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ABSTRACT

Fluorine fluorosulfate, trifluoromethyl hypofluorite, and fluorine have been
found to react with fluorosulfuryl isocyanate under vhe influence of ulcraviolet
radiation to produce a new class of compounds containing the FSOZNC(O)F group.
Some of the chemical and physical properties of these materials and additional
characterization of FS0,NCO are presented.

Addition across the carbon-carbon double bond in bis(trifluoromethyl)ketene
with peroxodisulfuryl difluoride, tetrafluorohydrazine, difluoraminofluorosulfate

and fluorine fluorosulfate yield (CF3)2C(OSOZF)C(“)OSO F, (CF3)2C(NF2)CFO,

2
(CF3)2C(NF2)C(O)OSOZF, (CF3)2C(OSOZF)CFO, and (L‘J)ZCFC(O)OSOZF, respectively.

While in the presence of CsF only, (Ck3)ZC(NF2)CFO is converted to (CF,).,C=NF.

302
With CsF and T,, the former and (CF3)2C=C=O give rise to (CF3)2(NF2)CF20F and
(CF3)2CFCF20F, respectively. These new compounds have beei characterized and

and structures confirmed by nmr, mass and infrared spectra.

Reactions of NF,CFO with CF4F or with A12C16 and HC1 yield NFZOCF3 or NFZC(O)CI,
respectively. The reactions of NFZCFO with KF and CsF to give KOCFZNFZ, KOCNZFS,
KOCN3F6, CsO0CFoNF,, CsOCNZFS, and CsOCNgFg are discussed. Decomposition of
KOCF,NF, with Cl, yields NF,Cl, and pyrolysis of KOCN.Fg at 95° yields (KF,),CC.
Spectra and properties of (NFZ)ZCO and NF,C(0)Cl are given.

Nitrosyi halides (XNO, X = F, Cl, Br) are easily prepared by the reaction of
N02 and the respective cesium or potassium halide. In the case of the fluoride,
formation of a CsF-hexafluoroacetone salt which is subsequently deccmposed seems
to enhance the reactivity of the CsF toward NOy. Careful heating and powdering
of CsF have essentially the same effect.

The AgFy-catalyzed fluorination of CF4NC with and without fluorine is found
to give varying umounts of tris(trifluoromethyl)hydroxylamine. With fluorine,
the largest yield (55%) is realized at 24°. While with just the catalyst,

maximum yield (23%) is obtained at 129°.
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ADDITION TO THE CARBON-NITROGEN DOUBLE BOND

OF FLUOROSULFURYL ISOCYANATE, FSO2NCO

by
Ronald E. Noftle and Jean'ne M. Shreecve

Abstract
Fluorine fluorosulfate, trifluoromethyl hypofluorite, and fluorine
have been found to react with fluorosulfuryl isocyanate under the
influence of ultraviole* radiation to produce a new class ¢f compounds
containing the FSOzNC(O)F group. Some of the chemical and physical
properties of these materiale and additior.ail characterization of

FSOoNCO are presented.

The chemistry of isocyanates has received much attention in recent

Years especially that cf organic isocyanates and their derivativesl’2’3’h.

1  H. Ulrich, Chem. Rev., 65, 369 (1965).

2  R.G. Arnold and J. A. Neison, ibid., 57, 7 (1957).
3 C. V. Wilson, Org. Chem. Bull., 35, No. 2 (1963).
L Ibid., No. 3 (1963).

1-2 dipolar addition has been found to occur readily across the C-N




2
double bond in isocyanates. The polarizing effect of the sulfuryl
group in sulfuryl isocyanates enhances this tendency% However, studies
of gas-phase free radical addition to the carbon-nitrogen double bond
in sulfuryl isocyanates have not appeared in the literature. This paper
reports the reaction of fluorosulfuryl isocyanate with various fluorine-
containing free radicals to produce a new class of compounds incorporating

the fluorocarbonylfluorosulfurylamino group, (FSOoNC{O)F).

Experimental

Infrared spectra were recorded on a Beclkman IR-S5A infrared spectro-
photometer by using 10 and 13 cm, gas cells equipped with either AgCl
or NaCl windows.

1% n.m.r. spectra were obtained using Varian Models HR-60, HA-100,
and 4311B high resolution n.m.r. spectrometers.

Chemical analyses were performed by Alfred Bernhardt, Mikroanalyti.
sches Laboratorium in Max Planck Institut, L33 Mulheim (Ruhr), West
Germany and by R. Anderson of Allied Chemical Company.

Vapor pressures were determined by the method of Kellogg and Cadys

s K. B. Kellogg and G. H. Cady, J. Am. Chem. Soc., 70, 3986 (19L8).

or by direct measurement in a static system employing a Wallace and
Tiernan pressure gauge.

Ultraviolet light sources used in this work included a L50 watt
lamp (Hanovia L-679A36, Hanovia Lamp Div., Engelhard Hanovia, Inc.,
100 Chestnut St., Engelhard, N. J.) and a Hanau 70 watt lamp (Q-81,
Brinkman Instruments, Cantiagne Road, Westbury, N. Y.). Corex and

Pyrex filters were obtained frou Hanovia.
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For separation of complex product mixtures, gas chromatography
employing a 9.5 ft. x 1/4 in. Al column packed with 20% Kel-F #3 polymer
oil on Acid~Washed Chromosorb P was used, He flow rates were 70 cc./min,
When circumstances permitted, fractional condensation was used to separate
mixtures.
Materials.~--Fluorosulfuryl isocyanate was prepared by the method

of Appel and Rittersbacher6 with some impcrtant modifications.

> R. Appel and H. Rittersbacher, Chem. Ber., 97, 849 (196L).

a.) Preparation of SC2(NCO)2. The method of Graf! which involves

7 R. Graf, Ger. Pat. 940, 351 {1956).

the roaction of solid BrCN with liquid SO3 was used. The product mixbure
was first distilled at atmospheric pressure to remove most of the Brp

and SO2 formed in the reaction, and then at reduced pressure (1 mm) to
distill a mixture of SO2(NCO)2 and Sp05(NCO)2. The product was not
fractionated further,

b.) Preparation of FSO2NCO. The mixture prepared above was placed
in a distiliation flask and heated under reflux to 170o (SgOg(NCO)g decom-
poses to SOQ(NCO)Z and SO3 at 130° ) while small aliquots of HOSO,F
(ca. 0,25 ml) were added in the course of a few hr. As soon as FSO,NCO
was formed, it distilled into a collection vessel held at 0°. The ecrude
product was contaminated with SOa1, Brp and small amounts of SO and COz.
503 was removed by passing the crude material under vacuum through a
column packed with glass wool saturated with conc. H;S0). (Care must be

taken that the column does not heat appreciably because FSOpNCO reacts
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with HpS0) at elevated temperature.) Several pasces using fresh FpSO)
were nececsary to completely free the proauct from S03. Traces of COo
and SO, were removed by pumping at -78°, Finally, Br, was removed by
shakiag the product with dry Hg. (In a separate experiment, it was
determined that FSOoNCO did not react with Hg at 250.) The final product
was clear colorless 7S0pNCO. Calcd. Vapor Density: 125.C g./g.m.v.
Found. 126.0 g./g.m.v. Yield: 29% based on BrCN.

FOSCoF was collected as a by-product in the preparation of 5206F28

8 J. M. Shreeve and 6. H. Cady, Iaorg. Syn., 7, 12u (1963).

and puiified by fractional condensation,
Trifluoromethyl hypoflvorite was prepared by weaction oi’ €O wi’h Fp
at 350°.°

9 6. H. Cady, Inorg. Syn., 8, 165 (1966).

Fluorine was obtained from the General Chemical Div, of Allied
Chemical Cc. and was passed through a trap held at -183° prior to use.

The sulfur trioxide used was stabilized Sulfan B (Allied Chemical
Co., Morristown, N. J.).

Cyanogen bromide was obtained from Matheson, Coleman, and Bell.

Preparation of FSO,N(0SO,F)C(0)F.--FSO,NCO (0.1086 g., 0.87 mmole)
and FOSO,F (0.1301 g., 1.10 mmole) were condensed in a 1-1 Pyrex vessel
equipped with a water-cooled quartz probe., The wixture was aliowed to
warm to 25° and then photolyzed in the gas phase through a Pyrex filter
with light from a L50 watt UV lamp. Aifter 2 hr., the product mixiure was

examined. No noncondensable gases (-183°) were produced; the mixture
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contained only unreacted starting materials and the product FSC,N(0SO,F)C(0)F
as determined by examinatioi.. of 19F n.m,r, and infrared spectra. The
amount of unconsumed FOSO2F (0.079L g., 0.67 mmole) indicated that L9.5%
conversion was achieved. Other experiments employing larger amounts of
reactants and longer irradiation times resultec in different conversion
percentages. For example, whe:n a mixture of FSOpNCO (0.5280 g., L.22
umole) and FOSOoF (0.5957 g., 5.02 mmole) was photolyzed for 6 hr. under
the above conditions, the amount of unconsumed FOSOoF {0.23LL g., 1.99
mmole) indicated that 72.5% conversion had taken place.

If the photolysis was allowed to proceed through quartz in ths
abgence of the Pyrex filter, Oy, SOpFp, SiF}, ard a polymeric appearing
material were observed to form in addition to FSOoN{0SO>F)C(O)F.

Separation of the product mixture was accomplist:d by fractional
condensation at -23°, -78°, and -183°C. The unreacted FOSO,F was easily
isolated in the trap held at -183° but repeated passes were n.-~essary to
isolate pure FSOoN(OSGoF)C(O)F in the trap held at -23°, FSOoNCO was
retained in the trap held at -78°.

Identification and Properties of FSOoN(0SO,F)C(0)F.--The infrared
spectrum of FSOoN(0SOoF)C(O)F taken in the gas phase at 5 rm, pressure
in a 10 cm. cell with NaCl windows showed absorptions at 1890 (c), 1L95
(s), 1250 (s), 1205 (s), 1052 (m), 1021 (m), 854 (s), 827 (s), 788 (ms),
and 738 () ca™t.

The F n.m.r. spectrum consisted of three resonances at +6.58
(=C(0)F), =43.57 (-0S0oF), and =5L.69 (-SOoF) ppm. relative to an
external reference of CCliF. The relative areas under the thr.e peaks

were in the ratio of 1,02 : 0.96 : 1.00. Under high resolution these
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re ks were split into three pairs of doublets of equal intensity
(350,F-080Fs Lol eps; J50,F-c{0)Fs 8.5 cps; Joso,F-c(0)F, 1.4 cps).

The vspor density was determined by the method of Regnault-Ualcd.
for FSOpN(0SOoF)C(0)F: 243 g./g.m.v. Found: 2L2 3./g.m.v.

Anal,--Calcd. for FSOoN(OSOoF)C(O)F: F, 23.hkh; S, 26.38; N, 5.76;
c, b.9h; 0, 39.48. Found: F, 2L.4C; S, 25.84; N, 5.76; C, 5.31;

0 (diff.), 38.69.

Vapor pressures were measured over the range 325° K o 392° K using
the method of Kellogg and CadV.5 The approximate molar heat of vaporiza-
tion at the boiling point was calculated to be 8.77 Kcal/mole from the
slope of the vapor pressure curve with the aid of the Clausius-Clapeyron
equaticn, The boiling point was estimated to be 121.8°:O.h° by exira-
polation of the vapor pressure curve. These values yiz2ld a Trouton
Constant of 22,2 e.m., Vapor pressure data fit the expression:
log1o Pmm = 7.6695 - l%gg.

All attempts to crystallize the caupound resulted in the formation
- of a glass,

The hydrolysis of F30oN(0SOoF)C(O)F c°n be easily followed by
infrared spectroscopy. When moist air was adimitted into an ir cell
containing a pure sample of FSOoN(O0SOF)C(O)F and the spectrum was
rescanned, bands were observed for COp and SiF). In addition bands
attributed to C=0 and C-F stretching modes in the C(O)F group were
ovserved to decrease in intensity with time.

Preparation of FSOoN(OCF3)C(O)F.--In a typical series of prepara-
tions, FSO,NCO (3.5 mmole) and CF40F (3.8 mmole) were pho*olyzed foir

7 hr in the gas phase through a Corex filter with radiation from a LS50
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watt UV lamp. The Corex filter was found to be important in reducing
degradation of the reactants. The product mixture was fractionated
at -110° and -183°, A small amount of & noncondensable £as was present.
The fraction which condensed at -183° was examined by infrared spectro-
scopy and shown to consist of Crj0F, COFz, SiFy, COp, end traces of
SOoFp. The fraction which condensed at -110° was separated by gas
chromatography and consisted of three major components which were found
to be S,0cFp (Ry = 8 min.), unreacted FSOpNCO (Ry = 11 min.), and
FSO0oN(0CF3)C(0)F (0.2277 g., 0.99 mmole, 28%, Ry = 1L min.) by infrared
spectroscopy. In addition to traces of volatile materials (Ry = L min.),
one cther component was observed on the gas chromatogram but was present
in amounts too smail for identificaticn.

Identification and Properties of FSOZN(OCF3)C(O)F.—-The infrared
spectrum of the material in the gas phase at 5 mm. pressure in a 13 cnm,
cell with AgCl windows showed bands at 1888 (s), 1u9L (s), 1306 (s),
1250 (vs), 1206 (vs), 1177 (vs), 1088 (m), 1027 (m), 888 (w), 823 (vs),
776 (v), 747 (w) and 65L (m) cn™>.

