chromium atom contributes ca. 1.00 A to the length of a qua-
druple metal-metal bond. This estimate is in good agreement
with the value of 1.98 A “calculated” as the length of a Cr=Cr
bond on the basis of “maximum-valence radii” consider-
ations.?’ Therefore, it is suggested that the metal-metal sep-
aration* in [Cr(02CCH3)4-2H,0] should rot be regarded as
characteristic of a Cr-Cr quadruple bond.?¢

The average of the metal-oxygen bond lengths (Table IV)
within the [CrMo(O,CCH3)4] molecule (2.07 (2) A) is very
close to the average of the corresponding values for
[Cr2(0,CCH3)42H,0] (2.018 (8) A)* and [Mo,(0,CCH3)4]
(2.12 (1) A).” The average bond lengths within the acetato
groups (C-0 = 1.27 (1); C-C = 1.51 (1) &) agree well with
the corresponding details for the [Moy(O2CCH;3)4]7 and
[Cr2(0,CCH3)4-2H,0]4 structures. As expected in view of
the metal-metal separations, the interbond angles, M'-M-O
= 923 (1.7) and O-C-O = 121.1 (1.2)°, more closely re-
semble the values found for [Mo,(0O,CCH;),] than for
[Cr2(02CCH3)4:2H,0]. The [CrMo(0O>CCH3)4] molecules
are linked together to form infinite chains in the manner de-
scribed” for [Mo02(0O,CCH3)4]. The oxygen atoms O(2) and
O(2’) each make a contact that is approximately coaxial
(O(2)-M-M’ = 161.2(1)°) with a Cr-Mo bond to the closest
metal atom of the adjacent molecule. The O...M distance of
2.548 (4) Ais ca. 0.1 A shorter than the corresponding distance
in [MOz(OzCCH3)4].

The anisotropic temperature factors for [CrMo(O,CCH3)4]
(Table III) are slightly (~11%) larger than the corresponding’
values for [Mo2(0O2,CCH3)4]. This difference probably arises,
at least in part, from the metal atom disorder obtained in
[CrMo(O,CCH3;),]. It is of interest to note that the same
general pattern in the relative magnitudes of these temperature
factors is observed for these two crystal structure determina-
tions.

The ready cleavage of this Cr=Mo bond is disappointing.
Although [CrMo(O,CCF;)4] has been partially characterized
in this study, the number of derivatives containing a Cr=Mo
bond which may be readily obtained appears to be severely
limited.
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Abstract: The addition of CF;00H and SFsOOH to CF3N==CF, has been observed to result in the formation of
CF;00CF,;NHCFj; and SFsOOCF,NHCF;. Physical and spectral data on the new peroxides are reported including an analy-
sis of the AB4 portion of the '°F NMR spectrum of SFsOOCF>;NHCF;. The NaF induced HF elimination from
CF3;00CF:NHCF; and SFsOOCF,NHCF; to produce COF;, SOF,, NaF-HF, and CF3;NCF,0 is discussed.

Several methods for the introduction of the CF;00- and
SFsOO0- groups into organic molecules have been reported.
Both CF3;00H and SFsOOH have proven to be valuable in
this respect in their reactions with acid halides to produce
RC(O)OOCF; and RC(O)OOSFs.23 The addition of

CF;00Cl,* SFsO0CI,*> CF;00F,% and CF3;000CF;’ to
alkenes has also resulted in the convenient direct synthesis of
peroxides containing the CF300- or the SFsOO- groups.
However, attempts to add CF3O0H to a wide variety of alk-
enes were unsuccessful ®
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The addition of HF, HCI, HBr, and H,SO,4 to CFsN=CF,
to yield CF;NHCF>X (X = F, Cl, Br, OSO3;H) has been
demonstrated.® Further reaction of CF;NHCF,Cl to produce
CF3;N==CCl; and (CF3);NH has been noted.!® Alcohols and
thiols have been reported to form a variety of complex addition
products with CF3N=CF,. These reactions apparently involve
the initial addition of REX (E = O, S) followed by loss of HF
and, in some cases, further reaction of the resultant imines
depending on the alcohol or thiol.!!

