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SEVERAL new chlorofluorobutanes hate been prepared 
by fluorination and by photochemical chlorination of 
appropriate halobutanes. Addition of hydrogen chloride 
to 3,3-difluoro-l-butene was directed so that only l-chloro- 
3,3-difluorobutane was produced. Synthesis of chloro- 
fluorobutanes by addition of hydrogen fluoride to 
chloro-olefins gives good yields only when the conipoimcl 
intolved was a monochloro-olefin. The directive effect of 
CFa, CF?, and CClF groups on chlorine substitution was 
studied. 

HIS paper is one of a series on the synthebi-. of ceit:iin fluo- T rine-containing aliphatic comDounds which ere evaluated 
as anesthetics (7). Figure 1 summarizes the syntheses of the fluo- 
rine-containing derivatives of butane and the butenes. Since 
this work was completed, some of the reaction- and new com- 
pounds have been reported (2, 3) Lzith excellent agieement. 

The starting material for the investigation was 2,3-dichlorobu- 
tane, made by addition of chlorine to 2-butene. This chlorina- 
tion, conducted a t  0"  C. in carbon tetrachloride with an excess of 
butene, gave also small amounts of CH3CHC1CHC1CH?Cl and 
CH3CHC1CCl2CHa. The latter compound and CHJCC1=CC1- 
CH, were primarily obtained by treating CH,CH==CClCH3 n ith 
chlorine a t  0' C. in the presence of sodium bicarbonate ( 8 ) .  

Addition of chlorine to CHJ2Cl=CClCH3 gave CH,CCl.CCI2- 
CHI in 68% yield. This tetrachlorobutane, which melts at 171' C , 
is one of a series of substituted ethanes in Rhich the six hydro- 
gen atoms are substituted by chlorine or methyl groups. S ine  of 
this series of ten compounds are known, and all but possibly one 
are camphoraceous solids with melting points ranging from 157 ' C. 
for CC13CC13 to 104" C. for C ( C H B ) ~ C ( C H ~ ) ~  

PHOTOCHEMICAL C H L O R I S A T I O S  

Several compounds were chlorinated pliotoclieniically with an- 
hydrous reagents in the vapor phase using a modified Muskat 
apparatus ( 5 ) .  This procedure is practical and ea=? to operate 
and may be illustrated as follows: 

1. Sixty-six grams of CH3CClFCII2CHJ were added to the 
distilling flask of the Muskat apparatus. The material in the 
flask was boiled to maintain a take-off and reflux of CH3CClFCHn- 
CH3 at the top of the column. The chlorination chamber n-as 
illuminated by two 200-watt bulbs and maintained at a tenipera- 
ture near the boiling point of CH&ClFCHZCH,. Chlorine was 
introduced into the reactor a t  the rate of about 10 grams per hour. 
The product was washed, dried, and rectified to give 11 grams of 
unreacted CH3CC1FCH2CHa, 32.4 grams of CH3CC1FCHC1CHJ, 
15 grams of CH3CClFCHZCHzC1, and 17 grams of CH,CCLCH- 
C1CI13. The latter compound probably resulted from the fornia- 
t,ion of CH,CCl=CHCH$ followed by addition of chlorine to the 
double bond. KO CHzClCC1FCHzCH3 was observed, an in- 
dication that the alpha hydrogens are somewhat stahilizrd 

, 
against substitution. 

chlorinated for 9 hours in the Muskat apparatus. 
2. Three hundred twelve grams of CH3CF2CIIClCH, were 

During the 
last 3 hours the temperature a t  the top of the column  as main- 
tained a t  89" C. in order to chlorinate some of the CH3CF2CC12CHI 
The reaction product was washed, dried, and rectified to give 100 
grams of CH,CF2CC12CHs, 65.0 grams of CH3CF,CHC1CH,C1, 
120 grams of CH3CFEClnCH2Cl, and 40 grams of CH3CF2CC1,- 
CHClz. 

