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In a comprehen s ive stud y of th e cyclic, int er intramolecular mechanism in diene polymerization, 
a ll of the compl e te ly Auor ina ted di enes fro m C , to C. have been prepared with a high degree of purity. 
Al so prepared were 4-chloroperAu oro- l ,6-hep tadiene a nd pe rAuoro-l ,ll-dodecadie ne, th e lalle r in
advf· rt e ntl y. Th e suc(,essful s yntheses in vo lved. in mos t ca~es. a te lom erizat ion whi c h uti lized. as th e 
s ta rting ma te ri a l, 1,. l C I, CF,C FCI , or CF ,CF , . From these te lome rs, not only the di e nes but many 
ne w interm ediate co mpound s were prepared ; they we re the n purifi ed and cha racterized. The che mis try 
of these compound s, especially that relat ing to the ir po lyme ri za tio n, is brieAy di scussed. 

Key word s: Cyc lic inte r-intramolec ul a r mechan ism; di ene polyme rization; f1uorodie nes; i nter~ edi ates; 
polymeriza tion; purity; synthes is; te lomerizat ion. 

1. Introduction 

Earlier reports from these laboratories have covered 
the synthesis and polym erization of 4-chloroper
fluoro-l ,6-he ptadien e [lit and th e che mistry involved 

in the preparation and polymerization of perfluoro-l ,4-
pentadiene [2 ,3J. These co mpounds were prepared 
according to the method of Park and Lacher [4]: 

CF 2ClCFCl(CF 2CFCl)CF 2C OOH + NaOH ~ CF 2ClCFCl(CF 2CFCl)CF 2C OONa 

Zn 6 1 
n n 

. High boiling 
CF 2CF(CF 2CFCI)II - tCF 2CFCF 2 ( E h CF 2ClCFCl(CF 2CFCl)II - tCF 2CFCF 2 

whe re n is 2 in the starting telome r acid, the resulting 
diene is 4-chloroperfluoro-l,6-heptadiene, and the 
acid in which n = l produced perfluoro-l,4-pentadie ne. 
To a marked extent, each of these fluorodienes polym-

* R -CX2-CX CX-eX2 
I I 

CX') CX') 
~A/ -

I Figures in brac ket s indicate the litera ture references al the end of this paper. 

t er 
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erized according to an inter-intramolecular mechani sm 
first postulated by Butler rSI after extensive investiga
tions with allyl- and vinyl-amines and with quarternary 
ammonium salts. The general , idealized mechani sm is : 

or 



where X = H or F, and A=CH2, CF2, N, NR IR 2 , S, R2 
PH, or O. With hydrocarbon compounds, the six
me mbered ring seems to be favored [51, but, with 
fluorocarbon compounds, thi s has not been establi shed. 
A co mpound beli eve d to hav e th e structure 

CF 2BrCFCF 2CFCICF 2CFBrCF 2 could not be aroma
tized by passing it through a hot tube packed with 
KF, although thermal defluorination reactions resulting 
in aromatization are known to occur. Nuclear mag
neti c resonan ce studies of the compound obtained 
in the telom erization reaction between 4-chloro
perfluoroheptadiene and bromine suggest that it has 
a five-mem bered ring [6]. Polymets of 4-chloroper
fluoro-l ,6- heptadiene are tough, s lightly fl exible 
materials of high thermal stability_ They may be cas t , 
or pressed into clear transparent films having good 
optical properti es_ 

Polymers of perfluoro-l,4-pentadiene formed at 
~ 10,000 atm have the general formula 

+CF 2CF = CFrF +u . 
CF3 

This structure is the result of the in ward migration 
of one of the double bonds of the monomer, i_e., 
CF 2 = CF - CF 2 - CF = CF 2 ~ CF 2 = CF - CF 
= CF- CF:1_ The resulting 1,3-pentadiene copoly
merizes with the 1,4-pentadiene to give the structure 

shown. When of + Y is ~ 20, a powdery solid polymer of 
y 

h I b'l ' . b ' d b h x + y. 3 5 t erma sta I Ity IS 0 tame, ut w en -- IS -, 
y 

the product is rubbery and considerably less stable. 
Infrared and nuclear magneti c resonance results tend 
to support this correlation between s tructure and prop
erties [2J. Polymerization of perfluoro-l,4-pentadiene 
is furth er complicated by the formation of four iso
meric dimers under the conditions used for poly
merization [2,3]. 

Efforts to prepare perfluoro-l ,5-hexadiene, perfluoro-
1,6-heptadie ne, and perfluoro-l,7-octadiene were 
based on a synthesis that involved the telomerization 
of various fluoroiodoethanes, especially 1,2-dichloro
trifluoro 1-iodoethane with tetrafluoro-ethylene, e.g., 

CF 2CICFCII + CF 2CF 2 ~ CF 2CICFCI(CF 2CF 2) 1/ I 
'Y 

where n = 1,2 , 3 , 4, etc. The work described here does 
not involve telomers higher than 11 = 3. The ethane 
derivative metioned was obtained by the addition of 
iodine monoc hloride to chlorotrifluoroethylene in 
such fashion that the ionic mode of addition was almost 
total. In a glass reaction-chamber, at temperatures 
"s; 0 °C, the yield of the desired isomer is 98 percent. 
As the temperature rises , according to Hauptschein 
[7], the free-radical mechanism begins to compete 
with ionic addition, producing increasing proportions 
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of the isomeric 1,1-dichloroethane as illustrated. 

< D OC-Fe 
r------~CF2CICFClI (A) 

CF2CFCl + l CI 
> 0 °C and/or Fe 

L-___ ~ CFCl2CFJ (B) 

Hauptschein [7] and Knunyants [8] have made exte n
sive studies of thi s reaction, and have modified and 
extended the work of Haszeldine [9]. Knunyants 
asserted tha t isomer A is four times as active as isomer 
B in initiati ng telomerization and various other reac
tions. Telomers prepared from isomer A may be de
c hlorinated in the final step, to produce the second 
double bond in the diene, whereas, obviously, telomers 
produced from isomer B, hav ing both c hlorin e atoms 
on the same carbon atom, will not. The efficiency of a 
telome ri zation in preparing perfluorodiene precursors 
is accordingly limited by the purity of the A isomer 
used as the st arting material. 

The telomerization illu strated may be adjusted to 
give maximal yields of the iodobutan e, the iodohexane, 
or the iodooctane by varying the mole ratio of te tra
fluoroethyle ne to the iodoe tha ne, provided that there 
is a minimum of empty space in the reaction vessel. 
With a large vapor space in the reaction vessel, usually 
a s teel bomb, and by use of gamma-ray initiation, much 
of the tetrafluoroethylene tends to polymerize in the 
vapor space, to form high polymer which drops into 
the liquid phase (consis ting of the iodoethane an d 
dissolved tetrafluoroethylene) . High mole-ratios of 
tetrafluoroethylene to iodoe thane produce high yield s 
of hexane and octane, but, unfortunately, also increase 
the yields of telomers where n ~ 4 which are useless 
in the preparation of dienes tha t will undergo the cyclic 
mechanism of polymerization. All of the telomers 
used as precursors were clear, colorless liquids that 
turned violet and , finally, deep purple on standing. 
Their physical constants are s how n in table 1. 

Compou nd B.p. oC/mm M.p. oC ' Nt() 
Il 

CF,CICFC II 101 °, 53/150 

CF, CICFC ICF, CF, I 140°, 66/67 1.4046 

CF,CICFC I(CF,CF,J,I 83/35 1.3830 

CF,C ICFC I(CF,CF,},\ 82/3 24 1.3710 (al 25°) 

CF,CICFCI(CF,CF,), i 110/7 70 

By cross coupling 1,2-dichloro-heptafluoro-4-
iodobutane and 1,2-dichloro-trifluoro-l-iodoethane, 
three products were obtain ed [10], namely, 1,2,3,4-
tetrachlorohexafl uorobutane, 1,2,5,6-tetrachloroperfluo
rohexane, and 1,2,7,8-tetrachloroperfluorooctane. 



Dechlorination of these intermediates produced, re
spectively, perAuoro-1,3-butadiene, perAuoro-1 ,5-
hexadi ene, and perAuoro-1 ,7-octadiene . It is apparent 
that perfluoro-1,3-butadiene and perAuoro-1 ,7-octa
di ene may be pre pared by homocouplin g th e iodo-

1. 

2. 

In reaction 1, th e reaction with sulfur trioxide was re
ported by Knunyants [11] and th e coupling of perAuo
roallyiodide was descri bed by Miller [12]. Efforts to 

Instead of dechloroAu orination, inter-intra molecular 
dechlorina tion occurred, yielding perAuoro-1 , 11-
dod ecadie ne_ 

Efforts to synthesize pe rfluoro-1,6-he patadiene, a 

1. 

Thi s effort was unsuccessful. Th e oxidation s tep pro
duced the aldehyde hydrate in good yield, but yields 
m the sulfur te trafluoride reac tion ranged from low 

ethane and/or the iodobutan e mentioned, and by de
chlorinating the respec tive te trac hloro compounds. 
Other syntheses of perAuoro-1 ,5-hexadiene are out
lin ed later. Starting materials were, in all experiments, 
the telomers already discussed, lis ted in table 1. 

pre pare perAuoro-1,5-hexad ie ne by the followin g 
reac tion were un successful. 

previously unre ported co mpound , res ulted in a large 
number of interesting interm ediates, some of which 
are also unreported co mpounds. The various syn
th eses are outlin ed. 

to zero. Efforts to effect dehydrofluorination were 
completely un successful. The intermediates were 
isolated , purified and characterized. 

2. 
HSO:ICI 

CF 2CICFCl(CF2CF2hl ) CF2ClCFCICF 2CF tCF tCOOH 

NH 40H 1 AgNO:1 

Zn 
CF tCICFClCF tCF 2CF 21 + CF zCICFClI ~CF 2CICFCI(CF 2hCFCICF 2Cl 
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I High 
Zn Boiling 

Ether 



3. CF 2CICFCICF2CF J~O~ CF 2CICFCICF2COOH 

NH40H jAgNO:1 

75% 15% 12 
CF2CFCF2CI + CF2CICFCICF21~F2CICFCICF2COOAg 

Zn 
CF2CICFCICF21 + CF zClCFCICF2CF JClf,"(1, CF2CICFCl (CFzhCFCICF2Cl 

-- j -2Ci, 

CF zCF(CF 2hCFCF 2 

1 
4. CF 2CICFCICF 2CFzI + CF zCFCF:l~CF 2CICFCl(CF 2):ICFCF 3 + etc. 