Based on the proceeding and the appreciable acidity of
CF300H and SFsOOH, their reaction with CF;N=CF, was
investigated in anticipation of the formation of reasonably
stable, simple addition products. The resultant products,
CF3;00CF;NHCF; and SFsOOCF,NHCF;, are the first
examples of peroxides of this type and represent the second
addition of fluorinated hydroperoxide to an unsaturated center
(the first is the isolated reaction of CF3;0O0H with SO; to
produce HOSO,0OO0CF;).!2 The base promoted elimination
of HF from CF;00CF,;NHCF; and SFsOOCF,NHCF; has
resulted in the first example of a perfluorooxazirine.!?

Experimental Section

General. Standard high vacuum techniques utilizing both glass and
stainless steel systems were used throughout. Quantities of reactants
and products were measured either by direct weighing or by the re-
lationship,n = PV/RT with pressure measured on a Wallace and
Tiernan Model FA 145 differential pressure gauge. Molecular weights
were obtained by the vapor density method. Vapor pressure curves
were obtained by a static method and the data analyzed by a computer
assisted least-squares fit to both linear and quadratic equations with
the best result reported. Ir spectra were obtained on a Perkin-Elmer
Model 180 spectrometer using a 10-cm gas cell fitted with AgCl
windows. The 'H NMR spectra were obtained using a Varian EM-360
spectrometer on 80 mol % CFCl; solutions with MesSi as an external
standard. The '°F NMR spectra were recorded on 80 mol % CFCls
solutions utilizing a Varian XL-100-15 spectrometer. The '°F NMR
data corresponding to the decoupled SFs portion of
SFsOOCF,NHCF; was simulated with the aid of the LAOCOON 3
computer program.'4 Chromatography was carried out at 28° using
alft X 3%in.or 10 ft X 3 in. ss column packed with 49% halocarbon
11-21 polymer oil on acid washed Chromosorb P. The GLC separa-
tion employed gas injection. The starting materials CF;00H,?
SFsOOH,* and CF3N=CF,!¢ were prepared by literature methods.
Caution! The peroxides described in this work are powerful oxidants
and may be subject to explosive decomposition. Adequate safety
precautions should be taken when handling these materials.

Preparation of CF3OOCF;NHCFi. In a typical reaction 4.01 mmol
of CF;O0OH was condensed at —196° onto 4.72 mmol of
CF3;N=CF, in a 100-ml glass reaction bulb equipped with a glass-
Teflon valve. The reaction system was allowed to warm slowly to 24°
and stand with occasional refreezing and fast warming for 1.3 h. The
reaction bulb was cooled to —196° and opened to a pressure gauge.
No noncaot.densables were observed. The volatile products were dis-
tilled through traps held at =78 and —196°. The contents of the
—196° 1rap were distilled again through a —78° trap and the contents
of the two —78° traps combined. The —78° traps contained a total
of 3.83 mmol of a clear liquid which was subsequently identified as
CF;00CF;NHCF; (ir). The muliiple distillations were necessary
to oblain maximum yield of CF;00CF>,NHCFj as this compound
distills slowly through a —78° trap and dny lower trap temperatures
resull in retention of CF300H. The yield of CF:00CF>NHCF;
based upon the amount of CF300H and a balanced equation was
95%. Reactions run under identical conditions on a smaller scale re-
sulled in lower yields. For example, on a 1.5-mmol scale only a 50%
yield was observed, and a 2.7-mmol scale resulted in a 63% yield of
CF:O0CF;NHCF;. Physical and spectral data for CF3;00-
CF>NHCF; are as follows: clear liquid at 23°; mol wt 231.5, caled
235.0; mp —95.7°; bp 47.1°; log P (mm) = 11.065 — 3281.4/T +
21 142/T2; AHygp = 8.97 kcal/mol; ASvap = 28.02 eu; ir 3468 (w),
1497 (m), 1340 (m), 1285 (s), 1260 (s), 1242 (s), 1222 (s), 1184 (s),
1022 (s),970 (vw), 952 (w), 875 (w), 768 (w), 704 (w), 623 (w) cm~'.

