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SUMMARY

Flow pyrolysis of nitrogen-diluted
perfluoro-{2-(dimethylamino-oxy)-1-azacyclohexane] (IV) at 350 °C and
1 atm in a stainless-steel tube yielded mainly
perfluoro-(6-methyl-2,6-diazahept-2-ene> (VI) and a compound believed to
be perfluoro-2,9-diazadeca-2,8-diene, together with small amounts of
tetrakis(trifluoromethyl)hydrazine, material tentatively identified as
perfluoro-(5-methyl-5-azahexyl) isocyanate, and the artefacts
bis(trifluoromethyljamine and perfluoro-(5-methyl-5-azahexanamide).
Formation of the major product (VI) is proposed to involve a
nitrene-type rearrangement once homolysis of the N-O bond in IV has
occurred and released the oxy radical CFZ(CF2)3N=C—6.

INTRODUCTION

This work is an unfinished extension of studies on the thermal
rearrangement of (CF3)2N0—substituted aromatic compounds reported
recently [1]. Noting, in particular, that static pyrolysis of
perfluoro-[4-(dimethylamino-oxy)pyridine] (I) at 125 °C in stainless
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0022-1139/88/$3.50 © Elsevier Sequoia/Printed in The Netherlands



280

ON(CF3)2 0 0
N{CFy),
F | NN F F l e I |
F N/ F F N/ F F N F
I
N(CF3)2
(1) (11) (I11)
)
F, Fy F,
(IV) X= ON(CF3)2 (V) (VIII) Y=F
(VIIIX=F {IX) Y=0N(CF3)2

steel gives mainly a 2:3 mixture of the isomeric dienones II and III, we
wondered whether similar treatment of
perfluoro-[2-(dimethylamino-oxy)-1-azacyclohexene] (IV) would provide
the novel N-substituted lactam V. In fact, it did not [2]: during 6
days at 260 °C in a stainless-steel autoclave, compound IV underwent ca.
80% decomposition to a complex mixture of acyclic products, including
principally perfluoro-2-azapropene (CF3N=CF2),
perfluoro-(6-methyl1-2,6-diazahept-2-ene) [(CF3)2NCF2CFZCF=NCF3, VI], and
4-cyanobutanoyl fluoride (NCCFZCFZCFZCOF). Unfortunately, that work was
not completed, but we are able to report on the related pyrolysis of
perfluoro-[2-(dimethylamino-oxy)~1-azacyclohexene]l (IV) under flow
conditions.
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RESULTS AND DISCUSSION

Perfluoro-[2-(dimethylamino-oxy)-1-azacyclohexene] (IV) is not a
new compound, having been synthesised twenty years ago here via
treatment of perfluoro-l-azacyclohexene (VII) with the
bistrifluoromethylamino-oxylating agents (CF3)2N0Na or [(CF3)2N0]2Hg
[3]. Replacement of the imidoyl fluorine in the azacyclohexene by a
(CF3)2N0 group can also be effected using a Shreeve Reagent [4], i.e.
(CF3)2NOH—MF (M =Cs [5] or K [6]), or the silane (CF3)2NOS1'Me3 [6].
Baileys’s method [6], utilizing
NN-bistrifluoromethylhydroxylamine-potassium fluoride, was employed here
because it is the simplest and most efficient; the yield of IV was >83%
(based on a 92% conversion of VII), and both the known [3,5,6]

di-substituted derivative VIII (ca. 14%) and material believed from 19

F
NMR analysis to be the tri-substituted entity IX were also formed.

Conditions were established under which vapour-phase flow pyrolysis
of nitrogen-diluted perfluoro-[2-(dimethylamino-oxy)-1-azacyclohexene]
(IV) at atmospheric pressure in a stainless-steel reactor heated to
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capable of being condensed from the gaseous effluent at -78 °C were
collected. No decomposition of the azacyclohexene (1V) occurred when
the reactor was held at 150 °C, and at 330 °C only ca. 20% conversion to

products took place.

The pyrolysate from the experiment conducted at 350 °C was shown to
comprise traces of tetrakis(trifluoromethyl)hydrazine (X) and
bis(trifluoromethyl)amine (XI) and a multi-component liquid that was
separated chromatographically (GLC) into
perfluoro-(6-methyl-2,6-diazahept-2-ene) (VI; 59% yield),* starting
material (IV; 15%), a compound that might have been
perfluoro-(5-methyl-5-azahexyl) isocyanate (XII; 5%),

*% Yields are based on the amount of IV converted.