Ethyl j CH.L· 
Ether 3 I 

-2Cl 
CF zCF(CF 2):JCFCF 2~F 2CICFCl(CF zhCFCF 2· 

5. CF 2ClCFCI(CF 2M HS03Q CF 2CICFCl(CF 2)oCOO H 

H20 1 NaOH 

CF 2CICFCl(CF z)~CFCF z~CF zCICFCl(CF 2)'iCOON a 

1-2Cl 

CF 2CF(CF z):JCFCF2. 

The chlorosulfonic acid reaction utilized in syntheses 2 
and 5 was reported by Hauptschein [13]. The high
boiling ether mentioned in synthesis 2 and used in all 
subsequent dechlorinations was bis[2-(2-methox
yethoxy)ethyl] ether. Fluorodienes prepared and 
their respective boiling points are listed in table 2. 

TABLE 2. F luorodienes 

CF, CF(CF, )"CFCF, 

11 = 0 
11 = 1 
11 = 2 
11 = 3 
II = ~' 

B.P. OC 

7 
36 
:;9 
8<1-

106 

2. Experimental Procedure 

2.1 . Preparation of 4-Chloroperfluoro-1 ,6-heptadiene 

4,6,7 -Trichloroperfluoroheptene-1: This compound 
was prepared in the mann er of Park and Lacher [4] . 
Ele ve n kilograms (5 mol) of 3 ,5 ,7,8-tetrachloroper-
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fluorooctanoic acid was added to 200 g (5 mol) of 
sodium hydroxide dissolved in 3 liters of water. The 
mixture was carefully adjusted to pH 7 and chilled. 
The sodium salt was filtered with suction apparatus, 
dried in air , and placed in a strong vacuum for several 
days. The resulting salt was anhydrous a nd extremely 
hygroscopic. 

Eleven kg of dry sodium salt was pyrolyzed under 
reduced pressure in a stainless steel tube connected 
through adapters to a series of dry ice acetone-cooled 
traps. The pyrolysis temperature was approximately 
350°C, produced by a furnace controlled by two 
lO-A variable voltage transformers. Pyrolysis pro
ceeded rapidly and smoothly, producing 1,560 g of 
crude product or 83 percent. This was washed with 
three portions of 10 percent aqueous potassium hy
droxide, each portion about 10 percent of the volume 
of fluorocarbon , then with s imilar portions of water. 
The washed material was dried over anhydrous sodium 
sulfate and distilled under reduced pressure. The 
yield was 1,400 g of pure 4,6,7 -trichloroperfluorohep
tene-l , or 75 percent. A higher boiling material which 
gave a single peak on the vapor-phase chromatograph 
amounted to 60 g B.P. 40 °C/lmm. 

4-Chloroperfluoroheptadiene-l,6: In a 2-1iter flask 
equipped with stirrer, reflux condenser, and dropping 



funne l a mixture of 50 ml of bis [2(2-me th oxye thoxy) 
e th yl] eth er and 140 g of zin c dus t, whi c h had bee n 
treated with 100 ml of hydrochloric ac id while s us
pe nded in ace tone , filte red , and dri ed und e r vacuum 
for 4 h, was ge ntl y heated to about 60 °C with s tirrin g_ 
To thi s mixture was added 200 g (0_ 5 mol) of 4,6,7-
tri c hloroperfluoroh e pte ne -l with continued s tirrin g_ 
Heating was in creased until refluxing was observed , 
the n di scontinued until additi on was co mple te_ The 
mixture was the n ge ntly re flux ed for 1 h and per
mitted to cool to room te mpera ture _ Th e he pte ne and 
hep tadi ene were re moved from the mixture by attach
ing a se ri es of dry ice ace tone-cooled traps to the co n
de nse r and applying a vacuum of less th an 1 mm of 
mercury to th e sys te m_ The solve nt did not di stilL 
The mixture of he pte ne and he ptadie ne was di s
till ed at 75 mm. Three frac tion s we re collected , 
be twee n 35 and 45, be twee n 45 and 50, and betwee n 
50 and 70 °C. A vapor-phase study s howed the firs t 
fraction to be two- thirds hep tadie ne and two lowe r 
boiling compon ent s. The 45-50 frac tion was almos t 
pure he ptadie ne, while th e 50-70 fra c tion co ntain ed 
small amounts of heptadie ne and two higher boilin g 
components. Above 70 °C virtu alJy pure s ta rtin g ma
terial was recovered. About 10 pe rcent of th e sta rtin g 
material re mained in the solve nt , and upon di s till a
tion of the so lve nt was co nve rted into ta r. Approxi
mately 60 g of dec hlorinati on produ cts was es timated 
to be the desired he ptadie ne, or about 35 percent 
conversion on each dechlorination. Th e startin g 
material was recycled. 

Th e pures t fr ac tion obta in ed from di s ti ll ation was 
run through a vapor-phase chrom atogra ph and was 
found to con tain trace a mounts of a ll other dechlorin a
tion products . These trace mate ri als were ca re full y 
re moved through preparatory-scale vapor-phase 
c hromatography before any atte mpt to po lym erize or 
te lom erize the co mpound was made. The pure hepta
di ene boi led at 112 °C/760 mm , whi ch co mpares we ll 
with Park 's 103°/633 mm . 

2.2. Preparation of Perfluoropentadiene 

Preparation of Sodium 3 ,S,6-Trichlorooctajluoro
hexanoate. In a 4- lit er beaker, 320 g (8 mol) of sodium 
hydroxide was di sso lved in 2 liters of wate r. Th e so lu
tion was vigorously stirred and 2915 g (8 mol) of 3,5,6-
tri chlorooc tafluoroh e xanoic acid was added. Th e so lu
tion beca me very vi sco us, but there was no prec ipita te. 
Chi lling produ ced no prec ipitate , so th e soluti on was 
poured into a cle an vacuum des icca tor a nd e vaporated 
to near dryn ess by us ing an infrared lamp a nd an aspi
rator. The sa lt becam e syrup y, butt e ry, a nd th e n waxy. 
but d id not c rys tallize. Th e sa lt was th en dri ed a t 1O-~ 
mm (dry ice ace tone trap) for three days. Wate r (500 
ml ) was re moved, and th e wax becam e a white _ c rystal
lin e material. Drying was continued for two more days. 
with re mova l of wat e r (200 ml ), a nd th e cr ys tals becam e 
a fin e _ a ppare ntl y amorphous, ra th er hygroscopic 
powde r. 
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Pyrolysis of Sodium 3,S,6-Trichlorooctajluoro-
hexanoate . 3 ,5.6-Trich lorooc tafluorohexanoate (2 .2 kg) 
was pyrolyzed under reduced pressure in a s tainless 
s teel tube con nected, through adapte rs_ to a series of 
cooled traps (dry ice aceton e) and hea ted to approxi
mately 350 °C in a furnace contro ll ed by two 10 A_ 
variable transformers. Pyrolys is took place s moothl y, 
yie lding 1520 g of products (theoreti ca l yie ld . 1600 g). 
This was 95 perce nt based on the sa lt. The produc t 
was carefu ll y dis till ed through a 10-in glass co lumn 
pac ked with glass heli ces . A frac tion boiling at 9] °C 
was collec ted as the des ired product. It amounted to 
1360 g (85% , based on the acid salt). 

ANAL. Ca lcd. for C,Cl~FH: C, 21.2%; C I, 25.1%; F, 
53.7%. Found : C, 21.0% ; C I, 24.8%. 

In th e sa me di s tillation. a seco nd fraction was ob
ta in ed , boil in g at 120 °C. Thi s a mounted to 145 g (9% 
based on th e acid sa lt). The re mainin g mate ri a l would 
not di s till a t a tmosphe ri c press ure, and was ass um ed 
to be a co uplin g prod uct. No furth e r e ffort was made to 
c ha rac te ri ze it. Th e 120 °C frac ti on s howed three 
peaks on a gas- li quid chromatogra m. ,md a dee p_ s plit 
band be twee n 5 a nd 6 p, in its infra red s pec trum . Thi s 
appea red to be a mixture of th e iso mers of tri c hloro
he ptafluorope nte ne. Th is was s upported by the e le
me ntal ana lys is a nd by co nve rs ion into a mixt ure of a 
th ree monoch lorohe ptafluorope n tadi e nes. 

ANAL. Ca lcd . for C,C I:1F7 : C , 20.3%; C I. 35.2%. 
Found: C. 20.1 %; C I_ 34.9%. 

Dechlorination 0/ 4,S-Dichlorooctajluoro-l -pentene. 
Dechlorination was effec ted by a slight variation of the 
method of P ark and Lacher [4 1. In a beaker , 130 g 
(2.0 mol) of powdered zin c was sus pended in ace tone, 
and 100 ml of concentrated hydrochloric acid was 
added slowly with s tirring. S tirring was continu ed for 
30 min. The zinc was filtered off with suction, washed 
thoroughly with ace tone, dri ed brie fl y in air , and the n 
overnight in a vacuum oven a t 70 °C. Thi s ac tivated 
zinc was placed in a 500-ml, three-nec ked fla sk 
(equipped with an e fficie nt stirrer, a dropping funnel , 
and a 6-in glass column packed with glass helices and 
topped by a s till-head) and 200 ml of bis[2-(2-methoxy
ethoxy)ethylJ ether was added. Stirring was com
menced, and the flask was heated (Thermowell heater) 
to 70 °C. 4,5-Dichlorooctafluoro-l-pentene (284 g, 1 
mol) was added in small portions until the reaction 
started, and th en dropwise until addition was complete, 
P erfluoropentadi e ne distilled out of the column at 
about the same rate as the pentene was added. The 
rate of add iti on of the pentene and the heat applied to 
th e fla s k were so controlled that the temperature of the 
di stillate never e xceeded 40 °C. The yield of crude 
pe ntadiene was 194 g (91 %); this was distilled through 
a lO-in glass column, packed with glass helices, yield
in g a pure produc t , boiling at 36 °C , that showed one 
major peak (and two minor peaks with 1 % and 0.3 % of 
th e area of the major peak) on an analytical ga,s -liquid 
chromatogram. The yield of pure compound was 160 g 
(89%). Recovered starting material (34 g) was recycled. 
Its infrared spec trum showed a s ingle ba nd at 5.6 p" 

th e band being somewhat broader and more intense 



than that of the parent compound. Elemental analysis 
confirmed the composition of the diene. 

ANAL. Calcd. for C 5Fs: C , 28.3%; F, 7l.7%. Found: 
C,28.1%; F , 70.9%. 

Dechlorination of Trichloroheptajluoropentene Frac
tion. The dechlorination procedure described for the 
preparation of perfluoro·l ,4·pentadiene was repea ted. 
A 60 g (0.2 mol) portion of the tri chlorohe ptafluoro· 
pentene fraction was added to the fla sk conta inin g 
the hi gh·boiling ether and activated zinc. During the 
dechlorination , the di still a te came over be low 70 °C. 
The crude yield was 42 g .or 92%. Upon careful di s· 
tillation at65 °C, 39 g of a mixture of monochlorohe pta· 
fluorope ntad ie nes was obtained , which was 85 per· 
ce nt based on the pente ne; 5 g of starting material 
was recovered and recycled. 