Preparation of SFsOOCF,;NHCF3. In a typical reaction 1.54 mmol
of SFsOOH and 1.58 mmol of CF;N=CF, were combined in a
similar manner as described for the preparation of

CF;00CF,NHCF;. The reaction bulb was placed at —29° and al-
lowed to warm to —20° over a period of 1.5 h at which point it was
warmed quickly to 23° and allowed to stand for an additional hour.
The reaction bulb was cooled to —196° and opened to a pressure
gauge. No noncondensables were observed. The voltatile products were
distilled through traps held at =111 and —196°. The —111° trap
contained a mixture of SFsOOH and SFsOOCF,NHCF;. Attempted
purification of SFsOOCF>NHCF; by trap to trap distillation proved
ineffective in that complete separation of SFsOOH and
SFsOOCF,NHCF; was not obtainable without sacrifice of large
amounts of SFsOOCFsNHCF;. The contents of the —111° trap were
separated by GLC using the 1-ft column. Two major components were
collected. A 0.45-mmol sample of SFsOOH(ir) was collected after
2.9 min. A 0.77-mmol sample of a clear liquid which was subsequently
identified as SFsOOCF,NHCF; was collected after 12.2 min, The
yield of SFsSOOCF,;NHCF; based on the amount of SFsOOH em-
ployed was 50%. As in the case of CF3;O00H the yield can be increased
employing a higher initial pressure of reactants. Physical and spectral
data for SFsOOCF;NHCF; are as follows: clear liquid 23°; mol wt
291.3, caled 293.1; mp —87.2°; vp data, t(mm), —12.7 (6.6), —8.6
(8.6), —4.3 (11.8), 0.0 (15.8), 19.5 (48.7), 26.2 (67.8); ir 3468 (m),
1495 (m), 1340 (s), 1246 (s) 1189 (s), 1027 (s), 935 (s), 874 (s), 790
(w), 735 (w), 706 (w), 612 (w), 608 (s), 593 (w) cm~L

Preparation of CF3NCF,0. In a typical reaction, a 2.06-mmol
sample of CF300CF,NHCF; was condensed at —196° onto 84.46
mmol of dry NaF in a 100-ml glass reaction bulb equipped with a
Teflon valve. The reaction mixture was allowed to warm to 23° and
stand for 4.5 h with occasional shaking by hand. The system was
cooled to —196° and opened to a pressure gauge. No noncondensables
were observed. Volatile products were removed from the reaction bulb
by distillation into a trap held at —196°. Weighing the solids re-
maining in the reaction bulb indicated the take up of 2.07 mmol of HF
by the NaF. The volatile products were distilled through traps held
at =111 and —196°. The —111° trap contained a trace (<0.05 mmol)
of unidentified material. The trap held at —196° contained 3.98 mmol
of material which was subsequently determined to be a 1:1 mixture

r—— .
of COF» and CF3;NCF>0. The material in the —196° trap was sep-

arated by GLC using the 10 ft column. Two major fractions were
collected, which corresponded to 1.90 mmol of COF; (retention time

]
= 2.2min) and 1.50 mmol of CF3;NCF,0 (retention time = 4.1 min).
Small amounts (<2% total) of four additional components were ob-
served in the GLC. Two of these components had retention times close

=
to that of CF3NCF26 and necessitated sacrifice to some CF3NCF2E)
to obtain a completely pure material. Therefore, while the amount ot
volatile products and the amount of HF formed suggest a yield of

CF;3;NCF;0 based on amount of CF;00CF;NHCF; used in excess
of 95%, actual recoverable yield of the pure compound was 73%.
The reaction SFsSOOCFNHCF; (0.48 mmol) with NaF (~100
mmol) was carried out in a 75-ml ss vessel in a manner similar to that
described for CF;O00CF,NHCF;. After § h, there were no noncon-
densables at —196° and the total volatile material at 23° corresponded

to 0.95 mmol. Ir analysis showed a mixture of OSF, and CF3NCF22).

