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Studies in Phosphinemethylene Chemistry.

III. Triphenylphosphinechloromethylene!
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RECEIVED OcTOBER 10, 1960

Triphenylphosphinechloromethylene has been prepared by the reaction of triphenylphosphine and chlorocarbene and by

the action of phenyllithium on chloromethyltriphenylphosphonium bromide.

Examples of its use in the Wittig reaction are

given; this represents a new general synthesis of vinylic chlorides of the type RCH=CHCI and R,C=CHC!,

The electrophilic nature? of halocarbenes is
believed to be due to their electronic structure
where carbon is in the singlet ground state, in
which an electron pair fills a carbon sp? orbital
not used in bonding, leaving the p, orbital vacant.
If this description of carbenes is accepted, then

e Q
triphenylphosphinemethylenes, (CeHs); P—CXoe—>
(CeHp)sP=CX,, can be regarded as donor-acceptor
complexes formed between the nucleophile tri-
phenylphosphine and the electrophilic carbene.
This suggested that the direct reaction between
triphenylphosphine and carbenes might provide
a new synthesis of the useful triphenylphosphine-
methylene reagents. The heretofore unknown
triphenylphosphinehalomethylenes would be of
interest, since their study would allow an assess-
ment of the inductive effect of electronegative
substituents on the methylene carbon as a possible
contributing factor to the stability of phosphine-
methylenes. They would also be of synthetic
importance in organic chemistry, especially if
they would undergo the Wittig reaction,® since
this would result in a new general synthesis of
vinyl and vinylidene halides.

We report here the trapping of chlorocarbene
with triphenylphosphine and the use of the result-
ing triphenylphosphinechloromethylene in the Wit-
tig reaction.

When chlorocarbene was generated by adding
ethereal butyllithium to methylene chloride in
ether at —30°* in the presence of triphenylphos-
phine, the deep yellow-orange color characteristic
of phosphinemethylene reagents developed. This
mixture (a moderate amount of yellow-brown
solid also was always present) reacted with ketones
and aldehydes to produce the expected 1-chloro-
olefins in yields averaging ca. 30%. In this man-
ner acetophenone was converted to l-chloro-2-
phenyl-1-propene, diethyl ketone to 1-chloro-2-
ethyl-1-butene, 4-methyl-2-pentanone to 1-chloro-
2,4-dimethyl-1-pentene, cyclohexanone to chloro-
methylenecyclohexane and benzaldehyde to g-

R,C=0
(CGHQ):P + :CHCl — (CeHs);P‘-'—‘CHCl —

R:C=CHCI + (CeH;)sPO

In the acetophenone reaction the

chlorostyrene.

(1) This work was summarized in part in a preliminary communica-
tion: D. Seyferth, S. O. Grim and T, O. Read, J. Am. Chem. Soc., 82,
1510 (1960); for part II, see fbid., 83 1613 (1961).

(2) () W. von E. Doering and A, K. Hofimann, sbid., 76, 6162
(1954); (b) J. Hine and A. M. Dowell, ébid., 76, 2688 (1954); (c) P. 8.
Skell and A. Y. Garnet, ibid., 78, 5430 (1856); W. von E. Doering and
W. A. Henderson, ébid., 80, 5274 (1958).

(3) G. Wittig and U, Scholikopf, Chem, Ber., 87, 1318 (1854); see
also U. Scholikopf. Angew. Chem., 71, 260 (1959).

(4) G.L.Closs and L, E, Closs, J. Am. Chem, Soc., 81, 4096 (1959).

two geometric isomers of 1-chloro-2-phenyl-1-
propene were formed in about equal amounts as
detected by gas chromatography. In the re-
actions with benzaldehyde and 4-methyl-2-pen-
tanone the two possible isomers of each chloro-
olefin may have been present, but they were not
resolved in the gas chromatographic analysis of
the reaction products.