ANAL. Calcd. for C5e IF; : C, 26.3%; CI, 15.5%; 
F , 58.2%. Found: C, 26.6%; Cl, 15.2%; F, 58.1 %. 

2.3. Telomer Studies 

Addition of Iodine Monochloride to Trijluoro
ethylene. In an 800-ml s tainless steel bomb 238 g 
(2.9 m) of trifluoroethylene a nd 454 g (2.8 m) of iodine' 
monoc hloride were shaken for 24 h at roo m te mpe ra· 
ture. The small excess of the ethylene was permitted 
to escape . The yield was 650 g of material boiling at 
84 °C or 95 pe rcent based on iodine monoc hloride . 

Addition of Iodine Monochloride to Tetrajluoro· 
ethylene. In an 800·ml s tainless steel bomb 100 g (1 m) 
of te trafluoroeth ylene and 162 g (1 m) of iodine mono· 
chloride was shake n a t room tem perature for 24 h. 
The contents were re moved from the bomb , shake n 
with aqueous sodium bi sulfite, dried over anhydrous 
sodium sulfate and di stilled. The yield was 200 g of 
c lear liquid boiling at 56°C or 76.5 percent based on 
either reagent. 

Addition of Iodine to Tetrajluoroethylene. In a 1400· 
ml bomb was placed 254 g (l.0 m) OfI2 and 210 g (l.0 m) 
of CF2Br2. Through a vacuum lin e 100 g (l.0 m) of 
te trafluoroethylene was di stilled into the bomb. Th e 
bomb and its contents were rocked for 2 days at room 
te mperature without diminution of pressure. The 
temperature was rai sed to 100° for 16 h and shaking 
was continued. The bomb was cooled to room tempera· 
ture and the internal pressure was found to have de · 
creased from 150 psi to atmospheric. A solution weigh· 
ing 450 g was transferred from the bomb to a distillin g 
fla sk. From thi s solution 140 g of dibromodifluoro· 
me thane and 40 g of iodine were recovered. The prod· 
uct, 1,2·diodote traAuoroe thane amounted to 210 g of a 
purple liquid boiling at 112 to 113 °C or 62.1 percent 
based on the te tra Auoroethylene. 

Addition of Iodine Monochloride to Chlorotrijluoro· 
ethylene. A 12·liter three-neck fla sk equipped with a 
stirrer and dropping funnel was placed in a constant 
temperature bath set at - 10 °C and fastened securely. 
Into it was poured 5000 ml of clean dry methylene 
chloride. Dropwi se 2500 g 15.4 mol of iodine mono· 
chloride was added. Th e dropping fu nnel was reo 
placed with a dry ice acetone-cooled condenser. 

Through the third neck 1830 g (16.0 m) of c hloro
trifluoroe th yle ne was distilled direc tly from the cylin
der. Stirring and gentle refluxing of the ethylene was 
continued for six weeks. The flask was th en removed 
from the bath and permitted to warm to room tempera· 
ture . The unreac ted ethylene was di s tilled into a dry 
ice acetone·cooled trap and saved for the next run. The 
contents of the flask were re moved, the me thyle ne 
c hloride dis tilled and the product was fractionated I 

through a lO·in column packed with helices. The fore· 
cut consis ted of two fract ions boiling at 46°C and 54 0C. 
The desired product, C F2CICFClI, boiling at 101 °C 
a mounted to 3100 g or 72.6 percent based on the iodine 
monoc hloride which was not c he mically pure. A con· 
s iderable quantity of iodine re mained in the reaction 
fla sk. 

Addition of Iodine M onochloride to Chlorotri
jluoroethylene. In a 1400·ml steel bomb was placed 
1000 g (6 .2 m) of technical grade iodin e monoc hloride . 
The bomb was cooled to -196° using ·liquid nitrogen 
and into it was dist illed 727 g (6.25 m) of chlorotri
Auoroe thylene. The bomb was permitted to wa rm to 
room te mperature while rocking. It was the n rocked 
for 65 h at room te mperature. At the e nd of thi s pe riod 
the conte nts were removed, shaken with aqueous 
sodium bi sulphite and dried over anhydrous sodium 
sulfate . The amount of crude produc t was 1510 g or 
88 percent based on the impure iodine monoc hloride. 
Distillation produced a forecut boiling below 50°C and 
1415 g of product boiling at 101 °C or 82.5 percent 
based on iodine monoc hloride. This produc t was found 
to be a mixture of iso mers CF2CICFClI and CF2ICFCI2 , 

but was largely the latter. 
Telomerization of I-Chloro-l ,1.2-trijluoro-2-iodo

ethane with Tetrajluoroethylene. A glass tube co ntain 
ing 47.6 g (0.2 m) of CF2 CICFHI and 20 g (0.2 m) 
of CF2CF2 was subjected to ordinary room light for 
a brief period at 0 0c. Upon warming to 0° from 
- 196 °C solid polymer began forming immediately. 
After a ll action had apparentl y ceased the tube was 
ope ned and any re mainin g CF2 CF2 was permitted to 
escape. Reso lution of t he mixture yie lded 33 g of the 
s tarting e thane, 3 g of very high boiling viscous liquid I 

product a nd 5 g of solid polymer, both assumed to I 
be low molecular weight polytetrafluoroethylene. 

Telomerization of l-Chloro-tetrajluoro 2-iodoethane 
with Tetrajluoroethylene. A glass tube charged 
with 49.6 g (0.19 m) of CF21CF2 Cl and 18.8 g (0.19 m) 
of CF2CF2 was permitted to warm from - 195 °C to 
room temperature . It was subjec ted to ordinary 
flu orescent light for 8 h at room te mperature the n 
opened . Separati on of the co mpone nts of thi s mixture 
yie lded 35 g of ori gina l ethane 3 g of material boilin g 
between 60° and 120 °C and 11 g of polymer. Excess 
e th ylene again was permitted to esca pe. 

Telomerization of tetrafluoro 1,2-Diiodoethane with 
Tetrajluoroethylene. A glass tube containing 65.4 g 
(0.184 m) of CF21CF21 and 18.4 g (0.184 m) of CF2 CF2 

was subjec ted for three days to radiation from a cobalt 
60 source a t a dose rate of 0.25 megarads/h. The 
yields were as follows: 
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B.P. Pos tulated Yi e ld 
produc t 

46 °C/65 mm CF, ICF, I 16.0 g 
55 °C/25 IICF,), ! 11 .5 
52 °Cn IIC F, U 4.0 

Te/omerization of J ,2-Dichlorotrijluoro-l -iodoethane 
with TetraJluoroethylene. Into a thi c k·wall ed glass tube 
containin g 500 g 0.8 m)CF2C ICFC II was di still ed 192 g 
(1.9 m) of CF2CF2. The tube was thoroughly degassed 
and placed in a cobalt-60 so urce wh e re it was sub
jected to a dose rat e of 0.25 megor ads/ h for 20 h. 
It was th e n coo led tu - 196 °C with liquid nitrogen and 
ope ne d. On warmin g to room te mperature excess 
tetrafluoroethyle ne was permitted to escape. The 
liquid mixture was tra nsfe rred tu a di s tilling fla sk and 
di stilled. firs t rough ly the n carefully through a 1O-in 
column packed with glass he li ces . The yie ld s of te lom· 
ers we re as follow s : 

99- 101 ° CF,C ICFC II 91 g 
101-1 40° 1<) 

14 1 CF,C ICFCIICF,}, I 196 
25- 44/ 1 III III 20 

46/1 mm CF,C ICFC I(C F,).,I 95 
64/1 mm CF,C ICFCI(CF, ).J 30 
> 64/ 1 mm hi ~h e r te lorn ers 20 

Te f omerization 0/ 3 ,4-Dichl orohe/1tajluoro- l-iodo
butane with Tetrajluoroethy /ene. A large thi c k-w alled 
g lass tub e containing 495 g (1.31 m ) of 
CF~CICFC l(CF2)2 I and 117 g (1.17 m) of te trafluoro
ethyle ne was subjected to y radiation at a dose rate 
of 2.5 megarads/ h for 12 h. The tube was opened a nd 
it s co ntents filt e red . The liquid frac tion was ca re
fully di s till ed. Th e total yie ld s are li s te d as follow s: 

Recove red CF2CICFC I(CF2hl 164 ,T 
'" 

CF~C ICFC I(CF2)~ 1 127 

CF~C ICFC I(CF2)(;l 52 

CF~ClCFCI(CF2)II I , n ~ 8 85 

High polymer 76 

Te fomerization 0/1 ,2-Dichloro-trijluoro-l -iodoethane 
with HexaJluoroJ.ropylene. Into a 1400-ml bomb was 
poured 560 g (2 m) of 1,2-dic hloro-l-i odotriAuoroe th ane. 
The bomb was attached to a vacuum lin e coo led to 
-196 °C and evacua ted. Into it was di s till ed 800 g 
(5.3 m) of ca refull y degassed hexafluoropropylene . 
The bomb was sea led and placed in a hea te r-rocker 
asse mbly . hea ted to 200°, and rocked at thi s te mpera
ture for 294 h. It was the n coo led to room tempe rature 
and 210 g of excess hexa Auoropropyle ne was di still ed 
into a dry ice-ace tone coo led trap. The liquid product. 
710 g of a dark oil was di still ed and the following 
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absolute yields were obtain ed . It is to be noted that 
percentage yields are not parti cul a rl y informing in 
this type of telomerizatio n. 

< 100 °C 30 g 97- 104/20 m m 88 g 
]45- 55/20 nun 

100-140 39 75- 85/1 mm 154 
56-6tj20 mm llO 186-186/20 InI11 122 
61- 96/20 mIn 7 > 200/20 mm 157 

Telomerization of 1 ,2-Dichloro-heptajluoro4-iodo
butane with Hexajluoropropylene. Into a 1400-ml bomb 
was placed 760 g (2 mm) of 1,2-dichloro-4-iodohepta
Auorobutane. The bomb was attached to a vacuum line 
cooled to - ] 95 °C a nd evacuated . Into it was dis
till ed 470 g (3 .14 m) of carefully degassed hexafluoro
propyle ne. Th e bomb was sea led , place d in a heater· 
roc ke r mecha ni s m, hea ted to 202 °C and roc ked at 
thi s te mperature for 411 h. It was th e n coole d to room 
te mpe ra ture and a ttached to a dry ice acetone-coo led 
trap. In thi s way a bout 50 g of impure hexaAuoropro· 
py le ne was recove red . Tota l amount of liquid (or so lid ) 
produ ct was 1071 g. Th e liquid was di s till e d rough ly 
unde r redu ced press ure giving th e following yie lds . 

