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SUMMARY

Since the first syntheses of the stable free vadical
bistrifluoromethylamino-oxyl, (CFS)QNO', were reported in 1965, its
hydrogen abstraction, addition and combination reactions have been
extensively studied.

Compared with other stable radicals it has been found to be an
unusually active, although still highly selective, hydrogen abstractor.

The free radicals formed by hydrogen abstraction from alkanes
have been found to react further with (CFB)QNO' by either combination
or disproportionation. The rveaction between (CPS)QNO' and isobutane
has been particularly well studied by a number of workers.

In the present work the influence of polar and steric effects
on this reaction have been studied by reacting (CFS)QNO' with a number
of substituted isoalkyl compounds of general formula (CH3)2CHCH2X,
the group X being varied through CH

CH,, (CHg),C, CL, Br, NO,, COCH

3 3)3
CH2Cl, CHQBr, CH2N02 and CHQCHQBP.

32
00CCH,,
The inductive effect of the group X has been shown to exert a

controlling influence over (a) the rate of initial hydrogen abstraction
and (b) the ratio of disproportionation to combination of the intermediate
tertiary radical with (CF3)2NO'. The two effects parallel one another,
increased electron withdrawal by X leading to slower hydrogen abstraction
by the electrophilic (CFS)QNO', from (CH8)20HCH2X in the initial
hydrogen abstraction, and from (CHB)QéCHQX in the disproportionation
step, hence favouring the combination reaction.

Both reaction times and ratios of disproportionation to
combination (kd/kc) have been found to correlate well with Taft polar

substituent constants a%, In the case of the kd/kc ratios the correlation

is good enough for log(k./k ) to be directly proportional to o%, within
. d' e P




close limits.

In the reactions of (CFS)QNO' with the isoalkanes the size of
X has been shown to be of prime importance in determining the ratio
of external to internal olefin formed in the disproportionation step.
In the extreme case of 2,2,4-trimethylpentane no Iinternal olefin was
detected. Furthermore one of the major products was a tri-amino-~oxy
compound apparently formed via an intermediate allylic substitution
product which was itself formed as a result of severe steric hindrance.

Where X is an electron-attracting group the olefin formed in
the disproporticnation reaction is almost exclusively the external
olefin. This has been attributed to a combination of polar and steric
factors. The stability of the olefins formed appears to be of little
importance in determining the distribution of the products.

Varying the ratio of (CF3)2NO' to iscalkyl compound from 2:1
to 1:1 to 1:2 had virtually no effect on the kd/kC ratios.

The intermediate olefins involved in the alkane reactions were
trapped using HCl, to give tertiary chloroalkanes in high yields, a
reaction originally carried out successfully for isobutane by previous

workers.

The reactions of (CF3)2NO' with isoalkyl iodides are complicated

by replacement of iodine competing with abstraction of the tertiary H
atom and the subsequent disproportionation-combination reaction.

In the reactions of (CFS)QNO' with isoalkyl alcohols there is
competition between initial abstraction from the tertiary C-H bond and
from the C~H bonds o to the OH group. Both the resulting radicals then
apparently undergo combination and disproportionation reactions.

The major product from the reaction of isopentylbenzene with
(CF3)2NO' is the result of benzylic substitution. The lack of a

disproportionation product in this reaction is attributed to a steric

ix




effect.

The vreactions of (CF3)2NO' with isoalkyl coﬁpounds led, via
the reaction with isobutylamine, into a study of the reactions of
(CF3)2NO' with amines and Schiff's bases.

Isobutylamine and benzylamine were both found to give the
Schiff's bases (N-isobutylideneisobutylamine and N-benzylidenebenzylamine
respectively), via formation of the imines and their condensation with
excess amine.

(CFS)QNO' reacts further with N-iscobutylideneisobutylamine to
give two products, one the substitution product from replacement of the
tertiary hydrogen o to the C=N and the other the iminol compound
(CH3)QCHC(OH):NCH2CHMe2. This latter compound is only stable in the
presence of the slightly acidic N,N-bistrifluoromethylhydroxylamine,
(CFs)QNOH. Removal of the (CFS)QNOH converts the iminol compound to the
amide.

