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FOREWORD

This is a final report covering two yeiars of research at the
University of Colorado. The research described was conducted during
the period October 1, 1963 to October 1, 1965.

The purpose of this project was to conduct studies and investiga-
tions on fluorine-containing compounds with a view towards developing
techniques and processes cf synthesizing special monomers from which
elastomers could be obtained that were chemical and gasoline resistant
and which also retain their flexibility at extremely low temperatures
and thermal stability at Ligh temperatures. Under this program
numerous new fluorinated monomers have been synthesized. New syntheses
have been perfected and new molecules characterized.

Under other Army contracts the monomers synthesized during the
course of this contract have been subjected to polymerization studies.

This report was prepared by Dr. Joseph D. Park and Dr. John R.
Lacher, both of the University of Colorado, under U. S. Army Contract
DA-19-129-QM-1926, with Dr. Malcolm C. Henry as project supervisor.
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Director
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ABSTRACT

A large number of fluorine containing intermediates
were synthesized and shipped for further polymer studies.
Among the organic fluorine compounds synthesized were:

(a) various bicyclobutenyl derivatives (b) Grignard reaction
products and pyrolysis materials obtained therefrom (c)
unsaturated fluorine - containing halogenated (Br,Cl,I)
cyclobutenes and (d) varicus a, w-diolefins. Most of the
above compounds were new to the arts.
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The Synthesis of Special Fluorine=-Containing Monomers

I. Introduction

The purpose of this project is to conluct studies and investiga-
tions on fluorine-containing compounds with a view toward developing
techniques and processes of synthesizing special monomers from which
to obtain elastomers which will be chemical and gasoline-resistant
and will retain their flexibility at extremely low temperatures and
thermal stability at high temperatures.

This research is authorized under U.S. Army Contract DA-19-129-
QM-1926 (01 6028-62) and this rzport is the Final Report for the
period October 1, 1963, to October 1, 1965, under this project with
Dr. Malcolm Henry as project officer. Previously, similar researches
authorized under Contract No. DA-19-129-QM-1263, QMC Project No. 7-
93-15-004 under Dr. Juan Montermoso as project officer, were summarized
in twelve quarterly reports. These reports should be used in con-
junction with the present series to bring the historical portion
up to date. Historical Background: See Quarterly Progiess Reports
1,2,3,4,5,6,7,8, and 9.

Summary of Current Progress

(A) Intermediate for Polymer Studies - The synthesis of a series
of new olefins and non-conjugated diolefins were carried out. These
are possible candiates for polymer evaluation as well as basic
intermediates for the synthesis of other monomers containing a
heteroatom or atoms.

(B) The Chemistry of Bicyclobutenyl Derivatives - This program
was embarked upon to find new and interesting intermediates for
evaluation as monomers. A large number of interesting and heretofore
unknown fluorinated bicyclobutenyl derivatives were synthesized and

studied.

(B1) Grignard Reactions and Pyrolysis Studies - A large number
of new alkyl substituted tetrafluorocyclobutere of the type CF)-g=g-CF)
were synthesized and subjected to pyrolytic reaction conditions
in hopes of obtaining dienes of the type CFZ-Egg;CF . However, con-
versions to the dienes were in order of less 5% and seemed
to be of equilibrium favoring the formation of the cyclic butene deriva-
tive. On the basis of this study, further work on this mode of attack

was discontinued.

(Bl%) Cyclobutene monomer intermediates were synthesized which
o

may be interest as polymer intermediates. Below are listed some
of these compounds.
'TFz-?=CH-CH3 TFZ-ﬁ-CH=CH2 0=f-?-CZH5
CFZ-C=CH-CH3 CFZ-C-CH=CH2 O=C-C-C2HS



(C) Miscellaneous Studies

cxygen but thus far no epoxides were isolated.

a) The epoxidation of hexafluorocyclobutene and of
CC1=CC1CF3 were attempted in the presence of ultraviolet light
3 The only products
thus far isolated were (CFpCOOH)7 from hexafluorocyclobutene and
CF3CO0H from CF3CC1~CC1CFj.

b) The nucleophilic displacement by halide ion on fluoro-
halocyclobutenes were carried in order to develop a new and novel

method of preparing heretofore unavailable fluorohalocyclobuteres of
the following type:

C-C-X where X may be F, Cl, Br or I.

As examples of this technique, the following were prepared.

R l'ﬂ
A1
B

i

I'.'l

X,
XZC-CX
o
ci C C/ H
8 C/ 3 Cl &
, B E l I CL i Cl
~-C| R L1 ¢l cl

o

Cl
Cl
Er—r®r
UQ’ 8+

A& probable mechanism is also proposed for the reactions of the
halide ions with the fluorohalocyclobutenes based on the hypothesis

of a carbanion intermediacy.
a working rule for the prediction of the reaction products.

Although as yet unproven, it provides
Similar

studies were carried out with the fluorinated halccyclopentenes.

c¢) Along similar lines and for similar reasons, the reaction
of aluminum chloride with fluorohalocyclobutenes and with fluoro-
halocyclopentenes were carried out.
the cyclobutenes were achieved.

CFZ-CF=CCI‘%H
compounds was achieved.
RK15% B

H—%

O

Hy,

~E,

F

R

Results similar to those with

H

O

£,

&¢

£¢

In the reaction of the ethyl Grignard reagent with
2, a novel production of bicyclobutanes and aromatic

V= C‘.=.C—d'=Cﬁé

NMR and mass spectrographic analyses were used in arriving at many
of the structures of the complex reactions.

ol ~

e) Some studies were carried out in attempts to prepare
new fluorine containing monomers having the nitroso and nitro groups.
The results of these studies are as yet inconclusive.

| T ——



The following compounds were prepared and delivered:

F.C.-303 CF,=CF-CF,~COOK 5 g. Dr. E. Stump - Peninsula
F.C.-304 CF2=CF(CF2)3COONa 5 g. Dr. E., Stump - Peninsula
F.C.-305 (CFZ=CF-CF2)2 16 z. Dr. H. Garner - U. S. Rubber
F.C.-306 CF,=CH-CF,CH,CF,CH=CF, 1/ g. " X " "
F.C.-307 CF,=CF-CF,C00Me 17 g. " " " n
F.C.-308 (CF,=CF-CH,~CF,-), 11 g. " " " "
F.C.-309 Light Fracgion ¢8 g. Mr, Charles B, Griffis - Natick
Fluorinated 0il
' (Montecatini)
F.C.-310 Medium Fraction 28 g. " " i "
Fluorinated Oii
(Montecatini)
F.C.~311 Heavy Fraction
Fluorinated 0il :
(Montecatini) 2 g, " " " "
F.C.-30C6 (CF2=CH-CF2)2-CH2 6 g. Dr. D. Relyea - U. S. Rubber

Samples of polymer obtained from CFZ-C—CH=CH2 were also delivered

CFZ-C-CH=CH2

to Dr. Henry and Mr. Charles B. Griffis at our contractors' meeting
held in Miami Beach on May 6, 1965.

The following compounds were also prepared and shipped.

1) 57.8 g.  CH,-CH-CH=CK, To: Dr. M, Fein, Thiokol Co.
CFZ-CFCI
2) 56. g. " To: Dr. B, Landrum, FMC Corp.
3) 98 g. CF3'CH=CH2 To: " " " "
4) 13 . | A F?. " " " 1] "
g z<;a ‘;?
5) 23 g. CF,=CF-CF,-CFC1-CF,-CF=CF, " " TR

This latter compound, CF,=CF-CF,-CFC1-CF,CF=CF, (b.p. 1039/
630 mm.) was first reported by Park &nd Holle@1 (W.A.D.C. Technical
Rept. 56-590, Part 1, pp. 21-22(1957). Subsequently Fgarn and
Wall of the national Bureau of Standards in an article¢ (SPE Trans-
actions, July 1963, pp. 321-4) reported that the above diene (pre-
sumably) had a boiling point of 121°9/760 mm. This is at great vari-
ance from ours. As shown in the "Experimental" section of our report,

" “"‘“‘W“"’——Ww\ : o O—— — . M o oo —




che data from our work is correct and those of Fearn and Wall incorrect.
‘n light of this, the results of the latters' study on the '"Polymers .
and Telomers oJ Q-ChloroperfluorohePtadiene-l,6” may now be in doubt,

A\) Syntheses of o W ~diolefins:

The object of this work is to synthesize some highly fluorinated
wn-conjugated dienes for polymer evaluation.

Utilizing the method of Holler1 4-chloroundecafluorohepta-l, 6~
ilene (28 g.) was prepared and dispatched. Acid '8114', C1(CF,-CFCl)3
:F,COoH, was neutralized with caustic soda and its salt was Pyrolyzed
1£7250~300°C to give C1(CFy=CFCl),CF,-CF=CF, in yields of 96%. This
ionoolefin was dehalogenated with HCi activated zinc to give mainly
+=chloroundecafluorohepta-1,6~-diene in yields of 767%. The products
sere separated by fractional distillation and preparative-scale
ras chromatography to give the diene in an overall yield of 30%
‘based on the amount of '8114' used). Examination of the other pro-
iucts showed that unchanged monoolefin was present in 1.57% yield.
"our other components were present and separated in yields of 6,6,0,4
ind 1%. Examination of these four compounds is still underway..