Separation of the mixture was not carried out as nure CF3NCF,0 was
available from the reaction of CF;OOCF,;NHCF;. Physical and

spectral data for CF3NCF28) are as follows: clear liquid —160°, mol
wt 148.7, caled 149.03; mp forms a glass at —196°; bp —34.8°; log
P (mm)=78115-=1175.3/T (=51 to =36°); AHvsp = 5.38 kcal/
mol; ASyap = 22.6 eu; ir 2304 (vw), 2269 (vw), 1458 (vs), 1411 (m),
1299 (vs), 1253 (s), 1223 (vs), 1158 (w), 1150 (w), 1079 (m), 961 (5),
956 (s), 951 (s), 830 (w), 692 (m), 687 (m), 681 (m) cm~1.

Resuits and Discussion

The reactions of CF;OOH and SFsOOH with CFsN==CF,
have resulted in simple addition (1 and 2).

CF,00H + CF.N=CF, — CF.00CF,NHCF, (1)
SF:00H + CF.N=CF, — SF,O0CF,NHCF;, (2)

Yields of the new addition products are dependent on reaction
scale. Reactions in which the reactants are at higher initial
pressure proceed significantly further toward completion. Both
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CF;00CF,NHCF; and SFsOOCF,;NHCFj are stable at 23°
in glass but decompose suddenly on heating to ca. 75° with
large increase in pressure. They are unstable in the presence
of mercury decomposing rapidly to noncondensable gases
(probably O,), COF;, and other products.

Hydrogen fluoride forms the stable adduct (CF3),NH with
CF3;N==CF, which remains intact in the presence of NaF.
However, the analogous product with HCI, CFsNHCF,CI,
can eliminate HF to form CF;N==CCl, and (CF;),NH.!?
Alcohols and thiols undergo similar HF elimination.!! The low
energy threshold toward HF elimination of compounds of the
type CFs3NHCF>X (X = Cl, OR, SR), suggested the forma-
tion of the first example of an unsaturated fluoroperoxide,
CF;00CF=NCF;, might be possible. The reaction of
CF;00CF,;NHCF; with NaF (to stimulate HF elimination)
was undertaken. Elimination of HF readily occurred and the
high yield production of NaF HF, COF;, and 2-trifluoro-

methyl-3,3-difluorooxaziridine (CF3NCF22)) was observed
(3).

CF;NHCF,00CF; + NaF —

—
CF,NCF,0 + COF, + NaFHF ()

Similar results were observed with SFsOOCF,NHCF,
forming SOF, instead of COF,. These reactions indicate the
anticipated unsaturated peroxide, if formed, is unstable.
However, the reactions provide the first preparative route to
a highly fluorinated oxazirine. The NaF induced elimination
of HF from related compounds may provide a general route
to new oxazirines with particular emphasis on highly fluo-
rinated derivatives (4 and 5).

RNHCF,00CF, + NaF —
—
R,NCF.0O + COF, + NaFHF (4
R:NHCF(R/)OOCF,; + NaF —>

1
R,NCF(R/)YO + COF, + NaFHF (5)

These conversions have not been demonstrated and will
depend on the efficacy of the addition of CF;0OO0H to substi-
tuted fluoroimines as well as on the actual mechanism of the
HF elimination. The relative cleanness of reaction 3 suggests
a nonfree radical mechanism. The base NaF may initiate the
reaction by forming an unsaturated intermediate (CF;0-
OCF==NCF3) which would be expected to be unstable and

could decompose to COF; and CF;NCFzE). Alternately, it is
conceivable that the first step in the reaction could be hydrogen
abstraction by 2NaF to give NaF-HF and an unstable anion,

CF;NCF,00CF3, which could decompose to CFgNCFzz) and
NaOCF;. Sodium trifluoromethoxide is not stable and de-
composes to NaF and COF,.!” Identical considerations apply
to reaction of SFsOOCF,NHCF; with NaF.