In an attempt to determine the cause of the low
over-all yields of chloroélefins, each of the two
steps of this synthesis was investigated separately.
The known reaction of triphenylphosphinemethyl-
enes with hydrogen halides, which produces
crystalline phosphonium salts in apparently quan-
titative yield, was used to determine the yield of
triphenylphosphinechloromethylene formed in the
trapping reaction. Hydrogen bromide was
bubbled into the triphenylphosphinemethylene solu-
tions formed under various reaction conditions to
convert the phosphinemethylene into ether-in-
soluble chloromethyltriphenylphosphonium bro-
mide. The unreacted triphenylphosphine present
in the reaction mixture also reacted with hydrogen
bromide to form ether-insoluble triphenylphos-
phonium bromide, [(CsHj);PH]Br. Separation of
these two phosphonium salts was made possible
by the instability of the latter in water. An
independent experiment showed that when tri-
phenylphosphonium bromide was placed in water,
it decomposed to water-insoluble triphenylphos-
phine and hydrobromic acid. Thus, solution of
the phosphonium salt mixture in water caused
precipitation of triphenylphosphine and left an
acidic solution containing the chloromethyltri-
phenylphosphonium ion. Filtration was followed
by addition of aqueous sodium tetraphenylborate
to the filtrate, which resulted in quantitative pre-
cipitation of chloromethyltriphenylphosphonium
tetraphenylborate. The yield of this derivative
allowed calculation of the triphenylphosphine-
chloromethylene yield. The accuracy of this
method was shown by analyzing four mixtures of
pure chloromethyltriphenylphosphonium bromide
and pure triphenylphosphonium bromide of known
composition. The chlorocarbene capture reaction
was repeated many times, using different ratios
of reactants, but the yield did not seem to change
in any sensible manner, varying from 44 to 68%.

Pure chloromethyltriphenylphosphonium bro-
mide was obtained by recrystallization of the
product of the hydrogen bromide-triphenylphos-
phinechloromethylene reaction. This salt, sus-
pended in ether, reacted with phenyllithium to
form an orange solution of triphenylphosphine-
chloromethylene; a moderate amount of yellow solid
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was present as well. The reaction of this mixture
with acetophenone and benzaldehyde afforded 1-
chloro-2-phenyl-1-propene (91%) and B-chlorosty-
rene (769),), respectively. Other conversions are
described in the Experimental section.

Thus when triphenylphosphinechloromethylene
was prepared by the dehydrohalogenation of
chloromethyltriphenylphosphonium bromide, much
better yields were obtained in the subsequent Wittig
reactions than when the phosphinemethylene rea-
gent was prepared by trapping chlorocarbene with
triphenylphosphine. This probably is due to the
formation of triphenylphosphinechloromethylene
in much better yield in the former method and also
to the absence of excess triphenylphosphine, which
appears to make isolation of the chlorodlefins more
difficult when the phosphinemethylene reagent
was prepared by the latter method. For prepara-
tion of 1l-chlorodlefins by the Wittig procedure,
it is recommended that the chloromethyltriphenyl-
phosphonium bromide—phenyllithium reaction be
used to generate triphenylphosphinechloromethyl-
ene, and that the required chloromethylphospho-
nium salt be prepared by the procedure reported
recently by Hoffmann

After a report of the present work had been sub-
mitted as a preliminary communication,! a paper
by Speziale, Marco and Ratts® reported that di-
chlorocarbene could be captured with triphenyl-
phosphine and that the resulting triphenylphos-
phinedichloromethylene could be used in the Wittig
reaction. Wittig and Schlosser” reported the
chlorocarbene-triphenylphosphine reaction and the
use of triphenylphosphinechloromethylene in
chloroglefin synthesis shortly after our initial
report, and further work by Wittig and Franzen®
showed that CH,, generated in the decomposition
of trimethylammonium methylide, could be trapped
with triphenylphosphine.