Benzylamine reacts with excess (CFS)QNO' to give a mixture of
N-benzylidenebenzylamine, hydrobenzamide (from self-condensation of 3
moles of benzaldimine) and 1,2,3,4~tetrahydro-2,4,6~triphenyl-1,3,5-
triazine (from cyclisation of 3 moles of benzaldimine followed hy
abstraction of 2 hydrogens). This last compound is a solid only stable
as a 1:1 adduct with (CF3)2NOH. Removal of the (CFS)ZNOH results in
the formation of 2,4,6-triphenyl-1,3,5~triazine.

N-benzylidenebenzylamine has been found to react with (CFB)QNO’
to give an almost quantitative yield of the benzylic substitution product
CgHgCH=NCH[ON(CF ), IC H . .

The reactions of (CF3)2NO' with N-alkylanilines are very fast

and exothermic. The products are (CF_).NOH, bistrifluoromethylamine

8)2
(CF3)2NH, black tarry solids and Nl—alkyl—Nl—phenyl—Ng—(trifluoromethyl)-

~fluoroformamidines, C6H5(alkyl)NCF=NCF from reaction of (CFS)QNH with

33




the original N-alkylanilines.

N-benzylaniline reacts similarly except that it alsc gives
benzaldehyde and a number of unidentified (CFS)QNO— compounds among
the products.

N-benzylideneaniline which reacts much more slowly, is
apparently not an intermediate in the N-benzylaniline reaction although
it gives vather similar products. It is possible that both these
reactions occur via a common intermediate.

The reaction of N-methylbenzylamine with (CF3)2NO' has features
in common with both the benzylamine and N-alkylaniline reactions. The
products include N-benzylidenemethylamine (CBHSCH=NCH3), benzaldehyde,

(CF,) NO-substituted benzaldehyde and Nl—benzyl—Nl—methyl—NQ—(trifluoro—

3)2
methyl)-fluoroformamidine from reaction of (CP3)2NH with N-methylbenzyl-
amine. The (CF3)2NH is thought to be produced in the same reaction step

which ylelds benzaldehyde.
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INTRODUCTION




BISTRIFLUOROMETHEYLAMINO-OXYL

The synthesis, isolation and characterisation of the stable free
radical bistrifluoromethylamino-oxyl, (CPS)QNO', was first reported
almost simultaneously in the U.S.S.R.l and the U.S.A.Q. Its existence
had been postulated scme years previously as an intermediate in the
dimerisation of triflucronitroscmethane to anitrosobistrifluoroﬁethyl—

hydroxylaminea, as shown in Scheme 1.

.—_.____.._.%
CFBNO CF3

+ NO

. .
CF3 + CFBNO —_— (CFS)QNO

’ Il
(CFS)QNO + NO (CF3)2NONO
. .
or (CF3)2NO + CF3N0 —_—— (CF3)2NONO + CF3

Scheme 1

Bistrifluoromethylamino-oxyl (referred to as (CF3)2NO' or R’

throughout this thesis) is a stable, purple, monomeric gas at room temperature.

It condenses to a brown liquid at -25°C and a yellow solid at ~7OOC.1’2

o+
The solid has been assigned the formula (CJ‘:‘g)QIiI—--IiI(CFS)Q.'+

89

STABILITY OF BISTRIFLUOROMETHYLAMINO-QXYL

The stability of "stable" organic free radicals is generally
atitributed to electron delocalisation, steric dnhibition to dimerisation
or both (e.g. 2,4,6~tri-t—butylphenoxyl).5 Amino-oxyl radicals were
thought to fit in well with thesé views.

