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FOREWORD 

This is a final report covering two years 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 of 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 high 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 Dre John R. 
Lacher, both of the University of Colorado, under U. So Army Contract 
DA-19-129-QM-1926, with Dr, Malcolm C. Henry as project supervisor. 

So Jo KENNEDY 
Director 
Clothing and Organic Materials Division 

APPROVED: 

DALE H. SIELING, PhoD 
Scientific Director 

Wo   Wo  VAUGHAN 
Brigadier GeT   ral, USA 
Corr<~anding 
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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) various a, co-diolefins.  Most of the 
above compounds were new to the arts. 

Viii 
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The Synthesis of Special Fluorine-Containing Monomers 

I. Introduction 

The purpose of this project is to conduct 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 report 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 Progress 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 Bicvclobutenyl 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. 

(Bi) Grignard Reactions and Pyrolysis Studies - A large number 
of new alkyl substituted tetrafluorocyclobute^e of the type CF2-£arC-CF2 
foere synthesized and subjected to pyrolytic reaction conditions 
in hopes of obtaining dienes of the type CF^-C-C^CFo. However, con- 
versions to the dienes were in order of less chim 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. 

(Bn) Cyclobutene monomer intermediates were synthesized which 
may be of interest as polymer intermediates.  Below are listed some 
of these compounds. 

CF2-C«CH-CH3 CF2-C-CH*CH2 0*C-C-C2H5 ri 
CF2-OCH-CH3 CF2-C-CH*CH2 0-C-C-C.H 
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(C) Miscellaneous Studies 

a) The epoxidation of hexafluorocyclobutene and of 
CFoCCl^CClCFß were attempted in the presence of ultraviolet light 
ana oxygen but thus far no epoxides were isolated. The only products 
thus far isolated were (CF2COOH)2 from hexafluorocyclobutene and 
CF3COOH fro© CF3CC1«CC1CF3. 

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 fluorohalocyclobutenes of 
the following type: X-C-C-X where X may be F, Cl, Br or 1. 

x2c-cx 

As examples of this technique, the following were prepared. 

ft 

Ft 
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1—y-ci 
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Cl 
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Fx 
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■Cl 

* 

H 

Br 

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. Although as yet unproven, it provides 
a working rule for the prediction of the reaction products. Similar 
studies were carried out with the fluorinated halocyclopentenes. 

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

 dj In the reaction of the ethyl Grignard reagent with 
CF2-CF«CCl-cH2, a novel production of bicyclobutanes and aromatic 
compounds was achieved. 

£ afs-l^t 

m pj. s: £■6 

O o CH* 

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

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. 

r  " 
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F.C.-303 CF2~CF-CF2-COOK 

The following compounds were prepared and delivered: 

5 g.  Dr. E. Stump - Peninsula 

F.C.-304 CF2=CF(CF2)3COONa      5 g 

F.C.-305  (CF2-CF-CF2)2        16 g 

F.C.-306 CF2-CH-CF2CH2CF2CH=CF7 1/ g 

1/ g F.C.-307 CF2-CF-CF2COOMe 

F.C.-308  (CF2-CF-CH2-CF2-)2 

F.C-309 Light Fraction 
Fluorinated Oil 
(Montecatini) 

F.C-310 Medium Fraction 
Fluorinated Oil 
(Montecatini) 

F.C.-311 Heavy Fraction 
Fluorinated Oil 
(Montecatini) 

F.C.-306  (CF2-CH-CF2)2-CH2 

Dr. E. Stump - Peninsula 

Dr. H. Garner - U. S. Rubber 

it       it      it     t« 

it it 

ii g 

^8 g 

28 g. 

II It It t? 

Mr. Charles B. Griffis - Natick 

n II M »t 

2 g. 
II II II It 

6 g.  Dr. D. Relyea - U. S. Rubber 

Samples of polymer obtained from CF2-C-CH=CH2 were also delivered 

CF2-C-CH«CH2 

to Dr. Henry and Mr. Charles B. Griffis at our contractors1 meeting 
held in Miami Beach on May 6, 1965. 

The following compounds were also prepared and shipped. 

To: Dr. M. Fein, Thiokol Co. 

To:  Dr. B. Landrum, FMC Corp. 

n       tt      it  tt 

1) 57.8 g. CH2-CH-CH-CK2 

CF2-CFC1 

2) 56.  g. II 

3) 98 g. CF3-CH«CH2 

4) 13 g. *0—<0F* 
f                  F 

5) 23 g. CF9<F-CF--CF 

To: 

I! II It 

II 

II 

It 

It 

!! 

This latter compound, CF~*CF-CF~-CFC1-CF2CF*CF2 (b.p. 103°/ 
630 mm.) was first reported by Park and Holler* (W.Ä.D.C. Technical 
Rept. 56-590, Part 1, pp. 21-22(1957). Subsequently Fearn and 
Wall of the national Bureau of Standards in an article4 (SPE Trans- 
actions, July 1963, pp. 321-4) reported that the above diene (pre- 
sumably) had a boiling point of 121°/760 mm. This is at great vari- 
ance from ours. As shown in the "Experimental11 section of our report, 

i* wß   . m > 

[ 
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::he riata from our work is correct and those of Fearn and rN'all incorrect. 
~n light of this, the results of the latters' study on the ''Polymers 
md Te lomers O.i· !-t-Chloroperfluorohe ~tadiene-1, 6'' may now be in doubt. 

\) Svnth_eses of o<, u) -diolefins: 

The object of this work is to synthesize some highly fluorinated 
1on-conjuga.ted dienes for polymer ev3lllation. 

Utilizing the method of Holler1 4-chloroundecafluorohepta-1,6-
liene (28 g.) was prepared and dispatched. Acid '8114', Cl(CF2-CFCl)3 
~F2C02H, was neutralized with caustic soda and its salt was £yrolyzed 
tt 250-300°C to give Cl(CF2=CFCl)2CF2-cF~CF2 in yields of 96%. This 
Jonoolefin was dehalogenated with HCI activated zinc to give mainly 
~-chloroundecafluorohepta-1,6-diene in yields of 76%. The products 
;ere separated by fractional distillation and preparative-scale 
~as chromatography to give the diene in .an overall yield of 30% 
:based on the amount of r8114' used). Examination of the other pro
tucts showed that unchanged monoolefin was present in 1.5% yield. 
~our other components \vere present and separated in yields of 6,6,0,4 
1nd 1%. Examination of these four compounds is still underway. 

Tarrant et al. 3 clai.med that: the free-radical -reaction between 
~F2 Brz and CF2=CH2 using benzoyl peroxide as initiator gave 
:F2BrCH2CFzBr and CFzBrCHzCFzCHzCFzBr in yields of 28 and 23% re-
1pectively. This method was used to prepare these two compounds 
1s precursors of two dienes. Examination of the products by gas 
~hromatography of CFzBrz and CFz=CH2 showed six new components, 
:wo of which were present in heavy concentrations. 

The first major component was separated by fractional distilla
.:ion and treated with a~ueou~0Hotassium hydroxide to proceed as 
:;hown: CFz BrCHzCFz Br • q · · , CFz BrCH=CFz 
~xamination by gas chromatograph and 1nfrared spectroscopy indicated 
:he presence of a second compound, tetrafluoroallene. It is proposed 
:o couple two molecules of 3-bromo-1,1,3,3-tetrafluoroprop-1-ene 
)y the elimination of bromine with copper to give 1,1,3,3,4,4,5,5-
lCtafluorohexa-l,S-diene. 

When sufficient quantity of the second major component pre
>tunably, CF~BrCHzCFzCHzCF2Br, has been separated by gas chromato
~raphy, it 1s proposed to dehydrobrominate it to give 1,1,3,3,4,4-
lexafluoropenta-l,4-diene. 

Attempts will be made to identify the other four products of 
:he addition of cF2Br2 and CH2=CFz. 

Tarrant et a13 has also shown that the free radical addition 
~f CFzBr~ and CFz=CH2 using benzoyl peroxide as initiator gave 
~F?BrCFHvF2 Br ana CF2BrCFHCFzCFHCFzBr in yields of 9 and 18% respec
'.:i'\:Tely. Examination by gas chromatography of the products of such 
1 reaction shmved seven new components, two of which predominated 
i.n a ratio of roughly 1: z · 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, 
CF2*=CFCF2CF2CF«CF2 and CF2=CFCF2CF=CF2, by the same route as for the 
products of CF2Br2 + CF2 » CH2. 

3 
Tarrant has shown that CF2CICFCH adds to olefins in high 

yields in the presence of ben^oyl peroxide. He claimed the form- 
ation of CF2C1CFC1CHFCF2I in yields of 7S  from CHF«*CF?.  The work 
was repeatea, but gas cnromatography of    products displayed four 
new components. Two peaks close togethe.   d of equal intensity pre- 
dominated. This indicated random addition co  the olefin to give 
CFoClCFClCHFCF^ and CF2C1CFC1CF2CFHI.  It is proposed to verify 
this addition and then to couple each propane by the elimination of 
iodine by zinc in dioxan to give (CF2ClCFClCHFCF2-)2 and (CF2C1CFC1CF2 
CFH-)2. These octanes will then be aechlorinatea to give two octa-1, 
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 
CF2C1CFC1I and CF2=CH2. 

Synthesis of <cJ -diolefins 

Experimental 

Preparation of CF>~CF(CF>CFC1);CF2C1 

Cl(CF2CFCl)3CF2COoHt
,Kel-F acid 8114'D (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 chloride 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 -78o*#  Redistil- 
lation of the crude product gave CF2=CF(CF2CFC1)2CF2C1(123 g., 96% 
yield), b.p. 66°/25 mm. Hg, nD

25 1.3&39; values quoted in the liter- 
ature b.p. 65.9-66.3°/25 mm. Hg, nD

25 1.36221. The infrared spectrum 
was identical to that displayed in the literature.L 

Preparation of CF^CFCF2CFC1CF2CF=CF2 

CF2«€F(CF2CFC1)2CF2C1(123 g., 0.31 mole) was added dropwise 
to a stirred slurry of HCl-activated Zn dust (64 g., 1 mole) sus- 
pended in dibutoxytetraethyleneglycol (3 50 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 from the mixture, dried (MgS04) 
and fractionally distilled through a vacuum jacketed column (5fl X 1/2") 
packed with glass helices giving the following fractions: 

* All the temperatures reported in this report are in degrees 
Centigrade. 
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1) -30° 19.5s.; 0  80-100°  >3.5g.; 

3)  100-102° 26 g.; 4)  102-130° 8 3. 

The fractions weve examined by sas chromatography which 
showed that (1) and (2) contained :F>-CFCF2CFC1CF2CF=CF2 and two 
components with lower retention tines;  fraction t3) contained 
CF2*CFCF2CFC1CF2CF=CF;; and fraction (4) contained CF2=CFCF2CFC1CF2 
CF«=CF2 and three components with higher retention tiroes, the latter 
of which was identified as unreached CF2=CF(CF2CFC1)2CF2C1.  Sep- 
aration of fractions (1), (2) aid (4) by preparative gas chromato- 
graphy gave: 

(1) and (2) component (i)6 g. component (ii) 5,6 g. 
component (iii) 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 
Physical 

ralues quoted 
.„ _™ „„„„„ ~.r. .„- ~u .--_.L. The infrared 
spectrum was identical to that displayed in the literature.1 

Component (vi) was identified as unreacted CF2=CF(CF2CFC1)2CF2C1 
by infrared spectroscopy. 

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

The Reaction between CF?Br2 and CF^CH^ 

CF2Br2 (476 g., 2.3 mole), CF2-CH2(59 g. , 0.92 mole), and 
benzoyl peroxide (5g« , 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^r? (349 g.) and higher boiling products 
(119 g.) were recovered. The combined higher boiling products (535 g.) 
of five such reactions were washed with sodium bicarbonate solution 
and water, dried over magnesium sulphate, and fractionally distilled 
through a vacuum jacketed column (1* X 1/2"), packed with glass 
helices, giving the following fractions: 

(1) 20-53° 65.5 g.; (2) 53-94° 32 g.;  (3) 94-95° 193.5 g.; 

(4) 95-150° 85.5g.; (5) 150° 65 g.;  (6) 150-156° 37.4 g. 

Examination of these fractions by gas chromatography showed that 
(1) was mainly CF2Br2; (2) contained component (i) and component 
(ii), CF2BrCH2CF,Br; (3) contained only (ii), CF2BrCH2CF2Br; (4) 
contained components (ii), (iii), (iv) and (v); \5)  contained 
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. 

. .-..-*.-,. .—-sam 
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Physical properties of CF.BrCH>CF.Br {ill.5 g.) from fraction IF.BrCHiCF.Br {ill .5 g.) from fracti 
>.p. 94-95^/630 mm. Hg. nD" 1.3975, 

35, MRD found 31.85, 
_n the 1iterature h.n. 

2.09432. 

(3) and component (ii) were b.p. 94-95^/630 mm. Hg. nD" 1.3975, 
d^5 2.0735, MRD found 31.85, calculated 31.58 using F«l.100; value* 
quoted in the literature b.p. 42°/85 mm. Hg., nD" 1.3974, d" 

Physical properties of CF->BrCH>CFXH2CF;Br ( 80 g.) from component 
(v) were b.p. 150/630 mm. Hg., nD" 1.3981, a

25 2.0010, MRD found 
40.82 calculated 40.82 using F=1.100; values quoted in the literature 
b.p. 54°/14 mm. Hg. , nD

Z5 1.4032, d" 2.0032. 

Tht: Reaction between CF>Br} and CF^CFH 

CF;Br2 (480 g. , 2.3 mole), CF>*CFH (63 g. , 0.77 mole) and 
benzoyl""peroxide \p  g. 0.03 mole) were sealed in a 1/2 1. stain- 
less steel bomb and shaken for 16 hours at 35°.  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.  Frac- 
tional distillation of the products gave CF;>Br2 (385 g.) and higher 
boiling products (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 (l1 K 1/2M), packed with glass 
helices, giving tue following fractions: 

(1) 190 g. 24-290     (2) 42 g. 29-90°;       (3) 45.6 g. 90-115°; 
(4) 136.5 g. 115-1630 (5) 45 g. 

Examination of these fractions by gas chromatography showed 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) mainly CFiB^; (2) com- 
ponent (i), CF^BrCFHCF^Br, and component (ii) ; (3) Components (i), 
(ii), (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- 
graphy gave:  (2) (i) 23.5 g., (ii) negligible; (3) (i) 21.2 g., 
(ii) 0.7 g., and others 0.5 g. 

Physical properties of CF2BrCFHCF2Br(44.5 §-) from components 
(i) were b.p. 86.5°/621 mm. Hg., nD25 1.3819, d" 2.1235, MRQ found 
31.98 calculated 31.58 using F^l.100; values quoted in the literature 
b.p. 35°/78 mm. Hg., nD

25 1.3816, d" 2.1025z.  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(CH?-CF2)-Br. 

CF2srCH-CF2Br was prepared in experimental quantities by the 
treatment of C^BrC^CF^Br with aqueous K0H.  The presence of 
tetrafluoroallene was not detected this time, presumably because 
milder conditions were employed.  The bromine of CF2cCH-CF2Br has 
been replaced with iodine by the action of potassium iodide in acetone, 
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but the product which contains unreacted CF2*CH-CF2Br has not been 
separated.  It is intended to couple two molecules of CF2-CH-CF2Br 
by an Ullmann reaction and to lo 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. 

CF2BrCH2CF2CH2CF2Br was dehydrobrorainated in aqueous potassium 
hydroxide. Early attempts 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 IC1 to CF?=CFC1 at 0° should give 98% of 
CF2C1CFC1I and 2% of CF2lCFCl2. However, it was found that this ad«< 
dition always gave at least 20% CF^ICFC^. The separation of these 
isomers was difficult, so in reactions between CF2CICFCII and 
CF2"*CHF, using benzoyl peroxide as initiator, the mixture was used. 
An examination 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 CF2CICFCII 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 CF2C1CFC1CHFCF2I on the grounds that dehydroiodination 
gave CF2«CFCFC1CF2C1 in 71%.  Presumably the other 29% could have 
been CF2C1CFCLCF2CFHI.  However, it must be noted that the new com- 
pounds nave been obtained in almost equal quantities. 

When sufficient quantities of CF2CICFCICF2CFHI and CF2C1CFC1 
CFHCF2I have been separated, it is proposed to identify the two struc- 
tures and then to couple each butane by the elimination of iodine 
with zinc in dioxan to give (CF2ClCFClCF2CFH-)2 and CF2CICFCICFHCF2-). 
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 CFoBrCHpCFjBr. - CF2BrCH2CF2Br (248 g., 
0.9 mole) was added dropwise to a stirred solution 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 CF2scCH-CF2Br were nn25 1.3461; d25 

1.723; values quoted in the literature nD
25 1.3463: d25 1.747. 

The infrared spectrum displayed a peak at 3120 cm"l which is 
indicative of vinylic C-H. 

1 
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••reparation of CF>**CH-CF-,: . - UFy r.F-, F>Br (S3 r,- . C2S mole), 
Nal (7)1 g., 0.4 mole) T and ace Von« (110 ml.)'"were allowed Co stand 
at room temperature for 30 days.  The acetone was removed by washing 
with water and then the solution was washed 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 
CFr*CF-CF2Br and CF^CF-CFjI.  The latter appeared to he present 
In-60-70%. 

Dehydrobrominacion of CF^^rCH.CFiCH^CF/Br was carried out and 
it was hope? to obtain CF2BrCHT^CH*^¥^ana^F2*CHCF;CIi^CF?.  How- 
ever, three products (If II and IV) were obtained.  Upon fractional 
distillation (or reflux) product IV gave two further products III 
and V.  Physical properties, element analysis, and ultraviolet 
spectroscooy indicated that I and II were conjugated dienes.  The 
UV spectrum gave for I, \ 2195A( 13,900) and for II, \ 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 dehydrobromination of IV is under 
investigation.  It would appear that the following is the reaction 
scheme. 

CF;BrCH2C?2CH;CF2Br -1^5, CF2BrCH.,CF7CH-CF?  (IV) 

CF2BTCj25C-CtJp  
CF2BrC^>>J-c:^f3 (III + V) 

JKOH 1K0K 
cVc;hoc£Jjp   

CF2l*cS:c-c:fl
F3      u + ID 

Upon refluxin;?. separate quantities of III and V no rearrangement 
took place. 

In the orevious report it w»s shown that the addition of 
•JF2C1CFC1I to CF2=-:FK gave rincipally two products CF2CLCFC1CFHCF;I(< ) 
vma CF9C1C.?C1CF2CFHI(B).  Ultraviolet spectroscopy gave similar 
absorptions, so~it was not possible to identify the two products. 
Tarrant3 had assigned the structure of the product of this reaction 
as solely (A), because dehydroiodination gave CF^lCFClCr^CF^ in 
7y% yield.  However, dehydroiodination of both products gave this 
same product.  This can be rationalized by assuming that (B) dehy- 
droiodinates to gi^t? a carbene, which rearranges to give CF^CICFCICF-Cr,» 
There is evidence £ai   the abs trace ion of HI fro.n the carbon of 
similar compounds.^ 

The addition of CF.CICFCII to c:F?*CH<> was shown to give 
CF2CiCFClCH2CF,I: because dehydroiodination gave CFiClOlXllCH^CI?, 
which upon aecnlori:^»tion ^ave tha ;-nown CF> = CF-CH-^F2.  The 
ultraviolet spectrum A, 272G/f (£253) v*as also consistent wLtn  a-CF^I 
group .'CF,! absorbs a. 2710*, RfCti>I absorbs at A 2Ö2QÄ*. 

pw^>—w» m*m     »iii-  """«<ii Mm! ■ «. m< - —. . •   — im HI 

1 
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The coupling of two molecules of CF2CICFCICHXF2Iby zinc in 
acetic anhydride gave (CF2ClCFClCH2CF2-)2 in yielfls of 52%.  How- 
ever, the action of ultrvlotet lignt upon the iodide and mercury 
gave yields of 67% and a product with fewer minor products.  Dechlor« 
inatibn of the octane to give a diene is in progress. 

CF2Cl(CH2)3l has been synthesized as the precursor to two 
fluorinated dienes.  It is proposed to couple two molecules of this 
iodide to give CF?C1(CH;)ACF;C1.  Dehydrochlorination should give 
(CF2=CH-CH2CH2-)2T 

The following is the proposed scheme to the second diene. 

CF2C1CH2CH2CH2I -£22» CF2=CH-CH=CH2 

CF2=CFC1 I 
CF,-CH-CH=CH0 I 2 1      2 
CF2-CFC1 

0 
11 

IKOH 
KMnO, 

CF0-C-CH=CH,   « I_ CF9-C-CH-CH. ,2       2   *— j 2 „ 
CF2-C02H CF2-CF 

•J Al NaOH 

CF0«CF-C-CH*CH0 I        11 2 
0 

The synthesis of CF2C1(CH2)3I was as follows: 

IC1 4 CF2 = CH2-»CF2C1CH2I  ethylene, CF2C1(CH2)3I 

Dehydrobromination of CF^BrC^CF^C^CF^Br 

CF2BrCH2CF2CH2CF2Br (170 g. ; 0.5 mole) was added dropwise to 
a stirred solution 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 (MgSOA), and fractionally distilled through 
a vacuum jacketed column (1 X 1/211) packed with glass helices. 
The following fractions were obtained: 

(1) 42° 3.5 g. (2) 42-640 6 g.      (3) 64° 3.2g. 
(4) 64-92° 6.5 g.       (5) 92° 12.5 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) (ii) 3.2 g.; 
(4) (ii) 1 g.; (iii) 1.5 g.; (v) 1.5 g. (5) (ii) 0.1 g.; (iii) 2. g.; 
<iv) 4.6 g.; (v) 0.1 g. (6) (iii) 2 g.; (iv) 2.8 g.; (v) 0.2 g. 
(7) (iv) 2 g.; (v) 20.3 g.  (8) (v) 7.1 g. 
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Properties of these five components. 

(i) b.p. 38°/627 mm. nj%6 1.3301; d^5 1.3828; the infrared spectrum 
displayed peaks at 3120 (w), 1>40 (s), and 1670 (w) cm-1.  Absorp- 
tion in the ultraviolet region occurred,-at A 2195A ( €  13,900). 
(ii) b.p. 65.50/627 mm. nD~

6 1.3365; d" 1.4076; the infrared 
spectrum displayed peaks at 3125,1/35 and 1680 cm"*.  Absorption 
in the ultraviolet region occurred at A2185Ä (£14,710). 
(iii) b.p. 89°630 mm.; nD" 1.3561; d25 1./068; the infrared dis- 
played peaks at 3050 (s), 2990 (w), 1715 (s) cm"1. Absorption in 
the ultraviolet region occurred at A1935A (£1235) and \ 2750ft 
(£64.9). 2S        ,- 
(iv) b.p. 92°/629 mm.; n*g 1.3648; d" 1.7347; the infrared displayed 
peaks at 3110 (s), 3000 (w), 1750 (s). Absorotion in the ultraviolet 
region occurred at M930Ä (£705) and X2725Ä (C38.5). 
(v) b.p. 110°/629 mm.; nQ25 1.3587; d25 1 7201. The infrared displayed 
peaks at 3110 (s), 2990 Tw), and 1720 cm-1.  Absorption in the 
ultraviolet region occurred at X 1935A (£1368). 

Element analysis calculated for CF2ÄCHCF,CH«CF0, CF =CHvr r^H , 
ill    F'LsUvCF3 

and CF2-CH.C=C^CF3) ^ 34>Uj H> 1#15; F> 54.747.. 

Elemental analysis calculated for CF.BrCFLCF.CH^CF*, CF.BrCH^ ~^H 
i        I    l I        I      p'  VCF  ' 

and CF2BrCHvc=cxCF3> c> 23>37; H^ 1>18; Br> 31#09; F> 44,36%. 

Found (i) C, 32.97; H, 1.56; Br, —; F, 61.75%; 
(ii) 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 mole), 
and water (40 ml.) were stirred and refluxed for 3 hours. The 
organic layer (13.2 g.) was separated, washed with water, and dried 
(MgSOA). Examination of the product by vapor phase chromatography 
at 753 (Fluorosilicon packing upon chromasorb) showed one peak. 
Infrared spectroscopy showed that the product was identical to com- 
ponent (ii) obtained above. 

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 (MgSO,). 
Examination of the product (0.7 g.) by infrared spectroscopy 
showed that it was identical to component (i) obtained above. 

Attempted isomerization of (y) 

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

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

Addition of CF.C1CFC1I to CF^CFH 

The experimental  tails are recorded in the progress report 
for the period April 1 « October 1, 1964.  Separation of the pro- 
duct (10 g.) by preparative gas chromatography (Fluorosilicon upon 
kieselguhr) gave two compounds. 

1) b.p. 143°/630 mm.; n£3'5 1.4224; d25, 2.1095. Absorption in 
the ultraviolet region occurred at A.1945Ä (£1412) and \.2715A 
(£2715). 2o c        ?r 
2) b.p. 146.5/630 mm.; nfr3,3 1.4230; <rD  2.1125.  Absorption in 
the ultraviolet region occurred at /\1945A (£1240) and A2720A 
(6 307). 
Elemental analysis calculated for CF2C1CFC1CFHCF21 and CF^CICFCICF^FHI: 

C, 13.31; H, 0.28; Cl, 19.65; F, 31.59; I, 35.17 

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

Dehvdroiodination of Peak 2 

Component (2) (5.4 g,; 0.015 mole), KOH (3 g., 0.054 mole), 
and water (20 ml.) were stirred at 26° 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 65°) giving 1) suspected 
CF2C1CFC1CF*CF2(1 g.); 2) other products negligible; 3) unreacted 
component (2) negligible. 
Physical properties of CF2C1CFC1CF=CF2: b.p. 59°/627 mm.; 
nD" 1.3412; d" 1.6011.  The infrared spectrum displayed peaks 
at 1780 (s), 1445 (s), and 1297 (s) cm"l. Values quoted in the 
literature1: b.p. 65.5-67°; nD

22 1.344; d22 1,615.  Infrared 
absorption 1780 cm"1. 

Dehvdroiodination 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 (MgSO,) 
to give 3.9 g. of product. The products were separated by 
vapor phase chromatography (fluorosilicon upon chromosorb at 65 ) 
giving 1) suspected CF2C1CFC1CF=CF2(1 g.); 2) other product 
negligible; 3) unreacted component (1) 0.6 g. 

The infrared spectrum of this suspected CF2C1CFC1CF*CF2 was 
identical to that obtained from the product of the dehydroiodination 
of component (2). 
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Addition of CF?C1CFC11 to CF>CFH. - C^Cl^I (^84 g. , 1 
mole), CFo«CFä (50 g. , 0. M mole)7 and benzoyl -peroxide (10 g. , 
0.04 mole; were sealed 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 (MgSO/), 
and fractionally distilled at 35°/120 mm. to give unreacted 
CidC12F31 ^1S5 8*^ and hiSher boiling products (89 g.). 

Analytical gas chromatography (Fluorosilicon packing on chromo- 
sorb) of these higher boiling products 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) n23'5 1.4224; d25 2.1095 

2) n23*5 1.4230; d25 2.1125 

Values quoted in the literature for the presumably unresolved 
mixture were b.p. 56°/23 mm. Hg., nu28 1.4224, d^ 2.110, MRD 43.49 
(Calc. 43.21). 

The reaction between CFoClCFClI and CF2-CFH is described above. 
A similar reaction between CF2CICFCII and CFj«CH2 has now been 
carried out.  Only one maior product was isolated this time and it 
is believed to be CF^ClCFClCH^CFjI, because the addition of the 
radical, CF2CICFCI, would be expected to attack only the least 
hinder side of this olefin.  Likewise, CF2Br> was found to attack 
only this side.  It is proposed to confirm trie above addition by 
dehydroiodination and dechlorination, as the resulting CF2=CF-CH=CF, 
is known. The CF9CICFCII (70%) was used in a mixture of C2CI2F3I 
isomers.  The other 30% was CF2ICFCI2.  However, the excess 
C2C12F3I onl? contained CF2CICFCII in a 20% proportion.  This indica- 
ted that CF2CICFCH was probably the only isomer consumed. 

CF2CI-CFCI-CH2-CF2I was coupled by the elimination of iodjfie 
with zinc in acetic anfiydride and methylene chloride.  It is pro- 
posed to dechlorinate (CF2Cl-CFCl-CH2-CF;-)2 to give (CF-CF-C^-C^)^ 
and dehydrochlorinate to give (CF2Cl-CF=CH-CF2-)2- 

A further sample (13.5 g.) of (CF^CF-CF?)? CFC1 was prepared 
and despatched.  It was prepared from Cl(CFo-CFCl)3CF2C02H by 
essentially the same route given in the 10th Quarterly Report (1st 
Jan. 1964-lst April 1964). 

Addition of CFjClCFCll t- CF?=CH2. - C2CI2F3I (540 g., 1.93 
mole; 70% CF2C1CFC1I isomer,, CFi=CH2 Tl59 g., 2.5 mole), and 
benzoyl peroxide for 16 hrs. at 98°. The bomb was permitted to 
cool to 25°. The unused CF2srCH2 and any low boiling products were 
bled off and collected in traps cooled at -78°. The higher boiling 
contents were poured out on opening the bomb. The CF2ÄCH2 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 (MgS04) organic layer was 
fractionally distilled through a vacuum jacketed column (I1 X l/2n) 
giving the following fractions: 

1) 35°-90°/100 mm. 205 g. 
2) 90°/100 mm. 251 g. 
3) 90-1300/20 mm. 39 g. 
Residue 6 g. 