< 130°/20 m m 

> 130°/20 mm 

Res idu e 

546 g 

247 

170 

A careful di s till a tion of the first frac ti on yi e lded th e 
following: 

92 - 94°/20 mm 372 

95 - 130°/20 mm 148 

Preparation of 1,5,6-Trichloroperjluorohexane. In 
eac h of two quartz tubes was placed 67 g (0.14 m) of 
CF~C ICFCI(CF2)~I and 28.4 g (0.4 m) of c hlorine . Th e 
tubes were shake n and irradiated with ultraviol e t 
light from a Han ovi a type L burner for 13 h. Th e tubes 
were opened and th e excess c hlorin e permitted to 
esca pe. Th e liquid mixtures we re combined and dis
till ed. The amount of des ired product was 65 g or 61.8 
pe rce nt convers ion. Thirty nin e grams of iodocom 
pound were recovered unchanged. Taking this into 
co ns id eration the yield was 84.1 percent. A small 
residu e was not ide ntifi ed. Boiling point of the s lightly 
impure material was 146 °C. 

Dehalogenation of 1,5,6-Trichloroperjluorohexane. 
In a I-liter fla sk equipped with a still head and s tirrer 
61 g (0.17 m) of CF2C ICFC I (CF2)~Cl . 60 g (0.9 m of Zn 
90 ml of acetic anhydride and 270 ml of acetic acid 
was stirred and heated to 90°. The 6-chloroperfluoro-l
hexan e di stilled . The crude product was washed with 
wate r, dried over anhydrous sod ium su lfate and re 
distill ed. Yield of pure product was 27 g or 54 percent 
B.P. 89°. 



Attempted Dechlorojluorination of 6-Chloroper
Jluoro- l -hexene. In a I-liter fl ask equipped with a 
s tirre r. re flux condenser, and a thermom eter exte nd 
in~ into the liquid were placed 30 ~ (0.09 m) of 
CF~ = CF(CF~)4C1. 13 ~ (0.2 m) of Zn and 200 ml of 
di e th yle ne glycol. The mixture was s tirred and hea ted 
to 140 °C . th e hexane refluxin~ vigo rously. At 140° the 
conte nts of the fla sk began to seethe and froth and the 
re fluxing s ubsided. No furth e r re flux was observed 
until th e temperature reached 190°. Th e re flux co n
denser was re placed with a s till head a nd a produ ct was 
distilled a t 182 °C. Thi s is the B.P. th at Knunyants has 
reported for pe rAuoro-l ,ll-dodecadiene. Th e yie ld was 
13 ~ or 50 percent. 

Coupling of J ,2-Dichloro-heptajluoro 4-iodobutane 
(Hasze ldine's Method). Three quartz tubes were pre
pared as describe d be low. 

C F"C ICFC ICF"CF" I H, Freom ll 2 

No. I 40,,: (0.106 m) 215,,: 32,,: 
No.2 37 ,,: (0.097 m) 190 35 
No.3 38,,: (0.100 m) 170 33 

These tubes we re sha ked and irradiated with ultra
violet rays from a Ha novia T ype L burn e r for 35 h. 
The contents of the tubes were combin ed a nd the 
or~a ni c materi a l was carefull y separated from the mer
c ury a nd di s till ed. The yie ld was 34 ~ of material. 
boi ling at 68 °C/3 mm or 68.5 percent based on the 
flu orocarbon. s ince 40 g of Auorobutane was recovered. 

(Knun ya nt 's Method) 

In a 250-ml 3-neck fla sk , comple te with stirrer. 
re Aux conde nser and droppin~ funn e l. was placed a 
mixture of 10 g (0.15 m) of powdered zinc in 31 ~ of 
aceti c anhydride a nd 50 ml of methyle ne chloride. 
This mixture was stirred v i ~oro u s l y and heated to 
re Aux. To it was add ed dropwise 57 g (0.15 m) of 
CF2C1CFCICF2CF21. During the addition , heating was 
discontinued but a vigorous reflux was maintained by 
the rate of addition. Afte r addition , heating was res umed 
and re flux was maintained for 6 h. The fla sk was 
coo led and its conte nts were filte red and added 
dropwi se to 1 liter of water. Th e organ ic laye r was 
se para ted , dri e d over anh ydrous sodium s ulfa te and 
di s till ed. Carefu l di s tilliation thorugh a lO-in co lumn 
pac ked with ~ I ass he li ces yie lded 22.4 ~ of a c lear 
co lor less liqui d boilin ~ a t 68 °C/3 mm. Thi s was 
59.3 percen t based on th e di chloro iodoperfluorob u
tane. 

Cross-coupling of 1 ,2-Dichlorotrifluoro-l -iodoethane 
and 1,2-Dichloro-perfluoro 4-iodobutane. Into a 3- liter. 
3-neck fla sk equipped wit h a s tirre r reflux condenser 
and dropping funne l was placed a mixture of 260 g 
(4.0 m) of zinc powder , 800 ml of acetic a nh ydrid e and 
2000 ml of methylene chlor ide. Thi s mi xture was s tirred 
and heated to reflux . To th is reflux in g mixture was 
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added dropwise an intim ate mixture of 556 g (2m) 
1.2-dic hloro-tri flu oro-l-iodoet hane a nd 760 ~ (2 m) of 
1,2-di chloro-4-iodoperAuorob utane . Durin g the addi
tion of the halocarbon mixture reflux was maintained 
withou t ap plication of extern al heat. When addition 
was complete re flu x a nd stirring were co ntinued over· 
night. The content s of the fl as k were filtered and the 
r esidue discarded . The filtrate was added slow ly with 
s tirrin g to 5000 ml of water in two 4-liter beakers. The 
aqueous layer was discarded. The methylene c hloride 
solution was dried over anh ydrous sodium sulfate a nd 
di still ed . It was then redi still ed through an 18-in 
column packed wi th glass helices with the followin g 
results . 

B.P. Yi e ld 

Forec ut. ... . ......... . ..... . . . ... . .. ..... . 41 - 130 78 g 
1.2.3.4·Tetrachl oroperfluorobu tane .... .. . ... ... 133 120 
1.2.5.6-TetrachloroperAuorohexa ne ...... .. ... .. . 43°/1 mm 132 
1.2.7.8·TetrachloroperAuorooctane .............. 68°/3 mm 240 
Residu e . ... ..... .... ... ........................ .. .. .. ... > 68°/1 mm 210 

Preparation of 7,8 -Dichloroperjluorooctanoic Acid. 
Thirty g (0.05 m) of 1,2-dic hloro-8- iodoperfluorooctane 
a nd 20 ml of 60 perce nt oleum were placed in a 100 ml 
s tee l bomb a nd the bomb sea led. The bomb was rocked 
and maintain ed at 250 °C for 18 h. The contents were 
removed from th e bomb. The oily organi c layer was 
separated and shaken with aqueous sodium bicarbon
ate until neutral to pH paper. The solution was then 
made acidi c with dilute surfuri c acid and ex tracted 
continuously with e ther. The eth er ex trac t was dri ed 
over a nh ydro us sod ium carbonate and di s till ed. The 
yie ld was 9.4 g of a co lorless oil boilin g at 155°/58 mm . 
Thi s was 38 perce nt based on the iodoocta ne used as 
s tarting mate ri a l. On s tandin g the o il s low ly so lidified . 
Thi s was co ns istent with th e findin gs of Knunyants. 
Thi s acid was late r converted to the sodium salt and 
th e salt dried by conventional means. 

Preparation of Sodium 7,8-Dichloroperjluorooctano
ate. A mixture of 145 g (0.25 m, 73 ml) of 7,8-dichloro-
1-iodoperAuoroocta ne and 291 g (2.5 m 173 ml) of 
c hlorosulfon ic acid was p laced in a glass tube of such 
s ize tha t the tube was about 2/3 full. The tube was 
placed in a metal bomb surrounded with carbon tetra
c h loride. The bomb was sealed and placed in a hea ter. 
The heater was inc lined so that the glass tube was 
abo ut 85° from verti ca l. Th e bomb and contents were 
maintained at 146- 152° for 20 h afte r which th e bomb 
was pe rmitted to coo l to room tem perature. The glass 
tube was removed a nd cooled to - 196°C with liquid 
nitrogen. It was ope ne d and permitted to warm to room 
te mpera ture. Warming was accelerated by pouring 
warm water over the outside of the tube . The conte nts 
of the tube was poured on ice cubes. Durin g thi s s tep 
most of the ice melted . On standing a n oil y layer se pa
rated . The aq ueous layer was decante d. The oily layer, 
amountin g to 127 g, was added dropwise to a hot so lu
tion of 40 g (1.0 m) of sodium hydroxide in 500 ml of 



wate r. After addition heating was continued for two 
hours. Th e mixture was th e n permitted to coo l to roo m 
te mpe rature and refrigerated overnight. Th e crys tals 
of 7 .8·d i chloroperAuorocaprylate were filt ered and 
vac uum dried. The yield was 66 g or 56.3 perce nt based 
on the iodo co mpound . From the filtrate 35 g of oil was 
obtain ed. Thi s was s ubjected to infrared analysis a nd 
was co nc lud ed to be 1,7,8-trichloroperAuoro heptane 
whi ch Hauptschi en suggested to be a byproduct in 
thi s type of reac tion . The reac tion was carri ed out six 
times wit h the yie lds varyin g betwee n 44 and 56.5 
percent. The product is a white mi crocrystalline 
materi al. 

Preparation of 3,4 -Dichloropentajluorobutyric A cid. 
In a 2- lite r. 3-nec k fl ask equipped with an efficient 
stirre r and a long ste m thermometer, a mixture of 272 
g (1.65 m) of potass ium perman ganate, 350 g (4.2 m) of 
sodi um bicaro nate, 100 ml of ace tone and 400 ml of 
water was s tirred and cooled to 4 0c. To thi s mixture 
was added dropwi se 284 g (1.0 m) of 

CCIF~CCIFCF~CF CF~. 

Th e la tter compound was ob tained from the pyrolysis 
of CCIF~ CCIFCF~CFCICF2COONa in a ma nn e r de 
scribed in earli er work [lJ. After addition the mixture 
was permitted to warm slowl y to room te mperature , 
care be ing exercised to preve nt excessive foamin g. 
Excess permanganate was des troyed with 5 pe rcent 
aqueo us sodium bi s ulphite. Ma nganese dioxide thu s 
form ed was filt e red, washed with wate r, and di scarded. 
The com bined filtrate and washin gs were c lear a nd 
color less. To thi s was added 160 ml (294 g, 5 m) of 95 
percent s ulfuri c acid. This ac id so lution was ex tracted 
continu ously with e ther for 50 h. The extract was dri ed 
ove r anhydrous sodium s ulphate and di still ed. Th e 
product was di s til led under redu ced press ure , yie ldin g 
121 g of a clear , co lo rl ess oil boiling at 100 °C/3 mm. 
This was 49 pe rcent based on the pentene. 