Starting from the premise that the weakest bond in
perfluoro-[2-(dimethylamino—oxy)-1-azacyclohexene]l (IV) connects
nitrogen to oxygen, the above result seemsbest explained as depicted in
Scheme 1. Detection of the hydrazine (CF3)2NN(CF3 2 and of the equally
well known amine (CF3)2NH amongst the products clearly pinpoints the
generation of the aminyl radical (CF3)2N- ; and loss of presumptive
perfluoro-2-azapropene with formation of bis(trifluoromethyl)amine as
shown in the scheme should be acceptable to all who have manipuiated
this gaseous aza-olefin in glass apparatus. No precedent in
fluorocarbon chemistry appears to exist, however, for the linchpin of
the mechanistic proposal made here (Scheme 1) that the N-0 bond fission
under scrutiny generates a perfluorinated iminyloxy radical (PI0),
B-scission of which sets in motion a sequence of events leading to
perfluoro-(6-methyl1-2,6-diazahept-2-ene) (VI). Theoretically, this
oxygen-centred radical has two electronicisomers, P10, and P10, (Scheme
2), hence a situation reminiscent of that pertaining to its
much-discussed [7-9] hydrocarbon analogue the succinimidyl radical
arises. Assuming [cf. ref. 8] that B-scission of P10, would result in
the formation of a ground-state isocyanato group, whereas the
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corresponding ring-opening of DTQw would generate an excited-state NCO
function (Scheme 2), it is tempting to speculate that the M-species is
the precursor of the nitrene conjectured to be involved in the
production of perfluoro-(6-methyl-2,6-diazahept-1-ene) (XV) (Scheme 1).
However, the unexpectedly high thermal stability of
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indicate that N-0 homolysis produces a eo'-radical (PI0,) which, unlike
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PIQW, does not involve delocalization of the unpaired electron;
B-scission of a high-energy o-species, followed by decarbonylation of a
“hot” isocyanate thus produced is therefore also a plausible nitrene
ce. Meaningful discussion about the i
orbitally isomeric forms of the presumptive PIQ radical clearly must
await further studies planned to be undertaken when resources permit.
Note that precedent exists {101 for the 1,3-migration of fluorine
(presumab]y fluoride-initiated [11]) f0110w1ng a nitrene-mediated
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Defluorination of this radical at the wall of the metal reactor
followed by attack on the CF3N=CF2 produced by F~/adventitious HZO
during hand1ing of the total product accounts for the formation of
(CF3)2NH.

It is possible that some decarbonylation of this nascent isocyanate
occurs, giving the nitrene (CF3)2N(CF2)4N and hence the azomethine
Xv.

Reaction with glass/adventitious HZO [cf. 13].

283

b

(CF 3),N(CFp)3CONH,



284

PIO &

Fa
-— P10
F Q) L C , u
NP0 2 Q o
0

Scheme 2

EXPERIMENTAL

Spectroscopic Analysis

Infrared spectra were recorded on a Perkin-Elmer 197 or 357
spectrophotometer, mass spectra on a Kratos MS45 spectrometer operating



with an jonising voltage of 70 eV, and 19

F nuclear magnetic resonance
spectra on a Perkin-Elmer instrument at 84.6 MHz (positive chemical

shift values refer to absorptions to low field of the reference peak).

Synthesis of Perfluoro-[2-(dimethylamino-oxy)-1-azacyclohexene] (IV)

Perfluoro-1-azacyclohexene [14] (8.28 g, 33.8 mmo1) was condensed,
in vacuo, into a cold (-196 °C) Pyrex Rotaflo tube (270 cm®) containing
a homogeneous mixture of NN-bistrifluoromethylhydroxylamine [3]

(6.34 g, 37.5 mmol1) and anhydrous powdered potassium fluoride (10.9 g,
188 mmol1). The Rotaflo valve was closed and the tube was placed in a
steel cabinet to warm to room temperature before being shaken
mechanically for 36 hours. The volatile product (13.6 g) was
transferred to a vacuum system and subjected to trap-to-trap
distillation at 1-2 mmHg to yield NN-bistrifluoromethylhydroxylamine
(traces; -196 and -78 °C traps) and a colourless liquid (13.6 g; -48 and
-23 °C) which was fractionated at 746 mmHg in a 1.5 m x 1.0 cm spinning
band still to provide (i) perfluoro-l-azacyclohexene (0.65 g, 2.65 mmol,
8% recovery), b.p. 40 °C, identified by i.r. spectroscopy; (i)
perfluoro-[2-(dimethylamino-oxy)-1-azacyclohexenel (IV) (10.15 g, 25.76
mmo1, 83% based on CSF]ON consumed), b.p. 93-95 °C (1it. [3], 101 °C at
760 mmHg [Siwoloboff]), which gave only one peak when examined by g.l.c.
19F
n.m.r., mass) which compared well with those of analytically pure (C, F,
N) samples [3, 6]; (iii) a three-component 1iquid residue (2.8 g) shown
by coupled g.1.c./i.r. analysis (1.5 m SE-30 at 80 °C) to comprise
perfluoro-[2-(dimethylamino-oxy)-1-azacyclohexenel (IV),

(1.5 m SE-30 at 80 °C) and possessed spectroscopic properties (i.r.,

perfluoro-[2,6-bis(dimethylamino-oxy)-1-azacyclohexene] (VIII) [6], and
a compound tentatively identified (see below) as
perfluoro-[2,6,6-tris(dimethylamino-oxy)-1-azacyclohexene] (IX) (nc) in
the ratio (uncalibrated peak areas) 14:84:2.