The early work of Staudinger and Meyer® is of
interest in this connection. Their synthesis of the
first triphenylphosphinealkylidene, (C;Hj);P==C-
(CeHs)e, was effected by thermal decomposition
of the phosphazine, (CeH;);P=N—N==C(CsHs):.
It is possible (but not proved) that this reaction
involves decomposition to triphenylphosphine,
nitrogen and (CsH;),C, followed by combination of
triphenylphosphine and diphenylmethylene. Evi-
dence has been presented!® that (Ce¢Hj),C is a di-
radical species in which the methylene carbon atom
is in a triplet state rather than in a singlet state.
Reactions of triphenylphosphine with radical
reagents have been reported,'!? and so the forma-
tion of a phosphinemethylene in a reaction of
triphenylphosphine with a diradical does not seem
impossible. This presents the interesting possi-
bility that triphenylphosphinemethylenes could
result from reactions of triphenylphosphine with

(5) H. Hoffmann, Angew. Chem., 72, 77 (1960).

(6) A.J. Speziale, G. J. Marco and K. W. Ratts, J. Am. Chem. Soc.,
82, 1260 (1960).

(7) G. Wittig and M. Schlosser, Angew. Chem., 72, 324 (1960).

(8) V. Franzen and G, Wittig, ibid., 72, 417 (1960).

(9) H. Staudinger and J. Meyer, Helv. Chim. Acta, 2, 619 (1919).

(10) R. M. Etter. H. S. Skovronek and P. S. Skell, J. Am. Chem.
Soc.. 81, 1008 (1959).

(11) F. Ramirez and N. McKelvie, thid.. 79, 5829 (1957).
(12) 1.. Horner and H. Hoffmann_ Chem. Ber., 91, 45, 50 (1958).
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divalent carbon species in the triplet or the singlet
ground state.

Experimental!?

(1) Preparation of Triphenyiphosphinechloromethylene
from Triphenylphosphine and Chlorocarbene, and Its
Reaction with Hydrogen Bromide.—Triphenylphosphine
(30 g., 0.115 mole) was placed in a 500-ml., three-necked
round-bottom flask equipped with an addition funnel, a
mechanical stirrer and an inlet tube which protruded half-
way into the flask. This tube was connected to a three-
way stopcock which led to the nitrogen atmosphere system
and to a cylinder of anhydrous hydrogen bromide (Matheson
Co.). Anhydrous ether (200 ml.) and 11 g. {0.13 mole)
of methylene chioride, freshly distilled from phosphorus
pentoxide, were added. The flask was imnersed in a Dry
Ice-acetone-bath maintained at —40° to —30°, and 40 ml. of
2.48 M (0.10 mole) n-butyllithium solution was added slowly
with vigorous stirring. The solution became yellow at first
and the color deepened to orange as the addition progressed.
After the addition had been completed, the addition funnel
was replaced by a connecting tube which was attached to a
mercury overpressure valve. The cooling bath was re-
moved. As hydrogen bromide was bubbled into the flask,
the orange color was discharged immediately with forma-
tion of copious quantities of white precipitate. The result-
ing mixture was filtered through a sintered glass filter funnel;
the solids were washed with benzene and petroleum ether
and dried in vacuum at 60° for 12 hr. The dried product
weighed 33.6 g. A sample of this solid (0.4983 g.) was
placed in 40 ml. of water; the solid was broken up with a
stirring rod and the mixture stirred for 10 min. in order to
ensure solution of the chloromethyltriphenylphosphonium
bromide and complete decomposition of triphenylphos-
phonium bromide. The mixture was filtered and the fil-
trate collected in a 400-ml. beaker. The beaker in which
the solution had been prepared, filter paper and the solid
were washed carefully with successive small portions of
water, the washings being added to the filtrate. A solution
of ca. 0.5 g. of sodium tetraphenyviborate in 20 ml. of water
then was added dropwise to the filtrate. The mixture was
stirred during the addition to effect rapid coagulation of
the resulting precipitate. The insoluble chloromethyltri-
phenylphosphonium tetraphenylborate was collected by
filtration using a tared Gooch-type filter funnel with a sin-
tered glass filter. The residue was washed with water
and dried in vacuum over phosphorus pentoxide. The dry
tetraphenylborate weighed 0.6163 g., which corresponded
to a product composition of 76.79, chloromethyltriphenyl-
phosphonium bromide and an over-all yield (based on butyl-
lithium) of 65.7%,.