Three intense resonances were observed on the 1°F n.m.T. spectrogram
for FSOZN(OCFB)C(O)F. Under 1ow resolution, peaks appeared as singlets
at +68.L (-OCF3), +5.6 (~C(0)F), and -£0.L {-SOoF) ppm. relative to an
external reference of CCl3F with areas in the ratic of 3 : 1 : 1. Under
high yesolution fine structure was observed. The first rescnance was
split intc two similar doublets, the second rescnance into a broad
quintet, and the third resonance into two partially superimposed Guartets
(JC(O)F-OCFB: L.3 cps; JOCF3-S0oF» 1+8 cps; Jo(0)F-50,F> £-L cps; J caled.

for two overlapping quartets to form a quintet, L.6 cps; J obs, 4.5 cps).
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The vapor density was calculated to ce 229 g./g.m.v. Found: 22822
ge/gom.V,

Anal.--Calcd. for FSON(OCF;)C(0)F: F, L1.u8; 8, 13.97; N, 6.11,
G, 10.L8; 0, 27.96. Found: F, 37,59; S, 15,80; N, 6.87; C, 9,78 ;

0 (diff.), 29,96,

Vapor pressures were determined in a static system by using cold
baths. Data obtained for FSO2N(OCF3)C(O)F are: Pmm, TVK; 33.0, 277.0
39.5, 280.7; L6.0, 28L.2; 57.0, 289.0; 60.0, ?°3.C.

Preparation of (FSO2NC(O)F)2.--F802NCO (2.99 mmole) and Fy
(3.4 mmole) were photolyzed in a 1-1 Pyrex vesscl for 20 min, The 70
watt UV lamp was located in a water-cooled quartz probe which fit into
the center of the vessel. No filter was used. The product mixture was
fractionated at -78° and -183°. A noncondensabls gas (Fp) was present
and was pumped away through :. column packed with soda-lime. The fraction
which cordensed in the trap held at -183° contained o5y, SiFh and SO,F,
identified by infrared analysi:. The material which condensed at =78°
was refractionated at -23° and -183°. The fraction held in the trap
at -23° was (FSO,NC(0)F), (1.02 mmole, 69%). The material volatile at
this temperature was 8205F2 (0.28 mmole) contaminated with a trace of
FSO,NCO. A white solid remained in the reaction vessel. When treated
with moist air, it avolved a brown gas (NOp). This result indicated
that the white solid was procably (NO),SiFg.

Jdentification aad Properties of (FSO,NC(O)F),.-«The infrared
spectrum of (FSO2NC(O)F)2 at 3 mm. pressure iu a 10 aa, cell showed
absorptions at 1888(s), 1Lk (s), 1295 (w), 128 (s), 1225 (8), 1178
(m), 1060 (m), 894 (w), 870 (w), 842 (sh), 829 (s), 727 (vw), and 662

(w) eml,
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The LF MR spectrun exhibited resonances at 9.08 (s) and -57.L (s)
Prm relative to an external standard of CCl3F. Relative areas of these
peaks were in the ratio of 1 1 1. No fine etructure was observed under
high resolution.

The calculated vapor density for (FSOoNC(0)r)o is 288 g./g.m.v.
Found: 29L%10 g./g.n.v.

Anel, --Caled. for (FSOONC(O)F)o: F, 26,38; s, 22.25; C, 8.3k;
N, 9.72; 0, 33.33. Found: ¥, 27.0; S, 23,01; C, 8.5k; N, 10.85;
0 (.1iff£.), 30.60.

Vapor pressures were determined in a gtatic system. Pmm, T°K;
1.5, 273.2; 2.8, 282.2; 3.2, 28L.7; L.O, 2B87.7; 7.5, 2%6.2.

(¥S0oNC(0)F)2 hydrolyzed in moist air to give COp. Bands due to
C=0 and C-F stretching medes in the C(O)F group were cbserved to decrease
with time.

Reaction of FSO2NCO with S5204F2.~=FS02NCO and S204F2 did not reant
when allowed to stand togethcr in a glass tube for 2 hr. The mixture
was heatea to 100°, and after 12 hr., the characteristic yellow-brown

coloi of ~0$02F radicalslo was still observed in the reaction vessel.

10 F. B. Tudley and G. H. Cady, J. Am. Chem. Soc., 8%, 3375 (1963).

FSO,NCO (0.6112 g., L.B89 mmole) and S,0¢F, (1.0229 g., 5.17 mmole)
vuere condensed in a 1-1 Pyrex bulb and irradiated through quartz with
UV 1ight from a LSO watt lamp for Y.5 hr. No noncondensable gases (-183°)
were observed to form. The product mixture wis separated crudely by
fractional condensaticn., The most volatile fraction was SiF), the next

.03t volatile {raction consisted of Sp04Fs and FSO5NCO, and the least
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volatile fraction was mostly FSO,N(0SOoF)C(O)F contaminated with FSO,NCO
and S;04F2. In addition, a white, Ilaky material was isolated and shown
to be 503 by chemical tests. No evidence was found for the presence of
FSOoN(0SOoF)C(0)0SOoF, the expected product. Apparently, the reaction
followed the equation
FSO,NCO + 5,0¢F5 .E!; FSOzN(OsozF)C(O)F + S053.
Further characterization of FSOoNCO.--The propertivs reported for

FSO,NCO in the literature include the boiling point (62°,11 61.8%) and

11 H. Jonas and D. Voigt, Angew. Chem., 70, 572 (1958).

a chemical analysis. Additional data was c:tajined in the present work.
Infraredi spectrum % mm., 10 cm. cel™): 2265 (vs), 1k67 (s),
135 (s), 1235 (8), €33 (s), 763 (s), 6L9 (s) em™ .
The 17F MR spectirum consists of » singlet at -61.1 ppm from an
external reference of CCl3F.
The experimental vapor density was 126.0 g./g.m.v. Calcd.: 125.0

g./g.m.v. The equilibrium vapor pressure at 25° was 155 mn.

Results anc Discussion
Fluorine fluorosulfate was found to react with FSOpNCC in the gas
phase under the influence of Pyrex filtered uliraviolet radiation

according to the following equation
0

hv ,Cf
FSOoN=C=0 + FOSO,F —> FSOgK\
0S0,F

19

Tue “'F NMR spectrum of the product showed resouances due FSOaN(0SO,F)C(0)F

only and suggests that no iaomers were formed. .otal conversion of +the
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reactants to the product was never achieved but in 7 hr. conversions
approached 80% when L4 mmole of each of the starting materials was used.
When the irradiation was run in the absence of the Pyrex filter. the
product was formed in lowef yield and some degradation of the starting
materials took place. FOSOoF is known to produce free radicals nvnder

thermal excitaticn.lo

Heating a mixture of FOSOoF and FSOpN=C=0 at
100° for 12 hr. resulted in the formation of the iddition product in

lower yields with scxme degradation of the starting materials.

Trifivorometnyl hypofluorite reacted with FS0,°CO under the influence

of ultraviolet radiation to form FSOHN(OCF)C{O)F in 28% yield.
P

hy /C‘F
FSO,N=C=0 + CF30F —-» FSOoN
A
OCF 3
The nroduct mixture was less complex when a Corex glass filter was used
than when the UV radiution was allowed to pass directly through yuartz.
The presence of the other possible isomer, FSO2N(F)C(0)OCF3,Has not
detected.
When an equimolar mixture of FSO,NCO and F, was exposed to UV
radiation through quartz for 15 min., (FSOpNC(O)F), was isolated ia 69%

yield. Some degradation products were also observed. The mechanism

//0 40

b R e
F, + 2FSO,NCO BY, FSO,-N-N_ 'F
SOoF

by which thie substituted hydrazine is formed may involve the preliminary

formation of the Fp addition product which then adds to FSONCO:

P P o0
Fy + FSOpN=Co0 - FSON/  FSO2N=C=0 peg, yy — 7 ©
“cZ0 ‘ “S0,F

~F
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or FSO,NC(O)F radicals may form aud recombine:

0
FC
F¢ + FSOsN=C=0 — FS0p-ii*
0 0 040
FC FCZ  °F

2FS02-N« —> FS0o-N —N —SOF
The infrared spectra of the three derivatives show similarities and
comparison with other spectra allows some general assignments to be made.
Strong bands in the region 1888 cm'1 are assigned to carbonyl stretching

0 0
of the ~Cf% group.l' The C-F stretching modes of the —C:F greup have

12 J. H. Simons, "Fluorine Chemistry," Vol. II, Academic Press, Inc.,

New York, N. Y., 155L, p. L8S.

been found to occur at 1190 cm'l in FSOZ.OC(O)F13 and 1221 and 1178 cm'l

13 W. B. Fox and G. Franz, Inorg. Chem., 5, 9L6 (1965).

in (FC(O)O)?lh which correspond with bands in the region 1177--1205 o1

14 A. J. Arvia and P. J. Aymonino, Spectrochim. Actaz, .8, 1299 (1962).

in the fluorosulfuryl isocyanate derivatives; these assignments should

be regarded as tentative. Absorptions in the region 1L9L and 1250 cm'l
may be ascribed to asymmetric and symmetric S=0 stretching vibrations

of the -SO0oF group. These values are in line with thcse found for

similar compounds containing the -SO,F group, i.e., -N(SOgF)215 and

15 J. K. Ruff, Inorg. Chem., £, 732 (1966).
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'N-SO?F.lé A doublet might be expected to arpear for the S«0 asymmetric

16 M. Lustig, C. L. Bumgardner, F. i. Jobason, and J. K. Ruff, Inorg.
Chem., 3, 1165 (196L),

stretching mode in FSOoN(OSOoF)C(O)F but none was observad probably due
t> overlap of the two bands. CF303020302F shows only one band for the

S=0 asymmetric stretching mode.l7  The sirong absorptions at 854 and 327

17 W. P. Van Meter and G. H. Cady, J. Am. Chem. Soc., 82, 6005 (1960).

cm'l are assigned to S-F asymmetric and symmetric stretching modes in

FSON(052,F)C(0)F. 16918 Bands at 842--823 en”) are assigned to S-F

18 H. C. Clark and H. J. Emeléus, J. Chem. Soc., 190 (1958).

stretching modes in FSO,N(OCF3}C(O)F and (FSO,NC(O)F),.

The 19F n.m.r. spectra of the isocyanats addition preducts support
tleir pronosed structures. FSOok(0S02F)C(O)F shows three resonances of
equal area appearing at +5.6, -U43.8, and -SL.6 ppm from an ;xternal
reference of CCl3F. The first resonance is assi~aed to ths F atom
attached to the carbonyl group since other molecules containing a fluoro-
carbonyl group bonded to nitrogen have teen found to absorb near this

19,20,21

region. The resonances at -43.8 and -54.6 ppm are in the regicns

19 NF,C(0)F: G. W. Fraser and J. M. Shreeve, Inorg. Chem., L, 1L97 (19.5).
20  (CF3)oNC(O)F: F. S. Fawcett, C. W. Tullock and D, D. Coffman, J. Am.
Chem. Soc., 8k, L275 (1962).

21 SF,=NC(C)F: A, F. Clifford and C. Kobayashi, Inorg. Chem., L, 571
(1965).
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associated with OSOoF and SOoF groups respectively.22’23'15 Under high

22 F. A. Hohorst and J. M. Shreeve, Inorg. Chem., S, 2069 (1966).
23 J. K. Ruff, Inorg. Chem., L, 1hk6 (1965).

resclution each of these singlets was split into a pair of doublets
arising from coupling of the two nonequivalent F atoms with the third

one. Although no nitrogen coupling was observed, the resonance attributed
to the -C(O)F group was breadened indicating that quadrupole interactions
may be important. Broadening of n.m.r. signals for F on r(0)F have been

observed in compounds containing C(O)F groups bended to nitrogen.zh The

2k J. K. Ruff, Inorg. Chem., 5, 1787 (1966).

larger J value observed for coupling of F on 0SOoF with F on C(O)F
suggests that through-space interacticns may be important since F on
OS0oF is L atoms removed from F on C(0)F. Such through-space interactions
have been Ifound to be important in the p2rfluorvcali-yl derivatives of

sulfur hexafluoride.‘’ In the case of FSOpN(OCF3)C(0)F. t'ree resonances

25 M. T. Roges and J. D. Graham, J. Am. Chem. Soc., 8k, 3666 (1962).

were also observed at +68.3, +6.6, and -50.4 ppm relative to CCljF. The
areas were in tha ratio of 3 : 1 : 1 and are in the regions associated

vith the -0CF3, -C(O)F, and -SOoF groups, respectively. The high resolu-
tion spectrum showed a high field pair of doublets arising from coupling

of two nonequivalent F atoms with those of the -OCF3 group. The resonance

at 6,6 ppm was observed as a broadened quintet in th: ratio 1 : L4 : 6 : 4 s 1

arising from two overlapping quartets due to coupling of the =C(O)F
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fluorine atvom with those of the -OCF3 and -SOpF groups. The low field
resonancs sppeared as two partially superimposed quartets due to couplinug
of the F atom on the -SOoF group with those on the -C(O)F and -0CF4 groups.
(FSOZNC(O)F)z exhibited two resonances of eqﬁal intensity located at
+9,08 and -57.4 ppm attributed to F atoms in the -C(Q)F and -SO,F groups,
respectively. No fine structure was observed. Although the results of
infrared, n.m.r. and chemical analysis indicate that the empirical formula
is (FSOgNC(0)F),, they do not show that n equals 2. The conclusion that
n equals 2 follows after a consideration of ruies of chemical valence,
comparison of observed with expected volatility, and the fact that the

material is uncolored indicating that it is probably not a free radical.26

26 R. E. Noftle and G. H. Cady, Inorg. Chem., L, 1010 (1965).

The compounds are hydrolyzed by traces of moisture. Hydrolytic
attack probably occurs first at the fluorocarbonyl group feilowed by
very slow hydrolysis of the fluorosulfuryl group.23
Acknowledgment.--The support of the Office of Naval Research is gratefully
acknowledged. The authors wish to thank Dr. William B. Fox, Allied
Chemical Co., Dr. Friedhelm Aubke, Univ., of British Coiumbia, and

Mr. B. J. Nist, Univ. of Washington, for the 17F NMR spectra.
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DERIVATIVES OF BIS(TRIFLUOROFETHYL)KETENE WHICH CONTAIN FLUOROSULFATO,

DIFLUORAMINO, FLUORI¥INO, AND/OR FLUOROXY GROUZS

vy

Dayaldas T. Meshri and Jean'ne M. Shreeve

Abstract: Addition reactions across the carbon-carbon doubie bond in
bis(trifluofomethyl)ketene with peroxodisulfuryl difliuvoride, tetrafluoro-
hydrazine, difluoraminofluorosulfate and fluorine fluorosulfate yield
(CF3)oC(030,F)C{0)0S0yF, (CF4),C(NFp)CFO, (CF3)oC{NF,)C(0)0S0,F,
(CF3)20(0502F)CF0, and (CFB)ZCFC(O)OSOZF, respectively. Vhile in the
presence of CsF only, (CF3)2C(NF2)CFO is converted %o (CF3)2C=XF. With
CsF and F,, the former and (CF3)20=C=O give rise to (CFe)?C(NFz)CFZOF

and (CF3)2CFCF20F, respectively. These new compounds have teen charac-

terized and siructures confirmed by nmr, mass and infrared spectra.