Examination of these fractions by gas chromatography showed 
that fraction (1) contained mainly unused C2CI2F3I, but only 20% 
was CF2CICFCII 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 ((icon on chromosorb) gave (i) 8.7 g. (ii) negligible. 

Physical properties of the suspected CF;ClCFClCH2CF2l are b.p. 
1450/627 mm., no25 1.4332; d" 2.0588.  Absorption in the ultraviolet 
region occurred at \1935ä(£ 798) and K.2720X(e 253). (This is con- 
sistant for a -CF2I group: -CF2I absorb at  2710A and Rf-CHil absorb 
at  2620A).  Elemental analysis: calculated for CFXICFCICH2CF2I; 
C, 14.02; H, 0.58; Cl, 20.68; F, 27.71; I, 37.03. Found: C, 13.87; 
H, 0.53; Cl, 20.38; F, 27.98; I, 37.19. 

Preparation of (CFpClCFClCH^CF^-);. 1) Acetic anhydride (80 ml.), 
methylene chloride (80 ml.), and powdered zinc (16.3 g., 0.25 mole) 
were placed in a 500 ml. three-necked flask.  CF2CICFCICH7CF2I (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 CF2CICFCICH2CF9I 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 1/2M) packed with glass helices giving: 

(1) methylene chloride 38° 60 g. (2) 38°-90°/100 mm. 4 g. 
(3) 90O/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 
component (i), (ii) and (iii). 

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

Physical properties of component (ii) idertified as (CF2C1-CFC1CH2 
CF2-)2 were b.p. 198°/627 mm. nD" 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 (CF2ClCFClCH2CF2-)2-  There were two other lower boiling products. 
The crude yield was 10.5 g., 67%. 
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Oehydrohalogenation oj CPjCltgClClhCüM 

The iodide (/Jg., 0,22 mole), fcOri (56 g.t 1 mole) and water 
(50 ml») were stirred for i hour; heat: was evolveJ. Vapor phase 
chromatography (v.p.c.) showed that; about 10% of the starting material 
had given a new product. The mixture wa, reflu^ed for 3 hours. The 
v.p.c. showed that the organic layer had still about 50% of starting 
material. The water layer had a thick precipitate present, so it was 
separated off and replaced with I'OH (56 g.) in water (50 ml.). The 
mixture was re fluxed for a further 3 hours. The» organic layer (32 g-) 
was separated, wasted with water, dried (MgäO^ . V.p.s* showed the 
organic layer to he overwhelmingly one product, i.e. CF^CICFCICIM^. 

Physical properties of CF;C1CPC1CH*€F2 ( § sample was purified 
by preparative v.p.c.) b.p. 68:5a/630 mm.; nß-5 1.3524; d^5 1.5323. 
The infrared spectrum displayed peaks at 310C (w), 1740 (s), 1450 
(s) cm*1* Elemental analysis calculated for CF>CiCFClCH-CF2: C, 22,35; 
H, 0.47; Cl, 32.99; F, 44.20. Found: C, 21.47; H, 0.56; Cl, 32.75; 
F, 44.49. 

Dechlbrination of CF^C1CFCIC1M:?> 

CF>C1CFC1CH-CF> (25 g., 0.VI  mole), 2a dust (16 g., 0.025 mole), 
and dioxan (50 ml.)"were stirred under gentle reflux conditions. The 
product (9 g.) was allowed to distill ofC The infrared spectrum of 
the product was identical to one displayed in the literature3 for 
CF.;-CF-CH*CFj. 

Addition of IC1 to CF2~CH> 

CF2«
ECHi was bubbled slowly through a solution of ICl (500 g.) 

in CH2CI^ (200 ml.) until no further uptake of the olefin took 
place. The solution was washed with sodium thiosulphate solution, 
water and dried (MgSO*). Fractional distillation of the products gave 
(1) CH.C1,; (2) mixture U,<>.\  (3) b.p. 91°/629 mm. 511 g. of 
CF;C1CH^I; nD« 1.4613; d^ 2.1347. Absorption in the ultraviolet 
region occurred at A.2630A(£ 543), which is consistent for a -Ci^I 
group (-CF.I \2710S and Rf-CK»! \ 2620ft.    Elemenr.il analysis cal- 
culated fof C>H>C1F>I: C, 30.61; H, 0.89; Cl; 15.66; F, 16.78: 
1, 55.05.  ?oun3: c; 10.75; H. 0.73; Cl, 14.15; F, 17.92; I, 52.647o. 

Addition of CF^CICH^I to CH.*CH, 

CF2C1CH;I (276 g., 1.12 m.), CH^CH, (35 g., 1^5 m.) and benzoyl 
peroxide (9 g., 0.04 m.) were selaed in 1-1. stainless steel bomb and 
shaken for 24 hours at 150°. The contents of the bomb were poured out, 
washed with sodium thiosulphate solution and water, dried (MgSO^, and 
were then fractionally distilled through a vacuum iacketed column 
(I1 X 1/2") packed with helices. The following fractions were obtained: 

(1) unchanged CF2CH>I (71 g.); 90-91°; (2) mixture 20 g.; 90-152°; 
(4) suspected CFtcHCH>)3I (87 g.); 1103/150 mm. ; (5) CF2C1(CH2)^I 

and high boilers (3 gT); 11Ö-125O/150 mm. _c 
Physical properties of CF2C1(CH,)3I are b.p. 110°/150 txn,; nD" 1.4733; 
d« 1.8650. Absorption in the ultraviolet region occurred at  >580A( 435)1 
This is consistent for a R-(CH>)?I group. A sample has been submitted 
for olemental analysis. 

!!.'■ 
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1 and CF2C1CFC1CH2CF2CF2-CH=CF-CF2C1,  but the reaction of 
CF2C1CFC1CH2CF2CF2CH2CFCICF2C1 with aqueous potassium hydroxide 
gave a black tar. 

16. 

Dechlorination of CF.ClCFClCH^CFiCF^CHiCFClCFXl with <sinc in 
dioxan was carried out and CF2=CF-CH?CF2CF2CH2CF-CF2 and CF2C1CFC1CH2- 
CF2CF2CH2CF«=CF>> were obtained in yields of 16.5 and 31.5%, respectively. 
Dechlorination~of CFXlCFCinbCFyCF^CH^CF^^ also gave the diene, 
CF2=CFCH2CF2CF2CH2CF=CF2, in yields"of

-27.51.  A sample (12 g.) of this 
diene was sent for polymer evaluation. 

It had been proposed to dehydrochlorinate CF2CICFCICH2CF2CF2CH2- 
CFC1CF2C1 to give the following compounds, CF2C1-CF«=CH-CF2CF2-Cft 

~,C1 and CF2C1CF 
C1CH2CF2CF.CF 
black tar/ 

Earlier reports described the preparation of CF2BrCH2CF2Br and 
CF2BrCH2CF2CH7CF2Br from the telomerization of CF2Br2 and CF2=CH2. 
Combination of the high-boiling products from a number of such tel- 
omerizations enabled the next telomer, CF2BrCH2CF2CH2CF CH2CF2Br, 
to be isolated.  This heptane was dehydrobrominated with aqueous 
potassium hydroxide to give CF2=CHCF2CH2CF2CH=CF2 and CF2=CHCF2- 
CH2CF2CH2CF2Br in yields of 27 and 20.5% respectively.  Dehydrobrom- 
ination of CF2

csCHCF2CH2CF2CH2CF2Br gave more of the diene, CF2= 
CHCF2CH2CF2CH=CF2, in yields of 51%.  Two samples of this diene 
were sent tor polymer evaluation. 

2 
Earlier reports described the creparation of CF2=

rCHCF2Br from 
CF2BrCH2CF2Br.  The treatment of CF?=CH-CF2Br with Kl in a  one 
gave small yields of CF2-CHCF2I.  A~red treacle, formed in the 
reaction vessel, appeared to consume most of the product.  Insuf- 
ficient CF2=CHCF9l was prepared to enable the coupling of two molecules 
by the elimination of iodine to give CF2=CHCF2CF2CH=CF2. 

It was previously reported that the addition of CF2CICFCII to 
CF2=CFH gave two products, CF2C1CFC1CFHCF?I(A) and CF2C1CFC1CF2CFHI(B). 
Tarrant^ had earlier declared~that the sole produces of this reaction 
was (A) and on this basis it was proposed to use (A) to give 
(CF2ClCFClCFHCF2-)2 by coupling two molecules of (A) with mercury and 
UV light.  Dechlorination and dehydrochlorination of (CF2ClCFClCFHCF2-)2 
would both give a monoene and a diene. Unfortunately, the separation 
of the mixture (A) and (B) was difficult.  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 (CF^CICFCICH.CFQ-OO " CF2C1CFC1CH2CF2CF2CH2CFC1CF2C1 
(100 g., 0.23 mole), zinc dust T?6 g., 0.6Z mole) and p-dioxan (75 ml.) 
were stirred at reflux temperatures for 2-1/2 days. The sludge of 
zinc and zinc chloride was filtered off and the filtrate was washed 
with water to remove the p-dioxan.  However, an emulsion wa: formed 
with the filtrate, so the organic products were extracted with ether 
(100 ml. x 5).  The emulsion of the aqueous layer was filtered off 
and an unidentified cream powder (1 g.) was obtained.  The ethereal 
layer was dried (MgSO^) and fractionally distilled through a column 
(6 X 1") packed with glass helices. The fractions were separated 

1 >-*p-#TMi*#-*» 



17. 

into 6 pure components by preparative gas chroraatograptvy:  (1) ether; 
(2) trace of an unidentified compound; (3) CF»äCFCH2CF2CF2CH2CF^CF2 
(8 g. 16.5% yield) b.p. 119°/617 mo. nd

25 1.3281; d" 1.52827  (Found: 
C, 33.01; H, 1.50; F, 62.26. Calc. for C8H4Fi0: C, 33.13; H, 1.39; 
F, 65.51%.) Infrared spectroscopy showed peaks at 2970 (w), and 1804 
(s) cm"1; (4) Trace of p-dioxan: (5) CF2=CF-CH2CF2CF2CH2CFC1CF2C1 
(19 g. 31.5% yield); b.p. 164.5ö/623 mrnT nd25 1.3569; d« 1.6243 
(Found: C, 26.42; H, 1.23; Cl, 19.44; F, 52.33. Calc. for C8H4C12F10: 
C, 26.63; H, 1.12; Cl, 19.64; F, 52.64%); Infrared spectroscopy dis- 
played peaks at 3000 (w) and 1804 (s) cm*1.  (6) Unreacted starting 
material (28 g.) 

Dechlorination of CF^CFCHICFJCF^CHQCFCICF^CI. - CF2-CFCH2CF2CF2CH2- 
CFC1CF2C1 (33.5 g., 0.093 mole),~zrnc Hust (16 e;., 0.25 mole), zinc 
chloride (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 
cream-colored solid (0.2 <*.) was obtained. The ethereal extracts were 
washed with water to remOV2 more p-dioxan, dried (MgSO^) and the 
ether was distilled off. The residue (18 g.) was separated by pre- 
parative gas chroroatography to give:  (1) (CF2s=CF-CH2CF2-)2(6 g., 
27.5% yield) identified by infrared spectroscopy; (2; p-dioxan 
(0.5 g.); (3) unreacted stairting material (6.2 g.). 

Attempted dehydrochlorination of (CFjClCFClCJbCFj-)?. - CF2C1CFC1- 
CK2CF^zCk2mitilti  ( 51 g., Ö.12 mole)fncörTTOZg77o:54 mole) 
ana water (lOO ml.) 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^BrCHjCFjCHoCFjChyCFjBr^ - CF2BrCH2CF2- 
CH2CF2CH2CF2Br (96 g., 0.24 moTeFwas added to a solution of KOH 
(32 gf, 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 (MgSO^), and then they 
were fractionally distilled through a column (6U X 1") packed with 
glass helices giving the following fractions: 

1) 80-104°/623 mm.      3 g.    peaks on v.p.c. (i) and (ii) 

2) 105°/623 mm.        12 g.    peak (ii), CF2=CHCF2CH2CF2CH«CF2 

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

4) 152.5/623 mm.       10 g.    peak (iv) CF2BrCH2CF2CH2CF2CH«CF2 

5) Undistilled        10 g.    peak (iv) and unchanged starting 
material 

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

Figure 1« 

Synthetic Pathways in the Bicyclobutyl ("Dibox") Series 
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Combined fractions of wsak (ii) f:?2*-CHCF|CH|CF|CR»Clf^f (14 ß. 
27% yield) had the following properties: t>.p. 105°/c23 asm., n&" 
1,3334; c! i.46^5. Tue infrared spectrum displayed peaks at 3100 
(w), 2970 (w) and 1760 (s) cm"1. Elemental analysis found: C, 
34.80; H, 1.90 F, 63.45. Calc. fot C7H<Fa: C, 35.02; H, 1.67; 
F, 63.307c. 

Comlia-d fractions of peaks (iv)% "FaBrCH,CFiCH>CF,CH»CF2f 
(14 g.> yield 20.51) had the following properties; bTp.'152.56/623 
mm.. xiJ>^>  1.3694: d« 1.7197- The innared spectrum displayed peaks 
at 31CÖ (v), 2970 (w), and 1/45 (s) CET1.  (Elemental analysis found: 
Cf 25.95; Ht 1.57; Br, 25.05; F% 47.4'>. Calc. for C;H5BtF8: C, 
26.19; H, J.57;.Brt 24.89; F, 47.33%). 

Dehydrbbromlnation of CFjBrCH>CF,CHjCF,CH»CF,. - CP.BrCH/CFXHj- 
CtffrCf,  (14 g.; Ö.645 mole) was a6ätt~i*mf£on of^KOH I302g.7 
0.54 mole) in water (100 ml.) and the mixture was stirred under 
reflux for 2 days. The organic products were distilled from the'mix- 
ture, washed with water, and dried (Mg3£>4). Separation of the or- 
ganic product by preparative gas chromacography gave: 
[1) CFz-CHCF.CH;CF2CH*CFi (4.2 g., 51% yield) 
U)    Unreacted CF^BrC^CF^CH^CF^CtMJF^ (3.0 g.) 

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

Attempted preparation of CFi^CaSF^l, - CFi-^FCFiBr (42 g., 
0.22 mole), KI (50 g., 0.33 mole) and acetone were retluxed for 7 
days under a condenser cooled to -78°. The liquid contents were then 
poured into a flask containing more KI (50 g.) and were refluxed for 
a further 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 ehe organic layer (5 g.) was separated by a separating funnel. 
Analytic gas chroroatography showed the presence of two compounds 
CF2*

eCH-CF2Br and presumably CF2^CH-CF2l. 

-The allowing section deals with the chemistry of the Sicyclobütenyl 
Derivatives. 

EXPERIMENTAL SECTION 

Cycloadüition of 1,3-butadiene with trifluorochloroethvlcne (1 mole) : 

A two-liter steel bomb containing 5 ml. of j  | 
limonene as inhibitor was cooled in a dry ice/acetone S**cv.. 
bath for several hours and then charged with 330 g. (2.9 moles) 
of trifluorochloroethylene and 150 g. (2.78 moles) of 
butadiene. This was heated under autogenous pressure in a shaker at 
150° for 24 hours and at 17 5° for an additional 24 hours. On cooling, 
bleeding off excess gases, and opening, 412 g, of liquid product wea 
obtained, plus a considerable amount of solid material. On distilla- 
tion, 350 g.(75$ of the l-vinyl-2,3,3-trifluoro-2-chlorocyclobutane 
(I) was obtained boiling 108.5-109.0°/630 mm. The distillation 

Upp     *m*        w^- Z^J^^mKK^asgS^^Bmmmmmii «uiamm^mamKiimm^mmmmmmmm&m^^lH^^HmKm^fm^fUfpmmmmm* ■■« m fTMwwfBfj^apsjg 
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residue was placed in a refrigerator at -20° for two weeks, at which 
time 15 g. of colorless crystalline material was filtered in the 
cold (-15°).  The crystals melted at 49-60° and were identified as 
77?^dichloro-2,2\3,3,3\3f-hexafluorobicyclobutyl (II).  The product 
was dissolved in hot ethanol (50 ml), decolorized twice with charcoal 
and water added to the boiling solution.  The clear solution on cool- 
ing yielded colorless needles ro.p. range 57-67°. 

Cycloaddition of butadiene with trifluorochloio^thylene (2 moles): 

A one-'ialf liter stainless steel bomb containing 
2 ml. limonene was chilled in a dry-ice/acetone       /V  /^S.c 
bath and then charged with 2 70 g. (2.28 moles)of    ^^v/— X/ 
trifluorochloroethylene and 60 g. (1.1 mole) of        pc\ ^ct 
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 off gases, and opening, 330 g. 
of crude liquid product were obtained.  Distillation yielded 162.5 g. 
of l,2,3,3,4,4-hexafluoro-l,2-dichlorocyclobutane, b.p. 54-55°/630 mm.; 
and about 75 g. of distillation residue.  The residue was diluted with 
20 ml. ethanol and cooled to -20° for two days at which time the solid 
which separated was filtered in the cold (-15°;.  About 60 g. of 
2,2f-dichloro-2,2',3,3,3',3f-hexafluorobicyclcbutyl (II) was thus 
obtained (17-20% yield).  This was recrystallized from ethanol-water 
mixture, m.p. 65-67°.  An analytical sample was prepared by two 
«crystallizations from an ethanol-water mixture. 

Anal. Calcd. from CoH6F6Cl?: C, 33.5; H, 2.09; Cl, 24.7; F, 39.7 
FoundT  C, 33.09; H, 2.06; Cl, 22.88; 

F, 38.38. 

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 cm"1.  Nuclear mag- 
netic resonance showed a very complex splitting pattern. 

Cycloaddition of l-vinyl-2-chloro-2,3,3-tr Zluorocyclobutane (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 diraer (50% of original CF2: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-3,3.3f 3'-tetrafluorobicyclobutenyl (IV). 

About 2.78 g. (.0097 mole) of 2,2fdichloro- 

" " - ' ^ "'i 
About 2.78 g. (.0097 mole) of 2,2fdichloro-   ^.    /v 

2,2',3,3,3',3'-hexafluorobicyclobutyl (1$ was     - /^S—Z/E 
dissolved in 20 ml. of methanol and to this       z^J^      ^/ * 

^H^-JS*-*»»--. —' 
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solution was added a solution of 3.0 g. (0.053 moles) ol! potassium 
hydroxide in 15 ml. of methanol.  This was then heated over a steam 
bath to slow reflux for 15 minutes.  The yellow-orange fluid was 
filtered hot and crystals which formed in the funnel were washed through 
with hot methanol.  The solute was concentrated in vacuo and allowed 
to cool and crystallize.  Pale yellowish needlesH[l.10 g.) m.p. 
98-99° were obtained.  A second crop yielded 0.2 g. of IV making 
a yield of 56%.  The diether IV was further purified by treatment with 
activated charcoal and recrystailization rrom an alcohol-water mixture 
to give colorless needles, m.o. 101°C.  ultraviolet spectrum: max= 
2700 A(E-18,000).  Infrared spectrum:  bands at 1440, 1620, and 2990 
coTl.  The n.m.r. spectrum showed a -CH;-split by an adjacent -CF2- 
in addition to a -OCHo singlet. 

Anal. Calcd. for CinH10F402: C, 50.4; H, 4.20; F, 31.9 
^  found:  C, 50.20; H, 4.44; F, 31.62 

2.2'-Dimethoxy-3,3'-diketobicvclobutenyl (V). 

°O^Qr' Approximately 2.0 g. (0.0075 mole) of 
the diether IV as prepared above was added with 
stirring to 10 ml, of concentrated sulfuric acid.   OM6  vrie 
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 precipitated.  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. 203°.  Ultraviolet spectrum: max-3650 A(E=13,000).  Infrared 
spectrum: bands at 1277, 1580, and 1730 cm*'!.  The n.m.r. spectrum 
showed two single peaks for -OCH3 and for -CH2-CO-. 

Anal. Calcd. for CIOH10OA: C, 61.9; H, 5.16 
FouHd:  C, 61.9; H, 5.40 

212
y-Diethoxy-3,3,3f,3f-tetrafluorobicyclobutenyl (IVa). 

Exactly 2.78 g. (0.0097 mole) of II was 
dissolved in 25 ml. absolute ethanol and to 
this was added a solution of 3.0 g. (0.053 mole) 
of potassium hydroxide in 20 ml. of ethanol.        cfet   oE-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 
«crystallizations, white crystals were obtained melting at 32.3°. 
The crude liquid product was of sufficient purity for subsequent 
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'-öiethoxy-3,3f-diketcbicvclobutenyl (Va) 

The diethoxy diketone (IVa) was pre-     f*\-—/s=o 
pared by the same procedure as the corres-    ^^x^/  "^V//^ 
ponding dimethoxy compound (IV). 0£t   oE^ 
Recrystallization from hot alcohol/water yielded 
bright-yellow needles m.p. 118-1190.  Typical yields were 80%. 
Ultraviolet spectrum: max !}650&(E 12,670). Infrared spectrum:  peaks 
at 1260, 1580, and 1730 cm"1.  The n.m.r. spectrum showed an unsplit 
methylene for-CH^-CO and the expected series of peaks for -O-CH^-CHß. 

Anal. Cal6d. for CI.HIAOA: C, 64.9; H, 6.3. 
Found:  C, 65.23; H, 6.64. 

Attempt to prepare the di-tert-butyl..diether^ 

Two grams of lithium metal ribbon were dissolved in 10 mis. 
of hot tert-butyl alcohol.  This solution was added at onc^. to a 
solution of 2.87 %.   i,2! ,3,3,3f,3f-he.;afluoro-2,2f-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 jji 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. 

l-Vinyl-2.3.3-trifluoro-l-cvclobutene (VI). 

About 34.0 g. (0.20 mole) of 1-     /\ CH.C// 
vinyl-2,3,3-trifluoro-2-chlorocyclo-     P_/   // Z 
butane (I) was dissolved in 50 ml. of >y 
absolute methanol. A solution of 13.0 g. P 
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. 
It 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, 20-25 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 l-vinyl-2,3,3-trifluoTo-l-cyclobutene (VI) boiling 44.0°/174 mm., 
nD25 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 infrared 
spectrum contained significant peaks at 13/0, 1460, and 1720 cm"1. 

Anal. Calcd. for CgHcFo: C, 53.5; H, 3.73; F, 42.5. 
Found:  C, 53.2; H, 4.06; F, 42.1. 

1 
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l-(2.3,3-TriflQoro-2-chlorocvclobatyi-)-2,3,3-trifluorocyclobutene (VII) . 

About 186 g. (1.37 mole) of 1-vinyl-       ~ /\ 
2,3,3-trifluoro-2-cyclobutene (VI) (freshly   f XX <>F 
prepared by the previous method, dried over   **\f^ >• * 
magnisium sulfate, but not distilled) was       F      ?ci 

placed in a one-half liter stainless steel 
bomb along with 1 g. of hydroqainone 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 chroraat- 
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 pressure gave 255 g. 
(75%) of a colorless liquid boiling at 160°/630 mm. D25sclc4676, nni5= 
1.3910.  The infrared spectrum contained significant bands at 1440, 1650 
(wk).),. and 1720 cm"1. 

Anal, calcd. for CoHsClFA: C, 38.3; H, 2.00; F, 45.5 
° Found: C, 38.52; H, 1.83; F, 45.70. 

2,2'-Dimethoxy-3.3,3f»3f-tetrafluorobicyclobutenyl (IV) Best Method. 

Potassinnhydroxide 140 g. (2.5 moles) y. *. 
was dissolved in 50U ml. absolute mothanol in     */X   /\p 
a 1 liter 3-neck flask equipped with an ice       Z\df ^^^   ** 
bath, reflux condenser, thermometer and stirrer.     oMe    Of*te 
To this was added slowly by means of an addition 
funnel 150 g. („6 mole) of VII 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 dryland drying the 
solid overnight in a roto-vac 140 g. (approximately 98% yield) of diether 
IV (ra.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-3,3,3f,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 107«, 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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2,2'3,3.3f,3l -Hexaf luorobic yclobuteny1 (III). 

A, About 25 g. (0,10 mole) of VII was      yv     yv 
dissolved in 100 ml. of absolute ethanol, and   ^(   )>,   ^ >f=, 
the solution cooled in an ice-water bath.       7 

Slowly with stirring and cooling 56 ml. ? P 
of 10 g./100 ml. solution of potassium 
hydroxide was added to this.  Precipitation occurred immediately. 
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 mixed 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 pressed to remove excess water.  It was 
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 era"!. 
The n.m.r. spectrum was in accord with a -C^-split by cross ring 
-CF-; and resplit by adjacent -CF;-. 

Anal. Calcd. for CftH,FA: C, 44.9; H, 1.87; F, 53.3. 
öFcSu«d: C, 44.51; H, 1.98; F, 53.02. 

2-Methoxy-2' 3.3.3' . 3' -pentaf luorobic yclobuteny 1 (VIII) . 

A solution of VII 25.0 g. (0.10 mole) 
in 100 ml. absolute methanol was cooled to 0° 
and a solution of 12.0 g. (0.214 mole) 
potassium hydroxide in 100 ml. absolute methanol 
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 according 
to the vapor phase chromatogram. The refractive index at 26° was 1.4270. 
The infrared,spectrum contained significant peaks at 2980, 1710, 1640, 
and 1348 cm"1. 

Anal. Calcd. for CgHyFcO: C, 47.7; H, 3.10; F, 42.0. 
Found: C, 47.47; H, 3.10; F, 41.79. 

^*FJR»»4Mt*r« 
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2,2'-Dibromo-2,2'-dimethoxv-3,3,3f 13'-tecra flaorobicyclobatylidene (IX). 

A solution of bromine, 26.4 g. 
(.165 mole) in 50 ml. glacial acetic yv    j/\ 
acid, was added in portions with stirring     f /   /   \  /?z 
to a solution of diether IV 36.5 g. (.155     * >x     >C 
mole) in 100 ml. glacial acetic acid and       MeO Br    3r orte 
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 to remove the bromine 
color.  The solid (now white) was then filtered off, washed and pumped 
dry.  White waxy powder IX 63 g. (c. 100%) 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-1 and lacked peaks in the olefinic region as would be 
expected for a symmetrically tetrasubstituted olefin. 

Anal. Calcd. for Cin^nBroF402: 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«212
f,2!-Tetramethoxy-3,3,3',3f-tetrafluorobicyclobutylidene (X). 

Dibromide IX (as prepared above) 
63 g. (.155 mole) was dissolved in 150      „ /\  /\ tr 
ml. absolute raethanol and to this was       ^N/v Z 

added slowly with stirring and cooling        CoMe)     fam) 
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 ever 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. 80%) was obtained.  This was purified further by recrystallization 
from hot Skellysolve C to give 30 g. of colorless plates m.p. 122°. 
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"1.  The proton n.m.r. spectrum showed a 
strong singlet for -OCH3- and two separate close triplets for -CH2-CF2- 
in eis and trans configurations. 

Anal. Calcd. for C12H16F40A: C, 48.0; H, 5.33; F, 25.3. 
Found:  C, 47.78; H, 5.71; F, 26.39. 

2.2!-Dimethoxv-1,11.2.2f-:etrabromo-3,3,3f,3f-tetrafluorobicyclobutyl 
Attempt. 

Crude 2,2'-dimethoxy-3,3,3!,3'-tetrafluorobicyclobuteny1 (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 give a yellowish viscous fluid 
which could not be crystallized. The material was quite unstable and 
darkened on standing. The infrared spectrum contained two clcfinic 
pe*:ks. The instability of the material limited full characterization. 

 »ww-.«(»«- ■■■ .«w  ,-— • •■  - - +*pm» 
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Bromination of 2.2*3,3,3*^'-hexafluoro-bicyclobutenyl (III). 

Bromine 39 g. (0.244 mole) and diene III 21.4 g. (0.1 mole) 
were dissolved in 100 ml. of methylene chloride and left in a 
stoppered flask for eight days at which time it was stripped in a 
roto-vac to give about 40 g. of pale yellowish viscous liquid. The 
infrared spectrum of the crude mixture showed an absorption at 1720 
(vinylic fluorine). On standing several weeks colorless crystals had 
separated. These were filtered off and washed with cold Skellysolve 
F; the 2,2',-dibromo-2,2',3,3,3',3'-hexafluorobicyclobutilydene XI 
obtained amounted to 10 g. and melted at 97-98°. The infrared spectrum 
was quite similar to that of the crude material but lacked absorption 
in the olefinic regio^ Major significant peaks were at 1390, 1290, 
1220, 900, and 717 cm-1. The filtrate is considered to be a mixture 
of the two isomeric dibromides (1,2-dibromo and 2,2e-dibromo). 

Anal. Calcd. for CftHABr2FA: C, 25.7; H,1.07; Br, 42.5. 
0 Found? C, 26.00; H, 1.00; Br, 41.17. 

l.l,<2<2
t-Tetrabromo-2.2l-dimethoxv-3t3

f-diketobicyclobutvl XII. 