Tarrant et al.3 claimed that the free-radical Teaction between
JFZBré and CFy=CH, using benzoyl peroxide as initiator gave
SF3BrCHyCFpBr and CFyBrCHpCFpCHyCF2Br in yields of 28 and 23% re-
spectively. This methad was used to prepare these two compounds
18 precursors of two dienes. Examination of the products by gas
*hromatography of CF2Br) and CFy=CH; showed six new components,
wo of which were present in heavy concentrations,

The first major component was separated by fractional distilla-
zion and treated with agueouﬁ ﬁotassium hydroxide to proceed as
shown: CF,BrCHpCFpBr Ad. ROH . CF,BrCH=CF,
ixamination by gas chromatograph and infrared spectroscopy indicated
he presence of a second compound, tetrafluoroallene, It is proposed
o couple two molecules of 3-bromo-1,1,3,3-tetrafluoroprop-l-ene
vy the elimination of bromine with copper to give 1,1,3,3,4,4,5,5-
yctafluorchexa-1,5-diene.

When sufficient quantity of the second major component pre-
sumably, CI'pBrCH;CF,CH)CF,Br, has been separated by gas chromato-
rraphy, it 1s proposed to dehydrobrominate it to give 1,1,3,3,4,4~
iexafluoropenta=-l,4-diene,

Attempts will be made to identify the other four products of
he addition of CF,;Br; and CH,=CF,.

Tarrant et al3 has also shown that the free radical addition
>f CFyBr, and CF,=CH, using benzoyl peroxide as initiator gave
oF BréF %F Br and CF;BrCFHCF,CFHCF)Br in yields of 9 and 18% respec-
:i%ely. Examination by gas chroma%ography of the products of such
1 reaction showed seven new components, two of which predominated

in a ratio of roughly 1:2. BEST AVAILABLE COPY
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Separation of these products by fractional distillation and
preparative scale gas chromatography is presently being done. It
is proposed to identify as many of the seven components as possible
and to use the above propane and pentane as precursors to two dienes,
CF=CFCF,CF,CF=CF, and CF,=CFCF,CF=CF,, by the same route as for the
products of CFZBr2 + CF, = CH,.

Tarrant> has shown that CFCICFC1I adds to olefins in high
yields in the presence of benzoyl peroxide. He claimed the form-
ation of CF,C1CFC1CHFCF,I in yields of 7¢ from CHF=CF;. The work
was repeate%, but gas c%romatography of products displayed four
new components. Two peaks close togethe. a of equal intensity pre~
dominated. This indicated random additio' co the olefin to give
CFoC1CFC1CHFCF,1 and CF,CI1CFCICFoCFHI. It is proposed to verify
this addition and then to couple each propane by the elimination of
iodine by zinc in dioxan to give (CF,C1CFC1CHFCF,-), and (CF,C1CFC1CF)
CFH-),. These octanes will then be %echlorinate to give two octa-l,
7-dienes. Also by the dehydrochlorination of the former a octa-2,6-
diene should be formed.

It is also proposed to use a similar sequence of reactions with
CF»C1CFC1I and CF,=CH,.

Synthesis of «, W -diolefins

Experimental

Preparation of CF,;=CF(CF,CFC1),CF,Cl

C1(CF,CFC1)3CF,CO,H["Ke1-F acid 8114'J (154g. 0.32 mole) was
mixed with ice and neutralized with cold sodium hydroxide solution
using phenolphthalein as indicator. This salt solution was evaporated
to dryness on a hot plate and the resulting salt cake was dried in
a vacuum desiccator over two charges of calcium cnloride and finally
over phosphoric oxide. The salt cake was pulverized between changes
in the drying agent. The dried salt was pyrolyzed at 250-300° and a
liquid product was distilled into a trap cooled at -780%, Redistil-
lation of the crude product Baye CF =CF(CFZCFC1)ZCF2C1(123 g., 96%
yield), b.p. 66°/25 mm. Hg, np 1.;?39; valTes quoted in the liter-
ature b.p. 65.9-66.3°/25 mm. Hg, np=> 1.3622°. Thi infrared spectrum
was identical to that displayed in the literature.

Preparation of CF2=CFCF70FC1CF2CF=CF2

CF,=CF(CF,CFC1),CFC1(123 g., 0.31 mole) was added dropwise
to a stirred siurry of HCl-activated Zn dust (64 g., 1 mole) sus-
pended in dibutoxytetraethyleneglycol (150 ml.) cooled with ice

water to keep the temperature below 50°. The addition was completed
after 6 hours and the reaction mixture was stirred at 60° for 2 hours.
The crude products were distilled trom the mix:-ure, dried (M%Soa)

and fractionally distilled through a vacuum jacketed column (5" X 1/2")
packed with glass helices giving the following fractions:

* All the temperatures reported in this report are in degrees
Centigrade.




1) -800 19.5 o.: 2) 80-1N00 23,5 g.;

Dy

3) 100-102° 26 g¢.; 4) 102-130° 8 3.

The fractions we:e examined Lty gas chromatography whici
showed that (1) and (2) containcd ’F,~CFCF,CFC1CF,CF=CF, and two
components with lower retention tinmes; <fraction (3) co%tained
CF,=CFCF,CFC1CF,CF=CF,; and fre-tion (4) contained CF,=CFCF,CFC1CF,
CF=CF, and thre€ components with higher retention times, the latter
of which was identified as unreac:ad CF2=CF(CF2CFC1)2CF201. Sep-
aration of fractions (1), (2) and (4) by preparative gas chromato-
graphy gave:

(1) and (2) component (i)é g. component (ii) 5.6 g.
component giii) 5.2 g.

(4) component (iii) 1.1 g. component (iv) 0.5 g.
component (v} 1.3 g. component (vi) 1.84 g.

The combined fractions (32 g.) of fraction (3) and component
(iii) gave CFp=CFCF,CFCICF,CF=CF; in a yisgd of 32%. Physical
properties were b.p. 1020/627 mm, Hg., np%2_1.3312; ¥a1ues quoted
in the literature b.p. 103°/633 mm. Hg., nDZ 1.33104. The_infrared
spectrum was identical to that displayed in the literature.

Component (vi) was identified as unreacted CF2=CF(CFZCFC1)ZCF2C1
by infrared spectroscopy.

Components (i), (ii), (iv), and (v) have not yet been identified.

The Reaction between CF5Br, and CF2=CH2

CF,Br (476 g., 2.3 mole), CF»=CH»(59 g., 0.92 mole), and
benzoyl pe%oxide %Sg.. 0.02 mole) were sealed in a 1-1, stainless

steel bomb and shaken for 16 hours at 90°. The low boiling contents
were bled off and collected in traps cooled to -78°, The higher
boiling contents were poured out on opening the bomb., Upon frac-
tional distillation, CF,Br (349 g.) and higher boiling products

(119 g.) were recovered, %he combined higher boiling products (535 g.)
of five such reactions were washed with sodium bicarbonate solution
and water, dried over magnesium sulghate, and fractionally distilled
through a vacuum jacketed column (1' X 1/2"), packed with glass
helices, giving the following fractions:

(1) 20-539 65.5 g.; (2) 53-94° 32 g.; (3) 94-959 193.5 g.;
(4) 95-1500 85.5g.; (5) 1500 65 g.; (6) 150-156° 37.4 g,

Examination of these fractions by gas chromatography showed that
(1) was mainly CFyBrj; (2) contained component (i) and component
(ii), CF,BrCH,CF,Br; (3) contained only (ii), CF,BrCH,CF,Br; (4)
containe% comPonents (ii), (iii), (iv) and (v); %5) cont%ined
components (iv) and (v); (6) contained components (v) and (vi).

Separation of these fractions by preparative gas chromatography
gave: (2) (i) 0.1 g., (ii) 15.2 g.; (4) (ii) 18.8 g. (iii) and (iv)
13.5 g. (v) 39.6 g.; (5) (iv) 1.5 g. (v) 40 g.

== r..____-,_a-- - Y e, o T ™ o= £



Physical propexties of CF,Brld,CF,Br (227.5 g.) figm fraction
(gg and component (ii) were b.é. 945956/630 . Hg. np“® 1.3975,

d<2 2.0735, MRp found 31.85, calzulated 31.58 us}gg F=1.100; galues
quotegzin the literature b.p. 42°/85 mm. Hg., np“” 1.3974, 44
2.09434,

Physical properties of CF,BrGH,CF,CH CF,§§ ( 80 g.) from component
(v) were b.p. 150/630 mm. Hg.,“np?-1.398%, a25 2.0010, MR, found

40.82 calculated 40.82 9§ing F=1.10 § values quoted in the literature
b.p. 54°/14 mm. Hg., np*2 1,4032, d°° 2.003°,

The Reaction between CF,Br, and CF,=CFH

CF,Br; (480 g., 2.3 mole), CF,=CFH (63 g., 0.77 mole) and
benzoyl peroxide (? g. 0.03 mole) were sealed in a 1/2 1. stain-
less steel bomb and shaken for 16 hours at 85°9. The low boiling
contents were bled off and collected in traps cooled to -78°2. The
higher boiling contents were poured out on opening the bomb., Frac-
tional distillation of the products gave CF;Br, (385 g.) and higher
boiling produects (109 g.). The combined products (472 g.) of several
such reactions were washed with sodium bicarbonate solution and
water, dried over magnesium sulphate, and fractionally distilled
through a vacuum jacketed column (1' £ 1/2"), packed with glass
helices, giving ti.e following fractions: _

(1) 190 g. 24-290 (2) 42 g. 29-900; (3) 45.6 g. 90-115°;
(4) 136.5 g. 115-163° (5) 45 g.

Examination of these fractions by gas chromatography show~d the
presence of eight principal peaks together with a number of minor
peaks. Two of the principal peaks predominated. The fractions
contained the following components: (1) wmainly CF,;Br,; (2) com-
ponent (i), CF,BrCFHCF,Br, and component (ii); (3) 6om onents (i),
(i1), (iii), (Iv), (v), and (vi); (4) contained components (i)-(viii);
(5) contained mainly component (viii).