However, it is now accepted that amino-oxyls have an inherently
stable electronic arrangement around the N and O atoms, and that steric

and mesomeric effects of groups attached to the N atom are mainly




importapt in preventing the amino-oxyls from reacting with themselves
in ways other than dimerisation.®

Thus, amino-oxyls with R-hydrogens are known to be unstable,
undergoing disproportionation to give a hydroxylamine and a nitrone.7
Dint—alkylamino—oxylss, having no B-hydrogens cannot disproportionate
and hence are stable, although it has been postulated that in this case
additional stability against dimerisation is conferred by steric effects
of the bulky alkyl groups.g t~Butylphenyl- and diphenylamino-oxyls are
of relatively low stability, tending to dimerise via attack on the para
position to give unstable adducts which rapidly decompose.5 More stable
t-alkylaryl- and diarylamino-oxyls are only produced when attack at the
para ring position is blocked by an "inactive" group, approach to it is
sterically hindered or the phenyl group is twisted out of conjugation
with the NO group. Thus, increase in electron delocalisation around a
phenyl ring may merely increase the number of reactive sites in the
molecules and not its stability.6

This stability of the amino-oxyl group can be accounted for
by several representations.
(a) Delocalisation of the unpaired electron between the N and O

atoms as described by the canonical forms A and Bgz

AN et

N— 0 <> //N-u»o

FPig. 1
: s 10 . . 11 .
Protonation of both t-alkyl- and arylamino-oxyls  ~ has been carried
out without loss of the paramagnetic centre, indicating that structure

B makes some contribution.




() Using LCAO-MO theory. The amino-oxyl function can be described
by a similar set of molecular orbitals to the carbonyl grouplz, namely,
a bonding orbital @, an antibonding orbital 7% and a non-bonding orbital
n (mainly the 2p orbital on oxygen). The nitrogen may be considered to
donate two m electrons to the system whereas only one m electron comes
from oxygen. The unpaired electron is assumed to be in the 7 orbital
(see Fig. 2).

\J
T /

Fig. 2. Energy-level diagram for the N-0 group in amino-oxyls

. 1 . . - . -
(c) Linnett 8 has described amino-oxyl stability using a variation
of the Langmuir-Lewls octet rule in which there is a 3 electron N-O 7

system. The amino-oxyl group may be represented as in Fig. 3.

UK o | where -—— signifies a bonding or lone pair
N— 0Ox
v |

and x or o unpaired electrons of a given
spin.

Fig. 3

It can be seen that each atom is surrounded by an octet (or double guartet)

of electrons. The stability of the amino~oxyl to dimerisation is
attributed to the fact that there is no net gain in the number of bonds

in the process.
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Support for the 3 w-electron system is given by the fact36 that
the N-O bond lengths and the characteristic N-O0 frequency in the infrared
spectrum are consistent with an N-O0 bond order of 1.5.

The stability of bistrifluoromethylamino-oxyl can be attributed
to the inherent stability of the amino-oxyl group, the absence of
reactive groups B to the nitrogen and to the inert nature of fluorine
to radical abstraction. However, it is unusually stable compared to
other non-fluorinated amino-oxyls. Other amino-oxyls with two CF,
groups bonded to the N atom form a general class of radical species of
high S‘tab:i.l:l'.ty.:LLL

Blackley and Reinhard2 have proposed that the stability of
(CFS)ZNO' is due to the strong electronegative character of the CF3
groups and some delocalisation of the unpaired electron by the six I atoms.
Additional evidence to support this delocalisation has been provided by a
studyl5 of the temperature dependence of the e.s.r. spectrum of
(CFS)QNO', which showed that the fluorine splitting increases as the
temperature is lowered, wﬁereas that due to nitrogen decreases. The
mechanism proposed to account for this anomalous temperature effgct
involved partial conjugation between the N and F atoms.

The e.s.r. spectrum of (CF,) NO' was originally reported as
& nine line spectrum, consistent with the theoretical assignments for six
equivalent I atoms in two CF3 groups attached to nitrogen with the
splitting due to F and N being equal. However, a later study described
the spectrum as a triplet of septets, attributed to the splitting for N

being greater than that for F.

