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rinated product were necessnry to obtain ni:itei,i:il nhicli could tit. (pelitnfiuoroetligl)be~ize~ie, 1 - (chlorotetrafluoroethyl) - 3 - (pen- 
fluorinated satisfactorily. If crude bi~-!~~cnt:ichluroetliyl~heri- tafluo~oetliyl)beiizerle, and 1,3-bis(chlorotetrafluoroetllyl)lierl- 
zenes were used, the fluorination reaction produced a coiiaider- zeiie wei'c obtairled in J-ields of 17.2, 16.6, :tnd 14.7!;;, ie3pcctiwly; 
able amount of  carbonaceous material and only small amounts I I ~  1,4-bis(per,tafluoroethyl)be11zene, l-(chlorotetr~~fiuoroetllyl) - 1 - 
desired fluorine-containing product. ~i)eiitafluoroetliyl) benzene, :ind 1,4 - l~is(chlorotetr~~H~lorr,ettlyl)- 

TABLE I. FLGORISATED DERIJ ATIJ ~3 OF L)IETHYI.BESZESE 

B.1'. a to i50  5; F % CI  
Compound him., C. 11.1' , C. d:' n $5 Calcd. Found Calcd. F o i n d  

1,4-CeH<(CzFr)z 138.5-139.0 1 7 . 1  1 ,5058  1.3590 6 0 . 5  60 .3  0 . 0  0 . 0  
134 5-135.0 - 2 :  3 1.4838 1 .3565  6 0 . 5  6 0 . 1  0 . 0  0 . 0  

1 , ~ - C ~ H I ( C I C ~ F I ) ~  190.0-190.5 s o  1 5 5 l i  1 4093 48 8 4 4 . 1  2 0 . 5  2 0 . 5  

1,4-csH1(CzFsJ (CZCIFI) 164.8-165 2 , 5  1 .5291  1.3878 5 1 . 8  5 2 . 4  1 0 . 8  1 0 . 9  
1,3-C6Hn(C?Fs)z 

1,3-CeHa(CzFiJ (C2ClFd) 160.5-161.0 -45.5 1.5219 1.3638 5 1 . 5  5 2 . 0  1 0 . 8  1 0 . 8  
l34-CsHn(CzC1F1)z 193.0-194.0 -13 3 1 55S6 1 4140 43 .8  4 4 . 0  2 0 . 5  2 0 . 6  

- 

cry,t:il, 

FLUORINATIOL 

Fluorinations of bis(pentachloroethy1)benzenes were coti- 
ducted both at superatmospheric and at atniosplieric pressures. 
Pressure fluoriiiat,ions were conducted in a lfonel autoclave of 
1.5-liter capacity which had been cold-tejtcd at n 1iydro.tatic 
pressure of 10,000 pounds per square iiich. This autoclave 1va.S 
heated with an external electric heater, and niearis \\-ere provided 
for continuous rocking of the heater. Tlie entire apparatus was 
located within a shelter of '/p-inch iron plate to avoid serious in- 
jury to  the operator in case any part  of the bystem failed. 

When hydrogen fluoride was used as fiuoriiiatiiig agent, nia- 
terial to be fluorinated was placed in the  autoclave and the head 
fastened. The catalyst was introduced and the desired amount 
of hydrogen fluoride distilled into the fluorinatiou equipment 
from a 600-ml. iron container through suitable pipe fitting-. 
After addition was completed, the autoclave was heated a t  the 
desired temperature for a predetermined time. At the elid or 
the reaction, gaseous products were discharged into a scrubber 
containing 6 S sodium hydroxide in quantity equivalent to the 
amount of hydrogen fluoride charged. Orgaiiic material n.hich 
did not condense in the scrubber passed through a drying tower 
and into a receiver cooled i\-ith dry ice, counectcd iri beriea with 
the tower. Liquid reaction product was poured from the auto- 
clave, and antimony salts were removed by disolviiig in coli- 
centrated hydrochloric acid. Tlie liquidb were combined, made 
alkaline with aqueous sodium hydroxide, aiid steam-distilled. 
Water-insoluble distillate was then separated, dried with anliy- 
drous calcium sulfate, and rectified. 