In a clean dry 500 ml. Erlenmeyer 
flask was placed 19.4 g. (0.1 mole) of 
2,2' -dimethoxy-3,3f -diketobicyclobuteny1 
(V) and 150 ml. methylene chloride with 
shaking to dissolve the solid. To this   Me0 

was added with swirling 40.0 g. (0.25 mole) of bromine diluted in 
methylene chloride. The mixture was shaken until solution was complete. 
It was then set near an ultraviolet lamp for two hours at which time 
colorless crystals of tetrabromide haa formed. The solution was con- 
centrated by stripping most of the solvent. Skellysolve F (300 ml.) 
was added and the white solid filtered and washed with Skellysolve. 
Forty-three grams of a white product XII, m.p. 145° dec, was thus 
obtained making the yield 85%. An analytical sample was prepared 
by recrystallization from methylene chloride-petroleum etuer. The 
infrared spectrum had strong characteristic peaks at 1800, 1270, 1000, 
and 719 cm"l. The material loses hydrogen bromide on standing in a 
bottle. 

Anal. Calcd. for C10H10Br404: C, 23.4; H, 1.95; Br, 62.3. 
Found: C5 23.42; H, 2.02: Br, 62.05. 

2.2f -Dimethoxy-3.3f -diketo-4,4' -dibromobicyclobutenyl XIII. 

In a 250 ml. round-bottomed flask 
equipped with a mechanical wirrer, reflux 
condenser, thermometer and addition funnel, 
10.0 g. (0.02 mole) of 1,1',2,2!-tetrabromo- 
2,2'-dimethoxy-3,3!-diketobicyclobutyl XII 
was dissolved in 200 ml. dry benzene. Triethylamine 4.0 g. (0.04 mole) 
in 20 ml. of benzene was added dropwise keeping the temperature below 
40°. After the addition, the flask was warmed to reflux for 40 minutes, 
and then filtered hot to give 7.8 g. of dull gray salts. The salts 
were extracted to give 1.1 g. of black, water-insoluable solid. The 
filtrate was concentrated in vacuo to about 50 ml. Skellysolve F 
(150 ml.) was then added an3 the solution chilled to -15 for several 
hours. The product XIII was then filtered as a yellowish crystalline 

j0<*>--T-v**tßn., * 
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solid 6,5 g, (90%) melting at 130° dec.  The infrared spectrum con- 
tained strong characteristic peaks at 1740, 1590, 1280, 993, and 727 
cnrl.  (The spectrum was relatively simple and very similar to that 
of 2,2'-dimethoxy-3,3'-diketobicyclobutenyl). 

Anal. Calcd. for CftH8Br904: C, 34.2; H, 2.37; Br, 45.4. 
öFoun8: C, 34.51; H, 2.40; Br, 45.14. 

Addition of bromine (1 mole) to 2.2f-dimethoxy-3,3'-diketobicyclo- 
butenyl (V). 

Bromine 4.95 g. (0.031 mole) and diketone V 6.0 g. (0.031 mole) 
were dissolved together in 100 ml. methylene chloride and allowed to 
set for two hours. The solvent was ther stripped off and the solid 
washed with Skellysolve F. It was founo. to be i mixture of starting 
material and bromides. The infrared spectrum of the bromide mixture 
showed the major peaks of the tetrabromide along with strong peaks 
1650, 1760 cm*l consistnet with the assignment l,-(l,2-dibromo- 
2,methoxy-3-keto-cyclobutyl)-2'methoxy-3 keto-cyclobutene. The mat- 
erial was very unstalbe quickly losing hydrogen-bromide on standing 
and reacting with moisture to give water soluble yellow tars. 

2-(N-Morpholino-)2f,3«3.3f«3f-pentafluorobicyclobutenyl. 

In a 250 ml. flask equipped with a 
stirrer, reflux condenser, and addition 
funnel was placed 38.0 g. (0.43 mole) 
morpholine and 100 ml. dioxane. To this 
was added dropwise with ccoling 25.0 g. 
(0.10 mole) l-(2,3,3-trifluoro-2-chlorocyclobut-l-ene. The temperature 
was kept below 40°. After the addition, heat was applied and the mix- 
ture allowed to warm to 60-5° for five minutes. It was cooled and 
drowned in ice water with stirring, A yellowish solid separated which 
was filtered off and recrystallized from anhydrous methanol. The 
first crop amounted to 22.4 g. and melted at 88.5°. The infrared 
spectrum contained characteristic peaks at 1690, 1630, 1350, 913, 
870, 753, and 708 cm'1. 

Anal. Calcd. for CioH^NOFc: C, 51.2; H, 4.26; F, 33.8. 
x xFound: C, 50.80; H, 4.16; F, 32.14. 

2-Piperidino-2'«3«3.3f. 3'-pentafluorobicyclobutenvl 

In 50 ml. of dioxane was dissolved 
10 g. (0.04 mole) of l(2,3,3-trifluoro-2- 
chlorocyclobutyl-)-2,3,3-trifluorocyclobutene. 
To this was added dropwise with cooling 
and stirring 8.5 g. (0.10 mole) of piperidine. 
After the addition the mixture was stirred at room temperature for an 
hour. The reaction was worked up by drowning in ice water with shaking 
and filtering off and washing the creamy-white solid. On drying the 
product 10 g. of yellowish solid was obtained. The infrared spectrum 
contained significant peaks at lf^O, 1630, 1445 and 915 cm"1. The 
product was recrystallized from : kellysolve F.  It melted at 62.0- 
62.5°. 

Anal. Calcd. for C.oHutfFs: C, 56.0; H, 5.02; F, 34.0 
iJFound: ■ C, 56.42; H, 5.25; F, 33.03. 

T 
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3.3.3'.3'-Tetrafluorobicvclobutenyl XIV. 

iO-O 
In a 500 ml. round-bottom flask equipped 

with a mechanical stirrer, addition funnel, and 
ice-acetone bath was plac3d a solution of diene  p/ 7f-—A >F 
III 21.4 g. (0.1 mole) in 75 ml. diglyrae (fresh-  *N^   N/ z 

ly distilled over lithium aluminum hydride.)        N     W 
When the solution temperature went below 0 C. a 
solution of sodium borohydride 2.4 g. (0.063 mole) was dropped in slowly, 
keeping the temgerature below 0 C. After the addition, the solution was 
stirred at 0°-5° for 1 1/2 hours and then was allowed to rise slowly to 
room temperature.  Ten ml. of water was added very cautiously followed by 5 
ml. of 6N hydrochloric acid. Considerable foaming occurred. The mixture 
was poured over 700 ml. ice water and shaken vigorously.  A fluffy white 
sol4d separated. Two hours later the solid was filtered with gentle vacuum 
(caution—product has high vapor pressure) and washed with cold water. 
About 18.0 g. of moist product was obtained which was dissolved in Skelly- 
solve F. The solution was dried over anhydrous magnesium sulfate and then 
concentrated over a steam bath until saturated, then chilled to -20°.  16.5 
g. of product was obtained; this was found by vapor phase chromatography 
to contain 1 part 2V3,3,3',3'-pentafluorobicyclobutenyl to 4 parts 
3,3,3',3'-tetrafluorobicyclobutenyl. An analytical sample was prepared 
by vapor phase chromatography and melted at 85-86°.  The infrared spectrum 
contained characteristic peaks at 1545, 1435, 910, and 692 cm"1. 

Anal. Calcd. for CöHfcF,: C, 53.9; H, 3.39; F, 42.5. 
Found: C, 53.86; H, 3.69; F, 41.39. 

Attempted Diels-Alder Reactions of 2,2!-dimethoxy-3,3,3f.3[-tetrafluor- 
obicyclöEutenyl (IV). 

A. With Maleic Anhydride:  2.38 g. (0.01 mole) of the above 
"dibox" compound IVa and 1.5 g. (0.015 mole) of maleic anhydride were 
refluxed with 50 ml. toluene for 55 hrs.  At the end of the reflux period, 
a small amount of black solid was filtered off.  The- filtrate, on cooling, 
yielded 0.45 g. of bright yellow needles.  Infrared spectra showed this to 
be identical to 2,2'-dimethoxy-3,3'-diketobicyclobutenyl (IV) prepared 
by sulfuric acid hydrolysis of the same starting material. 

B. With Tetracyanoethylene:  2,38 (0.01 mole) of IV and 1.20 g. 
of Tetracyanoethylene (0,01 mole) were dissolved separately in 10 ml. 
portions of tetrahydrofuran and the two solutions were then mixed.  No 
colored pi-complex was observed.  A day later the solvent was evaporated 
in vacuo.  The residual solid was found to be a mixture of the two start- 
ing materials.  There was no indication of any reaction haveing occurred. 

A similar unsuccessful attempt was made using hexafluorobicyclobutenyl 
(III) as a diene.  No pi complex was observed, and after two days only 
starting materials were recovered, 

2.2'-Dihydroxy-3,3'-diketobicyclobuteny1 XV (MDiboxic Acid") 

The best procedure found consisted      y^   /v 
of separately oulverizing 2,2'-dimethoxy- QJ JT—^ /~° 
3,3'-diketobicyclobuteny 1 (Va) 10.0 g.      Nf   ^/ 
(0.05 mole) and 20 g. aluminum chloride       o* °# 
(anhydrous).  The two powders were then ground together.  In a 250 ml. 

1 «*i»fn«Ht 
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round-bottom flask equipped with a reflux condenser and a mechanical stir- 
rer, 150 ml. of tetrachloroethane was heated almost to reflux.  The powder 
mixture was then added slowly in portions and after the addition the 
mixture was heated to reflux for one hours.  The mixture was then allowed 
to cool and 250 ml. of Skellysolve B then added. The red-orange solid 
was filtered off and pumped dry.  On standing in air the aluminum complex 
became bright yellow in color.  The aluminum complex after setting in air 
for a few days was dissolved in a minimum amount of water and the unreacted 
dietherdiketone removed by filtration.  The bright yellow filtrate was 
acidified with concentrated hydrochloric acid.  On standing c yellow pre- 
cipitate formed which on filtering amounted to 5-7 g. m.p. 220" dec. 
The infrared spectrum contained characteristic peaks at 3150, 1710, 1610, 
1320, 1230, and 945 crrrl. The infrared spectrum of the aluminum complex 
contained broad peaks at 2900-3400, 1100-1200, 840-850 cm*1 and sharper 
peaks at 2420, 1950, and 1640 cm"l.  Solutions of the complex dissolved 
silver nitrate without formation of silver chloride.  Addition of a sod- 
ium chloride solution also failed to cause precipitation indicating th.at 
a stable soluble silver complex had formed. 

Anal. Calcd. for CgRffi^:    C, 57.8; H, 3.62. 
Found: C, 56.31; H, 3.83. 

Reaction of V w^th morpholine. 

In a small flask 2.0 g. of 2,2f-dimethoxy-3,31-diketobicyclubu- 
tenyl (v) was heated for 5 minutes to 85-90° in 20 ml. of morpholine. 
A dark red-orange solution was obtained.  This was allowed to set for two 
days at room temperature.  It was then poured into 80 ml. water and ex- 
tracted with three 100 ml. portions of methylene chloride.  The extracts 
were dried over anhydrous magnesium sulfate and evaporated in vacuo.  A 
dark vixcous wax was thus obtained which could not be recrystallized. 
The infrared spectrum contained strong peaks at 1745, 1640, 1440, and 
1115 cm"1.  A similar product was obtained on hearing the diether V with 
piperidine.  The consitution of these products is unclear. 

Reaction of V with piperidine at room temperature. 

Diketone V, 2.0 g., was allowed to dissolve slowly in 25 ml. of 
piperidine with frequent shaking. Quickly a bright red-orange color 
formed. When dissolution was complete (five hours) the solution was 
poured into 150 ml. of cold salt water and then extracted twice with 
methylene chloride. The extracts were dried over anhydrous magnesium 
sulfate and then stripped in vacuo.  A brownish-yellow waxy solid was 
thus obtained. Attempts to crystallize this were unsuccessful.  The 
infrared spectrum contained characteristic peaks at 1740, 1635, and 1600 
cm"1, and supported the assignment of 2-N-piperidino-2'-methoxy-3,3f- 
diketobicyclobutenyl for the product. 

Reaction of Diketone V with Alkoxide. 

Diketone V (5.0 g.) was dissolved with heating in 50 ml. of absolute 
ethanol.  Potassium hydroxide pellets (3.0 g.) were then added with stir- 
ring.  A deep reddish brown color quickly developed.  The mixture was 
heated for five minutes and then diluted with 150 ml. cold water to give 
a dark orange solution.  This was acidified with concentrated hydrochloric 
acid and then extracted with a 100 ml. and 50 ml. portions of dichloro- 
methans. The extracts were dried over magnesium sulfate and then stripped 
in vacuo to give a dark yellow viscous liquid which reacted with bicar- 
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bonate to release carbon dioxide. The infrared spectrum of the liquid 
contained significant peaks at 3250, 2980, 1735, 1610, and 1445 cm-1. 
Attempts to further characterize the reaction product were fruitless. 

Attempted Selenium Dioxide Oxidation of V. 

Several attempts to prepare esters of disquaric acid by the selen- 
ium dioxide oxidation of: diketone V were made. The diketone was re- 
fluxed with freshly sublimed selenium dioxide in toluene, dioxane, and 
in dioxane for 24 hours. In each case only starting material was re- 
covered and there was no sign of oxidation having occurred. 

Reaction of 2,2'-dimethoxy-313
f-dike to-4,4'dibromobicyclobutenyl 

with Water. 

The dibromo derivative X1I1 (3.0 g.) was dissolved in 100 ml. 
of acetonitrile and 10 ml. of water was added with shaking. A dark 
brown color quickly developed, after allowing the mixture to set 
overnight, it was stripped in a roto-vac. A dark brown water soluble 
solid (2.0 g.) was thus obtained. The infrared spectrum consisted 
of three broad peaks centered at 3400, 1720, and 1200 cm"*. 

Anal. Found: C, 42.43; H, 3.97; Mol Wt./acetone=578. 
This analysis is in agreement wich the composition C20^24ßr2^9- 

Reaction of Dibromo Derivative XIII with Silver Nitrate. 

The dibromodiketone XIII (5.G 3., .014 mole) was dissolved in 
200 ml. of acetonitrile and to this was added a solution of silver 
nitrate (4.85 g., 0.028 mole) in a minimum amount of acetonitrile. 
The reaction was quite exothermic and slight cooling was required. 
The mixture was stirred for several hours and then filtered. The 
filtrate was stripped in vacuo to dryness. The dark red-orange 
tarry solid was dissolved in methylene chloride.  A white solid 
separated and was filtered but not identified.  The methylene 
chloride solution was poured in* o Skellysolve F and then chilled. 
About 3 grams of a dark orange solid was obtained, which readily lost 
nitrogen oxides on standing. It yielded black polymeric material on 
treatment with triethylamine. The orange solid gave infrared peaks 
at 3400, 1730, 1600, 1420, and 1250 (v.broad). The white solid 
showed a carbonyl doublet at 1690 and 1730 along with peaks at 1610, 
1050, and 883 cm""1. The orange solid could not be purified further 
and was quite unstable. 

Reaction of XIII with Alcoholic Potassium Carbonate. 

The dibromoketone XIII (2.0 g.) was dissolved in 30 ml. of 
absolute methanol and 1.0 g. of anhydrous potassium carbonate added. 
The mixture was stirred at room temperature for two hours at which 
time the solids were filtered and the filtrate evaporated in vacuo 
to dryness to yield a reddish-brown tar.  This was treated with 
concentrated hydrochloric acid which solidified the material somewhat. 
The acid was then decanted and the residue dissolved in a minimal 
amount (5-10 ml) of toluene with heating. Tue solution was treated 
with activated charcoal and then chilled to -20°. A small amount of 
bright yellow needles was obtained. The infrared spectrum of the 
product showed peaks at 1760, 1595, 1450, and 895 cm"1. The n.m.r. 

7 
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spectrum showed three separate singlets in the ratios 3:3:1 in 
accord with the assignment of the structure 2,2* ,4,4'-tetramethoxy- 
3,3'-diketobicyclobutenyl XVI which must be considered only tentative. 
This material failed to yield a tetraketone upon treatment with sul- 
furic acid. 

212
f-Diketo-313,3

l^'-tetrailuorobicyclobutylidene (XVII). 

Concentrated sulfuric acid (60 ml.) was 
placed in a beaker and 37 g. (J27 mole) of 
2,2,2',2f-tetramethoxy-3,3,3f,3f-tetrafluoro- 
bicyclobutylidene (X) was dissolved with stir- 
ring.  To this was added 100 ml. of methylene 
chloride and 100 ml. of ice in portions, and the mixture shaken vigor- 
ously in a separatory funnel.  The organic layer was removed and the 
acid layer extracted with two additional 100 ml. portions of methylene 
chloride. The extracts were combined and dried over anhydrous magnesium 
sulfate, and then concentrated over a steam bath until yellow crystals 
began to deposit. It was then chilled overnight.  Yellow crystals of 
dike tone XVIII, m.p. 157-9°, were then filtered off and amounted to 
10.0 g. (Second crop 1.5 g.; total yield, 47%.)  The infrared spectrum 
contained significant peaks at 1775, 1390, 1190, 1045, and 873 cm"! and 
lacked olefinic absorption as would be expected for a symmetrically 
tetrasubstituted olefin.  Diketone XVII was found to be very reactive 
to bases to give polymeric materials.  In methylene chloride it reacted 
with triethylamine or with pyridine to give an intense purple solution. 

Anal. Calcd. for C8HAF/02: C, 4'.1; H, 1.93; F, 36.5. 
Pound:  C, 46.04; H, 2.18; F, 34.02. 

This material slowly dissolves in water to form hydrates.  In 
methanol it quite quickly forms a colorless hami-ketal. 

2-Methoxy-2 \ 3.3.3-trifluoro-3f-ketobicyclobutenyl(XVIII). 

Sulfuric acid, 100 ml. and 2-methoxy-2',3,3,3*,3'-pentafluoro- 
bicyclobutenyl VIII (39.0 g., .174 mole) were stirred together for 
about 5 minutes until a single phase was obtained. The reaction was 
slightly exothermic and the temperature rose to about 40°.  The 
mixture was poured over ice and thea extracted with methylene 
chloride. The extract was dried over magnesium sulfate and then 
stripped in vacuo to yield about 20 g. of crude dark fluid. On 
distillation, a yellowish fluid, b.p. 92-6/.4-.5 mm. nD

ZÖ=1.4866 
was obtained.  The material exhibited significant infrared absorptions 
at 1770, 1650, 1605, 1440, and 1320 cm"1 in agreement with the pro- 
posed structure.  Hydrolysis at highter temperatures resulted in des- 
truction of the material. 

Hydrolysis of 2-mQrpholino-2'»31,3,3',3'-pentafluorobicyclobutenyl. 

Araine (5.g.) was dissolved slowly with stirring in cold 
sulfuric acid.  A very pale yellow solution resulted.  This was 
poured over ice and extracted with methylene chloride in the usual 
manner. On evaporating off the solvent, a straw-colored oil was 
obtained.  The infrared spectrum gave significant peaks at 3400, 2950 
1810, 1790, 1715,, and 1440 cm-1.  A structure assignment could not 
be made with any confidence.  Hydrolysis at higher temperature 
resulted in cleavage reactions. 

»*eir—" 
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2.2'-Difluoro-3.3'-diketobicvclobutenyl (XIX). 

In a tall test tube containing 20 ml. 
of concentrated sulfuric acid was placed 1.0 g. 
of 2,2',3,3,31,3l-hexafluorobicyclobutenyl 
(III) . The mixture was heated with stirring       f F 
over a steam bath for 25-30 minutes until a 
single phase was observed. It was then poured over 100 ml. ice with stir« 
ring. No solid separated for about ten minutes. Crystallization was 
completed by chilling the solution for several hours. On recrystalliza- 
tion from Skellysolve C the product was obtained as colorless needles, 
m.p. 96.5-97.0°. The infrared spectrum contained significant peaks at 
1775, 1610, 1422, 1260 and 925 cm-1, and was completely in accord with 
the proposed structure. 

Anal. Calcd. for CQHLF}02:    C, 56.5; H, 2.36; F, 22.4. 
Found: C, 56.46; H, 2.50; F, 22.60. 

l-(2.3.3-Trifluoro-2-chlorocvclobutyl)-2-fluoro-3-ketocvclobutene. (XX) 

In a tall test tube containing 60 ml.     _/\   /N. 
of concentrated sulfuric acid was placed     °*\jr   —x /^ 
10.0 g. of l-(2,3,3-trifluoro-2-chlorocyclo-     y    >/ 
butyl)-2,3,3-trifluorocyclobutene (VIII).       F pc* 
The mixture was heated with stirring over a steam bath for 2 hours until 
a single phase was observed. The solution was poured over ice and then 
extracted with methylene chloride. The extract was dried over magnesium 
sulfate and filtered. The solvent was stripped off over a steam bath, 
leaving a slightly brownish fluid with a very piercing odor. It was 
purified further by vacuum distillation.  It boiled 44-46°/.2 mm., 
np25=i,444i# The infrared spectrum contained significant peaks at 1775, 
1660, 1420 cm"1 and was completely in accord with the proposed structure. 

Anal. Calcd. for CQIUCIFAO: C, 42.3; H, 1.76; F,33.4. 
Found: C, 42.48: H, 2.31; F, 33.59. 

l-Vinvl-2-fluorocyclobut-l-ene-3-one(XXI) 

Sulfuric acid (50 ml.) was place in    n-a/^N^CZ/sC// 
a 200 ml. beaker and cooled to 5o in an ice   *\/~     ""  ^ 
bath. To this was added with cooling and      ^ 
stirring 20 g. (.15 mole) of 1-vinyl- 
2,3,3,-trifluorocyclobutene(VI). The reac- 
tion was very exothermic and large amounts of hydrogen fluoride were 
evolved (wear gloves!). After the addition 10 ml. of ice was cautiously 
added with stirring.  Five minutes later the mixture was then poured 
over 200 ml. of ice. A dark brown oil slowly settled to the bottom. 
This was removed by using a separatory funnel and washed with cold water 
to remove excess ac?d. The ketone was best purified by steam distil- 
lation. The distillate was a colorless liquid with a piercing odor. 
It quicly darkened on standing and became progressively more viscous 
during the day. The freshly steam-distilled product has the following 
properties: refractive indix at 26°=1.4814, infrared peaks at 1770, 
1650, 1200, and 740 cm""1. The residue from the steam distillation 
was a tan-white solid with infrared spectral peaks at 1775, 1655, 
1300, 1170 cm-1 and is suspected to be a polymer of XXI. Attempts 
to further purify XXI yielded only polymeric material. Inhibited 
samples polymerized even under refrigeration. 

r WWW» *»*'j.*<**i+.*"Wmi*mi* 
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Reaction of 2.2'-difluoro-3.3'-diketobicvclobutenyl with piperidine. 

A. About 0.1 g. of the above diketone was dissolved in 10 ml. of 
ether and several drops o£ piperidine added with stirring. The solu- 
tion was filtered and the filtrate allowed to evaporate to dryness 
yielding long red needles of 2-N-piperidino-2'-fluoro-3,3'-diketobi- 
cyclobutenyl, m.p. 125°. The infrared spectrum contained character- 
istic peaks at 1745, 1605, and 1580 cm"1. A similar product could 
be obtained using diethylamine instead of piperidine. 

B. About 0.2 g. of the above diketone was added slowly with vigor- 
ous stirring to 5 ml. of piperidine. The reaction was very exothermic. 
Five minutes later the deep red-orange solid which slowly deposited 
was filtered off and recrystallized from hot Skellysolve C. Red-orange 
needles of 2,2,-bis(N-piperidino)-3,3l-diketobicyclobutenyl were ob- 
tained melting at 109-110°. The infrared spectrum contained charac- 
teristic peaks at 1720 and 1560 cm"1. 

2f-N-Morpholino-2.3f.31-trifluoro-3-ketobicvclobutenvl (XXII). 

To a solution of 5 ml. morpholine in 10 ml. monoglyrae, 1.0 g. 
of 1-(2,3,3-trifluoro-2-chlorocyclobutyl)-2-fluoro-3-ketocyclobutene 
(XX)was added dropwise with stirring. The reaction was very exo- 
thermic and a white precipitate formed. The reaction mixture was 
poured into 25 ml. ice water. A bright yellow solid which separated 
was filtered off and recrystallized from hot Skellysolve C. Bright 
yellow needles of (A) were thus obtained melting 111°. The infrared 
spectrum contained peaks 1775, 1630, and 1605 cm-1. 

Anal. Calcd. for C12H12F3NO2: C, 55.6; H, 4.64; F, 22.0; N, 5.40. 
Found:  C, 55.66; H, 4.76; F, 22.19; N, 5.51. 

Similarly, 2,-N-piperidino-2,3l,3'-trifluoro-3-ketobicyclobu- 
tenyl was obtained by using piperidine instead of morpholine in the 
above procedure. Yellow-orange needles from Skellysolve C, m.p. 133°, 
were thus obtained. The infrared spectrum was similar to that of the 
above morpholine derivative. 

2-(3,3,4,4-Tetrafluoro-l-cyclobutenyl-)-2-propanol (XXIII) 

A one half-liter stainless steel bomb containing 42 g. (0.50 
mole) of 20methyl-3-butyn-2-ol and 1 ml. of nTerpene Bt! inhibitor was 
cooled in dry ice /acetone and charged with 65 g. (0.65 mole) of 
tetrafluoroethylene. It was then heated for 24 hours at 140°. At 
the end of the heating period, it was cooled and the excess gaseous 
material bled off. On opening the bomb, 7fj g. of liquid was obtained. 
This was extracted with three-15 ml. portions of water to remove the 
unreacted methylbutynol. On distillation at 100 mm. pressure, the 
material decomposed considerably, but 20 g. of product(XXIII) boiling 
at 101°/100 mm. were obtained (19*9% yield). Infrared spectrum: Brids 
at 1610, 1650, 2960, and 3350 cm"1. NMR spectrum showed a single peak 
for hydroxyl-H, a single peak for 2(-CH3), and a series of peaks 
corresdponding to a vinylic hydrogen split by a cross-ring -CH2- and 
resplit by an adjacent -CH2-. 

Anal. Calcd. for C7HOFAO: C, 45.6; H, 4.35; F, 41.3. 
'Found: C, 45.85; H, 4.38; F, 40.95. 

'■M'WW^ -■*— 
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2-(3.3.4-Trifluoro-4-chloro-l-cyclobutenvl-)-2-propanol(XXIV) 

A 2-liter steel bomb containing 600 g. (7.15 mole) of 3-methyl- 
l-butyn-3-ol and 5 ml« of MTerpene BM inhibitor was chilled in a 
dry-ice bath and then evacuated. Trifluorochloroethylene, 610 g. 
(5.25 mole), was bled in and the bomb was heated at 160° for 25 hours. 
On cooling, bleeding off gases, and opening, 1110 g. of brown liquid 
was obtained. This was steam distilled to yield 6*6.3 g. (after 
drying over magnesium sulfate) of steam volatile material. Vapor 
phase chromatography showed this to be 70% pure adduct XXIV. The yield 
was thus 45%. The product had the following properties: B.P. 97-8°/ 
38 mm., d|$-1.468; nD26-1.4198; infrared spectrum; bands at 1610, 2960, 
and 3350 curl; NMR spectrum showed single peaks for hydroxyl H and methyl 
H, and a series of peaks corresponding to a vinylic hydrogen split once 
by a cro8s-ring-CFCl- and split again by an adjacent-CF2-. 

Anal. Calcd. for C7HQC1FOO: C, 42.0; H, 4100; Cl, 17.1; F, 28.5. 
0 Found: C, 41.83; H, 3.77; Cl, 18.99; F, 28.93. 

l-Isopropenyl-3,3.4-trifluoro-4-chloro-l-cyclobutene (XXV) 

About 50 g. (0.25 mole) of the above 2-(3,3,4-trifluoro-4- 
chloro-l-cyclobutenyl-)-2-propanol (XXIV) added dropwise with stirring 
into 130 ml. of concentrated sulfuric acid previously cooled to 5° in an 
ice bath. The temperature was maintained at 5-15° throughout the ad- 
dition. Afterwards the temperature was allowed to rise to 20° for 2 1/2 
hours, at which time it was poured into 500 g. of ice with stirring. 
A black tar resulted which was extracted several times with dichlor- 
omethane (a process which proved very messy and tedious). The extracts 
were dried over anhydrous magnesium sulfate and then stripped to a 
volume of about 75 ml. The product was distilled at 38 mm. pressure. 
XXVI, 12 g. (27% yield), was obtained boiling at 61-65°/38 mm., nD"-1.4304. 
Infrared spectrum: bands at 1588 and 1635 cm"1. Sharts and Roberts5 

reported this compound earlier and listed properties as follows: I.R.: 
bands at 1588 and 1635 curl, b.p. 60-5°/32-37 mm., n^S-i.4288-1.4295. 

Table I summarizes various cycloalkylation reactions of unsatur- 
ated compounds attempted with chlorotrifluoroethylene. No definite 
liquid products of value in this project were uncovered or isolated. 



«r 

34. 

TAB12 I 

Miscellaneous Cvcloalkvlation Reactions of T' 

Wt.      m:    g.    TtMP. 
g.     CF2:CFCi    °C. 