Numerous investigations dealing with the interaction of bis(tri-
Iluoromethyl)kciene ((CF3)20=C=O) and organic materials hove been
reporied, e.g., cycloaddition to both the C=C and C=0 groups occurs with
vinyl benzoate at 100°, and simple alkenes also add to foma syclobutanones

and linear a:“duc:ts.l Knunyants and co-workers have publishec extensively




1 D. C. England and C. G. Krespan, J. am. Chem. Soc., 87, LO19 (195%).

. — 2-11 . .
on the reacticn <hemistry of (Cr3)2C=C=O. However, the reactiors

2 I. L. Knunyants, Yu, A. Chedburkov, ad M. D, Bargamova, Izv., Aka.
Nauk S33R, Ser. Knim., 1389 (1903). (C.A., 59:1517Lh)

3 Yu. A. Cheburkov, E. I. ¥ysov, and I. L. Knunyants, ibid., 1570
(1963). (C.A., 59:15175d)

Y Ya. A. Cheburkov, N. Mukhamadaliev, Yu. E. Arnov, and I. L.
Knunyants, ibid., 1478 (1965). (C.A., 63, 16205e)

5 N. Mukhamadaliev, Yu., A. Cheburkov, aand I. L. Kaunyants, ibic.,

1982 (1965). {C.A., 6L, 11077c)

6 Yu. A. Cheburkov, N. Nukhamadaliev, and I. L. Knunyants, ibid.,
383 (1966). (C.A., 6L, 17411d)

7 Yu. A, Cheburxov, N. Muxhamadaliev, and 1. L. Knuayanis, _273.,
364 (1966). (C.A., 6L, 17438a)

8 Yu. A. Cheburkov, Yu. E. Arnov, and I. L. Knunyants, ipid., 542
(1966). (C.A., 65, 87Lor)

9 Yu. A. Cueburkov, Yu. E. Arnov, N. S. Mirzabekyants, and I. L.

Knunyants, ibid., 773 (1966). (C.A., 65, ©67%5e)

10  Yu. A. Cheburkov, N. Mukhamadaliev, N. S. !irzabekyants, ana
I. L. Knunyants, ibid., 1265 (1966). (C.A., €5, 16852h)

11  Yu. E. Amov, Yu, A, Cheburxov, and I. L. Knunyanis, dbsiracis,
th International Fiuorine Symposium, Estes Park, Colorado,

July, 1907, p S6.

¢t (CF3)20=C=O with typical inorganic fluorine-contalning free radical




sources had not been examined. Subsecuer.t fluorination of these addition
compounds could lead to new fluoroxy molecules.
Compounds similar tc some of those discussed in this paper were

-
reported by Lustig, Ruff and co-workers while this work was underway.12 *5

12 M, Lustig and J. K. Ruff, Inorg. Chem., L, 1LL1 (1965).

13 J. K. Ruff, J. Org. Chem., 32, 1675 (1967).

1L J. K. Ruff, A. R, Pitochelli and M. Lustig, J. Am. Chem. Soc.,
88, LS3L (1966).

15 M. Lustig, A. R. Fitochelli and J. K. Ruff, ioid., 89, 2841 (1967).

Addition cf NFZOSOZF to perfluoroalkene double bonds, e.g., Cth, C3F6’
followed by defluomsulfurylation, gives 2-difluoraminoacyl fluorides
(CFZ(NFZ)CFO, CFBCF(NFe)CFO). The latter are readily converted via
CsF catalyzed fluorination to flucroxydifluoraminoalkanes.lh’15 Ruff
reported a general method for the preparation of 2-haloiminoperfluoro-
propanes ((CF3)20-NX) by the catalytic halogenation of (CF3)2C=NH.13
The highest yield (70%) of the rluorimine was obtained in the presence
of potassium fluoride and equimolar amounts of fluorine and the imine.

Ve have found that the new compound (CF3)2C(NF2)CFO may be converted at
voom temperature in the presence of CsF to (CF3)2C=NF in yields as high
as 96%.

The reactivity of the carbon-carbon double bond in (CF3)2C=C=O has
been examined with S,;04F,, FOSOoF, NF,0S0,F and NoF),. Addition compounds
are obtained in all cases. For NF,0S0,F and NoF),, the 2-fluoramino
isomers seem to be etrongly favored over the l-fluoramino compounds.

When these fluoramino addition compounds are catalytically fluorinated,




identical fluoroxy compounds result., 3is(trifluoromethyl)ketene also may
be easily fluorinated to give a rather unstabie hypofluorite, (CF3)2CFCF20F

which slowly decomposas 1o C3F8 and COF,.

Experimental Section

Materials: séoépé,lé FOSO,F,7 and NF20802F18 were prepared and

16 J. M. Shreeve and (. H. Cady, Inorg. Syn., 7, 12L (1963).

17 F. B. Dudley, G. H. Cady, and D, F., Eggers, Jr., J. Am. Chem. Soc,,
78, 290 (1956).

18 M. Lustig and G. H. Cady, Inorg. Chem., 2, 380 (1963).

purified by the literature methods. Dis(trifluoromethyl)ketene was
obtained from E. I. Du Poat de Nemours and Co. and was purified by gas
chromatography by using a Kel-F Haloport column, Tetrafiuorohydrazine
was purchased from Air Products, Inc. Fluorine was obtained from the
Allied Chemical Co. and was purified by passing through a sodium fluoride
scrubber to remove HF and a trap held at -183°,

Apparatus: A standard Pyrex vacuum system with Tellen stopcocks was
employed for material transfer because some compounds dissolved Kel-F
stopcock grease, <JSince the reaction of 55047 and (2F3)QC=C=O reguired
a grease-free system, Pyrex storage tubes with Teflon stopcocks which
contained the reactants and a Pyrex reaction vessel were sealed to the
vacuum line, The ultraviolet irradiation apparatus was a l-1 round
bottom Pyrex bulb equipped with a 2 mm vacuum stovcock and a quarte
insert (20 cm long and 2.5 cm id) which was sealed into the bulb with a

§ L5/50 ground glass joint. The lamp {(Hanau, Q-81) was inserted so that




the arc was near the center of the bulb.

Molecular weight: Molecular weights were determined by the method

of Regnault and are listed in Table I. A calibrated bulb with a volume
of 254.4 ml was used for the determinations, The bulb was fitted with
a Teflon 1 1/L mm stopcock with a Pyrex 10/30 ¥ inner joint. Pressures
were measured with a mercury manometer.

Elemental analysis: 2-Dif.uoramino-2-trifluoromethylpropionyl

fluorosulfate was analyzed by Schwarzkopf Microanalytical Laberatories,
Inc., Woodside, New York. Since most of the compounds attacked Pyrex
glass slowly at room temperature or decomposed if stored in Pyrex at
room temperature for a week or more, they were analyzed in this labora-

tory. Fluorine was determined by a null point potenticmetric method,l9’2°

19 T. A. O'Donnell and D. F, Stewsrt, Anal. Chem., 33, 337 (1961).

20 T. A. O'Donnell and D. F. Stewart, ibid., 3L, 1347 (1962).

after the compound was fused with sodium metal. Sulfur was determined as
BaSO after basic hydrolysis of (CF3)2C(0502F)C(0)0802F. Eldmental
analyses results are given jin Table I.

Safety precautions: It should be noted that the new hypofluorites

are potentially hazardous and proper precautions of shielding and working
with small quantities should be observed.

Reaction with Sp04F,: After the system was flamed out under vacuum,

2 mmole of (CF3)2C-C-O was transferred into the reaction vescs~? and
So0¢F7 was added slowly to the reaction vessel in abcut 0,1 mmose zounts.
On occasions when Sp0¢F, was added too rapidly Jlashes of light wore

observed. Addition of S,04F, was continued until the pressure in the




-

reaction vessel had dropped to about 5 torr (roughly the vapoxr
prassure of the product at room temperature). Colorless droplets

of \CF3)2C(OSO2F)C(O)0502F appeared on the inside walls of the reaction
vessel. After completion cf the reaction, (CF4),C=C=0 + S,0¢Fp =
{CF3)2C(0805F)C(0)0S0pF, SiFy, and traces of (F¥3)oC=C=0 were removed
by pumping on the mixture held at -20°, Further purification was

accomplished by passing & stream or dry helium through the liquid.

Yields were in excess of 90%.

Reacticn with FOSO,F: (CF3)2C-C-O (1 mmoie) and ary nitrogen

(10 mmole) were added to a 1-1 reaction vessel which was held at about
-25° in an ethyl alcohol-water slush bath. & tota’. of 1.2 mmole of
FOSOZF was added slowly to react according to (CFB)ZC-C=O + FOSOQF —
(CFB)ZCFC(O)OsozF (87%) + (CF3)?C{OSOQF)CFO (13%). These percentages
were cbtained from nmr d.ta. After 3 hr, Ny, SiF), and e<cess FOSO,F
were rumped off ~t -25°, Nealy quantitative reaction occurs. Satis-
factory separation of the isomers was not reclized.

Reaction with NF,0S0,F: A 2~1 Fyrex bulb with a break-seal and

L mm quick opening Teflon stopcock was heated to 200—250° under dynanic
vacuum, Failur: to flame out the vacuum -'stem and reaction vesscl
decreased the yleld of the addition product and increased ine yield of
nitrogen oxides. When the systen was at ambient temperature, 2.6 mmole
of (CF3)2C=C=O and 3.2 mmole of NF,0S0,F were transfarred into the
vessel and the stopcock was sealed off. Thne reaction vessel was heated
slewly in an oven over a period of 1 hr until the temperature reached
950. Heating was continued at this temp2rature for 7--8 hr. The

nroducts were removed from the reaciion vescel through the break-seal.




The volatile products, COp, SOy, and SiF) were pumpad off at -70° and
further purification was accomplished by using a lel-F Haloport column.
Typical yields of purified (CF3)2C(NF2)C(O)OSOEF ranged between 80—~9L%
(2.1—2.5 mmole). No positive evidence fer (CF3)2C(0502“)C(0)NF2 was

found.

Reaction with NpF;: A mixture of (CF3)2C=C=O (0.97 mmole) and

Nth (2.1 mmole) was transferred into a vessel equipped with a quartz
insert and was subjected to ultraviolet radiation. Tap water (about
20°) was allowed to flow continuously around the lamp and over the
reaction vessel. When the vltraviolet lamp was new, irradiation for
about an hour was suificient. Prolonged irradiation resulted in decom-
position of *..- product and increased the yield of niirogen cxides. In
this reaction the major product was (CF3)2C(NF2)CFO and only minor
amounts of the isomer, (CF3)2CFC(O)NF2, apparently were obtained. This
was not positively identified. (CF3)QC(NF2)CFO was purified by pumping
off the volatile products, NFB’ N2Fh’ COF2, 002, SiFu and lower fluoro-
carbons. at -78°. Further purification was made by using a Kel-F
Haloport column which permitted efficient separation of (CF4) ,C(NF, )CFO

from NO,. ical yields of purified (CF C(NFQ)CFO ranged between

3)2
0.58--0.88 mmole (59--91%2). Lower yields are attributed to the presence
of moisture in the system or to inadequste cooling during irradiation.

General procedure for fluoroxy compounds:l)"’15 Al.C to 3.5 ¢

sample of cesium fluoride was ground Yo a fine powder with a mortar and
pestle and dried in a vacuum oven for 1b hr. The dried cesium fluoride
was tiansferred into a 100 ml Monel Hoke Cylinder or 750 ml nickel vessel

prepared by soldering together two nickel crucibles which containad 12




stainless steel balls (3/8 in diam), The reactor was evacusted, filled
witn fluorine to one atmosphere, and then heated to 200° in the oven

for 6 hr. Fluorine was pumped nut through 2 soda lime trap. To ensure
the presence of finely pround catalyst, the reactor was shaken manually
for half an hour. A 0.25 mmcle sample of (CF3)2C(NF2)CFO was condensed
into the reactor at -183° and then approximately 2 mmole of purified
fluorine, diluted with nitrogen (360 torr F, + 320 torr Ny), was added.
The reactor was placed in a slush bath (-78°) which was allowed to warm
slowly to -20° over a period of 5 to 8 hr. When the temperature of the
slush bath reached -20°, the products were transferred into a trap msin-
tained at -183c and nitrogen and unreacied fluorine were pumped off
tnrough a soda lime trap. A similar procedure was employed for fluorinat-
ion of (CF3)2C=C=O except the reactions were carried out with larger
quantities. (Typically 3 mmole gave about 2.8 mmole hypofluorite.)

In most runs no further purification was necessary for either
compound, Whenever traces of impurities due to the presence of starting
materials er decomposition products were observed, the compounds were
purified by fractiornal codistillation or trap-to-trap distillation. In
the case of (0}3)2CFCF2OF, a trap at -76° retained the hypofluorite and
the impurities, C3F8, COF2 and starting material, were found in the trap
at -183°.

when the reactions of (CF3)2C(NF2)CFO (0.25 mmole) were carried out
at room temperature in the presence of only CsF, 2-fluoroiminocperfiuoro-
propane (0.23 mmole) and carbony) fluoride (0.21 mole) were obtained.
The fluorimine was purified by using a Kel.F Haloport column. A summary

of the experimental data is given in Table I.




