.20 and 20.20 (each q, J 14.9 Hz). The i.r., lH n.m.r., 
and mass spectra were consistent with the presence of this 
mixture of isomers, but the assignment of bands to particu- 
lar structures was not possible. 

(b) With furan. (i) The 3,3-dichlorocyclopropene (0.40 g, 
1.63 mmol) and furan (0.12 g, 1.77 mmol), kept in a sealed 
tube a t  room temperature for 16 h, yielded a white crystal- 
line residue which sublimed to give e~o-3,3-dicizlovo-L?, 4- 
bistr~~uoromet~~yl-8-oxat~~cycZo[3.2.  1.02*4]oct-6-ene (19) (0.40 
g, 780/6) (Found: C, 34.2; H, 1.4. C,H,CI,F,O requires C .  
34.5; H, 1.3:/,), m.p. 60 "C, BE 6.92 ( W g  6.5 Hz, H-6 and -7)  
and 5.25 ( W ,  4.2 Hz, H-1 and -51, B p  22.70 (s, IVi 3.6 Hz), 
A,,,,. 7.16, 7.66, 7.73, 7.96, 8.08, 8.47, 8.73, 9.02, 9.80, 9.94, 
10.56, 10.96, 11.09, 12.50, 13.55, 13.75, 14.53, and15.80pm; 
the mass spectrum showed no parent ion, but there was a. 
weak (M+ - H)  peak a t  m/e 311, and the spectrum was 
fully consistent with the proposed structure. 

(ii) The 1,3-dichlorocyclopropene (0.82 g, 3.35 nimol) and 
furan (0.204 g, 3.00 mmol), kept for 50 h a t  room tempera- 
ture, gave exo-3,4-dichloro-2,3-bistri~uoromet hyl-8-oxatri- 
cycl0[3.2.I.~~~~]oct-6-ene (20) (0.26 g, 28'3,) (Found: C ,  34.5; 
H, 1.4; F, 36.4. C,H4C1,F60 requires C, 34.5; H, 1.3; 
F, 36.4o;b), n1.p. 46 "C (sublimation). The olefinic IH n.m r. 
absorption was an AB svstem with further splitting; 8 ~ :  7.11 

J,.(a) 2.4 Hz, H-7), 5.26 (in, H-5), and 5.15 [m, shown by 
double resonance to be coupling to the CF, group (a) with 
J ca. 1.0 Hz, H-11; 8~ 23.8 (q, a-CF,) and 12.5 (q, b-CF,) 

(dtl, J 6 , ,  5.0, J6,5 1.7 Hz, H-6), 6.94 (ddq, J 7 . 6  5.0, JS.1 1.7* 

(J(a),(t,j  11.3 Hz); ? I I / P  311 ( J I i  - H);  i, ,,,, y. 7.34, 7.40, 
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7.53, 7.62, 7.74, 7.85, 8.03, 8.24, 8.33, 8.51, 8.62, 8.70, 9.01, 
9.51, 9.59, 9.76, 9.97, 10.55, 10.92, 11.29, 12.28, 13.15, 
13.63, 13.92, 14.19, 14.59, and 14.91 pm. 

Ene Reaction.-The 3,3-dichlorocyclopropene (0.946 g, 
3.86 mmol) and (E)-butene (0.216 g, 3.86 mmol) were kept a t  
80 "C in a sealed tube for 110 h. The resulting high-boiling 
products (1.00 g)  were separated by g.1.c. (2 m Silicone SE- 
30, 100 "C) into 3,3-dichZo~o-l-( l-methyZprop-2-enyZ)-1,2- 
bistrifl.uoromethyZcycZopropune (22) (0.35 g, 300/,) (Found : C, 
35.6; H, 3.0. C,H,Cl,F, requires C, 35.9; H, 2.70/,), b.p. 
170 "C, and its isomer (21) (0.65 g, 56%) (Found: C, 36.0; 
H, 2.7%), b.p. 178 "C. The minor product (22) showed 
8E 5.56(m), 4.70(m), 2.00(m),. 1.78(m), and 0.95(d, J 5.7 Hz), 
8p 22.50(m) and 20.45(m); the isomer (21) gave 8~ 5.50, 
4.76, 2.10, 1.72, and 0.90 (d, J 5.7 Hz), aP 22.53 and 20.25. 
Isomer (22) showed A,,,. 7.05, 7.24, 7.66, 7.73, 7.89, 8.08, 
8.54, 8.66, 8.81, and 6.11 pm (weak, C=C str); isomer (21) 
showed 7.05, 7.26, 7.70, 7.90, 8.08, 8.55, 8.81 and 6.10 
pm (C=C str). Neither isomer gave a parent ion in the 
mass spectrum, but the breakdown patterns were consistent 
with the proposed structures. No products arising from 
behaviour of the cyclopropene as a vinyl carbene were 
detected. 
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