Separation of fractions (2) and (3) by preparative gas chromato-
raphy gave: (2) (i) 23.5 g., (ii) negligible; (3) (i) 21.2 g.,
ii) 0.7 g., and others 0.5 g.

Physical propgrties of CF,BrCFHCF,Br(44.5 §5) from components
(1) were b.p. 86.5°/621 mm. Hg., n 25 1.3819, d“” 2.1235, MR, found
31.98 calculated 31.58 Eging F=1.189§ valueslquoted in the literature
b.p. 35°/78 mm. Hg., np?’ 1.3816, d? 2.1025°. The first component
(i) was isolated in such a small quantity that its examination was
not pursued. Component (iii) appeared to be a mixture from its
infrared spectrum, but component (iv) appears to be a pure compound
and its identity is being investigated. Component (vi) is probably
the next telomer in the reaction sequence CF,Br(CHZ-CF2)3Br.

CF,=CH-CF,Br was prepared in experimental quantities by the
treatment of CF,BrCH,CF,Br with aqueous KOH. The presence of
tetrafluoroallene was nét detected this time. presumably because
milder conditions were employed. The bromine of CF,=CH-CF,Br has
been replaced with iodine by the action of potassium iodidé in acetone,
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but the product which contains unreacted CF,=CH-CF,Br has not been
separated., It is intended to couple two molecules of CF,=CH-CF,Br

by an Ullmann reaction and to 1o the same with the iodide by the action
of zinc in dioxan. These two reactions should both give 1,1,3,3,
4,4,6,6-octafluorohexa-1,5-diene.

CF,BrCH,CF,CH,CF,Br was dehydrobrominated in aqueous potassium
hydroxide. éar y attémpts with equimolar proportions at 50° gave

no product. Likewise, the use of a threefold excess of potassium
hydroxide failed. However, the use of reflux temperatures gave
three products. Upon fractional distillation, two more products
were discovered by analytical gas chromatography. The identity of
these 5 new compounds is under way. From the physical properties it
appears that the initial three compounds were two dienes and a
monoene. The monoene was present in a large excess., The two new
compounds seemed to be formed at the expense of the monoene and also
appear to be monoenes.

The addition of ICl to CF,=CFCl at 0° should give 98% of
CF,C1CFC1I and 2% of CFICFCl,. However, it was found that this ad-
dition always gave at least 26% CFyICFCl,. The separation of these
isomers was difficult, so in reactions between CF,C1CFCl1lI and
CFy=CHF, using benzoyl peroxide as initiator, the mixture was used.
An esamination of the mixture prior to the reaction and the unused
mixture after the reaction by gas chromatography (Tri-m-tolyl
phosphate on chromosorb) showed that CFZCICFCII was preferentially,
if not solely, consumed. The two major“products from this reaction
are being separated but both sets of the physical properties are
almost identical with each other and with those that Tarrant found
for this reaction. He gave the compound (probably the mixture)
the structure CF,C1CFC1CHFCF,I on the grounds that dehydroiodination
gave CF2=CFCFC1C§ Cl in 71%.” Presumably the other 297 could have
been CF ClCFCLCF2 FHI. However, it must be noted that the new com-
pounds %ave been obtained in almost equal quantities.

When sufficient quantities of CF,C1CFC1CF,CFHI and CF,C1CFCl
CFHCF,I have been separated, it is proposed to  identify thé two struc-
tures and then to couple each butane by the elimination of iodine
with zinc in dioxan to give (CFC1CFC1CF,CFH-), and CF)C1CFCLCFHCF2-).
These octanes will then be dechlorinated to give two octa-l,7-dienes.
Also, by the dehydrochlorination of the latter a octa-2,6-diene
should be obtained.

Dehydrobromination of CF,BrCH,CF,Br. - CF,BrCH,CF,Br (248 g.,
0.9 moles was added dropwise %o a stirred solu%ion of ROH (185 g.,
3.3 mole) in water (400 ml.) during a period of 2 hours and the

temperature of the solution was maintained at about 50°, The product
(106 g.) was allowed to distill out of the mixture and was collected
in a trap cooled to 0°. The dried (MgSO,) product gave 1 peak on
analytical gas chromatography.

Physical properties of CFy=CH-CFBr ygre np2? 1.3%61; 42>
1.723; values quoted in the literature n 1.3263' d<2 1.747.
The infrared spectrum displayed a peak aP 3120 cm'i which is

indicative of vinylic C-H.
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yeparation of CF,=CH-CF, . - CF “;Br (53 g.. C.25 mole),
Nal (nl g., 0.4 mole). and acetone (1%“ ml ) were allowed to stand
at room temperature for 30 days. The acetone was removed by washing
with water and then the solutics was washced with sodium bisulphate
solution. The organic product (42 g.) was dried over phosphorous
oxide and distilled to give a clean solution (25 g.). Analytical
gas chromatography displayed two peaks indicating the presence of
CF%;%Figsz and CF)=CF-CF,I. The latfer appeared to be present

in ice

Deliydrobrominacion of CF,IrCH C.,CF7 .F,Br was carried out and
it was hoped to obtain CF,B CéxJF; H= F-ana-UFZ=UHCF;FH CF,. How-
ever, three products (I, II and IV) werée obtained. Upon frdctional
distillation (or re;lux‘ product IV gave two further products III
and V. Phvsical properties, element analysis, and ultraviolet
spectroscony indicated that I and II were conjugated dienes. The

UV spectrum gzave for I, A 2195A( 12,900) and for II, A 2185A ( 14,710}.

Likewise, elemental analysis, physical properties, and the lack of
strong absorption in the ultraviolet indicated that III, IV and V
were monoenes, The separate dehydrobromination of III and V gave
I and II, respectively. The deaydrobromination of IV is under
inKestigation. It would appear that the following is the reaction
scheme.

~ —— N KOH " -
CFZBrbHZCEZLHZCFZb“ —_— CFzBluH CE CH Cf (IV)

CF br,H)>C C/F UFZBICH ‘CF

2 F*© \CFB F&-
&KOH yhOH

~H CF,=CH~,._,-JCF

226=C23 (II1 + V)

CF CL.C -C

Upon refluxina separate quaatities of TII and V ne rearrangement
took place.

In the vrevicis report it wzs shown that the addition of

F,CI1CFC1lI to CF,=ZFH gave  rincipally two procducts CFZCLCFCICFHCFQI(&)
un% CF9C1 ClCF;& HA1(B). U_traviolet spectroscopy gave similar
absorptjons, so it was not possiltle to identify the two products,
Tarrant~” had assigned the structure of the product of this reaction
as solely (A), because dehydroiodination gave CF,C1CFC1Cr=CF, in
7¢% yield. However, dehydroiodination of both products gave this
same oroduct. This can be rationalized by assuming that (B) dehy-

droiodinates to giw: a carbene, which rearranzes to give CFC1C#CICY=CL",

There is evidence for the abstracgto1 of HI fron the carbon of
similar compounds.,

The addition of LF2C1LFC1I to CF,=CH) was shown tc give
CiCFC1CH,CF,I. hecause de h)drOLodlnatlon gave qu 1CTCLCH=CI Y,
{ch upon dec ﬁlo*1> ition gave the vnown CF,=CF-Ch=CF,. The
ultraxlolet spectrum A 2720 (£253) was also counsiscent with a-CF,I
group CF,I absorbs a. 27101, Rellf; T absorbs at A 26204,
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The coupling of two molecules of CFpClCFC1CH,CF,l by zinc in
acetic anhydride gave (CF,CI1CFCICH,CF, Y2 in yields 5f 52%. How-
ever, the action of ultrv{olet 1igﬁt upo% the iodide and mercury

gave yields of 67% and a preduct with fewer minor products. Dechlor-

ination of the octane to give a diene is in progress.

CFZCI(CH )aI has been synthesized as the precursor to two

fluorinated dienes. It is proposed to couple two molecules of this

iodide to give CFZCI(CH2)6CF2C1 Dehydrochlorination should give
(CF2=CH CHyCH, - )2

The following is the proposed scheme to the second diene.
KOH

CFZCICHZCHZCHZI ——— CFZ—CH-CH=CH2
CF2=CFC1l
?FZ-?H-CH=CH2
CFZ-CFCI
0 ]KOH
" KMnO4
CFZ-C-CH=CH2 e CFZ-C-CH=CH2
CFZ-COZH CFZ-CF
Al NaOH

CF2=CF-'(,I-CH=CH2
o)
The synthesis of CFZCI(CHZ)BI was as follows:
: L ethylene,_
IC1 4 CFZ = CH2—>CF201CHZI 2 CFZCI(CHZ)BI

Dehydrobromination of CF,BrCH,CF,CH,CF,Br

CF,BrCH,CF,CH)CF ,Br (170 g. ; 0.5 mole) was added dropwise to
a stirred so%utlon of KOH (80 g.; 1.4 mole) in water (100 ml.)
during a period of 2 hours and was heated at reflux temperature.
The products (106 g.) were distilled from the mixture as the reac-
tion proceeded, dried (MgSOQ), and fractionally distilled through
a vacuum jacketed column (1" X 1/2") packed with glass helices,
The following fractions were obtained:

51) 42° 3.5 g. (2) 42-64° 6 g (3) 64° 3,2g.
4) 64-929 6.5 g. (5) 92° o12.5 g. (6) 92-94° 10 g.
(7) 94-110° 30 g. (8) 110° 7.1 g. Residue 5 g.