1 Present address, J. T. Baker Chemical Co., Phillip-burg. S.  J .  

Results of the chlorinations are very similar t o  those obtained 
by chlorinating in sunlight, in the presence of water ( 2 ) .  The 
Chlorination of CH,CF&H,CH? gave 2 parts of CH3CFzCHC1CHa 
to about 2.5 parts of CH3CF&H&H&l, a higher proportion of 
the secondary isomer than was reported by Henne ( W ) .  This  
difference may have been due to a higher reaction temperaturii. 
A CClF group is much less effective in directing substituti\.c. 
chlorination away from the alpha position than CF2 or CFa group.  
For example, chlorinat'ion of CH&ClFCHlCH3 in the modifieil 
Muskat apparatus yielded 44.9% CH3CC1FCHC1CH3, 20.8% 
CH,CClFCH,CHnCl, and 21.1 % CHICCIZCHC~CH~. Chlorina- 
tion of CHgCF~CHCICHs at 80-90" C. gave 25.3y0 CHaCF2CC1?- 

and 7.1 % CHd2F,CCIzCHClt, an indication of increased re- 
activity of the secondary hydrogen atom under these conditions. 
Only beta hydrogen atoms were substituted in the partial chlo- 
rination of CHICF~CH~CHPCI, again an indication that hydrogen 
on a carbon atom is activated by the presence of a chlorine atom. 
Chlorination of CHsCF~CCl&Hs gave CH3CF2CCl&H,C1 and 
CHaCFXCl2CHClt. Further chlorination would probably have 
given CH3CF2CC12CC13 as the only pentachloride. No trace of 
CH2C1CFzCCl2CH1 was observed. 

Dehydrochlorination of CHtCFICH2CHClz with alcoholic 
potassium hydroxide a t  reflux temperature to yield CH&F,CH= 
CHCl occurs with about the same ease as the formation of CHs- 
CF,CH=CH, from C H ~ C F Z C H ~ C H ~ C I  (8).  Also, CH,CFaCC1,- 
CH3 and CH,CF,CHClCHJ are similar in that neither react: 
with alcoholic potassium hydroxide a t  reflux temperature. Dc- 
hydrohalogenation of CHaCFxCHCICHt occurs very slovily at  
150 C., but substantial quantities of CHICFICH=CHz werr 
formed with alcoholic potassium hydroxide a t  200" C. Alcoholir 
potassium hydroxide a t  24-40 O C. converted CH3CC1FCH2CH I 

to CH2=CFCHzCH3. The techniques used in these dehydro- 
chlorinations are illustrated in the following examples: 

Sixty-seven grama (0.411 mole) of CH3CF&H~CHCl2 were 
dripped into 28 grams (0.5 mole) of potassium hydroxide in 150 
grams of 95% ethyl alcohol. The mixt.ure was refluxed for one 
hour and steam-distilled, washed, dried, and rectified to give 35 
grams of CH3CF2CH=CHC1. 

Two moles of CH3CClFCHzCH3 were treated with alco- 
holic potash a t  25-40" C. for 18 hours. Six grams of CH2=CFCHz- 
CH, were obtained, with the remainder of the material unreactetl. 

The effect of the electronegativity of the CF2 group was furthei, 
observed in the addition of hydrogen chloride to CH3CF2CH=CH2. 
Forty grams of CH,CF,CH=CHl and 10 grams of aluminum 
chloride were placed in a 12-inch test tube. The test tube was 
surmounted by R long dry-ice condenser, followed by a dry-icc 
trap. Dry hydrogen chloride was passed into the reaction mis- 
ture through a fritted glass disk for 8 hours, and the product then 
poured over cracked ice. The mixture was washed, steam-dia- 
tilled, dried, and rectified to yield 10 grams of unreacted starting 
material and 37 grams of CH3CFzCH2CH2C1. This addition of 
hydrogen chloride in the presence of aluminum chloride, to form 
exclusively CH,CF2CHsCH&l, is the reverse of that predicted by 
Markownikoff's rule. Bromine added readily to CH,CF2CH= 
CH, to yield the expected product, CH3CF2CHBrCH2Br. 

