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TI~E SYNTHESIS OF NEW ORGANOFLUOR INE COMPOUNDS
BY DIRECT FLUORINATION

The major thrust during the first year of support by the Air Force Office

of Scientific Research has been directed toward the projects originally mentioned

In the Research Proposal . Most of these investigations have been very successful,

and attached as an appendix to this report are several manuscripts which have

been published or are now in press. These publications are definitive pieces of

chemistry that establish conclusively that one can, with a “ery high degree of

success, prepare perfluortnated oxygen-containing functional *nd dUunctional

compounds. Also, very well established is the fact that one can prepare fluoro-

carbons from hydrocarbons even in structurally challenging situations. We have

obtained In. much higher yield and often uniquely, new perfluorocarbon materials.

It has therefore been established that the direct fluorination technique will pro-

vide analogs to basic organic compounds which are certain to be of much practical

Importance over the years In organic chemistry. . 

-

During the past year some of the most intense effort cn this project has been

directed to the preparation of perfluoropolyether oligamers by direct fluorination

of hydrocarbon polyethers. The fluorination of high molecular weight polyethers

under control conditions has resulted In the preparation of a series of oligamers

which appear to have the structure: 
. 

.

I i ?  ..

C — c~O(CF~CF~O)~ ~j 
— C F n 20- 30

F •
:

F

These oltgarners are believed to be dtfuncttonal and of prime Interest to the Air

Force Materials Program. It is thought that the length of polymer chain can be

modified in either direction by altering the fluorination conditions. The degree

of difunction alizatlon is being investigated by carbon-13 and fluorine-l9 NMR

techniques and methods are being develope~ for separation of non-functional and

monofunctional perfluoroethers from th ..~ ~~f.inct~on~1 oli~~ mers . 
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A major effort is also being directed toward the preparation of lower
molecular weight volat ile oligamers of the same structure. The high rnolecu—
lar weight material which was first obtained has excellent thermal properties,
but unfortunately is insoluable in most organic and fluorocarbon solvents. The
limited soluabiltty makes it difficult to characterize and manipulate as a co-
polymer. Under more vigorous reaction conditions, volatile products are
obtained which appear to be a source even of functional perfl uoropolyethers of

• a single molecular weight and chain length . Such products appear to be attainable
via separ ation of volatile products by prep~ rative gas chromatography. Another
ongoing effort involves base hydrolysis at high temperatures and cleavage of

. 4 the higher molecular weight material to produce lower molecular weight functional
perfluoropolyethers. . 

-

Recently, several additional areas of experimentation have been undertaken
on this project . A concerted effort is being made to study the selective fluorin a-
tion of organic compounds at very low temperatures. Thus, It may be possible
to replace selected protons in organic compounds with fluorine with the hope of
obtaining high yields of certain partially fluorinated organ ic compounds. The initial
results in the area are promising, if not definitive . 

. 

-

An area of primary effort has been In the functionalization of polymer surfaces
by fluorination of hydrocarbon polymers with an oxygen-fluorin e mixture . If
methyl or ethyl groups are bound to a polymer surface such as is the case In poly—
propylene or conventional (lower density) polyethylene, we have been able to
lUnctiorialtze these alkane groups as we perfluorlnate the backbone of th~ polymer.
The functional izat ion of polymer surfaces can be conducted efficiently on polymeric
materials of any shape including fine powders, objects and surfaces of films. The
fluorination penetrates 0 • 1 to 0.2 millimeter. In the case of polypropylene, from

• 10% to 65% of the methyl g?oups in a 100-mesh part icle can be converted to acid
fluorides during this fluorinat ion process. This would indicate that nearly the
entire meth yl population of the surface i~ ~nverted to the functional acid fluoride.
The acid fluoride can be hydrolyzed easily to produce carboxylic acid groups
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bound diz~ect1y to the carbon chain over the total surface of a polymer. This

- 
difunctionalization research has applications in at least three areas: inert

~! - ~ I functionalized membranes for batteries and e lectrochemical cells, use as tem-

S plates for synthesis in organic chemistry and biochemistry, and support of
- catalytically reactive materials . Thus, one can convert a homogeneous catalyst

into a more useful heterogeneous catalyst, and overcome catalyst recovery

I problems. We have successfully bound the manganese pentacarbonyl to the

• I surface of these polymers. The most recent effort s in this area involve preser-
~~ t

vation of polymer functional groups during fluorination and methods for preparing

functionalj zed fluorocarbon sur faces via pendant perfluoropolyesters as inter-
- • S

mediates.