Infrared spectra: Infrared spectra of new materials were recorded

with a Beckman Model IR SA spectrophotometer (sodium chloride prism,
5000-625 cn~t range, 3 min scan) or a Perkin-Elmer Model 137 infrarea
spectrophotometer (sodium chloride prism, L000-667 et range, 12 min
scan)., The gaseous camples were contained in a 5 cm glass cell with
NaCl windows. The follcwing are the frequencies in cm'1 for
(CF3)20(0802F)C(0)0802F: 1836 (s), 1485 (vs), 1290 (vs), 1250 (vs),
1163 (w), 1087 (s), 991 (s), 965 (vs), 873 (s), 842 (s), 805 (w), 773
(m); for a mixture of (CF3),CFC(0)OSO;F and (CF5),C(0SO,F)CFO: 1672
(ms). 1845 (s), 1Lk92 (vs), 1312 (vs), 1265 (vs) broad, 1192 (ms), 1130
(m), 1095 (m), 990 (vs), 965 (vs), 862 (s), 8u5 (vs), 808 (m), 778 (m),
748 (w), 708 (w;; for (CF3)2C(NF2)C(O)0802F: 1824 (s), 1L90 (vs), 1280
(vs), 1240 (vs), 1150 (m), 1065 (m), 1010 (s), 980 (vs), 952 (s), 910
(s), 860 (vs), 8Lk (s), 81L (w), 800 (w), 775 (s), 7U5 (w); for
(CF3)2C(NF2)CFO: 1868 (vs), 1260 (s), 1175 (w), 1068 (w), 1008 (vs),
947 (s), 910 (8), 7L5 (w), 708 (8); for (CF3)2C(NF2)CF20F: 1280 (s),
1220 (s), 1175 (m), 1130 (w), 1062 (m), 1010 (vs), 953 (vs), 918 (s),
883 (ms), 805 (ms), 735 (s) broad; for (CF4),CFCF,OF: 1282 (vs) broad,
1195 (sh) 1165 (s), 1125 (s), 985 (vs) broad, 852 (s), 808 (s), 750 (s),
727 (s); and for (CF3)20=N-F: 1639 (m), 1350 {vs, 50 (vs), 1213
(vs), 1181 (sh), 1023 (vs), 9LO (sh), 733 (r .

19F NMR spectra: 19F nmr spectra were recorded at room temperature
with a varian Model V L310 spectrometer operating at 4O Mc, a Varian
Mcdel DP-60 spectrometer at 56.L Mc, a Varian Mrdel L4311 B at LO Mc or
a Varian HA 100 at 91.h4 Mc {at -60°). In all cases CClBF was used as
an external reference and rescnances are given in ppm. The chemical shifts

and assignments are given in Table II,
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Oxidizing ecuivalent: The oxidizing equivalents of fluoroxy

compounds were determined by permit..ng the weighed sample to react
with aqueous acidic iedide solution and titrating the liberated iodine
with standard sodium thiosulfate. These are given in Table I.

Mass spectra: Mass spectiral cracking patterns were rzcorded with
a Consolidated Engirneering Corporation Type 21-103 mass spectrometer.
The ionizing potential was 70 volts at ambient temperature. The princi-
pal peaks in the spectra of the compounds are given (species, mass
number, relative intensity). (CFB)QC(OSOQF)C(O)OSOZF: co”, N2+, 28, 17;
F', 31, 20; 0,%, s0,"", 32, 12; €0,", L, 23; SiF¥, L7, 9; S0”, L8, 28;
s0,%, 6L, 38; sir,*, 66, 8; Fs0*, 67, 15; Cr3 , 69, 100; C0,5%, 76, 3;
FSO,*, 83, 57; SiF3", 85, 34; CoF30", 97, 23; SiFy*, 10k, 18; Co045F",
123, 7; 03050*, 1L7, 29; ctho*, 159, L3; 03?3033*, 173, 13; chr7033*,
2L9, 6; CbF7th+’ 277, 1; ChF807Séﬁ 376, 1 (molecule-ion);
(CF3),C(NF,)C(0)0S0,F: co’, N,*, 28, 9; CF', 31, 315 0,", 50,77, 32, 3;
NF*, 33, 19; CoF', L3, L; €O,°, Lk, 17; SiF®, L7, 2; So¥, L€, 32; cFy’,
50, 8; NF2*, 52, 0.6; C,F,", 62, 1; CF,N", 50,%, 6L, 8; FS0", €7, 0.5;
CF3+, 69, 100; 3F2 » Th, 1; CO,8%, 76, 3; so3 , 80, 7; 02F3 , 81, 3;
Fso2 , 83, 2; 81F3 , 85, 11; 03F3 » 93, U; C2Fh , 100, 5;CrO 35 , 111, 2;
C,FNO,S*, 153, 0.9; chqg, 162, 35; ChF7+, 161, 13; 03}7N 162, 0.6;
c3F8N*, 202, 0.2; ChFeNO*, 230, 0.7; and for (CF3)2c(mF2)CFo: co*, N,7,
28, 0.8; NO¥, 30, 0.9; CF', 21, 0.9; 05", 32, 0.5; NF¥, 33, 0.8; 0,7,
100, 69; 30r3*,
s 055

LL, 1; mo2 , b6, 2; NF2 , 52, 1; CNF2 , 6L, 0.L; CF3 ,

70, 15 CyiF,", 76, 1; C F . *, 81, 0.6; SiF3 » 85, 0.3; CF 3 ,

c2F3N*, 95, 0.5: c2Fh , 100, 1; C FS , 131, 0.3; 3F6 , 150, 0.5; 03F7*,

169, 0,75 C 181, 0.6; C F8N 202, 0.5.

L¥ 7 g
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Results and Discussion
Infrared spectra of these new compounds have many bands in common
and some assignments are possible. Absorbances in the 1872--182L cm-l
region are attributed to C=0 siretch. The asymmetric and symmetric S=Q
s.retching freguencies of the 0302F group are assigned to bands in the
1492—1L85 and tiae 1265—12L0 cm~! regions, respectiv.‘ly.l2 These com-

pounds have typical C-F bands located between 1350~—~10%45 cm'l.21 N-F

21 L. J. Bellamy, "Infrared Spectra of Complex Molecules," 2nd ed.,

Methuen and Co., Lid., London, 1959, p 126.

vibrations result in bands from 1023=910 cm'l-15 The bands assigned
to S-0-X stretch in numerous fluvoso~ulfate derivatives are found in the
vicinity of 790 cm'l.17 Bands assigned to S-F stretch occur between
873—842 cm~1.12 The bands at 882 and 86 em~l in the flvoroxy com=

pounds are attributed to O-F streteh.t 7222 1In (CF3)ZC=NF, an absorption

22 J. H. Prager and P. G. Thompson, . Am. Chem. Soc., 67, 230 (1565).

at 1639 emL is assigned to C=N.

12,23 ), 19

As is typical of fluorosulfate-containing compounds, F

23 F. A. Hohorst and J. M. Shreeve, Inorg. Chem., 5, 2069 {1566).

S-F nmr resonances occur from -U6.0 to -48.5 ppm. The broaden NFp bands
occur from -3L.1 to -35.5 with the =NF resonance at -U46.2 ppm. CF3, CFp,
and CF resonances fall from 66,1-=76.3, 82,8—=90.2, and 179.2=182.7 ppm,
respectively. Hyperfine splitting has been useful in many cases in

making correct assignments. In (CF,),C{0SO,FjC(0)0SO,F, the septet
372 2 2t P




1k

(J = 3.6 cps) at -L8.1 is assigned to FO,S0C- since this fluorine would
be expected to interact more strongly with the 6 equivalent methyl
fluorines than the {luorine of FOZSOC=O which i, assigned to the singlet
at -46.8. The doublet (J = 3.6 cps) at +72.0 is assigned to CFy. In the
mixture of isomers, (CFS)QC(OsozF)CFO and ’CF3)2CFC(0)OSO2F, the relative
amounts (i_:87) were determined by measuring the areas of the two OSO2F
peaks in the nmr spectrum. Again bands were assigned based on the hyper-
fine splitting. In the former, the CF3 groups are split by CFO to a
doublet (J = & cps) and split arain by the 0SO,F (J = 3.2 cps) te a
quartet of equally intense praks, Althougli in theory the CFO fluorine
should be sp... into 1k peaks, roughly 10 of these are clearly discernible
from the background. However, fron these it is possible to determine

J = 5.1, cps and to confirm the value of J = 8 cps. Because
CFO-SF P CFO-CF3 P

of the rather small. nearly equivalent values for J (3.2 cps) and

SF-CFO
JSF - (5.6 cps), the SF region is very complex but 1L lines are cobserved
3

and the coupling constants are cc.firmed. The spectrum of (CFB)QCFC(O)OSOQF
is much simpler where § methyl fluorines couple with CF to give a septet

(J = 7.3 cps), CF aplits the CFy resonance iato a doublet (JCF3-CF

F=C
C F3

= 7.5 cps), and the S!' resonance i: a singlet. Similarly for
(CF3)2C(NF2)C(0)OSOQF, where the 2 fluorines of NF, couple with the 6
equivalent CF3 fluorines (JCFB-NF2 = 16 cps, 1:2:1), while the NF2
fluorine resonance is typically broadene” . th no fine structure. As
above, no interaction occurs with the f1 orosulfatc fluorine. In the
(CF3)2C(NF2)CFO spectrum, the septet at ~L1.,5 (J = 9 cps) is assigned to

CFO where the fine structure 1s a result of interaction with the methyl
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fluorines. Further splitting, apparently from CFO-NK, coupling, occurs
but J is verv saall. While NE'p is a broaden resonance at <3L.l, the
CF3 resonance appears to be an ill defined quintet.

It is surprising to note that the OF group in neither of the fluoroxy
compounds couples with the remainder of the molecule. In the case of
(CF3)2C(NF2)CF20F, this may be due to the lac« of resolution (which
precludes the reporting of J values) but for (CF3)2CFCF20F such is not
the case (Varian HA-160). The latter spectrum was determined at -60°
since it has been observed that the molecule, although apparently
reasonaoly stable under ambient laboratory conditions, decomposes rather
rapidly in the magnetic field. On hezti.g in glass, the decomposition
occurs essentially quantitativzly to give COF2 and C3F8' The remainder

£ the spectrum for (CFB)QCFCFQOF seems reasonable. Coupling between

CFy and CF gives rise to a septet (JCF-CF3 = 7 cps) at 179.2 but further
not completely resolved splitting also is cbserved (J ¥ 3 cps). geso-
nance at +75.8 ppm assigned to CFB is a broadened quartet which arises
from overlap of CF3-CF, (JCFB-CF21; 9 cps) and CF4-CF (JCF3~CF = 7 cps)
interactions., At +90.2 ppm is g/p;ak multiplet which fits in fairly well
with CFp-CFy (JCF2-CF3 = 9 cps) and ClFy-CF (JCFB-CF ¥ 3 cps) interactions,
Assigning the resonance at +82.8 to CFy in (CF5),C(NF)CFo0F is not aut
of iine since in CF;CF(NFz)ConF, Lustig15 has assigned a resonance at
+86.1 to CF, while in CF2(NF2)CF2OF, the CF, adjacent to OF is at +92.5,
Our value of +82.8 ppm is in keeping with the trend that as fluorines

on CF2 are replaced by CFB groups the resonance position of the adjacent
CFy is shifted downiield. Chemical shifts and coupling constants for

(CF3)2C-NF are essentially the same as those reported by Ruff, 13




In the reactions of NoF) and NF,0S0,F with (CF3)2CaC=O, little, it
any, of the fluoramides, (CF3)2CFC(O)NF2 and (CFB)ZC(OSO2F)C(O)NF2, was
obsarved during the workup of the product mixture., However, in the
latter case the presence of (CF3)2G-O, S0,5F,, and CO2 as minor components
suggests that this isomer might have formed but decomposed during the
reaction. However, no nitrogen-containing species, other than nit~-gen
oxides, were isolated. In the case of the former, C3F8 as well as
nitrogen oxides and NF3 were often observed as minor preducts. Possibly
this isomer was unstable under the conditions used. The nmr spectrum
taken on an unpurified sample gave no indication of two types of NFp
or 0802F groups which should be evident if even small amounts of
(CF3)oC(030,F)C(0)NF, were present.

The action of CsF on (CF3)2C(NF2)CFO to abstract COF provides a
novel route to (CF3)2C-NF in greater than 90% yield. Not even after
heating the residual CsF to 200° for several hours is an equivalent
amount of CGF> recovered. However, this was not carriod cut under condit-
ions of dynamic vacwum. The CsF catalyzed fluorination of (CF3)ZC(NF2)CFO
and (CF3)2C-C-O occurs readily below -20° to give nearly quantitative
conversion to the respective fluoroxy compounds. With (CF3)2C(NF2)C(O)OSOZF,
fluorination occurs more siowly and is encouraged by slightly higher
temperatures (20°). In this case, (CFB)QC(NFz)CF?OF and decomposition
products ure obtained. Under no ccnditions tried was it possible to

2L

retain the flucrosulfate moiety in the molecule.

2L M. Lustig and J. K. Ruff, ibid., 3, 287 (196L).

These fluoroxy compounds are not sensitive to glass or moisture but
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do attack mercury with vigor. Advantapge of their action on acidic¢ iodide
solution was taken to d ‘tcrmine the number of oxidizing equivaleats. The
experimental value of about 1.9 agrees fairly well with a theoretical 2
electron change.

As is often typical of flucrosulfate-containing compounds of this
type, small amounts of moisture tend tc produce a cloudy s«lution and
Kel-F stopcock grease is readily dissolved., It is advantageous to work
in glass systems with Teflon stopcocks and without standard taper joints.

The mass spectral data are consistent with the proposed structures,
although a molecule ion was obtained only in the case of
(CF3)2C(0S02F)C(0)0S0oF. For every molecule CF3+ was the predominant

species.,
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Some Chermigor of Dif luoraminccerbonyl [luoride, lv,C+0, The Freparation

of Pertlucrourea, (2r,1:C0, and Difluoreninocarbonyl Culoride, thc(O)Cl.