INFRARED, NUCLEAR MAGNETIC RESONANCE AND MASS SPECTRA OF BISTRIFLUORO-

METHYLAMINO-OXYL

The infrared spectrum17 shows bands at 1310 cm_l {(7.63 ),

1269 (7.88), 1227 (8.15) [C-F stretch], 992 (10.08) [C-N stretch],




728 (13.74), 723 (13.83), 718 (13.93) [triplet, CFq deformation].

19

The "°F n.m.r. spectrqu shows & singlet 73.6 ppm to high field

of CFCl, in CFCl, at 25°¢.

The mass spectruml7 gives the following fragments:

m/e Ion % -m/e Ton %
168 c. .ot 11.8 81 R 38.8
2 . 2F3 :
+ +
152 C,F N 12.7 69 cF, 100.0
+ +
114 CF,N 2.1 50 CF, 5.6
85 CFSO+ 5.9 31 crt 4.7
83 CFN" .7 30 Not 34,1

Table 1

MOLECULAR STRUCTURE OF BISTRIFLUOROMETHYLAMINO-OXYL

The values given in column I of Table 2 for the principal structural

parameters are those determined experimentally in the vapour phase by

electron diffraction studies.l8

The values given in column II have

been calculatedlg by assuming a geometry based on reasonable bhond

lengths and angles and then systematically varying each of these

parameters to obtain the geometry corresponding to the lowest total

energy of the system.




Table 2

F F
/ i \ I II
F C. — | —eemntl C F|»(c-F) | 1.32 8 1.26 &
\ / r(C-N) 1.uu 8 1.41 2
F F r(N-0) 1.26 8 1.34 8
F-C-F 109.8+1°
C-N-C 120.942°
Fig. b C-N-0 117.220.68° | 117+1°
A 21.923° 10°
N-C-F : 111°

A is the angle between the C-N-C plane and the N~O0 bond. In the case
of the calculated values, where A = lOo5 it was also calculated that
the energy required for deformations of up to 30° from planarity is

small (600 cal.) and that the barrier to inversion is 53 calories.

SYNTHESES OF BISTRIFLUOROMETHYLAMINO-OXYL

(CFS)QNO' is prepared by oxidation of N,N-bistrifluoromethyl-
hydroxylamine, (CPS)ZNOH' This was first prepared36 from the product
of the dimerisation of trifluoronitrosomethane, by reaction with

aqueous HCLl or methanol.

~ aqg. HCl or CHBOH
2CF3NO — (CFSJQNONO » - (CFS)QNOH

In fact, the isolation of (CFS)QNOH and its subsequent conversion to the

known‘bistrifluorometﬁylamine, (CFS)QNH,QO was one of the crucial

b

factors in assigning the correct structure to (CF NONO.3

8)2
Blackley and Reinhardz, in the first preparation of (CF3)2NO'




in the U.S.A. used the same route to (CFS)QNOH which they then oxidised
using fluorine or silver(I) oxide.

Makarov and his co—workersLL in the U.S.5.R. also prepared
(CF3)2NOH via the O-nitroso-N,N-bistriflucromethylhydroxylamine.
However, thelr most useful synthesis was via a single stage reaction of

trifluoronitrosomethane with ammonia (Scheme 2).

- I‘.t. — -
CFSN-O + NH3 Zas phase > CFSN NH  + HQO
CPBNO
(CFS)QNOH + N,
Scheme 2

For the final oxidation stage of hydroxylamine to amino-oxyl they employed

. . . P Iy
potassium permanganate in acetic acid.