The reaction was repeated several times with varying
ratios of reagents. The results are listed in Table I.

TABLE I

TRIPHENYLPHOSPHINECHLOROMETHYLENE i@ THE REACTION
OF TRIPHENYLPHOSPHINE WITH CHLOROCARBENE

(CsHs)3P, mole n-Buli, mole CH:Cl:, mole Yield, 9,
0.115 0.104 0.13 66"
. 115 .20 .104 53
.085¢ .14 .14 56
.60 .60 .65 44°
.229 0764 .10 54

b Recrystallized yield 329%.

2 Recrystallized vield 469%. ield 32
imiting

¢ Phenyllithium used instead of butyllithium.
reagent; yields based on this figure.

Determination of the Composition of Mixtures of Chloro-
methyltriphenylphosphonium Bromide and Triphenylphos-
phonium  Bromide.—Triphenylphosphonium bromide
(0.0469 g.) and chloromethyltriphenylphosphonium bromide
(0.1750 g.) were placed in 20 mil. of water, and operations

(13) Analyses were performed by Dr. §. M. Nagy (M.I.T.) and by
the Schwarzkopf Microanalytical Laboratory, Woodside, N, Y.
Melting points were determined using a Mel-Temp melting point ap-
paratus. All reactions involving the preparation or use of organo-
lithium reagents were carried out under an atmosphere of prepurified
nitrogen. Starting materials either were purchased and, if necessary,
subiected to further purification, or were prepared by methods de-
seribed in the literature.
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for the precipitation, filtration, drying and weighing of
chloromethyltriphenylphosphonium tetraphenylborate were
repeated as described above. This procedure was tested
for several product compositions. The results are given in
Table II.
TasLe 11
ANALYSIS OF MIXTURES OF TRIPHENYLPHOSPHONIUM BRO-
MIDE AND CHLOROMETHYLTRIPHENYLPHOSPHONIUM

BROMIDE
[(CeHs)3- [(CsHs)z [(CeH3)sPCH:C1]
[(CeHs)sPH] PCH:C1]|Br, PCH:Cl]- [B(CsHa)d

r, g. g. Br. % Found acd.
0.0469 0.1750 79 0.2825 0.2819
.1025 .1985 67 .3152 .3198
.0380 .2281 86 .3675 .3675

0 L2782 100 . 4470 .4482

Recrystallization of Chloromethyltriphenylphosphonium
Bromide and Preparation of Derivatives.—Pure chloro-
methyltriphenylphosphonium bromide from the triphenyl-
phosphinemethylene-hydrogen bromide reaction was iso-
lated as follows: 2.0 g. of the reaction product was dissolved
in 8 ml. of isopropyl alcohol and filtered; to the filtrate was
added 300 ml. of ether. The resulting precipitate was fil-
tered, washed with ether and dried. The slightly yellow
solid, m.p. 195-208°, weighed 0.92 g. Another recrystal-
lization resulted in pure material, white solid of m.p.

200-211°.

Anal. Caled. for CyyHyBrClP: C, 58.26; H, 4.38;
Cl, 9.05; Br, 20.40. Found: C, 58.47; H, 4.31; CIl,
8.56; Br, 20.31.

Picrate.—A sample of chloromethyltriphenylphospho-
nium bromide, 0.5 g., was dissolved in 30 ml. of water and
added to an excess of picric acid dissolved in 20 ml. of 1:1
methanol-water mixture. The solution was heated and
more methanol was added to dissolve the precipitate that
had formed. The solution was filtered and, on cooling, the
filtrate yielded yellow crystals. These were recrystallized
from methanol; m.p. 192-194°.

Anal. Caled. for CyiHiyCIN;OP: C, 55.61;
ClL, 6.56. Found: C, 55.60; H, 3.76; Cl,6.32.

Tetraphenylborate.—This derivative was prepared as
described above and was recrystallized from methanol-
ether to give pure material, m.p. 189-192°,

Anal. Caled. for CuHiCIPB: C, 81.84; H, 5.91; (I,
5.62. Found: C,82.03; H,6.17; CI, 5.37.