A rather simple test of the above alternatives may be possible
using the recently discovered hydroperoxide, (CF3);COOH.!8
In our opinion, one of the following reactions will occur on
reaction with NaF (providing (CF;);COOH will add to
CF3N=CF3) (6 and 7). Unlike NaOCF3;, NaOC(CF3)3!% s
stable but we do not expect this fact to influence the course of
the reaction to any extent. Ineq 7, a different oxazirine will be
formed. The latter can be envisioned as CF; radical transfer
with the elimination of (CF;)>CO, analogous to the possible

conversion of CF3N=CFOOCF; to CF;NCF,0 by fluorine
transfer and elimination of COF,. We hope to test these hy-
potheses in future work.

Characterization of CF300CF;NHCF3. The composition
of CF300CF,;NHCF; is reflected by the experimental mo-
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CF,NHCF,00C(CF;}; + NaF —

- +
[CF,NCF,00C(CF;);]Na + NaF-HF (6)

l_,
CF,NCF,0 + NaOC(CFy),
CF,NHCF,00C(CF;%3 + NaF —

CF;N=CFOOC(CF,); + NaFHF (7

L L T
CF,NCF(CF,)0 + (CFy),CO

lecular weight value as well as the stoichiometric decomposi-

tion to COF,, HF, and CF3NCF22). The ir spectrum displays
absorption bands at 3468 cm™! (vNH) and 1497 cm™! (6NH)
which strongly support the presence of an N—H bond in the
molecule. Elimination of the C==N bond is confirmed by the
lack of an absorption band in the region associated with yC=N
in fluorocarbons (~1800 cm™!). Bands attributable to the CF3
and CF; groups are apparent in the region 1285-1184 cm~!.

Unequivocal identification of CF;00CF,NHCF; is given
by the 'H and '°F NMR spectra, The notation used in the
following data refer to CF2;00CF*,NHCF*;. The 'H NMR
spectrum shows a broad symmetrical signal (44 Hz at half
height) which reflects the proton attached to nitrogen. No
coupling constants could be resolved presumably due to the
quadrapolar broadening effect of the nitrogen as well as the
expected large number of lines. The 'F NMR spectrum
consists of a triplet of relative area 3 centered at ¢*, = +68.7,
Jpaps = 4.0 Hz; a doublet of triplets of relative area 3 centered
at ¢*. = +55.9, Jrepp = 8.5 Hz, Jpey = 4.25 Hz; and a multi-
plet consisting of 11 lines 4.1 Hz apart (nine lines are clearly
visible with the outermost lines fairly difficult to distinguish
above background) centered at ¢*, = +70.2.20 This multiplet
arises from the NMR signal of the “b” fluorines being split into
a quartet by the three “c” fluorine nuclei (Jgeps = 8.5 Hz from
“c” portion of spectrum). Each member of this quartet is
further split into a quartet by the three “a” fluorines (Jgaps =
4.0 Hz from “a” portion of spectrum); each member of which
is split into a doublet by the proton attached to nitrogen. This
coupling pattern produces the observed 11-line spectrum if it
is assumed J by ~ Jraps = 4.1 Hz. This is a good approxima-
tion since the observed value for Jgapbis 4.0 Hz and that ob-
served for Jgey is 4.25 Hz.

The peroxide linkage in CF;00CF,;NHCF; is indicated by
the magnitude of both the chemical shift in the “a” fluorine
NMR signal and the coupling constant between the “a” and
“b” fluorine nuclei. All previous examples of compounds
containing the CF;00CF; group have displayed chemical
shifts for the methyl fluorines in the region of +69 and have
shown values for the methyl-methylene fluorine coupling
constants in the range of 4 Hz.#67 These compare favorably
with the observed values for CF;O0OCF,;NHCF; of ¢*, =
+68.7 and Jraps = 4.0 Hz. Analogous CF30CF; groups all
show significantly different chemical shifts and F-F coupling
of greater magnitude.