••if luorochloroethylene: 

OLEFIN: TIME PRODUCTS 

Methylvinyl- 
ketone 71.0 g. 115 g. 180° 10 1/2 hr. carbon 

70.0 g. 140 g. 160° 30 hi. carbon 

127 g. 150 g. 150° 6 hr. carbon 

87 g. 150 g. 135° 2 hr. starting materials 
65 g. 1:1 cyclo- 
adduct 

isopropyl- 
vinyl ether 86 g. 120 g. 150° 14 hr. 158 g. liquid 

(1/3 cycloadduct) 

mesityl oxide 98.0 g. 130 g. 150° 8 hr. starting material 
CF2«CFC1 dimer 

1,3-cyclo- 
octadiene 108 g. 135 g. 150° 5.5 hr. starting material 

furan 68 g. 240 g. 180° 6 hr. furan (mainly) 
1:1 adduct (trace) 
2:1 (furan:CF2: 
CFCl) adduct,20 g. 

Thiophene 58    g. 170 g.       130-40°    5 1/2 hr. 

2,3-dichloro- 
1,3-butadiene 60 g.    130 g. 

55 g.    175 g. 

160( 

135( 

10 hr. 

8 hr. 

thiophene 
CF2:CFC1 and di- 
mer 

solid polymer 

solid polymer 
10 ml. thick liq. 

All of the above bomb reactions were run under qutogenous pres- 
sure in a 500 ml. stainless steel Paar bomb in the presence of Terpene 
B inhibitor. 

wtmm-uJl*. -"** 
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2.4-Dioxo-3«3-difluoro-l-cyclobutvl pyridinium betaine (XXVII). 

A solution of 15 ml. pyridine in 50 ml. of      P» 
moist dioxane was placed in a tall test tube cooled 
in a cold water b&th and about 5 g. of perfluoro- 
cyclobutene was bubbled through by means of a 
sintered glass tube. The solution became dark       **, 
orange in color. After letting the solution set 
for four days a large amount of crystalline material had collected on 
the walls of the tube. These crystals were scraped off and filtered. 
The material darkened above 200° without melting and was identified as 
2,4-dioxo-3,3-difluoro-l-cyclobutyl pyridinium betaine by virtue of 
its close similarity to the corresponding trimethylammonium betaine 
prepared by Pruett et al.° The infrared spectrum had significant 
peaks at 1790, 1640 (v.broad), 1478, 1255, 833 and 786 cm"l, m.p. 
232-3. 

Anal. Calcd. for CqHctVNO.: C, 54.7; H, 2.54; N, 7.11; F, 19.3. 
* Found^: C, 53.3; H, 2.48; N, 6.92; F, 19.6. 

Mol. Wt. Calcd.:  197; Mol. Wt. Found (acetone):  197. 

This material was found to be soluble without further hydrolysis 
in concentrated sulfuric acid, the solutions giving colorless needles 
of XXVII on dilution with water. The betaine dissolved in acetonitrile 
containing a little potassium hydroxide and water to give a dark green 
solution.  In dimethylsulfoxide containing potassium tert-butoxide a 
dark crimson color was observed. A dark red-orange solution was 
obtained on dissolving it in aqueous potassium hydroxide. The nature 
of these complexes was not investigated any further. 

l-Diethvlamino-3-keto-214,4-trifluorocyclobutene (XXIX). 

A, Preparation of 1-diethylamino-       /^Z 
pentafluorocyclobutene (XXVIII): This com- °ts\J^

mm/^£:%, 
pound was prepared by the general method of   ^^ 
Pruett et al.'  Perfluorocyclobutene, 63.9 g.   ^ 
(.394 mole), was bubbled into a solution of 
diethylamine, 73 g. (l.C mole), in 200 ml. monoglyme at 20.25 and the 
reaction mixture quenched in cold water. The crude product separated 
and was distilled to yield 70.2 g. of .pure product XXVIII boiling 
66-72°/24 mm. The yield was 88%, the density at 20° was 1.2330, 
nD25=i.3919 (lit. value-1.3914). The original workers reported a 59% 
yield using ether as solvent at 0-25°. 

B. Hydrolysis to Cvclobutenone XXIX: The above aminoolefin 
XXVIII, 41 g. (0.20 mole), was added slowly with stirring and cooling 
to 200 ml. of concentrated sulfuric acid in a 500 ml, 3-neck flask 
equipped with an addition funnel, mechanical stirrer, thermometer, and 
reflux condenser. The temperature was allowed to rise, but not beyond 
30°.  After the addition of XXVIII, 75 ml. of water wa*=* *dded very slowly 
and cautiously. The temperature was allowed to rise slowly to 40° 
(using external ice-bath cooling.) A certain amount of foaming 
occurred, but this was minimized by cooling and slowing down the water 
addition rate. After the addition, the mixture was stirred for five 
minutes, then poured over a large volume of ice chips with stirring. 
A white solid separated. This was filtered with suction (caution: 
This material melts at ca. 15°, so it must be kept at ice-water temp- 
erature for the entire filtration and washing) and washed with a 
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large volume of ice water ( 5°).  The solid was then quickly trans- 
ferred to a beaker, allowed to melt, and then separated from the aq- 
ueous phase in a separatory funnel.  The organic layer was dried over 
anhydrous magnesium sulfate.  Colorless liquid XXIX 24.2 g. (66% yield), 
d20=i.2266, nj>£5*1.47&7, was obtained.  A sample was distilled giving a 
single fraction, b.p. lC5°/.5mm., n{)25~1.4767, with no pot residue re- 
maining, indicating that the product was already very pure.  The infra- 
red spectrum exhibited characteristic peaks at 1340 (sharp, strong) and 
1650 cm"1 (broad, strong).  The F1^ n.m.r. spectrum showed one strong 
doublet (-CFo-) at 113.0 8) and one weaker triplet (=CF-) at 134.6 0. 
The first order splitting constant was 26.4 c.p.s. and supports assign- 
ing the fluorine atoms to positions cross-ring from each other. 

Anal. Calcd. for CgHirjFoNO: C, 49.7; H, 5.2; F, 29.2. 
Found: C, 49.5; H, 5.3; F, 29.8. 

By similar procedure, l-N-morpholine-3-keto-2,4,4-trifluoro- 
cyclobutene was prepared from morpholine and perfluorocyclobutene. 
Colorless crystals from chloroform were obtained melting 85.7-86.4°. 
The infrared spectrum contained the expected peaks at 1650 and 1820 
cm"1. 

I.  Reactions of Hexafluorobicyclobutenyl (III) 

A Diels-Alder reaction was attempted between Compound III and 
tetracyanoethylene using dimethylsulfoxide as solvent.  After 40 hr. 
at room temperature, the mixture was worked up and found to be start- 
ing material. 

TCNE 
*+ DMSO 

III 

Although compound I was dissolved with comparative ease in fuming 
sulfuric acid to give a colored solution, concentrated sulfuric acid 
failed to react or even dissolve compound III.  The reaction was exo- 
thermic and on quenching the solution in ice water, only water-soluble 
material was formed. The aqueous solution did not give a coloration 
with ferric chloride (enol test). Apparently severe cleavage, rather 
than hydrolysis occurred. 

Furthermore, compound III, when added to triethy! nine, reacted 
very readily and exothermically to give a black tarry substance that 
was not further characterised.  Pyridine also reacted, but considerably 
slower (several hours) yielding also black tars. 

This compound was treated with anhydrous aluminum chloride in 
petroleum ether and found to give a colored complex.  It was also 
treated with AICI3 in benzene to give a violet Friedel-Crafts type 
reaction (HC1 was evolved). A dark purple complex was obtained which 
on hydrolysis yielded a yellowish fluorescent solid. The infrared 
spectrum showed strong aromatic a^ option. The product has not been 

won» J*CP;-. -■*—• " • *w 
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isolated as a pure crystalline solid yet. It is suspected that the 
phenylation occurred two or more times at the allylic fluorine pos- 
ition as shown below.  Perphenylation may have occurred and rearrange« 
ment is not at all unlikely. 

AICI3     0 
benzene ^ >o-c* 

III 

As ether solution of III was treated with phenyl magnesium brom- 
ide, followed by hydrolysis of the Mg complex. A yellowish solid hav- 
ing a strongly characteristic odor was obtained. Infrared spectra 
showed than an aromatic produce was obtained. It is suspected that 
the vinylic fluorines were replaced by phenyls: 

F       F 0        0 

II.  Reactions of 2,2'-diniethoxv-3.3.3'.3'-tetrafluoro-bicyclobut-l-enyl 

This compound was found to readily add one mole of roraine in 
acetic acid but adds a second mole rather slowly. The product ob- 
tained was a yellow wax which decomposed rapidly on standing to a 
dark brown liquid. All purification attempts met with failure. 

iLL^  F2V^V F>-    Br2 -> 
OMe Br    OMe Br 

MeCTBr    OMe*Br 

XII 

It was found to be incapable of undergoing Diels-Alder adducts 
with either tetracyanoethylene or maleic anhydride. 

In benzene it reacts very vigorously with aluminum chloride to 
yield a colored complex which on hydrolysis yields a phenylated der- 
ivative. The nature of the product is uncertain, but it is probably 
very similar to that obtained with the hexafluorobicyclobutenyl (III). 

Compound IV reacts quite readily with triethylamine to yield com- 
plex tar. The reaction is somewhat slower than that of the hexafluoro 
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derivative (III) and the nature of the product is very uncertain. 

Ill« Reactions of 2.2' -dimethoxy-S^'-diketo-bicyclobut-1-enyl (V) 

This diketone (V) quite readily added one mole of bromine to 
yield a colorless dibroroide of relatively low stability. 

OMe     OMe 
V 

«0 Ä -0 

OMe Br 0Me~Br 

The dibromide, when treated with triethylamine and ether, gave 
an immediate yellow precipitate. The yellow precipitate was very 
unstable in air, readily absorbing water (the precipitate was part- 
ially EtoN-HBr). The aqueous solutions are dark yellow in color. 
Ultraviolet spectral studies were made on the various compounds in 
different solvents and at different pHfs. There were definite pH 
effects on the UV absorption maximum wave length. Much work will be 
required to isolate and characterize the products. 

The diketone V reacts very readily with thiophene and sulfuric 
acid to give a dark purple solid.  By analogy to the known reaction 
of diketones with thiophene, the product is probably of the type 
shown below. The product will probably not be characterized further 
due to its complexity. 

ÖMe     OMe 

/ 

OMe     OMe 

Selenium oxide oxidation of diketone V has been attempted using 
three different solvents—toluene, dioxane, and acetic anhydride. 
Freshly sublimed SeÜ2 was used and in all three cases, starting mat- 
erial was recovered along with selenium powder. 

<y-<> «o SeO? 
reflux *► 0» 

OMa OMe 1)toluene 
2)dioxane 
3)acet. anhyd. 

OMe 

«0 

Compound V reacts readily with malononitrile in the presence of 
morpholine or pyridine to give transient green and blue colors leading 
to a dark brown solution (in THF). On dilution of the latter solution 
with water, a bright red-orange solution results which is probably of 
radical anion character. On acidification of the products, a greenish- 
brown solid was obtained. The constitution of the products is very 
much in question. 

Compound V appears to undergo N-bromo-succinimide bromination 
quite readily. Using a 5-fold excess of NBS, azo-bis-iso-butyronitrile 
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as initiator, carbon tetrachloride as solvent, and refluxing for four 
hours, a yellow tar was obtained that readily hydrolyzed in air to a 
brown dye very soluble in water. Attempts to isolate the dye as a 
pure solid have not been successful. The fresh yellow tar did not 
show -OH absorption (IR spectra), but on standing overnight, it formed 
a brown tar which showed very strong -OH absorption. This reaction 
will be studied further and the products characterized. Evidently: 

Br H  Br H 

NBS .0 -£>Q,0« 
on standing 

The diketone was treated with anhydrous aluminum chloride in 
Skelly B solvent, to give an orange solid complex. The complex was 
filtered off and allowed to slowly hydrolyze on standing. The orig- 
inal diketone was regenerated and no new product obtained. 

However, when the latter reaction was run in refluxing tetrachloro- 
ethane, a reddish complex was obtained which on hydrolysis yielded an 
intensely yellow substance, extremely soluble in water and thus readily 
extracted from the organic solvent. The yellow solution gives a pos- 
itive enol test with ferric chloride. Work is in progress towards is- 
olating the solid product, which is possibly the diketone-diol. 

0« A1C1 

reflux 
fc* 

0= 

OH 
XV 
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The following section (Bj) deals with our studies on the prep- 
aration of alkyl substituted tetrafluo-->cyclobutenes and our attempts 
to prepare highly reactive dienes by pyroiysis of the cyclobutenes. 
Figure 2 shows the various pathways whica were studied« 

(Bp Grignard Reactions and Pyroiysis Studies 

Figure I 

F,^-„ F ;2a 
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The following Figure 3 summarizes the various pathways which 
were utilized in our continuing studies for the production of reactive 
monomer intermediates. 

Figure 3 

(B, ) Cvclobutene Monomer Intermediates and their Reactions. 
'11 
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(B) Cyclobutene Monomer Intermediates 

EXPERIMENTAL 
Q 

Boiling points were taken by the Siwoloboff method.  Density 
determinations were trade using a calibrated Hamilton 10-microliter 
syringe. Infrared spectra were taken by a Perkin-Elmer Infracord, 
and n.m.r, specta were taken using a Varian A-60 analytical spectro- 
meter with pure liquid samples with tetramethylsilane as a reference 
compound. Microanalyses were performed by Galbraith Laboratories. 
The product ratios were determined on an F and M Model 300 Programmed 
Temperature Gas Chromatograph with a Texas Instruments Inc. Servoriter 
model recorder with a disc integrator. The column used contained a 
fluorosilicone 1265 (QFI) substrate unless otherwise designated. The 
preparative scale column also was of this type. 

Perfluorocyclobutene (I) was obtained from 1,2?dichloro-3,3,4,4- 
tetrafluorocyclobutane by dechlorination with zinc.9 

l-Ethvl-2«3.3 «4»4-pentafluorocyclobutene (XIV) was obtained from 
the reaction of ethylrcagnesium bromide with perfluorocyclobutene.10 

l-Methyl-2«3.3.4.4-pentafluQrocvclobutene (XIII) was obtained 
from the reaction of methylmagnesium bromide with perfluorocyclobutene 
as described in the literature. *>" 

l-2-Diethyl-3«3»4«4-tetrafluorqcyclobutepe (II) was obtained by a 
variation of the method previously described.3 In this procedure, 
the apparatus consisted of a 2-liter three-neck flask fitted with an 
addition funnel, a stirrer, and a water cooled condenser. To the 
condenser was connected a bubbler, which in turn was connected to a 
gas inlet tube fitted to a second 2-liter three-neck flask.  In addition 
to the gas inlet tube the second flask was fitted with a stirrer and a 
dry-ice cooled condenser backed with a dry-ice cooled trap connected 
to a drying tube. Into the first flask was placed 125 g. (1.9 moles) 
of zinc slurried in 300 ml. of dibutoxytetraglycol, and into the 
second flask was placed 850 ml. (2.55 moles) of 3 molar tetrahydrofuran 
solution of ethylmagnesium bromide. The zinc slurry was heated to 
ca. 80°, then as the slurry was stirred rapidly 295 g. (1.27 moles) 
of l,2-dichloro-l,2,3,3,4,4-hexafluorocyclobutane was added slowly so 
that a steady flow of perfluorocyclobutene was passed into the rapidly 
stirred Grignard solution. Occasionally, the Grignard solution was 
cooled with a cold water bath in order to remove heat formed in the 
exothermic reaction. After completion of the reaction, the reaction 
mixture in the second flask was refluxed slowly overnight. 

The reaction product was worked up by destroying the excess 
Grignard reagent with dilute hydrochloric acid, and extracting the 
organic material with ether from the resulting magnesium salts. The 
extract was neutralized with sodium bicarbonate and dried over anhy- 
drous calcium sulfate. After removal of ether by distillation at 
atmospheric pressure, 120 g. (50% of theory) of diethylcyclobutene 
VIII was di3tilled at 80-82° at 100 mm. pressure. The infrared 
spectrum was identical with that of an authentic sample.  Strong 
absorptions were observed at 885, 1100, 1210, and 1345 cm-1. 

—    "■ ■ ■ ■"■> 
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Preparation of l-Ethyl-2-propyl-3.3.4.4-tetrafluorocyclobutene 
(XVII.)      

About 54 g. (0.13 mole) of ethylperfluorocyclobutene (XIV) was 
placed into a 500 ml. three-neck Morton flask fitted with a stirrer, 
a dropping funnel, and a condenser. It was heated to ca. 60°, and 
200 ml. (0.60 mole) of a 3 molar ether solution of n-proplymagnesium 
bromide was added slowly as the reaction mixture was stirred rapidly. 
After the addition was completed, the reaction mixture was refluxed 
for 24 hrs. with rapid stirring. The excess Grignard reagent;was then 
destroyed with dilute hydrochloric acid, and the product was extracted 
with ether Prom the solid magnesium salts. The extract was neutralized 
with sodium bicarbonate and dried over anhydrous magnesium sulfate. 
Analysis of the extract by g.l.c. indicated a conversion of 35% to 
the dialkylcyclobutene XVII and a total organic yield of 87%. The 
product was isolated by fractionation on a 12 in. column packed with 
glass helices. 

The properties of XVII are as follows: b.p. 150°/625 mm., 
nD25 1.3845, d£

u 1.090. Molar refraction: calcd., 42.0; obsd., 42.1. 

Anal. Calcd. for C9H12FA: C, 55.1; H, 6.16; F, 38.7. 
Foundl C, 54.8; H, 6.41; F, 38.5. 

Preparation of l-Methyl^-ethyl-S^^^-tetrafluorocyclobutene (XV). 

About 75 ml. (0.23 mole) of a 3 molar tetrahydrofuran solution 
of ethylmagnesium bromide was placed in a 200 ml. three-neck flask 
fitted with a stirrer, an addition funnel, and a reflux condenser. 
This reaction vessel was placed in a cold water bath to remove heat 
formed in the reaction. As the solution was stirred rapidly, 17.7 g. 
(0.11 mole) of the methylcyclobutene XIII was added slowly so that 
only a slight reflux resulted. Any XIII collected in the dry-ice 
cooled trap following the reflux condenser was recycled. The reaction 
mixture was then allowed to stir rapidly at reflux temperature for 
19 hrs. The reaction product was worked up in a manner similar to that 
described in the previous procedure. Crude distillation of the extract 
was accomplished at ca. 50 mm. Analysis of this distillate by g.l.c. 
indicated a 75% conversion to dialkylcyclobutene (XV) and an over all 
yield of 80%. Fractional distillation of this material on a 12 in.- 
column packed with gliss helices gave a material which was contaminated 
with a small amount of side reaction product. Pure material was ob- 
tained by separation on the "Autoprep g.l.c. apparatus. 

9c The properties of XV are as follows: b.p. 121°/625 mm., n^25 1.3611, 
dfJ 1.141. Molar refraction: calcd., 32.7; obsd., 32.6. 

Anal. Calcd. for C7H0F,: C, 50.0; H, 4.76; F, 45.2. 
FoundT"Ü, 49.9; H, 5.04; F, 45.3. 

Preparation of l-Methyl-2-propyl-3,3,4,4-tetrafluorocyclobutene 

About 11 g. (0.07 mole) of methylcyclobutene XIII was placed 
in a 100 ml. three-neck flask fitted with a stirrer, a reflux con- 
denser, and a dropping funnel.  Under constant stirring, 50 ml. (0.15 
mole) of a 3 molar tetrahydrofuran solution of n-propylmagnesium 
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bromide was added slowly to XIII so that a gentle reflux resulted. 
After the addition of Grignard reagent was completed, the reaction mix- 
ture was stirred at reflux temperature for 2C hrs.  Then the reaction 
was worked up in a manner similar to that described in the previous 
procedures.  Crude distillation of the dark brown extract yielded 
ca. 2 g. (15 7. of theory) of 95% pure dialkylcyclobutene XVI. The 
pure material was obtained by separation on the !,AutoprepM g.l.c. 
apparatus. 

The properties of XVI are as follows: b.p. 138°/625 mm., nD
28 

1.3700, d£8 1.108. Molar refraction:  calcd., 37.3; obsd. 37.2. 

Anal. Calcd. for COH10FA: C, 52.8; H> 5.49; F, 
Found: C, 52.7; H, 5.30; F, 41.6. 

41.8. 

General Pyrolysis Procedure 

The apparatus used in these pyrolysis studies consisted of a 
vertical vycor tube 1 inch in diameter aad 18 inches in length 
fitted with 24/40 female quartz joint. This tube was packed with 
small pyrex beads and was heated over a 12 inch length by an elec- 
tric oven.  A small equalizing dropping funnel was fitted to the 
top of the tube, which in turn was fitted with a special nylon needle 
valve to allow a higher vacuum in the system. The bottom of the tube 
was connected to two small dry-ire cooled traps, a liquid-nitrogen 
cooled trap, and finally to a manifold connected to a vacuum pump and 
a manometer.  The temperature was measured by a thermocouple halfway 
up the outside of the tube. 

The pyrolysis procedure was similar to thr*' described in the 
literature.il It consisted of heating the iu e in such a manner that 
the desired temperature was maintained, placi  :he starting material 
in the dropping funnel, and evacuating the sy^em to the desired 
pressure.  The material was then dropped slowly into the tube, and 
the effluent gases were condensed in the traps. 

Pyrolysis of l-Ethoxy-2-chloro-3.3,4,4-tetrafluorocyclobutene ryr 
(xviirr: 

At 525 and a pressure of 5 mm. pyrolysis of 8 g. (0.039 
mole) of XVIII was attempted, but no product was detected by g.l.c. 
analysis. However, at 580° and 15 mm. 57o of the reaction mixture 
was product with the attainment of a 90% yield.  In time a crystalline 
solid formed, and the percentage of product decreased from 5 to 1%. 
The solid melted at 115°, but it could not be recrystallized without 
decomposition. It appeared to sublime before melting, but sublimation 
as a method of purification failed. Elemental analysis of a sample of 
the material which was dried overnight at room temperature and 0.5 mm. 
pressure gave the following analysis: C, 31.1; H, 1.12; Cl, 22.3; 
F, 25.1; 0, 20.4, resulting in the following empirical formula: 
C/H^v/lF.^0^ • 

Pyrolysis of l-Ethoxy-2-propyl-3.3,4,4-tetrafluorocyclobutene (XIX). = ^ -^-^^ -     ^-.-™-.^_„„ 

At 535° and a pressure of 16 mm.. 7.7 g. (0,036 mole) of XIX 
was pyrolyzed.  Analysis by g.l.c. indicated a yield of 96 % was 



45. 

obtained and 7% of the reaction mixture was product. In the reaction 
mixture, the product became viscous and decomposed very readily, even 
when upjer refrigeration. A small amount of 2-ethoxy-3-propyl-l,1,4,4,- 
tetra^iuoro-1,3,-butadiene (XX) was purified on the "Autoprep" g.l.c. 
apparatus and sent immediately for an elemental analysis. 

Anal. Calcd. for CQH1?FAO: C, 51.0; H, 5.64; 0, 7.55; F, 35.8. 
FoundTT, 51.5; H, 4.60; F, 35.8; 0, 8.06. 

The infrared spectrum indicated strong absorptions at 1100, 1380, 
1670 and 1800 cm"1. 

Pvrolvsis of l-Ethvl-2-propyl-3«3.4.4-tetrafluorocvclobutene 

At 590° and a pressure of 8 mm. pyrolysis of 8.0 g. (0.041 mole) 
of XVII was attempted, but no product was detected by g.l.c. analysis. 
The pressure was kept constant, and the temperature was raised in 
increments of ca. 15° with the result that increased conversion was 
obtained. However, no additional conversion was obtained if the reac- 
tion mixture was recycled at the same temperature. At 700° g.l.c. 
analysis indicated 9% of the reaction mixture was product and a 97% 
yield was obtained. Two small side products were also noted. The 
three new materials were separated on the "Autoprep" g.l.c. apparatus. 
The major product, 2-ethyl-3-propyl-l,l,4,4-tetrafluoro-l,3-butadiene 
(XXI), decomposed quite readily, so a sample was sent immediately for 
elemental analysis. 

Anal. Calcd. for COH12FA: C, 55.1; H, 6.12; F, 38.8. 
Found: C, 54.6; H, 5.25; F, 39.7. 

The infrared spectrum showed strong absorptions at 1100, 1210, 
and 1335 cm"1 as well as weak absorptions at 1670 and 1750 cm"1. 

On side-reaction product produced an infrared spectrum which  1 
indicated strong absorptions at 1045, 1090, 1195, 1210, and 1320 cm"1. 
An absorption between 1500 and 2000 cm*1 was absent, but a small 
absorption was noted at 2950 cm"1. 

Th*> other side-reaction product produced an infrared spectrum 
which indicated strong absorptions at 1255 and 1725 cm"1 as well as 
a moderate absorption at 2960 cm"1. 

Pvrolvsis of 1»2-Diethyl-3.3,4.4-tetrafluorocvclobutene (II). 

At 670 and a pressure of 8 mm. 113 g. (0.62 mole) of II was 
pyrolyzed. A small modification in the apparatus facilitated production 
of the pyrolyzate. Instead of two dry-ice cooled traps, the trap 
closest to the tube outlet was ice-cooled. This ice-cooled trap 
collected most of the cyclobutene II and allowed the lower boiling 
2,3-diethyl-l,l,4,4-tetrafluoro-l,3-butadiene (III) to pass on to the 
dry-ice cooled trap. The material in the dry-ice cooled trap contained 
20% butadiene III, whereas III composed only 2% of the material in 
the ice-cooled trap. The material in the ice-cooled trap was then 
recycled, and the enriched material in the dry-ice cooled trap was 
collected after each pass and separated on the "Autoprep11 g.l.c. 
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apparatus.  Analysis of the reaction mixture by g.l.c. indicated a 
98% yield and a 3% conversion per pass.  A small side-reaction product 
was also noted. 

The properties of butadiene III are as follows: b.p. 98.5°/ 
625 mm., nn" 1.3702, d£5 1.080. Molar refraction: calcd., 38.1; 
obsd., 38.1. 

Anal. Calcd. for C8HI0FA: C, 52.7; H, 5.49; F, 41.7.  Found: 
C, 53T5T"H, 5.58; F, 41.1. 

The infrared spectrum showed strong absorption at 878, 1255, and 
1730 cm"*. A moderate absorption was also found at 2970 cm"l. 

The side reaction product gave an infrared spectrum identical 
with the spectrum of the side reaction product containing no olefin 
absorption obtained in the pyrolysis of ethylpropylcyclobutene XVII. 

Anal. Found: C, 51.2; H, 4.52; F, 44.3 (by difference). The 
empirical formula is C2H2F. The most probable molecular formula is 
CgHgF^,. No structure is proposed. 

Pyrolysis of 2,3-Diethyl-l%1.4«4-tetrafluoro-1.3-butadiene (III). 

At 670° and a pressure of 8 mm. 2.1 g. (0.012 mole) of III was 
pyrolyzed in an apparatus similar to that used in the previous exper- 
iment. Analysis by g.l.c. indicated that an 80% yield was obtained 
and that 97% of the reaction mixture was the diethylperfluorocyclo- 
butene II. The identity of the major product was verified by an 
infrared spectrum which was identical with the spectrum of an authen- 
tic sample. 

Pyrolysis of Perfluorocyclobutene (I,) in Sulfur Dioxide Atmos- 
phere . ~~"~"'"~'     ~" ~ "* "~     ~~  

After the pyrolysis tube was heated to 700° the complete pyrol- 
ysis system was purged with sulfur dioxide; and 100 g. (0.62 mole) of 
perfluorocyclobutene was passed slowly through the pyrolysis tube 
along with sulfur dioxide. This was accomplished by merging the de- 
livery tubes of cyclobutene I and sulfur dioxide.  In order to indicate 
the relative rates of flow between the two gases, bubblers were placed 
between the sources and the point of merger.  Both gases were passed 
into the pyrolysis tube lowly and at approximately the same rate, 
and the effluent gasjs were condensed in a dry-ice cooled trap. Upon 
completion of the run, the trapped material was allowed to distill 
through water into another dry-ice cooled trap. The scrubbing removed 
sulfur dioxide and allowed ca. 70 g. (70% recovery) of nearly pure 
cyclobutene I to be collected in the second trap.  About 20 g. of 
nonvolatile materials remained in the first trap.  Distillation of 
this material on a 5 inch vigreaux column gave a distillate which 
contained about ten components as indicated by g.l.c. analysis. No 
pure material was isolated. 

«^7 
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Bromination of 1%2-Diethyl-3,3,4,4-tetrafluorocyclobutene II with 
N-Bromo succinimide. "~~----.——- 

About 43 g. (0.28 mole) of N-bromosuccinimide was slurried with 
50 ml. of carbon tetrachloride in a 100 ml. three-neck flask fitted 
with a stirrer, a reflux condenser, and a dropping funnel. As the 
carbon tetrachloride was refluxed, 25 g. (0.137 mole) of diethyl- 
perfluorocyclobutene II was added. After rapid stirring at reflux 
temperature for 24 hrs., no succinimide appeared at the surface of the 
carbon tetrachloride. A small amount of azobis-(isopropyl cyanide) 
was then added as a radical initiator. Again no succinimide appeared 
after refluxing with rapid stirring for another 24 hours.  Diethyl- 
perfluorocyclobutene was recovered unchanged. 

Random Chlorination of 1,2-Diethyl-3,3.4,4-tetrafluorocyclobutene 
xx. 

