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FOREWORD
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ABSTRACT

This report describes work carried out in the area of nitroso
polymers. Two general classes were investigated. These weve (1) sulfur-
containing nitroso polymers and (2) nitroso polymers containing functional
groups.

Synthesis of a wide varietv of fluorine-containing nitroso
compounds and olefins is described, as well as the synthesis of various
fluorine-containing intermediates,

Nitroso copolymers and terpolymers were prepared contalning
functional groups such as halogen. ester, double bonds, and methoxy.
Properties of selected s /stems are Jescribed,

A terpolymer which could be cross-linked by peroxide was
prepared using methyl 4-nitrosoperfluorobutyrate as the termonomer,

Infrared spectra and NMR analysis of the new monomers and
polymers are included.




I. INTRODUCTION

As part of its program on the development of materials for use
in extreme environmental conditions, the U. S. Army Natick Laboratories
(NLABS) has sponsored several research piojects in the area of so-called
nitroso rubber, a copolymer of trifluoronitrnsomethane and tetrafluoro-
ethylene.

This copolymer was first described by Barr and Haszeldine,'
who reported that CF3;NO and CF,=CF, reacted readily to give perfluoro-2-
methyl-1,2-oxazetidine and a colorless, viscous oil which was identified

as a l-to-1 alternating copolymer.
CF3NO + CF,=CF, > CF3N——O + ﬁ«vocvgw j»
CF

LFZ-CF

Formation of the polymer was favored by a low temperature,
liquid phase reaction. Russian workers? had earlier reported polymer
formation in the reaction of nitrosyl chloride with 1,l1-difluoro-2-
chloroethylene. Although this polymer probablv resulted from reaction
of the olefin with the initial product, CF;ClCLCINO, or its dehydro-
fluorinated derivative, CFC1l=CClNO, its structure was not elucidated and
was not shown to contain the -N-0- (C) - repeating unit found in nitroso
polymers.

CINO + CF,=CHC1

> CF,C1CHCINO

CF,CI1CHCINO -— > HF + CFCl=CC1NO

CF,C1CHCINO and/cr CFC1=CCINO + CF,=CHCl - polymer

The copolymer reported by Haszeldine was found to be unaffected
by hot concentrated sulfuric acid and potassium hydroxide.! Tn addition,
the polymer chain contained heteroatoms which might confer good low
temperature flexibility. On the basis of this information a research
program was initiated in 1957 by the U. S. Army at Minnesota Mining and
Manufacturing Company (3M) to study the preparation and properties of
polymers derived from fluorine-containing nitroso compounds and fluoro-
51efins.3“‘Akhough a wide variety of polymers was studied under this program,
the CF3NO/CF,=CF, system was given the greatest amount of attention. It was
shown that, when high purity monomers were used, elastomeric gums could
ke obtained with molecular weights in excess of 1,000,000, The solvent
resistance and low temperature properties (Tg = -51°) of the copolymer
were alsc demonstrated.




To cvaluate the (opoiymer more extensively and investigate
end-use appliliations, a program was itnitlated at Reaction Motors Division
of 1hiokor Chemical Corporation in 1963, Under this contract a method of
produzing high purity trifluoronitrosomethane at a rate of about 25 pounds
per day was develcped and 200 pounds ot the copclymer were produced. -

The research program at Peninsular ChemResear:h was also
started 1n 1963, The initial objective ot this work was the Incorporation
of :ompounds ontaining sulfur i1nto the nitroso polymer system.

This oh»jective was later moditied so that the major portion of this
research was concerned with the synthesis ot new nitroso copolymers and
terpolymers., The only known cure for the .opolymer, cross~iinking by
triethyienetetramine and hexamethylene diamine carbamate,® caused
scor.hing and sponging with consequent low tensile strength of the vul-
canizate. For this reason the majority of the termonomers used in this
work .ontained labile grcups which might be capable of providing a new
cross-linking site without the use of the standard amine cure. The
séarch for potential termonomers necessitated a major eftort in the area
or monomer synthestis Both nitroso compounds and substituted fluor- -
olefins were 1nvestigated as termonomers. Certain menomers were alsc
supplied by the University of Florida and the University of Colorado
undexr :ontraits directed by Professor Paul Tarrant and Professor

J D Park, respectiveiy.

A compiete description ot the work sponsored by the U, S. Army
Nati:k Laboratories in this fieid has been presented by Henry and
Griftis




I1. DISCUSSION

A. Monomer Synthesis

To prepar. .ew nitroso polymers, it was frequently
necessary to synthesize hoth new and previously reported fluorine-
containing monomers ari incermediates. Since these compounds varied
greatly in structure and in functional groups, a discussion of their
preparation will be divided into sections according to the characteristic
feature of the individual compounds. For convenience, the following
classifications have been selected:

. sulfur-containing compounds

. fluoroaromatic compounds

. nitroso-esters and derivatives
trifluoronitrosomethane and other nitroso compounds
intermediates and miscellaneous compounds

WP

Physical properties and analyses of the new compounds prepared are listed
in Table I1. A reference to both the infrared and NMR spectra of these
compounds is included in this table. These spectra are described in
Appendix A and B, respectively, Parentheses, e.g. (Al), after a compound
name or formula indicate that its infrared spectrum is shown in Appendix
A.

1. Syuthesis of Sulfur-Containing Compounds

The initial research carried out under this program was
directed toward the preparation of nitroso polymers containing sulfur,.
This objective, it was felt, might be accomplished bty polymerization
using either (a) a monomer which would incorporate sulfur in the backbone
of the polymer or (b) a monomer which would result in a pendent group
containing sulfur. In the latter case either a sulfur-containing olefin
or nitroso compound might be used.

In order to investigate method (a), small quantities of thio-
carbonyl fluoride and perfluorothioacetone were prepared, These compounds
were synthesized using reported procedures, as shown, Due to the tendency

Thiocarbonyl Fluoride®

/’S\\
\\S/’

1. ClyCag -1=¥

> Cl,C CccCl,




SbF 4 /
2, Cl,C ccl, > cm\\ j>CF2 (A1)
S S
S
A\ i
3. FsC //crz > FyC=S (A2)
S
Perfluorothioacetone’
S *
(CFq)zC\\ //C(CF3)2 B (CF3) ,C=S (A3)
S

of these compounds to polymerize or cyclize, it was necessary to

store them in acid-washed glass ampoules at -78°. Although the dithi-
etane precursor to thiocarbonyl fluoride was washed until colorless with
sodium hydroxide and hydrogen peroxide prior to distillation, this
treatment is not strictly necessary and results in handling losses. It
was later found that distillation of the crude dithietane results in
samples of greater than 987 purity.

The investigation of polymerization using method (b) required
the synthesis of both olefins and nitroso compounds, The previously
unreported trifluoromethyl trifluorovinyl sulfide was prepared by the
addition of trifluoromethanesulfenyl chloride to chlorotrifluoroethylene
followed by dechlorination of the product mixture as shown., The addition

Trif iuoromethyl Trifluorovinyl Sulfide!? (A4)
1. CCliSCl + NaF -2 cpyscl + CFysSCRy !l
2. CFaSCL + CF,=CFCl —Y* (F;SCFCICF,Cl +

CF3SCF,CFCl, 12

Zn

3. CF3SCFCICF,C1/CF3SCF,CFCl; m>

CF3SCF=CF, + CF3SCF,CFCl,

of CF3SCl to the olefin (step 2) was accomplished using a modification
of the procedure described by Harris.!? Whereas Harris carried out the
addition by irradiation in tha 1liquid phase, our reaction was run irn the
gas phase. This variation apparently results in a different product

* A sample of 2,2,4,4-retrakis(trifluoromethyl)-1,3~dithietane was
provided by C. G. Krespan of DuPont, Wilmington, Delaware.

4




distribution. Harris reports a ratic of 78:22 (by GLC) while a ratio of
57:43 CF3SCFCICF,CLl:CF3SCF,CFCl, was determinad by NMR for the mixture
produced by gas-phase irradiation. Dechlorination using zinc in dioxane
gave CF3SCF=CF, conversions as high as 83%. The structure was verified
by infrared, NMR analysis, and molecular weight determination, Pure
(95%) CF3SCF,CFC1;,(A5) could alsc be distilled from the product mixture,
Since separation of the isomers could not be acirieved by distillation or
GLC,!? this method provides a relatively simple means of obtaining this
compound.

Trifluorovinylsulfur pentafluoride, CF,=CFSF:, was prepared
by a reported procedure13 using the following sequence of reactions:

Trifluorovinylsulfur Pentafluoride (A6)
1. SF. + Cl, + CsF - > SFeCl '®
Bz,0;
2. SFsCl + CF.=CFH C_C—l_..——) CF,C1CFHSF «
3. CF,CICFHSFy —20 .  CF,=CFSF¥,

An attempt to add SFsCl to CF,=CFH (step 2) using ultraviolet irradiation
in the gas phase produced no adduct, Reaction in an autoclave using
benzoyl peroxide in carbon tetrachloride did, however, give reasonable
conversions (58%). The dehydrochlorination reaction (step 3) was carried
out using powdered potassium hydroxide in hexane solvent,

Several methods were investigated for the synthesis of highly
fluorinated, sulfur-containing nitroso compounds, previous examples of
which had not been found in the literature. The first compound in this
class was prepared by the addition of nitrosyl chloride to trifluoro-
methyl trifluorovinyl sulfide as shown:

2-Chloro-l-nitroso-1,2,2-trifluoroethyl (A7)
Trifluoromethyl Sulfide

CF3SCF=CF, + CINO —=Y*— CF;SCF(NO)CF,Cl

A similar attempt to add nitrosyl chloride to CF,=CFSF: by ultraviolet
irradiation in the gas phase was not successful., When the reaction was
carried out in dimethylformamide and AlClj,a nitroso compound, identified
as CF,C1CFCINO, was produced. Formation of this compound indicates a
cleavage of the sulfur-carbon bond with intermediate formation of CF,=CFCl,
which then adds nitrosyl chloride to give the observed product.

A number of methods to synthaesize nitrosylsulfur pentafluoride,
SF5NO, were examined without success, These methods included:




1 teaction ot disulfur decaflvoride with nitric oxide using both
thermal activation and electric discharg

S;F .+ NO —p—> SF.NO

2. reaction ct disulfur decatluoride with nitrosyl chloride in
solution

S.,F , + CINO —f— SF.NO + SF:Cl

3. reacrion of sulfur tetrafluoride with nitrosyl fluoride
SF + FNO —f— SFf:NO

4. -eaction of cesiumsulfur pentatluoride with nitrosyl chloride

CsSF: + CINO —+— §SF:NO + CsCl

5. reaction ot sulfur chloride pentafluoride with nitric oxide
using benzoyl peroxide

SF<Cl + NO ——— SF:NO

6. rea.tion of dinitrogen tiloxide with sulfur tetrafluoride and
cesium fluoride

SF. + CSF ——— [CsSFs] + N;03 —+—> SFsNO

Several previous attempts, all unstccessful, to prepare SFsNO
have been reported. For example, a mixture of disulfur decafluoride® and
nitric ox:de was j:radiated by ultraviolet light in the gas phase without
formation of the desired product.'sﬁ's Since S;F-p 1s known to cleave
homolytically at 150° to give °SFs radicals, the thermally activated
reactions with S;F , were carried out at this temperature. The products
of the reaction between S;F;y and NO . . glass were identified as NO,,
SOF;, SO,F;, and SF:0SF., while reaction in steel produced N;0, SOF;,
SO;F,, and SF..

The reaction of SF. and nitrosyl fluoride at 300-400° in a
nickel .ylinder produced SOF., NO, SF., N;0, 50;F;, SOF;, NO,, and SO;.

The reaction of nitrosyl chloride with CsSF: at room tempera-
ture in glass gave, in addition to SF:Cl, NO;, SiF,, SOF;, SO,F;, and
SF.. A similar reaction, using dinitrogen trioxide rather than nitresyl
chloride, produced SOF; and SO,F;.

Since alkyl nitroso compounds may be prepared by pyrolysis or
photolysis of the acyl nitrite,3 as shown, it was proposed that

u,v. or
R COONO —%F— R.NO + €O,

SF-NO might be synthesized by the series >f reactions below, This method




1. SFcCl + CH;=CH, ———  SF.CH,CH,Cl 2

2. SFsCH,CH,Cl + KOH —> SFcCH=CH, 2“

OX.

3. SFgCH=CH, > SFsCOOH
-H,0
4. SFsCOOH ————— (SFC0),0
5. (SFsC0)20 + N,03 > SFsCOONO
6. SFsCOONO —==i> SFsNO + CO;
’ or 4 <

cculd not be evaluated, however, due to difficulties in preparing SF5COOH
(step 3). In addition to oxidation of SFgCH=CH,, other methods of pre-
paring the acid were examined without success.

CsF @ a9
1. SF, + COF; ——+—> SFF > SFsCOOH
CO,
2. SFsCl + Buli —————> SF3COOH
H

Since the failure to detect SFsNO as a product of these
reactions may have been due to an inherent instability of the compound
under the condi.ions employed, an attempt was made to produce "hot' SFg
and NO radicals by passing & mixture of S,F;(; and nitric oxide through an
electric discharge (Figure 1). The reaction was carried out both at
amtient temperature #nd at -78°. At ambient temperature, identified

transformer]

— ——

:] [r [: water-cooled electrodes
vacuum — ) ‘—
system _—

=
./
manometer ———>

!

reactants

Figure 1. Electric Discharge Apparatus




products were SiF_, N0, SO,, SOF ,, SF., SF (SO.F),, CF,, CFiCl, and
SFsCl. The last three compounds probably resulted by reaction with the
Kel-F grease used on the joints in the discharge apparatus. At -78°,
in addition to these same compounds, SO F, and SOF, were formed. 1In
both cases an unidentified compound was isolated. From its infrared
spectrum it appeared to contain an -SU;- group as well as SF bonds. No
turther efforts were made to .dentity this compound.

The various reactions used in the attempted synthesis of SFNO
are described more fully in the experimental section.

The synthes1, of SF<CF,COOH as a possible precursor to SFCF,NO
was also desired. Since the reaction of SF«Cl with ketene has been
reported to give SF:CH,COCl, ‘° the reaction sequence beiow might give the
the desired intermediate. Although difluoroketene has reportedly?® been

1. SF.Cl + CF _=C=0

> SF+CF,COCL

2. SF.CF COCL + H.0 > SF<CF,CO0H

prepared by reaction of CF,ClCOBr with zinc in ether, attempts to repeat
this synthesis gave none of the desired ketene. Similar unsuccessful
attempts by both Englishz7 and Russian‘® workers were subsequently
reported.

In the 1nitial phase of this contracct,one of the classes of
sulfur~containing monomers, which was desired for our polymerization
studies, was thionitrites, X_SNO, wiiere R, could be a perfluoroalkyl or
perfluoroaryl group. Although the hydrocarbon analogues, RSNO, had been
reported, ~ % there was no mention in the literature of a successful
synthesis of a perfluoroalkylthionitrite, R SNO. An unsuccessful attempt
to prepare trifluoromethylthionitraite, CF;SﬁO, had been described by
Emeleus and Pugh,20 who reacted bis(trifluoromethylthio)mercury with
nictrosyl chloride. Instead of the thionitrite, the major product was the
disulfide.

(CF38) Hg + 2C1INO > CF.SSCF; + HgCl; + 2NO

In our iaboratories a similar synthesis using trifluoromethylthiosilver
and nitrosyl chloride gave similar results.

2CF:SA, + 2CINO > CF3SSCF: + 2AgCl + 2NO

Since the disulfide seemed to be the favored product in
reactions of this type, the reaction of CF:iSSCF3 with nitric oxide was
attempted. The disulfide can be cleaved homolytically by ultraviolet
irradiation to give trifluoromethylthio radicals®122 go that a coupling
reaction might give the desired product as shown.

CF.SSCF. —%V: ., (cp.s. -NO
r.t

» CFaSNO




Instead of the thionitrite, the major product of this reaction was fouad
to be CF3NO, formed in 38% conversion. Sulfur was also formed. Appar-
ently, the trifluoromethylthio radicals decompose under these conditions
to give trifluoromethyl radicals which then combine with nitric oxide.

. N
CF3SSCF; —=Y— (F;S S+ Cre —90 R N0

Some bis(trifi oromethyl)sulfide was also formed, indicating a combination
of CF3S* and Cf3* radicals. A+ lower temperatures (-78°), CF3SCF; was the
only product.

The reaction of CF35Cl, which also cleaves homolytically to
give a CF3S- radic:al,“2 with excess nitric oxide produced a red solid
when the reactants were condensed and frozen. This color existud only
in the solid phase and could be regenerated by refreezing. The red color
was probably not due to nitrosyl chloride since this compound was not
detected in the reaction mixture on warming to room temperature, suggest~
ing that CF3:SNO was formed in a solid matrix and is unstable under normal
conditions. The few known thionitrites which have been rcnorted' ='°
(RSNO, where R=CHj, C;Hg, CgHs) are described as red, relatively unstable
liquids.

Reaction of both CF3EC1l and CF3SSCF3 with nitrosyl chloride
resulted in products (CF3Cl, CF3NO,} which showed that carbon-sulfur
bond cleavage occurs rather easily in the CF3S» radical to give sulfur
and a CF3* radical.