~1 P AR S DR R 1

i'ew Prernrations for Krp0CH,; and 109:C1.

by Geor ¢ W, raser and Jean'ne Iy Shreeve
Reactions of WFLCFO with CFP,0F or with Al1;C1g and (iCl yield i ,0CH5

r ¥°,C(0)C1, resp. The reactions of NF CFO with i’ and CsF to give

KOC¥,U¥,, RCCUnFg, KUCllzFg, CsOCFLiT,, CsOCH,¥g, and CsOCY 4P, are
discussed, Decomposition ef KOCF, ¥, with Cl, yields iiF,C1, and prvrolysis

* KOCN,7y s 95° vields (N°3)2C0. Spectra and properties of (177;),C0 and

¥T,C(0)C1 are given,

This parer describes some of the chemistry of difluoraminocarbony
®luoride, lN¥,C "0, whose preparaticn and proverties have been reportod in

a previous note.” Reaction of N¥,CH0 with “rifluorometihyl hrofluorite
2 y T ’

-

1 Taken ron the Ph,D, thesis of G, .i. Fraser and preserted in port
at the 3rd Internacional Sy.aarosium on Fluorine Cheristry, i'unich, 1965,
and at the S:rrosiam on Inorganic rluorine Chemistry, Ann Arbor, Juue, 1966,

2 5. V. ‘raser and J. I, Shreeve, Inorz. Chem., 4, 1437 (1955),

i

CraCf, at room temrerature vxel&;d1f1uoram*nooxvner luorcmethsne, Ni50CH,,

8 co-rount previously rreyared ©y the reccti~m of bLetrafluorohyrdrizine,

Npoe, with trifluoromethyl ‘njmof'luoritc"'4 and by che besic hvdrolrsis cof
3 w. 7i. dale, Jr,, and S, ¥, Willismson, Ibid., 4, 1342 (12:5),

.




4 Je s Shrcove, L, €, Dunean, and Ge Ll Ondr, lbid., 4, 1010 (1965 )

 ————— ¢ —

bRl

. . : \ 4
1irlsornminctriflroromethoxrtetra’lnoros: 1fur(Vi), Ci';03F,1F,, Sovoral

-1 . .. q . : .
rocert reyorts’ indicn.e that arhwdrous aluminm chloride, with or with-

- -

e Se Solomon, L. A, Doe, and D, ¥W. Sehults, J. Org. Chem., él, 1561
oss -

§ . Instig, Inorme Chom., 5, 1317 (1966),

i D Po “adb and J, M, Shreeve, Ib.d., 6, 351 (1867},

out o solvent or hvdrogen chloride entalyst, is an effective chlorinating
arent “or replacement of cortain labile fluorines in various types of
compounds; and by an anglogous renction under mild conditions NF,CFO i3
easily converted to the previouslv-unreported diflvuoraminocarboryrl cnleride,
Ne.C{0)C1l, Tepdrts of the fo mation of simple anionic complexes between

. .. ; . A 0
the slkali metnl fluorides oand carbonyl i‘luormen"3 or noxailuoroacetonel o 11

Bredloy, Y. E. Redwoed, and C. J. Villis, Froc. Chem. Soc.,

9 i« Z. Redvood and C. J, Willis, Can. J, Chom., 43, 1893 (1965).
10 D, P, Graham end V. Voinmayr, J. Org. Chenm., 31, 957 (1966).

11 A, G, Pittman and D, L. Sharp, Jbid., 31, 2316 (196¢).

surpested the analogous preparation of KCCF T, from KF and MF,Cr0,  This
edduct is a useful intermcdiate for & prepraration of chlorodilluoremire,

g0, 12 and KOClaF~s Pyrolysis of the latter is the only Ymown route to

12 For other preparat1onu of 1i¥,Cl, see for example: (o) W. C. Firth, Jr.,
iror~. Chem,., 4, 254 (1965); and (b) C, B, Colburn, Advancos in Flucrine
Chomistry, Vol, 3, suttorworths, 1963, pps 108=9; and referances cited theroin,




"
-]

£ o

~whose preverties havo already Teen dencrih'd.l

v

13 G, 3, Sraser and J 1 Shreeve, Cheme Comun., 532 (1068,

Resulbs ond Discussion

riflueronothyl hyrofluerite, CF, 0, slowly attacks difluoraminocarbonyl
fluorido, 117,Cr0, at room temperature in Pyrex glass. Affter soveral hours the
startinz materials inibially in equimolar ratio appear to be comrletely
consumed, and while considerable degradation and attack on tho rlass is

v

evident, difluorarinooxyrerfiueremethane, Ni';0Cl

o

3, 18 easily iselated from
the product mixture in yields approacning 40..s The prescnce of anhydrous

CsF does not alter the yield apureciabdbly

25°
NF5CFO + CF0F —=> NF,0C 5 + CCF,
Pyrex

Difluoraminocarbonyl fluoride reacts very slowly with AlzClg at room
tenperaturc, but the ratie of reaction is greatly incrersed by the presence of
equivalent amounts of anhydrous HCl, whereupon tho 07,070 iz completely
consuned within a matter of hours. The disappsaranc. of r£Cl and the formabtion
of Cly; and difluoraminocarbonyl chleride, NF,C(0)Cl, su'ast that the twe
me jor reactions eccur simultaneously.

°
25
I

TF0R0 + AlClg (xs) ——» EFLC(0)CL + (solid) 75,
il

25°
01 —> 201, + (solid) 25

1
.

NE,000 + AL Cly (xs) +
Side reactions usually lead to the form.cion of smell ameunts of SiF,,
C0Os,, CCCl¥, end oceasionaliy CUCl,. The solid phase has not been
charecterized, but is jenerallv suitable fo- subsequent preparation of

—

rore IT,0{0)C1,




-4
NP Ivoraminocnrhor el Clnorvide Ju ocontlebe by et o s ,
contoe s AL ey sl oo ferny ernturo, Lo only major voluiile
preodner beins Yro. The selid rrodueh has not beoa elrracterized obher than

to noto thrt 1% hes some tendency to absord IMr ot room temperature.  1f
the reaction is repeated in Lhe yresenco of two equivalents of ir, all
snses are corvletelv consumod ith liberation of nenrly the theoretical
amour’, of' vr,. “%he pink, translucent residue from this reacti~ has little
serdeney to absorb more iisr and releases 1liiy upon basie hydrolysis, but has
1ot beon othorwise characterized,

25°

MRCRO  + AL,Rrg (xs)—lz—hrs- 1.3 Br, + (solid)

25°
W00 4+ AlgBrg (xs) + 2iBr ——>19 o, 2Brp + (solid)

i

3imilar reactions at low temperatures lead to the formation of sipnificant
amounts of CC3r, along with the Brg, but under no cond’tions has there been
found ovidence of difluoraminocarbonvl bromido, NF,C(O)Br.
First attempts to prepare tho adducts KCCFiLF, and CsCCF,NF; by reactions
of snhydrous ¥F or CsI with equivalents or oxtesses of lli';CFO led tu little
or no reaction at room temperature without solvent, to attack on the solvent
in a.otonitrile solutions at room temperature, and to partial degredation
of the gas to COF, in acetonitrile solut.ons at -40°. Ir the KF is pretreated
with hexafluoroacetone, (CF;).C0, however, with the formation
and subsoquent thermal decomposition of the adduct XOCF(Cr'y), as outiined
below, it will rapidly absorb gascous NF,CFO at room termperature or 0°

to forn a ron-volatile product stable in vacuun which relefises tho

17,070 semiquantitatively upon warming. The product ayrears to oc the simrle




s
.nr]ﬂ f,5<‘0
T+ (\',-““), e (x5 — O s) —_— + (("".s)r.CO
t o ! ) o
v R
. T g or . TN I \
0 + MLor0 (xs) > KOSV, 17, (65-90,.)

no solvent

~ °
crn 1=s 00=200 . . - .
WO T, e Y+ JV,0F0 (# CUFg 4 TLFS)

An &ralesous reeccion with rretreated Csr end IV,CFC led to partial depradetion

A

of the ;~s to Cuiy, and little or w0 Cslii'zNr; was boelieved to have [ormed,
A solid yroduct insoluole in acetoritrilo, thermnlly stable, and stronply

g

oxidizines, and which may be C30CFLi.fz, was observed in semi-stoichiometric

reaction of the tyypo:

25°
Cs¥ + CI5CF0 57:(,1_') Cs0Cyl'g
"OC R I'p L‘O Looa ~w };O + (~ O - "'v.‘. 2
Co 24y + A 74 2CA CH&CI\ 193 30; 5 Cl‘:g:_l‘_z ( 4 )

The salc rOCI,NF, is chemically remctive but has been found to have
litile synthetic value. ~Fluorination mizht Le expected to lead tc the unreported
iflucso(difluoranino)methvl hypofluorite, KI'-CrF,0F, but under all conditions
exarmincd lends cnly to CU4CF and W5, Similarlv, chlorination of OCIK. Iy,
in the presence of 13" vields chlorodilluoramine, Ni';Cl, in 60, vield, a
recction which nas some svnthetic interest. The reaction of KOCI,IF,; with

Br, vieids tetrafluorchydrazine, N, ., instead of the unroror.ed bromodi-

flu ramine, Ny3r.

AR 2 . -14° E -
“CCJ nitp + 21'12 —— N + CF30F + L‘a."a
-40°
TOCT, 4 KF 4+ Clg———> KC1 + IF,Cl 4+ KOCT,
~ Cl.‘_»sCL\' -
-40°

= TR oV R b ———— e o S W
ZV\OCA'EL-A 2 + P49 + 3:'9‘ CHECN> 2!.\8!' + ek g + ZA.OC. 3




-1_;.'
Cranvlor anbvdrors MY oor vretronted WY renets (sloslv or recidly,
resrectivelr wilh bwo oaivalencs of 1000000 in neebtorifirile selution at

=0 and the saly WUGSLT G reachs raptdly with ona eanivaleomt of NFL.00

urcer Lhe sare corditionss N anv cace tho reaction is usunlly serie
stolenionetric, ¥From synthotic datn the non-volatile rroduct apjensrs to
bo ayiroximately OCL.', ond is believed to bo primarily tho salt
ROy )

-40°
o + 2:.'1“2(,'1"0 CI!SCN > COFQ + }.QCi-QFS

-A0°

KOCP,NFy 4 WRLCP0 o apChrfy, +  KOCLGF
- =2 3 (H-{SC” 2 =20

{ie svlu.e (nULFg) from oithor of these reactions will ronck wwith more
U'F,C70 with partial conversion of the gas to COr'h. An equilibrium reaction
is indicatod, for if the solute is treated several timos with IF,CFO in
succession, synthotic data indicate that the nitrogon to carbon and potassium
ratio anproaches but does not 56 significantly above 3:1:1, and the
reation is readilv revorsible with partiai conversion of pure COF, »

ST e
N r Ve

°a

oA _AG® ,
H0Cie7s + NFeeP0 ZaCs 0% cor, 4 RoCNsf, (1)
e—

The final yroduct hes the approximato empirical formula KCCN F, and is

. . . : 4o V= . .
believed to be primarily the salt X OC(W¥,ss « A cursory examination of
the renctions of anhydrous Cst with excsss NI CFO under the same conditions

indicated that She formation of (apparently) CsUCilyFy and CsOCHsFg is

comprletely analogous.,




Tho pestulut d salts ﬁ+wu£thz', L+CCF\.?¢);', and g+uc(A;”)3', where
s T cr Cs+, are all hydrolytically and at least in part thermally
unstable, sometimes explosively so, llone have beon isclated puro, and
arnlrtical and syeetral data on them are mavailable,

Smoll sapples (less than U.5 mnolo) of hOCKRMF, have always decemyosed
smoothly to KF and LiFCR0 upon heating, but solid samples of (aprroximazely)
KO3k, (0.3 1molo or 1 s5) exnlods violently when heated to 70°, and slow
doconrosition at lowor temyperaturos doos not yiecld aprreciable amounts of
per{luorouren, (1F,),"0, If, howvever, the semple of KOC',¥, is sufficiently
impure with i0CFLIF, (the reco.amended molar ratin of (0CH,Fy to KOUTL @,
Loing no hisher than 1:1), it may usually be decomposed at $5° withont
exrlodin;, Characterization of the jas mixture thus liberatea indicatos
that approximeto’y 25, of the X0CIhi'g decomposcs to (1T )2C0 and ¥, vnile
tho romaindor riclds COFy, N,F,, end probably V¥ 0r0, The absence of
tetrafluorohydrazine, N,¥,, in this zas mixture indicates chat the (1¥.,)2CO

~ 1

probably does not arise from radical recombination, e.g., M, ° + *c(oNr,,
- g » o*s s 2

. = a Y ] T C IS




Tluorine-1¢ nuclear ma metic rogsorance sioactra o’ puro I

‘dr;;‘o,

18,5(0)C1, and (i, )00, with external Cilyl refeorence, ware run in sequence

uncder identical conditions. The chemicnl shifts o tho simnnls aszcinod Lo
ca

the ¥, fluorine nuclei wore =28.7, =4U.4, and =304,8 v,peis, resrcctively.

