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In the early part of this Air Force sponsored program, we established

~iiat even hydrocarbons presenting the most difficult synthetic problems
1

could be converted to fluorocarbons In reasonable yield. (See fig. 1~)

It became clear from these experiments that direct fluorination was

capable of competing with te thniques such as cobalt trl.fluorjde

reactions, electrochemical cell techniques, and conventional organic

techniques on difficul t synthetic projects often resulting in higher •1
yields and novel compounds.

Undoubtedly, one of the most important contributions of the

previous Mr Force program was to establish viabl e synthetic techniques

for the preservation of functional groups on organic compounds during
2 3 . 1. 

l I .
fluorination. These techniques have led to a variety of new
oxygen containing fluorocarbons . (See fig. 2) Striking contributions 

j
of the initial manuscript were the first fluorination, process capable

of. preserving ester linkages, the first synthesis of pertluorodloxane

and high yield synthesis for perfluoro acid fluorides. As is evident

from this study, the previous synthesis for perfluoro “glyme” Involved

the electrochemical fluorination and cleavage of dioxane to give a 3%

yield. The synthesis by direct fluorination of this technique produced

perfluorod ioxane in a 40% yield , and perfluoro “glyme” can now be

prepared in 90% yield from the corresponding hydrocarbon ether.

SInce 1975 the fluorination techniques have been refined such

that one could say with confidence that almost any of the compounds
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Direct Fluorination of Oxygen Containin g Hydrocarbons

CH3-O-CH2CHjO-CH3 7 * CJ~-O-CF~CF~-O-CF CF-O-CI~CF~-O-C1~H
• I,2-Olmithoxy.thans f-I,2-Obn.thoxy.Ihons I-Hydro-f-2,5-O~ cohiXOIlS

(21%)

cH~O-CH2CH2-O-CH2CH1O-CH3 7~~~* ~ ~~~~~~~~~~~~~~~~~~~~~
Bis(2-msthoxysth~1) Ethsr £-eIs(2-msthosIy.th,ø) EtMI

cH3CH~ O-CH2CH1O-CH2CH3 ~~~ 
CF~ CF~-O-C~ CF~-O-CI CF3 (18%)

1,2-Disthoxysthin. E-l,2-D~sthcsysthans

O~~~~~~~p

0 /~~~ CF~7
O 

~

l ,4.OIoxon. f—I ,4—O4oxsn.

0 ~~~0 0
I, F2 

S. -

CF~-C-O-CF~CF~ +
• Ethyl Acstate i-Ethyl Actets troflucro.thyl (20%)

- (5~~~~) Thftuotcocstat.

çH~o cFo 
- 

HCF O
u F .1, .  •~~~~~~s•

cH3-ç—c-F cF~-ç—c-F + CF~-ç—c-F
CH3 .CF~ cF~

Pl,sIoyl Fluorld. . f-Plvaloyl Fluodde M~~~~~o-f-p~voloyl Fluor~ds
(02%) . (20%)

0 CH5 O 0 C F O

~ F..~_4!.a-F (‘4%)

CH, ‘

.
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prepared In these earlier studies could now be obtained In yields at

least double those of the original publications. For example, 90%

yields of perfluoroneopentane have been obtained and yields of perfluoro~
adamantanes in the 30-50% have been coniuon when we have been called upon

for samp1e~ of such compounds to meet needs in other laboratories and

for derivative synthesis and physical studies In our research program s

The capability to prepare new fluorocarbon and functionalized

fluorocarbcn materials when they are needed Is indeed an important one~
It is st ill true in 1977 that there are many bas ic organ ic structures

such as the previous example of dioxane , for which the fluorocarbon

analogs are not known and unknown properties remain to be speculated

upon. For example there are many known organic solvents for which

there are not corresponding analogs. Should new compounds of this

class be availabl e in reasonable quantity, there woul d be much interest

In their properties. Of course organofluorine compounds have a track

record as one of the most valuable classes of compounds with respect

to practical uses. This is especial ly true when properties associated

with extreme stability , or on the other hand, properties associated

with extreme reactivity are desirable! Both are availabl e in fluorine

chemistry.