CHs, 16.4% CHzCF&HClCHaCl, 25.2% CHaCFpCClZCH2C1, 

1. 

2. 

. 

FLUORINATIONS 

Some CH,CF=CHCHa was also formed, along with CH,CF,- 
CH2CH3, in the treatment of CH&Cl=CHCHs with hydrogen 
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TABLE I. PHYSICAL PROPERTIES ASD .\SALYSES 
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fluoi,ide :it 360" C. in the preseiice i ~ i '  :icti\-:ited carbon impreg- 
nated \\.it11 antimony pentachloride. Reaction of CH,CCl= 
CHCH, ivith hydrogen fluoride (4,6j was conducted with about 
equimolar quantities of reactant. and at temperatures from - 78 
to f 2 3 '  C. t o  obtain substantial quantitie; of CH,CClFCH,CH,. 
The product consisted of 50.8Oe CH,CClFCH,CH,, 13.-17e 
CHiCF?CII,CH,i, and 11.4% CH:CCI,CH,CH1. With 2.5 moles 
of Iiydi~ygen fluoride per mole of CHsCCl=CHCH1, a 62.57, 
yield oi  CH3CF,CH,CH3 n-a2 olitsined, with only 2.S% CHa- 
CClFCH,CH, and 1.8% CBICC1,CH,CHa. 

TKO dichloro-olefins, CH,CC1==CCICHI nnd CH,=CCiCH- 
ClCH.,, were treated ri-ith hydrogen fluoride at -78" to ~ 6 0 "  C. 
to prepare CH3CC1FCHC1CH3 and CH3CF,CHC1CH;, but prod- 
ucts were mostly polymerized material Tvitli only small amounts 
of desired coinpounda and traces of C,HjCCi,CIIC1CH8. 

Treatment of CHJCC1,CC1,CI1: wit11 Iiytirogen fluoride and 
red mercuric oxide yielded CH,CF2CF,CHa, CH,CF,CCLFCH,, 
CH3CFICCI2CH3, and CH,CClFCCI,CH,. The technique used 
in this fluorination may be illu.stratetl as follows: -1 ].;-liter 
hlonel-lined steel autoclave, chilled to  - 78" C., n-as charged n-ith 
1!lR gr:ims i 1 mole) of CH,CCl,CCl,CH,, 200 grams of dry toluene, 

420 grains >'21 moles) of hydrogen fluoride, niid 432 grnms (2  
moles) of red mercuric oxide. The autoclave was sealed and 
heated a t  107-110" C. for 46 hours; then it \vas cooled and the 
contents bled into an aqueous alkali trap in series xi th  a dry-ice 
trap. The product was n-ashed, dried, and rectified to give 25 
grains of CHICF2CFnCH3, 15 grams of CH3CF2CC1FCHa, and 
traces of CH,CF2CC1&H, and CH,CC1FCC1,CH3. 

Other siniilar experiments showed that the degree of fluorina- 
tion depended upon time and temperature of reaction. The  
treatment of CHjCF2CC1,CH3 with antimony trifluoride in the 
presence of antimony pentachloride also yielded CH&F&C1FCH8 
and CH,CF,CF,CH,. 'The fluorinat,ion of CH3CF2CH2CHC12 
proved t o  l x  difficult, presumably because of ease of splitting out 
hydrogen cliloride and subsequent polymerization of CH,CF,- 
CH=CHCi. Hon-ever, small amounts of two compounds boil- 
ing a t  56-57 and 70-81 ' C., believed to be CH,CF,CH,CHF, 
and CHICF,CH,CHCIF, respectively, were obtained with hy- 
drogen fluoride and mercuric oxide (1) at  100" C. Fluorination of 
CHICF,CH,CCl, XT-ith either antimony trifluoride in the presence 
of antimony pentachloride or mercuric oxide and hydrogen 
fluoride resulted in the formation of CH.,CF,CH,CCl,F and CH,- 

CH3C H=CHC H3 

CHaCHCl CHCICH? 