A fritted glass bubbler was placed into a cylindrical glass vessel 
and was covered with 25 g. (0.14 mole) of II. Connected to the exit 
of this vessel was an empty trap to prevent water from sucking back from 
the following trap which was filled with water to such a depth that 
a pressure of ca. 6 in. of water could be maintained in the reaction 
vessel. This water valve also trapped any HC1 formed. The reaction 
vessel was irradiated with a Hanovia Ultraviolet lamp while chlorine 
gas was bubbled into the liquid at such a rate that only an occasional 
bubble issued from the water valve. 

After 48 hrs. g.l.c. analysis of a small aliquot indicated that 
no starting material remained and that at least seven products were 
present. The reaction mixture was then washed with aqueous sodium 
bisulfite to remove excess chlorine present. The aqueous phase was 
then washed with carbon tetrachloride, and the wash was placed with the 
other organic material. This material was washed with aqueous sodium 
bicarbonate to remove any hydrochloric acid. Anhydrous magnesium 
sulfate and calcium chloride were used to dry the organic material. 

After filtering the drying agent, the carbon tetrachloride was 
removed by distillation; and the remaining components were separated 
on the "Autoprep11 g.l.c. apparatus. In most cases only enough mater- 
ial was obtained for an infrared spectrum. 

Chlorination of 1,2-Diethy1-3.3.4,4-tetrafluorocyclobutene (II) 
in the Dark at 0°. 

Into a small tube fitted with a fritted glass bubbler was placed 
24.4 g. (0.134 mole) of II. Atop this tube was placed a small water- 
cooled condenser backed by a dry-ice cooled trap. The reaction vessel 
was placed in a Dewar flask filled with ice in a saturated brine sol- 
ution, and it was covered with a black cloth. Chlorine gas was bubbled 
slowly through the liquid for 21 hrs. (Chlorine trapped in the dry-ice 
cooled trap was recycled periodically.) At .he end of this time g.l.c. 
analysis indicated only 10% of the starting material had reacted. 
After 36 hrs. of total reaction time the reaction was 75% complete. 

The clear, slightly greenish reaction mixture was washed with 
aqueous sodium bisulfite and then with aqueous sodium bicarbonate. 
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The organic material was dried over Drierite and separated roughly 
on a 3 in. nichrome spiral column. A complete separation was ob- 
tained on the "Autoprep" g.l.c. apparatus. 

Analysis of the reaction mixture by g.l.c. indicated a 20% 
conversion to l-(l-chloroethyl)-2-ethyl-3,3,4,4-tetr?fluorocyclobutene 
V, a 35% conversion to l,2-dichloro-l,2-diethyl-3,3  ,4-tetrafluoro- 
cyclobutane IV, 20% conversion to heavier materials, and 25% recov- 
ery of II. 

When a similar reaction was allowed to proceed for 48 hrs., 
g.l.c. analysis indicated the reaction was 96% complete with a conver- 
sion of 11% to allylic chloride V, 34% to dichioride IV, 32% to a 
trichloride, and 18% to other products. Four % of the starting material 
was present. 

0. The properties of V are as follows: b.p. 157°/628 mm., n£7 1.4000, 
d£' 1.24. Molar refraction: calcd., 42.2; obsd. 42.3.      u 

Anal. Calcd. for CQH9C1FA: C, 44.3; H, 4.15; Cl, 16.4; F, 35.1. 
Founcfi C, 45.0; H, 4.01; Cl, 16.0; F, 34.8. 

The n.m.r. spectrum showed a triplet at 8.81T (J * 7.5 c.p.s.) 
a quartet at 7.61T(J R 7.5 c.p.s.), a doublet at 8.28TU ■ 7.0 c.p.s.), 
and a quartet at 5.22f(J = 7.Ö c.p.s.). 

?7 The properties of V are as follows: b.p. 165°/628 mm., n$71.4119, 
d%'  1.31. Molar refraction: calcd., 47.6; obsd., 47.7. 

Anal. Calcd. for CaHmCUF,: C, 37.9; H 
FoundT~7, 38.5; H, 3.83;^!, 27.2; F, 29.9. 

, 3.95; Cl, 28.0; F, 30.0. 

The n.m.r. spectrum showed a triplet at 8.87T, and a quartet at 
7.86fU Ä 7.0 c.p.s.) 

9ft The properties of Va are as follows: b.p. 201°/622 mm., n£ 1.4369, 
d£ö1.447. Molar refraction: calcd., 52.4; obsd., 52.1.      ü 

C, 33.4; H, 3.13; Cl, 37.1; F, 26.4. Anal. Calcd. for C8H9CI3F4: C, 33.4; h 
FoundTT, 33.6; H, 3.26; Cl, 37.1; F, 26.6. 

The n.m.r. spectrum defied interpretation due to the large number 
of peaks all through the scan. This may be due to the presence of two 
isomers, which are indicated by a shoulder in the g.l.c. trace. The 
infrared spectrum indicated strong absorptions at 828, 842, 1180 (broad), 
1240, and 1380 cm"1. There was no absorption between 1500 and 2000 
cm"1. This spectrum corresponded exactly to a spectrum of one of the 
products of random chlorination. 

Bromination of l,2-Diethyl-3,3,4,4-tetrafluorocyclobutene (II) 
with HoTecular Bromine. 

About 25 g. (0.14 mole) of II dissolved in 50 ml. of methylene 
chloride was placed into a 100 ml. three-neck flask fitted with a 
stirrer and a reflux condenser connected tp an ice-cooled trap. About 
27 g. (0.17 mole; 25% excess) of bromine was added, and the reaction 
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mixture was stirred while being warned ? l:,;htly by an incandescent 
bulb. An aliquot taker after 50 hrs. auJ analyzed by 3.I.e. on a 
Silicone Dow 710 column (hereafter SD 77/J) indicated 20% completion 
of the reaction. Artet 5-1/2, 8, a.id 3't lays of reaction time, the 
reaction mixture was checked for couple ;ciess of reaction and found to 
be 50,62, and 777* complete, respectivel '.  After 14 days the reaction 
mixture was washed with aqueous sodium bisulfite until the orange 
color was removed and with sodium bicarbonate to remove the hydrobromic 
acid. The aqueous phase was washed wit i methylene chloride to extract 
any organic material, and the extract VIUM  placed with the original 
organic phase. Analysis oc this by g.l.c. (SD 710 column) indicated 
a quantitative recovery, a 63% conversion to l-(i-bromoethyl)-2-ethyl- 
3,3,4,4-tetrafluorocyclobutene (VI), and a 14% conversion to dibroraide 
(Vila + Vllb). 

Fractionation under reduced pressure yielded several fractions of 
pure monobromide VI (b.p. 40°/l mm.) and a fraction boiling at 55-60°/ 
0.5 mo. containing impure dibromide. The dibromide was purified on 
the "Autoprep" g.l.c. apparatus. 

Another run was made using slightly different conditions.  In 
this case a 100% excess of bromine was used, and the reaction mixture 
was heated to ca. 35° by an incandescent bulb.  At the end of 14 days, 
g.l.c. analysis (SD 710 column) indicated a quantitative recovery, a 
41% conversion to monobromide VI, and a 53% conversion to dibromide 
Vila + Vllb. 

Monobromide VI reacted with both silver nitrate in ethanol and 
sodium iodide in acetone in 5 minutes.  The dibromide Vila + Vllb 
reacted with silver nitrate in ethanol rapidly but with sodium iodide 
in acetone slowly. 

9c The properties of monobromide VI are as follows: b.p. 175°/625 mm., 
no 1.4241, dp  1.469. Molar refraction: calcd., 45.1; obsd., 45.3. 

Anal. Caicd. for CaHaBt^: G, 36.8; H, 3.45: Br, 30.65; F, 29,1. 
Obsd.! C, 35.4; H, 3.48; Er, 31.3; F, 29.9. 

The n.m.r. spectrum shewed a triplet at S.B2J(J  = 7.0 c.p.s.), 
a quartet at 7.63T(J * 7.0 c.p.s.), a doublet at 8,13 TU Ä 7.0 c.p.s.), 
and a quartet at 5.26 TU K 7.6 c.p.s.). These integrated for 3,2,3, 
and 1 protons, respectively. 

Analysis of dibromide VIlab showed C, 23.1%; H, 2.21%; Br, 47.1%: 
F, 22.6%. The empirical formula was calculated to be C4H4F2B1:. 

Dehydrobromination of l-(l-Bromoethvl)-2-ethvl-3t3t4<4-tetrafluo:o- 
cvclobutene (VI)T" 

A solution of 5.5 g. (O.Oii mole) of VI dissolved in 10 ml/ of 
ether was place in a 25 ml. Morton flask fitted with a stirrer, a 
dropping funnel, and a reflux condenser backed by a dry-ice cooled 
trap. While this solution was stirred rapidly, 5 g. (0.05 mole) o£ 
triethylamine was added slowly, ifeen uo noticeable heat was evolved 
and when solid triethylamine hydrobromide formed only slowly, the 
remainder of the triethylamine was added rapidly. After stirring 
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c. EtoN A mixture of 19.3 g. (0.10 m.) 86% VII - 14% VIII, 
28 ml. (OTTm.) EtoN and 4.0 g. (Ü.03 mole) EtßNHCl was stirred in 
a 100-ml. flask. At 30°, no change occurred in 24 hours. At 52 , 
a slow increase in VIII was found at 84°, the mixture went in 13 
hours from 44% VIII to 95%. In 25 hours, this mixture went on to 
100% VIII with extensive tar and ionic solid formation. A separate 
experiment with 9.7 g. (0.05 mole) of a mixture 85% VII - 15% VIII 
and 3.0 ml. EtoN gave in 24 hoars at 25° 1.9 g. crude white solid, 
soluble in H20, CH2C12, MeOH, insol. £t20, OH, acetone; m.p. 251- 
258, identical with authentic iit3NHCl in the IR (lit. m.p. 254-55°) 
after recrystallization from butyrolacetone or dioxane. Two sealed 
tubes were heated at 90° for 93 hours. 

1. 524.7 mg. VII, 19.1 mg. £t3N (14.5 moles VII to one Et3N). 
A black solid and clear liquid containing 6% VII and 93% VIII resulted. 

2. 501.2 mg. VII, 52.4 mg. Et3N (5.2/1) gave mainly black solid, 
the trace of clear liquid containing 2% VII and 96% VIII. In each 
case a minor component was also present. The starting material con- 
tained 2X VIII and under the same conditions rearranged 40% to VIII, 
as discussed above. 

d. KC1 58.2 g. (0.30 mole) of a mixture 54% VII - 46% VIII 
was heated to reflux over 3.7 g. (0.05 mole) KC1. The amount of VIII 
rose to 72% after 40 hours. After cooling, 10 ml. EtOH was added and 
the mixture heated at 50-70° for 40 hours to give 74% VIII and at 80 
for 56 hours, 74% VIII. Ten ml. DMF was added and the mixture heated 
at 100° for 154 hours to give a dark mixture 98% in VIII. Short-path 
distillation resulted in 21.3 g. (37%) VIII and much tarry residue. 

e. LiCl A mixture of 19.3 g. (0.10 mole) 25% VII - 75% VIII, 
4.2 g. (0.10 mole) LiCl, and 100 ml. acetone was heated to reflux for 
4 days at which time only 2% of the cyclobutene was VII. In 4 days 
longer at reflux, the composition remained invariant. Drowning 
H?0, CH7CI2 extraction of the H2O layer, and short-path distillation 
of the dried organic layer gave 15.4 g. of a mixture 93% in VIII and 
<1% VII, with three other minor components. Separation of FS(110°) 
gave pure VIII by authentic IR spectrum. 

f. Other catalysts 
Tubes containing 1 ml. of VII and the indicated amount of catalyst 

were sealed and heated. Results are shown below. 

Catalyst 

5 drops saturated NaCl/DMF 
"  "  (solid NaCl added) 
10 drops DMSO 
(resealed) 
10 drops EMSO, solid NaCl 
(resealed) 

Temp. 

50-54° 
75 
75 
85 
75 
85 

Time 

17 hrs. 

% VIII Appearance 

3.5 si. yellow 
16.0 si. yellow 
25.0 yellow 

brown 70.0 
30.2 si. yellow 
77.5 si. yellow 

0.30 ml. of a solution of 117 mg. Et/NCI in 1.0 ml. CHCI3 and 
277 mg. (143 mmole) VII were mixed in a closed tube. After 6 days at 
room temperature, 11% of VII had isoraerized to VIII. 

3-Brcroo-2.3-dichloro-4,4-difluorocyclobutene (IX). 

Pure IX, obtained by g.l.c. separation, was allowed to stand at 
25° in a closed vial. Initially, the mixture was 94% IX - 6% X, after 
36 hours, 50-50, and at 52 hours, 1% IX-95% X and 4% of a new peak at 

yun» 
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longer retention in the g.l.c. The liquid remained clear ,-and color- 
less. Pure X was separated on FS (85°), b.p. 31°4 mm. n" 1.4780; 
d25 1.842; MR calc. 36.18, found 36.40; possessed IR absorption at 
1625 cm"1 and exhibited a quartet in the n.m.r. at 4.83 Ji * 2.6. 
J2 

s 0.7 cps. Calc. for CAHBrCl2F,: C, 20.21; H, 0.42; Br, 33.59; 
Cl, 29.81; F, 15.97. Found (Galbraith): C, 20.40; H, 0.44; Br, 33.47; 
Cl, 29.70; F, 16.12. 

2-Cyano-3«3-dichloro-4,4-difluorocyclobutene (XII). 

A solution of 21.4 g. (0.081 mole) of l-bromo-l-cyano-2,2-dichloro- 
3,3-difluorocyclobutane Txi) in 75 ml. Ci^Cl? was cooled to -10° and a 
solution of 14 ml. (10.1 g., 0.10 mole) Et^tTin 30 ml. CH2C12 was 
added slowly with vigorous stirring. The Hrst few drops turned the 
mixture yellow. After stirring for eight hours (warming slowly to 
25°), the mixture was dark brown, with bits of tar floating about. 
Cold dilute HC1 was added, the organic layer dried and subjected to 
short-path distillation to give 7.0 g. (0.038 mole, 45%), of a single 
product. Purification on FS (90 ) caused no change by IR comparison, 
before and after. The pure lachrymatory liquid was assigned structure 
XIII rather than XII on the bases of 3000 cm"1 and 1625 cm"1 absorption 
in the IR (allylic CH and C1-C=C-CN) and of a quartet at 4.70 , Ji = 
3.3, J9 = 0.6 cps. b.p. 34°/4.5 mm., nf?  1.4548, d25 1.457, MR calc 
32.78/found 34.31. 

Anal. Calc. for XIII: C, 32.64; H, 0.55; Cl, 38.54; F, 20.65; 
N, 7.WT  Found (Elek): C, 32.68; H, 0.95; Cl, 39.35, 39.64; F, 
22.28; N, 6.05, 6.26. 

A second run gave the same product, in 50% overall yield from 
2,2-dichloro-3,3-difluorocyclobutylnitrile, without isolation of XI. 

l-Ethoxy-2,3.3-trichloro-4,4-difluorocyclobutene (XIV). 

A mixture of l,3,3-triethoxy-2-chloro-4,4-difluorocyclobutene 
(contaminated by traces of l-ethoxy-2-chloro-4,4-difluorocyclobuten- 
3-one) ; 106.9 g. (0.42 mole as pure triether) and 480 g. (2.4 mole) 
PCI5 was heated at 90° overnight and decomposed in 4-1. ice-water. 
After CH2CI2 extraction and drying, the mixture was fractionated to 
give a calculated yield of 32.3 g. (0.18 mole) the cyclobutenone 
and 5.8 g. (0.02 mole) XV (47% total yield) two other minor corapoenents 
were seen in the g.l.c. The IR spectra corresponded exactly to 
Cohen's cyclobutenone and gem-dichloride XIV. The 1635 etc"1 IR peak 
(C1-C*=C-C1) and ethoxy methylene quartet at 6.06ffavor assignment 
of structure XV to the latter compound. The presence of two non- 
equivalent fluorine atoms by !9p n.m.r. conclusively establishes XV 
as the correct structure. 

Transfer Reaction 

Transfer-l-Bromo-2.3.3-trichloro-4>4-difluorocyclobutene (XVI). 

The following sealed tube reactions were run: 

E<^ -•—*—1 «in 1  11 
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XVI        Catalyst 'emp. ° Time % XVIII XIX XX 

82 57 hr. 22.8 18.6 ... 

80 35 36.7 19.3 4.2 
80 35 27.0 17.7 trao 
80 35 completely solid 
90 45 2.9 2.6 0 

1 ml. 1 drop Et3N 
0.25 ml. 6 drops Et3N 
0.25 ml. 5 drops NaCl/DMSO 
1.0 ml. 1/2 ml. Et3N 
7.59 g. 3 drops Et;}N 

The last reaction provide sufficient material for IR identifica- 
tion of XVIII and XIX. Recovered XVI was seen to be partially isomer- 
ized to XVII by the broading of 1610 cm"1 peak (Cl-C=CBr) to 1625 
cm"1 (C1-C*C-C1). In a more careful study, 3.3764 g. (12.4 mmole) 
XVI and 0.1831 g. (1.8 mmole) EtoN were heated 26 hours at 88° to give 
30% XVIII, 52% XVI and XVII, 17% XIX and <1% XX, all identified by 
IR. Short-path distillation gave 2.7920 g. volatile products and 
0.2390 g. residue (Structural assignments will be justified in the 
description of the reaction of XVIII with bromide. 

Transfer-l-Broroo-2-chloro-tetrafluorocyclobutene (XXI). 

4.2658 g. (17.8 mmole) of pure XXI and 0.1406 g. (1.2 mmole) 
EtßN were sealed in a tube and heated at 92° for 46 hours. The 
black liquid contained a considerable amount of black solid. G.l.c. 
of the liquid showed 46.7% XXI, 23.2% XXII, and 26.4% XXIII. Distil- 
lation yielded 2.7290 g. (64%) of a mixture 63.5% XXI, 15.1% XXII 
and 20.1% XXIII. Three very minor peaks of short retention were 
also noted. G.l.c. retention time is thus far the only proof of 
structure. 

Transfer-l-Bromo-2.3-dichloro-3.4.4-trifluorocyclobutene (XXIV). 

A sample of XXIV containing 1.8% l,2-dibromo-3,chloro-3,4,4- 
trifluorocyclobutene (XXVII) was heated 32 hours at 90 with Et3N 
catalyst. 

1. 4.4489 g. (17.4 mmole) XXIV, 0.0735 g. (0.7 mmole) EtoN, 
a 23.2 to 1 mole ratio, gave 4.8% 1,2,3-trichloro-3,4,4-trifluoro- 
cyclobutene (XXVI), by comparison with authentic IR spectrum; 90.3% 
XXIV, nJ6 1.4418, reported2* 1.4418; and a mixture of XXVII and 1,3- 
dibromo-2-chloro-3,4,4-trifluorocyclobutene (XXVIII). Short-path 
distillation gave 3.620 g. volatile liquid and 0.2655 g. tars. 

2. 4.1327 g. (16.2 mmole) XXIV, 0.1417 g. (1.4 mmole) EtoN, 
11.7 to 1 mole ratio, gave 10.6% XXVI, ni°  1.4170, reported 78.7% 
XXIV with small but definite IR peaks consistent with XXV, riff  1.4420; 
and 9.6% of a mixture containing more XXVIII than XXVII. Short-path 
distillation resulted in 2.854 g. volatile products and 0.4053 g. tars. 

Pure XXIV was now used, heating for 84 hours at 90°C. 

3. 2.755 g. (10.8 mmole) XXIV, 0.0525 g. (0.5 mmole) Et,N, 
a 20.8 to 1 mole ratio, gave 14.0% XXVI, 75.6% XXIV and XXV; and - 
10.4% mixture of XXVII and XXVIII, the major component. This was 
distilled via a short path and combined with Run 4. 
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4.  2.8599 (11.2 mmole) XXIV, 0.1333 g. (1.4 tiimole) Et3N, an 8.2 
to 1 mole ratio, gave 25.4% of XXVI; 55.6% XXIV and XXV; 18.2% XXVII 
and XXVIII; and 0.8% of a probable tribroroide.  Separation on FS 
(125°) gave a mixture of XXIV and XXV, n^5 1.4420, d25 1.824, MR calc. 
36.3; found: 37.1; and a mixture of XXVII and XXVIII, b.p. 124.0°/ 
621 «n. nZ5 1.4699, d^5 2.176, MR calc, 39.1, found 38.2. Although 
pure XXV and XXVIII are as yet unknown, their homogeneity with the 
known isomers supports their isomeric nature. 

Transfer Reaction - l-Iodo-2-chloro-3.314.4-tetrafluorocyclo- 
butene"7xXIX). - A tube containing 0.917 g. (3.2 mmole) XXIX and 
0.051 g. (0.5 mmole) Et3N (a 6.4 to 1 ratio) was heated at 90° for 
44 hours. The resulting brown liquid contained 97.0% XXIX, 1.5% 
XXII, 1.3% XXX, (all assignments by g.l.c. retention times, FS (125°)) 
and 0.2% of an unknown component. The IR spectrum contained strong 
1580 (I-C=C-C1) and weak 1625 cm-"1 (C1-OC-C1) absorption. After an 
additional five days at 92°, the reaction had only gone 3-4% to five 
products. The black material solidified at 25°C. 

Transfer Reaction - l-Iodo-2,3,3-trichloro-4,4-difluorocyclobu- 
tene (XXI).  - A tube containing 0.5304 g. (.171 mmole) XXI and 
0.0254 g. (0.25 mmole) Et^N (an 8.9 to one ratio) was heated at 92° 
for 64 hours. The black liquid contained traces of XVIII by g.l.c. 
and one other minor component in addition to XXI. No high retention 
peak corresponding to a diiodide was noted. 

Experimental - Halide Attack 

Reaction of 2»3-dichloro-3,4,4-trifluorocyclobutene (I) with bromide 
A mixture of 9.9927 g. (56.5 mmole) I, 4.9246 g. (56.8 mmole) LiBr 
(Anhyd.) and 75 ml. acetone was heated to reflux. After 11 hrs., 95% 
of I remained, after 6 days, 75%. At 10 days, 42% of I had been con- 
verted to a single product. Addition of H2O forced out 11.5 g. of a 
yellow liquid containing traces of acetone.  Separation of FS (75°) 
gave pure I, and slightly impure (acetone) 2-chloro-3-bromo-3,4,4- 
trifluorocyclobutene (III), both by authentic IR and homogeneity 
with authentic I and III on FS (75) and UCON (75) in the g.l.c. 

Reaction of 2-chloro-3-bromo-3,4,4-trifluorocyclobutene (III) 
with chloride. - A mixture of 5.3251 g. (24.0 mmole), 2.1307 g. 
(50.3 mmole) LiCl and 25 ml. acetone was heated to reflux. After 
4 hours, only 25% of III remained and after 16 hrs., 85% of III had 
been converted to a single product. The reaction was quenched with 
H2O, the HoO extracted with CH2Cl2, and the cyclobutene-Cl^C^ extracts 
combined, aried, and subjected to short-path distillation.  Separation 
on FS (80°) afforded pure I, by authentic IR and homogeneity with 
authentic I on FS (756) and UCON (75°). 

Reaction of 2.3-dichloro-3.4%4-trifluorocyclobutene (I) with 
iodide. - A mixture of 15,6 g. (0.088 mole) I, 16.6 g. (0.10 mole) 
KI. and 100 ml. acetone was refluxed 28 days to give a solution 
54% I, 4% l-chloro-2,3,3-trifluoro-4-iodocyclobutene (VI) and 42% 
2-chloro-3-iodo-3,4,4-trifluorocyclobutene (V).  During this time, 
the ratio of VI to V remained between 1:9 and 1:15. Filtration and 
addition of 16.6 g. KI forced the mixture to 47-5-48 in 13 days longer 
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at reflux. The organic material was forced out with cold H^O; the 
H20 layer extracted with CH2CI2, and the combined purple organic 
layers decolorized with aqueous NaHSOß. Short-path distillation 
of the dried solution gave in two fractions a calculated yield of 
0.8 g. V and 7.2 g. VI, 53% conversion and 69% yield. 

The minor component (VI); n§6 1.4868, d26 2.100, MR calc. 36.45, 
found 36.5, b.p. 123.5°/629 mm., was quite unstable to formation of 
iodine at 0° and gave a poor analysis. During 10 minutes at 125°, 
19% was converted to V by g.l.c. retention time. The IR spectrum 
contained strong 1710 cm"1 (F-OC-C1) and 2980 cm"1 (allylic C-H) 
and the nmr (of a mixture with V) showed two triplets, 5.09 Ji«13.5, 
J9"2.0 cps., in agreement with the assigned structure. Calc. for 
CHClFoI: C, 17.90; H, 0.38; Cl, 13.21; F, 21.23; I, 47.28; Found 
(Blek)i^ C, 18.23„H, 0.50; Cl, 20.88; I, 37.75. The major product 
(V), n$6 1.4793; dZÜ 2.137; MR calc 36.45; found 35.4; b.p. 124.0/ 
629 mm., was relatively stable at 25 . The presence.of vinylic hydro- 
gen was proven by the 3100 cm-1 (C=C-H) and 1575 cm'1 (HC=CC1) abosrp- 
tions in the Ir and a septet in the nmr at 3.49^, J=4.1, 2.4, 1.7 
cps. Analysis, calc. as for VI; found (Elek): C, 18.14; H, 0.56; 
I, 44.71. No rearrangment to VI was noted at 25 . 

Reaction of 2>3,3-trichloro-4,4-difluorocvclobutene (VII) with 
bromide.  "" ~~~ *"""'"  

a. in DMSO - A mixture of 9.7 g. (0.05 mole) V, 6.0 g. (0.05 
mole) KBr, and 25 ml. DMSO was stirred at room temperature for 12 
hrs., turning pale yellow, and then at 40° for 3 hrs. Addition of 
0.5 1. tUO forced out 6.1 g. of organic material, containing a trace 
of DMSO and 38.0% l,2-dichloro-3-bromo-4,4-difluorocyclobutene (VIII). 
Separation on FS (110 ) gave a mixture of VII and VIII and pure X, by 
identity with authentic9IR spectra and homogeneity with an authentic 
mixture on FS (125°). ng° 1.4760, found for authentic, nD° 1.4752. 

b. in DMF - A mixture of 9.4 g. (0.05) VII, 6.0 g. (0.05 mole) 
KBr, and 25 ml. DMF was heated at 50-60° for 22 hrs. Addition of HLO 
separated 4.3 g. o" material containing traces of DMF. 69.3% X, 9.4% 
VIII, and 21.3% re vered VII. Separation on FS (110°) gave a mixture 
of VII and VIII <.ad X, both samples contaminated by DMF. Identifica- 
tion was based on identity with authentic IR spectra. 

Reaction of VII with Iodide. - 

a. KI in DMF. - A mixture of 19.3 g. (0.10 m.le) VII, 17.0 g. 
(0.105 mole) KI, and 25 ml. DMF was stirred 8 hrs. at 46°, going 
maroon in color. Quenching with water followed by extraction with 
CH2Cl2 and stripping of the CHjCU yielded 20.0 g. of a liquid con- 
taining much DMF, 80% l,2-dichloro-3-iodo-4,4-difluorocyclobutene 
(XXXII), no VIII and 20% recovered VII. Separation (FS, 110°) gave 
samples of VII and XXXII, both contaminated with DMF. The IR of im- 
pure XXXII was essentially identical with that of authentic XXXII, 
prepared below» 

b. Nal in acetone. - A solution of 96.7 g. (0.5 mole) of a mix- 
ture 62.8% VII - 37.2% VIII was heated to reflux over 87 g. (0.525 
mole) Nal in 0.5-1. acetone. The progress of reaction was followed 
bv g.l.c. ___^_ 
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Time VII VIII XXXII 

17 hrs. 58.3% 33.3% 8.4% 
41 " 31.7 33.6 34.7 
65 " 23.2 36.4 40.4 

22.4 g. (0.135 to.) KI added 
28 hrs. 13.4 36.6 50.0 

22.0 g. (0.133 m.) KI added 
11 hrs. 9.2 35.8 55.5 
35 " 1.1 36.4 62.5 

(The g.l.c. areas were corrected for the interference of acetone.) The 
organic layer was forced out with 3-1. H20 and subjected to short- 
path distillation. Several fractions resulted, calculated to contain 
59.7 g. (0.21 mole) XXXII (67% on VII); 1.8 g. VII, and 7.8 g. VIII. 
Separation on FS (80°) gave XXXII pure by g.l.c. but very pink, with 
IR absorption at 1622 cnrl« (C1-OC-C1) and a quartet in the n.tn.r. at 
4.00 ti JÄ2.4, 1.8 cps. nff 1.4170 dZ5 2.107; MR calc 41.22, found 
41.5; Calc. for C4HC19F~I: C, 16.86; H, 0.35; Cl, 24.89; F, 13.40; 
I, 44.55; Found (Elekjr C, 17.14; H, 0.32; Cl, 25.?,4; F, 13.39; I, 
45.22.  Decomposition at 25° was rapid, giving a compound of longer 
retention time and an nmr quartet, 4.91T, JÄ2.5, 0.5 cps. 

Chlorination of lr2-dichloro-3-iodo-4»4-'Iiriuorocyclobutene (XXXII). 
A pink solution of 20.4 g. of a mixture 97>/o in XXXII, 0.2% VII, 
and 2.0% VIII in 50 ml. CH2C12 was treated with chlorine gas at 0°. 
The solution immediately became dark re^-brown. After two hours, a 
yellow solid (which lost Clo (by odor^ upon standing and was assumed 
to be ICI3) was filtered ana the -*cess halogen destroyed with NaHSOß 
(aq.). Tne dried organic layer was fractionated and 12.2 g. (0.063 
mole, 68% on 0.072 mole XXXII) pure VII was recovered. The IR was 
identical with that of authentic VII. 