There are a number of speculative efforts which have been recently

successful in our laboratory which offer opportunities for new research

efforts In the coming few years. One of the most surprising was the

development of the ability to preserve metal-carbon bonds during direct

fluorination. Initially, it was found5that the low temperature fluorl-

nation of bistrimethylmercury gave low yields (7%) of bistrlfluoromethYl-

mercury:

~J. ________________________________ ~~ _______________ -- 
— ‘— “ - -

~~~
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Hg(CH3)2 + F2/He ~~~~~ ~ Hg(CF3)2+HgF2+CF4#CF3I4#CF2H2+CFH3

This experiment added encouragement to our effort in this area.

Subsequently the reaction of fluorine with tetramethyl sil ane produced

a series of fluorinated silanes.,5

S1(CH3)4 + F2/He ~~~ 
S1( CH3)X (CH2F)

Y
(CHF2)ZI x + + z 4 

- 

I
It was quite encouraging that the overall yield of polyfluoro-

tetramethylsilanes was 70-80% indicating .that at least that percentage

of carbon-silicon bonds survive the fluorination process. An idea of

the range of the products obtained from this reaction can be obtained

from glancing at Table I - Table III on the next pages.

The most exciting experiment so far in fluorination of organo- •

1~~~

metallic compounds is the synthesis of tetrakistrifluoromethyl germane in

63% yield on a two gram scale from tetramethylgermane~~ Al so under milder

conditions It became clear that partially fluorinated tetramethylgermanes 
V

similiar to the silane materials could be isolated under conditions ‘

different from those used to optimize the yield of Ge(CF3)4. The major

products obtained under these conditions are listed in Tables IV through t
VI. A suninary of work In this area is In press In Journal of Organo-

metallic Chemistry. ~ Additionally, a description of the reactions of

fluorine with tetramethyltin is to be published In Inorganic Chemistry.

There are many new possibilities In this area. Certainly this represents

an extreme in our endeavor to push the technique of controlling reactions

of elemental fluorine toward Its l imits. -

Another recent effort which forcasts any unexpected sensitivity V

~~ 
~~~~
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to ‘be exploited tn the next three year program is that of controlled

oxidation of organic and Inorganic compounds. As we have found much

to our del ight, the oxidation of sulfur can be controlled such that

fluorination to a four coordinate Is possible.7 Carbon dlsulflde was

reacted with fluorine at low temperatures to produce difluoroinethylene—

bis(sul fur)tr ifluor ide: 
V

F /He •

-120°C

More extreme conditions may be employed to prepare the compound

(SF5)2CF2 if the six coordinate product is desired. A number of

previous studies of the oxidation of carbon disulfide using other

fluorination techniques have been reported, however, the isolation

of practical quantities of SF3CF2SF3 has not been previously reported.

We have determined that this Is not an Isolated observation in main

group chemistry from other studies which are In progress. This study

provides an Inkling of a number of developments based on this principle

which will be pursued to establish wide application .

Recent work in our laboratory has also been focused toward the high

temperature fluorination and cleavage of high molecular weight fluorinated

polyethylene oxide to produce new discrete high boiling polyether mater-

lals. 8 Controlled direct fluorination of polyethylene oxide results

In the production of an oligomer which has a degree of polymerization

of about 40 units and is composed of a mixture of nonfunctional, mono-

func tional , and difunctional polyethers of the perfluorogylme structure:9

RCF2O(CF2CF2O) nCF2R’