Separation of these fractions by preparative gas chromatography
gave:

(1) 3.5 g. of component (i) (2) (i) 0. 7 g.; (ii) 3.5 g.; (3) (11) 3. 2 8.3

4 i 1 g.; (iii 1 5 ! 1.5 (5) (ii) 0.1 s (4ii) 2
éi‘)’)( 0 5.8 (v)( I GROEOY, (1v3 28 & ogs
M &S 8 My 105 e B v
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Properties of these five components.

(i) b.p. 38°/627 mm. nh® 1.3301; d25 1.3828; the infrared spectrum

displayed peaks at 3120 (w), 1740 (s), and 1670 (y) cm-l, Absorp-

tion in the ultraviolet reg%on occurregsat 7\2195§ (&€ 13,900).

(ii) b.p. 65.59/62/ mm. np%® 1.3365; d°? 1.4076; the infrared

spectrum displayed peaks at 3125,1/35 and 1680 cm™%. Absorption

in the ultraviolet region _gccurred at A 21852 (£ 14,/10).

(iii) b.p. 899630 mm.; np22 1.3561; d25 1,7068; the infrared dis-

played peaks at 3050 (s), 2990 (w), 1715 (s) cm~*. Absorption _in

t(:he6z1119:;'aviolet region occurred at A 19358 (€ 1235) and A 2750
£64.9). |

{iv) b.p. 920/629 mm. ; nZB 1.3648; at? 1.7347; the infrared displayed

peaks at 3110 (s), 3000 (§), 1750 (s). Absorption in the ultraviolet

region occurred at A1930A (£ 705) and N2725& (£ 38.5).

(v§ b.p. 110°/629 wm.; np25 1.3587; d25 1,7201. The infrared displayed

peaks at 3110 (s), 2990 ?w), and 1720 cm-1, Absorption in the

ultraviolet region occurred at A 1935% (€ 1368).

| Element analysis calculated for CF,=CHCF,CH=CF,, CF,=CHy,_..H ,

F’ ‘CF3
and CFy=Clse=c(EF3, ¢, 34.115 u, 1.15; F, 64.74%.
Elemental analysis calculated for CFZBrCHZCFZCH=CFZ, CFZBrGg>C=C:gF ,
3

and CFpBrCHsc=c(SF3, ¢, 23.37; H, 1.18; Br, 31.09; F, 44.36%.

Found (i) C, 32.97; H, 1.56; Br, ---; F, 61.75%;
(i1) C, 34.36; H, 1.30; Br, =--~-; F, 64.51;

(iii) C, 23.33; H, 1.51; Br, 31.15; F, 44.04;

(iv) C, 23.48; H, 1.43; Br, 31.33; F, 44.,75;

(v) C, 23.43; H, 1.68; Br, 30.14; F, 44.69;

Dehydrobromination of (v)

Component (v) (27 g.; 0.11 mole) from above, KOH (20 g., 0.36 wole),
and water (40 ml.) were stirred and refluxed for 3 hours. The
: organic layer (13.2 g.) was separated, washed with water, and dried
! (MgSOg). Examination of the product by vapor phase chromatography
| at 75° (Fluorosilicon packing upon chromasorb) showed one peak.
: Infrared spectroscopy showed that the product was identical to com-
| ponent (ii) obtained above.

j Dehydrobromination of (iii)

Component (iii) (5.5 g. 0.02 mole) from above, KOH (5 g. 0.1
mole), and water (25 mol.) were stirred and refluxed for 10 hours.
| The organic layer was separated, washed with water, and dried (MgSOa).
- Examination of the product (0.7 g.) by infrared spectroscopy
showed that it was identical to component (i) obtained above.

Attempted isomerization of (v)

Component (v) (27.g.) was refluxed for 10 hours. Vapor
phase chromatography of the product showed no change.

———— ———— . e e ———————" o - i e s o . r————ee . .



Attempted isomerization of (iii)

Component (iii) (5.5g.) was refluxed for 10 hours. Vapor . GC.
phase chromatography of the product showed no change. £«

Addition of CF)CICFCII to CF.=CFH ¢

2

The experimental . ‘tails are recorded in the progress report ' ai
for the period April 1 - 9ctober 1, 1964. Separation of the pro- C
duct (10 g.) by preparative gas chromatography (Fluorosilicon upon |
kieselgunr) gave two compounds.

1) b.p. 143°/630 mm.; nd3-3 1.4224; d%°, 2.1095. Absorption i =
the ultraviolet region occurred at A.1945A (€ 1412) and A 2715
(£2715). o 3.5 25
2) b.p. 146.57/630 mm. ; n% * 1.4230; d°° 2.1125. Absorption jn
2he3u1§raviolet region occurred at A 19458 (€ 1240) and %\2720

07).
E{émental analysis calculated for CFZCICFCICFHCFZI and CFZCICFCICFZCFHI:

O R

c, 13.31; H, 0.28; C1, 19.65; F, 31.59; I, 35.17

Found Peak 1) C, 13.46; H, 0.19; C1, 19.5; F, 31.47; I, 35.30.
Peak 2) C, 13.39; H, 0.29; C1, 19.65; F, 31.71; I, 35.40.

~ 32

Dehydroiodination of Peak 2

Component (2) (5.4 g.; 0.015 mole), KOH (3 g., 0.054 mole),
and water (20 ml.) were stirred at 269 for 5 hours. The organic
layer was separated, washed with water, and dried to give 2.8 g.
of product. The product was separated by vapor phase chromato-
graphy (fluorosilicon upon chromosorb at 650) giving 1) suspected
CF2C1CFC1CF=CF2(1 g.); 2) other products negligible; 3) unreacted
component (2) negligible.

Phigical properties of CFyClCFCICF=CF,: b.p. 59°9/627 mm. ;

np4? 1.3412; d°° 1,6011. The infrareé spectrum displayed peaks
at 1780 (si, 1445 (s), and 1297 és) cm-l, Values quoted in the
literature*: b.p. ?5.5-670; np2? 1.344; d22 1,615, Infrared
absorption 1780 cm™*.

-_— MLl LA M P e e S

Dehydroiodination of Peak 1 \

Component (1) (7.3 g., 0.02 mole), KOH (4 g., 0.072 mole), ;
and water were stirred at room temperature (24°) for 5 hours.
The organic layer was separated, washed with water, dried (MgSOa)
to give 3.9 g. of product. The products were separated by o
vapor phase chromatography (fluorosilicon upon chromosorb at 65°) _ ‘
giving 1) suspected CF,C1CFCICF=CF,(1 g.); 2) other product
negligible; 3§ unreacted component (1) 0.6 g.

The infrared spectrum of this suspected CF)ClCFC1CF=CF, was 1
identical to that obtained from the product of the dehydroiodination
of component (2).
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Addition of CF,CICFCl1I to CF)=CFi. - C2C1,Fql1 (284 g., 1
mole), CF,=CFd (50 g., 0.f1 mole), and benzoyl peroxide (10 g.,
0.04 mole) were seagled in a 1-L stainless steel bomb and shaken
for 16 hrs. at 115°. The products (6 g.) were collected by bleeding
the low-boiling products through a trap cooled at -78° and the
remainder {304 g.) of the liquid contents were poured out, The
combined products (310 g.) were washed with water, dried (MgSOa),
and fractionally distilled at 35°/120 mm. to give unreacted
¢,C1,F,1 (185 g.) and higher boilinz products (89 g.).

Analytical gas chromatography (Fluorosilicon packing on chromo-
sorb) of these higher boiling produrts showed the presence of two
peaks very close together and much smaller amounts of other products.

Separation of 10 g. of these peaks by preparative gas chromato-
graphy gave pure specimens of these compounds. Physical properties
of these compounds:

1) n%3'5 1.4224; a2 2.1095
2) n%3'5 1.4230; a2 2.1125

Values quoted in the literature for the presumably unresolved
mixture were b.p. 56°/23 wm. Hg., n 28 1.4224, d% 2.110, MRp 43.49
(Cale. 43.21). '

The reaction between CF)ClCFClI and CF2=CFH is described above.
A similar reaction between C%gClCFClI and CF)=CH2 has now been
carried out. Only one major product was isolated this time and it

is believed to be CF,CLCFCICH)CFI, because the addition of the
radical, CF,C1CFCl, would be expected to attack only the least

hinder side " of this olefin. Likewise, CF,Br; was found to attack
only this side. It is proposed to confir& tﬁe above addition by
dehydroiodination and dechlorination, as the resulting CF,=CF-CH=CF,
is known. The CF,C1CFC1lI (70%) was used in a mixture of 62C12F3I
isomers. The other 30% was CFpICFCl,. However, the excess

C2C1pF3I only contained CF,C1CFCLI in a 20% proportion. This indica-
ted that CF,C1CFC1I was probably the only isomer consumed. g

4

CF2C1-CFC1-CH,-CF,I was coupled by the elimination of iod¥he
with zinc in acetié anfiydride and methylene chloride. It is pto-
posed to dechlorinate (CF,Cl1-CFC1-CHp-CF;-), to give (CF-CF-CHZ-CFZ)j
and dehydrochlorinate to give (CFZCI-CF=éH-éF2-)2. )

A further sample (13.5 g.) of (CF,=CF-CF,), CFCl was prepared
and despatched. It was prepared from Cl(CFl-éFél)3CFZCOZH by
essentially the same route given in the 10th Quarterly Réport (1lst
Jan., 1964-1st April 1964).