Other oxidising agents which have been reported to give

satisfactory (90-100%) yields of (CF,).NO' from (CFS)QNOH are silver(II)

3)2
oxidez, cerium(II) sulphate or lead(IV) oxide in aqueous sulphuric

acidQl, and a Pt anode in N KOH solution in an electrochemical me'l:hod.z2

The synthesis of (CFS)ZNO' from the perfluoronitrone has been

reportedzs.
0
-78%¢ OoX
CF3"N=CF2 + HF —————s (CF3)2NOH —_—— (CFS)QNO'

+

~




REACTIONS OF BISTRIFLUOROMETHYLAMINO-OXYL

THERMAL STABILITY

(CF3)2NO‘ is reported to be stable at 200°C but to decompose
at 350°C giving 30% (CFS)QNOCFS, much CF3N=CF2 plus some NO and
I

2
NOQ.

PHOTOLYSIS

1,20

It has been claimed by Russian workers that the main ﬁroduct
of ultraviolet irradiation of (CF,),NO’ is the peroxide (CF3)2NOON(CF3)2-
The peroxide structure wds assigned on the basis of very limited
evidence however, and later work in this Department25 has identified
the major product of the photolysis as perfluoro-(2,i-dimethyl-3-oxa-
Q,M—aiazapentane), (CF3)2NON(CF3)2.

There was no disagreement as to the identities of the other two
major products of the photolysis, O-nitroso-N,N-bistrifluoromethylhydroxyl-

amine and tristrifluoromethylhydroxylamine, (CFB)QNOCPS.QM’25

REACTIONS OF BISTRIFLUOROMETHYLAMINO-OXYL WITH:-

1. ALIPHATIC ALKANES

Methane resists attack by (CFS)QNO' at room temperature.25

Ethane and neopentane26 react slowly to give amino-oxy substituted

alkanes, amino-oxy substituted carbonyl compounds and perflucro-(2,u4-

dimethyl-3-oxa-2,4-diazapentane).

Ethane
c.H., + RO Sef-darl oy L RE 4+ EfR + RCH.CHR
276 3 days 276 272

70% rec. 19% 11%

MeCOR + (CF,),NON(CFg),

50% 26%




Neopentane

r.t. dark
> Meqc + RH + MeSCCHQR + MeSCCOR

23% rec. 50% 56% 23%

M64C + 2R % days

+ (CF3)2NON(CF3)2

17%

Prcqngane,z6 with secondary hydrogens available for abstraction, reacts more
quickly, to give amino-oxy substituted products, acetone and bistrifluoro-

methylamine.

. r.t. dark
CSHB + 2R T hows C3H8 + RH + -(CF3) NH + MeQCHR

36% rec. 53% 2 55%

o]

e

+ MeCHRCHzR + MeQCO
8

e

23%

There is good evidence that the mechanism of formation of ‘the carbonyl

containing compounds is as given in Scheme 3.

XCH3 ——— XéH2 —_— XCH20N(CF3)2 —_— XéHON(CFB)2

l

XC=0 e  XC=0 ~ XCHO

R

+ (CFS)QN-

Scheme 3 (X = alkyl)

That the mono-bistrifluoromethylamino-oxyalkanes are intermediates in these

reactions was shown by reacting them with (CF3)2NO‘.26
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R
MeSCCH R ——— Me3CCOR + (CFS)QNON(CFa)2 + RH

2
R
——————t s,
MezCHR Me2CO + (CFB)QNON(CFS)2 + RH

The postulation that aldehydic intermediates might be involved was later
given weight by a studyz'7 of the reactions of aldehydes with (CF3)2NO'

which showed the reaction
XCHO + 2R° ~———————= XCOR + RH

to be extremely facile.

. 2 . . .
Isobutane and isopentane 6, with tertiary hydrogens available for

abstraction, react still faster, giving amino-oxy substituted products
but no carbonyl compounds.