Attempted coupling of ll2-dichloro-3-iodo-4.4-difluorocYclobutene 
(XXXII). -A slurry of 3.2946 g. (0.050 mole) zinc dust in 1Ö0 mCl 
aioxane was heated to reflux with a trace of zinc chloride. A sol- 
ution of 14.5168 g. (0.0510 mole) XXXII in 25 ml. dioxane was added. 
An initial brown color later disappeared to leave a white powder and 
clear solution. An additional 3.3 g, of zinc dust was added to replace 
the large amount of zinc clinging to the flask wall.  Immediately the 
reaction mixture turned green and then brown. Addition of 1-1. of 
water and filtration of the suspension gave 4.5 3. brown solid, in- 
soluble in H20, dilute HC1, ethanol, ether, CCl^; soluble in NaOH 
dilute, con. HC1. Ignition left a substantial residue, presumed zinc. 
The IR contained peaks at 1725, 1625, 1580, and 1285 cnT*. 

Attempted Reaction of VII with Fluoride. - 

a. KF in Acetone. - A solution of 19.3 g. (0.10 mole) VII in 
30 ml. acetone was mixed with 17.4 g. (0.3 mole) KF (Anhydrous). The 
reaction was followed by g.l.c. 

initial 12.3% VII, remainder acetone 
15 hrs., 25° 8.6% 
27 hrs., 40° 7.5% 

it 
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Addition of water, extraction with Et^u, and fractioi^ation gave 
11.1 g. recovery of VII, by IR and homogeneity on F3 (125°) and 
Dow silicone (125°) in the g.l.c. Addition of aqueous AgNOß to the 
aqueous extract gave a heavy white precipitate. 

b. KF in Acetone, AgNOq. - A slurry of 9.7 g. (0.05 mole) VII, 
3.0 g. (0.05 mole) KF" andTTS g* (0*05 mole) AgN03 in 50 ml. acetone 
was heated *t 45-50° for 24 hrs. Black colloidal silver was filtered 
from a yellow solution containing only acetone and VII, by g.l.c. 

c. KF in DMF. - A mixture of 9.7 g. (0.05 mole) VII and 8.7 g. 
(0.15 mole) KF in 30 ml. DMF was heated 8 hrs. at 50-60°, 8 hrs. at 
75-80°, and finally 26 hrs. at 95-100° to give a viscous black tar, 
partially water soluble. Crude AljOß chromatography followed by g.l.c. 
showed only VII to be present in the volatile position. 

A mixture of 19.4 g. (0.10 mole) VII, 5.8 g. (0.10 mole) KF, 
and 20 ml. BMF was sealed in a 100-ml. tube under U^.    After 4 days 
at 25° the mixture had become black-brown.  Dilution with 1.5-1. HoO 
forced out 13.0 g. of black organic material, containing ca. 99% Vil 
plus DMF trace. The aqueous layer gave a strong white precipitate 
with AgN03. 

d. Et^NF in chloroform. - Tetraethylammonium fluoride was pre- 
pared from silver carbonate, hydrofluoric acid, and tetraethylammonium 
bromide. A few drops of VII were sealed with a spatula tip of EtANF 
in CHClo and heated at 4°° for 39 hrs., to give 2% conversion to VIII 
by authentic g.l.c. retention time. The tube was resealed with fresh 
Et4NF and heated to 90° for 4 days. The mixture now contained 23% VIII. 
In each case ca. 1% of a short retention product resulted. A third 
run, with 0.5 g. Et4NF, 3 ml. CHCI3, and 0.5 ml. VII at 88° for 5 days, 
gave 5% of short retention product, very volatile, and 95% VIII, separa- 
ted on FS (125°) and confirmed by authentic IK. 

Reaction of ^S.S-tricnloro^^-difluorocyclobutene (VII) with 
cyanjUTe. - Immediately upon mixing 19,3 g. (0.10 mole) VII and 13.0 
g. (0.2 mole) potassium cyanide in 450 ml. acetonitrile, a maroon 
color developed.. After two weeks, g.l.c. of the dark mixture showed 
only VII. Treatment with hot dilute nitric acid followed by silver 
nitrate gave a white precipitate. After one month, the mixture was 
poured into water but no organic layer separated. 

Reaction of lt2-dichloro-3>3>4I4-tetrafluorocyclqbutene (XXII) 
with bromide. - A solution of 5.1127 g. (26.2 mmole) XXII in 25 ml. 
acetone was refluxed over 2.1564 g. (24.8 mmole) LiBr for 20 hrs. to 
five ca. 50-50 XXII-XXI. After 36 hrs. longer, the mixture contained 
3% XXII, 47% XXI and a trace of XXIII. The reaction was quenched 

with 300 ml. HoQ, the H20 extracted once with CH2CI2 and the dried 
CKUCl- layer distilled through a short path to remove the CH2CI2 
ana traces of XXI and XXII. The residue now contained 10-60-30 mixture 
of XXII-XXI-XXIII and some inorganic salt. Separation on FS (60°) 
failed, but the g.l.c. retention times correspond exactly to those of 
the products of the transfer reaction. 

MOH 
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Reaction of XXII with iodide. - 

1. Nal. 25° A mixture of 19.5 g. (0.L0 mole) XXII and 14.9 g. 
0.10 mole) Nal (anhydrous) turned yellow immediately upon mixing. 
Addition of 100 ml. acetone enhanced the yellow color. After being 
stirred at room temperature for 55 days, the mixture contained 65% 
of a new compound, l-iodo-2-chloro-3,3,4,4-tetrafluorocyclobutene 
(XXIX). 20.0 g. KI was added and the mixture stirred 5 days longer. 
Addition of 1-1. H?0 forced out 27.6 g. of a pink liquid; 34% acetone 
and 66% cyclobutenis, of which 44% was XXII and 56% XXIX. Separation 
on UCON (75°1 gave pure XXIX by comparison with authentic material 
in the IR, nfc5 1.4413, d28 2.06; reported^ nff  1.4420, d

25 2.066. 

2. KI. 55° A mixture of 19.5 g. (0.10 mole) XXII, 16.6 g. (0.10 
mole) KI, and 100 ml. acetone in 8 days at reflux was converted to 
a 46-54 mixture of XXII and XXIX. An additional 16.6 g. KI was added 
and the composition was changed in 8 more days zt  reflux to 87o XXII - 
86% XXIX - 6% 1,2 diiodo-3,3,4,4-tetrafluorocyclobutene (XXX). The 
cooled solution was filtered and 16.6 g. KI added. After 13 days at 
reflux, the orange solution contained 3% XXII - 78% XXIX and 19% XXX. 
Filtration and renewal of the KI followed by 3 days at reflux and 
quenching with 1-1. H20 gave a mixture 85% XXIX and 15% XXX after re- 
moval of the CH^Cl? used in extraction. Separation on FS, 90°, gave 
pure XXIX and XXX. 

The new compound XXX, n2/ 1.5110, d27 2.509, MR calc 44.48, found 
43.8, b.p. 151.5°/623 mm., proved stable to formation of iodine at 
150° for 10 min. and at 25° for one week. The IR contained weak 1550 
cm-1 absorption, as expected for I-OC-I. Analysis, Calc. C4F4I0: 
67.17% I; Found (Elek): 70.00%. 

3. Ki. 90° A mixture of 40 g. (0.205 mole) XXII, 83.0 g. (0.5 mole) 
KI, and 150 ml. acetone was heated at 90-95 for 5 days in a 300 ml. 
Carius tube, with development of 85 psi. Some tar in the valve dis- 
colored the acetone immediately. After quenching in water and extrac- 

(90°). 

Reaction of XVIII with bromide. - 

a. Et/.NBr in CHCH. - To 8.0 g. of a solution containing 55% 
CH2C12, 10%acetone, and 35% XVIII was added 1.0 g. Et4NBr and 3.4 
ml. CHCI3. In 8 days at 25°, ca. 0.2% was converted to a peak c~ 
ponding to XVI in the g.l.c. An aliquot heated at 40 for 6 day 
0.7% reaction. A second aliquot heated at 90° for 3 days gave only a 
trace of XVI. 

corres- 
s gave 

LiBr in acetone. - A slurry of 15.0 g. (0.066 mole) XVIII and 
11.5 g. (0.132 molej LiBr in 150 ml. acetone was refluxed for 4 days 
to give a mixture containing 36% XVIII, 43% SVI and SVII, 20% XIX, 
and 1% XX. The cooled mixture was filtered and 11.5 g. more LiBr ad- 
ded. After 4 days at reflux, the composition was 8% XVIII - 40% XVI 
and XVII - 43% XIX - 9% XX. Another 11.5 g. LiBr forced the mixture to 
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3-15-52-30 in 32 hrs. at reflux.  Repetition gave in 16 hrs. a mixture 
2-19-43-34 and 2% XXIV.  Poured into water, the mixture gave 17.2 g. of 
a solution containing 53% acetone and 3% XVIII - 18% XVI + XVII - 40% 
XIX - 34% XX - 5% XXXIV.  Separation was effected on FS (110°). 

Insufficient XIII was recovered for IR. 

The IR of the mixture of l-bromo-2,3,3-trichloro-4,4-difluorocyclo- 
butene (XVI) and 3-bromo-l,2,3-trichlor9-4,4-difluorocyclobutene (XVII) 
contained a broad peak 1625 to 1610 cm-"1 peaks characteristic of XVI 
but also a similar number of peaks not belonging to XVI.  b.p. 149.0°/ 
629 mm.; Calc. for C4BrCl3F2:  C, 17.64; Br, 29.34; Cl, 39.06; F, 13.95; 
Found (Elek):  C, 17.92; Br, 28.42; Cl, 40.75. 

l,3-Dibromo-2,3-dichloro-4.4-difluorocyclobutene (XXIX) was a 
colorless liquid, ng6 1.5138,; d26 2.128; MR calc. 43.95, found 44.5; 
b.p. 154.0°/629 mm.  Calc tot  C^BroCloFo:  C, 15.16; Br, 50.45; Cl, 
22.38; F, 12.00; H, 0.00;  Found (Elek):  C, 15.35; Br, 50.41; Cl, 
22.56; H, 0.11.  The IR spectrum contained a strong peak at 1610 cm"1, 
characteristic of Cl-C=C-Br. 

l,3,3-Tribromo-2-chloro-4,4-difluorocyclobutene (XX), also a 
colorless liquid, had nß6 1.5410; d26 2.412, MR calc 46.85; found: 
46.9; b.p. 187.06/629 mm., Calc. for C4Br3ClF2:  C, 13.30; Br, 66.37;

f 

Cl, 9.81; F, 10.52; H, 0.00;  Found (Elek):  C, 13.46; Br, 65.52; Cl, 
10.05, H, 0.10.  The IR also contained strong 1610 cm~l absorption. 

l,2,3,3-Tetrabromo-4,4-difluorocyclobutene (XXXIV) was isolated 
in trace amount, melting ca. 20°. The IR contained a weak 1595 cm"1 

peak, characteristic of Br-C-C-Br; Calc. for C4Br4F2: C, 11.84; Br, 
78.79; F, 9.37; H, 0 00;  Found (Elek);  C, 12.10; Br, 76.26; H, 0.10. 

Attempted reaction of l,2,3-trichloro-4,4-difluorocyclobutene 
(VIII) with halide ion~=  

a.  KI in acetone. - The previously mentioned treatment of a 
mixture of VII and VIII with a slurry of KI in refluxing acetone re- 
sulted in a slight increase in the amount of VIII, due to chloride 
attack of VII.  Thus VIII is inert to iodide. 

b. Et^NBr in CHCI3. - A tube containing 10 drops VIII, 0.2 g. 
Et4NBr, and 5.0 ml. CHCI3 was heated 10 days at 89°.  The resulting 
tan solution contained no new product by g.l.c. 

Reaction of l,2-dichloro-3-bromo-4,4-difluorocyclobutene (X) 
with cEloride. - A 10 ml. tube was cJosed with 0.50Z0 g. (Z.ll mmole) 
IX and ÖTT3533 g. (2.13 mmole) Et4NCl in 5.0 ml, CHCI3.  The reaction 
was followed by g.l.c.  The g.l.c. of an authentic mixture of VII, 
VIII, X, and CHCI3 was superimposable on that of the reaction mixture 
on FS (125°).  The final solution was light tan in color. 

TABLE II 
Reaction Conditions and Distribution of Products 

Reaction of X with Et4NCl 
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Temp. Time % VII % VIII 

25°       20 hrs.     2.5 5.0 
50        10 days    4.0 6.0 

20 hrs. 2.5 
10 days 4.0 
11 days 3.2 90        II days    3.2        63.2 

Reaction of 1,2-dichloro-3-iodo-4,4-difluorocyclobutene (XXXII) 
with chloride. - A mixture of Ö.351Ö g. (1.45 mmole) XXXII and 0.3 
ml. of a mixture of 0.117 g. Et4NCl in 1.0 ml. CHClo was closed in a 
5 ml. tube.  The reaction was followed by g.l.c.  After 26 hrs. at 
25°, 3.1% VII and 4.6% VIII had formed; in 6 days longer, 5.9% - VII - 
4.6% VIII, plus an unidentified component, 3.6%.  The new peak had 
retention time between that of VII and XXXII.  Comparison with authen- 
tic g.l.c. of VII, VIII, and XXXII led to the structural assignments. 
Considerable iodine had formed, by the dark maroon color. 

Reaction of l-bromo-2-chloro-3,3,4,4-tetrafluorocyclobutene (XXI) 
with iodide. - A solution of 3.5 g. (0.015 mole) XXI in 100 ml. acetone 
turned yellow immediately upon addition of 2.4 g. (0.015 mole) KI at 
room temperature.  After stirring 6 days at 25°, the mixture was washed 
with water and the organic layer dried.  G.l.c. showed 42% of the cyclo« 
butene portion to be l-iodo-2-chlorotetrafluorocyclobutene (XXIX) and 
58% unreacted XXI.  The material was homogeneous with authentic XXIX 
on FS (125°) and, after separation on FS (75°) was identical in the IR, 
ng5 1.4412, reported 15 1.4420. 

Reaction of l-bromo-2,3,3-trichloro-4,4-difluorocyclobutene (XVI) 
with bromide. -  A solution of 4.9340 g. (18.1 mmole) XVI in 25 ml. 
acetone was heated to reflux over 1.5973 g. (18.4 mole) LiBr.  The 
reaction was followed by g.l.c. 

Time       % XVIII      XIX     XX 

1 hr. 6.3 19.1 
2 9.7 25.3 ... 

3 21.5 28.2 ... 

5 22.4 26.3 ... 

8 26.4 27.2 ... 

17 26.1 25.3 2.8 
36 24.4 25.9 2.9 

The reaction was quenched in water at 39 hrs. and the organic 
layer separated and combined with a single methylene chloride extract 
of the aqueous portion.  After drying, short-path distillation (ca. 
60°/2 mm.) gave 4.7619 g. of a mixture 14% methylene chloride, 11% 
acetone, and 75% organic.  The organic portion contained 44% XVI and 
XVII, 24% XVIII, 28% XIX and 4% XX.  This material was combined with 
the product of LiCl and XVI for separation by g.l.c. 

A second run on 13.1 g. (0.048 mole) XVI and 8.7 g. (0.10 mole) 
LiBr in 150 ml. acetone; gave after 51 hrs. refluxing 11.8 g. of a 
mixture 25% acetone, 12% methylene chloride and 63% organic, of which 
42% was XVI-XVII, 21% XVIII, 30.2% XIX, and XX, XV. 
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Attempted reaction of l-chloro~2>3>3--trifluorocyclobutene (XL) 
with LTÜ1. - A 90 ml. Carius tube was sealed with 5.115 g. (0.036 mole) 
XL, 3.8290 g. (0.09 mole) LiCl, and 35 ml. acetone. After 41 hrs. at 
60-65, the reaction was quenched with H2O, The organic layer contained 
only acetone and XL, and no XLI, by g.l.c. 

TABLE III 

Summary of New Compounds and their Properties 
Nucleophilic Displacement by Halide Ions on Halocyclobutenes 

b. p.                        nn 
___ fl u  

III        102.0°/628mm-     1.427225° 

IR of C-Ctenr1) 

F5TC1 

a H 
31°/4mm 

CXn^» CX 

H 

m IssssM rii ci'—'Cl 

1.825 250 

•unstable- 

1.4780 25< 1.842 250 

7575 

1580 

1625 

*2| 

Cl 

F2 
Cl 

HI 

H 
Cl 

Cl 
34°/4.5mm 

CN 

1.5170 
250 

1.4548 25° 

2.107 25 0 

1.457 
25° 

1620 

1625 

F2r-„ Cl a Br^Br 

5*     m^mmmm    ßf* 

\_J        154°/629mm- 
BrcT Cl 
F2^,Br 

1.5075 
ß 25 2.13o25 

1.5138 26 0 

Brg—      1 

Br 

UlBr 
r2H 
Br 

m.p.  ca.   20 

0 

2.128 260 

PJI   r  187°/629mm- 1.541026° 2.41226° 

1595 

1610 

1610 

1610 

:o Br 129.5°/629mm* 1.4661 26 
0 

FcT* Br 

*2| il      o   mm. 
I ||  151.5 /632 

F2   l 

2\    \       129.5° 
FC1  Cl 

2.126 26° 

1.511026    2.50927 

1.487025    2.09825 

W#wW  ''Pi   1     W^fW—WIfW 

1595 

1550 

1595 

*+— *mmM 
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F.f-fll 

ctUl Cl 
1.5284 2.100 28 0 

1595 

F  r-nH 
i~j        124.0°/629mm'     1.4793 

H 
F  j"Cl 

5-1=1 ci 

26 0 

Q1     123.5°/629mm-(d 

2.137 26 
0 

Cd.)  1.4S684Ü  2.100 20 :0 26 0 

1575 

1710 

F0,—r«Br 
*\    II   m.p. ca. 2CC 

Br2'—
uBr 

1595 weak 

Reaction of aluminum chloride with fluftyialocyelobutenes. - 

Aluminum chloride is known to react with saturated and unsaturated 
acyclic fluorocarbons to give rearrangement or substitution of fluorine 
atoms by chlorine.  This study is concerned with some reactions be- 
tween fluorochlorocyclobutenes and anhydrous aluminum chloride.  All 
reactions proceeded exothermically, done in the absence of solvent by 
adding aluminum chloride slowly to the liquid cyclobutene.  The ex- 
tent and in one case, the direction of the reaction were determined 
by the quality of metal halide used. 

Addition of aluminum chloride to 1,2-dichlorotetrafluorocyclobu- 
tene (I) resulted in the stepwise replacemtn of fluorine atoms.  Those 
cyclobutenes containing the gem-chlorofluoro group (i.e., II and IV) 
are more reactive than 'hose with the gem-difluoro group (I.e., I and 
III).  Hexachlorocyclobutene (V) is the first crystalline halocyclo- 
butene known.  In these reactions* between 1.2 and 1.3 moles oi chloride 
were required per mole of fluoride replaced. 

TABLE IV 

Stepwise Replacement of Fluorine Atoms in the 
Reaction oi 1,2-Dichlorotetrafluorocyclobutene with AICI3 

AICI3 + ^F^ a Cl Fcj—" Cl 

II 

J,
2m

C1 

Cl£—" Cl 

III 

ciJ—' 
«2 — C1 

Cl  Cl. a Cl 
IV V 

1/3 mole (old) 
1 mole (old) 
1 mole (new) 
(1/2 mole more) 

65 ö 28 2 0 
13 7 75 3 2 

3 3 68 6 20 
0 0 8 2 90 
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The reactions of l,2-dichloro-3,3-difluorocyclobutene (VI) and 
l-chloro-2,3,3-trifluorocyclobutene (IX) with aluminum chloride re- 
sulted predominantly in the replacement of both allylic fluorine atoms. 
Both reactions gave considerable amounts of tarring. 

no.   ♦   ^n"2    FC1oH2 ♦ "'nf2 
J
 Cl^^Cl ClSss=dCl C1I=JC1 

VI VII VIII 

1 mole 16 4 80 

AlClg                               + 
F l=saJ Cl 

FC1n"2 ♦ 
Fl=aCl 

C12 
F 

IX X 

1/3 mole 71 trace 

□ »2 Cl 

XI 

29 

1 mole 40 4 56 

The reaction of 2,3,3-trichloro-4,4-difluorocyclobutene (XII) 
with an old specimen of aluminum chloride gave predominantly the 
product of mono-substitution, XIII. Although in two experiments this 
material was Tound, with any other sample of aluminum chloride the 

F r—nH       FC1,—nH        Cl i .Cl    saturated 
A1C1   +    2IN I H    +      2\     I   +  solid 

3 a1      aH ♦   2D cy— Cl      ci£—" Cl      Cl bB=d Cl 

XII XIII XIV 

\  mole 36 4 8 

reaction was irreproducible.  Instead, XII was partially rearranged 
to l,2,3-trichloro-4,4-difluorocyclobutene (XV), and the rest of the 
product corresponded to complete defluorination of this material. 

H H 

Cl '—' ci 

XIV 

36% 

1 mole 0        0 99 

Cyclobutene XII is known to undergo allylic rearrangment in the presence 
of chloride ion, a nucleophilic displacement reaction, but heat is 
required to force the rearrangment to proceed at an apprecialbe rate. 
The rapid, low-temperature rearrangment noted here suggests that elec- 
trophilic attack by aluminum-Ill is involved, not nucleophilic attack 
by chloride ion.  

A1C13   + 
F2DH 
Cli—"Cl 

2 

F2PC1 
Cll=,Cl 

XII XV 

1/3 mole 0 64% 
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Allylic fluorine and vinylic ethoxide were froced to compete 
for the aluminum chloride in the reaction of 1,2-diethoxytetrafluoro- 
cyclobutene (XVI) with aluminum chloride.  Immediate evolution cf 
ethyl chloride was observed. The major product proved to be 1-chloro- 
2-ethoxy-3,4-difluorocyclobutene-3-one (XVII). 

t 

F.r OEt 

OEt 

2 

Cl 
+ EtCl  + 

OEt 
yellow solid 
"c4ci2o3" 

Small amounts of an unstable yellow crystal were isolate^ for 
which a poor analysis best first C4CI2O3.  A reasonable pathway to 
XVII is the initial conversion of xVl"to the vinylog of an acid 
fluoride, which in turn reacts rapidly with aluminum chloride, ac- 
cording to the following reaction: 

A1C1, 

F9| n OEt      F9 
1 „Eta,   2 u OEt O-AlC 

OEt 
-F-A1< 

\- OEt 
2' 

Cl a 
XVII 

OEt 

From these reactions, the order of reactivity toward aluminum 
chloride is: 

and 

allylic CFC1 >  allylic CF2 >  vinylic CF ^> 

F-C=C-6- ^>  vinylic COEt   y.  allylic CF9 

Synthetically the procedure is of great value.  The two general synthe- 
ses of halocyclobutenes, olefin cyclodimerizations and diene cycliza- 
tions, both require the presence of fluorine atoms.  Thus, a route to 
mono- and nonfluorinated chlorocyclobutenes is available. Also, the 
previous synthesis of III is tedious and slow when compared with the 
present method. 

The new class of compounds, chlorocyclobutenes, proveds an inter- 
esting contrast to fluorocyclobutenes.  While most fluorinated cyclo- 
butenes are stable to thermal ring opening, both hexachlorocyclobutene 
(V) and 3-hydropentachlorocyclobutene (XIV) underwnet cleavage to the 
corresponding dienes at relatively low temperatures. 

Cl 2n Cl 
ci2l U Cl 

190° 

Cl. 
XIV 

H Cl 

Cl 

Cl 

cci2 = CC1-CC1 - cci2 

CC1 - CC1-CC1 - CHC1 

Under the same conditions 3,3-dihydrotetrachlorocyclobutene (VIII) 
was stable.  It is attractive to attribute the instability of V and 
XIV to allylic eis vicinaldichloride interaction. Hexachlorocyclobu- 
tene failed to react with ethanolic potassium hydroxide at 0° and 
reacted slowly at 25°. The fluorinated analog I reacts rapidly at 
0 . while hexachlorobutadiene reacts at 20°. 
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The instability of the highly chlorinated products has limited 
solvent study to low-boiling materials.  Carbon disulfide in a pre- 
liminary experiment proved quite adequate«  At present, the effect of 
bromine atoms and the cyano group on the reaction path is being stud- 
ied.  Aluminum bromide reactions will be reported later. 

TABLE V 

Properties of New Comoounds Ov  ined from the 
Reaction of l,2-Dichlorotetrafluor<  clobutene and AICI3 

CL 

Cl. 

Cl a 
Cl 

Cl 

Cl 

Cl Cl 

cu,—, Cl ;:a 
Cl. 

H. a 
Cl 

F 

Cl 

Cl ^OEt 

b.p. 

(m. 51.5-52.5° 
b.p. rearranged 
with heat) 

mm. 
115°/65 

136°/620min- 

116.5°/629 

o   mm. 
160 /624 

nun. 

n D 

1.5282 
25' 

1.5106 
28 0 

1.4688 
25 0 

1.4395 27 
0 

d 

1.599 
25' 

1.520 28 

1.462 26 

27 
1.402 

Other compounds were isolated in amounts insufficient for other 
than spectral identification. Work is in progress. 

Experimental - Aluminum Chloride Reactions 

Reaction of 2,3,3-trichloro-4,4-difluorocyclobutene (VII) with 
aluminum chloride. - 

a.  1:1 AICIQ. - A mixture of 9.7 g. (0.05 mole) VII and 6.7 g. 
(0.05 mole) old, But fairly pure aluminum chloride underwnet a mildly 
exothermic reaction at 25°.  The initial red color changed to purple 
and then black.  After 5 hrs., the liquid was filtered, washed with 
water, the solid filtrate decomposed with water and water extracted with 
methylene chloride.  G.l.c. of the solution showed 52% VII, 4% LXI, 
8% of a saturated solic, and 35% of LX.  Separation on FS (150°) gave 
pure samples. 

The structures of VII and LXI were confirmed by authentic IR 
spectra.  The waxy solid exhibited no C-H and no olefinic absorption, 
and no CF2 (1280 cm"

1), having only a strong 1220 cm""1 peak in the IR. 
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LX showed strong 1580 cur1 IR absorption (H-C=C-C1), no 1280 
.-) and strong 1220 cm"1. (-CF„-) and strong 1220 cm"1. The n.m.r. spectrum contained a sing- 

let St 3.771^.  Three analyses were obtained:  (Galbraith):  C, 21.15: 
H, 0.59; Cl, 75.69; F, 1.33. 

(Elek):  C, 23.70; H, 0.45; Cl, 66.57; Difference, 9.30. 
(Elek):  C, 23.32; H, 0.47; Cl, 65.63; F, 10.27; Calcd. for C.HC1 F: 
C, 22.89; H, 0.48; Cl, 67.57; F, 9.05.  The two Elek analyses4and4the 
IR support structure LX. No physical data were obtained and the prep- 
aration proved irreproducible. 

b. 1:1 AlClo. - Addition of 15.4 g. (0.1 mole) VII to a suspension 
of 13.3 g. (0.1 mole) fairly pure aluminum chloride in 50 m. petroleum 
ether gave a vigorous reaction after a few minutes.  Work up with 
water and rying gave a solution containing 33% VII (by authentic IR) 
and 55% LX - 12% LXI. (Both assignations by on g.l.c0 retention timeV 
Redistillation at 60°/lmm- and purification (FS, 125 ) gave ostensibly 
pure LX.  The IR showed strong 1580 cm-1 and medium 1550 cm"1 peaks. 
The n.m.r. spectrum contained two singlets in a 60-40 ratio, »t 2.891^ 
and 3.601*, respectively.  The IR spectrum contained all peaks attrib- 
uted to LX and a similar number of others.  The similarity of the 
n.m.r. relation (3.6rto 2.9^) to that of LXI to 1-hydropentachloro- 
butadiene (4.6T*to 3.3 f-) supports assignation of structure LXI I a to 
the new component. 

c. A preliminary experiment with 0.5 ml. VII and 3-4 spatula 
tips of aluminum chloride (from the same lot as above) gave 92% of 
the waxy solid found in Part a. 

d. 1:1 old AlClg. - A mixture of 19.3 g. (0.1 mole) VII and 
13.3 g. (0.1 mole) greyish aluminum chloride reacted slowly to give 
a purple slush in 5 hrs., at which time water was added to give mild 
heat evolution.  After methylene chloride extraction, the mixture 
contained 6% VII, 91% of 1,2,3,3,4-pentachlorocyclobutene (LXI) and 
2% and 1% of two intermediate peaks on g.l.c.  Short-path distillation 
gave ca. 16 g. of cyclobutenes and 0.5 g. tarry residue. Fractionation 
of 15.2 g. of 99% pure LXI gave a series of fractions (14.1 g. total) 
boiling 114-120°/65mm- which proved to be mixtures of LXI and 1-hydro- 
pentachlorobutadiene, in ca. a 40-60 total ratio..after 2 hrs. heating. 
LXI, purity greater than 99%, exhibited 1630 cm"1 IR absorption (Cl- 
CsC-C) and a singlet in the n.m.r. at 4.59<r (allylic C-H); ng5 1.5282; 
d*° 1.599; MR calcd. 42.82.  Found 43.4; Calcd. C.HC1.:  C, 21.23; 
H, 0.45; Cl, 78.33; Found (Elek):  C, 21.47; H, 0451;5C1, 78.28. 