Fluorinations at, atmospheric pressure were conducted in a 
nickel reactor of 2-gallon capacity, equipped with a hydrogen 
fluoride inlet, stirrer, thermocouple well, arid air-cooled dephleg- 
mator. The  dephlegmator was 'connected to an air-cooled re- 
ceiver which, in turn,  n-al connected to  a receiver cooled by J. 

solid carbon dioxide-trichloroethylene mixture. The laat re- 
ceiver was vented to the hood. Reaction products were treated 
for separation and purification as previously described. 

In  a typical experiment 364 grams (0.76 mole) of bis(peiita- 
chloroethyl)benzeries, 648 grams (3.54 moles) of antimony tri- 
fluoride, and 30 grams (0.10 mole) of antimony pentachloride 
were placed in an autoclave and heated to  220" C. over a 12-hour 
period. The reaction was then heated between 220' and 310' C. 
during 8 hours and cooled from 310" to 280 O C. during 5.25 hours. 
After purification as already described, the product \\-as rectified 
under reduced pressure. Rectification produced 14 grams 
(0.045 mole) of bis(pentafluoroethyl)benzenes, 29 grams (0.088 
mole) of (chlorotetrafluoroethyl) (pentafluoroethyl) benzenes, and 
65 grams (0.187 mole) of bis(chlorotetrafluoroethy1)benzenes. 
Conversions t o  these compounds were 5.9, 11.6, and 24.6c1, re- 
spectively. 
1,3 - Bis(pentachloroethy1)benzene and 1,4 - bis(pentach1oro- 

ethy1)benzrne were also fluorinated separately with antimony 
trifluoride at temperatures in the range 315-330" C. 1,3-Bis- 

I)aizene m r e  obtnined i r i  yields of 20.0, 9.2, and 9.0',, ~~eq)ec-  
tively. 

-1 fluo~~iiiatioii Ivith arihydrous hydrogen fluoride undcr ~ u p ( ; r -  
atnionplieric pressure was conducted as follows: Four hundred 
riglity grams (1.0 mole) of technical bis(pentach1oroethyl)ben- 
zeiieb and 100 grnms (0.33 mule) of antimony pentachloride were 
plnccd iii aii autoclave, and 450 grams (22.5 moles) of ar~liydrous 
hydrogel1 fluoride added. The  autoclave was heated for 48  
liours: the maximum temperature was 244' C. and the pressure, 
3000 pounds per square itich. Rectification of the product gitve 
15.0 grams (0.048 mole) of bis(pentafluoroethyl)benzenes, 43.0 
grnnis (0.13 mole) of (ctilorotetrafluoroethyl) (pentafluoroethy1)- 
beiize~ies, and 172.0 grams (0.19 mole) of bis(chlorotetrafluor0- 
et1iyl)ljenzene. Coiiver~ions to these compour~ds viere 2.0, 13.0, 
:1:d 42.0'- (, respectively. 

Yluorii1:itioii with anhydrous hydrogen fluoride and antinion). 
~ m i t d i l o r i d e  a t  atmospheric pressure %vas found to  be more sat- 
i.sfactoiy. 111 an example of this procedure, 2655 grams (5.7 
moles) of technical bis(pentachloroethy1)benzenes and 2278 
grnnis (7.7 mules) of antimony pentachloride vere sealed in t h e  
reactor, and the temperature Tvas raised to about 100" C. Hy- 
drogen fluoride (2320 grams, 116 moles) was bubbled into the  
reactor a t  the rate of 300 grams per hour. After addition of 
hydrogen fiuoride, the  reaction mixture was heated at 200 C. for 
12 hours \\-it11 contiiiuou5 stirring. Product rectification yielded 
330 grams (1.27 moles) of bis(chlorotetrafluoroetliyl)benzenes, 
363 grams (1.07 moles) of ichlorotetrafluoroethyl)(dichlorotri- 
fluoroet,hyl)benzeiies, 120 grams (0.32 mole) of bis(dich1orotri- 
fluoroethyl) benzenes, and 93 grams (0.23 mole) of (dichlorotri- 
fluoroethyl)(triclilorodif~uoroethyl)benzenes. Conversions t o  
these compounds were 22.2, 18.8, 5.6, and 4.1% of theorrtic:il, 
rebpectively. 