This bis(trifluoromethyl)amino-oxylation of
perfluoro-1-azacyclohexene was repeated several times to provide
sufficient perfluoro-[2-(dimethylamino-oxy)-1-azacyclohexene] (IV) for
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the pyrolysis study. Sufficient stillpot residue [fraction (iii)] was
thereby collected to enable it to be enriched in the third component by
spinning-band distillation and then investigated by ]gF n.m.r.analysis.
Complex absorption systems assignable to a compound of structure IX
appeared at +10.8 {12F; [(CF3)2N0]2C}, +8.8 [6F; (CF3)2NOC=N], -43.3

(2F; CF,C=N), -54.8 (2F), and —62.2 (2F) p.p.m. (ext. CF,COH).

Thermolysis of Perfluoro-[2-(dimethylamino-oxy)-1-azacyclohexenel(IV)

The azacyclohexene (IV) (9.98 g, 25.32 mmol) was injected
intermittently (50 1 every 2 minutes) into a stream of nitrogen (20 cm’
min-]) entering a coiled stainless-steel tube (1.5 m x 4 mm i.d.) which
was heated to 350 °C and vented to the atmosphere via two small Pyrex
traps (25 cm®) cooled to -78 °C (the apparatus was constructed from an
obselete gas chromatograph). The product (8.74 g) recovered from the
traps was shown by GLC (1.5 m SE-30, 70 °C) to contain small amounts of
tetrakis(trifluoromethyl)hydrazine and bis(trifluoromethyl)amine

(confirmed by 19

F NMR spectroscopy), unchanged starting material, and
four new compounds (the GC peak area ratios for the last five
components, in the order described below, was 53:17:5:17:5).
Preparative scale GLC (5 m SE-30, 90 °C) was used to isolate the
following compounds (in order of increasing retention times): (i)
perfluoro-(6-methyl-2,6-diazahept-2-ene) (VI) (nc) [4.63 g, 12.65 mmol,
59% based on (IV) converted] (Found: C, 19.4; F, 73.1; N, 7.4. C6F14N2
requires C, 19.7; F, 72.7; N, 7.6%),

m/z 347 [top mass peak; C.F N; (M*ZF3, 0.4%1, 214 (C,FoN*, 20.4%), 202

" 6 13 48
(CoFgN™, 35.4%), 114 (CZF4N+, 37.0%), 69 (CF}¥, 100.0%), A
£11m) 1780 cm™!

3’ max. (Tiq.
(strong C=N str.), SF (neat 1iq.; ext. CF,C0,H) +53.2

(CF=N; muTt.), +23.8 [(CF3),N; sept., %) 7.5 Hzl, +18.7 (CFN=CF; d,
4 , J F
J

FF 3
13.2 Hz), -14.9 (NCE_CFZ; mult.), and -40.7 (NCF,CF,; mult.)

—Fery 2 272

p.p.m. (rel. int. 1:6:3:2:2); (ii) recovered starting material (1V)
(1.49 g, 3.78 mmol, 15%), identified spectroscopically (IR, '9F NMR);
(iii) unidentified material (0.44 g) thought to be
perfluoro-(5-methyl-5-azahexyl) isocyanate (XII), A

: max. (1iq. film)
2300 cm

(asym. N=C=0 str.); (iv) material deduced from spectroscopic
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analysis to be impure perfluoro-2,9-diazadeca-2,8-diene (XIII) (nc)
[1.49 g, 3.48 mmol, 16% based on (IV) converted] {SF (neat 1iq.; ext.
CF3C02H) +53.6 (mult; CE;NCF3), +18.7 (14.2 Hz d; NCF3), -40.8 (br. mult.
CFZ)' -45.1 (br. mult; CFZ) p.p.m. (rel. int. 1:3:2:2) with impurity
bands at +24.0 and +17.6 p.p.m.;)tmax. (liq. film) 1780 cm"7 (C=N str.);
m/z 409 [top mass peak; CgF\oNF (M2F5, 7.7%], 69 (CFJ, 100%)}; and
(v) perfluoro-(5-methyl-5-azahexanamide) (XIV) (nc) {0.44 g, 1.27 mmol,
6% based on (IV) converted],)mmx. (mul11) 3360m (br), 3250 (sh), 3180m
(N-H str.), 1700s (C=0 str.), 1610w (NH2 def.) cm_], m/z 327 [top mass
peak; CHof 1 N,0% (M™ZF), 0.5%1, 194 {C H,F NO* [M*L(CF4),N, 51.8%,

426
131 (C3Fé*, 37.0%), 112 Q100%), 44 (O=C¥NH2, 51.1%), SF (soln. in Et20;
ext. CF3C02H) +24.7 [sept., (CF3)2N], -12.4 (complex, (CF3)2NC£2), -42.1
(t, CFZCONHZ), and -44.8 (br. s, CEZCFZCONHZ) p.p.m. (rel. int.
3:T:1:).
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