Characterization of SFsOOCF;NHCF;. The experimental
molecular weight and stoichiometry agrees with the formu-
lation of SFSOOCF:NHCF;. The reaction with NaF to pro-

duce OSF4and CF3N Cde is also supportive. The ir spectrum
strongly supports the presence of an N-H bond (vNH 3468,
6NH 1495). The SFOO- group is reflected by bands at 934,
874, and 608 cm™!.2! Absorption bands in the appropriate
range for CF3 and CF; groups are also observed at 1246 and
1189 cm™!.

The 'H and 'F NMR spectra provide unequivocal identi-
fication of SFsOOCF,NHCF;. The 'H NMR spectrum
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Figure 1. '°F NMR spectrum of SFsOOCF,NHCF;: (A) C-F region, (B)
experimental SFs- spectrum, (C) experimental SFs- spectrum decoupled
from -CF»-, (D) simulation of decoupled (C) spectrum.

consists of a broad symmetrical signal (width at half height =
24 Hz) centered at 6 4.85 (Mey4Si) which reflects the proton
attached to nitrogen. Quadrapolar broadening effects of ni-
trogen on the proton signal presumably prevented resolution
of the expected large number of lines due to coupling between
the proton and the fluorines in the molecule. The '°F NMR
spectrum of F2SF*O0CF,*NHCF;? (Figure 1) consists of
a doublet of triplets centered at ¢p*3 = +55.9 of relative area
3, Jrape = 8.5 Hz, Jrey = 4.2 Hz; a 12-line multiplet (ten of
which are clearly obvious above the noise) separated by 4.2 Hz
of relative area 2 centered at ¢*. = +70.0; and a complex
pattern due to the SFs fluorines. The 12-line multiplet corre-
sponding to the methylene fluorines arises in the following way.
The NMR signal of these fluorines is split into a quartet by the
methyl fluorine nuclei; each member of which is split into a
quartet by the “b” fluorine nuclei, each member of which is
split into a doublet by the proton nucleus attached to nitrogen.
The observed 12-line pattern results if YA pape = Jpope = J poy.
The coupling of the methylene fluorine nuclei to the ““a” flu-
orine is small. This is reflected by a comparison of the experi-
mental SFs portion of the spectrum (Figure 1B) with the ex-
perimental SFs spectrum decoupled from the methylene flu-
orine nuclei (Figure 1C) and conforms to an AB4 pattern with
¢*, = —=59.2, ¢*, = =56.1,and Jppp = 154.5 Hz. Attempted
computer simulation of the nondecoupled experimental spec-
trum failed due to storage capacity overload of the LAOCOON
3 program.

Characterization of CF3NCF2E). The molecular weight and
stoichiometry agree with the formula C;FsNO. The infrared
spectrum is consistent with the formulation of the compound

as CF3NCF26. No bands consistent with -N==0, -C==N, or

C==0 were present eliminating molecular structures such as
C,FsNO, CF,=N(O)CF;, and CF;NFC(O)F.

The '°F NMR provides strong evidence for the ring struc-
ture . The differentiation of the two methylene fluorines in-

CIF,

/

N

F/\

C—0
g

I
dicates the nitrogen inversion process to be slow on the NMR
scale. The magnitude of the observed Jgisc coupling constants
indicates all fluorines to be attached to carbon.?? Superscripts
given in the following data refer to I. The observed spectrum
shows a doublet of doublets of relative area 3 centered at ¢*,
= +679, -]FBFC =158 HZ, .]Fan = 3.1 Hzand .]Famcl =293
Hz; an unresolved signal (10.6 Hz wide at half height) of rel-
ative area 1 centered at ¢*, = +91.8; Jpoi3c2 = 295 Hz; and
a quartet of doublets of relative area 1 centered at ¢*. =
+108.1, Jpape = 15.8 Hz, Jgeps = 1.8 Hz, Jrescz = 280
Hz.?3
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