CH3CH=CCICH3 -----c c12 CH3CHCICCIzCH3 CbCHCICHCICH2CI 

\ KOH 
KOH / IHF 

Figure 1. Synthesis of Chloro5uorobutanes 
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CF,CH,CCIF2. The pentafluorobutane, CH,CF,CH,CF,, was 
also produced in fluorinations with mercuric oxide and hydrogen 
fluoride. Techniques used in these fluorinations are illustrated 
as follo\\--s : 

Fifty-three grams (0.268 mole) of CH3CF,CH2CC1, were 
treated with 50 grams (0.279 mole) of antimony trifluoridc and 
10 grams (0.033 mole) of antimony pentachloride. Sfter heating 
for 2 hours oa a steam cone, the mixture vias steam-distilled, 
dried, and rectified to give 1.5 grams of CH3CF2CH2CClF2, 4.0 
grams,of CH,CF,CH,CCl,F, and 18.7 grams of unreacted starting 
material. 

2. A 1.5-liter LIonel-lined steel autoclave chilled to -78" C .  
was charged with 90 grams (0,455 mole) of CHJCF2CH2CC1, 
190 grams (9.5 moles) of hydrogen fluoride, and 162 g r a m  (0.75 
mole) of red mercuric oxide. The autoclave was sealcd and 
heated at  88-95' C. for 27 hours, after which it was cooled to 75" ('. 
Products n-ere bled into an aqueous alkali trap. ivaslicd, dried, 
and rectified t o  give 9.8 grams of CH,CF,CH,C'F,, 2.0 grams of 
CH3CF2CH2CFC12, traces of C€I,CF,CH,CFCl,, and 2.0 grams of 
starting material. 

1. 

The compounds prepared were identified by boiling point 
Purification Tvas accomplished 

Table I 
analogies and halogen analyses. 
by careful rectification in a Podbielniak type column. 
summarizes the physical constants and halogen analyses. 
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DIRECT BROMINATION OF FLUORINATED ALKANES 
E. T. RlcBee, H. B. Hass, W. G. Toland, Jr.l, and A. Truchan 

P U R D U E  UNIVERSITk i \ D  P U R D L E  RESEARCH FOU\DiTIO\ .  L A F i Y E T T E ,  I h D .  

SEVERAL new- bromofluoro- and bromochlorofluoro- 
alkanes have been prepared by therinal bromination, at 
400 500" C.,  of the corresponding fluoro- or chlorofluoro- 
alkane. 

HIS work was initiated for the purpose of making certain T alkanes containing bromine and fluorine available for phnr- 
macological tests and is an extension of the xyork reported pre- 
viously (3-6). Bromofluoroalkanes have been prepared by re- 
placement of a part of the bromine in a polybromoalkane with 
fluorine or by the addition of bromine or bromine chloride to a 
fluoroalkene. Recently the preparation of bromine- and fluo- 
rine-containing halocarbons by vapor-pbase bromination of the 
corresponding fluorohydrocarbon was reported (1 ) .  

An independent investigation conducted in this laboratory re- 
sulted in the synthesis of several new bromofluoroallcanes by the 
substit,ution of bromine for hydrogen in a fluorohydrocarbon at 
temperatures in t'he range 40O-5OO0 C. Beloiv 400 the bromina- 
tion rate was undesirably low, whereas carbonization of the start- 
ing material occurred a t  temperatures appreciably above 500 ' C. 