(2) Preparation of Triphenylphosphinechloromethylene
from Triphenylphosphine and Chlorocarbene, and Its
Reaction with Ketones.—Triphenylphosphine (30 g., 0.115
mole) was placed in a 500-ml., three-necked flask equipped
with an addition funnel, stirrer and condenser topped with
a nitrogen inlet tube. Anhydrous ether (230 ml.) and
methylene chloride (11 g., 0.13 mole) were added. The
flask was cooled to —40° to —30°. The mixture was
stirred rapidly while 77 ml. of 1.3 M (0.1 mole) n-butyl-
lithium solution was added slowly over a period of 1 hr.
After the addition had been completed, the solution was
orange, and a considerable amount of yellow solid was
present. When acetophenone (12 g., 0.1 mole), recently
distilled and stored over Linde 5A Molecular Sieves, was
added, the orange solution immediately turned light yellow
and more solid was formed. This mixture was heated at
reflux for 10 hr.; subsequently the ether was removed by
distillation. The residue dissolved completely in 120 ml.
of tetrahydrofuran, and this solution was heated at reflux
for 6 hr. The tetrahydrofuran solution was shaken with
100 ml. of water, and the layers were separated. This op-
eration was repeated. The aqueous extracts were washed
with pentane and the washings added to the organic layer.
After removal of the solvents by distillation, the head tem-
perature rose rapidly. The distillate, 7.52 g., was col-
lected from 84° (15 mm.) to 120° (15 mm.); it was analyzed
using vapor phase chromatography!t and was found to be

H, 3.55;

(14) Gas chromatography columns!s were 8 mm. Pyrex tubes of
190 cm. length containing 309 by weight of Dow Corning Silicone
Oil No. 550 on 48-80 mesh firebrick support. The columns were
operated at the temperatures of 120-190°, depending on the b.p. of
the compounds chromatographed. Helium at 15 p.s.i. was the cairier
gas, and thermistors were employed for detecting sample peaks. Col-
lection of samples was made in a cooled small trap fitted with “no-air*
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composed of 1-chloro-2-phenyl-1-propene (both isomers)
(56%,), acetophenone (40%) and impurities (49,). These
results established that the chlorodlefin had been obtained
in 289, yvield (based on butyllithium).

A sample of distillate, 7.9 g., from another reaction similar
to the one described above was dissolved in 10 ml. of pentane
and chromatographed using 120 g. of Merck reagent alu-
minum oxide in a water-jacketed column. The first 500
ml, eluted with pentane was freed of solvent by distillation.
The residue, 4.9 g., contained some ketone (positive 2,4-
dinitrophenylhydrazine test), and for this reason was chro-
matographed again. Distillation of the pentane from the
first five 100-ml. portions of eluate left as residue 0.37, 1.97
0.41, 0.11 and 0.0 g. of liquid, respectively. Vapor phase
chromatographs of these fractions showed that the geometric
isomers expected for 1-chloro-2-phenyl-1-propene were pres-
ent, with the lower boiling isomer decreasing and higher
boxlmg isomer increasing in relative amounts in the successive
fractions. No ketone or other impurities were detected by
vapor phase chromatography. A sample of the third frac-
tion was subjected to a short path distillation; the distil-
late, #%p 1.5539, was a nearly 1:1 mixture of the isomers;
infrared spectrum (pure liquid): 3080{m), 2080(m), 1602(m),
1610(m), 1572(w), 1495(s), 1436(s), 1370(m), 1322(m),
1240(w), 1204(w), 1071(m), 1029(s), 1010(s), 985(m),
911(m), 831(s), 790(s), 748(s), 690(s) cm.™1

Anal. Caled. for CHyCl: C, 70.82; H, 5.94.
C, 70.81; H, 5.95.

A number of runs were carried out in which reagent ratios
were varied. The best yield (46%,) resulted when the reac-
tion was effected with 0.11 mole of triphenylphosphine, 0.1
mole of methylene chloride, 0.2 mole of butyllithium and 0.2
mole of acetophenone. It is likely that careful study of
conditions may result in better yields, but this aspect of the
problem will not be investigated further.