Internally refcerenced il¥;CF0 shows the corresvonding sipnal at #e=33,1,

re

6, ot 1.,14 report for N,lN-difluorourea, NF,C(0 N1, yﬁ‘sg, 33

sani

-

14 R, I, Ranks, R. N. Haszeldine, and J, P, lalu, J. Chom, Soc., L, 1514 (1958),

Troemantd roports for N,N-dif luoroacetamide, Ni#,C(()Ciiy, ﬁ*‘Ei' -30; and

15 Jo P. rroeman, Advaunces in Chemistry Series, Wo, 3., Amerioan Chemical
Socisty, washingtonr; D, C., 1982, p. 129,

Foshar, et &1.,1 report for bis(difluoramino)difluoromethane, (iif;)yCiy,

16 R, J, Koshar, 2. R and R, A, Noiklejohn, Je. Or:. Chem., 31,
4232 (1966).

#*-19,0. It is interesting to note thaet all reported compeounds centaining

the 'FQC(O)- structure show the NF5 resonance in the narrow rango of ﬂ*

cn, =30 to -40,

Bxperimental Section

Sterting letorials.--The preparation and purilication of difluoramino-
carbonyl fluoride nhac already boen described.® iloxaflucroscetone (Piorce

Chemical Co,) and enhydrecus hvdrogen bromide (Natheson Co., Inc.) were uscd




witpou, turiiries. o, Apavorous hrdrosen shloride wns prorared Crom concenlirated
sullurie acid and szodiw chloride and was dricd by rractiomal condansabion nb

=07, Anbrarons nluminaan chloride (J. 7T. 3nker hemiend Co,) and annydrous
~laminan bronide (Fisher Scientitic Co. ) wors purific’ as needed by senling Lhe
cesired amount Inke a sidearr on the reastion bulb, sublining the volatilo material
into tho ©ild wider dyrmimic vacuum, and sealin; off and removing the none-

volatile ras.due in the sidenrim, Fishor certified rearenc acctonitrile wos usod
without 'urifiention except to store it at autosenous yressi.e over calecium

hriride (Vetal vdrides, Inc.) at room temperature in a vessol from which it

could 92 trven as nocded directly into the vacuum system, Cesium "luoride
(anhvdrous, Y9 K and ¥ laboratories) snd potassiim fluo=ide (annvdrous

rranuler reagent, Allied Chumical) were dehydratod as needed by scirr. .- in

8 porcelain crucible nver a {lame and jrmediately trancflerrins whiile ot the
desired amount into the clean, tared reaction bulh for weichins, Carbonvl
fl:oride was prevared from carben monoxide (I'atheson Co., lne.) and {lucrine

17

(Allied Chemical) and was purified by fractional codistillation, It vas not

17 4. %, Cady and D. P. Siegwarth, Anal. Chem., 31, old (1959),

conpletely free of carbon dioxide. Trilluoroscetyl rluoride weas ﬁrepnred ov
rea~ting triflnorencesyl chloride (il and A Labcrntceries) with an cxcess of
anhvdrous cesi fluoride in acetonitrile solution at room temperuture. rhe
CFaCF0 was liberated b’ tno decomposition of its adduct, CsOC, Py, at 95° after
ovaioration of the sclvent, and no purification vas necessury. Tirirluercreshyl
h/pofluorite was obitmined from Dr. Claude Ferrill (Dow Chemical Co,) wns was
~urifiecd oy filtration at -124°.

Genernl Irocedure.=-- 1'gst recctions were run in 29- ecr 50-ml. Iyrox

bulbs wiich wore [itted with a stopesck by neans of 14720 § sround joinks.

sases Aand volatile liqui’s wore handled in converntionnl lass vacum

24

a;paretus under conditions of hish vacuum, A Kol-t' 0il (irade -¥-3,
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Pinresein D inio end ianulacturing Cc, ) null-point pressure tranzducer wag

usod in hendling paces hinoly corrosive to mercury.  (ascous sbrrting
matarials and purii'ied yroducis wero weished and/er measnrod auantitativels

-

o7 17 datn,. Bucept wvhere noted, all acatonibrile solutions with nitrojens

,;o"‘—o

{lvorine solites wo's kopb at =3 5% to prevent attack on the solvent,

Terchions invelving such solutions were workod mip by pumping ont the rmag

£% «40° whrourh a sories of traps at -00° and -=144°, Part or all ol the
solvent was thon removed by warmir; tho roaction bulh to O whils rumping
throuh the trans. lor a continnin- reactcion soquencn in solution, the
solvent (=0° trap) was thon returned to the reaction bulb while the res
(-1¢4® tran) was frooed of anv romainin- solvent by fractional condersation
at -80° prior to quantitative moasurement. Vhea necessary, nnceons products

&
were sernrcted by fractional uodistillation17 using an wnpacked 12-{t.,
1/3-in. o.d. aluminum Cractionatins column ceiled *o it inke a half-pint
Dowar flask,

Infrarod spectra {50UO-G25 cm.'l, 3-min, scan) of Ni,CFO, W¥,C(0)C"
and (IFC)“CO were obiained on a Beckneon IRSA spectrophotometor usin: n
as cell with NaCl windows and a path longth of 50 mm, iiigh-resolution i'19
nuclear magnetic recsonance spectra of these three compounds were taven at
room temperature using a modified Varian Di-60 spectrometer (56.4 Me./sec. )
by geclin~ the puro liquids in eapillarios <Eﬁf 1.5 . 0.d, ) which wero
flos*ied in the extsrnal rcference, CCl., in standard S5-m, tubes.,

Caution!-~ilitrogen~fluorine-containing materials are strong; oxidizing
agents and in tho presence of acetonitrile constituto potential safety
hazards. andling and freezin~ of such mixtures must alvays be done with

adequate vrocantions. Solids (e.;., salts) which contain or mey contain

nicrogen-fluorira prouns, or the non-volatile residues from chemical
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de~empesition ol sasn selids, mush nevor be nented in iseriminctelr, Jor

many have neen Joura 0 be hishly explesive. Al) vyrol ses musa have

[

adequave shicla ., and diasyesal of such s0lids may bo accomrlished behind
q ’ i '

2 shield wit web acebonitrile [ollavwe! with vmlor.

Ue==The inrrared srcotrm (10 mm, pressuro) is, in

N

Jrectrn ol T LG

er .~} 1000 (s); 121C (s); 1035 (my3 960 Am): w30 (w), triplet; Vo5 (m),

19

Sriri v, The ¥ nmr spectrum, referorced extornally with CCl, , shows:

=20.7 ro7em. (75, brond end unresolved); ard +1n.1 nonem, (C¥u, sharp

1:2:1 triplet, 4 = 19 n.p.S.). Tho peaXx arce retio is nprrocirately 3:1,
- IE : ; : R o
the = anr svectrur, referenced internailv with CCL.F solvent, shows

(£*) resonanccs at -3%.1 and + 11.5, but othorwise idontical., Those dota
N . a Q. _ g . . 2
dilfler sli-htly from those oririnally published.<

Frejaration of iiF,UCh, -~ To & clean 250-ml. Pyrex reaction bulb vere added

&

=
0

Vel mr-le NFCY0 end 0,41 mmole Crzls, After 3 hr. at room tempernture the
gaseovs jroducts (1,00 vmole) were aworoximatoly Cury, NO,, .0z, S5idy,

and NFL0CF,, and considorable white solid (fluorosilicates?) had lormed in
the buldb., Tho gaseous vroducts were shaken or a few minutes at room
tomperaturo with moist soda-lime pollets to remove acidic gaces. Yield

3, 8fter dryins b fractional condensation at -30°, 0.15% mmolse,
33;% I% was ident:fied by infrared srectrum, beilin: reint (-53°), and

gas dersity molecular wci:ht.3:4

LA TP

Frovaration of 1.7.0(U Cl.~-Aprroxinately 1 ;4 Alylg was sublimod irto

a 50-ml, Irre- reaction bulb, and iCl (0,57 mmole) ard 117 .C¥C (0,70 “mole)
viore added, After 8 nr, at rcom temperature, the gascous preducts wore

senaratcd by fractional codiskillation, The rajor co.nonents were 1,
Cl,, and = ,C({)Cl. [in semo rrejarablions, lesser amounts of rUoul and
agdfeowero also Tound,  Hencuicn Limoes of 24 hr, ofton rosnltal in Lhe

forration o Cully, winlch could not be sejarsted from the 3N2:\0)61.J

o

Yield: ©.5.2% mrole (341) i u(UjCL, 8.7 mie, taew. = 116 [cnlc. for



¢ ivopwend omroacleem (U6 1, yressure) of T1L,0(0)CL ds,
im e e r leal (s wed (na) 1093 () 040 (5); 905 (ve); 15 0-455 (v,
doncleh s Wiheddb (), doublet. ‘'he ?19 nmr s;yectrum shiows 8 gincla, brooc
sagonence th =i0.% papem. wxyorimontal vapor prossure daba aro as rfolloss
[: (¢ oo, ! (nm.)]: 159, 6; 215, 18; 222, "0; 254, 14Z2. Theso data sna;sost
a Cleasjus-Clavorron curve siven bys log o I o(mm.) = -1850 T71 + 7,02,
(ho exwrarolabed normal boilin- voint is -5° C, Tho corresyondin: enthalypy
of varorization is 3.17 keal. mole'l; the entronv of vaporization (-3°C,)
is 23,0 e.u, When gaseous Ni,C(0)C1 was held over waser at 0°, its infrared
bands disappearcd from tho vapor phase within a matter of minutes with the
fornation of the well-knovm absorption bands of v, and CU;. The resulting
solution gave positive tests for €17 and ¥~, 1C,0 m-, M°,C(0)C1l was hydrolyzed
in acidilfied aqueous KI solution f'or 1 hr. &t room temperaturc, Found:

0.0350 oxidizinz enuivalents (a5 i;7) per gran, calc. for NF,C(0)C1,

0,0343, At room temperature, N",C(0)Cl attacks mercury slowiy to form

~

F,07C as the primary volatile produck, is stable in Pyrex, ani does not

react witn 17,7

s

4 Or 17,01, Ultraviolet irradiation with U,I", 4throuth a

Frrex {ilYaer results in slow desradation to rCuCl,

Attempted Bromination of WF,CFO,--Apnreximately 1 (. Al,irg wag sublired
irco a 50-nl. Pyrex rcaction bulb, and Dr (0,58 mmole) and Wi,CFO (0,32 mmole)
vere added. The color of 3r, started to devclop immcdintelv upon warming,
After 19 hr. at rcom temrorature, the volatile material was removed Ly pumning
{lu) for 10 hr. at room temperature throuth a U-trar cooled to -i.4°,

Pound: 0,02 rmole not condensable at -00° (COQ and Sif4), ana 0,101 -~

we

(0,63 rmole) Bry containing a truce of COBr,, which was iaeniilicd by inlrarod
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3
or

o, TR . . .
svechrrn, e piakish, cranslucent residuc in cho bulb, upon tr atnent

Lo 5. Sebwelder and Jo Seokr, Cellection Czochs Chem. Compun., 20, 1221 (1061),

- . ——t m——

o 7oy

withn 0,00 rmole Wip fer 3U by, 2t room Lemperature, absoried 0,04 mwole,
It was 1~k char.cterized,

Pretraataent of IIif,--In most reactions a clearn, drv 50-ml, Pvreox

oulb and 1+ 20 @ slopror were tared aad %l'e desired amount o pranalar
dehvdr: “ed 1" was ndded and weished in air. Tho ctopper was then renlaced
by a stopcocer and the X' wvas ro-dehydraced by flamir: out under dyramic
vaewt:, Anhvdrouc CrisCN and a molar excess of (Ci'),C0 were eondecased inco
che buib. After the K haa cemvletely dissolved (about & hr. at roonm
tomperature with oeeasional swirlin;), nll volatile matorials wore pumped

out rapidly et abous 50° and tho derosited ' was then puapei on rfor avn least
5 min. at 95°. The sclvent and (C7;),C0 were .cecovered essentially unchanged
end were serarable by fractional comdensatisn at -80°, Typically, 21.0 ni.
(0,331 rmole) KF, when treated with 0,50 . Cil.CL and 0.23 ;. (1.4 mmole)
(C.)a00 for 13 ar., gaired 0.4 myj. in weight,

Preraration of XOCr, o, ,-<The arraratus was a £0-ml, Prrox Luld with

& 1l.25-rm, ™aflon needle velve (

LY

Tiseher and Porter Co.) and a small open
cidearm., The apparatus was tared, hot dehydrated il was added throush the
sidearnm, and tne latter was rulled off to seal the buld. Reweil aing in  Lated
shat 21,0 m: (0.35 mole) W had been added. AfLer pretreantient of the

A% with (075)5C0, the apparatus was rewei hed and was found to have pa'ned

0.4 m:e 1 75CR0 [EB.F 7., U533 mmole (¥V7), mews = 96.7] was condensed

in andé allovea to re.ct with the ¥ (without solvent) for 23.0 hr. st U°,

\fter removal of unrcaeted gos rb.ZS mmole, mov. = U7, inlrarca anelysis
-
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indiented UULUSG wish a trace of CU',,  #requontly traecas of (L) are
Wit Cottal b S soo .], Ao enralng g vt e, i D0 e red
el e ot e Mg we R arcanelb wes deonposed by heatin Bhe bulb
~¢ o% i A vmber bath (beohina 2 :hlol&!) for 5 min, while ramuin-s the

)

linernsed sas Shron-h & J-trap cooled te -184°, Rewel hiny indicated khat

the 507 lost 31.2 n~, durin- vwrolvsis. [he liberated sas (0.32 mrole,

1)

mate 7 00 ) vas idenbified by infrared analvsis as WF,CF0 with tracos of

v

Cufs erd 77 V5, Theso date indicate the formation of 0,31 rmole 1OCT,U

-

"

e
=

( 4650 convorsion of the i'*),.

POCP Wiy is stable for at least short times under static vacuum at room

-~

—

temrorature, bat UF,CF0 is rapidly pumpod off at <0°. Samples of 0.5 mmolo

o
SIS i)

or lass have nuever 2xrloded upon heatin;, LOCCLNF, is ammediately hvdrolyzed
ry water Lo CU,, 07, liyv,, etec. end liberatec Is~ from a_.icous solutionms
of ©1, 1% is hi-hly soluble in acetonitrilo at -40°, but such a solution

is not stnble at room temporature, A< a solid at tumperatures as low eg

o

-1u4° or in acetonitrile solution et -40°, x0Cryind, 1s aecomvosed br ¥y

to CF s and Nrze  In acetonitrile solation it yields 1v,Cl or N.¥, in

cood viold when allored o react with an oquivalent of £1, or 3r,, resp.

2
LuCPRl, as A solid at room tempernture or in acovonitrile solution at

Nrem

-40° is decowposed b €yl to yield Clgilify. or 175, resr. An acetonitrile

solntion of HOCT,

Y
o

and <,CF0 with the precipitation of 'Cl, or is slowly decomposed by N7F,C1

.. b - . A
et room tomrernture to .01, U0, ena COCG,

Frororation of LF-Cl.-<ipiroximatoly G.1 ;. dehydraten IIF was pretreated

e
PR

witn (1ra}oC0 scoordirs to the procedure alrosdy described and then alloved
\ 33 (8] Y

|
l
is ducom~osed by 0”30(0)01 at -40° liberating F5Ce0 \
to react with 0,92 mmolo Nr'pClQ ac O° until the gas vms absorbed., Aprroximatoely ‘

0.5 ml, arhvdrous € ', i wns condensed in, the KOCr,nr, was dissolveld ot -40®
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and \\."1 o fioo i [TRT I TP T T Y Tior :nlll'.‘l\‘l. :"‘.:‘s.!)]‘ I‘U'icti]‘x,' Ll.."' h‘.‘o
) ; < 3] - o~ .

at -7 1P PeE el '\s[ Toel 11 4, Udltl mmole (r’Jl‘,, MeWe = 00, <M na

F“Jcll*nns remcved ond separated b fractional caiisiillnbion, Yiold ol
IRLCY: 0,62 rmole (66,7), identificd by pas density molecular wol ht,

' 0y

.. a g .o 9] ) ,
reaclL.v oy Lo mercuryv, aua i oroared snocbrum.l After Y hr. at room
o A 4

19  See note 12 (&), 1. 113.)

temrerature, tho solution in the reaction bulb wns cvaporated to drvneas and

0.14 mmole GOy wes recovered, The solid rosidue was not charcctorized.