Preparation of 3 ,4-Dichloropentajluorobutyric Acid 
(A lternative Preparation). Into as-liter. 3-neck Aask 
equipped with a condenser arranged for dow nward dis
till atio n was p laced 570 g (1.5 m) of CC IF~CC IFCF~CF~ I 
and 2000 g of 20 pe rcent fuming sulfuri c acid. This 
mixture was heated gently until the ac id fluoride. 

o 
II 

CC IF~CCIFCF~C-F, began to di s till. Heating was then 
carefully adjusted so that the acid Auoride would con
tinue to di s till with a minimum of impurities. S ulfur 
trioxide whic h was evolved in copious quantities during 
the addition was vented from the system through a tube 
attached to an adapter between the condenser and the 
receiver. The crude acid flu oride-i odobutane layer, 283 
g, was sha ke n with conc. sulfuric acid in a separatory 
funn e l, re movin g di ssolved sulfur trioxide, then dis
till ed through a co lumn. The yie ld was 158 g of 

o 
II 

CCIF~CC IFCF~C-F. Approximately 107 g of butane 
was recovered. Th e yield of acid fluorid e was 52.3 
percent based on the iodobutane which reacted. 

408-434 0 - 71 - 4 
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The acid Auoride was added dropwise to a solution 
of 80 g of sodium hydroxide in 200 ml of water. The 
mixture was heated to 90 °C and mai ntai ned at this 
temperature for 30 min. It was coo led and a s mall 
amount of oil separated. Th e aqu eous alkali soluti on 
was acidified with 50 perce nt sulfuri c ac id and ex
tracted continuously with e ther for five days. Th e ether 
extract was dri ed over anhydrous sod ium s ulfate a nd 
dis till ed. The product, 3,4-dichloropenta Au orobutyric 
acid was obtained by distillation under redu ced pres
sure. It amounted to 149 g of a cl ear colorl ess liqui d 
boiling at 100°/3 mm. This was 95 percent based on th e 
acid fluorid e or 49.5 perce nt based on the iodobutan e . 

Preparation of 3,4-Dichloropentajluorobutyric Acid 
(2nd Alternative Preparation). In a s tainless s teel bomb 
was placed 152 g (0.5 m, 76 ml) of 1,l ,3,4 ,-tetrac hloro
hexa Auorob utan e (3M Kel-F Dimer No. 464) 72 ml of 
co nc. sulfuric acid and 34 ml of 30 percent fumin g 
s ulfuri c ac id. The bomb was sea led. It was roc ked, 
hea ted to 200 °C and maintained at thi s temperature 
for 96 h. It was cooled to - 80 °C, opened a nd permitted 
to warm to room tem perature. In te nse foamin g a nd 
evolution of gas occ urred , but the co ntents of th e 
bombs were s uccessfully transferred to a beaker. On 
s tandin g, th e foamin g and gas e vo luti on subsided. Thi s 
mixture was d is till ed under reduced press ure yie ldin g 
65 g of c lear liquid boiling at 61°/1 mm or 53 pe rce nt 
based on the butane. It gave th e same ind ex of refr ac
tion as samples prepared in the othe r two ways. N~o 
1.3470. 

Preparation 0/ 3-Chloropentajluoropropene. Fifty 
gram s (0.21 m) of 3,4-dichloropentaflu orob utyri c ac id 
were conve rted to the sod ium sa lt by neutralizing an 
aqueous solution of th e ac id with sodium hyd roxide so 
that the rer ulting solution had a pH of 7. Thi s was 
e vapo rated to a bsolute dryn ess in a vac uum des icca tor, 
yie lding 56 g of anh ydrous sodium 3,4-di c hloropenta
flu orob ut yrate. Th e sa lt was pyrolyzed in a 250 ml 
round-bo tt om Aas k whi c h was co nn ected by adap ters 
to th ree liquid nitroge n-coo led traps conn ec ted in 
tande m. Heat was suppli ed by a microburner. The 
yield was 32 g or 91.5 percent based on th e acid sa lt. 
This was di s till ed through a co lu mn packed with glass 
helices. The yield of pure compound was 30 g or 86.2 
percent. B:P. 8 °C. 

Preparation 0/ Pentafluoro 3-Iodopropene. A 2-liter, 
3-net;k Aask was equipped with a s tirrer , a thermom
eter, and a re Aux condenser topped by a dry ice 
acetone-cooled cold finger type condenser topped by a 
calcium chloride drying tube . Into the Aask was placed 
83 g (0.6 m) of sodium iodide and 300 ml of freshly 
distilled methyl-e thyl ketone. Stirring was commen ced 
and into the Aask was di still ed 58 g (0.35 m) of 3-
c hloropentaAuoroprope ne. Th e mixture was re Auxed 
for 24 h. The reflux te mperature rose from 20 to 60 °C. 
The product was removed from the flask , filtered, and 
the filtrate distilled. A fraction boiling be tween 50° a nd 
55° was collected and redistilled through a 10-in co lumn 
packed with glass helices. The yie ld was 40 g of a clear 
colorless liquid which slowly turned violet on standing. 
This was 44.2 percent based on the chloropentaAuoro
propene. B.P. 53 °C. 

- l 



Preparation of 1,2-Dichloro-pentajluoro 3-iodopro
pane. Seventy-four g (0.3 m) of 3,4-dichloropentafluoro
butyric acid was carefully neutralized with 3.S N 
a mmonium hydroxide. To the solution was added a 
solution of 60 g of si lver nitrate in 200 ml of water. 
Upon refrigeration. silver 3,4-dichloropentafluoro
butyrate crystallized and was filtered . Concentration 
of the filtrate produced additional produc t. The salt 
was dri ed in a vacuum oven at 60 °C for a week. Th e 
yield was 104 g or 99 percent. 

Seventy g (0.2 m) of powdered si lver 3,4-dichloro
pentafluorobutyrate was mixed with 76 g (0.3 m) of 
powdered iodine. The mixture was sifted until homo
geneous. It was placed in a metal tube attached to two 
dry ice acetone-cooled traps and a bubble counter in 
series. Th e silver salt-iodine mixture was pyrolyzed 
by heat from a micro burner, beginning with the end 
nearest the traps and keeping the evolution of carbon 
dioxide fairly constant as indicated by the bubbl e 
counter. The produ ct was obtained from the fir st trap . 
It amounted to 16 g or 24 percent. The crude product 
was distilled through a 6-in column packed with glass 
helices. The yield of pure 1,2-dichloro-3-iodopenta
fluoropropan e was 10 g or IS perce nt based on the 
butyri c acid. B.P. 119 °C. The predominant yield was 
3-chloropentafluoropropene, the product described 
above in the pyrolysis of sodium 3,4-dichloropenta
fluorobutyrate . 

Analysis of Cl CWJ 

Calculated ..... . 
Found ........ ... . 

C 
10.9 
11.2 

CI 
21.8 
22 .S 

I 
38.4 
38.0 

Preparation of 5 ,6-Dichloroperfiuorohexanoic Acid. 
In an 800-ml stainless s tee l bomb a mixture of 478 g 
(1.0 m) of 1,2-dic hloro-6-iodoperfluorohexane and 654 g 
(S.6 m) of chlorosulfonic acid was roc ked and heated 
to ISO 0C. It was maintained at this temperature with 
roc king for 72 h. The liquid was re moved from the 
bomb and added dropwise to 3000 ml of water in a 
beaker. The bomb was washed with two 500-ml portions 
of water and th e washings were added to the beaker. 
An oil s lowly se parated. The aqueous layer was de
canted. The oil was tran sferred to a separatory funne l 
diluted to three times ib original volume with ether and 
washed with three 200-ml portions of water. The ether 
solution was dried over anhydrous sodium sulfate and 
distilled. Th e product was obtained by distillation under 
reduced press ure. It amounted to 2S4 g of a clear co lor
less liquid boiling a t 138 °C/63 mm. Thi s acid had the 
same ind ex of refrac tion , Nt? 1.3612 , reported by 
Knunyants. Th e percentage yield was 73.S. 

Preparation of J ,2 -Dichloro-perfiuoro 5-iodopentane. 
Thirty-eight g (0.11 m) of S,6-d ichloroperfluorocaproic 
acid was converted to the dry si Ive r salt in the manner 
described above for 3,4-dichloropentaflu orobutyri c 
acid and pyrolyzed in the prese nce of a 100 percent 
molar excess of powdered iodine in a stain less s tee l 
tube attached through on an adapter to a large fl as k 
which was attached to a dry ice acetone-coo led trap 
and a vacuum pump. The pyrolysis was carried out 

unde r reduced pressure. Total pyrolysi s products 
amounted to 40 g. Thi s material was dis till ed through 
a column under reduced pressure. Yield of the iod o
pentane was 21 g or 44.5 percent based on the caproic 
acid. B.P. 6SO/40 mm. There was a large solid residue. 

Analysis for C5FHCL I 

Calculated ..... . 
Found . . ...... .. . . 

C 
14.0 
14.2 

Cl 
16.6 
IS .9 

I 
29.6 
28.9 

Preparation of 5,6-Dichloroperfiuoro-l-hexene. A 2-
liter resin fla sk was equipped with a stirrer, reflux 
condenser and a dropping funn e l. It was e vacuated 
and the wall thoroughly de hydrate d by heating while a 
vacuum was maintained in the flask. Dry nitroge n was 
admitted to the fla sk and a slow nitroge n flow was 
maintained throu ghout the reaction. Into the fl ask was 
poured 240 g (0.5 m) of S,6-dichloro-l-iodoperfluoro
he xane and 1000 ml of carefully dried ether. This was 
cooled to - 80 °C with a dry ice acetone bath. With 
vigorous stirring a solution of 12 g (0.55 m) of me thyl 
lithium was added dropwise. Stirring was continued 
and the reactants we re permitte d to warm to room 
te mpera ture . To th e mixture was added 200 ml of 
water followed by 200 ml of 20 percent hydrochloric 
acid. Stirring was continued for 2 h. Th e mixture was 
transferred to a separatory funnel; the aqueous layer 
was separated and di scarded. The ether solution was 
dri ed over anhydrous sodium sulphate and di stilled. 
Seventy grams of st arting mate rial was recovered. 
The yield was 80 g or 68 percent based on the hexane 
which reac ted. B.P. 116 °C. Also obtained was 8.5 g 
of material boiling at 143°, which was not characterized 
and a small solid residue . 