T H E R M A L  BROMIKATIONS 

The compound to be brominated n-as bubbled through liquid 
bromine; the mixed vapors then passed into a reactor of Pyres 
tubing 120 cm. in length and 1 cm. in diameter. 9 Carius tube 
furnace was used to heat the reaction zone. Exit gases passed 
from the reactor into ice water, which condensed brominated 

1 Present address, California Research Corporation, Richmond, Calif. 

prot1uct.s and dissolved the resultant hydrogen broniide. Un- 
reacted bromine T ~ S  seldom detected in the exit gases a t  reaction 
temperatures above 400" C. unless the temperature of the bromine 
15-as allowed to rise to its boiling point. Unreacted starting ma- 
terial containing small amounts of brominated products passed 
from the ice-water trap through a drying tower and condensed 
in R dry-ice trap. The brominated products were separated 
from t,he water, washed, dried, and rectified. -111 unreacted 
material in the dry-ice receiver was also rectified before recycling. 
Physical constants of new compounds prepared by the process - are summarized in Table I. 

l,l,l-Trifluoroethane (0.33 mole, 0.15 mole per hour) was 
passed through liquid bromine a t  45" C., vaporizing a total of 
0.14 mole of the bromine. The mixed vapors were passed into 
the reactor a t  500" C. The contact time was about 25 seconds. 
Rectification gave CF3CH2Br, CF3CHBr2, unreacted CFICHI, 
and traces of CFzBrCHIBr and CF&Br3. Yield of CF3CH2Br 
was 5Oy0 and that of CF3CHBr2, 7%. Variations in reaction 
conditions were found to  change the relative amounts of bro- 
minated products formed. Both CF3CHBr2 and CF3CBi-3 are new 
compounds. -4s no isomers are possible without rearrangement, 
structures of the latter compounds are established. 1,a-Dibromo- 
1,l-difluoroethane was formed as a by-product, probably as a re- 
sult of dehydrofluorination of CF3CH3 followed by addition of 
hromine to CF2=CH2. In  contrast to  the vapor-phase chlorina- 
tion of CF3CHI, in which the chlorination of the first product 
(CF:ICH2C1) proceeds at a more rapid rate than the Chlorination 
of starting CF3CH3, the rate of bromination of CF.CHJ3r is ap- 
parently much lower than that of CF,CH,. This is evidenced 

TABLE I. XEW COIIPO~SDS 
Tc CI rc Br Molar Iteiractivity Bb P . ,  c ; F  
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73 
6 2 4 2 . 5  
111 
1 1 5 . 8  
90 

101 
69 

2 . 2 2 4  
1 . 6 5 3  
2.086 
2 . 1 2 1  
1 , 6 6 2  
1 . 7 2 6  
1.708 

24 
25 
26 
24 
25 
24 
25 

1 .  40Ba 
1 . 3 5 7 2  
1 . 4 2 4 2  
1 . 4 2 8 1  b 
1 . 4 0 4 5  
1 , 4 1 4 0  
1 . 3 7 9 0  

2 3 , s  
3 2 . 1  
2 2 . 2  
22 2 
1 9 . 6  
1 9 . 6  
2 6 . 9  

2 3 . 2  
3 3 . 2  
2 2 . 7  
2 1 . 8  
1 9 . 6  
1 9 . 9  
2 7 . 4  

l a 1 3  
18 .3  
1 6 . 8  

18 3 
l i . 7  
1 6 . 8  

6 6 . 1  
4 5 . 1  
6 2 . 3  
6 2 . 3  
41 2 
41 2 
37 .8  

66 2 
4 5 . 4  
62 3 
6 2 . 5  
4 1 . 2  
39.8 
37 9 

26 9 
23 8 
31 5 
31 .5  
28 6 
2 8  6 
28 6 

2 6 . 5  
2 3 . 4  
3 1 . 3  
3 1 . 1  
28 5 
2 8 . 0  
2 8 . 5  