Addition of CF)ClCFC1lI :~ CFp=CH,. - C,C1,F3I (540 g., 1.93
mole; 70% CF,CICFC1I isomer,, CF,=CHp (159 g., 2.5 mole), and
benzoyl peroxide for 16 hrs. at 980, The bomb was permitted to
cool to 250, The unused CFp=CH; and any low boiling products were
bled off and collected in traps cooled at =789, The higher boiling
contents were poured out on opening the bomb. The CF2=CH was
allowed to escape and the combined products (556 g.) were washed
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with a solution of sodium thiosulphate to remove traces of iodine,
and then washed with water. The dried (MgSO4) organic layer was
fractionally distilied through a vacuum jacketed column (1' X 1/2")
giving the following fractions:

1) 359-90°/100 mm. 205 g.

2) 90°/100 mm., 251 g.

3) 90-1309/20 mm. 39 g.

Residue 6 g.

Examination of these fractions by gas chromatography showed
that fraction (1) contained mainly unused C»Cl,F3I, but only 20%
was CF,C1CFC1I isomer; fraction (2) contained two new components
in a ratio of about 100:1; (3) contained the two components in frac-
tion (2) and other high boiling points.

Separation of 10 g. of fraction (2) by preparative gas chromatog-
raphy (Ucon on chromosorb) gave (i) 8.7 g. (ii) negligible.

Physical prggerties of Ege suspected CF;C1CFCI1CH,CF)I are b.p.
1450/627 mm., np<2 1.4332; d<? 2.0588. Absoyrption in the ultraviolet
region occurred at '\19353(8,798) and 7\2720§(E:2 3). (This is con-
sistant fgr a -CF,I group: -CF,I absorb at  2710A and R¢-CH,I absorb
at  2620A). Elemental analysis: calculated for CF ClCFClCﬁZCFZI;
C, 14.02; H, 0.58; C1, 20.68: F, 27.71; 1, 37.03. FBund: C, 13.87;
H, 0.53; C1, 20.38; F, 27.98; I, 37.19.

Preparation of éCFZCICFCICH,CF;-)). 1) Acetic anhydride (80 ml.),
methylene chloride ml.), and powdered zinc (16.3 g., 0.Z25 mole)
were placed in a 500 ml. three-necked flask. CF,C1CFCICH,CF,I (85 g.,
0.25 mole) was added to the stirred slurry during a period of one
hour. The reaction mixture was stirred for 16 hrs., when analytical
gas chromatography (fluorosilicon packing on chromosorb) showed that
all the CF,C1CFC1CH,CF,1 had been consumed. Zinc and zinc iodide
were removed by filtration. Cold 0% sulphuric acid was added to
the cooled (0°§ reaction mixture. The acetic acid was removed by
washing with dilute sodium hydroxide and water. The organic layer
was dried (MgSO,) and then fractionally distilled through a column
(6" X 1/2") packed with glass helices giving:

(1) methylene chloride 389 60 g. %2) 38°-90°/100 mm. 4 g.

(3) 900/100 - 140°/10 mm. (28 g.)

Analytical gas chromatography showed that fraction (2) contained
methylene chloride and a new component (i); fraction (3) contained new
comporent (i), (ii) and (iii).

8 g. of fraction (3) were separated by preparative gas chromatog-
raphy giving (i) negligible, (ii) 6 g., (iiig negligible.

Physical properties of comp?gent (ii) idertified as (CFZCI—CFClCHz
CF-), were b.p. 198°/627 mm. np°” 1.3798.

2) The iodide §25 g.) and mercury were sealed under vacuum in a
thin walled tube (6" X 1") and the tube was spun horizontally for 180
hours while being irradiated by ultraviolet light. Examination of
the filtered product by v.p.c. showed that the main product 80%
was (CF,C1CFCICH)CF;-),. There were two other lower boiling products.
The cruée yield was 10.5 g., 67%.

------
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Dehydrohalogengtion of CF,CIZFCICHCE, i 3
The iodide (75 5., 0.22 mole), «Oil (56 &., 1 mole) and water g :

(50 ml.) were stirred for 1 hour; hcat was evolveld, Vapor phase
chromatography (v.p.c.) showed that about 10% of the starting material 2
had given a new product. The mixcture was refluced for 3 hours. The i
| v.p.c. showed that the organic layer had still about 50% of starting h
. material., The water iayer had a thici precipizate present, so it was
. separated off and replaced with *UH (56 g.) ia water (50 ml.). The
mixture was refluxed for a further 3 hours. The orzanic layer (32 g.)
was separaced, washed with water, driad (MgS04:. V.p.s. showed the
organic layer to be overwhelmiagly one product, i.e. CF,C1CFC1CH=CF,.

Physical properties of CF,C1CFCICH=CF) ( g sample wasg_purified
. by preparative v.p.c.) b.p. 68.59/630 mm.; ny2? 1.3524; 445 1,5323.
The infraved spectrun displayed peals at 3100 (W), 1740 (s), 1450
(s) em~l, Elemental analysis celculated for CFClCFCICH=CF: C, 22.35;
H, E;ﬁZé Cl, 32.99; F, 44,20, Found: C, 22.47; H, 0.56; Cl1, 32.75;
F, 44.49. : ,

Dechlorination of CF,CLCFCICH=CF)

CF,CICFCICH=CFy (25 g., 0.12 mole), In dust (16 g., 0.925 mole),
and dioxan (50 ml.) were stirred under gentle reflux conditions. The
product (9 g.) was allowed to distill off, The infraved spegtrum of
the product was identical to one digplayed in the literature’ for
CF,=CF-CH=CF,. |

Addition of IZ1 to CFZ=CH3

- CF,=CH, was bubbled slowly through a solutioa of IC1 (500 g.)
in CH)CI,) (éGG wl.) unti! no further uptaike of the olefin took

place. The solution was washed with sodium thiosulphate solution,
water and dried (MgSO4). Fractional distillation of the products gave
(1) CH,Cl,; (2) mixture 22_;.; (3) b.p. 91°/6:i9 mm. 511 3. of
CF,CICH,I np?> 1.4613; d4272.1347. Absorption in the “ltraviolet
region occurred at 6308(& 543), which is consistent for a =CH,I
group (=CF,I A2710X and Rg-CH,T X 26203). Element.] analysis cal-
culated €nf C,H,C1F,I: C, 10.81; H, 0.89; C1_ 15.66: ¥, 16.78;

i, 55.05. round: C. 10.75; H, 0.73} Cl. 14.15; F, 17.92; I, 52.64%.

Addition of CF,C1CH,I to CH,=CH,

CF,C1CH,I (276 g., 1.12 m.), CH,=CH, (35 g., 1.25 m.) and benzoyl
peroxidé (9 g., 0.04 m.) were selaed in I-1. stainless steel bomb anc
chaken for 24 hours at 150°, The conteats of the bomb were poured out,
washed with sodium thiosulphate solution and water, dried (Mz304), and
were then fractionally distilled through a vacuum jacketed column 3
(1' X 1/2") packed with helices. The following fractions were obtained:
(lg Unchanged CF,CHI (71 g.); 90-919; (1) mixture 20 g.; 90-152°; &
(4) suspected CF3C1(CH,)31 (87 g.); 1179/150 mm.; (S5) CF)Cl(CH)3I @
and nigh boilers (3 g.); 110-fzso/150 o, %
Physical properties of CFC1(CH,)3I are b.p. 110°/150 mz.; npd> 1.4233; &
dé> 1,8650. Absorption in the dlEraviolet region occurved at 2580A( 439
This is consistent for a R=-(CH»),I group. A sample has been submitted
for clemental analysis. -
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Dechlorination of CF,C1CFC1CH,CF CF;C CFC1CF,Cl with sinc in
dioxan was carried out and CE=CF-CH CF ,CF,6H,CR-CF, and CF,CICFCICH,-
CF,CF,CH,CF=CF) were obtained in %ds of 16.5 and 31.5%, respectively.
Dechlorination of CcmICFCICH CF CF;CH,CF CF) also gave the diene,
CF=CFCH,CF,CF,CH,CF=CF,, in ylefds 0f"27.5%. A sample (12 g.) of this
diene was sent for polymer evaluation.

It had been proposed to dehydrochlorinate CF,CI1CFCI1CH,CF,CF,CH,-
CFCICF,C1 to give the following compounds, CF,Cl-CF=CH-CF,CF,-CH=
CF-CF,Cl1 and CF,C1CFC1CH CF, CF,-CH=CF-CF2C1l, but the reaction of
CF,C1CFC1CH CFZéF CH CFC{CFZCI with aqueous potassium hydroxide
gave a blac& tar.

Earlier repO'ts1 d2scribed the preparation of CFBrCH,CF;Br and
CF2BxCH)CF)CH,CF,Br from the telomerization of CF,Br, and CF,=CHj.
Combination of tﬁe high-boiling products from a nimber of such tel-
omerizations enabled the next telomer, CF,BrCH,CF,CH,CF CH,CF,Br,
to be isciated. This heptane was deh droéromlnated with aqueous
pota331um h droxide  to give CF,=CHCF,;CH,CF,CH=CF, and CF,=CHCF,-
CH,CF,CH,CF,Br in yields of 27%and 20. 5 caspectively, | Dabydrobron-
ination % 6F =CHCF CHpCF CHyCF)Br gave more of the diene, CF,=
CHCF,CH,CF CH=CF in yields of 51%. Two samples of this diene
were sent or po ymer evaluation.

Earlier reports2 described the _reparation of CF,=CHCF,Br from
CFZBrCHZCF2 The treatment of CFy=CH-CF,Br with KI in a - one
gave small y1e1ds of CFp=CHCF,I. A red treacle, formed in the
reaction vessel, appeared to %onsu me most of the product. Insuf-
ficient CF2=CHCF7I was prepared to enable the coupling of two molecules
by the elimiration of iodine to give CF,=CHCF,CF,CH=CF,.