An attempt to react thiocarbonyl fluoride with nitrosyl
fluoride, as shown, gave inconclusive results. An infrared spectrum

F,C=S + FNO ———> CF3SNO

of the volatile product mixture, which was found to contain SiF., COS
and N;0, exhibited absorption peaks between 8 and 9.2 microns and at
13.17 microns, indicating a CF3S group. Other unassigned peaks occurred
at 6.15, 6.25 and 6.52 microns. Although the peak at 6.5z can probably
be attributed to carbon disulfide, the other two peaks are in the region
in which typical highly fluorinated nitroso compounds absorb. This
spectrum changed over a period of time, indicating decomposition of the
sample at room temperature. Due to the difficulty in preparing thio-
carbonyl fluorides, this method was not investigated further.

The synthesis of pentafluorophenyl thionitrite, C¢F<SNO, was
attempted using a procedure similar to that reported for the preparation
of alkyl thionitrites, as shown.

CeFsSH + CINO —F—> CgFcSNO + HCL




At -40° a solid identified as bis(pentafluorophenyl)disulfide (A8) was
formed in quantitative yield. Known thionitrites have been found to
form the corresponding disulfides very readily at room tempcrature:

so that C¢FsSNO, if formed, was converted under these conditions to the
disulfide as shown.

2C¢FSNO > 2N0 + C4FgSSCeF ¢

2. Synthesis of Fluoroaromatic Compounds

Fluorine atoms in pentafluorophenyl derivatives, CgFsR, may
be displaced by nucleophilic reagents to give disubstituted products,?23s 30
Substitution is genmerally directed to the position para to the R group.3!
Consequently, the incorporation of pentafluoroaromatic compounds into
nitroso polymer woula offer a potential cross-linking site. Functional
groups capable of cross-linking would also be of interest as substituents
onn a perfluoroaromatic monomer.

The synthesis of pentafluoronitrosobenzene was carried out
initially by a reported procedure,3Z as shown. Yields were generally

around 40%.

Pentafluoronitrosobenzene (A9)

CH,C1,
CegFsNHy + HCOOH/H0 ————  CgFsNO

The product could be purified by distillation at rec iced pressure and

by sublimation to give blue crystals, m.p. 44-45°. ’he major by-product
was found to be CgFsNO,. The synthesis of CgzFsNO by several other

routes, shown below, was also examined, but without success. Only the
third method gave any indication of the formation of the nitroso compound.

1. CgFcNHN=C(CH3)C¢Hg + HCOOH/H,05 —F—> CgFsNO

> CgFsgli -El§9—¥—° CgFgNO

2. CgFsH + BuLi

3. CgFsCOOAg + CINO

> CgF5COONO

A >  CgFgNr

Pentatluorobenzoyl nitrite (A 10) was prepared anc¢ isolated as an amber
liguia. Although pyrolysis of the nitrite gave inconclusive resulrs,

a sample sealed in zn NMR tube at room temperature under partial vacuum
formed a green solid believed to be CgFsNO.

Cecomposition of the aryl nitrite was also used in attempts to
prepare p-nitrosotetrafluorobenzoic aci{d. The monosilver salt of tetra-
fluoroterephthalic acid was prepared by reaction of the dicarbexylic acid
with silver oxide. Reaction of the silver salt with nitrosyl chloride gave

10




1. HooC COOH + 1/2 Ag,0 > HOOC @ CO,Ag
Hooc <:::> CO,Ag + CINO > HOOC i@i}) COONO (A 11)
HOOC COONO  —f-—>  HOOC @ NO

a product mixture from which a yellow, crystalline product, believed to
be the mononitrite, was sublimed. Evidence for this structure was
obtained by infrared analysis and by its hydrolysis with water to form
nitric oxide and tetrafluoroterephthalic acid. Heating the nitrite at
200° under vacuum produced no noticeable color change. Subseque:t to
this work, the synthesis of p-nitrosotetrafluorobenzoic acid by another
method was reported.3

[\=]

Lo
.

The synthesis of r-aminotetrafluoronitrosobenzene was ac-om-
plished, as shown, by the performic acid oxidation of 1l,4-diaminotetra-

p-Aminotetrafluoronitrosobenzene

CH,Cl,
HoN @ NH, + HCO;H/H,0p ——————> HON NO (A 12)
\0

fluorobenzene. The product, after separation from the reaction mixture
by sublimation, was a green solid which gave a green sclution with
methylene chloride. Further evidence for its structure was obtained by
infrared analysis, which shows a peak near 1555 cm ™ attributed to N-O
absorption,33 as well as N-H peaks below 3 microns. In addition, the
compound reacted with tetrafluoroethylene to give a solid polymer whose
infrared spectrum showed peaks attributable to N~H, C-F, and fluoro-
aromatic absorption.

The oxidation of 4,4idiaminooctafluorobiphenyl was also
attempted using performic acid. Although a yellow solid was obtained
in good vield, it was not identified. Its infrared spectrum (A 13)
indicates that it still conteins N-H bonds.

3. Synthesis of Nitroso-Esters and Deriva.ives

The previously unreported reaction of both perfluorosuccinic
and perfluoroglutaric anhydrides with methyl nitrite was found to produce
a nitrite-ester, as shown. The reaction occurs easily and exothermically

UGC(CF2)2,3L=O + CH30NO

to give near-quantitative yields. Structure of the two nitrite-esters
was established by NMR, elemental and infrared analysis. The infrared
spectra show typical methyl, nitrite, and ester absorption, as well as
strong C-F absorption.

> CH30,C(CF;),, 3CO0NO (A 14, A 15)
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The nitrite-esters were decarboxylated by both pyrolysis and
vitraviolet 1rradiation, as shown, to give the corresponding nitroso-

!
CH:0 CiCF,); .COONO —L—VA-‘—“—> CO; + CH30,C(CF;), sNO (A 16, A 17)

esters. Conversions ranged from about 207 to 47% with the average conver-
sion from over ten rcactions close to 21%. The compounds were identified
by NMR, elemental, and infrared analysis. The blue liquid nitroso-esters
were purified by distillation at low pressures to give high-purity (>99%)
mon~mers. Due to the high cost of perfluorosuccinic anhydride, most of
the reactions were carried out with the perfluoroglutaric anhydiide
derivatives.

Decarbcxylation by pyrolysis was generally carried out at about
250" by etther dropping the nitrite-ester into a packed, heated column
under vacuum or by dropping the nitrite-ester into a heated pot at the
bottom cf a heated lciumn under vacuum and removing the product from the
top In the latter procedure a distillation head was placed on the column
to withdraw non-vclatiie products In the pyrolysis of both nitrite-
esters appreclable amounts of .olorless, high-boiling liquid were obtained.
The high boiling li1quid produced 1in the pyrolysis of CH30,C(CF;)3;COONO was
1dentified by NMR, elemental, and infrared analysis as the triester,
[CH 0:C(CF,):]} ;NO(CF ):CO;CH: (A 18). This compound could be formed by
the following reactions:

CH:0 C(CF_) .NO —U—Z—9‘——

NO + CH.0,C(CF,) 3
CH.0,C(CF;) .+ + CH3;0,C(CF;)3:NO —> [CH30,C(CF,)3j,NO*
[CH.0,C(CF;):1,N0+ + CH.0,C(CF,)3+ — [CH1i0,C(CF37)3],NO(CF;)3C0,CHj3

A similar compound, (C.F:;);NOC:F-, hag been obtained by the pyrolysis or
photolysis of C3:F-NO "~ High-boiling liquid formed in the pyrolysis of
CH.0;C CF;) COONO was subsequently identified by NMR and infrared analysis
as [CH O.C(CF-)-1,NO(CF;).CO,CH: (A 19).

Decarboxylatior of the nitrite-esters to nitroso-esters could
aiLso be accomplished by ulcraviolet irradiation. Photolysis also produced
the high-bciling liquids menticaed above. Both methods give approximately
the same -onversions, but the photclytic decomposition is preferred since
1t requires less attention and regulation.

Attempts to 1incirease the conversion to nitroso-~ester by passage
of pure nitri. oxide through the pyrolysis tube at 5 mm. pressure were
not successful.

»*
Pyrolysis at higher temperatures (350°-400-) results in the formation of
2 high-boiling purple iiquid, possibly a nitroxide.

12
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The triester by-product was converted to the triamide and tri-
nitrile, as shown,

NH i g

3

(CH302G(CF5) 1] 2NO(CF ;) 500,CHy ———>  [H,NC(CF5) 3] ;NO(CF,) ;CNH,  (A20)
I P05

(H,NC(CF,) 31 ;N0 (CF ;) 3CHH, > [NC(CF;) 3] ;NO(CF,) 5CN (A21)

which were identified by NMR, elemental and infrared analysis.

An inicial attempt to synfhesize a nitroso-ester by pyrolysis
of a nitrite-ester, prepared by the reaction of a monosilver salt with
0

0=CCF;CF,C=0 + CH30H —

> CH30,CCF ,CF ,COOH

CH 30 CCF 2CF ,CO0H + Ag 0 > CH40,CCF ,CF ;C0Ag

CH30,CCF;CF ,C0O,Ag + CINO -

> AgCl + CH .0 ,CCF ,CF,COONO

CH10,CCF ,CF 2CO0NO - CH30,CCF;CF,NO

A
nitrosyl chloride, produced a volatile blue liquid. This approach was
not pursued, however, due to the concurrent discovery of the more facile
method previously discussed.

The attempted synthesis of CH,=CHCH,0,C(CF;):COONO by reaction
of allyl nitrite with perfluoroglutaric anhydride resulted in a vigorous,
exothermic reaction and, in one case, a detonation. When the reaction
was carried out at 0° in an open system,a viscous, dark brown material
was obtained. Infrared analysis showed that this material was not the
desired nitrite-ester.

The synthesis cf ClOC(CF2)2’3COONO was attempted to provide a
precursor to nitroso acids. No evidence of reaction was obtained,
0

77
0=C(CF3),,3C=0 + CIN0C —F— C10C(CF2),, .COONO

. H;0
U.V.or
C10C(CF2) 2, 3CO0NO A > HOOC(CF;), 3NO

however, when the reactants were mixed at room temperature or irradiated
by ultraviolet light. Samples of 4-nitrosoperfluorobutyric acid (A22)
were subsequently prepared both by a reported procedure” and by the
hydrolysis of methyl 4-nitrosoperfluorobutyrate.

H,0

CH30,C(CF;) 3NoO > HOOC(CF;)3NO

Hydrolysis can be accomplished using water, acid, or dilute (0.1 N) base.
When a stronger (5% NaOH) base was used, the blue color of the nitroso
compound faded after 10 minutes at room temperature. Consequently, neutral
or acidic hydrolysis is preferred. The blue product was then isolated

13
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either by extraction or by salting out with sodium chloride and then
dried. Although hydrolysis occurs more rapidly in acidic media (1 day)
than in neutral media (4-° days), conversions as high as 75% were obtained
with the latter method.

4, Synthesis of Trifluoronitrosomethane
and Other Nitrosoalkanes

Ii. the initial stage oi this contract it was necessary to
prepare working quantities of trifluoronitrosomethane in the laboratory.
Subsequently, this compound was made available from stock. The procedure
used for this synthesis was as follows:

(CF3C0):0 + N;03 > 2CF;Co0N0 37

CF 2COONO

— CF3NO + CO, 18

Pyrolysis of trifluoroacetyl nitrite, which was obtained in
nearly quantitative yield as reported, was accomplished by dropping into
refluxing FC-43 (3M Co.).° The volatile producte were purified by
scrubbing with 5-7% KOH and passage through a column packed with Linde
4A Molecular Sieve at -78° The major impurities - CO;, (CF3),NOCFj,
CFaNO,;, and nitrogen oxides - are removed by this procedure to give
CF3NO of purity in excess of 99%. Conversions after purification averaged
about 50%. The results of nine small scale experiments are summarized
in Table I. Using the apparatus described in the Experimental section,
about 120 g. of CF:NO could be prepared in one day. About 1 Kg. of pure
CF:;NO was prepared before it became available from stock.

TABLE 1
SYNTHESIS OF CF3NO

CF3COONO Addition Yield of CF3NO
Run No. (grams) Time (Hrs.)  (grams) (%) Remarks

1 125 6 48 55

2 80 3 29 53

3 172 7.5 51 45 Nitrite not of
sufficient purity,
contained NO»

4 140 6 48 49

5 80 3 35 63

6 65 3 22 49

7 230 9 74 45

8 200 6 43 31 Equipment failed,
lost some nitrite.

9 143 6 43 43 Equipment failed,
leak in purifying
train, lost CF3NO
before discovering
leak.
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A detailed description of the synthesis of CF3;NO on a larger
scale (%1 1b./hr.) may be ‘ound elsewhere.® ’

1-Bromo-1,1,2,2-tetrafluoro-2-nitrosoethane was prepared by the
ultraviolet-catalyzed, vapor phase addition of nitcosvl bromide to

tetrafluoroethylene. In addition to the desired product, a small amount

U.vV.

BrNO + CF,=CF, >  CF,BrCF-NO (A23)

of CFyBrNO was also formed. This compound could result from addition of
nitrosyl bromide to difluoromethylene or by carbon-carvon bond cleavage
followed by combination with NO or Br. NMR analysis of CF,BrCF,NO is
given in Appendix B.

Methyl l-chloro-1,2,2-trifluoro-2-nitroscethyl ether,
CH30CFCLICF;NO, was prepared by the addition of nitrosyl chloride to methyl
trifluorovinyl ether.3? The addition is carried out in CF;Cl; at -78° and

CINO + CH30CF=CF;

> CH30CFC1CF,NO (A24)

is unusually rapid. Another noteworthy aspect of this reacilon is tnat
the nitrosonium ion adds to the terminal difluoromethylene group to give a
primary nitroso group. In most cases of addition of nitrosyl chloride tn
a fluoroolefin containing one group or atom other than fluorine a%ttached
to the olefinic carbon atoms, the nitroso group will attack the carbon
atom with fewer fluorine atoms. For example, nitrosyl chloride adds to
chlorotrifluoroethylene and perfluoropropylene, as shown. Assuming the

CINO + CF,=CFC1 > CF,C1CFC1N0 “0

CINO + CF3CF=CF, -~ > CF3CF(NO)CF,Cc1 *“!

addition of nitrosyl chioride to alkyl trifluorovinyl ethers to be ionic,
the reversed nature of the addition might be explained by contribution of
the structure resulting from donation of electrons to the system through
the oxygen atom:

o0 + =
CH30CF=CF; <~——— CH30=CFCF;

An attempt has been made to prepare a functional nitroso
compound by the reaction of 1,3-diilodohexafluoropropane with nitric oxide.

ICF,CF,CFoI + NO > ICF,CF,CF,NO

and/or ONCF;CF,CF,NO

15




This reaction .culd give ei1ther an 1odonitroso propane, which could be
used as 7 rea.tive termonomer, or a dinitrcso propane, which might be
valuable as a cross-linking agent. This reaction was attempted both with
and without mer.ury 1n the presence of sunlight, but no evidence for the
formatioa ot a nitrosc compound was obtained in either case.

An attcmpt was made to prepare an unsaturated nitroso compound
by reaction ot methyl nitrite with perfluorobutadiene. Although no
reaction was apparent in the absence of light, exposure to sunlight
produced a light blue-green liquid, which rapidly lost its color during
attempted purification. An infrared spectrum of this material showed C-H
absorption as well as peaks which mighr be attributed to C=C, -NO?, and
-ONO groups  The desired reaction 1s shown below.

CH-ONO + CF =CFCFs=CF  —  CH:0CF CF=CFCF/NO
and/or CH‘OCFZ?FCF=CF7
NO
A similar reaction was also attemptel using methyl nitrite and

tetrafiuoroethylene. The only nitroso compound isolated from the product
mixture was identified as ONCF,CF NO,.

5. Synthesis of Intermediates and
Miscellaneous Compounds

During the course of this contract it was necessary to prepare a
wide variety cf intermediates which were not commercially available. These
compounds, for :convenience, have been classified as sulfur-containing
compounds, fluoroaromatic compounds, nitroso compound precursors, fluoro-
¢iefins, and miscellaneous. In some cases a particular synthesis was
carried out several timés and, in describing these in the Experimental
secticn, a typical rea.tion or the reaction providing the best yield is
given References for each synthesis, when avarlable, are alsv given.
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B. Polvmer Synthesis

Initial efforts under this contract were directed toward the
incorporation of sulfur atoms into the nitroso system. This might be
accomplished in either of two ways. First, by polymerization with a
sulfur-containing nitroso compound or fluorodlefin as exemplified by
Eq. 1 and 2, and second, by polymerization with a compound such as thio-
carbonyl fluoride or hexafluoroethioacetone, as exemplified by Eq. 3.

The latter method would give a polymer containing sulfur in the backbone.

1. CF,=CF; + RstO > (FOCFZCFz)n
Rsf

2. CF3NO + CF2=CFRS > (?OCszF)n and/ot

CF3 R

f
sf

(NO—-fF CF, )n

F3 Rsf

Re
> (NO——&S)n
£F3 k

= a sulfur-containing perfluoroalkyl group

3. CF3NO + (Rf)2C=S
f

where Rsf

Rf = fluorine an?/or a perfluoroalkyvl group

Although it was found that copolymers of thiocarbonyl flunride
and hexafluorothioacetone could not be prepared under normal conditions
(only the homopolymer of the sulfur compound was formed), a copolymer of
trifluoronitrosomethane and trifiuoromethyl trifluorovinyl sulfide was
prepared (Table IV, No. 13). The olefin appeared to be much less reactive
than tetrafluoroethylene and a relatively low conversion and molecular
weight were obtained. The glass transition temperature of the copolymer
was found to be -48°, about that of the copolymer of CF3NO and CF,=CF,.