For most runs rectification data were not required, and tlic 
compositions of the products mere determined from chlorinc and. 
fluorine analyses. I n  one experiment 3000 grams (6.26 moles) 
of bis(pentachloroethy1) benzenes were introduced into the re-- 
actor, followed by 3050 grams (10.2 moles) of antimony pcnttt- 
chloride and 2000 grains (100 moles) of hydrogen fluoride. Analy- 
sis of the 2018 grams of fluorinated bis(pentachloroethy1) ben- 
zenes produced showed 39.87' fluorine and 28.270 chlorinc 
present. The analysis of a n  average composition of CIJH~C~SI 'T 
is 37.67, fluorine and 29.37' chlorine. The yield, calculated on 
this basis, was 5.6 moles, or 89% of theoretical. I n  some cx- 
periments conversions to  a mixture containing approximately 7 
fluorine and 3 chlorine atoms per molecule were as  high as 90% 
of the theoretical. 

The compounds were purified by careful rectification in a 
column packed with glass helices. 
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[ (PERIIA1,OALKY L) BEN Z ENE S] 

FUuorinuted derivatives of 
p-eth yUtoUuene 

E. T. McBee and 0. R. Pierce 

S C O S T I S U I S G  the in- I vcbht igation of polyfluoro 
organic compounds as heat 
tranrfvr media, certain fluori- 
natcd tlerivatives of p-et,hyl- 
toluencx \rere prepared. Since 
neitht~r p-ethyltoluene nor 
any of its chlorinated deriva- 
tivcs was available commer- 
cially. i t  was necessary to 
preparv the desired interme- 
diatc, 1-(pentachloroethy1)- 
4 - (trichloromethy1)benzene. 
by- ~)hotochemical chlorination 
or of wxmcme. 

1 - (PEUTiCHLOROETHI-L) - 1 - (trichlorometh>l)henzene 
was prepared by liquid-phase photochemical chlorination 
of 1 - chloromethjl- i-ethylbenzene and photochemical 
chlorinolysis of p-isoprop>ltoluene. The latter method 
gaie the highest coniersion to the desired chlorinated prod- 
uct. l-(Pentachloroethjl)-f-(trichlorometh~l)benzerie~as 
Huorinated with anhydrous h> drogen fluoride or antimony 
trifluoride under autogenous pressures and M ith hj drogen 
fluoride at atmospheric pressure. The latter procedure 
pa\e optimum lields of Huorinated products. 

A vertical glus.: tutw A4 
nim. in diamrtc'r and 100 cn;, 
in lcngth \viis u s d  for  chlori- 
nations. .'i c~hlorinc-dispcr- 
sion disk 1:30 iiiiii. in diamctc,r 
:inti of midiurn porosity), ivas 
locatcd a t  the hottom of the 
tulw :iiicl a \\.titer-cooling coil 
ivithiii t l i c ,  rc,xction zone. A 
I - Iopk ins  c o n d e n s e r  was  

This compound !vas made either 
of 1-chloromethyl-4-ethylbenzene 

L .  

l-(I'ciitachloroethyl)-4-~trichloromethyl~bcnzene was fluori- 
natcd w i t h  either antimony chlorofluorides or antimony penta- 
chloride and anhydrous hydrogen fluoride. K h e n  the latter 
mcltliod Tvas used, ring chlorination occurred during fluorination, 
and  fluorinated derivatives of p-ethyltoluene containing chlorine 
atoms in the ring 71-ere produced. This chlorination probably 
resultecl from the action of antimony pentachloride a t  the higher 
final temperature, where partial reduction of the antimony salts 
occurred to  liberate active chlorine which reacted with the aro- 
matic nuclei. 