Ny

Yoo ol --taterial of this approximate empirical formula, *wo prerarations
of which are siven below, may be isolatol as a white solid by ovajorating
its scetonitrile solution at 0° and pumping off the remainins solvont for
1-2 min, at 40°, It is higlhly soluble in ac~teniirile, solutions of which
are indelinitelr stanle at -40° but slowly lioerete I',¥,, etc., with attack

en the solvorngat room temperature. An acetonitrile golutior of KOCHLF;,
when treated with 5iCl, at -40°, libarates N¥,Cl, N7,C{0)Cl, cte., with the

precivitation of KCl. Solid KOCK,Fy slowly decomposes at rcom temnerature Lo

by

U, Cu¥y,, and V,t, and hydrolvzes violently or erplosively when

vlaced in water, llost samnles explode violently viien he- ~d to 70, but

occasiorally one wiil decempse quietly to (I1,),C0 (in part) and «

Proraration of KCCILi': from Precroated kv¥.--The ar-aratus was sinilar
a ] h

to taat already deszribec¢ {or the prepareation of LOCI,IF.. 25,8 ng

Y7 was pretroated with (0I'y), and ther converted (5. ) to

5 acccrain: to the procciures already describod, After prrolysis ol

the latter to .07, reweipgniug indicated that tho #7 was i nter by Qe m .
o

rrior to the formation LOCF(.¢¥3/2. The .7 was then ireated with Wi,CP

Lf;'.“,‘l M 0.880 mrola (_}:VL‘); MW, = 99,3:“ and 52,3 -, 9!’!.‘1},"‘1"0‘.!."; :’OC'\'




oA
Tor Slun Are ns =00 ¥ A9 The res. lual gas was remcved at =49° (20 nir.)

and .he solvant was purned off at U° (lo min.). After separalion were
recovared 362.5 m-. CHzC.. and 33,0 mz. gas [7.477 mmola (I'VT), mewe
70.0]. {ho latter wns identified br anfrared analysis ~s COJ;, conbaining
a

o

s=o 11 amoun: of unreactod WFaCrG, and on the basis of its molecnular
weirht a5 estimated to be 0.4l rmole (27 m;.} CU“s and 0.07 rmole (7 mg.)
1+.Cr0, Thus the gas had decreased in mass by 53.06 m,;. durin~ roaction

and 0.7 m -, CiixCH were not recoveroi., 3y direct weiihin:; of the residuc
(rarcially crystallized Lo a white solid) in che apparntus, the KI had rained
in welrht bv 0.5 m:. rom the observed compositicn of the residual ggs in
the reaction, the composition of the solid praduct appearcd to te (element,
mmole): i, 0.44; O, 0.40; C, 0,40; N, 0.81; ¥, 2.05: and 0.24 mnole

Ci'54Ci7; correspondine to the emnirical formula K1.1C;.0C1.052.UF5.1'

This RKOCL,,"g readily dissolved in a small amount of CI7CN at 0°, Ablout

0.5 ml, iix0 was “rozen onto t' - solution and upon warming to room termrerature,

no visible reaction occurrnd., (Previcus oxperiments showed that solid

nOCL,Fg hydrolyzes violontly or exrinsively in wwmter to ILiF,, NyF,, C

02 »
etc.)o All volatile material in the roaction bulb was then transferred
ir vacuo to a buld containing acidificd aqueous KI sclution, and “he I~
liverated at room temperature was titrated with standard thiosulfate solution,
found: 3.01 mequiv. [Calc. for 0,44 mmole ruCilzty, 3.5¢ mequiv,; calc,

for .40 mmole #UClLorg, 3420 mequiv.].

Frovaration of HUCH,F. rrom untreated nF.--In a 25-ml. reaction bulo

15.5 mu, (0.26 mole) dehydrated granular Ki° vas weijhed out and troated
with 0.52 mmole {(rVI) H<,CFO and 421.5 mg. anhydrous C7'5C.: for 26 hr. at

-35° ¥ 5°, by which time the ¥F had completely dissclved., The residual

res was ronoved, meeasurod, and roturned to the roaction, After an auditiona’

21 nr. it was again remcved anu measured, and there was {ound no aprrecisble
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chnr o in ita gunatity or eormyosition {C.30 nmole, Gt wibh o 5.l anount

R V¥ LS

DYoo v)e The solvent was yserped off for 20U min at -25%, and

all but 20 m-, was rocoverd., After sitting 30U min. st room tempeorature,

w

the sclia jroduct in the reaction bulbd relecased 21 me, CH,CU and 0,02 mmole
sas (Cuf, IN.7,, and 0,00 ), An addibional 25 hr. abt room LHomrornburo
relensed 0,035 mnole gas of similar composition, and 0.015 mmole ¢as vms
rnved ol wiien the solid was then warmod to 60° for a {ow ninutes. in

e few ninutes at 75° the sc’id released ca. 3 . Ci4C! and 0.20 mmole pns
[C:“z, Uats, NF,CR0, and (HFQ)QCU], ard subsoquent heatin~ to 05° liberated

0.0¢ mmole zas of similar composition,

Freraration of [UCI.Fs(7).==In a trical renction 42,3 m:-. (0,73 rmolo)

K* vwas pretreated with (CFz),CO according to the procedure alrecady described
and was then treatea with 0,79 mmole Ii',CFC at 0° for 12,5 hr. Characteri-
zation ol the residual gas indicated the formation of 0.65 rmole KOCF5i T,
(39, convorsion). This nroduct was treated in situ with 1.&8 rmole 1F,CFO
and 28,3 mg. anhydrous CHgCN for 52 hr, at =35° ! 5°, Tho residual pes in
the svstem, after 28 and 52 hr., rospoctively, was; 110 me,, 1.53 mmolc,
mew. = Y7.,8; 116 mg., 1,54 amole, mav. = 76.6, Un the basis of molecular
weisht, this cas riixture was estimated to be 1.03 rmole (vt mb.) Cur'py and
0.51 rmole (b0 m . ) UFLCFG; this was gqualitatively confirmed by infrared
analysis. Corsequently the solute (which was roc isolated) nas the nppercnt
composition {element, muolo): &, 0.73; 0, 0,69; T, C.69; N, 1.72; T, 5.63;

corresponding tc the empiriecal formula K. O Theso data areo

c M o .
1. 1.0 1.0 ?,.b {-‘06

consistent with the assumption that the solute is 0,4 mmole KOCi " and

C.3 1molo rUCIz7g,
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Jlen this solution wvas treated with 0,9 :molo L¥,CFO for 24 hr., tho

sag was fond to be 0,3 rmole €O, and 0,5 umole LF4CFO, Treatment

[

residua
of tho resultin, solution with 0,9 srolo CUi', for 23 hr. yioldod 0U.% nmolo
Cir, and U.3 mmolo WF,Cr(, and subsequent treatmont of {the solution with
0.8 wmole 11, G lor 72 hre vieldod 0,3 rmole €/, and 0,5 rmolo VT,CHC,
Theso values are epproximate and were determined by frrnetional codistillation
of the residual ras. This solution of (ayrroximately) :0CM,#; was then treated
with 1,45 nmole CF,CI'0 for 25,5 hr, at -35° * 6°, The residual gas, after
separation by frectional codistillation, was 1.47 mmole pure CF, 000,

KOCl "¢ is derositea as u white s0lid by evaporation of its acetonitrilo
solution, It ic birhly soluble in acetonitrile a4 -40° and neither the
soli? nor gsolution arc stable at room temncrature. Its chemistry has not been
studied other than to note that in acoboritrile solution at -40° it rorets
raridly with CL, snd liberates IF,C1, 1F,CF0, WF,C(0)C1, and prohsably
(7775 )2C0, although the latter could net be isclated from tho cas mixture for
positive identifieation,

Irevarction of (IF,),C0.~-In & 50-ml, Pyrex reuetion bulb 20.C mc.

K (0,34 rmole) was pretroated with (Ciz)zCO aceording to tho proceduro

already deseribod. It was then treated with 0,39 rmolo IFLCF0 ot 0° (no

solvent) for 13 hr. erd the residual gas, 0,08 rmole [?ssentiallv (CF;).CO




and C ] y YOG rCTIOvaT ., 5 Co0 and abovrt 1 2 ni, anivdrous
e e 9 ' N o s ’ . - .y . q ..
C.s00 woro condersed onon tie solid \“vxbu.rg) and the renction was wrph

1 T aaee

at -0 rur 2 ota.e  Uhe residaunl ras (alter rencval {rom Cl5oi, Ua19 mnole
Sndowns veweed off at -40° mu! the solvent was pumped o at U° (ecu. 10

ming e o residue in the bulb wag peaped on for 2w, at 40°%, wharen on

ras (T 000

el o a white sclid ard literated 0,02 mmele of

Il
cr
[e]
-1
]
(4]
fad
pom]
ot
=
-
ta

end Suvo'n ) oana Ulld rmoue CHuCh. Tho sclid was then rorolreed by heating
tho bulb te O:° with a water bath for I-5 min. while rwmpir; the liberated
sases throch & U-brap cooled with liguid nitrogen. (Eiﬂilgﬂz Adecnate
sliloldin: is ncressary, £35 such & solid occecionally cxplodcs violently

whon heatod)., The trap was thon werrod to =80° end voletilo material vms

distilled out into a storaze tube, leavins 0,00 mrole Cii,CH. ‘
The residual K¥ in the bulb was then uscd dircectly for several subsequont ‘

no-stey yprorvarations, Typileally, 0,060-0.55 rmole 1

Cr'u and &5 inls CliagCil
wero condensed in, and afier a reaction timo of 3-5 hr. at =407 the rroduct

wrg wereod ur eundepyrolrzed exnctly as described above. Iretroatr -t o” tlo

“J

Al Al 4 M N N : -~ - ERY . — N o
with (C—s)zui ard jreiiminary Jorretion of IV IOXR LN [éo insure cdequate removal

.4

—

-~

of rosidual (<

9 Al

5)2C0 from £he systen] was nsed only for "new" Kia

The gas mixturaes from two or three pyrolvses wore convinced {or sorar:hion

4

by fracticnal ceafstilintion. fGorerally, {irst a small samplo of L,Ci™0

vms rui throu h tre ar,aretus %o dry tho colwsi., cbe, ho fasoous rroiuchs

from a trpical prrel-cic were: 0,15 rmoln low-beiline frochion (prirarily

P Y

cis=lnin, S0, and CCu); 0,17 mmole LFRCRC; a troco of (I, and 0,05
rmole (I'7.).CC, Yased on the cstimeted content of ROCP(I%4 ) in the solid,

she vield of (U0,

)0 apjearod to he 25-30 .,

The inl-ared sroctrn (20 zm. vrossure) of (17,).CC is, ir em.=l.

o~y

(m); SV ay; 5

—
L
O
O

—
[4]

~

..
[
—
<

(mj; b4y {m,, doublet; ©20 ),

Cs
—
<
(2]
~—
(o3
~
o

, . »10 : Qo o © . .
obrocd,  Jhe 7Y rmrespectrws Shows e sing ., broad resonance at -30,6
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Tets oo ihe  an wessitr molecular woiht was 151 21 (enle, 1G60)e  nlrurod
aunlrsis indienled thab the ;es roucks Spstanbiy with wator vnior ah roo
Semters bure Lo Jora only OO and TFn. 1344 . (1P, )LCO was hydrolvzed in
o et anngous NI golution at room temreratiure.  Cound:  0,0002 owidizing
anuivaloria (as I,7) -er rram, cele. or (0.0%.),00, 0,0607, The pure comound
Porrs & cracie! lass at =1us® and boils near -20° (estimatoed by fractional
cedistillationt?), It rmay be handled in conventional plass vacuun apperatus

and does not atvtacik mercury at room tanper:ture.

Prevaration of CsOCEx’EQﬁ?).--GO.O moe (0,36 rmole) dehydrated Cs®

was alloved o react with 0,64 rmole CV;GN0 and 1.85 =, CV,07 et room

temrernture for 24 hr. The unreacted ~us was 0,30 rmole C,CWuU, indicokine

the forrmntion of 0,34 mmole CsUCAVE. 0,349 mmoleo 1.¥5CF0 was {rozen onto this

solutior, and after reacting 25 hr, at -10°, the solvent was punred off

completely at -25°., Tho sas recovered from the resetion (0C.40 mmole ), al+er

separation by fractional codigtillation, was tounc¢ to bo C,1l1 mmole cof ]
(essentially) COY5 and 0,27 mmole Ci';CFO, The solid prodiuct was slawly

heated to 100° while pumping but liber:ted only nicromolar amounts of COF,,

o)

no, 07.C 0, and CY5Cl, It was apparcntly insoluble in CM;CH and libernted

congicderablo Iz~ from cqueous I solution,

Reaction of LF,Ci'0 with CsF.--64,3 mr. (0.42 mmolo) dehydrated Cs¥

was allowed to reset with iipCFO [108.7 me., 1.09 mrmole (IVT), maw. = 97.9]
and 291,2 n. arbydrous (U5CM. After 4 hr. at -4G° the 05l had completely
dissolved and after 5.5 hr. the gas was renoved. On the basis of infrared
analysis and molccular weicht [46.” e, 0,639 mmole (FVIQ), move = 72.6]
iv was Tound to be arrroximatoly 0,51 'nole (34 -, ) Gty and 0,13 mmole
(13 ms ) 15 CHO,  Consoquantly theo composition of the non-volabilo solube

aprenrcd Lo be (olement, wmolo): s, 0.42; O, 0.44; €, 0.44; 7, 0,95;
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- L=

®, 2,255 corres oniing Lo the emyirvieal lormula
A0%or ¢ Y5 sodntion wns treated with 0,00 molo
=u®, e ren il e wns sesrated end fowd
P 5 “df [.'j".l e, Ued0N rpmole (FVUY, mew, = 84,
%17 rrole (11 mi.) C0Fy and 0,22 ranlo (22m )
Lo hids point was therelore the covsimirtior of

rmelo st owitk the

formation of 0,867 mrole COIY,

tion o the solube now oyverred to bo (elcuent,

G, Qe4Z; 1, 1,095 ¥, 2,303 corrosponding to tho
€ G U
sl'“ -‘-'I:o“ 20" 5.(3.