Isobutane

r.t. dark Me,CH + RH + Me,CR + Me,CRCH,R

MeSCH + 2R°

15 mins. 9
42% rec. 50% 39% 51%
Isopentane
. r.t. dark
_.__-.—.......__.__.%.
MeZCHEt + 2R T hown MeQCHEt + RH + MeQCEt + RCHQC(Me)Et
R R
44% vrec. 53% 29% u5%
+ MeQC——CHMe
| ]
R R
L%

Reactions of alkanes to give di-amino-oxyalkanes were believed to involve
olefin formation. That this is certainly the case with isobutane was
shown by26:

(a) reacting the two possible mono-bistriflucoromethylamino-oxybutane

intermediates, Me,CR and Me, CHCH,R with (CFS)QNG'. Although the di-amino-

3
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oxy compounds were formed in both cases the reactions were too slow to
make a significant contribution.

(b) trapping the isobutene intermediate with HCl using CCl4 as

solvent.

r.t. dark
3 Towrs HC1 + RH + MeBCR + MeBCCl

91% rec. 95% 9

MeBCH + R° + EHC1

oe

91%

2. CYCLOALKANES

28 . . .
Cyclopropane 8 is unreactive towards (CF3)2N0 at room temperature.
Reaction at 70°C for three weeks resulted in the formation of 71% of

bistrifluoromethylamino-oxycyclopropane.

With cyclobutane, cyclopentane, cyclohexane and cycloheptane28 hydrogen

abstraction occurs readily. The resulting cycloalkyl radicals then
undergo combination to yield a bistrifluoromethylamino-oxycycloalkane
and disproportionation to yield a cycloalkene intermediate which under-
goes H abstraction or addition across the double bond depending on the
nature of the ring.

These reactions are typified by reaction scheme 4, for

cyclopentane.
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O

R R' r.t./dark/20 mins.

(CFB)QNON(CFS)2

) R (trace)
O =

(5%) R’

R R’ R
(=
) R

Scheme U

With norbcmnane28 abstraction is from a 2-position to give both the

exo-(45%) and endo-(28%) mono-substituted isomers. The 2,3-disubstituted

compounds (total 16%) are produced presumably via formation of norbornene.

With methyleyclopentane and methylcyclohexane28 abstraction of the tertiary

hydrogen is rapid. Extremely complex mixtures of products result from

radical combination and disproportionation.

e.g.
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For methylcyclohexane

Me Ne Me
| + R r.t, ?ark + RH 4 R
8 mins.
79% rec 61% 16%
Me R R CH R CHQR
Yo ieh
22% 16% 16% 9%

+ 9% unknowns

A general trend was observed28 in these reactions of cycloalkanes with
(CF3)2NO' in that the more the ring strain is relieved in going from
cycloalkane to éycloalkene the greater the extent of the disproportionation
reaction and hence the greater the yield of products arising from the

intermediate olefin.

3. ALTPHATIC ALKENES
. 17,24,29 . .
Ethylene has been widely reported to undergo addition with

(CF3)2NO' at room temperature to give the 1,2-addition product.

Isobutene, 2—methylbut—1—ene, 2-methylbut-2-ene and tetramethylethylene26

react in a similar manner giving between 70 and 95% addition across the
double bond, the remaining 5 to 30% of the products remaining unidentified

but presumably being the result of allylic hydrogen abstraction.




3—Methylbu‘t—l—ene26 however, which contains a tertiary allylic hydrogen

undergoes abstraction to the virtual exclusion of addition giving a 1:1

mixture of the isomeric amino-oxybutenes in almost quantitative yield.

lMe,CHCH=CH, ————s= Me2éCH=CH —~—————= Me,CCH=CH

2 2 2
R
Me2C=CHCH2 —. Me2C=CHCH2R
Scheme 5
h, HALOGENATED ALIPHATIC ALKENES
17,24,29

With tetraflucrcethylene rapid addition occurs to give

the 1,2-addition product. When this reaction was carried out in the

presence of N024,29 a mixture of products was formed via reaction
Scheme 6.
NO R (CF, ), NONO
372
A R. S - R. .
CF2--CF2 > RCFQCF2 > RCFQCF2R