1-Hydropentachlorobutadiene, purified on FS (125°), IR absorption 
at 1630 (weak) and 1565 cm-1 (strong), exhibited a singlet in the 
n^m.r. at 3.39,£(vinylie C-H); ng° i^ölö (reported70 njjO 1.5516. 
dzo 1.6121); n25 1.5471; n2» 1.5178, d26 1.608; MR calcS. 42.8. 
Found 44.3; b.p. 195.0/629»™., reported16 193-200°/720mm., 78.5°/12mm* 
The butadiene had a turpentine-like odor.  The other isomer, 2-hydro- 
pentachlorobutadiene, with ng° 1.5627 and d20 1.6159, is excluded as 
a possible structure. 

e. 1:1/3 old AICI3. - A mixture of 9.7 g. (0.05 mole) VII 
and 2.2 g. (0.017 mole) greyish aluminum chloride was stirred 5 hrs. 
at 250 and quenched in water. G.l.c. of the methylene chloride ex- 
tract showed 64% l,2,3-trichloro-4,4-difluorocyclobutene (VIII), 30% 
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LXI, and 9% and 1% of two intermediate peaks.  G.l.c. separation 
(FS, 125°) gave pure VIII, by authentic IR; ng5 1.4469, d25 1.535 
(reported5 1.4468, 1.5366) and a mixture of LXI and 1-hydropentachloro- 
butadiene by IR spectrum, ng5 1.5455, d25 1.59, probably from rearrange- 
ment on the column (15 min. cycle). No VII was recovered. 

Reaction of 1,2-dichlorotetrafluorocyclobutene (XXII) with 
aluminum chlorifleT ~"~ ~       ^——. 

a. 1:1/3 old AlClg. - A mixture of 9.7 g. (0.05 mole) XXII 
and 2.2 g. (0.017 mole) greyish aluminum chloride gave a mildly exo- 
thermic reaction at 25°.  A colorless liquid (5.5 g.) was filtered off 
the black solid residue after 5 days, containing 65% XXII, 5% 1,2,3- 
trichloro-3,4,4-trifluorocyclobutene (XXVI) (by g.l.c. retention time), 
28% l,2,3,3-tetrachloro-4,4-difluorocyclobutene (XVIII) and 2% 
l,2,3,3,4-pentachloro-4-fluorocyclobutene (LXIV).  Separation on FS 
(125°) gave pure XXII, by authentic IR and ng6 1.3678; (reported) 
n25 1.3681 and pure XVIII, by authentic IR and ng5 1.4588, reported 
1.4600.  Structure LXIV is based solely on the IR absorption at 1635 
cm"1 (C1-C=C-C1), the lack of 1280 cm"1 (CF9) and the presence of 1225 
and 1180 cm"1 absorption, found also in the spectrum of LX, which also 
has the CFC1 group. 

b. 1:1/3 old A1C1 ,„. - A mixture of 9.7 g. (0.05 moie) XXII and 
6.7 g~ (0.05 mole) greyish aluminum chloride turned from pink to pur- 
ple in 3 hrs.  Hydrolysis gave 9.0 g. of a mixture of 13% XXII, 7% 
XXVI, 75% XVIII, 3% LXJV, and 2% perchlorocyclobutene (LXV), addition 
of 6.7 g. aluminum chloride gave 2.2 g. (0.001 mole, 17%) of LXV 
(structure proof given below). 

c. 1:1 new AlClp. - A mixture of 19.5 g. (0.1 mole) XXII and 
13.3 g. fresh aluminum chloride gave a vigorously exothermic reaction 
after 2 minutes, necessitating ccoling.  After 30 min., the reaction 
was over.  One day later, g.l.c. showed the purple suspension to con- 
tain 3% XXII, 3% XXVI, 67% XVIII, 6% LXIV, and 20% LXV.  Addition of 
6.7 g. more aluminum chloride over 2 hrs. gave much heat and turned 
this mixture completely solid.  Addition of water forced out a tan 
solid.  Methylene chloride extraction gave a solution 8% in XVIII, 
2% in LXIV, and 90% in LXV.  The solvent was stripped and the resulting 
solid (25 g.) recrystallized in part from n-hexane (clear rhomboids) 
and partly from ethanol (white feathery plates) to give a total of 15.5 
g. (0.006 mole, 60%) LXV, m.p. 51.5-52.5°, IR absorption at 1635 cnr1 

(C1-OC-C1).  The b.p. rose steadily from ca. 110° to 198°/626mm- 
in 10 minutes.  (Perchlorobutadiene boils at 197.5°/626mmO.  A sample 
heated at 190° for 10 min. proved to be an approximately equimolar mix- 
ture of LXV and perchlorobutadiene, by the IR spectrum. 

LXV reacted rapidly at 25° with pyridien to give a water-soluble 
dark solid. 

d. Controlled reaction. - A reflux condenser 10" x 1/2" (diameter) 
was charged with 15.0 g. fresh aluminum chloride and 20.0 g. XXII was 
heated to reflux below it.  After 5 days, the pot mixture, now dark, 
boiled at 63.5°, an increase of 2.0°.  The mixture had been converted 
only ca. 2% to XXVI and XXII in a 1:2 mixture, by g.l.c.  The aluminum 
chloride was purple in color. 
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Reaction of l-chloro-.2?3>3-triflucrocyclobutene (XL) with 
aluminum chloride; - A mixture of 7,1 g, (0.05 mole) XL and 2.2 g. 
(0.017 mole; greyish aluminum chloride gave a vigorous reaction at 25°. 
After 4 days, the brown liquid was filtered off a black solid to give 
3.5 g. of a mixture of 71% XL and 29% l,3,3-trichloro-2-fluorocyclo- 
butene (LXVI).  Washing with water gave a yellow solution, separated 
on FS (125°).  The identity of recovered XL was established by authen- 
tic IR.  LXVI exhibited IR absorption at 1710 cm"1 (F-C-C-Cl) and a 
doublet in the n.m.r. at 6.83  , J=12.0 c.o.s., n£5 1.4688; d26 1.462; 
MR calcd. 33.18, found 33.1; b.p. 116.5°/629 mm. uCalcd. for C.HCl^F: 
C, 27.39; H, 1.15; Cl, 60.63; F, 10.83; found (Elek);  C, 27.01; * 
H, 1.16; Cl, 60.93. 

A second trial using 14.2 g. (0.1 mole) XL and 13.3 g. (0.1 mole) 
fresh aluminum chloride gave 12.0 g. crude product after decomposition 
with water, of which 40% was XL, 4% l,3-dichloro-2,3-difluorocyclo- 
butene (LXXII) and 56% LXVI.  The identity of LXXII was deduced from 
the g.l.c. retention time only. 

Reaction of l,2-dichloro-3,3-difluorocyclobutene (XLI) with 
aluminum chloride. - To 15.9 g. (0.1 mole) XLI was slowly added 
13.3 g. (0.1 mole) fresh aluminum chloride.  A very vigorous reaction 
ensued.  The resulting black slurry was hydrolysed after 8 hrs., giving 
much heat and black liquid.  After methylene chloride extraction and 
short-path distillation, 8.0 g. of a mixture containing 16% XLI, 4% 
presumed l,2,3-trichloro-3-fluorocyclobutene (LXXIII), and 80% 
l,2,3,30tetrachlorocyclobutene (LXVII).  Separation on FS (125°) gave 
pure XLI (calcd. yield 1.2 g. 0.008 mole, 8%), a mixture of XLI and 

520; 

LXIx contained absorption at 1.640 cm"1 ^Cl-C-C-Cl).  A singlet at 
6.51 was observed in the n.m.r.  Calcd. for C.H Cl •  C, 25.04, H, 
1.05; Cl, 73.91; found (Elgk):  C, 24.94; H, l?o8; Cl, 73.32.  After 
15 min. heating at 150-180 , no ring opening had occurred, by authen- 
tic IR and g.l.c. retention time. 

Reaction of 1,2-diethoxytetrafluorocyclobutene (LXVIII) with 
aluminum chloride. -  — .___        _~_ „ __ 

&.  Old AlCl^. - A total of 4.8 g. (0.036 mole) greyish alum- 
inum chloride was added slowly to 10.7 g. (0.05 mole) LXVIII.  Violent 
evolution of ethyl chloride (by authentic g.l.c. retention time) and 
formation of a red-brown mixture resulted.  The solid mixture was 
hydrolysed with cold water and extracted with methylene chloride. 
Analytical g.l.c. showed only one volatile compoenent other than sol- 
vent, but two products were found in preparative-scale g.l.c. (FS, 90°). 
The major product proved to be l-chloro-2-ethoxy-4,4-difluorocyclobu- 
tene-3-one (LXIX), with IR absorption at 1700 and 1650 cm"1 (C«C-C=C) 
and a triplet at 9.57f and quartet at 5.58r, coupled with J=7.2 c.p.s.; 
characteristic7 of C=C-0CH2CH3.  ng5 1.4404; ng7 1.4395; dzl  1.402; 
MR calcd. 34.44, found 34.2 b.p. l<50°/624 mm. "Calcd. for CgH5ClF202: 
C, 39.45; H, 2.73; Cl, 19.45; F, 20.80; 0, 17.52; found (Galbraitfi)f 
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C, 39.30; H, 0.89; Cl, 19.33: F, 21.68.  Both the n.m.r. and IR 
spectra are quite similar to those of l-chloro-2-ethoxy-3,3-difluoro- 
cyclobuten-4-one, the n.m.r. showing the quartet at 5.24^rin this 
case. 

The minor product was a fragrant yellow solid, m.p. 51.5-52.5°, 
soluble in ether, methylene chloride, and methanol (with decomposition 
in the latter to a brown oil), with a strong 1800 and 1760 cm  absorp- 
tion in the IR.  Decomposition to a brown oil was rapid.  A poor 
analysis was obtained (Galbraith):  C, 26.66; H, 0.11; Cl, 43.96; F, 
3.11; which best fits C4C1203 (C, 28.8; Cl, 42.4; 0, 28.8). 

A second run with 10.7 g. (0.05 mole) LXVIII and 4.4 g. (0.034 
mole) fresh aluminum chloride gave traces of LXIX and 8.9 g. of the 
yellow solid, sublimed at 40°/2mm-  A third run, with 21.4 g. (0.10 
mole) diether and 26.6 g. (0.20 mole) fresh aluminum chloride gave no 
LXVIII and little, if any, product other than ethylchloride. 

Cyclopentene Chemistry 

Although considerable work has been reported on highly fluorinated 
cyclobutene systems, little is known of the corresponding cyclopentene 
compounds. 

This section is concerned with recent studies of highly fluorinated 
cyclopentenes carried out in the Laboratory of the University of 
Colorado. 

Part I deals with studies concerning nucleophilic displacement 
reactions.  Part II outlines work done with Grignard reagents while 
Part III describes preliminary work on the synthesis of vinyl hepta- 
halo cyclopentenes. 

I,  Attempted Nucleophilic displacements and related reactions. 

It had been found previously17 that 1,2-dichlorohexafluorocyclo- 
pentene-1, (I) when treated with anhydrous lithium bromide in acetone, 
gave l-bromo~2-chlorohexafluorocyclopentene-l in a manner analogous 
to that reported for the corresponding cyclobutene series.18 

However, preliminary findings indicated no detectable reaction 
between anhydrous sodium iodide and 1,2-dichlorohexafluorocyclopentene-1 
in acetone.1 

AS       <ht       (hi: 
T XT EL 

It has been found that prolonged heating (30 days) at vigorous reflux 
of anhydrous sodium iodide in acetone with l-bromo-2-chlorohexafluoro- 
cyclopentene-1 (II) and 1,2-dibromohexafluorocyclopentene-1 (III) 
gave small amounts of higher boiling materials. 
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It is proposed that the two new compounds isolated are the pre- 
viously unreported l-chloro-2-iodo-hexafluorocyclopentene-l (IV) and 
l-bromo-2-iodo-hexafluorocyclopentene-1 (V). 

c/ 

It is somewhat presumptuous at the present time to attempt to 
assay accurately the ease of halide displacement by I~ ion in this 
systme; particularly since the reaction involving compound I (1,2- 
dichlorohexafluorocyclopentene-1) was not carried out under identical 
reaction conditions. 

However, it appears that the order of reactivity of the 1,2- 
dihalohexafluorocyclopentene-lfs is Br, Br>Br, C1>C1, Cl.  It is 
suggested that this order of reactivity may be explained on the basis 
of liability of halide ion displaced and ^-stabilization of the ensuing 
carbanion. 

' V 

y / X *&~>C/ k      I 

t?) 
/ 

Unfortunately, this reaction has not been studied with 1,2-dibromotetra- 
fluorocyclobutene-1 and a comparison with the analogous cyclobutene 
system is thus impossible at the present time. 

Properties of New Compounds 

Iv  Not characterized at present 

I.R.   b.p.     refractive index 

V p 12   142°(626 mm)  1.4488 (28°)  (clear, colorless liquid) 

II.  Attempted Grignard reactions of 1,2-dihalo-hexafluorocyclopentene-1. 

The reaction(s) of compounds I, II and III with various Grignard 
reagents have been examined as part of a continuing study of highly 
fluorinated ring systems with Grignard reagents. 

In most examples the isolated reaction products correspond to 
those previously encountered with ethylmagnesium bromide, e.g. 
Coupling of the 1,2-dichloro compd, (I) with the R moiety of the 
Grignard reagent and apparent destruction of the bromo chloro (II), 
and dibromo (III) compounds.  Table VI summarizes the results of attempt- 
ed coupling or exchange of the cyclopentenes I, II uid III with 
methylmagnesium bromide/THF, and phenylmagnesium bromide/THF. 

The observed coupling of 1,2-dichlorohexafluorocyclopentene-1 
(I) with alkyl Grignard reagents appears to be a general reaction. 
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With the cyclopentene system, however, allylic bromination w/NBS 
reaction appears to go readily and in a high yield. 

I U cc^Af*        I—u_c/ r    ,^r^ 

Using a free radical initiator (AIBN) over 90% conversion was 
obtained in less than 24 hours rxn. time.  Thus, this is an example 
of the possible error invoked when attempting to equate the chemistry 
of analogous 4- and 5- membered ring systems. 

EXPERIMENTAL 

Reaction with sodium iodide in acetone 

In a typical reaction, 10 g of the cyclopentene, 25 ml of acetone 
and 15 g of anhydrous potassium iodide were placed in a 100 ml 1-neck 
round bottom flask fitted with a reflux condenser.  The reaction mix- 
ture was heated to a vigorous reflux with a glas-col heating mantle 
and this temperature maintained for the desired period of time. 

The Grignard was added slowly via the dropping funnel to a rapidly 
stirred solution of the cyclopentene in THF 
Notes:  Cooling (where indicated) 0°-ice-water bath; pre-purified 

nitrogen sweeps. 
The phenyl-, n-butyl, and i-butylmagnesium bromide reagents were 
prepared in the usual manner; the halide was slowly added to a 
rapidly stirred mixture of magnesium turnings in dried tetra- 
hydrofuran.  The methylmagnesium bromide (in diethyl ether) was 
obtained from Arapahoe Chemical Co. 

Bromination of l-ethyl-2-chlorohexafluorocyclopentene-1 

a) Br2 CH2C12 

In a 250 ml 1-neck round bottom flask fitted with reflux condenser 
was placed 12.0 g. (0.05 moles) of I, 30 ml of methylene chloride and 
15.1 g (0.09 moles) of bromine.  A 100 watt light bulb was placed be- 
neath the flask, the heat being sufficient to keep the reaction mix- 
ture at a gentle reflux. 

b) NBS in CC14 

In a 100 ml 1-neck round bottom flask fitted with reflux 
condenser, was placed 12.0 g. (0.05 moles) of I, 10.5 g (0.07 
moles) of NBS, 0.2 g of AIBN, and 25 ml of carbon tetrachloride.  The 
mixture was heated to a gentle reflux with a glas-col heating mantle. 
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Cyclic Grignard Reagents 

Discussion 

In the previous reports, the preparation and some reactions of 
the cyclobutenylmagnesium bromide (II) was discussed.  It was noted 
that, on standing, the cyclic Grignard reagent decomposed.  Several 
rearranged products have now been isolated and identified from the 
reaction of II with excess ethyl magnesium bromide.  These compounds 

F21—n Br F9 

F2I U Cl    ^^ F2 

MgBr 

Cl 
H20 

H 

Cl 

II 

(III, IV, V) have been identified by proton and F 9 n.m.r., by 
infrared and elemental analysis and mass spectrographic analysis. 

1) EtMgBr    Cl 

TU F I U Cl 

II 

MgBr Br 
2) H20 

H 

Br 

Br2, H 

Cl 

Br2(-|H 

F2I S Br 

III IV 

All three occur in very low yields.  Compounds III and IV are isomers 
and were separated by preparative scale VPC using a tricresylphosphate 
column at 100°. 

It was previously reported that l-ethoxy-2-bromo-3,3,4,4-tetra- 
fluorocyclobutene reacts with ethyl magnesium bromide to give hydro- 
carbons.  The high reactivity of this olefin was surprising and it 
was thought that the vinylic ethoxy group might be contributing to 
this reactivity.  For this reason, l-ethoxy-2-chloro-3,3,4,4-tetra- 
fluorocyclobutene (VI) was treated with ethyl magnesium bromide in 
the hope that some products would be isolated which would indicate 
reaction involving the ether linkage and replacemtn of fluorine by 
ethyl groups.  When this reaction was carried out, five products 
were isolate, although many others were present in very small amounts. 

a OEt 

EtMgBr, 

Cl 

Et 

2 Cl 

iT-Tf 2j_ir 2. Cl EtO—UC1 EtO1 

Et     Et 

Et 

Cl 

VI VII VIII IX XI 

Compounds VIII and IX arise by reaction of ethyl magnesium bro- 
mide on VII.  This was shown by carrying out this reaction on VII 
prepared in an independent manner.  Compounds VII and VIII are known 
and were identified by infrared analysis.  Compounds IX, X and XI 
were identified by elemental and infrared analysis and from their n.m.r. 
spectra. Molecular weights were determined by the mass spectrograph. 

Compound VIII was present in 16.6% conversion, VII in 15.3%, 
IX; 4.2%, X; 5%, XI; 1.8%. 

T" —v ' m Wl <r* 
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l-bromo-2,3,3,4,4-pentafluorocyclobutene (XII) was prepared.  Syn- 
thesis was achieved by codimerization of CFo^CBr« and CF2

=CFC1 in 

a 1/2 1. stainless steel bomb to give the cyclobutane in 18% yield, 
This was treated with zinc to give the olefin (XII). 

F J IL F 
XII 

Br  1) EtMgBr  F( 

2) H20 

•H 

F 

XIII 

a 
XIV 

Br 

Et 

Treatment of XII with ethyl magnesium bromide gave principally 
the cyclic Grignard reagent, which, upon reaction with water produced 
XIII.  The thyl substituted cyclobutene (XIV), was produced in a com- 
peting reaction in small yield. 

Other reactions carried out include reaction of i-iodo-2-bromo- 
3,3,4,4-tetrafluorocyclobutene (XV) with ethyl magnesium bromide in 
ether and in tetrahydrofuran.  In each case, the product isolated 
was l-bromo-3,3,4,4-tetrafluorocyclobutene (XVI). 

Fd il I u 1) EtMgBr 

Br 2) H20 

MgBr 

Br 
+ EtI 

XV XVI 

Compound XV was prepared as follows:  Treatment of 1,2-dibromo- 
3,3,4,4-tetrafluorocyclobutene with ethyl magnesium bromide gives the 
cyclic Grignard which reacts with iodine to give XV. 

a Br Br 
EtMgBr 

MgBr 

Br F I Ü Br 
2 

EXPERIMENTAL 

Reaction of l-ethoxy-2-chloro-3,3,4,4-tetrafluorocyclobutene 
(VI) with ethyl magnesium bromide.  A solution of 123.8 g. (0.60 
mole) of VI in 300 ml. anhydrous tetrahydrofuran in a 1-1. three-neck 
flask was stirred and warmed to 50°C.  To this was added dropwise 400 
ml. (1.2 mole) of ethyl magnesium bromide in ether.  The ether was 
distilled off during addition.  After stirring for 4 hrs., a heavy 
precipitate formed and the reaction had to be discontinued.  Water was 
added to dissolve the solid and the product was taken up in ether and 
dried over magnesium sulfate. Distillation yielded 12 g. (15.3% 
conversion) of VII; b.p. 98-99°/620 mm.  This was identified by com- 
parison of the infrared spectrum with an authentic sample.  Also 
recovered by distillation was a mixture of compounds VIII, IX, X 
and starting material VI. 

Separation of VIII was effected in 16.6% conversion using a 
fluorosilicone preparative scale v.p.c. column (12.6 g,, b.p. 134- 
136°/620 mm.).  Also separated in this manner was 40 g. of starting 
material (VI) and a mixture of IX and X.  This mixture was resolved 

■P^ .—~ _ '^P 
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by use of a tricresylphosphate preparative scale v.p.c. column and 
gave 3.4 g. of IX (4.2% conversion), b.p. 133°/619 aim.; dgg 1.1591; 
ng5 1.4018, and 4.2 g. of X (5% conversion), b.p. 136-1370/619 mm.; 
djij 1.1852; ng5 1.3979. 

Anal. Calcd. for CQH10FQC1 (IX): C, 48.37; H, 5.07; F, 28.70; 
Cl, 1T755.  Found:  C, 48t33f H, 5.17; F, 28.82, Cl, 17.86. 

Anal. Calcd for CÄHlnFQC10 (X):  C, 44.76; H, 4.70; F, 26.56; 
Cl, 1^T5Z.  Found:  C, 44:82; H, 4.80; F, 26.77, Cl, 16.71. 

Also isolated was 1.5 g. (1.8% conversion) of XI, b.p. 175°/ 
619 mm. (with some decomposition); d§5 1.0814; ng5 1.4239.  The com- 
pound turns yellow after several weeks at room temperature. 

Anal. Calcd for C1nH- JF^CIO:  C, 53.45; H, 6.73; F, 16.92; Cl, 
15.78^  Found:  C, 54.47;1H, 7.09; Cl, 15.85; F, 17.18. 

l-2-Dibromo-2-chloro-2,3,3,4,4-pentafluorocyclobutane. - 

A 1/2 1. stainless steel Paar bomb was charged with 156 g. of chloro- 
trifluoroethylene (1.34 mole) and 149 g. (0.67 mole) of 1,1-difluoro- 
2,2-dibromoethylene.  The bomb was shaken and heated to 175° over a 
period of 24 hr. and then maintained at this temperature for 24 hr. 
Distillation gave as the major product a fraction of semi-solid mat- 
erial which was crystallized from methanol and water to give 41 g. 
(18%) of a colorless solid, b.p. 126-126.5°/623 mm.  The material has 
a h?   vapor pressure and a camphor-like odor. 

Anal. Calcd. for C4F5ClBr2:  C, 14.20; F, 28.08; Cl, 10.47; 
Br, 47725.  Found:  C, I4?15; F, 28.29, Cl, 10.43; Br, 47.45. 

l-Bromo-2,3,3,4,4-pentafluorocyclobutene (XII). - A solution of 
8.8 g. (0.026 mole) of 1,2-dibromo-2-chloro-2,3,3,4,4-pentafluoro- 
cyclobutane in ethanol v.as added to a warm slurry of zinc in ethanol. 
A vigorous reaction ensued to yield 5 g. (85% conversion) of XII, 
b.p. 48°/ 626 mm; d|| 1.799; ng5 1.3494. 

Anal. Calcd. for C4F5Br:  C, 21.54; F, 42.61; Br, 35.84.  Found: 
C, 217G5J F, 42.63; Br, 35.48. 

Reaction of XII with ethyl magnesium bromide. - To a solution of 
4.9 g. of XII in 10 ml. of anhydrous ether and cooled to 0°, was added 
rapidly 15 ml. (0.045 mole) of 3-M ethyl magnesium bromide.  After 
stirring 1 hrs., water was added and the ether solution was dried 
and the products separated by preparative scale v.p.c. to yield 
0.92 g. of 2,3,3,4,4-pentafluorocyclobutene (30% recovery), and 
0.55 g. (23% recovery) of ethyl bromide.  These compounds were ident- 
ified by their infrared spectra.  Also isolated was 0.06 g. of i-ethyl- 
2-bromo-3,3,4,4-tetrafluorocyclobutene (XIV) (0.9%).  The infrared 
spectrum of this compound was nearly identical to that for VII.  The 
low yields are attributed to poor recovery from the Chromatograph. No 
other products were observed. 

Anal. Calcd. for C6H5F4Br:  C, 30.92; H, 2.16; F, 32.62; Br, 
34.30,  Found:  C, 30.95; H, 2.10; F, 32.81; Br, 34.15. 

T' -«..•y»w* 
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C) Ethyl Grignard Reaction with l-chloro-2,3,3-trichlorocyclo- 
butene. - Novel Production ofHfricycfobutanes and Aromatics. 

Successful Grignard reactions have been carried out by Fontan- 
alli, Sullivan and Anderson on 3,3,4,4-tetrafluorocyclobutenes in 
other at 0° C. with vinylic halogens being replaced by ethyl groups. 
However, when l-chloro-2,3,3-trifluorocyclobutene was reacted with 
ethyl laagnesiun bromide in ether up to 30°C., no reaction took place. 

The reaction was repeated with ethyl grignard in tetrahydrofuran 
at 35-45°C. to yield, 20% recovery of starting material, 23% and 
high boiling unidentifiable hydrocarbons, and 43% of a mixture of 
twelve products, eight of which have been definitely identified. 
The reaction scheme with all of the compounds identified to date 
looks like this: 

H, 

3 M.   excess 
F F 

C1     CP        "2 

Et 

Cl 

F 

H. 

F^ Et 
J 1* 
4 »k 

M3>C1 

F 

H 

Et 
2 

01 

?|F~ 

Fir—lEt 
I ^k I t 

CH 

6 
.,1^1 

0 Et 
Et-C=C-OCH, 

Curiously enough, the most unusual product (the vinyl acety- 
lene) was present in the largest amount.  Four other materials have yet 
to be identified.  Their physical properties and spectral information 
are recorded in the experimental section.  The tetraethyl hydrocar- 
bon is not positively identified at this time. 

Mass spectrometry helped a great deal in identification, and the 
cracking patterns were extremely interesting and lent strong evidence 
to the amazing formation of benzene and toluene.  The cracking pat- 
tern for all of the bicyclobutanes and the vinyl acetylene showed/^>*V, -\ 
large mass $o. peaks at M 77 and M 81 corresponding to CJL+ and (fgJT0**) 
C7H7+ (   CH2) ions.  This information showed the ease with which the 
compounds rearranged to the aromatic compounds under mass spectral 
ionizing conditions anyway.  Whether this fact can be applied toward 
solution conditions at 40-50° is a moot question. 

To supplement the experimental section, below is a chart showing 
the magnitude of the aromatic mass peaks encountered with the reaction 
products. 

wow 
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Compound   C6H5+ ^77^ % of max* peak   £?fe ^91* J °* max* peak 

Fir—i Et, 
1   ' 24 33 

80 69 

33 28 

87 33 

100 60 
F*nEts Et 

The fact that  TV   z and Et-C C-C=CH2 show the greatest 
percent of max.  H2 I—-JEt peak for the aromatic species make one 
tend to believe they are the precursors of the benzene and toluene. 

Experimental 

Reaction of 2-chloro-l>4,4-trifluorocyclobutene with Ethyl Magnesium 
Bromide.' 

Twenty ml. of 3 molar ethyl magnesium bromide in ether (0.06 
mole) were added to 8.5 g. (0.06 mole) of 2-chloro-l,4,4-trifluoro- 
cyclobutene in a 50 ml. 3-neck flask fitted with stirrer and reflux- 
condenser.  The reaction mixture was heated to ether reflux (30°C.) 
for 15 hrs. with no noticeable reaction.  After work up, only starting 
material was detected by g.l.c. analysis.  4.7 g. (56% of theory) of 
the 2-chloro-l,4,4-trifluorocyclobutene was recovered. 

Reaction was repeated with Grignard reag' it with tetrahydrofuran 
which was first dried over KOH pellets and distilled from LiAlH^. be- 
fore being used as solvent for the reaction of magnesium with ethyl 
bromide. 