An infrared spectrum of this copolymer is shown in Appendix A (A26).

Small amounts of another sulfur-containing mcnomer,
CF3SCF(NO)CF,Cl, were also incorporated as a termonomer but, due to the
difficulty ia obtaining adequate quantities of tle monomer, this system
was not examined further.
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The second and major area of our polymerization work was
concerned with the incorporation of monomers containing funccional groups
into the nitroso system. One of the major problems in the development of
nitroso rubber was in finding an adequate means of curing it. Although
a cure may be cbtained using triethylenetetramine and hexamethylene-
diamine dicarbamate, the vulcanizates are generally weak and inconsistent
in ptoperties >

At the time this research was undertaken, very few nitroso
terpolymers containing functional groups had been reported, Under an
early NLABS-sponscred nitroso program at 3M, a terpolymer containing
p-trifluorovinyl benzoic acid was prepared and cross-linked with barium
hydroxide. Of more significance, however, was the preparation of a
terpolymer containing either 3-nitrosoperfluoropropionic acid or 4-nitroso-
perfluorobutyric acid. s-3 Tne 3M researchers found that these terpolymers
cculd be .uced by metal salts such as chromium trifluoroacetate, diols,
and diepuxides The chromium trifluoroacetate cured material was found
to exhibit good tensile strength and elongation and had excellent resistance
tc N O, nitric ecid, sulfuric acid, and sodium hydroxide.

As part of the work at PCR, we investigated the incorporation
of both olefinic and nitroso wonomers.

It was found that bromotrifluoroethylene would copolymerize

teadily with trifluoronitrosomethane to give a tough, almost insoluble
gum in convarsions in the ozder of 0% NMR and elemental analysis

CF;NO + CF,=CFBr

> (tiIOCF»CFBr-)n (A27) 90% conversion
CF. Tg 3°

CF.NO + CF,=CF, + CF ,=CFBr > (I.\JOCcmFgliIOCFQCFBr)n

CF_=CFBr in polymer

Charge (mmoles) (mole %) Tg {nl*
35 29 6 9,4 -45 0.15
35 23 12 21,7 -35 0,13
35 17.5 17.5 31.0 =21 -
»*
In FC-43

indicated a l-to-1 copolymer with the alternating structure shown in
the first equation predominating. As in the case of tne copolymer of

CF.NO with tetrafluoroethylene, about 15% "abnormal" addition was observed.
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Intrinsic visrosities of the terpolymers were relatively low, possibly due
to chain transfer process involving abstraction of a bromine atom from the
olefin. As expected, the glass temperature . ses with increasing amounts
of BTFE, as shown. At 9 mole ” the Tg is practically unchanged, but rises
to 3° in the copolymer. These samples were found to decompose around

200°. By way of comparison, the decomposition temperature of CF-NO/CF,=C:
copolymer is about 270°. It was felt that this system might be cured by
abstraction of bromine using a peroxide, but no cross-linking was observed
using DiCup 40,5’

A series of polymers containing pentafluoronitrosobenzene was
also prepared as shcwn below. Incorporation of this compound drastically

CF,=CF; + ON

> £NOCF /;CFQ)n

CF3NO + CF=CF; + C¢FNO -—— WNNNN§OCF2CF2TONNNNN (A28)

CFj CgFs
Charge (mole %) Eg EQ
47.5 50 2.5 =43 166
45,0 50 5.0 -39 158
40.0 50 10.0 =35 152

reduced tle thermal stability of the system and raised the glass temperature,
The terpoivmer containing about 2.5 mole % pentafluoronitrosobenzene
decomposed about 100° lower than the copolymer. Attempts to cross-link

the terpolymer through the normally labile para fluorine atom were
unsuccessful . >

As shown below, a copolymer and terpolymers containing perfluoro-~
butadiene were prepared. In all these nolymerizations, appreciable
quantities of the Diels-Alder adduct (A3l) were formed, NMR and infrared
analysil: indicates that polymerization occurs by a 1,2 and 1,4 mechanism
with the 1,4 predominating. An infrared spectrum of the terpolymer shows
the trifluorovinyl group at 5.61 microns and the CF=CF group at 5.80 micronms.
About 5-10% of the diene undergoes 1,2 polymerization to give polymers
containing a p:ndent trifluorovinyl group.
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CF.NO + CF =CFCF=CF  —— 4$OCF;CF=CFCFL)X(VGCF2$F)Y + CF3TCF2CF=CFCF3
CF; CF; CF 0
gFg
Tg = -43~

CF:NO + CF =CF, + (™ =CFCF=CF, -> terpolymer .ontaining -CF=CF-

and -CF=CF (A29)
Copolymer + CF .OF > f?OCFg?FCF;CF_}X+TOCFZ?F)y (A30)
CF, OCF. CF. CF,
F;
OCF ;
Copolymer + CINO (TOCF,CFClCF(NO)CFZ)X($OCF2CF}y (A32)
CFy CF, ?F(NO)
CF,Cl

Blue polymer
Tg = -85

In order to determine the reactivity ot the double bonds, both
trifluoromethyl hypofluorite and nitrosyl chloride were added to the
dissolved copolymer. NMR analysis of the CF;OF adduct shown in the third
equation again confirmed that the predominant structure was formed by
1,4 polymerization. The addition of nitrosyl chloride produced a light
blue polymer whose infrared spectrum showed a peak at 6,2 microns. This
mav be attributed to the formaticn of nitroso groups as shown in the
fourth equation. The glass tempe-ature of this polymer was found to be
-85-. Since the glass temperature ot the copolymer is -43°, this unexpected
value 15 difficult to explain. The addition ot bis(fluoroxy)difluoro-
methan., CF;(0OF);, to the terpolymer was also examined in an attempt to
cross~link the poiymer, but the results were inconclusive,

As shown below, polymers containing trifluorobutadiene were also
prepared. As in the previous case. the 1,4 mechanism predominates and
part of the monomer charge 1is consumed to give the Diels-Alder adduct.

As betore, the reactivity of the double bonds was demonstrated by the
addittion of CF:0F to give a saturated terpolymer.
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CF3NC + CF,=CFCH=CH,

> (TOCFQCF-CHCH()XQTOCFQ?F)y + CF JNCF CP=CHCH,
CF, CF, CH 0—

Il
CH,

CF3NO + CF,=CF, + CF,=CFCH=CH,

> terpolymer (-CF=CH- & -CH=CH,)

(A33)

Terpolymer + CF30F - > terpolymer (saturated) (A34)

Attempts to cure the unsaturated terpolymers prepared from
perfluorobutadiene and 1,1,2-trifluorobutadiene were unsuccessful, >’

In addition to the polymers prepared from perfluorobutadiene
and trifluorcbutadiene mentioned previously, unsaturated nitroso polymers
have been prepared, as shown below, by terpolymerization of CF:NO and
tetrafluoroethylene with tetrafluoroallene, difluoroallene, and 3-nitroso-
perfluoropropene.

CF3NO + CF,=CF, + CF,=C=CF,

> 4NOCF ,CF,} £NOCF,C} (A35)
L TN Ty

2 1 1 CF3 CF; CF;
[n}] = 0.13
Tg = ~35°
CF3NO + CFy=CF, + CF>=C=CH> > (TOCFQCFz}x(¥OCF2ﬁ)y
CF3 CF3; CH,

dec. 70°

CF3NO + CF»=CF,; + CF,=CFCF,NO

> {NOCF,CF,3_<NOCF,CF,3 4NOCF,CF}
| A S A M

CF3y ?Fz CF3 ?Fz
ﬁF NO
CF2 (A36)

A low molecular weight gum with an intrinsic viscosity of 0.13
was obtained using tetrafluoroallene. An infrared spectrum of the polymer
showed a strong peak at 5.68 microns probably due to C=CF,absorption.
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The terpolymer obtained from difluoroallene was found to decompose at

10 . A copolymer ot diflucroailene with trifluoronitrosomethane
decomposed rapidly at room temperature., The terpolymer with 3-nitroso-
perfluoropropene gave, in addition to mater:al soluble in Freon 113, a
small amoun® of 1insciuble gel, indicating that some cross-linking had
occurred, The intrared speltrum of the reprecipitated polymer exhibited
strong absorption at 5,58 microns due to the double bond in the pendent
perfluoroallyl group In addition, a peak at 6,2 microns indicates that
some poiymerization coco:iurred through the tiifluorovinyl group, giving
pendent -CF NO groups.

Probabiy the most signiticant development during this work was
the svnthesis and polymerization ot the nitroso esters, CH;0,C(CF;),NO
and CH.O Ci(CF ) MO, Since the latter compound was more easily prepared
and the starting anhydride less expensive, the majority of the polymeri-
zaticens were carried out with this compouna

As shown below, terpolymers containing the nitroso ester were

CF.NO + CF =CF_~ CH 0.C(CF,) .NO

4NOCF CF 3 +NOCF CF;?O§Y (A37)
F . CE . (?FJ);
CO,CH .

Cenditions: bulk, =30, 24 hrs
Conversions: /70-80%
{71 =0.25 to 0.50

prepared .ontaining from 2.5 to 10 mole % ester. Incorporation of the
nitrosc ester was established by infrared and NMR analysis. The polymers
were elastome:1ic¢ gums with the same appearance as the copolymer of
CF.NO/CF _=CF; and could bz cured using a standard percxide cure developed
at the Natick Labcratories The gum handles easily on the mill and
shows nc signs ot scorching

Finally, as shown below, a polymer of pote.tial utility was
prepared usting trifliuvorovinyl methyl ether as a comonomer or termonomer.

CF NO + CH OLF=CF_ NOCF .CF3  and/or +N0-CFC}z}n

CF. OCH -F OCH3
67 mole % ether
insoluble 1n Freon 113 and FC-43

CF.NO + CF,=CF + CH.OCY=aCF - Terpolymer (A38)
5 4 1 i) = 0.64 (1n FC~43)

22




The trifluorovinyl ether is extremely reactive with trifluoronitroso-
methane, copolymerizing at -78° in a few hours. By comparison, tetra-
fluoroethylene and CF;NO require periods of about one month at this
temperature. In addition, elemental analysis 1indicates that the copolymer
contains greater than 67 mole 7 ether. As far as can be determined, this
is the first time a nitroso copolymer containing more or less than the
equivalent amount of one of the monomers has been prepared,

The copolymer 1is a tough, colorless gum which is insoluble in
Freon 113 and FC-43. A terpolymer containing about 10 mole % ether was
soluble in FC~43 and had an intrinsic viscosity of 0,64, Attempts to
cure the terpolymers using peroxide have to date been unsuccessful, "’

Other copolymerizations and terpolymerizaitions, inciuding
unsuccessful attempts, are described in Tables III to VIII,
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C NMR Anaiyasls ot CF .NO/CF =CF_ Copolymers

On the basis ot NMK data, researchers at 3¥° reported that & small
percentage ot awvnormsl' linkages appear to be present in the nitroso
polymer backbone  These abnormaiities could result from a deviation in
the normal head-to~-tail structu e to glve linkages such as:

+TOCF‘CF_OT} and +<ONCF CF NOj»
CF. CF, F. &F.

NMR spectra ot nitroso polymers prepared 1in our laboratories have
consistently shown additional fluorine NMR peaks, occasionally in
appreciable amounts In addition to the normal peaks found at ~12.0 (CFj),
+1l.4 «CF.) and +23.7 (CF,) ppm with reference to trifluorocacetic acid,
peaks are ailmcst invariably found at +l14 O and +21.5 ppm, These peaks
amount te anywaeere troem 14 to 16% of the area attributed to CFy;. Also,
severa. polymers have shown additional CF, and CF. peaks suggesting not
cnly atnormal linkages, but also the possibility that a certain amount

of non-alternating polymerization may occur to give units such as:

4NOCF ,CF,CF CF:) and +CF,CF,N O ri! 03
CF, F. CF,

Although tiicse additicnal peaks may be due tc higher molecular weight
cyclic compounds, 1t has been definitely established that they are not
due t¢ dissolved oxazetidine, CIr.NOCF,CF, NMR results are summarized in

Table 1X. Ancther unusual observation can be made in that the total CFj3
cortent ranges from 41.7 to 58.0%. The peak area for CF: in an alternating
1-to-l copolymer should be about 43%. Also, polymers prepared under
practically identi:ail -onditions sometimes exhibited gross differences in
speitra as exemplitied by samples 78.4.2 and 78.5.2., It should be roted
that the polymers Ltsted i1n the table are all intenticrally of relatively
low mclecular weight to allow the possible detection of end groups by NMR.

Due to the complexity of the problem of analyzing these polymers

by NMR, and because of the increased interest 1in the functional terpolymer
systems, this study was not pursued.
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III. EXPERIMENTAL

A. Monomer Synthesis

1. Synthesis of Sulfur-Coritaining Compounds

a. Thiocarbonyl Fluoride®

2,2,4,4-Tetrafluorodithietane (4.0 g.) was udded dropwise over
a period of 15 minutes through a Pyrex pyrolysis tube consisting of a
12-inch Vigreaux column with a 6-inch heated zone. The tube was maintained
at 520°-540" and a slow stream of nitrogen (25-30cc/min) was passed
through the system during pyrolysis. Products were caught in traps at
-183°, Trap to trap distillation indicated that an appreciable amount of
material had passed through unreacted. The more volatile portion was
primarily F;C=S. An early attemp% tc store this material in stainless
steel at rucm temperature resulted in decomposition No difficulty was
encountered, however, when the material was stored at -78° in a glass
Fischer-Porter tube. The infrared spectrum of this compound is shown in
Figure A2,

b, Perfluorothioacetone

Reaction of bis(perfluoroisopropyl) mercury with sulfur 20

Two attempts were made to prepare (CF:),CS from [(CF:),CF],Hg
and sulfur. The first time a water-cocled condenser was used, and it
soon plugged. In the second attempt, described below, an air-i,oled tube
one inch in diameter was used as a condenser

A l-liter, 4-neck flask was half tilled with melted sulfur and
fitted with a condenser, thermometer, stirrer, and addition funnel
containing [ (CF3),CF);Hg. The sulfur was heated to its boiling point and
the mercury compound slcowly added. The condenser was vented through a
trap cooled to -78°. Some blue material was caught, but after standing
for several days it turned to a white solid and, on warming to room
temperature, to a colorless liguid Perfluorothioacetone is reported to
be a blue liquid which easily dimerizes, and 1t appears that (CF:),CS was
made in this reaction but dimerized auring storage.




Pyrolysis o1 2,¢,+,4-tetrakis(tritluorcmethyl)-1,3-dithietane

Pertluorothica.etine was prepa:ed by the pyrolysis of
2,2,6,0~terrakis(tr1tivoromethyld-1,3-dithietane, An addition funnel
centatning (CF.) CSC(CF ﬂ,? was connected to a l2-inch Vigreaux column

=—
heated to 600°C The column was vented to a trap cooled te -78°, The
dithietane was slowly dropped into the heated column as it was being swept
with a stream ot N, The product was trapped as a blue liquid. An

infrared spectrum ot the compound is shown in Figure A3,

<y Tritiuvoromethyl irifluorovinyl Sulfide

CF .SCi

Scdium tiucride 400 g., 9.52 moies) and tetramethylenesulfone
(1000 m} ) were placea 1n a 2-liter, 4-neck flask fitted with a thermometer,
stirrer, spiral :c¢ndenser, and addition tunnel The funnel contained
CCL.5CL 404 g., 2 19 moles) which was added to the reaction flask over a
ten minute period. The contents of the flask were stirred and heated at
160-170 , and the volatile products were trapoed at -78°, These products
were distilled, and CF.SCL* (89 g., b.p 0°-9-) and CF3SSCF3* (65 g.,
bp 27/ -3¢") were obtatned.

Trifluoromethanesuitenyl chloride was also prepared by the gas
phase reacuiion ot bis(trifluoromethyl) disulfide and chlorine. The
disulfide 180 g , 0.891 mole) was bled intoc a 72-liter evacuated flask.
Chlorine t68.06 g , 0,891 mole) was added and the mixture irradiated two
hours by ultravivlet light using a Vycor immersion well, The product was
remcved and distilied to give CF . SCl (204 g., 847 conversion).

CF ,SCFCICF -C1

A 72-l1iter riask was evacuated and charged with CF,SC1 (243 g.,
1.78 moles: and CF =CFCl (86 g., G.74 mole) and trradiated for three hours
by a Hanovia model 8A36 high-pressure mercury vapor lamp suspended in a
Vycor immersion well extending intc the flask. The products from two
experimencs were combined and distilied to give recovered CF,;SCl (220 g.,
1.62 moles), material botling near 44 {100 ml ) and assumed to be a
mixcure ot CF.S3CF and CF CICFCL , product (95.3 g.) boiling at 78°-83°,
and pot residue 80 g ) assumed to be telomers with the composition
CF.,Si¢C F.C1» Cl. NMR analystis of the tra:tion boitling at 78°-83° showed
1t to be 57%*CF SCFCLCF Ci and 43% CF,SCE,CFCL ..

»
These .ompounds have been reported to be highly toxic,
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CF-SCF=CF;

1 1-1iter, 3-neck flask was fitted with a stirrer, addition
funnel and reflux condenser leading to a cold trap. The flask was charged
with dioxane (50C ml.), powdered 2inc (75 g.), and a trace of zinc
chloride. The mixtuve was heated to refiux and a mixture of 57%
CF3SCFCICF;Cl - 457% CF3SCF,CFCl, (95 3 g. containing 0.2i5 mole
CFiSCFCICF,Cl) was added over 90 minutes. Volatile material was caught
in the cold trap and distilled using an 18-inch spinning band column.
Material boiling from 13°~20° was collected with the major fraction
boiling ar 18°-20 A total of 32.4 g. (83% conversion} of CF;SCF=CF,
was obtained. Further distillation of the reaction mixture gave 22 g. of
95% pure CF3iSCF,CFCl;.