NO
RC]:"2 CF2N0
Scheme 6

The polymerisation of CF), to a solid polymer at 210°¢ using (CF3)2NO'

as initiator has been reported.30

When mixed with an excess of an eguimolar mixture of ethylene

in
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and tetrafluoroethylene (CF3)2NO' combines almost exclusively (98%)
with the fluoroolefin.l7 This was taken as an indication that the amino-

oxyl is a strongly nucleophilic radical.l'7

L . +' :»:
[(&ébw—o < (&ébNmO]
. 26b . . .
Justin, however, carried out a series of reactions of
(CFS)QNO' with various fluoroolefing and ethylene and found the following

relative rates of addition to the doublé bond:

CF,=CF,, 1.0

CHE=CF, 7.6 x 10 2
. -3

CH,=CH, 5.1 x 10

CH,,=CHF 1.8 x 107°
_ -y

CH,=CF, 9.3 x 10

i.e. CF,=CF, > CHF=CF, > CH,=CH, > CH,=CHF > CH,=CF,.

This is in contrast to the expected rate of addition of a nucleophilic
radical to this series which would be in the order CF2=CF2 > CHF=CF, >
CH2=CF2 > CH

=CHF > CH2=CH2. Furthermore (CF,).NO' addition to tetra-

2 3>2
methylethylene and similar hydrocarbon clefins occurs rapidly to give

the 2:1 adducts in good yield.26 Were it assumed that the rapid reaction
of (CFS)QNO' with CQFq was due to the low electron density of the double

bond and the nucleophilicity of the aminc-~oxyl then the rate of addition

to these hydrocarbon olefins would be extremely slow.

Justin suggested that the results with CF,.=CF,_. and CHF=CF, ave

2 72 2
in fact anomalous and arise as a consequence of the unusual nature of
these olefins., These undergo a number of reactions, e.g. thermal

dimerisationSl, which are not given by either of the 1,2- or 1,1~

difluoroethylenes.32




A possible theoretical basis for their anomalous behaviour is
provided by the suggestion that C atoms in EEEfCFQ groups in double bonds
are sps hybrids and not sp2.32 It is further suggested that the driving
force for the dimerisation of CF2=CF2 and the dimerisation and cyclo-

addition reaction of the CF2=CF— group in general is the relief of

strain in the double bond.

Justinzeb concluded that bistrifluoromethylamino-oxyl is an

electrophilic radical.

(CF3)2NO‘ has been shown to react readily with perfluoropropenel7
to give 98% of the addition product, a result in good agreement with

the expected rate of addition to a CF,=CP- group based on the above

2

reascning,

Recent measurements have produced values for the w bond

dissociation energies in CF2=CF233

and CH,=CF,”" of 52.5 and 62.1 keal
rnole_l respectively. These compare with a value for ethylene35 of 59.1
kcal mole“l. It is suggested34 that the difference in the electro-

negativity of the m bond centres may be the important factor in the

unexpectedly high value for CHQECFQ. It can be seen that the order of

T bond dissociation energies [CP2=CF2 < CH2=CH2 < CH2=CF2] fits in well

with the relative rates of addition of (CFg)QNO‘ to these compounds.

Justin26b also studied the relative rates of addition of (CFS)QNO'
to several chloroolefins and found the order of reactivity to be

CH =CCl2 >> CH

o 2=CHCl >> CH2=CH2. In these reactions the intermediate free

radicals are stabilised by the chlorine substituents and inductive effects

are relatively unimportant.

16
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5. CYCLOALKENES

These compounds are considerably more susceptible to attack by

(CFS)QNO' than are the corresponding cycloalkanes.28

With cyclopentene, cyclohexene and cycloheptene allylic substitution

predominates over addition.

e.g. Cyclohexene

R
. low temp.
+ R <
dark, 5 mins. tORH 4
56% rec. 52% 87%
R R
R
+ +
R
trans - 6% _ 5%
cis - 2%

With norbornene or cyclopentadiene28 the reverse is true, addition taking

place across the double bond to the total exclusion of hydrogen abstrac-

tion.