0 0
where n ~~4O R F, CF3; C - F; R’ F, CF3, C — F

- — —-
~ — - V~~.V . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~- -~~~ ------ —L - --i ’- —i — —
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These materials have been partially separated, but their full character-

ization has taken a temporary back seat to the synthesis of slightly V

lower molecular weight perfluoro polyethers. By raising the fluori-

nation temperature to 120°, to promote fragmentation, we have recently

reported the synthesis of a series of 8 perfluoro polyethers. The

range of products which have been characterized is shown in Tables VII

and VIII. At 120° if 40 grams of starting material are employed, the

yields of volatile materials such as those shown in the tables are 9

grams plus over 40 grams of solid f1uorocarbon~ However , since this

paper has been written, we have been extracting the involatile solids

with organic solvents and obtaining substantial quantities of higher

molecular weight perfluoro polyethers. These compounds range from

very, high boiling liquids to oils and wax-l ike materials. One of the

initial aspects of the new program will be to fully characterize these

materials and study their physical properties which appear to be most

unusual .
0

The fluorination at 120 or above serves to eliminate most of

the acid fluoride functionalities which occur on the polyethylene V

structure. We have isolated some lower molecular weight functionalized

polyethers In th is process. However, under these cond itions, the

c.rnversion leading to preservation of the acid fluoride group does 
V

not constitute a quantity such that there Is a viable synthetic conver-

sion. Other techniques which we are proposing will lead to the high

molecular weight functional polyether materials.

We , of course, real ize that there are other routes to perfl uoro

polyethers such as the polymerization of tetrafluoroethylene oxide,

which has been under development by industrial firms like DuPont,

_____  - _____  - , 
,
~ 
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Table VII

CF3—(O—CF2-CF2 )~—O—CF~

CF3_ (0_CF2_CF2)m_0_CF2_CF3

Mole % Of Volatile
compound m.p. b.p. Prod. Mixture
n 1  14.6

m B l  
- 7.6

n 2  66 -‘• 66.5 87

m — 2  81.5 -‘- 82 4.9

n — 3 -82 -
~~ —80.5 104.5 + 105 8.1

m • 3 -80 -78 117.5 + 118.5 5.7 V

n 4 -71 + -69.5 138 + 138.5 6.8
• 4 -60.5+ -60 146.5 • 148 5.3

n — 5  -47 + -46 164 + 164.5 5 9~
m~~5 -47 + -46 l73.5~~~174 4.3

~~~~~~~~ ~~
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Table VIII

19F NMR Data

CF3-0-CF2-(CF2-0-CF2 )~~
CF2—0—CF3

a b - c
V CF~ -0-CF2- (CFz_O~cF2 )~-CF2-O—cF2—cF3

a b c c C C d

SHIFT In ppm vs. 1% aq. TFA (ext.)
V (Relative IntensIty)

Compound 
— 

a (trip.) b (quart.) c (sing.) d (sing.) Jab (in Hz)

X • 0 -16.3 18.3 10
(3) (2)

y • 0 -16.3 18.2 16.2 15.0 V 

10
(3) (2) (4) ‘ (3) ‘V

• 1 16:4 18.2 16.1 9
(3) (2) (2)

• 1 -16.6 18.0 16.0 14.8 9
(3) (2) (8) (3)

• 2 -16.6 18.1 16.0 9
(3) (2) (4)

• 2 ’ -16.7 18.0 15.9 14.7 9
(3) (2) (12) (3)

x • 3  V 

-16.6 18.0 15.9 9
(3) (2) - (6)

• 3 -16.8 17.8 15.8 14.6 10
(3) (2) (16) (3)

x • 4 -16.8 17.8 15.8 - - 10
(3) (2) (8) -

y ~ 4 —16.7 17.9 15.8 14.6 10
(3) (2) (20) (3)

V V i~~~~~~~~~~ V _
~~~~~

’
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - V
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Montecatini Edison and P.C.R. Our direct fluorination process, other
than providing unique methods to specific compounds, offers the promise

of relatively inexpensive syntheses. The hydrocarbon starting material, 
- _ _ _ _ _

polyethylene oxide, costs less than 6~ per pound and fl uor ine, although

~lO - $12/lb. in laboratory quantities, Is ava i la ble at less than

$3 00 per pound if routed directly from an electrochemical cell. The
bottling of elemental fluorine increases the cost substantially. Currently,
prices as high as $100/lb. a~e not uncoimnon for some comercially available 

V

perfluoroether material.

AFOSR Program Manager: Dr. A. Matuszko

L.1 t _ V.
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