Similar reactions were carried out in which triphenyl-
phosphinechloromethylene prepared from the triphenyl-
phosphine—chlorocarbene reaction was treated with other
ketones. The following chlorodlefins were prepared.

1-Chloro-2 ,4-dimethyl-1-pentene (from 4-methyl-2-pen-
tanone), 279, isolated vield, #2p 1.4339. Anal. Caled.
for C;H1Cl: C, 63.39; H, 9.88. Found: C, 63.44; H, 9.89.

1-Chloro-2-ethyl-1-butene (from diethyl ketone), 20%
vield, n2%p 1.4369. Anal. Caled. for CsHyuCl: C, 60.74;
H, 9.30. Found: C, 60.78; H, 9.40.

Chloromethylenecyclohexane (from cyclohexanone), 30%
vield, n%p 1.4829. Anal. Caled. for GH,Cl: C, 64.36;
H, 8.49. Found: C, 64.24; H, 8.48.

(3) Preparation of Tnphenylphosphmechloromethylene
from Chloromethyltriphenylphosphonium Bromide and
Phenyllithium, and Its Reaction with Ketones.—A sample
of chloromethyltriphenylphosphonium bromide (6.23 g.,
0.0159 mole) was placed in a 300-ml., three-necked flask
equipped in the manner described in the previous experi-
ment. After the air in the system had been displaced with
nitrogen, 80 ml. of anhydrous ether was added and 17 rul. of
0.93 M phenyllithium solution (0.0158 mole) was added
rapidly. The mixture (some solid was always present) was
orange after it had been stirred for 30 min. at room tempera-
ture. Acetophenone (4.5 g., 0.038 mole) was added, and
the mixture was heated for 23 hr. without stirring. During
the last 10 hr. the ether solvent was distilled off slowly, and
the residue was heated at higher temperature. The mix-
ture was distilled without filtering. The distillate, 3.54 g.,
was collected from 80-125° (15 mm.). The yield of the two
tsomers of l-chioro-2-phenyl-l-propene, present in 56:44
molar ratio, was 919, (vapor phase chromatography).

Other conversions carried out in a similar manner were:
cyclohexanone to chloromethylenecyclohexane (809%), 4-
methyleyclohexanone to chloromethylene-4-methyleyclo-
hexane'” (519%,), diethyl ketone to 1l-chloro-2-ethyl-1-pro-

Found:

stoppers and a Drierite drying tube. At the moment the sample peak
was detected by the automatic recorder, the trap was placed on the
hypodermic needle attached to the column exit. Percentage composi-
tion analyses were approximated by assuming that the area under the
curve is proportional to the mole per cent. of the constituents.15

(15) A. C. Cope and P. E. Peterson, J. Am. Chem. Soc., 81, 1647
(1959).

(16) A. I. M. Keulemans, “Gas Chromatography,”
Corp., New York, N. Y., 1957, pp. 31-32.

(17) Not completely pure; #%!p 1.4800. Anal.
C. 66.43; H,9.06. Found: C, 65.42; H. 8.92,

Reinhold Publ.

Caled. for CsHi1:Cl:
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pene (66%), 4-methyl-2-pentanone to 1-chloro-2,4-di-
?%%t(;})fl-l-pentene (60%), benzaldehyde to g-chlorostyrenet®
(133

(4) Reaction of Triphenylphosphine with Hydrogen
Bromide.—Triphenylphosphine (3.06 g., 0.0116 mole) was
dissolved in 60 mnl. of ether, and hydrogen bromide was bub-
bled into tle solution. The white solid which resulted was
filtered, washed with ether and dried. A 969, vield (3.85
g.) was obtained. The product was very soluble in methyl-
ene chloride and was recrystallized from methylene chio~
ride by adding ether. The resulting triphenylphosphonium
bromnide decomposed between 170-198°.

Anal. Caled. for CisH,¢BrP: C,62.99; H,4.70. Found:
C, 63.20; H, 4.69.