Anal. Calcd. for C3F¢S: “.W 182. Found: M.W, 180,
An 1infrared spectrum of pure CF;SCF=CF; 1is shown in Figure A4 and
the NMK analysis in Appendix B. A spectrum of 95% pure CF.SCF,CFCl; is

shown in Figure AS.

d. Trifluorovinylsulfur Pentafluoride

SF5C1

Cesium fluoride {344 g., 2.26 moles), SF. (216 g., 2,0 moles)
and chlorine (142 g,, 2.0 moles) were reacted 1in a l,5~liter autoclave
according to a reported procedure.'® The product mixture was washed by
passing through two columns of water about 4 feet in length and 225 g.
(69% conversion) of SF:Cl obtained. GLC showed it to be 987 pure.

CF,C1CFHSFs* 3

A 12-liter flask was charged with SF:Ci (31.1 g., 0,192 mole)
and CF;=CFH (15.7 g., 0.192 mole) and irradiated with u,v. light for
10.5 hours. No liquid product was formed end infrared spectra of the
overgas showed no evidence of reaction. Product was obtained by carrying
out the reaction as described below.

A 300-ml. autoclave was charged with CCl. (15 ml.), benzoyl
peroxide (0.6 g.), SFsCl (60.2 g., 0.37 mole), and CF;=CFH (37.1 g.,
0.45 mole) and heated at 150° for six hours, The liquid product was
distilled and 64.2 g. of material was obtained over the rangc 58°-061°.
Analysis by GLC showed it to contain 82% SF<CHFCF,Cl (52.4 g., 0,215 mole)
Conversion was 58%

CF,=CFSFc¢*°

Heptane (215 ml.) and SFsCFHCF,Cl (52.4 g., 0.215 mole) were
placed i1n a 500-ml., 3-neck flask fictted with a stirrer, tube for addition
of solid KOH, and a reflux condenser vented to a trap cooled to -186°.

The solution was heated to reflux, and powdered IOH (38.5 g., 0.69 mole)
was added ia smali amounts. A white solid was trapped in the -186° trap.
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lhis mMeterla. was disti.ied and an intrated speotrum cf the product boiling
at 1% -18 shiwed 1t tc e SF.CF=CF 20,3 g , 0.098 mole) of 80% purity
by GLC

¢. <¢=Chicro-l-nitroso-1,2,Z2-tritiugroethyl
Irifivcromethyi Sultide

Iwo preparaticns were .arrled out as follows, A l-liter Vycor
tlask wa:s .harged with CF .SCF=CF (2.64 g , 0,02 mole) and CINO (1.31 g.,
0.02 mole! and placed in sunlight ror several hours. At the end of this
rime 1t .ontained a blue .i1quid and a blue overgas, This product was
separated by CLC using an 8-inch column packed with Kel-F Acid 8114 ethyl
ester and purs CF SCF.NOCF C1 0 4 g., 0 0016 mole) was cbtained. An
intcared spe.tr.m ot thils material 1s shown in Figure A7 and the NMR
anaiysis 1 Appenc.x B

t Attempted synthesis ot Carboxysulfur Pentafluoride

SF C’ CR Cu

A i2-1liter tlask titted with a Vy.or immersion well was evacuated
and .parged with SF C1 160 3 3., 0 371 mc1e) and CH =CH. (7.70 g.,
0.275 mcie? The mixture was irradiated tor six hours and then removed
and distiiied, giving 32 g 16.%7 Zonversion) ot SF.CH, CH,CL.

SF CH=CH

A 300-m1., -ne.k tlask was titted with an addition funnel,
stirrer, ond reflux _ondenssr vented "o a trap cooled to ~78°. Potassium
hydroxide 18 0 g , 0,321 mole) was piaced 1in the tlask and h,0 (20 ml.)
was added As soun as the KOH dissclved, C,H OH (60 ml.) was added. The
solution was heated to reti.x and SF CH,CH,CL (32.0 g., 0,168 mole) was
added frum the odditicn tunnel The mixtsre was refluxed for one hour e:d
distilied giving 5.5 3 1217 .onversicn ot SF-CH=CH:, b p, 38~-43°,

SF -COOH

By oxidation ot SF-CH=CH : \inylsulfur pentafluoride (1.35 g.,
8. mmcles' was pia.ed in a 3-ne.k, 100-ml tiask fivted with a stirrer,
retlux .cndenser, and aadition tunnel containing a scoiution of KMnO,

2 5g., 16 mmotes) 1n acetone *’? ml ) and H,0 (12 ml ). The KMnOQ,
sciuticn was siowly dropped 1nto the reaction pot and MnO, formed almost
immediacely Atter stirring tor several hours the Mn0, was filtered off,
and *he tlltrate was a.idified with H SO A white solid formed immediately.
This solid was fiirered c¢ft and an intrared spectrum was made, but 1t did
nol shcw the presence of at S-F group The fi1ltrate was extracted with
ethyl ether and an intrared spectium made ot the extracts, but it did nct
show S-F absorption
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By reaction of carbonyl fluoride with sulfur tetrafluoride: Two
attempts were made to react SF, with COF, using CH;CN as a solvent and one
with tetramethylene sulfone as a solvent. The results of all three
reactions were similar. One of them is described below.

A 300-ml. autoclave was charged with CsF (3.5 g., 0.023 mole),
CH3CN (50 ml.), SF, (28.0 g., 0.26 mole), and COF, (17.0 g., 0.26 mole)
ana heated at 200° for eight hours. The volatile products were removed
and examined by infrared spectra. There was no evidence for the presence
of any compound containing an S-F group. When the autoclave was opened it
was found to be partially filled with carbonaceous material. Tt appears
that reaction occurrzsd with solvent.

By reaction of SF¢Cl with outyl lithium and carbon dioxide: A
solution of butyl lithium (3.5 g., 55 mmoles) in hexane (21,7 molar) was
placed in a small 4-neck flask fitted with a stirrer, gas inlet, gas
outlet, and low temperature thermometer. The reaction flask was ccoled to
-78° and SFsCl (8.72 g., 54 mmoles) was bubbled in at a rate so that the
temperature did not rise above ~55°. After the SF:Cl was added, CO;

(0.2 mole) was bubbled in at the rate of 80 cc/min, The solution was then
allowed to warm to room temperature with continued carbonation. The
solution was poured into 100 ml. of 6N HCl and a 2..layer mixture resulted.
The hexane was evaporated and a layer of H,0 over a small amount of orange
liquid was left. This liquid was separated and dri2d and an infrared and
nuclear magnetic resonance spectrum were made. Nei:her spectrum showed
evidence for SFg. The water layer was extracted wirh ethyl ether; the
extract was dried and an infrared spectrum made, but it showed no SF:
absorption. The remainder of the water la,er was then neutralized with
NaOH. A sclid was filtered off, but again it showed no evidence for the
presence of a sulfur-fluorine compound.

g. Attempted Synthesis of SF.-NO

Reaction of disulfur decafluoride and nitric oxide at 150°

An 80-ml. Fischer-Porter tube was charged with S;F_¢* (2.06 g.,
8.1 mmoles) and NO (0.486 g., 16.2 mmoles) and heated at 150° for three
hours. During the reaction the tube became etched. The volatiles were
separated by VPC and identified as w0, SO.F. , SOF,, SO;, f=0SF«, NO,
and S)F. 5.

A 300~ml., stailnless steel autoclave was charged with S;F;
(2.80 g., 11 mmoles) and NO (0.66 g., 22 mmoles) and heated at 150°
for two hours. An infrared spectrum of the overgas showed N;0, SOF;,
SO,F», and SF.. It was then heated for an additional 24 hours. Another
infrared spectrum showed that SF, had disappeared and that the major
product was SOF;. There was no absorption to indicate the presence of
SFsNO.

*
Sample donated by Dr. James W. Dale, Monsanto Research Corporation.
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Rea:ction ot disulfur decafluoride and
nitric oxide in electric discharge tube

A l-liter flask was charged with S,F , (2.80 g,, 11 mmoles)
and NO (0.66 g., 22 mmoles) and connected to an electric discharge
apparatus (Fig. 1) powered by a 15 kv, 30 mamp. transformer. A pressure
of 5-7 mm was maintained during reaction. The products were caught at
-196- and later separated by VPC. They were identified by infrared spectra
as CF ; 7F.Cl; S1F.; N,O; SFy; SOF,; SF¢Cl; SO,: SF..(SO3F),; and an
unknown with infrared absorptien at 6.8, 8.12, 12 .10, and 15.65 microns.
The major product was SO-. The CF,, CFiCl, and SFsCl probably resulted
from reaction with Kel-F grease used on the joints of the discharge
apparatus. A small amount of sulfur was denosited in the discharge tube.

A l-liter tlask was charged with S,F,; (2.80 g., 11 mmoles)
and NO (0.66 g., 2z mmoles) and connected to the electric discharge
apparatus powered by a 7.5 kv, 15 mamp. ¢ranstormec, A pressure of 2-3 mm
was malntained during reaction A stream of air from an air gun was
direited alross the discharge tube during reaction, but it still warmed
abcve room temperature. One-half of the material was reacted under these
conditions, and the products were caught at -196°, These products were
separated by VPC, and infrared analysis showed them to be CF,, CF3Cl:
Cl1C(0)F; SiF_; SF¢; N O; SO;; S,F;p; unknown with infrared absorption at
6.8, 8.12, 12.10, and 15.65 microns: and unknown with strong absorption
at 8.61 and 9.06 and very strong absorption arour.! 11.0 and 11.7 microns.

One-half of the material was reacted with the discharge tube
cooled to -78". These products were caught at -196° and separated by VPC.
Infrared analysis showed them to be SiF.,; SFg; N 0; SO,F,; SOF,; SO;;

S.F ;; and an unknown showing absorption at 6.8, 8.12, 12.10, and 15.65
microns.

Reaction of sulfur tetrafluoride and nitrosyl fluoride

A 2075-ml. nickel reactor was evacuated and charged with sulfur
tetrafluoride (250 mm., 3.0 g., 0.0277 mole) and nitrosyl fluoride (500 mm,
2.7 g., 0.0554 mole). The reactor was heated at 300° for two hours with
little apparent reaction as determined by infrared analysis. Additional
heating for two hours at 400", however, resulted in a reaction. Infrared
analysis showed the presence 2f SOF.. Gas chromatographic separation of
the 5 roduct mixture cn a Chromosorb-Kel-F 8114 ester column gave six peaks
identified (1in order ot elution) as NO, SF,, N;0, SO,F,, SOF, and NO,-50,.

Suifur tetraflvoride (5.8 g., 0.054 mole) was condensed into a
trap at -7&° Nitrosyl fluoride (5.5 g., 0.112 mole) was condensed into
this yellow liquid, resulting in a green solution which was separated by
warming to -40° to remove unreacted FNO. The higher boilers were washed
free of SF. by bubbling through water. Infrared analysis of the products
showed the presence of N 0, SOF,, NO_, and SF:Cl. Chlorine may have been
introduced into the system either by Kel-F grease or by reaction with the
NaCl windows uf the 1nfrared cell.
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Reaction cf nitrecsyl chioride and SF.Cs

A 300-ml flask containing a mixture of CsF (23,8 g , 0.025 mole)
and CsSF¢ (v6.6 g., .025 mole) was charged witan NOCl (1,67 g,, 0,025 mole),
and the contents stirred. The volatile produ.-s were removed to a trap 1in
liquid air and later separated by GLC They were identified by infrared
spectra as CiNO, NO,, SiF., S0OF,, SO,F , SF , and SF.Cl. There was no
evidence for the tormation of SFcNO.

Reaction of sultur tetrafluoride, cesium tiuoride,

and dinitrogen trioxide

Two reactions of CsF, SF , and N,0. were carried out as described
below-

A l.4-1l1ter autoclave was charged with SF. (23,5 g., 0.218 mole),
CsF (34.4 g., 0.226 mole), and N,0. (20.7 g , 0.272 mole) and heated ar
100 for one hour, 150" for one hour, and 175" tor two hours, The only
product 1solated other than starting material was SOF,.

A 75-ml., monel cylinde: was charged wi. SF. (4,32 g,, 0.04 mole),
and CsF (6.08 g., 0.04 mole) and heated at 150" for five hours. The
cylinder was then charged with N0y (3 04 g., 0,04 mole)and placed in an
ice bath. The cylinder was allowed to warm to room temperature over the
weekend and the volatiie products were analyzed The only products other
than starting materiair were SOF: and a trace ot SO,F .

Reaction of SF:Cl and nitric oxide

A 300-ml. autoclave was charged with SF«Cl (1.86 g., 0.01l15 mole),
NO (0.345 g., 0.0115 mole), and benzoyl peroxide (0.3 g.) and heated at
100° for three hours. An 1infrared spectrum ot the overgas showed that the
only product formed was a small amount of SOF;

teaction of disulfur decafluoride and nitrosyl .hloride

A l-liter flask was charged with DMF 20 ml.}, ALCl- (1.0 g.),
S,F o (2.92 g., 0.0115 mote), and CINO (0.75 g., 0.0115 mole), and the
mixture was stirred for 0.5 hour at room temperature, An orange solution
cver a yellow solid developed. An infrared spectrum of the overgas showed
only unreacted starting material. The reaction vessel was placed 1n a
70-85° bath for two hours with no further change.

h. Attemp:ed Synithesis of Tritiuoromethyl Thionitrite

Reaction of CF.SAg and nitrosyl chloride

An 80-ml. Fischer-Porter tube was charged with CF.SAg (1.00 g.,
4,78 mmoles) dissclved in 1.0 ml. of dimethylformamide and CINO (U.244 g,,
3.76 mmoles). Nitrosyl chloride was charged into the tube by freezing
it 1n liquid air, evacuating, and condensing from a tared flask.
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After the tube was sealed it was allowed to warm to room temperature,
but before it had warmed completely a reaction took place, The mixture
was allowed to stand overr. ght it room temperature before an infrared
spect.um was made of the overgas. It showed only CF;SSCF,., A white
solid, probably AgCl, was alsc produced.

Reacticn of bis{trifluoromethyl) disulfide
and nitric oxide

Bis(trifluoromethyl) disulfide and nitric oxide were reacted
using both u.v. light and electric discharge. Three attempts were made
to prepare CF.SNO by reaction of CF.SSCF3 with NO in the presence of
u.v. light. The following is a typical reaction,

A 300-ml, cuartz flask was charged with CF3SSCF; (0.354 g.,
1.” mmo.es® and NO (0.105 g., 3.5 mmoles) and irradiated with u.v. light
trom a Hanovia utility lamp, Type 350620, for 32 hours. The following
compounds were tound to be present in the indicated ratios (by gas
<hromacogram;:

Relative Relative Relative
Compound Ratio Compound Ratio Compound Ratio
NO 120 Unknown 5 S0» 470
CF :NO 630 CF3iSCF3 40 CS» 330
NO 110 CF:NO, 30 CF »SSCF , 470

It i1s very likely that the CS; was originally present in the CF3SSCF3 as
an impurity.

The reaction produced CF3NO (1.3 mmoles) in 38% conversicn.
This amount represents 90% of the material formed from CF3SSCFj3.

A small amount of CF;SSCF. was placed in the bottom of the
erectric diacharge tube which was cooled to -78°, A 1l-liter flask charged
with 500 mm. ¢f NO was connected to the avparatus, and NO was passed over
the CF .SSCF: while a discharge was produced by a 15 kv, 30 mamp. transformer.
The volatile products were trapped in liquid air and later separated by
VPC. A small amount of wvery viscous material, insufficient for analysis,
was left in the discharge tube. Infrared spectra of the volatiles showed
them to be CF:Cl; C1FC=0; CF3SCl; NOCl; NO; NO;,; CFy; N»0; SO,F;; SOF7;
CF.NO,; SO,; CF355CF:; unknown with absorption at 6.8, 8,12, 12,10, and
15.65 micrens; and an unknown eluted from the VPC column about 45 minutes
after CF.S3CF: with absorption at 8.1, 8.,3(s), 9.0(s) and 13.1 microns.

Reaction with trifluoromethanesulfenyl chloride
and nitric oxide

Two reactions of CFaSCl with NO were run., In the first reaction
a l-liter Vycor 7910 flask was charged with CF3SCl (1.46 g,, 10.7 mmoles)
and purified NO (0.32 g., 10.7 mmoles). The materials vere frozen into
thie flask as a white solid, &llowed to warm to room temperature, and
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irradiated with ultravinlet light for 16 hours. An infrared spectrum of
the product mixture showed NO,, SO,, CF35Cl, CF.NO, CF.NO;, and SiF .,

An attempt was made to separate the mixture by GLC, but unsatistactory
resolution was obtained.

In the second reaction a 1-liter flask was charged with purified
NO (0,642 g., 0,021 mole) by freezing it in as a white solid, As soon as
the CFiSC1 (1.46 g., 0,011 mnle) was condensed 1in, the solid material
became bright red. On warming above the freezing poinr the color
disappeared, but when the sample was solidified again the bright red color
returned. Infrared spectra of the gas phase showed only starting materials,
The reactants were transferred to a flask containing absolute ethanol and
cooled 1n an attempt to develnp the red color in a liquid phase, However,
no color developed even when the alcohol was cooled to 1ts freezing point,
An infrared spectrum still showed CF.SCi and NO.