I Other areas presently under study include -the preservation of silicon-carbon

bonds during direct fluorination, the synthesis of perfluorocrowu ethers, and
the syntheses of a nmnber of other structurally unusual fluorocarbons such as

perfinorospiropentane . 
-

- 

New methods which have been recent ly developed for direct fluorination
have enabled practical syntheses in high yields of oxygen-containing perfluoro-

- - carbons from their hydrocarbon analogs . These syntheses have been successful
on several important classes of oxygen-containing hydrocarbons and most functional
coups survive these gentle fluorinations. The syntheses of perfluoro-l,2-

; dimethoxyethane, perfluorobis (2 -methoxyethyl )ether, perfluoro-l,2 -diethoxyethane,
perfluoro-l, ~i-dioxane, perfluoroethyl acetate, perfluorodimethyiinaloriyl di fluo-

ride, and perfluoropivaloyl fluoride from their hydrocarbon analogs are discussed.

The monobydro species -hydrotetrafluoroethyl trifluoroacetate, monohydroctafluoro-
- pivaloyl fluoride , and l-bydrononafluoro-2,~-djox~~ex~~e have also been prepared

and characterized.
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The reaction of elemental fluorine with structurally unusual hydrocarbon
S starting materials has been carefully controlled so that structurally analogous S

perfluorocarbons have been successfully obtained. The synthes€.s by direct

fluorination of perfluoroneopentane, perfluorohexaniethylethane, perfluorobornane, -

S

~~~~~~~~~~~~~~~~~~~~~~~~~~~ per fluorocyc looctane, and monohydropentadeca-

fluorocylcooct ane are reported. - S

The low temperature direct fluorination of highly branched nitrile and

amine containing hydrocarbons were conducted under conditions condusive to good

yields of perfluorinated hydrocarbons. Perfluoroneopentane was produced from

pivalonitrile and perfluoroisobutane from t-butyl amine. The results suggest

the lability of 
~~2 groups under the conditions of the experiment . In contrast ,

when normal nitrales, such as glutaronitrile and nitrogen containing ring compounds,
such as morpholine are fluorinated, the corresponding nitrogen containing fluoro-
carbon is produced in higher yields than prev5 ously reported by other fluorination

amethods. S - 
•~~~ - -- - - -- - - - - -

The first fluorine-containin~ smaller carboranes and bis(difluoroboryl)-

methane have been prepared. The controlled reaction of C2B5
H
7 

with elemental

fluorine yields the new compounds BF2CH2BF2 (I), 3 -FC2B5H6( II) , l-FC2B
5

H6( III),

5—7C2B5
H6(IV), l,5-F2C2B5

H
5
(V), l,3-F2C2B5

H
5
(VI), and 5,6-F2C2B5

11
5
(vII). These

new carboranes were characterized by B ~~~ spectroscopy, mass spectroscopy,

and infrared ape ctroscopy.

The controlled reaction 2,2,l~,1i~ - tetramethylpentane with fluorine at _780

yielded three ma.j or projects: 3 ,3~dThydrooctadecafluoro_2,2,i4.,l~_tetramethy1pentan~,

3-hydronoadecafluoro-2,2,14.,ll.-tetranjethylpentane and perfluoro-2,2,!4.,ll.-tetraznethyl_

penta~c. Theze products were present in rat:’ ~s of 0.lli. to 0.66 to 0.20 respective ly

_ _  
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with an overall yield of 70 - 95%. Evidence which suggests the’ 
methylene protons

S on the first two species are sterically protected by the bulky trifluoromethy].

groups was obtained by noting that these compounds were not converted or fluori-

H. 
- 

mated further to the perfluoro 2,2,l~,ll.-tetraiuetby1pentane by further reaction

with fluorine. - 
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