Acimewledrmeonis.--This work
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1,09 rrole 77 CFO hy 0,42

Conscquently the comrosi-

miole): s, 0,42; 0, 0,42
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A SIMPLE METIOD FOR THE PREPARATION

OF NITROSYL FLUORIDE

by Charles T. Ratcliffe and Jean'ne M. Shreeve

(Department of Physical Sciences, University of Idaho, Moscow, Idaho 83843)

An easy, straight-forward method for the synthesis of nitrosyl fluoride
has been discovered which requires only simple laboratory entities compared
to more difficult methods previéusly reported.1

The preparation consists of the reaction of nitrogen dioxide with
either KF or CsF to give essentially pure ONF as the only volatile product.
The solid residue remaining is the alkali metal nitrate. The reaction
proceeds smocthly at room temperature in either a Pyrex glass or metal
reaction vessel. Temporary storage of the product in the reaction vessel
without noticeable decomposition is possible,

‘ In a typical run, 5 g. (33 mmoles) of 99% CsT was dried at 3INN0 for
two hours, powdered under vacuum conditions, and placed in a 150 ml.
prefluorinated tlonel vessel. 2.85 mmoles of NO, were condensed into the
vessel at -78% and allowed to warm to ambient temperature. The volatile
material was removed after 5 days and found to contain 1.37 mmoles of
nitrosyl fluoride as the only gaseous product, hé reaction time varied
from one to five days in several runs and is dependent on the particle
gsize and anhydrous nature of the salt.

The rate of preparation of ONF can be enhanced by allowing the



reaction to occur in a prefluorinated metal vessel above 90°. 2.47
mmoles of NOZ and an excess of K¥ were heated to 900 for 2.5 hours.
Total reaction had occurred and 1.19 mmoles of ONF were recovered
corresponding to 48.2Y conversion based on the NO2 added. At 3n0°
the reaction occurred within 15 minutes with a slightly lower yield
of ONF. Both metal fluorides react to give only ONF in about the
same yield.

Identification of the volatile product was carried out by
molecular weight determmination and infrared spectra.2 Gravimetric
determination and x-ray powder pattern anaiyais were used to identify
the solid rcsidue as the alkali metal nitrate.

The reaction can be carried ocut in ail Pyrex egquipment with
similar experimental results as listed avove. Storage of the ONF in
a Pyrex bult over CsF was found satisfactory for at least a week with
no Sﬂ6 observed in any of the preparations of the product.

The reactivity of CsF and KF has been found to he greatly enhanced
by firet forming the hexafluoracetone adduct of the metal fluoride in
acetomitrile solution.3 The ccmpound WF'OC.’F6 can then be decomposed by
removing the solvent and hexafl-:oracetone at 100° ynder dynamic vacuum.

When muole samples of NO, were condensed on the salt at -78%, the
reaction was found to go to completion upon warming to room temperature with
quantitative yields of ONF as the only volatile product. It was found
that the metal fluoride must be present in excess to allow complete re-

action to occur, and attempte to react NO, and CsF in stoichiometric amounts

2

gave a mixture of NO, and ONF.




If excess hexafluoroacetone is added to CsF {1, acetonitrile

to give a clear solution and the solvent is removed under vacuum at room
temperature, the salt.cgy'0C3F6 is found to be stable. Addition of NO2
to the latter causes an immediate reaction to occur giving CF(CP3)20N0
as the major product with ONF present in only minor amounts. %

Based on the above evidence the reaction appears to proceed
according to

2NO, + MF + ONF + MNO3

2

M - K or Cs

1. C. Woolf, Advances in Flu--ine Chenistry. Ed. M. Stacey et. al.
Vol. 5, pp. 1-30, 1965. Washington; Butterworths.

2. P. J. H. Woltz, E. A. Jones, and A. H. Nielsen, J. Chem. Phys., 20
(1952) 378.

3. G. W. Fraser and J. M. Shreeve, In Press.

4, S. Andrezdes, J. Org. Chem., 27 (1962) 4157.
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TUE SILVER(ii) FLUCRIDE=-CATALYZED) FORIALION OF
TRiS(TRIFLUORCEST YL)FYLROKYIALINE, (Ci's jphOCF,
by

Daniel P, Babbh and Jecn'ne i, Chrecve

Both dirert and eatalytic fivorinations of triflluora nitrosomethanc

navo boen exanined under a varioty of conditiong, and the latter hes boon
1,2

found to provido & routo to tris{trifluoromcthyl)ivdroxylamino, (Cry) I0CFye
The da%ta in Tahle I show the yields of (CFy),li0CHs obtainod without and
with fluorine in the prosenco of the Agl, catalyst.

in the absence of fluorine, but in the presence uf an oxcoss of AgF,
(at lenst a molar rutio of 10:1j, the percentago yield of (CF,),H0CF,
increases with temperature from O at 20° to a maximum of 23 in the
vieinity of 13u°, Although ApgF, is chermodymamically stuble with respect
to Anr and Iy at 25°3, as ‘the temporcture increuases, docomposition cf
AgPe. may provido & source of fluorire which soems to be nccessary for the

= formation of (CFg)piUCFg.

Table I
Az@, Cotalyst Only AgF, Catalyst and Fp

rnoles T,*C 7(Cl'g ) HOCK 5 rmoles T,°C (CF g )3T,
Cigl0 Ci*a N0

5.9 28 0 545 24 55

3,0 111 15 6.0 62 37

5.0 129 23 3.7 125 17

6.0 146 19 13.1 177 i

10.0 172 15
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e tleln of wie lagter inerencos imbil sneh a Somvorsbure Jhnre the

i ,.. i ian jeo ol gt . eyl n 328! d ir ith i : 1340 "o 4.
o TRULCS LS Walel ArG 1ornec are coensiuned 1n tihe lorinftlon OV Liae 4%

o ¥ - (81 L, -1 £ N ) 3 8 Y H .- g 4
28 Temna Gang ane amownis of v, fang Uil rroducc: incrotse wibh bomrerature.

o

2y

T 2%, e trifluorenitresorctinane is eszortially reocorered uachanred
2icavt Jor grall anounts ef KU and $F;. vinen CxgM0 wns hested in o
Vomel una nt 125-130° Cor one hour, cusontially no reaction took pluce.

wn ghe progence of A, end excess fluorine, viclds of (U ),HOCT,

0]

in execess of

=

5. aro roalized at 25°. The amounts of (UFz),H0CFs Lroduced
fall off with tewnerature while CF, erd C,i°; increase much more rapidly
tiama in the absence of Iluorime, iiithout the catalvsi, fluorino and Ci'al.0

react at room tempercture to give tihe exvected flucrination rroducts,

out no (Crg).i10C7 .,

Exporimentel Section
lateriels. Blementul [luorine was passed through Kai tc remove T before
F o JPRCIrE ) x 3 ~ L 0y 4 .
use, Trif'iuoronitrogomethane was prepared by a literaturc method. After
sereration using a te -foot ecclumn (¥o. 3 ¥el-" o0il on Chromasorb P} ab

~21° or a 25-foot colwwn of the same meaterial at room temperature,

identificstion ol tho products was made by infrared spectra.

W

Direct fluorination, Reaction of C¥41C with 2lemental fluorine was observed

ko cccur ahove -78°, but infrared analysis indicated the Torration of

FaLA

onlv C¥y, COFn, €Oz, ka0, and traces of C;7g and i10; in prefluorinated iionel tubes.

Cebalvvic Fluoriration. In catelvtic fluorination, the CF N0 was frozen

into a slass trap at -183° and nitrogen was caused to flow throu~h the
tray as it rradually warmod in & dewar. The nitrogen carricd tho CFaR0
into a woll-fluorinated silver(1I) fluoride catalytic reactor5 which wvags

maintained et tho dosired tomporaturo. The residence time was about ono



o
T s Y % [0 (]
hour and ihie —roducts ware Lrarved ob =153°%,
wopen sher fron corper Lo W0 e, long and 1 oca. in diametor
v et e i i 2 Thaage Jor b N v e (‘“ Toncey -3 L-") R
SR O aosavereningad copper turnanss (choro cirlst ) ond ds

L,

inanlreed and wowki with Hichrono wire %o pormit heniins, inleh and
gxit tubes vere rade of 1/4 in, copper tubing soldered to the ends of the

renctor. irior 10 use the eatnlyst is prepared by passing [lucrinc over
the chore girls ot tomporatures oxceeding 200°C unbil no {luorine aprcars
to be cbsorbed. #luorination of the catalvys; was cerried out prior te
cach pass of Crzii0 and the residual fluorine gas vms flushed ‘rom She
reactor with dry nitrogon.

Fluorinetion of €40 vas atsempted in twe ways: 1) Cr,M0 wns enrried
by nitrosen flowing at a rate of 3.5-4 liters/hour into and throush the
ronctor; and 2) CPzliC was earried by the nitrogen flowir: rt o rate of
2.5-3 liters ‘hour into tho roector whore it was mixod with fluorine :os
sntering ot tho rate of 1,2 litors/hour and allowed to pass throush the
reactor. 3oth fluorinations were carried out at several tawperatiroz,.

A varicty ol compoands, in addition to (CFa)zl CF5, obtained in awounts

which varied with the temperature include: CF,, C.Fg, CO7;, (CF;)0F, '
(C74), (CFg)aiti(CFg)n, iFs, CFali0y, &8s well as SiF,, M0y, CO., ond ig0

plus traces of other compounds. Except at 26° in the abserncs of fluorine,

no urnreacted C73ii0 vzs recovered., The yield of \Ciy)eiOCFy was found

to vary with temperature as 'is Sndieated in Table 1,

.

lass spectrum. A weak peak attriouted to the nolecule-ion is observed in

tho mass spectrum run at V0 v. Specios fouad in order of increasin: mass

%e charge ratio include (mass, species, relative abuncance): 64, UF,ll,
+

5 ot S , .
3.5; 38, CFa0 , 0.51; 69, CFg , 100; 83, CFali , 0,13; 85, Ci',0 , 0,073
+

NN R o Y = Ce | g .
95, Cg!;jli » 0'.2'; 114, \12”43'{ ’ 0.053; 130, C:zl‘,}llo ’ O.Ih; 152’ Cs”exl »
| PR 5 N Y M
U,10; 218, Cgo g0 s 1.55 237, (.3-.-9:;;\.- , 0,36,
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The intrasad 5voctrnml and nuelanre rarnobic resosanee orooben.

§owell ony el tin o nl T p pea with antuen peaviounlr rojorbod,

s T seing Ui work was suprvorted in rort Ly she Advance Tasenrch
Trelecss aqoany Throuwsh o contract adninistered by the Oflice of iavnl

Regenres Tho authors are indebted to lr. Be Jeo izt of the Mniversity

of iaszl.innton for the mnss and nnclear magne . resonance spechra.
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12 ABSSTHACT
Fluorine fluorosulfate, trifluoromethyl hypofluorite, and fluorine have heen found
to react with fluorosulfuryl isocyanate under the influence of ultraviolet raciation
to produce a new class of compounds containing the £SO,NC(O)F group. Some of the
chemical and physical properties of these materials an% additional characterization
of FSOZNCO are presented. (U)

Addition across the carbon-carbon double bond in bis(trifluoromethyl)ketene with
peroxodisulfuryl difluoride, tetraflucrohydrazine, difluoraminofl.orosulfate and
fiuorine fluorosulfate yleid (CVQ) C(OSOyF)L\O)OSOZF, (CF.) C(\FZ)C"O
(CF ) C(\r23C(O)OSO F, (PF3)2C(0 OZF)CFO, and (CF_) CFC(0 OSO ¥, Lespectlvely While
in tha presence of CsF onld,2(CF )5C(NF,)CFO is cdnderted to €CF.),C=NF. With CsF and
Fy, the former and (CF3)2C =C=0 give rise to (CF ) C(\F JCF OF ang %CF Yn CFCF oFr,
respectively. These new compounds have been characterlzed and structures cont1rmed
by nmr, mass and infrared spectra. (U)

Reactions of NF,CFO with CF40F or with Al,Cl, and HC1l yield NF,0CF, or NF,C(0)Cl,
respectivelyv. The reaztions of NF,CFO with ~F and CsF to give kOCFy\F KOCN,F
kOC\3F6, CsOCFpnFp, CsOClpFg, and CsOC\ F. are discussed. Decompoql ion of ROE 2\F
with 7" yields NF.C1, and pyrolysis of KSC\ oFs at 95° yields {NF 2)7C0. Spectra an
Plu er..28 of (\szzco and NF,C(0)Cl are given. (U) -

Nitrosyl halides (XNO, X = F, Cl, Br) are easily prepared by the reaction of N0,
and the respective cesium or potassium halide. In the case of the fluoride, formation
of a CsF-hexafluoroacetone salt which is subsequently decomposed seems to enhance the
reactivity of the CsF toward NO,. Careful heating and powdering of Cs¥ have essenti-

T
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ally the same effect. (U) (Continued on next page)
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DD Form 1473 (Page 1 continued)

The AgF,-catalyzed fluorination of CF,NO with and without fluorine is found to give
varying amounts of tris(trifluoromethyl?hydroxylamine. With fluorine, the largest

yield (55Z) is realized at 24°. While with just the catalyst, maximun yield (23%) is
obtained at 1299, (U)
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