Reaction of trifluoromethanesulfenyl chloride
and nitrosyl chloride

Two reactions of CF.SCl with NGCl were run. The following 1s
a description of one reaction.

A magnet.ic stirring bar and several ml., of Hg were placed in a
l-liter flask which was then evacuated., This flask was charged with
CF3SC1 (1.18 g., 0,009 mole) and NOC1 (1.71 g., 0,026 mole), immersed in
ice-water, and the contents stirred for three hours. The =nlatile
products were removed to a trap in liquid air and later separated by a
co-distillation. Some of the products were identified by infrared spectra
as NO2, C1NO, SiF., CF:SCl, CF,C1l, COr;, and CFs;NO, In addition to these
products there was a continuous elution of material which gave absorption
in the CF region and in the NO; region, evidence that sample decomposition
was occurring.

Reaction of bis(trifluorecmethyl) disulfide
and nitrosyl chloride

Three reactions of CF3;SSCF; with NOCl were run, The following
is a description of cne of them.

A l-liter Vycor 7910 flask was charged with C. SSCF; (2.16 g.,
0.011 mole) and CINO (0.53 g , 0.011 mole) and placed in sunlight for four
hours. As soon as the flask was placed in sunlight the brown color or the
CINO began to fade. At the end of four hours the flask was filled with a
light yellow gas and covered with a thin, white, solid coating. The
volatile products were se¢.arated by GLC and identified by their infrared
spectra as CINO, CF3SSCF:, NO, NOp, SO, CF:SCl, CF3Cl, CF3NO, CF3NO,,
and an unknown eluted after CF3SSCF:.
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Rea.:1on ot thiccarbonyl tluctide and nitiosyl tluoride

Nitrosyl tluworide (i g.) was condensed into a Pyrex Fischer-
Forter :ube ..ntaining about 1+ g. ¢t 1mpure thiocarbonyl fluoride. 1he
tube was a.iuwed to warm and an 1ntrared spectrum was made of the overgas,
whi.h was t.und to ccntain SikF , COS and N O, Absorption between & and
9,2 microns and at 13.14° microns indicated a CF.S group, Other
unassigned peaks oc.urred ac 6,15, 6,25, and 6,52 microns, The latter
peak 1s prcbably due to CS. while the first two peaks may be due to N3,
The spe.trum .hanged over a period of time, 1ndicating decompositon of
the sample at room temperature.

1. Attempted Synthesis of Pentafluorophenyl
Ihzonitrite

At. 80-mi, Fischer-Pcrter tube was charged with pentafluorothic-
phen.. 8.0 g3 , 0,040 mcie: and sealed. The contents were frozen in
11q~.1 niltrogen, the tubs was evacuated, and nitrosvl chloride (2.8 g.,
0.043 mule) condensed 1in. The tube was plazed 1n a -40° bath where it
liguit.ed and then raprd.v solidified. The tube was warmed to room
temperature An 1ntiared spectrum ¢f the overgas saowed NO, CINO, SiF,.,
and HClL., The cvergas vus pumped otf and the solid (8.0 g.) wau washed
with benzene and dried. it was 1dentified as CgF-SSC.F:, m.p., 49,.5°-51°
irptd. " m g X0 -5 ), m,wt. (f.p. 1n benzene) 388 (calcd, 398.2;.
Conversicn was 100%  An intrared spectrum 1s shown in Figure AS8.

J. Attempr d Synthesis ot 2-Chloro-1-Nitroso-
1,2,¢ 1tluoroethylsultur Pentafiuvaside

Tritluciovinylsuitur pentatluoride was reacted with nitrosyl
hlcride 1n bcth the gas phase and 1n solution » lescribed below,

A l-iiter Vyior tlask was charged with SF.CF=CF; (2.39 g.,
(0.01.% noset andg CINO 10 75 g,, 00,0115 mcle) and placed in sunlight. After
about cne hour the gas began to turn green. An infrared spectrum of the
mixture at this point showed abscrciion at 6.2 microns in additica to new
peaks 1n the C-F region. The tlask remained in sunlight over the weekend.
.~ this t1me there was a light green liquid present, but no colored overgas.
Aa 1ntrared spe.t..m showed only very weak absorpttion in the 6-6.5 micron
Ieglon.

An 80-m.. tube was charged with dimethyl tormamide (8.0 g,),
AlICl (1.0 g.), S5F CF=CF 12.08 g., 0.01 mole}, and Z1¥O (0,65 g., 0.01
mole*. As soon as the tube warmed to room temperawvure, a green solution
with a blue cvergas developed. After standing tor about onme hour the
mixture develcped 1nt¢ a blue gas over a two-phase liquid (green over blue).
The blue overgus was trapped 1n arother contalner and the boctom layer of
blue liquid boiled out with 1- The product was purified by GLC and
Jdentirled by its intrared spectrum as CF CLCTCINO. No evidence was found
tot the presence ot SF CH(NC)CF (1.
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k. Attempted S-nthesis of
2-Chloro~2-Nitroso=l,1,2Tr1fluoroethyl
Trifluoromethyl Sulfides

A 1-liter Vycor flask was charged with CF.SCF,CFC1l (4,50 g,,
0.013 mole) and NO (0.51 g., 0,017 mole) and placed in sunlight for four
days. At the beginning of the reaction the liquid reactant was almost
colorless. It continuousl; turned a darker red and iodine began depositing
on the walls of the flask. An infrared spectrum of the overgas showed
absorption in the -NO regioa, 6,2 microns, as well as the C=F region 8-9
microns. It appeared that the major reaction was the decomposition of the
starting material.

2. Synthesis of Fluoroaromatic Compourds

a. Pentafluoronitrosobenzene ¢

A solution of 90% H,0, (100 ml,) and 90% HCOOH (400 ml,) in
CH,Cl, (2 1,) was placed in a 5-liter, 3-neck flask fitted with addition
funnel, stirrer, and ice-water-cooled condenser. A solution of CgFgNH,
(102 g., 0.55 mole) in CH,Cl; (500 ml.) was rapidly added dropwise to the
stirred solution, Shortly after addition was begun, the solvtion turned
blue, then deep blue-green. Heating to reflux was begun and after about
five minutes the solution was brown. 1In 15 minutes the color was green-
brown and after 30 minutes the solution was again green, Refluxing was
continued for five hours and the solution was then washed with six 500-ml,
portions of water, The organic layer was dried over anhydrous magnesium
sulfate and the solvent stripped until a pot temperature of 77° was
reached. The remaining liquid was then distilled on an 18-inch spinning
band column giving 48.8 g, of product, b.p. 51°/20mm. The pot residue,
presumably CqFsNO,, weighad 40.5 g. Recrystallization from pentane
(2 ml./g.) gave 39.9 g. of product, m.p. 42°-44°. The compound may also
be purified by sublimation.

b. Attempted Preparation of
p-Nitrosotetrafluorobenzoic Acid

Tetrafluoroterephthalic acid (10 g., 0.042 nole) and water
(500 ml.) were placed in a flask and heated ro 60 while Ag C (4,98 g,,
0.021 mole) was added 1n small amounts as it appeared to react. After
about two hours the solution was evaporated to half its volume and then
cooled. Some solid formed and was filtered off. The {:ltrate was washed
with acetone and more precipitate formed and was filtered off. These
filter cakes were recrystaliized twice by dissolving in hot water and
precipitating in excess acetone. The final product was a white solid
which was oven dried and found to weigh 7 g. Analysis gave 327 Ag.
Theory for HO,CCgF.CO2Ag 1s 31.3% Ag.
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Several grams of the silver salt were placed in an ampoule and
shaken at 1com temperature with excess CINC. When the CINO was removed,
a yellow solid remained. This solid was heated at 200" under complete
vacuum with almost no noticeable change. An attempt was then made to
1sol «te the product from the AgCl which was formed during its preparation
by dissclving it 1n ethyl ether. However, the ether appeared to be wet
as the product 1mmediately turned white and gave off a gas which infrared
showed to be NO. An 1nfraced spectrum of the solid residue showed it to
be tetratluoroteraphthalic acid.

i« p-Aminotretrafluoronitrosobenzene

Mcthylene -hloride (175 mi1.), 90% H,0; (20 ml,) and 90% HCO,H
('0 ml.) were placed 1n a flask titted with a stirrer, reflux condenser,
and additicn lunnel wortaining p-NH C_F NH, (9 g., 0.05 mole) in CH,Cl,;
1200 ml ¢ Ihis solution was added dropwise while the reaction mixture
was heated tu refiux. The solutlion turned orange-brown and remained that
(0.0t during the tive-hcur re.luxing. The mixture was washed with water
and dried over Na SO. it was then transferred to a sublimation apparatus
and the solvent removed under vacuum. Atter the solvent was removed, the
s0i11d was heated at 100 wunder total vacuum, and a green solid deposited
on the cold tinger (0.4 g.) Left in the sublimation apparatus was &4 g,
¢t a red-brcwn solid which had an cdor similar to C¢F:NO,. An infrared
spectrum ¢f the product :s shown in Figure Al2.

d, Attempted Synthesis of
4,4'-Dinitrosooctatluorobiphenyl

A solutton ot 4,4'-diaminooctafluorobiphenyl (23.5 g.,, 0.07 mole)
in CH;Cl 1600 ml.) was added rapidly to a stirred solution of 907% formic
acid (100 ml.), 90% hydrogen peroxide (25 ml.), and CH,Cl,; (5C0 ml.).
After 1nitial fcrmation ot a deep blue-green color, the ~olor taded to
reddish-brown  After two hours at reflux a green color reappeared.

Retlux was .ontinued tor five hours. The yellow-green solution was washed
with six 500-mi portlons of water and dried over MgSO.,. The solution

was stripped ot scivent to a volume of about 100 ml., On cooling, 15.1 g,

vt yellow sotid precipitated. The me:-ting point of the sample depends on

age, purilty, and temperature at which the sample is placed in the melting

polnt apparatus. The true melting point appcars to be between 175°-185°,

A second run using only 1 g. of the amire gave 1identical rssults,

3. Synthesis of Nitroso Esiers and Derivatives

a Synthesis ¢t CH.O C(CF ) CG,NO

The nitrite was prepared by two methods - reaction of
(H.0 C(CF ) CO.Ag with nitrosyl chic-1de and reaction of perfluorosuccinic
enhydride with methyi nitrite. The lacter method 1s described here.
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Methyl nitrite (12.2 g., 0,2 mole) and perfluorosuccinic anhydride
(34.2 g,, 0.2 mole) were condensed into a Fischer-Porter aerosol ccmpati-
bility tube and allowed to warm to room temperature, The tube was shaken
to insure thorough mixing and soon became warm, After about 1~2 hours the
tube had cooled and contained an amber liquid, Unreacted starting material
was removed at reduced pressure, Yield was nearly quantitative,

Anal.: Caled. fer CgH3Fu.NOg: %C, 25.76; %H, 1,29; %F, 32,60,
Found: %C, 25.84; %H, 1.33: %F, 45.25, 36,91.

An infrared spectrum of this compound is shown in Figure Al4 and
the NMR analysis in Appendix B.

b. Synthesis of CH30,C(CF;)3C0,NO

Methyl nitrite (12.2 g., 0.2 mole) and perfluvoroglutaric anhydride
(44.4 g., 0,2 mole) were reacted as described above with similar results.

Anal.: Calcd for C¢H3F¢NOg: %C, 25,44; %H, 1,06; 7%F, 40.28,
Found: %C, 25.70; %H, 1.28: %F, 40.53,

An infrared spectrum of this compound is shown in Figure Al5 and
the NMR amalysis in Appendix B.

c., Synthesis of CH30,C(CF,),NO

A 250-ml., 2-neck flask was fitted with an addition funnel
containing CH30,C(CF;),COONO (52 g., 0.223 mole) and a 15-inch Vigreaux
column which was fitted with an air-cooled condenser constructed on the
order of a Dean-Stark apparatus. The condenser was vented to a vacuunm
system through a -183° trap, and a total vacuum was maintained thsughout
the system as the nitrite was dropped into the flask which was heated to
200°, The Vigreaux column was heated te 250°, After the pyrolysis had
been going for several mirutes, a blue product collected in the -183°
trap and a colorless liquid began to condense in the air-cooled ccrmlen- i,
This liquid was periodically removed. The -183° trap was allowe: S
to rcom temperature and the remaining liquid product was washed
water, The blue product was separated and distilled twice by «..- _ Ling
from one trap to another under vacuum, discarding the last several ml,
of liquid each time. A GLC of the final product (8.3 g., 20% coaversion)
showed 1t to be 100% pure.
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Atas . Ca..a t.r C HF No.: %C, 25 40: ZH, 1,60; %F, 40,21,
Feand: %ZC, S.66: ZH, .. 2: ZF, -0 4.,

An intrared speotrum of this lompound 1s shown in Figure Al6 and

the NMR anaiysis 1n Appendix B

d. Synthesis ct CH.O C CF ) .NO

B rodlytl de.arboayiation
Dy pyroly 100

A ¢30-m.. ¢-re.k tiask was fitred with an addition funnel
entaining CH O C.CF , CUONO **1.0 g,, 0.116 mole) and a 15-inch Vigreaux
clumn vented to a va..um system through & trao ccoled to ~183°, A

COMpiele vacuuM was Malhtaineéd c¢hroughout thec system as the nitrite was
drcpped 1Glo .he liask whih was heated to <00°. The column was heated

t: 270 Arter the pyrolysls was lompleted, the material in the -183°
lrap was allowed to warm to room temperature, the nitrogen oxides were
cemoved aander vd.uum, ohd the blue, liquid residue was washed with water.
The blue proauit was separated and distilled twice by boiling from one
trap to anoth-1 under va.uum, discarding the iast several ml. of liquid
each time. A GLC ot the fiaar product showed 1¢ to be 100% pure. total
¢t i3 g ot pure C(H.O C-CF )} NO was obtained, Conversion was 47%,

Afiat.: Carcd. tor C H.F,NO.: %ZC, 25.11; 7H, 1,25; %F, 47.70,
Found: 7C, <> 303 ZH, Ll../: Z%ZF, 47,40,

By photuiyti. decatbexyiation

4-Carbometncxyperisucrobutyryl nitrite {40 g,, 0,14 mole) was
pltaced 10 a .-ilter t.ask equipped with a Vycor immersion well and an
vutlet _onnected . a va.oum system throagh a trap ccoled in liquid air,
The nitrite was lrradiatea by a No. 8A3b6 Hanovia lamp suspended in the
imme:sion we.a. ltradiation was zontinued tor 48 hours at 9.1 mm pressure.
The biue i1gq.id preduct was remeved trem the trap and combined with the
prodult r:cm a similar experiment using 33 g. ot nitrite., The combined
produit: were tra ticnated to give 12 g, (20% ccnversion) of pure methyl
4-niliruscpectluorobutvrate, b p. 24 -26 /26 mm,

An Infrazed spectrum ¢t this .omnound 1s shown in Figure Al7 and
the NMR anaiv-1¢ 1n Appendix B




e. Isolation of [CH;0,C(CF,),] NO(CF,).CO.CH.

tligh-boiling liquid by-products from the preparation of
CH30,C(CF,.iNO were combined and fractionated using a 24-inch glass
helix packed column., The major portion of this material was removed at
137°-140°/0.1 mm. Infrared (Figure Al8) and NMR analysis (Appendix B)
were consistent with the structure [CH:0;C(CF;) ;] ,NO{(CF,) .CO,CHa.

Anal.: Caled. for C; ;HgF, gNO-: 7C, 27.45; 7ZH, 1.37: ZF, 52.00:
ZN, 2.13. Found: %ZC, 27.80; %H, 1.60; %F, 52.98: %N, 2,40,

f. Synthesis of [H,NOC(CF,).],NO(CF,) :CONH,

Ethyl ether (150 ml.) and [CH30,C(CF,).]) ;NO{CF;)3C0O ,CH,
(113.5 g., 0,173 mole) were placed in a 250-ml. flask and cooled in
ice~water. Ammonia was bubbled into the solution with rapid stirring
until uptake of ammonia ceased. Ether was removed under vacuum and the
residue was ground to a powder and dried in a vacuum oven at 50 to give
76 g. (72% conversion) of a white solid, m.p. 157°-160°. Infrared
(Figure A20) and NMR analysis (Appendix B) were consistent with the
structure [HyNOC(CF)3],NO(CF;y) 3CONH,.

Anal.: Calcd. for C;;HgF)gN4O.: %C, 23.50; %H, 0.98; %F, 55.90;
ZN, 9.15. Found: %C, 23.59; ZH, 1.,03; %F, 55.54: 7N, 9.19.

g. Synthesis of [NC(CF,);]},NO(CF,).CN

A 250-ml, flask containing thoroughly mixed P;0¢ (150 g,) and
the triamide (72.6 g., 0.119 mole) from the preceeding reaction was heated
to 200° under vacuum. A liquid product distilled from the flask and was
caught in a cold trap. Distillation gave 21.7 g. (33% conversion) of
[NC(CF2)3),NO(CF»)3CN boiling at 110°-115°/60 mm. Infrared (Figure A2l)
and NMR analysis (Appendix B) confirmed the assigned structure,

Anal.: Calcd for C:,F.gN_O: %C, 25.82: 7F, 61.28; 7N, 10.04,
Found: 7%C, 25.68; 7F, 61.12; 7N, 10.16.
h. Synthesis of HC,C(CF;)3iNO by
Hydrolysis of CH>0,C(CF;)3NO

Methyl 4-nitrosoperfluorobutyrate (1J g., 0.042 mole: was placed
in an Erlenmeyer flask containing distilled water (60 ml.) and a magnetic
stirring bar. Th¢ aqueous layer gradually acquir:d a blue color as the
ester hydrolyzed. After five days the lower, organic layer was no longer
present. The product, 4-nitrosoperfluorobutyric acad (7.0 g., 75%
conversion), was isolated by salting out with sodium chloride.