Preparation of Perfiuoro 1 ,1 ,7-trihydroheptane. 
A 1400-ml silver lined bomb was charged with 498 g 
(1.5 m) of 1,1,7-trihydroperfluoroheptanol (Dupont 
fluoroalcohol C7) and sealed. Through copper tubing 
256 g (238 m) of su lfur tetrafluorid e was poured directly 
into the bomb from a cylinder as the bomb res ted on 
a balance. The cylinder was gently heated to faci litate 
the transfer. A heater-rocker apparatus was heated to 
100 °C. The bomb was placed in it and rocked. Heating 
was di scontinued , but the tempe rature rose to 130°, 
then slowly subsided. Heating was res umed. The bomb 
was maintained at 100 °C for 4 h . Heating was again 
di scontinued but the bomb was permitted to rock for 
an additional 18 h. When the bomb had cooled the 
gaseous contents were vented through a so lution of 
550 g of sodium hydroxide in 4000 ml of water. thus 
removing thionyl fluoride, hydroge n fluoride and excess 
sulfur tetrafluoride. Dry nitrogen was passed through 
the bomb in a further effort to remove corros ive gases. 
The bomb was opened. From a beaker 500 ml of cold 
potassium hydroxide so lution was cautiously added to 
the bomb. The mixture was stirred manually until 
there was no furth er odor of sulfur tetrafluoride . The 
bomb contents were transferred to a 1500 ml beaker. 
The aqueous layer was decanted. The oily layer was 
washed with two 250 ml portions of co ld water , then 
dried over anhydrous sodium s ulfate and disti ll ed 
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through an 18-in column pac ke d with glass he li ces. 1n 
a ll 128 g of s tarting materia l was recove red. Yi e ld of 
produ c t was 272 g or 73 perce nt based o n th e te lomer 
a lcohol whi c h re ac te d. B.P. 123- 4°. 

Analys is of C 7F 13 H:l 

Ca lc ul ated ..... . 
Found .... ..... .. . 

C 
25.1 
25.2 

F 
74.0 
73.7 

H 
0.9 
0 .8 

Preparation of Perfluoro 7-Hydroheptaldehyde. A 
500-ml 3-neck Aas k was e quipped with a dropping 
funnel. an 18-in co lumn packed with glass he li ces and 
a s till head. Into th e fla sk was placed 83 g (0.25 m ) of 
1,1 ,7 -h ydroperAu oroheptano l (Dupont fluoroalcohol 
C7). This a lcohol was he ate d until it boil e d vi gorou s ly 
but did not di s till through th e column. A so lution of 
26 g (0.1 m) of sodium di c hromate and 35 g (0.35 m) of 
s ulfuri c ac id in 150 ml of wate r was adde d slow ly 
thro ugh the funneL 7-HydroperAuoroh eptald e h yde and 
water di s till e d through th e co lumn into th e rece iver 
forming two phases . The wate r layer was se parate d 
and extracted with three 100 ml portion s of e th e r. Th e 
e th e r extrac ts we re co mbin ed and added to the free 
alde hyd e. The e ther so lutio n was dri ed ove r sodium 
su lfate and di s till ed. The fra c tion boiling at 121 to 
122 °C was re taine d as th e produ c t. High e r boilin g 
fraction s were re taine d se parate ly but not c harac
terized furth e r. Th e yi e ld was 58 g or 70 pe rce nt. 
Upon s tand in g in air th e a lde hyde s low ly form s a 
monohydrate. 

Preparation of Perfluoro 1 ,7-Dihydroheptane. An 
800-1ll1 s tainless s tee l bomb was c harged with 349 g 

I 
(1.0 m) of 7-hydrope rfluoroh e ptaldehyde-monohydrate . 
Through a valve attached to the bomb 275 g (2 .5 m) of 
s ulphur te traAuorid e was poured into th e bomb from 
a meas uring de vice. The bomb was roc ke d , heated to 
150 °C and maintaine d at that te mperature for 68 h. It 
was coole d to room te mpe rature a nd th e e xcess s ulphur 
te traAuorid e was pe rmitte d to bubble through a large 
Aas k containing potass ium h ydroxide so lution . Th e 
conte nts of th e bomb we re re moved, treated with 
sodium Auoride a nd sodium s ulphate, the n filt e re d. The 
filtrat e was di s till e d. A fraction boiling at 110 to 112 °C 
was re tai ne d as the product. Thi s amounte d to 15 g or 
4.3 pe rce nt based on th e aldehyde hydrate. 

Ana lysis of C 7 F ,4 H 2 . 

Calcu lated .... . . 
Found ......... .. . 

C 
23.9 
23.8 

H 
0.9 
0.6 

F 
75.5 
75.3 

Attempted Preparations ofPer/luoro-l ,6-Heptadiene. 
In a 100-ml Aas k a mixture of 7 g (0.02 m ) H (CF2h H_ 
2.3 i!; (0.04 m ) of potass ium hydroxid e, and 50 ml of 
abso lute a lco hol was re Auxe d for fiv e days. The co m
pon e nts wer e se parate d a nd th e s tarting mate rial 
recove red un c hanged. 

I 
In a 75-ml Aas k a mixture of 7 g (0.02 m) of H(CF2h H 

and 2.3 g (0.04 m) of potass ium hydroxid e was reAuxe d 
for 24 h. Th e mixture turne d brown and th e potassium 
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hydroxide became coate d with a dark s ubs tance. Five 
g of the heptane were recove red but no product was 
obtained. 

Small amounts of 1,7-d ih yd roperAuoroheptane were 
put through steel tubes packe d with (l ) sodium Auoride, 
(2) steel wool , (3) nickel turning,;. (4) platinum on 
carbon. This work was carri ed out unde r vacuum and 
under an atmosphere of dry nitroge n and a l te mpe ra
tures ranging between 300 and 600 °C at 50° inte rval s. 
Below 550 °C starting mate rial was recove re d un
c hanged. At 600° and above ex te nsive carbon ization 
occurred. Very little of the heptane was recover e d and 
no unsaturate d products were obtained under any 
com bination of con ditions . 

Preparation of Perfluoro-l ,7-octadiene. A 2-liter, 
3-nec k fla sk was equippe d with a dropping funnel , an 
e ffi c ie nt stirrer and a s till head . Into it was place d 
] 34 g (2 m) of powdere d zi nc a nd 1000 ml of bis[2[(2-
me thoxy-e thoxy)e th yl] e the r. This s us pe ns ion wa s 
hea te d to 120 °C and maintain ed at thi s te mpe rature . 
To it was added dropwi se 504 g (1 m) of 1 ,2,7,8-te tra 
e h loroperfl uorooctane. P e rAuoro-l,7-octadie ne di s 
till e d at approx im a te ly the sa me rat e as th e octane 
was added after a s hort inc ubati on peri od. The crud e 
produc t was di s till e d through a 10-in co lumn pac ked 
with g lass he li ces. A c lea r co lor less liquid boiling at 
106 °C was obta ine d . The yie ld was 240 g or 66.5 pe r
ce n t based on th e te l ra c h lorope rflu o rooctan e. 

Preparation of Perfluoro-l ,S-hexadiene (Mi ller's 
Method) or (Method No. I ). In a 100-ml 3 -neck Aas k 
equipped with a s tirre r and re Aux conde nser was 
pl aced 5 g (0.077 m ) of activated z inc s us pe nde d in 
30 ml of carefully dri ed di oxan e . Th e openi ng of the 
cond e nse r was co n nec ted to a dr y ice acetone-coo led 
trap. Th e a ppa ratu s was s wept out with dry nitrogen . 
Whil e stirring bri s kly , 14.1 i!; (0.055 m) of 3 -iodope nta
Auoroprope ne (pe rflu oroa ll yl iod ide) was a dde d drop
wi se over a pe ri od of] h. After adcition the co nte nts 
of th e Aask we re r e flux ed for 4 h a nd permitte d to s tand 
at roo m te mpe rature for 68 h. The c rude hexadi e ne 
was di s till ed direc tl y from th e Aas k. Dis tillate was 
co ll ected up to 100 °C th en di s till e d through a 10-in 
glass column pac ke d with g lass he li ces . The produ c t 
was 4 g of cle ar co lorl ess liquid boiling at 59°C or 
55.5 percent based on the 3-iodopentafluoropropene. 

Preparation of Perfluoro-l ,S-hexadiene (Knunyant's 
Method) or (Method No.2) . A I-liter fl as k was equipped 
with a s tirrer, a s tili head, and a droppin;,!; funnel. Into 
it was place d 52 g (0.8 m) of zinc powder. 360 Illi of 
acetic acid and 90 ml of acetic anhydride. This mixture 
was stirred and heate d to gentle reAux. Heating was 
di scontinued and to the stirred suspension was adde d 
73 g (0.18 m) of 1,2 ,5 ,6-tetrac hloroperfluorohexan e a t a 
rate s uch that perfluorohexadiene distilled as rapidly 
as it formed. The crude hexad iene was di s till e d throui!;h 
a lO-in g lass column packed with g lass he lices to pro
du ce 26 g (0 .099 m) of c lear co lorless liquid boilini!; at 
59 °C. Thi s was 55 pe rcent ba sed on the hexa ne . 

Th e acetic acid so lution was poured into 3000 ml of 
water. Twe nty-four g of Auoroc arbon se parate d . This 
mate rial was dri ed and di s till e d yie lding 15 g (0.045 m) 
of material boiling a t llS °C whi c h was assumed to be 



eith er 5,6-dic hl oroperfluoro-l-hexene or 6,6-dichloro
perflu oro- l-hexe ne and 8 g (0.02 m) of liquid boiling at 
43°/1 mm or at 171 ° at a tmos pheric press ure. Thi s was 
considered to be eith er 1,2 ,5,6-te trachl oroperfluoro
hexane or 1.1,6.6·tetrach loroperfluorohexane. 6.6-Di
c hloroperfluoro·l ·hexe ne. a nd 1.1.6,6· tetrach loroper
fluoroh exane would arise from an isome ri c impurity 
produced in th e preparati on of 1,2-dichloro-l-iodotri
fluoroethan e. 

Preparation of Per./luoro-l ,5-hexadiene (Fearn
Brown Method or Method No.3) . A I -liter 3-neck fla s k 
was fitt ed with a stirrer, s tiU head and dropping funnel 
as described above. Into it was placed 26 g (0.4 m) of 
powdered zinc, 360 ml of acetic acid and 90 ml of acetic 
anhydride. Th e mixture was stirred and heated to re
flux. Hea ting was discontinued and 67 g (0.2 m) of 
5.6-dich loroperfluoro-l -hexe ne was added dropwise. 
P erfluoro-1.5-hexadien e di still ed at the same rate. The 
crude produ ct was washed three times with cold dilute 
sodium carbonate so lution , the n three times with cold 
water. It was dried over anhydrous sodium sulfate and 
distilled. The yield was 34 g of clear co lorless liquid 
boilin g at 59 to 60 °C or 65 perce nt based on the 
dichlorope rfluorohexene . 