In addition, 0.2228 g. of the solid was placed in 30 ml. of
water and stirred for a short time. The triphenylphosphine
was filtered off and washed. The filtrate and washings re-

(18; n%p 1.5728. Awnal. Caled. for CsH:Cl:
Found: C, 69.50; I, 5.25.

C, 69.33; H. 5.09.
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quired 5.54 ml. of 0.1164 N NaOH for titration of the HBr

formed in the decomposition of triphenylphosphonium bro-~

r2niie2. Caled. for C;sHysBrP: HBr, 23.58. Found: HBr,
3.42.

The tetraphenylborate, [(Cell;);PH][B(CsHs)a], could
be prepared by mixing concentrated solutions of triphenyl-
phosphonium bromide and sodium tetraphenylborate in
methanol. The resulting white crystals decomposed begin-
ning ca. 170° to a brown melt at 200°.

Anal. Caled. for CiuHyePB: C, 86.59; H, 6.23. Found:
C, 86.89; H, 6.69.
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Reactions of Sulfur Tetrafluoride with Oxides, Oxyfluorides, and Fluorides of Uranium
and Plutonium?®

By Carr E. JoHNSON, JACK FISCHER AND MARTIN J. STEINDLER
REece1vED OCTOBER 27, 1960

Some quantitative and qualitative observations concerning the reaction of sulfur tetrafluoride with various fluorides,
oxyfluorides and oxides of uranium and plutonium are presented. The reaction of sulfur tetrafluoride with plutoniun: hexa-
fluoride in which plutonium hexafluoride is reduced to plutonium tetrafluoride is reported.

The previously known synthesis of sulfur tetra-
fluoride from sulfur and cobalt trifluoride? or
elemental fluorine® gave mixtures from which
sulfur tetrafluoride could be isolated only with
difficulty. It has now been found* that sulfur
tetrafluoride can be prepared readily by the re-
action of sodium fluoride with sulfur dichloride
in refluxing acetonitrile or by fluorination of
sulfur, with chlorine and sodium fluoride at
elevated temperatures and pressures.

Recently sulfur tetrafluoride has been reported
to be a unique fluorinating agent in that it provides
a direct and simple method for the synthesis of
inorganic fluorides® and the preparation of ura-
nium hexafluoride from uranium trioxide.®

Experimental

Materials.—Uranium trioxide used in these experiments
was obtained by thermal decomposition of UO.2H,0.
1t is necessary to dehydrate the UQO,-2HO above 300° to
insure complete conversion to uranium trioxide. It was
necessary to store the uranium trioxide in a desiccator to
prevent its hydration. Chemical analvses were obtained

(1) (a) Work performed under the auspices of the U. S. Atomic
Energy Commission at the Argonne National Laboratory, operated
by the University of Chicago under Contract No. W-.31-109-eng-38.
(b) Presented at ACS Meeting, New York City. N. Y., September,
1960, paper #71.

(2) J. Fischer and W. Jaenekner, Z. angew. Chem., 42, 810 (1929).

(3) F. Brown and P, I. Robinson, J. Chem. Soc., 3147 (1935).
(Contains a critical review of the literature with respect to the prepara-
tion of SFi.)

(4) C. W. Tullock, F. 8. Fawcett, W. C. Smith and D. D. Coffman,
J. Am. Chem. Sec., 82, 539 (1960).

(5) W, C. Smith, C. W. Tullock, E, I.. Muetterties, W. R. Hasek.
F. S. Fawcett, V. A. Eugleliardt and D, D. Coffinan, ibid., 81, 3165
(1959).

(6) A. L. Oppegard, W. C. Smith, E. L. Muetterties and V. A,
Englehardt, ¢hid., 83, 3835 (1960).

on the uranium trioxide; found 82.79, U, 16.7%, oxygen;
calculated 83.29, U, 16.89, oxygen.

The uranyl fluoride used was purchased from General
Chemical Company. X-Ray diffraction analyses indicated
anhydrous uranyl fluoride’ to be the predominant species
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