It was previously reported that the addition of CF)ClCFC1I to
CFy=CFH gave two products, CF)C1CFC1CFHCF;I(A) and CF,C CFClCFZCFHI(B)
Tarrant# had earlier declared that the sole produc's of this reaction
was (A) and on thlS basis it was proposed to use (A) to give
(CF,C1CFC1CFHCF by coupling two molecules of (A) with mercury and

%1ght Dech%orfnatlon and dehydrochlorination of (CFoClCFC1CFHCF;-)),
would both give a monoene and a diene. Unfortunately, tﬁe separatlon
of the mixture (A) and (B) was difficuit. Fractional distillation
would not effect a separation and preparative gas chromatography
required repeated separations to give small quantities of pure (A)
and (B). This line of investigation was not pursued any further.

EXPERIMENTAL

Dechlorination of (CFZC1CFCICH2 _12 - CF C1CFC1CH CFZCFZCHZCF01CF2C1
(100 g., 0.23 mole), zinc dust TZ% , mole) and p-dioxan (75 ml.)
were stirred at reflux temperatures for g 1/2 days. The sludge of
zinc and zinc chloride was filtered off and the filtrate was washed
with water to remove the p-dloxan. However, an emulsion wa: formed
with the filtrate, so the organic products were extracted with ether
(100 m1. x 5). The emulsion of the aqueous layer was filtered off
and an unidentified cream powder (1 g.) was obtained. The ethereal

yer was dried (MgSO,) and fractionally distilled through a column

X 1") packed with glass helices. The fractions were separated
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into 6 pure components by preparative gas chromatography: (1) ether;
(2) trace of an unidentified compound; Eg) CF =CFCHéCF CF,CH,(F=CF,

(8 g 16.5% yield) b.p. 119°/617 mm. n4?> 1.3281; d%> 1.55822 " (Fotnd:
C, 33.01; H, 1.50; F, 62.26. Calc. for CgH4Fyp: C, 33.13; H, 1.39;
F, 65.5]1%.) Infrared spectroscopy showed pea&s at 2970 (w), and 1804
(s) ecm~L; (4) Trace of p-dioxané (5) CF,=CF-CH,CF CFZCHQCFCICF Cl

(19 g. 31.5% yield); b.p. 164.5°9/623 mm. ng2d f.3§69; d25 1.6253
(Found: C, 26.42; H, 1.23; Cl1, 19.44; F, 52.33. Calc. for CgH,Cl5F;p:
C, 26.63; H, 1.12; C1, 19.64; F, 52.64%); Infrared spectroscopy dis-
played peaks at 3000 (w) and 1804 (s) cem~l, (6) Unreacted starting
material (28 g.)

Dechlorination of CF2=CFCH2CF'CFZCHZCFCICF701. - CF2=CFCH)CF,CF,CH;-

CFC1CF,C1 .5 g., 0. mole), zinc dust (16 ., 0.25 mole), zinc
chlori%e (1 g.) and p-dioxan (100 ml.) were stirred at reflux temp-

eratures for 3 days. The solid residue was filtered off and the filtrate
was added to water (300 ml.). However, an emulsion was formed with

the filtrate, so the organic products were extracted with ether (100

ml, x 5). The emulsion in the aqueous layer was filtered off and a
cveam-colored solid (0.2 «.) was obtained. The ethereal extracts were
washed with water to removVz more p-dioxan, dried (MgSO,) and the

ether was distilled off. The residue (18 g.) was separated by pre-
parative gas chromatography to give: (1) (CF,=CF-CH,CF,-),(6 g.,

27.5% yield) identified by infrared spectroscopy; (2) p-dioxan

(0.5 g.); (3) unreacted starting material (6.2 g.).

Attempted dehydrochlorination of (CF,ClCFCICH,CF,-),. - CF,ClCFCl-
CH,CF,CF,CH %9C1 ( 51 g., 0.12 mole), KOH (30 g., 0.54 mole)
ana water (100 m1.§ were stirred at reflux temperature for 16 hours.
Analytical gas Chromatography after 2 hours of the organic layer
showed the presence of a new compound in small yields. However,
after the full 16 hours only a black tar remained below the aqueous

layer.

Dehydrobromination of CF,BrCH,CF,CH,CF,CH,CF,Br, - CF,BrCH,CF,-
CH,CF,CH,)CF,Br (96 g., 0.24 mole) was added to a solution of KOﬁ
(3% g, 6.5 mole) in water (100 ml.) and the mixture was stirred
and refluxed for 12 hours. The organic layer was separated from the
aqueous layer and a fresh solution of KOH (32 g.) in water (100 ml.)
was used for a futher reflux of 16 hours. The products were distilled
from the mixture, washed with water, dried (MgSO4), and then they
were fractionally distilled through a column %6" X 1") packed with
glass helices giving the following fractions:

1) 80-1049/623 mm. 3 g. peaks on v.p.c. (i) and (ii)

2) 105°/623 mm, 12 g. peak (ii), CF»=CHCF,CH,CF,CH=CF;

3) 105-152.5/623 mm. 4.2 g. peaks (ii), (iii) and (iv)

4) 152.5/623 mm. 10 g. peak (iv) CF,BrCH,CF,CH,CF,CH=CF,

5) Undistilled 10 g. peak (iv) and unchanged start 6ng
material

Separation of fraction (1) and (3) by preparative gas chromatography
gave 2 g. of peak (ii) and 3.8 g. of peak (iv).

.- w T e T Y ™ A LA S e e e v VT —— o, e - - © NP vl A g e —



H
L 4

* B.) The Chemistry of Bicyclobutenyl Derivatives

£

Figure 1.
Synthetic Pathways in the Bicyclobutyl ("Dibox") Series
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Combined fractions of neak (ii) ?FerdCszH CFoCH=CF,, (14 ;1.
27% yield) had the following properties® bL.p. 1050/€23 wm., ng
1.3334; ¢ 1.4645. The infrared spectrum :isplayed feals at 3100
(w), 2970 <w) and 176C (s) cm™*. Elemenial analysis found: C,
34'22;325 1.906: F, 63.45. Cale. for Cy,Fg: C, 35.02; H, 1.67;

Comiinzd fractions of peaks (iv), "F9BrCH,CF,CH,IF,CH=CF,,
(14 &, yleld 20.5%) had_the followink propertfest b.p. 152.56/623
mm., 1,325 1.3694: d23 1.7297. The inf:?red spectrum displayed ieaks
at 3103 (w), 2970 (w), and 1’45 (s) cwn~'. (Elemental analysis found:
C, 25.95; 4, 1.57; Br, 25.05; F, 47.45. alc. for CpHgB1Fg: C,
26.19; H, 1.57; Br, 24.89; F, 47.33%).

~__Dehvdrobromination of CF,BrCH,CF,CH,CF,CH=CF,. - CF,BrCH,CF,CH,-
CF,CH=CF, (14 g., 0.04D mole) was added to 5 solufion of"KOH (30°g.,
0. molé) in water (100 ml.) and the mixture was stirrad under
reflux for 2 days. The organic products were distilled from the 'mix-
ture, washed with water, and dried (Mgs04). Separation of the or-
anic product by preparative gas chromacography gave:

%1) CF,=CHCF ,CH,CF,CH=CF, (4.2 g., 51% yield)

(2) Unfeacted CF,BFCH,CF/CH,CF,CH-CF, (3.0 g.)

The product and the unchanged material were identified by
infrared spectroscopy.

Attempted preparation of CF,=CHCF,1, - CF &CFCFZBr b2 g.,
0.22 acle), KI g., 0.33 moIe§ and acetone wéte reiluxed for 7
days under a condenser cooled to =789, The liquid contents were tien
poured into a flask containing more KI (50 g.) and were refluxed for
a fartiiar 3 days. The products and the acetone were removed by
distillation from the red-brown solution leaving behind a red treacle
with the KI and KBr. The acetone was removed by washing with water
and che organic layer (5 g.) was separated by a separacving funnel.
Analvtic gas chromatography showed the presence of twc compounds
CF)=CH-JF,Br and presumably CF,=CH-CF,I.

-The fullowing section deals with the chemistry of the Bicyclobutenyl
Derivetives.
EXPERIMENTAL SECTIOM

Cycloaddition of 1,3-butadiene with trifluorochloroethvicne (I mole):
F 2
2

A two-liter steel bomb containing 5 ml, of
limonenc as inhibitor was cooled in a dry ice/acetone e
bath for several hours and then charged with 330 g. (2.9 moles)
of trifluorochloroethylene and 150 g. (2.78 moles) of
butadienc. This was heated under autogenous pressure in a shaker at
150° for 24 hours and at 175° for an additional 2¢ hours. Gmn cooling,
bleeding off excess gases, and openinz, 4!2 g. of liquid product was
obtainec. nlus a considerable amount of solid material. On distilla-
tion, 350 g.(75% of the l-vinyl-2,3,3-trifluoro-2-chlorocyclobutane
(1) was ovcained boiling 108.5-109,0°/630 mm. The distillation

H
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residue was placed in a refrigerator at -200 for two weeks, at which
time 15 g. of colorless crystalline material was filtered in the

cold (-159), The crystals melted at 49-60° and were identified as
2,2-dichloro-2,2',3,3,3"',3"'-hexafluorobicvclobutyl (II). The product
was dissolved in hot ethanol (5C ml), decolorized twice with charcoal
and water added to the boiling solution. The clear soluticn on cool-
irg yielded colorless needles m.p. range 57-67°.