1 A rempied Synthesis or CH =CHCH O C.CF ) CO:NO

Allys N1 :1te

Twe synthics€s (1 ailyl nitrite were -arried out, In the first
synithesis no wate: was used, and although scme allyl nitrite was prepared,
the rea.tien mixture became badly charred. The tollowing 1s a description
¢! the second syatltesis

A l-litler, 3-re .k tlask was fi1tted with a stirrer, a gas outlet
vented ifiicegh a trap ..0.ed to =183 1o a vaodum pump, and an addition
tunnier cntaaning 120 me ot 9 H SO . Int. the tlask were placed
CH =CHCH OH '1ik 2., 2 motes), NaNO; 1175 g , 2.5 moles), and H,0 (100 ml.).
The pressurce was 1edu.ed to approximately 600 mm and the H.SO, was added
dfcpwlse. Altgr about 57 ot the H SO. had been added, the mixture began
giving It trowe tumes and the reéactlon was stopped The material caught
in the ~:83 (rap was Gu.stliied to give 175 ml. ot a paie yeliow liquid
Dul:ifg a 4o AD .nf:arecd spectrum showed typlial nitrite absorption.

CH «CHCH v C.(F €0 NoO

Iwe rea. 1.5 were .arried out in the first reaction perfluoro-~
gl.tari. arhydride ¢’ g , 0.12 mole) and allyl nitrite (li g,.,, 0,13 mole)
were .cndensed iuty an 80-m.  tube at -i83 Atter 1t was sealed the
tubt Wai a.ibwed O wdIli UG rOOM témperature It dercnated abcut 45 minutes
alier wa:liiag begad

it the se..nd reaction anhydride 139 g., 0.170 mole) was placed
in a ¢50-ms , 3-ne.k liask coentalning a stirring bai and fitted with a
nitrcgen 1nlei and Sutlet and an additlon funnel containing allyl nitrite
22 g, 0.25 mole) The tlask and its lontents iere maintained at 0°
whlle the Nili.te Was aaded aropwise After tne addition was completed,
the mixt.re was »t1zced tor about one: minute betore a vigerous reaction
toovk pia.e, leaving a visious, dark brown unidentified product.

J. Avtempted Synthesis of CLOC(CF ) .CO NO

Three attempts were made t¢ realt pertluoroglutaric anhydride
with CINO to pregar= ClOC(CF ).CO NO. in the tirst realtion a 20-ml,
ampculie was .harged with anhvdride (10 g., .05 mole) and CINO (6.5 g,,
0,10 mcie' and alicwed 10 stand it room temperature tor two days.
Remuvai f th more volatile material under vacuum left only the unreacted
anhydride with no evidence tor the formation ot the nitrite,

In the .e.cnd rea.tion a l-litez, Vy.or flask was charged with
ankydr.de 6 & g., 0,03 mc:er and CuNC (0.2/ g., .04 mole) and placed in
sunligh Un warming t. ambient temperature the i1quid phase became red
and the overgas was parc yellow. After severai days the overgas acquired
a s.ighily green Oivc. Shortiv atter this the stopper popped from the
trask and the contents were lost,




In the third reaction a l2-liter ttask was charged with
anhydride (30.0 g., 0,135 mole) and CINO (8 O g., O 120 mole) and
irradiated overnight with u,v. light through a Vycor immersion well
Before 1irradiation the pressure was 280 mm The more volatile material
was removed under vacuum and the highest boiling product was again found
to be the anhydride.

4, Synthesis of Trifluoronitrosomethane and
Octher Nitrosoalkanes

a. Tritluoronitrosomethane

Trifluorvacetyl nitrite is added at a constant rate to a S5-liter
flask containing refluxing FC-43 (3000 g.) The flask 1s fitted with a
2 x 24-inch column topped by a water-cocled .ondenser Ihe products are
passed thrcugh the condenser to a wash column containing Ras:thig ring
packing and circulating 7% aqueous NaOH, then through a CaCi. drying
tube, a 2 x 40-cm. column containing Linde 4A Molecular S:ieve, and
finally into a trap immersed in liquid air

In a typical run, 352 g. of CF.NO was prepared from 945 g. of
CF;COONO, a conversion of 547%. About 120 g. of CF.,NO 1is prepared per day
using this apparatus.

b. CF,BtCF,NO

A 72-1l1iter flask was charged with CF,=CF, (127 g., 1,27 moles)
and BrNO (140 g., 1.27 moles) and irradisted with u.v. light for 24 hours,
The mixture which was originally brown had now turned blue-green and was
transferred to a flask for distillation. The mixture was distilled on a
glass-packed column to give approximately 10 g. of CF:BrNO boiling at O°
and 69 g. of CF,BrCF,NO boiling at 13°-20“. NMK analysis 1s given 1in
Appendix B and an infrared spectrum is shown 1in Figure A23.

¢. CH:OCFC1CF,NO

Approximately 100 ml. of CF,Cl; was condensed into a 300-ml,
Fischer-Porter aefrosol compatibility tube at -78° and stirred using a
magnetic stirring bar  Nitrosyl chloride (7.5 g., 0,12 mole) was condensed
into the tube and thoroughly mixed with the solvent, Methyl tritlucro-
vinyl ether (10.5 g., 0.095 mole) was slowly <condensed into the solutioun,
vith rapid color change occurring. Stirring was continued tor two hours,
The solvent was then evaporated from the tube on warming to room temperature,
The tube was then connected through a trap in liquid oxygen to a vacuum
system and evacuated. A total of 14.6 g. ot blue liquid was collected.
Trap to trap distillation gave 10.6 g. of CH:;OCFC1CF,;NO, which was about
977% pure by GLC. The product was stored at 0O° NMR analysis 15 given
in Appendix B and an infrared spectrum 1is shown i1n Figure A24




d Attempted Synthesis of ONCF,CF,CF,;NO

A magnetic stirring bar, mercury (> ml.), NO (0.10 g,, 0.035 mole),
and 1(CF;).1 (14.1 g,, 0,035 moie) were placed i1n a l-liter Vycor flask
and the mixture was stirred in sunlight for eight hours. During this time
a large amount of red solid deposited on the walls of the flask. The
volatile material was removed to a trap in liquid air, forming a white
solid with a trace of blue coloring. An infrared spectrum gave no evidence
for normal nitroso absorption.

The reaction was repeated without the presence of Hg, The only
difference in the product was that crystals of I, were deposited on the
walls of the flask. There was still no evidence for the formation of a
nitroso compound.

e, Attempted Synthesis of CH;O0CF,;CF,NO

Tetrafluorocethylene (25 g., 0,25 mole) and methyl nitrite
(13.7 g., 0.225 mole) were charged to a 12-liter flask equipped with a
quartz immersion well. After u.v. irradiation for 48 hours with a No, B8A36
Hanovia lamp, trap to trap distillation gave mostly unreacted tetrafluoro-
ethylene. A higher boiling blue product was also partially purified.
Further ourification of this product on VPC gave a pure sample. The
compound was identified as ONCF;CF,NO; by NMR and Infrared analysis.

f. Reaction of Methyl Nitrite with
Perfluorobutadiene

Methyl nitrite (1.2 g., 20 mmoles) and perfluorobutadiene
(1.6 g , 10 mmoles) were charged to a 20-ml. ampoule. No reaction was
apparent at room temperature in the absence of light, The ampoule was
placed 1in sunlight for a total of 16 hours. A light green liquid resulted.
After the unreacted material was removed, an infrared spectrum of tre
product indicated the reaction product was an unsaturated nitro compound,

Methyl nitrite (1.2 g., 20 mmoles) and perfluorobutadiene
(1.6 g., 10 mmoles) were charged to a l-liter flask and irradiated with
u.v. light from a Hanovia lamp type 8A36 for four hours, A light blue-green
liquid was formed. Concentration of the blue liquid by trap to trap
distillation gave only a trace of product, but the color quickly faded.
The intra .d spectrum was similar to the product obtained above.
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5. Synthesis of Intermediates and
Miscellaneous Compounds

a, Sulfur Containing Compounds

AN
“Ce
\Q

>

2,2,4,4-Tetrachlorodithietane ’ c1,C 1

Thiophosgene (275 g., 2.4 moles) was placed in a dry, nitrogen-
flushed 1-liter Vycor 7910 flask which was then fitted with an adapter and
stopcocl. and placed i1n sunlight. After one day exposure the contents had
solidified to the solid dimer. The flask was opened in the hood and 72 g,
unreacted thiophosgene was decanted. The solid crystals were washed with
hexane leaving 148 g. of the desired product. An additional 42 g, was
recovered from the hexane wash.

1 .//S\\

2,2,4,4~Tetrafluorodithietane” FZL\\C//

CF,

Tetrachlorodithietane (108 g,, 0.47 mole), antimony trifluoride
(179 g., 1.00 mole), and tetramethylene sulfone (250 ml.) were placed in a
1-liter, 3-neck flask fitted with a stirrer and outlet to traps cooled to
0° and -183°. The mixture was heated with stirring to 90-100° and maintained
at this temperature for one hour. The 0° trap was removed and the condensate
(50.6 g.) distilled through a 70~cm. vacuum-jacketed column packed with glass
helices. A cut (35.3 g.) boiling at 43-48° was obtained and washed until
colorless with a solution of 10X NaOH (25 ml.) and 50% H,0, (3 ml.) The
organic layer was separated, dried over silica gel and refractionated to
give 17.4 g. of product boiling at 48-48,3-,

Trifluoromethylthiosilver“ CF;SAg

A 300-ml. stainless steel autoclave was charged with AgF (14,88 g.,
0.117 mole) and CS; (18.9 g., 0,248 mole) and heated at 140° for 12 hours,
The volatiles were removed, and the remaining solid was extracted with dry
acetone and filtered. A fine, brown suspension remained with the filtrate
and could not be removed. The acetone was evaporated, and 5,5 g. of solid
remained. An infrared spectrum of a Nujol mull of this solid showed
absorption in the region 8.8-9.3 and 13.2-13.3 microns as reported for CF;SAg,

Triflyoromethyliminosulfur difluoride  CF.N=SF,

Sulfur tetrafluoride (70 g., 0.6" molej and NaSCN (14 g., 0.17 mole)
were reacted according to a reported procedure @ The products were
separated by trap to trap distillation in a vacuum line. A portion of the
product-rich fraction was subjected to preparative~scale chromatography
using a 40-foot column packed with the ethyl ester of Kel F Acid 8114 on
HMDS-treated Chromosorb to give ° 25 g. of pure CF;N=SF;.
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Aadition ot suitutr hlcride pentafluoride
to l,l1-di. hlortn-¢,2-d1fluoroethylene

1. Peroxide 1nitiation

A }00-mi1 statnless steel autoclave was charged with SFsCl
(18.92 g., 0.116 mole), CF =CCl, ("2 33 g,, 0,0927 mole), CCl, (15 ml.),
and benzoyl percxide (0 5 g.) and :ated at 10C* for 10 hours., Almost
all ct the starting material was recovered unreacted.

i1 Uitravtiolet 1unltiation

The .ecovered reactants from the above reaction were placed in a
12-"1zer tlask and 1rradiated with u.v, light over thc weekend, Some liquid
precduct was formed, and 1t was distilled on a spinning band column. One
tia.Cllun was obtained at 106-114 (6.9 g,) and another at 114-115° (3.9 g.).
Intrared spe.tra ot these two fractions were identical.

«n & se:ond add.-ton a 12 liter flask was charged with SF:Cl
(31 2 g, 0,192 mole* and CF-=CCl, (25.5 g., 0,192 mole) and irradiated
overnignt with u v. irght  Distillation of the liquid product gave 5.58 g.
ot material bcoiiing at 1la--115°.

The reacticn of equimolar amounts of SF¢Cl and CF,=CCl; was
repeated several times until about 60 g. of liquid product was obtained.
This product was distilled on a spinning band column and a small amount of
materlal was ootained at 1N0-104" The material in the pot then appeared
to undergo a reaction and vapors began passing through the condenser. An
intrared speitrum ot these vapors showed them to be SOF;, SiF,, and SFg.

The disttiilation pot was ccoled to room temperature and the pressure reduced
tc ¢ mm. At this pressure the major fraction (21 g.) boiled at 48-56°. An
infrared spe-trum of this matertal was similar to the spectrum of the
pruposed SF CF CCl., but not identical.

1,1,2,2-Tetrattuoroethyl methyi sultide

A 12-i1rer Pyrex tlask was fitted with a Vycor immersion well
and inlet valve and eva.uated. Methyl mercaptan (9.2 g., 0.192 mole), and
tetrafiuvcroethyiene 6.4 g , 0.064 mcle) w re bled into the flask and
irrad:ated by an Hanovia type SOL lamp for four hours. The contents were
then remcved and partially purtfied by passing through traps at -8° and
-133 The _ontents ot the -&  trap were distilled using an 18-inch spinning
band (olumu A (lear, cclorless fracrion (4.1 g.) was obtained boiling at
65-68 and 1dentified as CH SCF:CF-H. Conversion was 427,
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b. Fluorocaromatic Compounds

Pentafiuorophenyl hydrazine

Two separate reactions gave a total yield of 542 g. of
CgFsNHNH;  The following is a description of one reaction, Hexafluoro-
benzene (250 g., 1.34 moles) and .uvdrazine hydrate (141 g., ..82 moles)
were refluxed overnight with stirring in 600 ml, of tetrahydrofuran. About
500 ml. of solvent was stripped off, and the remaining hot solution was
poured into 3 liters of H;0. A pale yellow solid formed. This material
was washud several times by stirring with water and decanting; finally,
it was filtered, washed with water, and dried in a vacuum desiccator to
yield 217 g. of pentafluorophenylhydrazine as a white powder (827 conversionj.

1,2,4,5-Tetrafluorob azene""

Three reactions were run. The foilowing 1s a description of one
of them.

A 5-liter flask was fitted with a stirrer, reflux condenser, and
tubing for addition of solids. The flask was filled with 3200 ml. of
3N NaOH and the solution heated to reflux. Pentafluorophenylhydrazine
(217°g., 1.1 moles) was added in small amounts over a one hour period.
After the last addition the solution was refluxed an additional 2 1/2 hours.
The mixture was distilled and a two phase product was obtained. The
organic layer was separated and dried over MgSO.. The water layer was
extracted several times with xylene and these extracts were combined with
the organic distillate over MgSO.. After drying, the MgSO, was filtered
off and the filtrate was distilled on a spinning band column. Fractions
were taken as follows:

20
B.P. °C "D We. g.
90-92 1.4088 55.4
92-93 1.4098 29.1
93-98 1.4149 16.7

Infrared spectra were tne same for all fractions.

Tetrafluoroterephthalic acid"®

A 3-liter, 5-neck flask was fitted with a stirrer, gas inlet,
gas outlet, thermometer, and addition funnel and cooled to -78°. Butyl
lithium (48 g. in 320 g. of hexane solutica, 0.74 mole) was placed in the
flask and ccoled to selow -70°. Tetrahydrofuran (1 liter) was cooled to
-70° and poured into the BuLi. The addition funnel was filled with
p-CeF.Hy (55.4 g., 0.37 mole) in THF (75 ml.) and this solution was slowly
dropped into the reaction mixture so that the temperature did not rise
above -65°. The solution was stirred for two hours after the addition was
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compieted. The mixture was then .arbonated by bubbling CO, through at a
tate su.h that the temperaturé did not rise above -65°. At the end of three
hours the 1iow rate was 150 .,ht  The mixture was allowed to warm to room
temperatizé with conti-ced -athcnation., After it reached room temperature
the mixture was pcured intc 1200 ml. of 6N HCl, The two phase mixture
which developed was strippea ot IHF and about 600 ml. of water before a
sol1d began dropping out  As the residue became thicker the distillation
was stopped IThe mixture was cooied in 1ce water and filtered, The filter
cake was disscived 1n hct water ana decolorized with activated charcoal.
This soiuticn was til.tered and <.oled to O The white solid which formed
was tlitered otr and dried cver P,0. to give 72 g. {81% conversion) of
tetrafiucrctereptthali. ai1d, m p = ¢80-285" .

Y,s-Dihydrazirctetratliorobenzene

Henatiucrobenzene (186 g., 1,0 mcie), 95% hydrazine (141 g,,
4.4 moles), and tetrahydror.ran ‘300 mi.} were stirred and refluxed for 45
heurs The mixture was i(ccied 1n 1ce and the precipitate removed by
tiitratlon  Atter washing with 500 ml, ot water, 39 g, of crude 1,4-dihydra-
2inobenzene (m.p. 153-164 ) remained The remainder of the material (96 g.)
was te.overed trom the THF sciution, but consisted essentially of pentafluoro-
phenylhydrazine and 1,3-dihydrazinobenzene as determined by infrared analysis.

An 1nitial experiment cn a 0.5 mole scale gave 17 g. of product.

~R
l,4-B:s aceruphenonc ) tétrariuoccphenyldihydrazone ™"

A sclutaon ¢t i,s-dihydrazinotetratiucrobenzene (39 g., 0.22 mole),
a.etophencne 175 mi :, absclute ethanos (1500 ml.), and glacial acetic acid
(15 mi. was stirred at rettux tor 16 hours. The solution was cooled in ice
and the produit (54.5 g , 69 8% .<anversion) separated by filtration.
Recrystallization trem isoptcpancl gave 5C.5 g ot yellow plates, m.p., 160-
162 (Rpr. 167 5-168 ,

An 1initlias experimernt cn 2 0.1 mole scale gave 22 g, of product.