Preparation of Per./luoro-l ,6-heptadiene (Method No. 
l). Into a I-liter 3-nec k fl as k fitt ed with a stirrer. a 
re flux condenser. and a dropping funn e l was placed a 
mixture of 13. 1 g (0.2 m) of zinc powde r_ 400 ml of 
methyle ne chloride and 160 ml of aceti c anhydride. 
The mixture was stirred and heated to re flux . To it 
was added dropwi se a mixture of 19.3 g (0.045 m) of 
1.2-dichloro-5-i odopentane and 55.9 g (0.2 m) of 
1 ,2 -dich loro-l-iodotrifluoroethane . Aft er addition th e 
mixture was s tirred and re flux ed for 24 h. The mixture 
was filt ered a nd th e fi ltrate added s low ly to 4000 ml 
of co ld water in a beaker. Thi s mixture was s tirred 
vigorous ly for 4 h. The organi c layer was separated , 
dried, and di still ed. The yie lds are recorded below. 

B.P. 
(1) 1.2.3.4-Tetrachloroper-

fluorobutan e .... .......... 133° 
(2) 1.2,6 .7 -Te trachloroper-

fluoroh e ptane .. . . .. .. . . ... 74/19 mm 
(3) 1,2 .9.1O-Tetrachloroper-

fluorodecane ..... ... .. . ... 94/5 mm 

Compounds 1 a nd 3 are know n. 
Analysis for Co mpound 2 CiFI~C1I~ 

Calcul ated ..... . 
Found ...... . . ... . 

C 
18.5 
18.4 

CI 
31.3 
30.9 

Gms 

16.8 

7.9 

6.0 

Compound 2 was de ha loge nated in the mann er de
scribed above for perfluorooctadiene. Seven grams 
(0.015 m) of 1.2 .6 .7-te trachloroperfluoro he ptane yie ld ed 
3.5 g (0.011 m) of perfluoro-1.6-heptadiene or 75.5 
percent based on the hep tane. B.P. 86 °C. 

Preparation of Per./luoro-l ,6-heptadiene (Method 
No.2) . Into a 500-ml 3-neck fla sk fitt ed with a stirrer, a 
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reflux condenser and a dropping funne l was placed a 
mixture of 6.5 g (0.1 m) of zinc powder, 200 ml of 
methyle ne chloride and 80 ml of acetic anhydride. The 
mixture was stirred and heated to gentle reflux. To it 
was added dropwi se a mixture of 9 g (0.027 m) of 1,2 -
dichloro-3-iodopropane and 21 g (0.055 m) of 1,2 -
dichloro-4-iodobutane . After addition the mxiture was 
s tirred and refluxed for 15 h. The mixture was filtered 
and the filtrat e added to 2000 ml of water in a beaker. 
The mixture was stirred vigorously for 4 h. The organi c 
layer was separated, dri ed , and di still ed. Yields are 
recorded below. 

B.P. Gms 
(1) 1,2 ,5,6-Tetrachloroper-

fluorohexane . ......... ... 171 ° 4.5 
(2) 1,2,6 .7 -Tetrachl oroper-

flu orohe ptane .. .... .. . . . 74°/19 mm 5. 1 
(3) 1,2,7 ,8-Te trachloroper-

flu orooc tan e .. . . ... ...... 68°/1 mm 11.5 

Compound 2 was again dehalogenated as described 
above. Five g (0.011 m) of 1,2 ,6,7-te trac hl oroperfluoro
he ptane yielded 2.7 g (0.0087 m) of perfluoro-l ,6-
heptadie ne or 79 percent. B.P. 86 °C. 

Preparation of Per./luoro-l,6-heptadiene (Me thod 
No . 3). In a metal tube attached to two dry ice acetone
cooled traps conn ec ted in series and finally to a 
vacuum pump, 328 g (0.68 m) of sodium 6,7-dichloro
perfluorocaprylate was pyrolyzed. Heat was applied 
by a cylindri ca l furnace surrounding the metal tube. 
Pyrolysis was carri ed out at 380 °C as indica ted by a 
pyrometer. The product, crude 6 ,7-dichloroperfluoro-l
hepte ne was dried over anhydrous sodium sulfate and 
di stilled through an 18-in co lumn packed with glass 
heli ces under an a tmosphere of dry nitrogen. The 
yield was 220 g or 84.5 percent based on the sodium 
salt. B.P. 138 °C. 

Analysis for CiCbFI~ 

Calculated ... .. . 
Found .. ... ...... . 

C CI 
21.9 
21.8 

18.5 
18.4 

In a 1000-ml 3-neck flask equipped with a stir
rer, dropping funnel and still head , a mixture of 
26 g (0.4 m) of zinc powder which had been previously 
activated by treatme nt with cone. hydrochloric acid 
in acetone and 500 ml of bis [2-(2-methoxyethoxy)ethyl] 
e ther was stirred and heated to 75 °C. T o thi s suspen
sIOn was added dropwi se 76.6 g (0.2 m) of 6,7-dichoro- I 
perfluoro-l-h exene. After a bri ef incubation period , 
perfluoro-l ,6-heptadiene began to distill at the same I 
rate as the hexene was added. The crude diene was 
treated with phosphorus pe ntoxide, filt ered , then di s
till ed under an atmosphere. of dry nitrogen through a I 
10-in co lumn packed with glass heli ces. The yi eld was 
48 g (0.154 m) or 76 percent based on the he ptene. 
B.P. 86°. Nine g of residue boiling above 90 °C was 
ob tain ed but not studied. 



C 
Calc ulated... .. . 26.9 
Found... ... ... . .. 26.7 

3. Discussion 

3.1. Synthesis 

The e thanes other than CF~CICFC II me ntioned JIl 

the introd uction were prepared as follows: 

1. CF~CF~ + I CI--+ CLCIC F~ I 

CF ,Br·, . 
2. CF~CF~ + I ~ - -) CF~ ICF~ I 

3. CF~CFH + IC I--+ CF~C ICFHI. 

All three additi on reac ti ons too k place readily. giving 
, yie ld s which were virtually quantitative. Efforts to 

telome ri ze these materi a ls with te traAuoroe th yle ne in 
the manne r described above were a bortive . l·chloro· 
tetraAuoroe th ane·2- iodo does not add te traA uoro
e th ylene to for m a telomer nearly as readily as te tra
Auoroethylene homo po lymerizes. As a res ult efforts to 
carry out the reac tion 

resu lted c hie Ay in the preparation of high po lymer with 
only traces of li quid produ cts. Attempts to te lomerize 
l-c hloro-l.l.2-triAuoroethane-2 iodo with te traAuoro· 
ethylene were even less successfu l. yie lding on ly high 
polyme r. If the te lomers had form ed the form er would 
have proved very diffi c ult to dec hloroAuorinate but de· 
hydrochlorination of th e latter would have been feasible. 
The react ion lCF~CF~I + CF2CF~--+ I(CF~CF~)1I 1 was 
found to take p lace but Knunyants [14] asserted that 
this is not a telome rization but a coupling process which 
takes pla ce according to the following mec hanism. 

2ICFzCFf--+ I(CF~CF~hI 

21 *--+ L 

I The d iiodobu tane may then loose an iodin e I atom to 
form a rad ical which may couple with another iodo
butyl radical or an iodoethyl rad ical to produ ce. 

1 respec tive ly. a diiodoocta ne or a diodohexa ne . The 
I stabi lity of th e molecule increases with the numbe r of 
I carbon atoms between the te rminal iodines. The find-

ings in all of th is work te nd to en han ce the view that 
R-CF~1 type co mpound s do not form rad icals which 
either co upl e or initiate po lymerization nearly as 
readily as R- CFC II type s truc tures. The telomeriza
tion of CF~C ICFC II with tetraAuoroethyle ne proceeded 
with gamma initiation in the same manner as 
Knun yants obtained using benzoyl peroxide catalysis 
[101· 
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The yie ld s of perAuoro he xadiene were acceptable 
in all three syntheses. th e last preparation being supe
rior in overall e fficiency. The de iodo Auorination reac
tion employing methyl lithium is a s ubject for further 
s tudy since the exact co nditi ons und er which lith ium 
fluoride splits out have not bee n prec ise ly es ta bli s hed . 
As of thi s writing effort s to prepare perAuoro-l.5-
hexadiene by double deiodoAuorinati on of I(CF~CFth J 
are continuing. Dechlorination s were in a ll cases 
routine . 

Difficulties with the first proposed syn th esis of 
perAuoro-l.6-heptadiene were discussed a bove. In 
the second effort the weakest link was the c ross 
co upling reaction. The 1,2-dichloro-l-iodotriAuoro
e thane tends to homocouple for r easons indicated 
above. Another factor is th e possibility of telomerizin g 
the iodohexa ne used in preparing the iodopentane with 
tetraAuoroethyl e ne to prod uce the iodooctan e which 
is the startin g mate ri a l in the preferred synthes is. Th e 
hang-up in the third proposed synthes is is th e pitifully 
small yield of 1,2-dichloro-3- iodopentaAuoropropane in 
the mixed pyrolys is of sil ver 3.4-dic hlorope nta Auoro
butyrate a nd iod ine. Thi s res ults from th e partial di stil
lat ion of iodine from th e react ion c hamber before th e 
pyrolys is te mperature is reac hed. In thi s synthes is th e 
cross co uplin g reaction proved reaso nab ly e fhcacious. 
Th e fourth synth es is produced a qu and ry. Th e te lo me r 
obtain ed from 1.2-di c hloro-4- iodobutane a nd hexa
Auoropropy le ne form ed in good yie ld through th e 
reaction sche me s hown in the introduction . The 
de iodoAuorination reac ti on. whic h was carri ed ou t 
experimen tally in the mann er described above for 
5.6-d ich 10roperAuoro-l-hexane prod uced a mu lt i pli city 
of co mpound s. These were separated on a prepa rative 
scale vapor phase c hromatograph (VPC) a nd one of 
the major compone nts was identifi ed by ana lytica l 
VPC and infrared s tudi es as the desired 6,7-d ichloro
pe rAuoro-l-hep te ne. Evidence sugges ted s trongly that 
another was 6,7-dichloroperAuoro-2-heptene . With th e 
I-heptene the VPC re tention time a nd th e infrared 
spectrum of the sample obta ined was id e nti ca l with 
that of a sample of thi s compound prepared in th e 
manner described below. With the 2-heptene the re
tention time was slightly lower and the peak in the 
infrared spectrum usually associated with the double 
bond was displaced from 5.6 j.t to 5.4 j.t , the usual dis
placement between a terminal and an internal double 
bond. The mechanism through which each of these 
Auoroolefins is for med is illustrated below. 