Eight hundred ml. of 1.78 molar ethyl magnesium bromide in tetra- 
hydrofuran (1.42 moles) in an addition funnel were added slowly drop- 
wise for 10 hours to 51.0 g. (0.357 mole) of 2-chloro-l,4,4-trifluoro- 
cyclobutene kept at 35°. in a one-liter 3-neck flask fitted with stir- 
rer and refluxcondenser which was connected further to dry ice trap, 
CaCl2 drying tube and mineral oil bubbler. The reaction mixture was 
stirred at 40°"50° for 14 hrs. and at room temperature for 10 hrs. 
The trap containing starting material was periodically emptied back 
into reaction mixture. A claisen head and condenser tube leading to 
500 ml. flask immersed in dry ice was put in place of the reflux con- 
denser. While continuing to stir, the lower boiling compounds were 
distilled off under aspirator vacuum until only solid was left. The 
reflux condenser was then placed back and 200 ml. of HUO and 100 ml. 
of ether added. This mixture was stirred until the solid was broken up. 
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After letting the ether and water layers separate, the ether layer 
was removed by a suction separatory apparatus.  Ether was again added, 
stirred, and vacuumed off in 100 ml. portions in this manner six more 
times in order to extract out higher boiling products.  These ether 
extracts were washed twice with water, dried over anhyd. MgSO^ and frac- 
tionally distilled.  Most of the ether was distilled off leaving the 
higher boiling products.  The lower boiling compounds that were dis- 
tilled from the reaction mixture under aspirator pressure were frac- 
tionally distilled to yield 10.2 g. of starting material (20.0% of 
theory) and 300 ml. of THF.  The residue of this distillation was com- 
bined with the residue of the ether distillation and poop distilled to 
give 27 grams of a mixture of products and 17.33 grams of high boiling 
hydrocarbons left as a residue with a boiling point greater than 130°C/ 
0.5 mm.  Analysis by g.l.c. discerned at least six ompounds.  The infra- 
red spectrum showed only carbon-hydrogen peaks. 

Fractional distillation under reduced pressure gave fifteen frac- 
tions.  Subsequent g.l.c. analysis showed none of the (at least twelve) 
discernible products to be pure.  The products were obtained pure upon 
separation via a preparative scale gas-liquid Chromatograph and are as 
follows in order of g.l.c. retention time.  Overall yields are based 
on g.l.c. integration of all fractions. 

The first product was 0.4 g. (0.1% of theory) of benzene.  The 
infrared spectrum and the g.l.c. retention time were identical to that 
of an authentic sample. 

The second product was 3.9 g. (7.2% of theory) of l-chloro-2- Q 

ethyl-3,3-difluorocyclobutene; b.p. 99.5°C/625 mm., ng5 1.4044, d?5 

1.142.  Molar refraction:  Calcd., 32.79; obsd. 32.717 

Anal. Calcd. for C6H7C1F?:  C, 47.23; H, 4.62; Cl, 23.24; F, 
24.91":  Found:  C, 47.13; H, 1.50; Cl, 25.10; F, 23.25. 

Analysis by gas-liquid chromatography showed this material to be 100% 
pure.  The infrared spectrum contained a medium sharp absorption at 
1650 cm-1, characteristic of a l-chloro-2-ethylcyclobutene.  The n.m.r. 
spectrum contained a triplet (Jyj^3cps) with complex splitting at 6.95 
due to the ring protons, a quartet with complex splitting at 7.84 
and a triplet at 8.87  ; the latter two due to a vinylic ethyl group 
on a cyclobutene ring. 

The third product is believed to be 4 g. (0.2% of theory) of 
1.3-difluoro-2,2-diethyl (1.1.0) bicyclobutane; b.p. 112°C (620 mm.), 
ng5 1.3994, d|5 0.94.  Molar refraction:  calcd. 36.84; obsd. 37.64. 

Anal. Calcd. for C8H12
F2:  C' 65-735 H> 8-275 F> 26.00.  Found: 

C, 657537 H, 8.50; F, 25.84. 

Analysis by gas-liquid chromatography showed this material to be 
99% pure.  The infrared spectrum contained strong carbon-hydrogen 
absorption from 2850 cm-1 to 3000 cm-1, a strong absorption at 1770 
cm-1, and strong wide, jagged absorptions from 1100-1400 cm-1, the 
C-F region.  The n.m.r. spectrum contained an equal intensity quartet 
centered at 7.98 (JjJjj^lS.5 cps, «1^=5,35 cps) due to the ring protons, 
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and two triplets centered at 8,44'Tand 9.08fdue to the hindered gem 
diethyl group.  Integration of the spectrum showed a ratio of 2 to 4 
to 6 protons, respectively.  Mass spectra analysis showed the molec- 
ular ion peak to be 146 which was also the 100% peak.  The cracking 
pattern is not inconsistent with the assigned structure. 

The next product was less than 0.1 g. of unidentified material. 
The infrared spectrum showed medium C-H absorption at 2850-3000 cm-1, 
a medium sharp absorption at 1760 cm-"1, a strong sharp absorption at 
1700 cm-1 and strong C-F absorption at 1320 cm"1. 

The fifth product was 0.2 g. (0.1% of theory) of toluene; b.p. 
106°C/625 mm.  The infrared spectrum, n.m.r. spectrum and g.l.c. 
retention time were identical to that of an authentic sample. 

The sixth and major product was 5.0 g. (12.8% of theory) of 
2-ehtyl-l-hexen-3-yne:  b.p. 120°C/625 mm., ng5 1.4492, d|5 0.769 . 
Molar refraction:  Calcd. 36.84; obsd. 37.74.  (Difference due to 
exhaltation factor in conjugated systems.) 

Anal. Calcd. for CQH19:  C, 88.82; H, 11.18.  Found:  C, 86.44; 
H, lOTST" 8 1Z 

Analysis by g.l.c. showed this material to be 99% pure.  The 
infrared spectrum contained strong C-H absorption at 2850-3000 cm-1. 
A small sharp absorption occurred at 3100 cm-1 characteristic of a 
terminal methylene group.  A small sharp absorption occurred at 
2210 cm"-1 characteristic of a rigid system.  The olefin absorption 
occurred at 1610 cm-1, characteristic of a conjugated double bond. 
The n.m.r. spectrum contained a complex integrating for two protons 
at 4.88Tand 4.90^showing much long-range coupling, due to the term- 
inal methylene protons.  It also contained two complex quartets cen- 
tered at 7.72^ and 7.88^showing long-range coupling and integrating 
for four protons; and two complex triplets centered at 8.88-f^and 8.95T* 
showing long-range coupling and integrating for six protons.  The 
quartets and triplets were due to two nonequivalent ethyl groups. 
The long-range coupling was due to the rigid vinyl acetylene system. 
The ultraviolet spectrum showed an absorption at \max. 223, £ =13,500 
with a minor peak almost as a shoulder at \max. 233 £.=10,500.  This 
spectrum was not inconsistent with the assigned structure.  Mass spec- 
tral analysis showed the molecular ion peak to be 108.  (72% of max. 
peak which was 77.) 

The seventh product was 4.6 g. (8.1% of theory) of 1-fluoro-2.2,3- 
triethyl (1.1.0) bicyclobutane; b.p. 141°C/625 mm. si. decomp., ng5 
1.4224, d|5 0.857.  Molar refraction:  calcd. 45.98; obsd. 46.36. 

Anal, calcd. for C10H1VF:  C, 76.88; H, 10.97; F, 12.15.  Found: anal. utticu, lui v10 17 
C, 7775G7 H, 11.17; F, 10.92. 

Analysis by g.l.c. showed this material to be 89% pure.  The 
infrared spectrum contained two equally strong C-H peaks at 2920 cm""1 

and 2970 cm-1, a sharp strong peak at 1720 cm-1, and absorption peaks 
in the C-F region.  The n.m.r. spectrum contained two complex quartets 
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centered at approximately 8.33f*and 8.45fand two triplets centered 
at approximately 9.0T"and 9.1/r consistent with the type of ethyl 
groups encountered on the molecule.  The ring protons were presumably 
present as a doublet buried in the methylene quartets.  It was sus- 
pected to be a doublet centered at about 8.37T*with JJJJÄ13.8 cps. 
Integration of the spectrum bore this assumption out as the methylene 
region showed eight protons to nine in the methyl region.  Mass spec- 
tral analysis showed the molecular ion peak to be 156 (16% of max. 
peak which was 127.) 

The eighth product was 1.0 g. (0.2% of theory) of l-fluoro-3- 
chloro-2.2-diethyl (1.1.0) bicyclobutane; b.p. 139°C/622 mm. si. de- 
comp., ng5 1.4347, d|5  .  Molar refraction:  calcd. 41.61; obsd.  . 

Anal. calcd. for CftH19ClF:  C, 59.08; H, 7.44; Cl, 21.80; F, 11.68. 
Found!  C, 73.63; E, 8.51; F, 11.20. 

Analysis by g.l.c. showed this material to be 88% pure.  The 
infrared spectrum contained C-H absorption at 2850-3000 cra-1 and a 
strong sharp peak at 1705 cm"1.  The n.m.r. spectrum contained a 
doublet at 7.98^Twith Jirp=13.7 cps due to the ring protons being 
split by the adjacent fluorine on the strained cyclopropane ring; and 
two triplets centered at 8.35<pand 9.07Tdue to the hindered gem- 
diethyl protons.  Integration of the n.m.r. spectrum is consistent 
with the proposed structure. Mass spectral analysis showed the molecular 
ion peak to be 162 (21% of max. peak which was 32) and showed the 
definite presence of chlorine in the molecule. 

Synthesis of New Fluorine-Containing Monomers 

As a continuation of earlier investigations of special fluorine- 
containing monomers from which to obtain elastomers with special 
properties, trifluoronitroethylene was prepared from 1,2-dichloro- 
trifluoronitrosoethane. 

N0C1 (0) 
CF0=CFC1     >    CFoCl-CFClN0    *> CF0C1-CFC1N00 1 2 Zn 2        2 

CF0C1-CFC1N00  
v » CF =CFN0o 

It & 2 * 

1,2-Dichlorotrifluoronitrosoethane was prepared by the addition 
of nitrosyl chloride to chlorotrifluoroethylene by a method previously 
reported.  By allowing the nitroso compound to remain in the refrig- 
erator for several days, the nitro compound was formed and isolated by 
simple distillation. Dechlorination of the nitro compound yielded an 
unsaturated compound, supposedly CF2=CFN0o which hasn*t been entirely 
characterized as yet. Chlorotrifluoroethylene was also found as a 
reaction product. 

Preparation of 1,2-dichlorotrifluoronitrosoethane 

The method used for the synthesis of 1,2-dichlorotrifluoronitro- 
soethane was one previously reported using a solution of chlorobenzene 
with ferric chloride and a trace of acetic anhydride.  By using a 
solution of 150 g. chlorobenzene, 15 g. of ferric chloride and 5 g. of 
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identity of IV was confirmed by comparison of the infrared spectrum 
with one of a known sample. 

The properties of III are as follows: 

boiling point 
refractive index 
density 
freezing point 

%C 

121°/625 mm. 
ng5*l 1.3611 
<j251 1.141 
below -80° 

elemental analysis 

%H       %F 

molar refraction 
calcd. 32.7 
obsd.  32.6 

Calcd. 
Obsd. 

50.0 
50.78 

4.76 
5.17 

45.2 
43.7 

If I can be converted to IV, this may indicate that the double 
bond is attacked by a carbanion; and the more stable carbanion is 
"kicked off" when the electron pair flips back. 

R' 

e.g. 3X *'" 
less stable 

F 

F a 
2   w 

(:R is more Stable 
than :R') 

C2H5 

□:. 
more stable 

e 
:R 

C3H7 
^ 

?2H5 

CF2=C-C=CF2 

VI ö 

Ca. 11 g. of V was passed through a pyrolysis tube at reduced 
pressure. The follwlng date in Table VIII indicate the conversion 
at various temperatures. 

Table VIII 

Conversion of l-Ethyl-2-Propyl-Perfluorocyclobutene 
to 2-Ethyl-3-Propyl-l,3-Butadiene 

o, Temperature (°C> Total Conversion (%) 

610 2.5 
630 3.6 
655 4.6 
655 5.5 
670 6.5 
670 6.8 
675 6.3 
690 7.5 
700 8.9 

The yield was 98%. 
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The product was separated on the "Autoprep" G.L.C. apparatus. 
Since a very small amount was obtained, only an infrared spectrum 
and an elemental analysis was obtained.  Other properties will be 
obtained when a large scale run is made, assuming the material is 
stable and will not polymerize too readily. 

VI analyzed as follows:   %C     %H    %F 

calc.     55.1   6.1   38.8 
obsd.     54.61  5.25  39.69 

The infrared spectrum indicated two unequivalent double bonds 
by two weak peaks, one at 1660 cm-"1 and the other at 1740 cm-*. 

The data in Table VIII seems to indicate that the reaction pro- 
bably is in equilibrium since recycling at a given temperature gave 
no appreciable differences in the conversions. 

Since all of the mono- and di- alkyl derivatives of perfluoro- 
cyclobutene substituted at the vinyl positions by CH3, C H5, and C3H7 
have been prepared, it may be of value to have a table ox their boil- 
ing points.  Table IX shows these data. 

Table  IX 

Various Cyclic Compounds and Their Boiling Points 

Compound Boiling Point 
CH3 

FOL1F 
44-5° 

C2H5 

F 1—ILF 
67° 

2        CA F    _•   3  7 

F2 L-ILF 
87° 

'■nf1 
2                3 

102° 

- 

F    ,—sr'CH 2L1 
2             2 5 

'•nrV8 
Fn L-JI.C H 

2             2 5 

121° 

135° 

F2 rn^0^ 
F    1—llc,H„ 

2             3 7 

o 
138 
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*  i—wr( 
C2H5 150° 

F2 nrc3H7 
2     3 7 

165-70° 
(estimated fron vie. 

Plans for the future are as follows: 

Preparation of 
C H- 

F , /   2 °    F„ • C H_ 

4- 
C2H5  ' 

F 1 U>CH       F 
2      3,2 

f 3 7 and 
LCH3 

F2f—iT^ 
F1 yc H. 
2L 2 5 

in large quantities.  Also, study the possibility of replacing the 
alkyl groups by perhaloalkyl groups. 

The reaction of various alkyl di-substituted cyclobutenes will 
be checked for alkyl displacement by Grignard reagent in tetrahydro- 
furan. 

Several alkyl di-substituted cyclobutenes will be hydrolyzed to 
the diketones. 

EXPERIMENTAL 

l-Methyl-2-propy1-3,3,4,4-tetrafluorocyclobutene (II) 

Into a 90 ml. three-neck flask fitted with a stirrer, dropping 
funnel, and reflux condenser, 11.8 g. (0.075 mole) of I was introduced. 
50 ml. of 3M (0.15 mole) PrMgBr in tetrahydrofuran was then added drop- 
wise in order to keep the reaction from getting out of control.  A white 
solid formed as the reaction proceded.  After the addition was com- 
pleted, the reaction mixture was refluxed for 20 hr. 

The reaction mixture was then cooled in an ice bath, and cold 
water was dropped slowly into the reaction to decompose the excess 
Grignard reagent.  Care was taken to add the water slowly enough to 
prevent a violent reaction.  The product was extracted from the solid 
magnesium salt with ether until most of the yellow color was gone. 
Bicarbonate was added to the combined extracts to neutralize any HF 
which may have formed from decomposition.  Then the extract was dried 
over anhydrous magnesium sulfate.  The product was crudely distilled 
and then isolated on an autoprep. 

l-Methyl-2-ethyl-3,3,4-tetrafluorocyclobutene (III) 

The reaction was carried out similarly to that above.  11.7 g. 
(0.112 mole) of I was reacted with 75 ml. of 3M EtMgBr (0.225 mole) 
in tetrahydrofuran, and the mixture was refluxed for 19 hr.  The 
workup was also similar to that above. 

T >'j!">'w*"<w 
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2-Ethy1-3-propyl-l,1,4,4-tetrafluoro-1,4-butadiene (VI) 

The pyrolysis apparatus consisted of a vertical glass tube 1" 
in diameter and 18" in length packed with small glass beads and heat- 
ed over 12" by an electric oven.  The top of the tube was closed by 
a small equalizing dropping funnel, and the bottom was connected to 
two small dry ice traps and a liquid air trap, which then was connected 
to a vacuum pump and manometer via a manifold. 

The tube was heated to 610°, as measured by a thermocouple wired 
half way up the outside of the pyrolysis tube.  VI was placed in the 
dropping funnel, and the pressure was reduced to 8 mm.  VI was then 
dropped quite slowly into the tube.  The organic recovery was 98%. 
Separation by autoprep gave only enough material for an infrared spec- 
trum and an elemental analysis. 

Pyrolyses Studies. - 

F2 r~n C2H5              CF 4^ m 
F   I U C H 650-675 2 n H       2 

2 2  5 2  5 
VI VIII 

113 g. of l,2-diethyl-3,3,4,4-tetrafluorocvclobutene (VI) was 
passed through a pyrolysis tube heated from 650 to 675°.  The higher 
boiling VII was collected in an ice-cooled trap, and a mixture of VI 
and 2,3-diethyl-l,l,4,4-cetrafluoro-l,3-butadiene (VIII) was collected 
in a dry-ice trap.  This mixture of somewhat concentrated VIII was 
separated on the Autoprep G.L.C. apparatus.  A conversion of 3% and 
yield of 98% was obtained. 

The properties of VIII are as follows:  b.p. 98.5°/655 mm., 
refractive index n?5'2 1.3702, density d25-2 1.080, freezing point, 
below -80°.  Molar refraction:  Calcd. 38.09; Obsd. 38.05. 

elemental analysis 

%C       %H    %F 

Calcd.     52.7     5.5    41.7 
Obsd.      53.40    5.58   41.09 

A minor product was also separated on the Autoprep G.L.C. appara- 
tus in a large enough quantity to obtain an infrared spectrum and au 
elemental analysis.  The infrared spectrum was identical to the spec- 
trum of a minor product obtained from the pyrolysis of 1-ethyl- 
2-propyl-3,3,4,4-tetrafluorocyclobutene (IX).  The results of the anal- 
ysis have not yet been obtained. 

For reasons which were described in an earlier report it appeared 
that the pyrolysis of cyclobutenes involved an equilibrium.  In order 
to check this VIII was passed through the pyrolysis tube at 670°, and 
G.L.C. analysis indicated that 3.2% VIII was present in the reaction 
mixture.  This was within experimental error of the 2.9% VIII found 

tfv :■ 
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when VI was pyrolyzed at 670°.  The reaction product of the pyrolysis 
of VIII was shown to be VI by comparison of the infra^-d spectrum 
with that of an authentic sample. 

A minor product was also found, which G.L.C. analysis indicated 
was the same material as was produced in the reverse reaction. 

The fact that the above pyrolysis appears to be an equilibrium 
agrees with the conclusion of other work done on perfluorocyclobutene.20 

'2nf       ^,    FnF 

F2LJIF 700° F2^F2 

I X 

An attempt was made to trap the proposed free radical inter- 
mediate in the pyrolysis of I by carrying out the reaction in a S02 
atmosphere.  The reaction mixture was recycled once, and ca. 20% 
conversion to crude nonvolatile material and ca. 85% yield was ob- 
tained.  The products have not yet been isolated in a pure form. 

Fluorinated Thiolene Derivatives 

F2 f n F 300°_   F i 1 F 

F I u F 2      FI JF« r2 2Y 2 
XI 

21 This reaction was carried out in the usual manner by K respan. 
However, the conversion was only ca. 15%. 

The product analyzed as follows: 

%C       %F     %S 

Calcd.    24.7     58.7    16.5 
Obsd.     24.91    58.76   16.32 

F■■  - F        oxidation^ F
2U F: H 02  ^   N.R. 

4.4 g. of hexafluoro-3-thiolene (XI) was allowed to mix with a 
two-fold excess of 30% hydrogen peroxide at room temperature for one 
hour.  There was no heat liberated, and there was no disappearance 
of the organic layer.  The reaction mixture was then heated to 40° 
(b.p. of XI) and stirred for 8 hrs.  There was still no evidence of 
reaction. 

Peracetic acid was then added in an attempt to oxidize in this 
manner. The mixture was again heated for 15 hrs. Two phases still 
existed, bu a very small amount of white material formed. 
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XI was then recovered and placed in a flask with enough acetone 
to dissolve most of it. Hydrogen peroxide was then added and the 
reaction was warmed overnight.  When the reaction mixture was dried, 
a very small amount of white waxy material was present.  It melted 
over a flame but not at 290°.  It was expected that the sulfone would 
be a semi-solid.22 

5.25 g. of XI were placed dropwise into a flask containing two- 
fold excess alcoholic KOH.  Even though the reaction flask was cooled 
in ice, it warmed up;  and the solution turned yellow.  The solution 
was stirred for 2 hrs. at 0° then warmed to room temperature and stirred 
for 2-1/2 hrs. 

The reaction mixture was extracted with ether to remove any or- 
ganic material, and the extract was then washed with water to remove 
the alcohol. This is the procedure normally used for the work up of 
ethoxy substitution on cyclobutene systems. Unexpectedly, the yellow 
color concentrated in the water washings. As a result, the washings 
were continuously extracted with ether. An oil appeared to collect in 
the ether extract; however, no product could be isolated. 

The minor product obtained from the pyrolysis of l,2-diethyl-3,3,4,4 
tetrafluorocyclobutene (see above) analyzed to give an empirical 
formula of CJB-F.  No structure has been proposed. 

The pyrolysis of perfluorocyclobutene in an atmosphere of SOo 
gave a multitude of products such that an adequate separation of the 
components of the reaction mixture would be nearly impossible. 

Miscellaneous 

Alkyl Exchange by Grignard Reagents 

F2r-ir CH3 
Fgl Ü.F 

IVa 

C'X^ 
CH 

2 5 

VI 

2 5  (?) 
C H 
2 5 

l-Methyl-2,3,3,4,4-pentafluorocyclobutene (IVa) was prepared by 
the reaction of methyl lithium with perfluorocyclobutene.  After at 
least two fractionations the enriched fractions were purified on the 
Autoprep G.L.C. apparatus.  Absolutely pure material was needed because 
impure material gave a small amount of 1,2-diethyl-3,3,4,4-tetrafluoro- 
cyclobutene (VI) along with l-methyl-2-ethyl-3,3,4,4-tetrafluorocyclo- 
butene (V), and this result needed to be checked starting with pure 
material. 

The reaction with pure (IVa) was carried out exactly the same as 
the previous reaction with the impure (IVa).  The extract of the reac- 
tion mixture was shown to contain only one product, which was shown 
not to be VI by comparing the retention time of this product with a 
known sample of VI.  Rough fractionation gave a fairly pure sample 
of the product, which gave an infrared spectrum identical with that 
of an authentic sample of V. 

On the basis of this experiment the idea of alkyl exchange by 
Grignard reagents is discounted. 
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Synthesis of Conjugated Olefins 

F 

VI 

2 5 .Br, 
C2H5 CH2C12 

Br 
F
2p1-C2H5 
F9---|~C H 

Br  2 5 

VII 

VI was placed in a flask with a 25% excess of Br_ and stirred 
slowly in the presence of slight warming by an incandescent lamp. 
After 50 hx*s. an aliquot was taken.  NaHSOo solution was added to 
the aliquot to destroy the B^, and the mixture was extracted with 
CHgClg.  After drying the extract it was analyzed by G.L.C. and found 
to contain a new material in a proportion to starting material which 
indicated the reaction had gone 20% to completion.  After 5-V2 
days a similar procedure was followed, and 50% completion was indi- 
cated , 

A more detailed write up will be made when the reaction is com- 
pleted, the product is analyzed, and the properties are determined. 

CH CH3 

CH2CH3 

NBS 
CC1 

F., 

Br 
CHCH3 

CHCH3 
Br 

VI Villa 

The N-bromosuccinimid was slurried with CCl^, and VI was added. 
After stirring at the reflux temperature of CCl^ for 24 hrs. no 
succinimid was evident at the top of the liquid layer, and G.L.C. 
analysis did not indicate any other material beside CCl^ and VI.  As 
a result, the NBS was filtered off, and the resulting solution was 
used in the following reaction. 

CH CH 
2 3 

CH„CH 
2 3 

XL 
hv' 

g HCH3 
gCH3 

VI IX 

VI was placed in a vessel equipped with a gas bubbler and ir- 
radiated with an Hanovia ultraviolet lamp while CI2 was bubbled in 
slowly.  After one day there appeared to be a reaction.  A more com- 
plete discussion of the reaction will be written after the product 
has been isolated and characterized. 

> 
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The following reaction scheme will be attempted: 

Br 

2f CH2CH3 

Fn : i-CHÄCH 
Br 2~"3 

CHCH. 

CHCH. 

Br, s 
F 

F 

Et3N 
s 

ci 
CH CH 

2 3 
CH2CH3 

-£!■ 
cold 

CH0CH 2 3 

Al Oo 
2 3 

rearrange to 
more stable diene 

u 
f-CH CH 
Cl     2     d 

CHCH. 

F2 CHCH0 

Cl     3 

CH=CH 

CH=CH. DO 
Epoxidation Studies. - The object of this investigation is to prepare 
fluorinated epoxides, to determine the nature of halocyclobutene pyrol- 
yses, and to explore the basic chemistry of fluorinated thiolene deriv- 
atives. 

Attempted Epoxidation of Haloolefins 

F 

F hv' 
—H2Q_> 

(CFoC0„H) 
III £-2-2 

9,0 g. (0.05 mole) of perfluorocyclobutene (I) was placed in the 
reaction vessel along with 150 ml. methylene chloride and allowed to 
react for 8-1/2 hrs. with oxygen that was slowly bubbled into the sol- 
ution in the presence of ultraviolet light.  Ca. 3 g. of a white solid 
was recovered from the sides of the vessel and from the solution. 
This amounted to a 30% conversion.  Analysis on the G.L.C. apparatus 
indicated that only 25% of the starting material was present in the 
final solution.  A 55% yield was then calculated.  The remaining 45% 
was probably lost through evaporation since the boiling point of I is 
5° and since the solution was only slightly discolored. 

The product was very soluble in ether and in water but only 
slightly soluble in carbon tetrachloride or benzene.  It could be re- 
crystallized from benzene.  The pure crystals lost solvent of crystal- 
lization at ca. 80° and melted at 116-118°.  They could also be ob- 
tained by subliming at ca. 80° and 0.5 mm. pressure. 

Identical material was obtained from the reaction vessel and from 
a water solution which had been evaporated to dryness. This indicated 
that the crude product did not react with water. However, a water 
solution was quite acidic.  The compound gave a positive Beilstein 
test, but sodium fusion and subsequent analysis for chlorine indicated 
that there was no chlorine present, which may have been picked up 
from the reaction solvent. 

Elemental analysis from Galbraith gave C, 23.72%; H, 1.92%; 
4*e— 
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F, 36.30%; 0, 38.06%.  The empirical formula calculated to C4H4F405, 
which is impossible.  However, 3-M analyzed the compound to Se C, 
24.7%; H, 2.00%; F, 39.3%; 0, 34.0%.  The empirical formula calculated 
to be C4

H
4F404.  This was consistent with 1,1,2,2-tetrahydroxy-3,3,4,4- 

tetrafluorocyclobutane (II).  However, reaction of a small amount of 
material with P205 failed to give the blue diketone (B.P. 873, 222; 
CA., 56, 1363 tli62).); and the infrared spectrum corresponded 
exactly to a spectrum of perfluorosuccinic acid (III) (Simons, 
"Fluorine Chemistry", Vol. II, p.488).  This differed from the em- 
prical formula by two hydrogen atoms and did not represent a very 
large error in the value for the hydrogen analysis.  A neutralization 
equivalent of 98.6 was found; theory for III is 95.0.  This error 
could have resulted from incomplete removal of solvent from the crystals. 

Obtaining III from the reaction is not altogether unexpected since 
irradiation of oxygen with ultraviolet light produces ozone.  Ap- 
parently, either the solvent or the starting material contained a 
small amount of water which reacted with the ozonide. 

F2"C1 a F2I UC1 hv Ä III 

10.5 g. (0.054 mole) of l,2-dichloro-3,3,4,4-tetrafluorocyclc- 
butene (IV) was allowed to react for 8-1/2 hrs. in a manner similar 
to the reaction of I.  At the end of this time 80% of the starting 
material was still present according to G.L.C. analysis.  Upon evapor- 
ation of solvent a small amount of heavy oil was obtained on which an 
unsuccessful attempt was made to isolate the pure material on an 
alumina column.  A rerun of this indicated that this material could 
have been a mixture of product and starting material. 

A second rerun was made utilizing 17 g. of IV and allowing ca. 
36 hrs. reaction time.  A yield of ca. 90% and a conversion of ca. 
15% was obtained.  The solid gave a melting point and infrared spectrum 
identical to III. 

02   H.O 
CF3CC1 = CC1CF3— hv—» —*-** CF3C02H 

la II 

Oxygen was bubbled into 2,3-dichloroperfluoro-2-butene (la) 
in the presence of ultraviolet light for 16 hrs. at 0°.  At the end 
of this time G.L.C. analysis showed that no starting material was 
present in the reaction mixture.  However, there was one peak which 
represented a heavy material.  Later separation on the Autoprep G.L.C 
apparatus and subsequent infrared analysis showed this material to be 
CHC19CHC12.  The origin of this material undoubtedly was reaction of 
the Solvent (CHgClg). 

The reaction mixture was wahed with water, which was then neutra- 
lized with bicarbonate.  The water extract was then washed with ether 
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to remove any organic materials other than salts.  This wash was 
placed with the original organic material, which had previously been 
extracted with water.  This material was dried and analyzed by G.L.C 
Again only the CHClgCHClg peak existed in addition to those peaks of 
the solvents. 

The water extract of the reaction mixture was evaporated to 
dryness and then extracted with absolute ethanol.  A material giving 
an infrared spectrum corresponding to a known spectrum of CFgC0oNa 
was isolated in an amount which indicated a 6.5% conversion. 

Due to inefficient cooling of the reaction much of the light 
material was eventually lost, making a meaningful calculation of the 
yield impossible. 

<V  HO 
CF3CF = CF2    *>   —z -** CF C02H + HCOgH 

Ilia II 
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