L,4-Diaminvtectcatluctobenzene

1,4-Bis a.etophencne. tetratluorcphenyldihydrazone (45,0 g.,
10.8 mmclest was reacted with 2in. 1141 g, 2,16 moles) 1in acetlc
az1d (860 mi ¢ at retlux tempezature tor 3 1/Z nours. The mixture was then
tilzered, wasied with water 11250 mi.) and extracted with ether in a
Scxhlet. The ether €xtrail was iabelied Sol. A. The water washings were
combined with the originai tiitrate and extracted with benzene (five 375-ml.
porticns)  This benzene extract was then washed with H;0 (five 250-ml,
porticns!. Atter separaction frem H;0 the penzene extract was labelled
Sc. B The aguecus washings trom Soi. B were neutralized with NaOH and
extraszted with ethyl ether This ether extract was labelled Sol., C.
Soluticns A, B, and C were :ombined, dr.ed over MgS0., filtered, and stripped
ot soivent., Tne datk ted-brown residue was sublimed under vacuum at 120-130°
to give 2.3 g <f a tight tan sclid. A melting point determination (95-120°)
showed 'hat the produ.t was stlii 1Mputé.




1,2,4,5-Tetrafluorobenzene

Two reactions were run. The following is a description of one
of them. A 5C0-ml., 3-nec’ flask was fitted with a stirrer, reflux
condensger, and addition funnel and charged with 65% fuming H,S0, (65.5 ml,),
Bry (60.2 ml.), and AlBr; (2.2 g.). The addition funne) was filled with
p-CeFuHy (43.0 g., 0.29 '10le) which was slowly added to the solution in the
flasx. After the addition of CgF,H,; was completed the solution was heated
at 50-60° for four hours. The mixture was then poured over 4 liters of
cracked ice. After the ice melted, the pale yellow precipitate which had
formed was filtered oif and washed several times with water followed by
washings with Na,C03 solution. The filter cake was then dissoived in
methanol and precipitated by pouring into H,0. The product (50 g.) was
filtered and dried, m.p. 73-75°.

c. Nitroso Compound Precursors

1,2-Diiodotetrafluoroethane

The reaction was carried out twice in a similar manner with similar
results. The following is a description of one reaction.

A 300-ml. autoclave was charged with C;F, (45 g., 0.45 mole) and
I, (127 g., 0.50 mele) and heated at 250° for 10 hours. A red liquid
product was removed and washed with Na»>S,;0: until colorless., It was then
dried over NaC03 and distilled to give a light pink liquid (96 g., 60%
yield of CF2ICF,I) boiling at 67° at 166 mm. Hg.

1,3-Diiodohexaflucropropane

A 300-ml. autoclave was charged with perfluoroglutaryl chloride
(100 g., 0.36 mole) and potassium iodide (130 g., 0.78 mole) and heated at
200° for 20 hours. A red liquid product was removed and washed several
times with water. This was followed by washings with Na;S,03, then dilute
NaCH, and finally several more washings with water. The product was then
dried over Na,S0, and distilled. This gave 52 g. (367 yield) of ICF,CF,CF;1
boiling at 126-132°.

0
[
Attempted Synthesis of (CH3),NC(CF;)3COONO

Perfluoroglutaric anhvdride (22.2 g., 0,1 mole) and N-nitroso-
dimethylamine (7.4 g., 0.1 mole) were charged to a Fischer-Porter tube
cooled to -183°. After meclting had occurred the reactants were mixed
thoroughly by shaking. The tube exploded soon after this latter step.
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Preparation of CF.SCF,CFCl1I

A 12-1iter fiask was charged with CF3SCl (34.3 g., 0.252 mole)
and CFy=CFl (24.2 g., 0.126 mole), and irradiated with u,v. light for three
hours. During this time 22 g. of a red liquid was formed. This liquid
was distilled on a spinning band column under reduced pressure (40 mm.).

A large portion of the sample decomposed to give iodine. Two small fractions,
both containing iodine, were obtained at 24-28° and 70-75°, Both fractions
were washed with aquenus Na;S,0: to give colorless products; however, after
the Na;5,03 solution was removed they both reverted to a deep red color.
Nuclear magnetic resonance analysis of each sample gave inconclusive
results. An infrared spectrum of the higher boiling material showed strong
absorption at §.48-8,68, 9.02, 9,32, 9,91, 12,61, and 14,30 microns, and
weaker absorption at 11,52, 13.18, and 15.8-1%5.,9 microns, indicating the
presence of both CF3S5- and Cl-{ groups- No further analyses were carried
out because of its instability. The sample was reacted as soon as possible
after isolation

d. Fluorooleiins

Tetrafluorocallene

1. CF,BrCH,CF,Br-?

Five similar preparations were carried out in a l.4-liter auto-
clave. Another preparation on a larger tscale was carried out in ¢ 3-liter
autoclave. The following is a description of a series of three preparations.

Dibromodifluoromethane (4.5 moles), 1,1-difluorocethylene (1.0 mrle),
and benzoyl peroxide (10.0 g.) were heated in a l,4~liter stainless-steel
rocking autoclave at 110° for five hours. CF;Br, and CF=CH,; were recovered
by low-temperature distillation, leaving a residue containing the product,
CF,;BrCH,CF;Br, and telomers of CF;Br(CH;CF;) Br. After two additional runs
utilizing recovered material, combination and distiilation of the residue
gave 270 g. of CFyBrCH,CF,Br (b.p. 72-75°/300 mm.) from a total of 132 g.
of CH;=CF; consumed (49.5% yield).

11. CF.BrCH=CF;

Four preparationa were carried out, the most successful being
similar to a recent literature method.>?

1,3-Dibromo-1,1,3,3-tetrafluoropropane (90 g., 0,33 mole) was
added drop-wise to potassium hydroxide pellets (200 g.) in a 500-ml. flask
fitted with a stainl =s-steel chain stirrer driven by a high tcrque motor.
A nitrogen pressure of 300 to 350 mm. was maintaired in the system with a
slow sweep into traps at -78 and -196°., The flask was heated to 60°. As
dehydrobromination occurred, the reaction mixture became dark and sticky.
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Stirring became less efficient and the temperature rose tu 4100°,
Distillation of the contents of the cold traps gave 6% tetrafluoroallene
(2.3 g., 0.02 mole) and 45% 3-bromo-1,1,3,3-tetraflucravropene (30 g.,
0.15 mole). The latter was further distilled through a small glass helix-
packed column (b.p. 34°).

iii. CF,=C=CF)

Six reactions were carried out using a variety of different
conditions. The .esults were poor. In some cases only a trace of product
was obtained and ntified by I.R. analysis. When powdered 90% potassium
hydroxide was used at 100° the mixture became molten and no volatile
products could be trapped. The following is a description of a more
successful reaction.

In a 300-ml, flask fitted with an addition funnel and stainless-
steel chain stirrer driven by a high torque motor, and connected to two
traps at -183°, was placed 150 g. of pelleted potassium hydrcxtde., The
flask was heated to 80° by a water bath while a slow stream of dry nitiogen
was passed through the system. 3-Bromo-1,1,3,3~-tetrafluoropropene (30 g.,
0.15 moles) was added drop-wise. The low boiling product in the first
trap was separated by a vaporization distillation and then purified by
distillation on a low temperature still. Tetrafluoroallene (1.8 g.,

0.15 moles) was obtained in 10% conversion (:.p. -38°9),

Dehydrobromination of 275 g. of CF;BrCH,CF,Br in two steps by
the method of Jacobs and Bauer®! gave 24 g, of CFy;=C=CF;. Conversion was
24% based on the starting alkane.

Methyl grifluorovinyl ether 52

A total of 105 g. of CH30CF=CF,; was prepared in two reactions,
The following describes the larger reaction.

Dioxane (450 ml, dried over sodium, refluxed over and distilled
from CaH;), sodium methoxide (125 g., 98% commercial material), was charged
to a 2180-ml. Monel cylinder fitted with a pressure gauge, a-Pinene (1 g.)
was Included to act as an inhibitor. Tetrafluorocethylene (180 g., 1.3 moles)
was pressurized into the cylinder at 270 psi. The reactor was placed
in an autoclave rocker. A strong exotherm and pressure drop were noted
1 1/2 hours later. After 40 hours the low b ‘ling products were stripped.
Distillation on a low-temperature column gave 35 g, of material, b.p. 10-12.5°.
VPC showed the product to be 95% pure.

4-Methyl-a,B,B-tr.fluorostyrene

4~Bromotoluene (10 g., 0.062 mole) was reacted with lithium in
ether to form the lithium reagent. The solution was placed in a 300-ml.
Fischer-Porter bottle and cooled in liquid nitrogen. The bottlie was
exhausted and excess tetrafluorocethylene was condensed into the bottle.
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The bottle was sealed and placed in a cold bath at -30° for four hours.

The mixture was hydrolyzed and the ether layer dried. Evaporation of

solvent and vacuum distillation gave 4-methyl-a,B,B-trifluorostyrene

(3 g., 30%), b.p. 90-92°/70 mm. n2% = 1,478, Reported b.p. 91.5°/70 mm,
20 d

ny - 1.481.

Attempted synthesis oprerfluoroketene53

i
1. C1CF;CBr

Into a 3-neck flask fitted with a stirrer, thermometer, and
reflux condenser were placed CF,C1COOH (65.7 g., 50.1 mmoles), and PBrc
(72.0 g., 16.7 mmoles). The mixture was stirred for one hour at room
temperature and 3.5 hours at 70°. The mixture was then distilled on a
glass-packed column and 68.9 g. of material was obtained, b.p. 46.5°.
This represents a 71% conversion to CF,C1COBr.

11. Reaction of CF;ClCOBr with Zinc

Two attempts were made to synthesize CF=C=0, No low-boiling
product was obtained from either reaction. The following is a description
of the secornd reaction.

Zinc (65.4 g., 1.0 mole) and 16 ml., of 6N HCl were stirred
together in a 300-ml., 3-neck flask. The flask was then heated under
vacuum overnight to remove excess HCl and H,0. The flask was fitted with
an addition funnel and a reflux condenser vented to a trap in liquid oxygen,
and a solution of CF,C1COBr (68.9 g., 35.9 mmoles) of ethyl ether was
added. At first vigorous bubbling occurred, but this soon subsided. The
flask was then heated with no apparent reaction taking place. Suddenly
the contents of the flask began to undergo an apparent polymerization to
produce a charred material which swelled out of the flask. No volatiles
were caught in the -183° trap. Similar unsuccessful attempts to prepare
this comgound by this procedure were subsequently reported in the litera-
ture,?4s 33

Attempted synthesis of l-trifluorovinyl

perfluorocyclobutene

TR

1. with CF,=CFL1

Ethyl ether (75 ml.,) and lithium (1.4 g., 0.2 mole) were placed
in a small 3-neck flask fitted with a stirrer, gas outlet vented to a
trap in liquid oxygen, and a gas inlet opening beneath the surface of the
ether. Methyl brumide (12 g., 0,126 mole) was bubbled in at room temperature.
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Arter this the flask was cooled to =78 and CF,=CFBr (I8 g.. 0.11 mole)
tas bubbled 1n. This was followed bv the addition ot pertluorocyciobutene
(17 g., 0.10 mele). The solution was allowed to warm to room temperature
cver the weekend. The only product obtained was a dark brown suspension
ol solids in the ether. Nothing in the product mixture contained the
-CF=CF group as determined by infrared anelysis.

ji. with CF,=CFMgBr

— . t— e

Magresium (4.8 g., 0.2 mole) and tetrahydroturan (200 ml.,)
fresihly distilled from LiAlH. were placed in a 500-ml. flask fitted with
a stirrer, gas inlet, and low-temperature head vented to a trap in liquid
oxygen. Throughout the reacticn :. stream of drv N was passed through
the mixture. The mixture was herted and CF .=CFBr (32 g., 0.2 wole) was
bubbled in until reaction began to take place: it was then cooled in 1.e
while the remainder of the CF.=CFBr was added. After this the perfluoro-
cyclobutene (16 g., 0.1 mole) was bubbled in, and the mixture was allowed
to warm to room temperature overnight. No volatiles were obtained. As
before, the product was a suspended brown solid. All of the liquid was
removed to another flask by vacuum and then distilled, but nothing other
than starting material was obtained.

Preparation of C;F;0[CF(CF;)CF.0],CF=CF.

C+F O[CF(CF,)CF,0].CFHCF3 (56.1 g., 0.1 mole) and dry ether
(500 ml.) were placed in a 1-liter, 3-neck fiask fitted with a stirrer and
dropping funnel. Methyllithium (5% in ether, 55 ml., 0.11 mole) was added
dropwise to the stirred solution. After addition was complete (A1 hour)
the mixture was stirred for one hour. Methanol was added dropwise to
destroy uareacted rethyllithium and water was then added to dissolve the
precipitated lithium fiuoride. The ethcer laver was separated and the
water lcyer extracted with ether. The ether layers were combined, dried
over Na;S0,, and stiripped under vacuum. The remaining crude product was
distilled using a spinning band column. The major fraccion (18.1 g.),
b.p. 153.5-155°, was identified as the desired trifluorovinvl ether. The
yield based on the single fraction was 33.5%.

Preparation of C3F O{CF(CF.)CF.0| ,CF=CF, (A25)

—— ——

The preceding reaction was repeated using C F O[CF(CF)CF.0| .CFHCF .
(72.7 g., 0.1 mole) and methyllithium (0.1 mole). Crude material (&5 g.)
was distilled to give 45 u. of product boiling at 1887/45 mm, The intrared
spectra of the two ethers were nearly identical,
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€. Miscellanecus Compounds

Perfluoropropylene egoxide:b

Water (150 ml.), KOH (84 g.), CH.OH (1000 ml.), and 507 H.0.
(473 ml.) were stirred together in a flask and cooled to -60-. Liquid
CF .CF~CF, (105 g , 0.70 mole) was added and the mixture was stirred at
-60- for two hours. It was then allowed to warm slowly to room temperature
and the product (54.4 g.) was collected i1n a -78" trap, Analysis by VPC
showed the product to be 80% perfluoropropylene epoxide with unreacted
perfluoropropylene as the impurity. A small amount of this product mixture
was shaken 1in an ampocle with excess Br;. An infrared spectrum of the
overgas showed pure cpo:ide.

Perfluoroglutaric anhydride

Pertluorogsutaryl chloride (210 g., 3.3 moles) was slowly added
with stirring to 150 ml., water in a 3-liter flask. After the acid chlozide
nad been added, the water was removed by azeotroping with benzene. The
benzene was distilied off at atmospheric pressure, then by aepirator
Excess P.0 was then mixed thoroughly with the perfluoroglutaric acid and
heated. The anhydride was collected (600 g., 83%) directly by distillation.

Perfluorosuccinic anhydride

Pertluorosuccinic acid (2060 g., 1.05 moles) was mixed with excess
P,0c 1n a l-liter flask. The mixture was heat~sd and perfluorosuccinic
anhydride (141 g., 0.82 mole) was removed by distillation as formed.

Perfluoro:2-methyl-3,6-dihydro-1,2,2H-0xazine)

Trifluoronitrosomethane (4 3 g., 0,043 mole) and perfluorobutadiene
(6.8 g., 0,043 mole) were condensed into a Fischer-Porter tube and kept at
=25 for 72 hours. After this time the blue color of the nitroso compound
had disappeared. The volatile material (V5 g.) was removed trom the tube
by vacuum distillation and found to consist essentially of CF<NCF2CF=CFCF;9.

Yields on severai runs averaged 50%. The following properties were observed:
b.p 51-52 , ny® 1.2789, ds' 1 6075,

Anal: Calcd for C.F3NO: 7C, 23.01; %H, 0.00; %F, 65.52
Found: %C, 23.32; 7H, 0.00: 7F, 65.38.

Nitrosyl bromide

A 500-ml., 3-neck flask was fitted with a stirrer, a gas inlet
tube, and an outlet tube vented to traps at -78° and -183°. Water (80 ml.)
and NaNO: (283 g., 5.5 moles) were stirred in the flask as HBr was bubbled
in. It appears that no reaction takes place until the HBr concentration
reaches a certain point. The product was caught in the -78- trap and
distilled on a glass-packed column to give 42 g. of material boiling at 8°.




T p— e

It was found that the following is the better method of producing
BrNO. A 1l-liter tlask containing 567 ml. nf concentrated HBr solution
{7 moles) was fitted with a stirrer, gas outlet vented to -78° and -183-
traps, and an addition funnel containing 345 ml. of a solution of NaNO,
"3 moles). The flask was maintained at ambient temperature with a water
bath and the NaNO: solution was slowly added The product was trapped at
-78°.

Methyl nitrite

Methanol (32 g., 1 mole) was dissolved in an equal volume of water
and added to a flask containing 70 g. NaNQO,. The mixture was stirred and
concentrated H;S0, slowly added. The evolved gas was passed through a
CaCl; tube and ccllected in a trap cocled in liquid air. The product
(57 g., 93%) was condensed into a cylinder and stored under refrigeraticn.

Monosodi.m hexafluoropentanediol

Hexafluoropentanediol (21.2 g., 0,10 mole) and sodium (1.15 g,,
0.05 mole) in 200 ml. of dry ether were stirred by means of an air motor
for 48 hours. Formation of a white solid occurred slowly, After filtering
and drying under vacuum for six hours, 12 g. of NaOCH,CF;CF,CF,CH;0H was
collected. Evaporation of ether solution yielded 9 g. of the unteacted
diol.