Cycloaddition of butadiene with trifluorochloroethylene (2 moles):

A one-half liter stainless steel bomt containiag
2 ml. limonene was chilled in a dry-ice/acetone E
bath and then charged with 270 g. (2.28 moles)of F 2
trifluorochloroethylene and 60 g. (1.1 mole) of Fcl cl
butadiene, The bomb was then heated under autogenous
pressure at 100° for 4 hours, 140° for 28 hours, and 170° for 28
hours. On cooling the bomb, bleeding cff gases, and opening, 330 g.
of crude liquid product were obtained. Distillation yielded 162.5 g.
of 1,2,3,3,4,4-hexafluoro-1,2-dichlorocyclobutane, b.p. 54-550/630 mm. ;
and about 75 g. of distillation residue. The residue was diluted with
20 ml. ethanol and cooled to -200 for two days at which time the solid
which separated was filtered in the cold (-15°), About 60 g. of
2,2'-dichloro-2,2',3,3,3',3"'-hexafluorobicyclcbutyl (II) was thus
obtained (17-207% yield). This was recrystallized from ethanol-water
mixture, m.p. 65-670, An analytical sample was prepared by two
recrystallizations from an ethanol-water mixture.
Anal. Calcd. from CgHgFgCl,: C, 33.5; H, 2.09; Cl, 24.7; F, 39.7.
gound? C, 33.09; H, 2.06; C1,3§2ég8;
F, .38.

Vapor-phase chromatography of compound II on a highly polar
adsorbent (Fluorocarbon FS on Firebrick R) gave three peaks in the
ratios 1.0:1.3:1.0. These peaks correspond to the three types of
stereoisomers: the cis-cis isomers (F with respect to adjacent H),
the trans-cis isomers, and the trans-trans isomers. _The compound
gave distinctive infrared peaks at 2930 and 1420 em™l, Nuclear mag-
netic resonance showed a very complex splitting pattern.

Cycloaddition of l-vinyl=-2-chloro-2,3,3-tr [luorocyclobutane (I) with
trifluorochloroethylene.

A one-half liter stainless steel bomb containing 175 g. (1.12
moles) of I and 1 ml. of limonene was cooled and charged with 135 g.
(1.16 moles) of trifluorochloroethylene. It was then heated at 160°
for 25 hours. On cooling the bomb, bleeding off the gases, and
opening, 267 g. of liquid product was obtained. The product was not
worked up in the usual manner (see above), but rather analyzed by
vapor phase chromatography, which showed 16 parts of trifluorochlorethy-
lene dimer (50% of original CF,:CFC1); 36 parts of I (86% recovery);
7 parts of II (10% yield); and 5 parts of an unidentified higher
retention product,

2,2"-Dimethoxy=3,3,3'3'-tetrafluorobicyclobutenyl (IV).

About 2.78 g. (.0097 mole) of 2,2'dichloro-
2,2',3,3,3",3"-hexafluorobicyclobutyl (I)) was E
dissolved in 20 ml. of methanol and to this E_
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solution was added a solution of 3.0 g. (0.053 moles) of potassium
hydroxide in 15 ml. of methanol. This was then heated over a steam
bath to slow reflux for 15 minutes. The vellow-orange fluid was
filtered hot and crystals which formed in the funnel were washed through
with hot methanol. The sclute was concentrated in vacuo and allowed
to cool and crystallize. Pale yellowish needles (1.10 g.) m.p.
98-99° were obtained. A second crop yielded (.2 g. of IV making
a yield of 56%. The diether IV was Ffurther purified by treatment with
activated charcoal and recrystallization “rom an alcohol-watexr mixture
to give colorless needles, m.p. 1010C, Ultraviolet spectrum: max=
2700 A(E=18,000). Infrared spectrum: bands at 1440, 1620, and 2990
em=l, The n.m.r. spectrum showed a -CH,-split by an adjacent =CF,-
in addition to a -OCH, singlet, -

Anal, Calcd. f£dr CigHyF40,: C, 50.4; H, 4.20; F, 31.9

%ound: C, 50.20; H, 4.44; F, 31.62

2,2'-Dimethoxy=-3,3'-diketobicyclobutenyl (V).

Approximately 2.0 g. (0.0075 mole) of o=<<:>»—-4£;>=°
the diether IV as prepared above was added with

stirring to 10 ml. oi concentrated sulfuric acid. ome ©OMe
When the solid had dissolved, 5 ml. of cold water was added slowly
dropwise with stirring, care being taken to avoid severe overheating.
The resulting brownish solution was poured into 100 ml. of cold
water. A yellow solid immediately »recipitated. After the addition,
the yellow solid was filtered off and washed with water. Typical
yields of (V) were 1.2-1.5 g. (85-100% yield). The diketone was
conveniently recrystallized from hot toluene or hot aqueous ethanol.
The former was a better solvent. Yellow needles were thus obtained,
m.p. 2030, Ultraviolet spectrum: max=3650 A(E=13,000). Infrared
spectrum: bands at 1277, 1580, and 17306 cm*l. The n.m.r. spectrum
showed two single peaks for -OCH3 and for -CH,-CO-,

Anal. Calcd. for T10H1 904 C, 61.9; H, 5.16

Fourd! C, 61.9; H, 5.40

2,2'-Diethoxy-3,3,3',3"'-tetrafluorobicyclobutenyl (IVa).

Exactly 2.78 g. (0.0097 mole) of II was
dissolved in 25 ml, absolutecthanol and to E ﬁi
this was added a solutior. of 3.0 g. (0.053 mole) 'z . a
E

of potassium hydroxide in 20 ml. of ethamnol. t

This mixture was heated to reflux for ten minutes and turned orange.
It was then filtered to remove the salts. The filtrate was concentra-
ted to half its original volume by heating under vacuum. The concen-
trated solution was poured into cold water (100 ml) and extracted with
oen 25 ml. portion of the same solvent. The chloroform extracts were
dried over anhydrous potassium carbonate and evaporated in vacuo. A
red liquid (about 1.2 g.) (50 % yield) was obtained. This crystal-
lized readily upon refrigeration and melted readily on warming. The
material was heated in alcohol with activated charcoal, allowed to
recrystallize at -20° and filtered in the cold. After two such
recrystallizations, white crystals were obtained melting at 32,30,

The crude liquid product was of sufficient purity for subsequint
steps. Infrared spectrum: bands at 1440, 1620, and 2960 cm” No
microanalysis was performed since the product darkened rapidly on
standing.
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2,2'-Diethoxy-3,3"-diketcbicyclobutenyl (Va)

The diethoxy diketone (IVa) was pre- -
pared by the same procedure as the corres- o
ponding dimethoxy compound (IV). OEt oEt
Recrystallization from hot alcohol/water yielded
bright-yellow needles m.p. 118-1190, Typical yields were 80%.
Ultraviolet spectrum: max 26508(E 12,670). Infrared spectrum: peaks
at 1260, 1580, and 1730 em™ ). The n.m.r. spectrum showed an unsplit
methylene for-CHp-CO and the expected series of peaks for -0-CH,-CHj.

Anal. Calcd. for Cjy,Hy4d4: C, 64.9; H, 6.3.

Found: Z, 65.23; H. 6.64.

Attempt to prepare the di-tert-butyl diether.

Two grams of lithium metal ribbon were dissolved in 10 mls.
of hot tert-butyl alcohol. This solution was added at onc.: to a
solution of 2.87 <. 2,2',3,3,3',3"'-hexafluoro~2,2"'-dichlorobicyclo-
butyl (II) in 40 ml. tert-butyl alcohol. The resulting mixture was
refluxed 20 hours and then cooled., Colorless crystals were observed
but these seemed unfilterable (the solvent always froze in the filter
funnel). The liquid was poured into water and extracted twice with
chloroform. The extracts were dried over sodium sulfate and then
evaporated in vacuo. The resulting red liquid gave an infrared spec-
trum similar to that of the dimethyl and diethyl ethers of IV and
IVa. The material dissolved in concentrated sulfuric acid to give an
intense red-orange color. No solid product was obtained on pouring
the acid solution over ice, and the aqueous solution did not give a
positive enol test with ferric chloride.

1-Vinyl-2,3,3-trifluoro-1l-cyclobutene (VI).

About 34.0 g. (0.20 mole) of 1- CH=CH
vinyl-2,3,3-trifluoro-2-chlorocycio- E 2

butane (I) was dissolved in 50 ml. of
absolute methanol. A solution of 13.0 g. F
of potassium hydroxide (0.23 mole) in 50
ml. methanol was added dropwise with stirring and cooling. The
temperature was maintained at 10-20° throughout the addition. After
the addition, the temperature was allowed to rise to 25-30° for one-
half hour and then the mixture was heated to reflux for ten minutes.
1t was then poured into 500 ml. of cold water in a separatory funnel.
After shaking, the product which separated to the bottom was re-
moved. After drying over anhydrous calcium chloride, 2C-25 g.
(80-90%) of crude straw-colored liquid VI was obtained. (Additional
small amounts could be obtained by extracting the aqueous phase
with chloroform.) Fractional distillation under reduced pressure yield-
ed 1-vinyl-2,3,2-trifluoro-1l-cyclobutene (VI) boiling 44.0°/174 mm.,
np25 1.3971. Freshly distilled samples were found to polymerize
very readily to a hard, clear, and colorless solid, The crude mat-
erial can be stored for several weeks at -20° in the presence of
inhibitors (e.g., hydroquinone and t-butylcatechol). The infrarid
spectrum contained significant peaks at 13/0, 1460, and 1720 cm™ ",

Aral. Calcd. for CgHSF : C, 53.5; H, 3.73; F, 4z2.5.

ound: C, 53.2; H, 4.06; F, 42.1,
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i-(2,3,3-Trifluoro-2-chlorocyclobutyl=)=-2,3,3-trifluorocyclobutene (VII).