The purity of l-(pentachloroethylj-4-(trichlorornethyl)bcn- 
zene was of prime importance. 
fiahlt. fluorinated materials varied from 0 to about OOcc,  depend- 
ing on the nature of the starting material. The presence of other 
chlorinated products in the l-(pentachloroethyl)-4-(trichloro- 
incthy1)benzene led t o  the formation of tar  and carbonaceous 
solids with correspondingly lower yields and conversions to fluo- 
rinated products. I n  experiments involving 1-(pentachloro- 
ethyl)-4-(trichloromethyl) benzene, a melting range of less than 
1 O ('. was required for high conversions to fluorinated substances. 

In  assigning positions to  the halogen atoms, it was assumed 
that the chlorine atoms in allylic positions were readily replaced 
by fluorine atoms. The remaining chlorine atoms to be sub- 
stitutcd were those on the beta carbon atom of the ethyl side 
chain. These atoms were more difficultly replaced; in some 
instances they required a temperature in the range 300-3.50" C. 
l'hysical constants of the new compounds are summarized in 
Table I. 

Yields and con 

CHLORINATION 

1-Chloromethyl-4-ethylbenzene was prepared by t,he chloro- 
methylation of ethylbenzene according to the procedure described 
for the chloromethylation of toluene by Braun and Sellesl. Thc 
conversions to  l-(chloromethyl)-4-ethylbenzene were about 95% 
and the yields about 98c7,, based on starting ethylbenzene. 

1 Rraun,  J. Y . ,  and  Nelles, J. ,  Ber. ,  67, 1094 (1934). 

placed vc.rtically a t  the top 
of tlic tube, and the lorrer 

section of the chlorination tulic \vas wapped  with resistancc 
\Tire connected to a variable tranafornicr for temperature con- 
trol. Temperatures !yere mea-u rd  119 a thermocouple in- 
serted in a well. Light was furnished by two 40-viatt fluorei- 
cent lamps placed on either si&. of thcl tuhe. Six hundred eight- 
een grams (4.0 moles) of l-(chloroinr~tliyl~-1-ethyll~enzene were 
placed in the chlorination apparatus. Chlorine was bubbled 
into the reaction mixture a t  the rate of 2.5 moles per hour. .\fter 
an  induction period of scveral minute-: thc, temperature rose rap-  
idly, but passage of water through the cooling coil maintaincd the 
reaction temperature at 15-20' C. for 8 hour:. .\t the cnd of 
this time excess chlorine was observed in the c!ilorinution tube. 
Cooling was discontinued and the temperature elei  sted s lo~r ly  
to 100" C. The reaction mixture was heated a i  135-140" C. for 
8 hours: then the chlorine floir \\-as stoppcd, ~ ~ n d  excess chlorine 
and hydrogen chloride were removed by aeration. The tcmpera- 
ture was not permitted to  fall below 100" C. (luring aeration to 
prevent crystallization of the product i i i  thc chlorination tulle. 

The product was cryst,allized by pouring it into equal volumes 
of benzene and methanol while it \vas hot. Tn-o additional re- 
crystallizations from bcnzene-methanol solvent werc nccessary 
to  obtain a product with a melting range of less than I "  C'. The 
yield was 93yc and conversion 65qc. By repeated crystallizations, 
a sample of pure l-(pentachloroethyl)-4-1 tricliloroinetliyl) benzc,ne 
(melting point, 115.0' C.) was obtained. 

Similarly 500 grams (3.7 moles) of l-isopropy1-4-nietli~ll~en- 
zene \rere placed in the chlorination apparatus, arid chlorine was 
bubbled in a t  the rate of 2 moles per hour. The  rcaclion tem- 
perature during the firat 30 hours of chlorination was maintained 
a t  20" C. The temperature was increased to 100" C., maintained 
at this level for 24 hours, and finally increased to  140' C. After 
a feiv hours a t  this temperature carbon tetrachloride was observed 
t o  be refluxing. Thc reaction was continued a t  140" C. for 48 
hours, tot,al reaction time being 102 hours. Chlorine flow was 
stopped and the reaction misture aerated. The product was 
crystallized from a benzene-methanol solvent in a manner al- 
ready described; 1230 grams of product \vc're obtained, a yield 
and conversion of 8OcI,. 