CF~CICFC ICF2CF~CF~CFCF:l 

Ethyl I I 
E th er CH:lLi 

CF,C ICFCICY,Cf.,CFCFCf., 
- - -I 1 1 -

F L i F 

If the lithium atom splits out with a Auorine atom from 
the terminal carbon atom the I-heptene results, but if 
it selec ts a Au orine atom from the adjacent internal 
carbon a tom th e 2-heptene is produced. Res ults indi-



cate a competitIOn between these two processes. A 
third component, whose infrared spectrum suggested 
a saturated compound was considered to be cyclic, 
possibly 

The fact that this substance will undergo dechlorina
tion militates against the five-member ring that one 
would expect. If the lithium atom attacked either the 
terminal or the penultimate carbon atom one would 
expect the chlorine atom to split off much easier than 
the Auorine atom, producing a compound which would 

DeiodoAuorination can then give rise to a compound 
with the formula CF2ClCFClCFtCF2CFCFt which 

I 
CFI 

not undergo intramolecular dechlorination as this 
compound does. The structure above remains a postu
lation since neither infrared, nuclear magnetic reso
nance (1 HF) nor any other technique provided 
conclusive proof. The problem of separating the many 
products made this an unacceptable preparation for 
perAuoro-l,6-heptadiene. A possible explanation for 
the occurrence of some of these products many of 
which were not identificable by black box technique 
lay in the possibility that the initial telomerization 
reaction produced some head-to-head addition rather 
than uniformly head-to-tail addition predicted by the 
work of Hauptschein [I5] on similar compounds, e.g. , 

could not occur through a uniform head-to-tail telomeri
zation. In the presence of fluoridation the double bond 
of this compound could consequently move inward, i_e. , 

CF2CICFCICF2CF=C-CF:I~CFtCICFCICF=CFCFCF;I. 

I I 
C~ C~ 

In this way one head-to-head addition could result in 
three additional compounds. 

The methods and principles employed in these 
investigations may be utilized in preparing any 
Auorodiene between perAuorobutadiene through 
CFtCF(CFt)16CFCFt. Terminal fluorodienes with more 
than eight carbon atoms are not suitable for the inter
intramolecular polymerization studies that provided 
the impetus for undertaking these syntheses. PerAuoro-
1,8-nonadiene may be prepared from 1.2-dichloro-1O
iodoperAuorodecane in the manner described in the 
fifth synthesis of perAuoro-l ,6-heptadiene. In the same 
manner any perAuorodiene with an odd number of 
carbon atoms may be prepared from a telomer with 
one more carbon atom than the desired diene. All of 
the eve n numbered dienes may be prepared by cross
coupling and dechlorinating selected telomers. 
Telomers containing 12 carbon atoms or more are solid 
and virtually impossible to distill or selectively sublime. 
This makes the preparation of Auorodienes of 24 car
bon atoms or more somewhat more difficult according 
to methods discussed above. Their preparation would 
involve the development of a sophisticated separation 
for the higher telomers. 

3_2. Chemistry 

Since perAuoropentadiene and 4-chloroperAuoro-1.6-
he ptadi e ne did not yield polymer of significant molecu
lar weight exce pt when polymerized at high pressure 

[1,2,3], no studies were made of perAuorodienes con
taining 6, 7, or 8 carbon atoms at pressures less than 
5000 atm. Often at these pressures crystallization of 
monomer will occur. As this can greatly affect the 
nature of the polymerization reaction it is desirable 
to know the freezing pressure. This crystallization was 
detected by careful observation of isobaric volume 
changes during application of pressure [16] . Plotting 
the pressure at which isobaric volume changes 
occurred against temperature produced curves similar 
in slope for perAuoropentadiene and for perAuoro-1,7-
octadiene, suggesting that perAuoro-l,5-hexadiene will 
show a similar slope when polymerization studies on 
it are completed. PerAuoro-l ,6-heptadiene increased 
in viscosity during the application of pressure but 
showed no isobaric volume change , indicating that no 
freezing took place at 22° at even 10000 atm. The ob
served freezing temperatures were not found to vary 
monotonically with the number of carbon atoms in the 
compound but this is not unusual. Even with linear 
alkanes the pattern of variation is often complex. 

Polymerization techniques did not differ from those 
previously described [17]. Initiation was effected by 
radiation from a 60CO source. Preliminary investiga
tions were carried out in bulk. The kinetic chain length 
was computed in the following fashion. At 0.045 Mrad/h 
about 5 X lO - ;l percent per hour of the monomer was 
converted to initiating species, presumably radicals , 
if the G value (yield per 100 e V) for initiation is four. 
The kinetic chain length was taken as the ratio of the 
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percent of polyme r formed to 5 X 10- :1 ti mes th e 
irradi a ti on time. For th e purpose of th ese inves ti ga tions 
thi s ap prox imation is va lid and s uffi c ient. Th e ra ti o of 
po lyme ri zed monom er unit s to the number of pe rAu o ro
vi n yl gro ups in th e polymer was obtain ed by a Beer's 
law co mputation from data obtain e d from infrared 
s pectra. T hi s type of comp uta ti on proved ve ry useful 
in earli e r work [2, 3J. With pe rAu oro hexadi e ne and 
pe rAuorooctadien e polym e rs th ese values are thought 
to have an un certainty factor of abou t 2. With perAuoro
L6-he ptadi e ne polymer it s cr ys tallinit y ma kes the 
accuracy of the C IIFZ,H/CF CFz ratio rath er 
inde te rmin ate. 

Whe n th e kin e ti c c ha in le ngt h is muc h grea te r than 
the C II F ZII - 2 /CF CF2 ratio, thi s ratio sho uld be about 
equal to th e ratio of cyc li za ti on to no ncycl iza tion. but 
whe n the kin e ti c c hain length a nd the afore me ntion ed 
ratio d iffer by a fa c tor less th a n 10, it is probable th a t 
a n apprec iab le fract io n of th e obse rved d ou b le bonds 
may rep resent c hain e nd s. These conside ration s give 
rise to the co nce pt th a t the ratio of cyc li zation to non 
cyc liza ti o n is a bout 20 for th e octadie n e_ 200 for th e 
hexadien e a nd a s till large r but not prec ise ly es tab
li s hed va lu e for th e heptad ie ne. For each polym e r. s im
ilar values of CIIF2 n-z/CF=CF2 were o bta in e d unde r 
diffe re nt po lyme ri za ti on co nditi o ns_ s ugges tin g th a t 
thi s r atio is no t a s trong fun c ti o n of e ith er te mpe ra
ture or press ure. 

Ge lation occ urs whe n a pe nd a nt vin y l group becomes 
incorporated in a no th e r c ha in_ thu s e ffec ting a c ross 
link be twee n th e two c hains; thu s _ it may be used as 
a meas ure of th e ratio of cyc li zat io n ve rs us noncycliza
tion . It is de te rmin e d by extractin g th e pol yme r co upl e 
with boi ling hexaAuorobenze ne and we ig hin g both 
th e so luble and inso luble fra c ti ons. The perce nt ge la
tion is th e n de termine d by dividing th e in so lubl e frac
tion by th e weight of th e total po lyme r sa m pie. Polym e r 
so luti on t heor y predicts tha t ge latio n will occur whe n 
the fra c tion of po lymer form ed is equa l to the product 
of th e ratio of cyc li zatio n to no ncyc lizat ion a nd th e 
reciprocal of the primary we ight average degree of 
polymeriza ti on [18]. For cases wh ere no ge la tio n 
occ urred a lower limit for th e afore me nti oned ratio 
can be ca lc ul ated by us ing 2-y as th e we ight average 
degree of polymerization a nd multipl ying thi s va lu e 
by the observed conversion. Cases in whic h ge l formed 
may be used in th e same way to co mpute an upper 
limit for the ratio. In thi s manner, R, the ratio of 
cycl ization to noncyclization , has been co mputed 
for perAuoro-l ,5-hexadiene, perfiuoro-l ,6-heptadiene, 
and perAuoro-L7-octadie ne. The values are 230 < R 
< 10"1, 230 < R, a nd 6 < R < 320_ res pective ly. 

In cases where the polym er yie ld is fairly low_ an 
additiona l c heck is poss ible s in ce in s uc h cases 2y is 
a good es timate of th e we ight ave rage degree of 
polym erization. For a mos t p robab le di s tribution th e 
so l fra c ti on may be used to co mpute th e numbe r of 
cross links per weigh t ave rage molec ul e [19] . In thi s 
wor k co mputations of thi s sort tended to confirm 
va lu es es timate d through use of Beer 's law co mputa
tion s. 
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Systematic s tudies with th ese monom ers were 
hampere d by sensitivity to impurities . The indicated 
res ults with perfiuo ro-l ,7-oc tad ie ne we re obtained 
with monomer which had not been purified on a prep 
scale vapor phase c hromatograph. Po lyme r sa mpl es 
accordingly, gave values of y be low those of o th e r 
mate rial s s tudi e d. Other samp les in a ll cases we re pre
pare d from monomer whic h had bee n ca re full y c hro 
matograph ed on a long column. Th e do ubl e bond 
migration whic h takes place so readily with pe rAu o ro
L4-pe ntadi e ne [3 ] takes place less readi ly with th e 
six_ seven_ and eight carbon Auorodie nes. When e ve r 
recovere d m onomer was use d without c hro matog
raphic purification_ lower rates we re obtained. Thi s 
diminution in ra te was attributed to the presence of 
intern a l olefins res ulting from double bond migration . 
Polymerization rates with pure monom e r we re about 
200 to 500 tim es those obta in ed with perAuoro-l
he pte ne in the same co nditi ons [20]. It is un certain 
whether thi s is du e to a diffe re nce in mono me r r a te con
s tants, diffe re nce in mono me r purity_ or to so me e ffec t 
of ge la ti o n on r a te where di e nes ar e co nce rn ed. 

A tte mpts we re mad e to avo id ge lati o n by polyme ri za
ti on in so lvents s uc h as pe rAu orocycio buta ne . Th e in 
te ntio n her e was to ta ke adva ntage of th e hypo th es is 
th a t th e cyc li zation ra te s hould be ind e pe nd e nt of 
mono me r co nce ntra ti on whi le propagation s hould be 
direc tl y re la ted to mo no me r concentra ti o n so tha t 
diluti on s hould increase th e rat io of cyc li za ti on to non
cyc li za ti on . Calc ul a ti o ns us in g s pec tra of these poly
mers gave values of C"Fzn- 2/CF CFz of 10:1 or more . 
These s pec tra a lso s howed inte nse a bsorp ti on a ttrib
uta ble to ac id Au o rides a nd internal do uble bonds. 
Thi s is no t e a sily exp lain ed s ince s uc h absorpti o ns 
were not obse rve d with polymers pre pare d in bulk 
from hi ghly purified mo no mer. A co mpre he nsive s tudy 
of the pol ym erization of these materi als will be the 
s ubject of a nother communicati o n. 
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