About 186 g. (1.37 mole) of l-vinyl-
2,3,3-trifluoro-2-cyclobutene (VI) (freshly F E
prepared by the previous method, dried over Z ~

- magnisium sulfate, but not distilled) was F Fci

placed in a one~half liter stainless steel
bomb along with 1 g. of hydrcquinone and about 2 ml. of limonene. The
bomb was sealed, checked for leaks, chilled in dry ice, evacuated, and
the 190 g. (1.63 moles) of trifluorochloroethylene bled in. It was then
heated in a heater-shaker at 150° for 5 1/2 hours. On cooling and opening
the bomb, 316 g. of an orange liquid was obtained. Vapor phase chromat-
ography showed the absence of diolefin VI, the presence of a small amount
of trifluorochloroethylene and its dimer, and a high proportion of the
desired product VII., Distillation at atmospheric preggure gave 252 g.
(75%) of a colorless liquid boiling at 160°/630 mm. Dg =1.4676, n 5=
1.3910. The infraref spectrum contained significant bands at 1440, 1650
(wk).), and 1720 cm™*.

Anal. caled. for CgHgClF.: C, 38.3; H, 2.00; F, 45.5

Pound: C. 38.53; h, 1.83; F, 45.70.

2,2'-Dimethoxy=3,3,3',3"'-tetrafluorobicyclobutenyl (IV) Best Method.

Potassiunhydroxide 140 g. (2.5 moles)
was dissolved in 50U ml. absolute methanol in E €
a 1l liter 3-neck flask equipped with an ice 4 =
bath, reflux condenser, thermometer and stirrer. oMe oMe

To this was added slowly by means of an addition

funnel 150 g. (.6 mole) of Vi1 while the temperature was kept below

30° (the reaction is very exothermic). After the addition, heat was
applied and the temperature allowed to rise slowly to 60°. It was

then thrown into a large volume of ice water with vigorous stirring.

The product precipitated and was filtered and washed with several large
portions of cold water. After pumping the product dry and drying the
solid overnight in a roto-vac 140 g. (approximately 98% yield) of diether
IV (m.p. 99°) was obtained of sufficient purity for subsequent reactions.
The infrared spectrum was identical with that of IV prepared from II.

On hydrolysis with sulfuric acid, it yielded diketone Va identical to
that described earlier.

2,2'-Diethoxy=-3,3,3"',3'-tetrafluorobicyclobutenyl (IVa) Method B.

To a solution of 3.16 g. of VII (0.0126 mole) in 10 ml. of
ethanol was added dropwise 20 ml. of a 10% solution of potassium
hydroxide in ethanol. The reaction was vigorous. After the initial
reaction, the mixture was warmed slightly for five minutes. The solu-
tion was filtered and the filtrate concentrated to half its original
volume. The solution was poured into water, extracted with two 15 ml.
portions of dichloromethane. The extracts were dried over anhydrous
magnesium sulfate and the solvent then stripped off in vacuo to yield
2.70 g. of straw-colored liquid (80%) yield). The infrared spectrum
was identical to that prepared directly from II.
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2,2'3,3,3',3"'-Hexafluorobicyclobutenys (II1).

A, About 25 g. (0.10 mole) of VII was
dissolved in 100 ml. of absolute ethanol, and F<<:>>———*<:>>§,
the solution cooled in an ice-water bath. 2

Slowly with stirring and cooling 56 ml. F F

of 10 g./100 ml. solution of potassium

hydroxide was added to this. Precipitation occurred immed%ately.

After the addition, the solution was allowed to warm to 25°, and then
poured into a separatory funnel with 500 ml. of water. On separation
of the organic layer, much of the material solidified requiring a

heat lamp to remove it. This material was allowed to solidify somewhat
and then filtered with mild suction. This yielded 7.8 g. of crude III,
melting 50-55°. The filtrate was also found to be very rich in III
along with monoether VIII. The following method was found to be best
for obtaining III.

B. Fifty ml. (36 g., 0.35 mole) of triethylamine were cooled to
-20° and wixed with similarly chilled compound VII (50.0 g., 0.20
mole). The mixture was swirled several minutes and then allowed to
set overnight in a refrigerator at 0°C. The solid was then broken
up and washed with water. Hydrochloric acid (10 ml. 20%) was added
to dissolve the excess amine. The solid was filtered off with gentle
vacuum (caution--this material has a very high vapor pressure) and
washed with a large volume of .-~e water. The crystalline solid was
placed on filter paper and pres:ed to remove excess water. It wac
redissolved in hot Skellysolve B and the solution dried over anhydrous
magnesium sulfate. The dried and filtered solution was then chilled
overnight at -20". The hexafluorobicyclobutenyl (III) separated as
colorless, dense plates. The yield was 32.3 g. (76%), m.p. 57°. The
ultraviolet spectrum consisted of one peak at 2375 A (E=8,330). The
infrared spectrum contained significant peaks at 1340 and 1655 cm~l,
The n.m,r. spectrum was in accord with a -CH,-split by cross ring
-CF-; and resplit by adjacent =CF,-.

Anal. Calcd. for 08H F,: C, 44.9; H, 1.87; F, 53.3.

FéuRd: C, 44.51; B, 1.98; F, 53.02.

2-Methoxy=2'3,3,3"',3"'-pentafluorobicyclobutenyl (VIII),

A solution of VII 25.0 g. (0.10 mole)
in 100 ml. absolute methanol was cocled to 0° E F
and a solution of 12.0 g. (0.214 mole) % 2
potassium hydroxide in 100 ml. absolute methanol OMe F

was added drogwise slowly with stirring and
cooling (0.10"). After the addition, the ice bath was allowed to warm
to room temperature and the following day the reaction was poured into 700
ml. ice water and the organic layer allowed to separate. The lower
layer was dried over calcium sulfate. The crude monoether VIII
amounted to 19.63 g. (87%) and was of relatively high purity accerding
to the vapor phase chromatogram. The refractive index at 26° was 1.4270.
The infrareglspectrum contained significant peaks at 2980, 1710, 1640,
and 1348 cm .

Anal. Caled. for C9H7F502 C, 47.7; H, 3.10; F, 42.0.

Found: C, 47.47; H, 3.10; F, 41.79.
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2,2'-Dibromo=-2,2'~dimethoxy=-3,3,3',3"'~tecrafluorobicyclobutylidene (IX).

A solution of bromine, 26.4 g.

(.165 mole) in 50 ml. glacial acetic

acid, was added in portions with stirring E E
to a solution of diether IV 36.5 g. (.155 *

mole) in 100 ml. glacial acetic acid and MeO"Br  Br oMe

the mixture was stirred for ten minutes and then poured over 500 ml.
ice in a large flask with vigorous shaking. A yellowish solid quickly
separated. Sodium bisulfite solution was added tc remove the bromine
color., The solid (now white) was then filtered off, washed and pumped
dry. White waxy powder IX 63 g. (c. 10U%) was obtained. The product
is purified sufficiently for the next step or can be recrystallized
from hot Skellysolve C. The recrystallized product melted at 106-107°,
The infrared spectrum contained strong characteristic peaks at 720, 812,
881, and 989 cm~l and lacked peaks in the olefinic region as would be
expected for a symmetrically tetrasubstituted olefin,

Anal, Caled. for CjgH;Br,F,0,: C, 30.3; H, 2.53; Br, 40.0; F, 19.4.

Found: C, 30.50; H, 3.06; Br, 39.70; F, 20.62.

2,2,2'.2'-Tetramethoxy-3,3,3"',3"'-tetrafluorobicyclobutylidene (X).

Dibromide IX (as prepared above)

63 g. (.155 mole) was dissolved in 150 £ £
ml. absolute methanol and to this was 2 <
added slowly with stirring and coolin

y & & (ore), (ore),

a solution of 17 g. (.30 mole) potassium
hydroxide in 50 ml. absolute methanol. After the addition, stirring
was continued for 10 minutes and the mixture poured cver ice, A creamy
white, fluffy precipitate formed which was filtered and washed with
water, After pumping dry for 30 minutes, 37 g. crude tetra-ether X
(ca. 807%) was obtained. This was purified further by recrystallization
from hot Skellysolve C to give 30 g. of colorless plates m.p. 1220,
The crude product can be used as is for the preparation of diketone
XVII. The infrared spectrum_had strong characteristic peaks at 716,
749, 878, 1007, and 1310 cm~l. The proton n.m.r. spectrum showed a
strong singlet for -OCH,- and two separate close triplets for =-CHy-CF,-
in cis and trans configlurations.

Anal, Calcd. for C12HygF404: C, 48.0; H, 5.33; F, 25.3,

Fcunﬁ: cC, 47.78; H, 5.71; F, 26.39.

2.2"'-Dimethoxy-1,1",2,2'-etrabromo-3,3,3',3'-tetrafluorobicyclobutyl
Attemgt .

Crude 2,2'-dimethoxy-3,3,3',3'-tetrafluorobicyclobutenyl (IV)
12 g. (0.06 mole) was dissolved in 100 ml. methylene chloride and the
solution dried over anhydrous magnesium sulfate. After filtering,
bromine 22,5 g. (0.14 mole) diluted with methylene chloride was added
at once and the mixture allowed to set overnight. The solvent and
excess bromine was stripped in vacuo to giv