Attempted preparation of disndium
hexafluoropentanediol

Three attempts were made to obtain the disodium salt, In the
first, hexafluoropentanediol (5 g.) was dissolved in 50 ml. dry ether and
refluxed over scdium for one week. The white solid which precipitated was
dried and analyzed by titration. Found: eq. wt. 225; 236 Theory for
monosodium salt, 234; for discdium salt, 128.

Hexafluoropentanediol (5 g.) was dissolved in 50 ml. diglyme and
heated with sodium overnight just below the boiling paint. A black tar was
obtained.

Attempted epoxidation of perfluorobutadiene

i. by H0;

Water (150 ml.), KOH (84 g., 1.5 moles), and CH30H (1.1 liter)
were placed in a 3-neck flask fitted with a gas inlet, stirrer, and
addition funnel containing 45% H;0, (480 wl.). When the KOH had dissolved
the mixture was cooled to -40° and the H;0, slowly added. Tihe addition
funnel was then replaced with a low-temperature (-78°) head and CF;=CF-CF=CF:
(50 g., 0.31 mele) was added through the gas inlet. This mixture was
stirred for 2 1/2 hours at --40° and then allowed to warm to room temperature,
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The volatiles were caught in a trap cocled to -183°. Only a small amount
of material was caught and this proved to b2 mostly CO, with a trace of
C;F.. Distillation of the reaction mixture which was found to have a pH

\5 gave only 1 8 g, of material boiling below the boiling point of methanoi.
This material was separated by CLC. Methanol, tetrafluoroethylene, and
perfluorobutadiene were 1solated as well as several unidentified compounds.
Infrared spectra of these volatile compounds showed no peaks in the 6-7
micron region where a perfluorinated oxirane usually absorbs. NMR analysis
indicated that one of the products was EEZCH:CFCF29’

11. by Oxygen

A l-1liter Vycor flask was charged with CF,=CFCF=CF; (2.4 g.,
0.015 mole) and O; (0 .48 g , 0.015 mole) and placed in sunlight for five
days At the end of this time the flask contained a water-white liquid.
An 1nfrared spectrum of the overgas showed some unreacted diene and & peak

7
at 6.6 microns (thought to be -CF - CF;) as well as other peaks. A spectrum
ot the liquid also showed absorption at 6.5-6,6 microns.

The reaction was repeated on a larger scale. A 12-1it.r flask
was charged with C.Fe¢ (20.7 g., 0,128 mole) and 0; (8.19 g., C.c56 mole)
and irradiated with a u.v. lamp through a Vycor immersion well. After 24
hours an infrared spectrum of the vapor phase showed a peak at 6.6 microns
and the reaction was stopped. Although the products were not isolated and
identified, 1t appears that epoxidation can be effected by this method,
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D Puiymer Synthcesis

Polymers were preépared using bulk, <otution, and saspensicen
techniques and are described in Tablee 3-8

Bulk polymérizaticns were carri€ : out 1n elther glass ampcules
(20-80 ml.) or miid steel cylinders (300 aad 900 ml.), generaily with
agrtaticn at the temperatures indicated. Solution pclymerizations wete
carried out 1n sealed giass ampoules, while suspenslon posymerizatlons
were carried out 1n glass ampouses, miid steei .vlinders, and a stirred
autoclave.

Liquid monomers were weighed and added tou the tubes; gasecus
menome:zs were expanded into an evacuated l-liter tiask at measured pressure
and condensed 1into the poiymerizaticn tubec. TIne tubes were then pra.ed
1n a :old bath tor the indicated time. It a suspensicn polymeérizatlion
was run, =he rtube was shaken vigoiously The suspending medium was water
centalning 33 g LiBr ana 3 5 g MgCO per i00 mi  Iln working up the
preducts, the vireacted gases were vented and th: vosatlle matertais
re.overed by vacuum distiilation. The polymer was then removed and weighed.
In the _ase cf -uspenslor polymerizatisns, the mixture was first treated
vith «cn.entrated HCL to remove the MgCO:, and washed several times betore
vecuum drying

Polymers wcre frequently purified by dissolving 1n a suitable
soivent such as Freon 113 and reprecipitating with methanci. They were
chen dried under vacrum,

In order to .arry out these low temperature polymerizations,
a system including a refrigerated bath and stirred reactor was constructed,
The apparatus (shown in Fig. 2) consists of five components. The compressor
(A) cools a reservorr (B) of CaCl, solution whi.h 1s circulated Ly a pump
(C) through a polymerization bath (D) and an auto.lave (E).

(A) The compressor 1s a commercial unit, a 1.5 horse-power Copeiametic,
which uses R-50Z as a refrigerant. The compressor 1s connected to two
large copper coils sealed inside the reservoi:.

(B) The reservoir 1s a tank 12 inches x 18 1inches x 36 inches containing
two cooling coils from the compressor bathed in the .oolant which 1is
circulated throughout the system. Near the bottom the reserveir has an outlet
tube which leads te the pump and at the top an inlet tube for the return
of the coolant. The reservoir 1s filled with 20 gallons of a 29 6% CaCl,
solution which 1s gravity-ted to the pump and can be maintained at any
temperature between ambient and -40- within 1.5°F. It is insulated on all
sides with si1x inches of polystyrene and encased 1in a vapor sealed plywood
becx
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(C) The first pump used 1in the system was an Operdorfer centritugal
pump connected directly to a 3450 RPM motor, but 1t was found that this
unit was transferring too much heat to the .ooiing system, The situation
was remedied by adapting an ordinary pump used for circulating water
in lab-scale distiilations, a 1/30 horse-power PK pump. This pump was
connected to the system through 5/8" copper tubing and then insulated
with polyurethane foam. The pump 1s gravity-fed trom the reservoir and
forces the coolant through the polymerization bath and autoclave and then
through the return inlet at the top of the :eservoir

(D) The polymerization bath is a steel tank 12 inches x 18 inches x
18 inches surrounded by a water jacket 9 inches high and 1 1/2 inches wide.
The CaCl solution from the reservoir is circulated through the jacket which
is baffled so that the coolant must circulate completely around the tank
which is filled with CHCl to a depth of six inches. Three inches from the
top of the tank a 3 % inch brass rod mounted in air-tight bearings at ea:h
wall extends the length of the tank and six inches beycnd one end. This
extended end of the shaft 1s connected by a rocker arm to a pin and bushing
rounted cff-center in a pully powered by a 1/18 horse-powe: Bodine mctor
The motor 1s controlled by a Variac to give the degree of agitarion desired
on the brass rod. Several wire baskets which hoid the polymerization
vessels are suspended trom the brass rod into the CHC1l bath. The entire
tank is insulated with three inches of polyurethane and encased in a wooden
box with a removable, insulated 1id.

(E) The autoclave used is a 2090-ml)., Parr Series 4500, stirred,
pressure reaction vessel with an internal cooling coil. As received from
the factory, the cooling coil was made of 1/4 inch 0.D. stainless steel, but
after the first run !t was apparent that this coi1l was too small tc
prcvide sufficient cociing. It was, therefore, replaced firsr with a
1/4 inch 0.D. copper cofl (which also proved uasatisfactory) and finally a
3/8 inch 0.D. stainless steel co1l was used. The autoclave, stirring motor,
and holder are encased in a plywood box insulated with five inches of
polystyrene and a temperature of -30°C was easily obtained

The temperature on the autoclave is monitored with a Rustrak
automatic chart temperature recorder, Model 1l44.
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TABLE 1X
NMR ANALYSIS
(Peak areas in percent of total area)

Sample 78.4,2 78.5,2 83.1,2 78.6,2 78.7.1 78.8
Solvent Neat Neat Neat Freon 113 Freon 11 Neat
Shift ppm

(CF3COOH)
~20,0 1.6
-18,2 4.3 2.7
-15.0 1.7 1.6
-12.0 21.1 46,1 44,0 41,7 39,4 44,4
-9.9 25.2 6.3 5.7 6.2

-8.9 2,4

-6.4 5.7 1.2 1.4 1.6
Total CF3 58.6 53.6 51.1 41.7 52.3 47.6
+9.6 1.4
+11.4 10.9 20.6 22.8 25.8 19.5 22.6
+14.0 3.7 1.2 1.4 2.9 1,4 4.4
+21.5 7.7 5.5 5.7 4,4 4,9 4,0
+23.7 6.0 16.5 17.4 23.4 17,6 21.4
+26.3 2.3 0.8
+27.1 5.4 1.6
+28.2 6.0 2.3 1.4 2.2

Totral CF2 42.0 46,1 48.7 58.1 57.8 52 4

Description of sample polymerization:

78.4..  Bulk, 25°, 1l:1 CF3N0: CF,=CF,

78.5.2 Same as atove

83.1.2 Terpolymer with CFZBrz, buik, 25°, 1:1:1 monomer ratio
78.6.2 In Freon 113, -15° to 25%, 5:1 CF3N0:CF2-CF2

78.7.1 In Freon 113, -15° to 25°, 1:5 CF3NO:CF2-CF2

78.8 In cyclohexane, 25, 1:1 CF3NO:CF2=CF2, Ziegler catalyst
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APPENDIX A

Infrared Spectra

2,2,4s,4-Tetrafluoro-1,3-dithietane

Thiozarbonyl Fiuoride

Pertluorothioacetone

Tritluoromethyl Triflucrovinyl Sulfide

Triflucrome: hyl 2,2-Dichloro-1,1,2-trifluorocethyl Sulfide
Trtitluorovinylsulfur Pentafluoride
2-Chloro-l-nitrosc-1,2,2~-trifluorcethyl Trifluorcmethyl Sulfide
Bis«pentafiuorophenyl) Disulfide
Pentaflaoronitrosobenzene

Pentafluorobenzoyl Nitrite

Tecrrafluoroterephthalyl Mononitrite
p~Aminotetrafluoronitrosobenzene
4,%'-Diaminooctafluocrobiphenyl Oxidation Product
3-Carbomethoxyperfluoropropionyl Nitrite
4-Carbomethoxyperfluorobutyryl Nitrite

Methyl 3-Nitrosoperfluoropropionate

Methy) 4-Nitrosoperfluorobutyrate

ICH302C(CF2P312NO(CF2)3C02CH

3
[CH3OZC(CF2)2]2NO(CF2)2C02CH3
IHZNgtCFz)BIZNO\CFZT3@NH2
INC(CF,) ;i NO(CF,) ,CN

4-Nitrosopertluccobutyric Acid
1-Bromo-1,1,2,2-tetrafluoro-2-nitrosoethane

Methyl i1-Chlore-1,2,2-tritluoro-2-nitrosoethyl Ether
C3F7O{CF(CF3)CF20]1CF-CF

CFBNO/CF3

CFZNO/CFZ*CFBI Copolymer
.FBNO/CF 6F5

2
C = = = Ter
CF NO/CF y=CF ,/ CF,=CFCF=CF,, Tecpolymer

2
SCF=CF2 Copolymer

=CF2/C NO Terpolymer
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APPENDIX A (Cont'd)

Figure

A30, CFBNO/CFZ---CFCF---CF2 Copolymer after Reaction with CFJOF

A3l. CF3I|‘ICF2CF=CFCF2

O

A32. LF3NO/CF2=CFCF=CF2

A33. CF3NO/CF2=CFZ/CF2=CFCH=CH

Copolymer after Reaction with C1INO

9 Terpolymer

A34, CFBNO/CF2=CF2/CF2=CFCH=CH2 Terpolymer after Reaction
with CF30F

A35 CP3N0/CF2=CF2/CFH=C=CF2 Terpolymer

A36.  CF,NO/CF,=CF,/CF,=CFCF,NO Terpolymer

A37. CF3N0/CF2=CF2/CH3OZC(CF2)3N0 Terpolymer

A38. CFBNO/CF2=CF2/CH3OCF=CF2 Terpolymer
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Fig. A7. 2-Chloro-l-nitroso-1,2,2-trifluorcethyl
Trifluoromethyl Sulfide
(gas, 2 and 12 mm)
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Fig. AB. Bis(pentafluorophenyl) Disulfide
(Nujol mull)

Fig. A3. Pentaflucronitrosobenzene
(melt)
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Fig. A10. Pentafluorobenzoyl Nitrite
(Tiquid)
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Fig. All. Tetrafiuorcterephthalyl Mononitrite
(Nujol mull)
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Fig. Al6. Methyl 3-Nitrosoperfluoropropionate
(gas, 10 and 75 mn)
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Fig. Al7. Methyl 4-Nitrosoperfluorobutyrate
(1iquid)
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[CH302C(CFZ)Z]ZNO(CFZ)ZCOZCH3

(liguid)
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Fig. Az2. L-Nitrosoperfluorobutyric Acid
(1iquid)
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Fig. A23. |1-Bromo-1,1,2,2-tetrafluoro-2-nitrosoethane
(gas, 15 mm)
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Fig. A24. Methyl 1-Chloro-1,2,2-trifluoro-2-nitrosoethyl Ether
(gas, 3 and 24 mm)
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Fig. A25.

c3 7O[CF(CF3)CFZO]3CF=CF
(Vigquid)
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Fig. A28. CF3N0/CF2=CF2/C6F

(solid)

0 Terpolymer

5

e w

-~-“”--;""5 l'v;; 0|"lli'lll||1|lll"|l|'l]l- ' .y.|-||.|.-|nul|m||||‘|'| I:ll-l.lﬁl.b:‘ljilllmilll lll"-!ﬂi‘l]llll.;ll (NI} |'| [ |Tl ' pr
A i -~ I . LI . : ; : !
| 4 + ks
1 : . . i I i i i
- IJ"""‘!.[ ; b I i }
i . | { T $ H I_
H i i | :— y' |- \ l.._‘/‘ i ! '
P GRS SUNON | SN DU S +
TR JAER T P TSl
| S ‘ﬂL \ P e
I T AR Wi
. - + o
| | -Pf/M/;;/ | ! : '
i | L L |
i i ¥ I i i
Fig. A29. CF NO/CF,=CF,/CF,=CFCF=CF, Terpolymer
(solid)
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Fig. A30. CFBNO/CFZ-CFCF=CF2 Copolymer after Reaction

with CF30F {solid)
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Fig. A32, CF3NO/CF2=CFCF-=CF2 Copolymer after Reaction
with CINO (solid)
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Fig. A34L. CF3N0/CF2=CF2/CF2-CFCH-CH2 Terpolymer after

Reaction with CF30F (solid)
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Fig. A35. CF3N0/CF2-CF2/CF2-C-CF2 Terpolymer
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(solid}
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Fig. A38. CF3N0/CF2=CF2/CH30CF=CF2 Terpolymer
(10 mole % ether, solid)
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A

MONOMERS FROM OUTSIDE SOURCES

Amount
No. Compound (g.)
1, CFZ-CFCFZOCHZCF3 0.5
I .
2. CFZ-CFCFZCOLZH5
F_F ﬂ
3. CFZ-C. .OCZH5 5
F F
I
4, CF2*CP—</—__\>—COH 25
5. CF2C1CF(N0)CH2CH=CH2 1
6. CFZ-CFCFZNO 0.5
7% CF2-C=CH2 41
8. CFZBCFCAH9 5
9. CFZ-CFCHZCH-CH2 25
10, CFZ-CFSi(CH3)20C2H5 10
11. CFZ-CFCHZCFZCFZCHZCF=CF2 11
) ™ O -
12 CF2 CHuFZCHZCFZCH CF2 6
]
13, CFZ-CFCFZ\JOCH3 30
14, CFZ-CFCFZCFCICFZCF-CF2 29
5 i 1
15. CFZ-CFCFZCOK
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Source
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University of Florida

University

University

University

University
University
University
University
University
University
University

University

University

University
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of
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of

of

of

of

of

of

of

of
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Florida

Florida

Florida

Florida
Florida
Florida
Florida
Florida
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APPENDIX E

POLYMER SAHMPLES SUBMITTED

Zolymer
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APPENDIX E (Cont'd)

POLYMER SAMPLES SUBMITTED

oy

No. Designation Yolymer
ﬁ

27. W.0.-81.1 CF3N0/CF2-CF2/CH30 CF,CF,ND
28, W.0.-81.2 " / !

pgg o
29, V¥.0.-80.1 CF3NO/CF2=CF2/CH3OCCFZCFZCF2NO
30. W.0.-80.2 vy / "
31. W.0.-80.3 " / "
32. Q.C.-38.1 R A / "
33. qQ.C.-%9.1 Y A / "
34, Q.C.-59.2.2 N/ / "
35. Q.C.-59.4 R A / "
36. Q.C.-59.5 Y A / "
37. Q.C.-59.6 Y A / "
38, Q.C.-79.2 CF3N0/CF2-CF2/CH3OCFHCF2
39. Q.C.-79.5A "y / "
40, Q.C.-79.5B R A / "
41. Q.C.-84.1 CF3N0/CF2-CF2/CH3OCFC1CF2NO
42, C.W.P.-6 CF3N0/CF2-CF2/CF2-C-CF

2

‘08

Charged
Monomer
Ratio Amount (g.)
8:9:1 25
16:17:1 15
17:18:1 9
17:18:2 20
17:18:1 23
5:10:1 22.5
4:5:1 16.4
4:5:1 34
21:25:4 165
21:25:4 245
24:25:1 82
5:4:1 15.5
5:4:1 60
5:4:1 48.5
4:5:1 19
2:1:1 19.5
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