6. PERFLUOROCYCLOALKENES

Perfluoroqyglobutenel7 and perfluoroc;yclohexene36 both underge addition

across the double bond fairly readily with (CF3)2NO'.

7. PERFLUORODIENES

Perflucorobuta-l,3~diene

With a 2:1 molar ratio of amino-oxyl to diene, at room temperature




18

a very vigorous reaction gives mainly decomposition products plus
some (14%) di-amino-oxy adducfs.seb
At -72°C the yield of di-amino-oxy adducts is 98%, divided

between the three isomers as follows:

RCF

o r

\\C==C//

/N
F CF,R

2

RCF

\
C
/
F

R

RCFQCFRCF=CF2

CF2
::C//
N\
F

57% 1u% 29%

Reaction of a 4:1 molar ratioc of (CPS)QNO' to diene, after one day at

36b

BOOC, gave 95% of RCF CFRCFRCFZR and no detectable di-amino-oxy adduct.

2

The following have also been reportedST:

20°¢/2-3 hours
"y

CF,.=CFCF=Cr

5 5 el RCF2CF=CFCF2R

u2%

R'/250°/10 hours

/

RCFQCPRCFRCFQR

(CFS)ZNO' has been reportedss to act as an initiator for the polymerisation
of perfluorobuta-l,3~diene. Yields using the amino-oxyl were found to

be only about 25% of those obtained using the same concentration of
benzoyl peroxide.

With perfluofocycloheka—l,S—dieneasb the following reactions take place:
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R
2R"/85°C/7 days R
- and/or
R

4R*/85°C/14 days

93%

R

g R

+ CGFBRQ + R
R
50% 23% rec.

R
1.9%

The reaction using the 4:1 molar concentration of (CFB)QNO' to
cyclodiene presents a contrast to the equivalent reaction with perflucro-
buta-1,3-dlene where reaction was complete to give a completely saturated

product after only one day.

Hexafluorobicyclo{2,2,0 hexa~2,5~diene adds (CF3)2NO' across the double

bonds fairly efficientlygg, a 2:1 molar ratio of amino-oxyl to diene
giving a mixture of di-amino-oxy adducts after 18 hours at 2000 and

a U:1 molar ratio giving 83% of the completely saturated product after

20 days at 20°C.

8. ALKYNES

Russian workerszh’gg have claimed that the reaction between

(CF3)2NO' and acetylene is very slow and gives (CF3)2NOH and polymeric
unsaturated liquid hydrocarbons containing neither F nor N.
However, workers in this Departmentho have found the main product

of the reaction to be the trisubstituted aldehyde, R,CHCOR. The other

2

2NON(CF3)2 o

depending on the proportions of reactants used. They have proposed that

major products are (CF,).NOH and either (CF.)
3 3

o r (CF3)2NH,

the reaction proceeds by the mechanism shown in Scheme T.
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CH=CH 2R - RoE=CHR R R, CHCH-ON(CF, ).,
R.CHO=0 <2 R CHO=0 <«—2X& —— R CHCHO + “N(CF.)
o 2 2 3'p
R
Scheme T

This mechanism was suggested in the knowledge that aldehydic hydrogens

are readily substituted by ( CF3) 2NO' 2T

Perfluoropropyne and perfluorobut—Emyneho give a complex array of

products with (CF3)2NO'. Taking perfluorobut-2-yne as the example the

products may be rationalised via the mechanism shown in Scheme 8.

oR' [~ T
= —e -0 —C=C-
CF3C CCF, CF3 c': cI: CFy —> CF. ? <|3 CF,
R R R O-
R. * .
Ol
(CF3)2NOI\T(CF3)2 e e (CF3)2N + CFB cl: ﬁ CF3
R O

The intermediate radical can then react in a number of different ways:

(a) with (CF3)2NO' —_— chlz-«——c:o (1)
CFB CFS
&
() with (CF3)2N' — R——C—COCF3 (11)
N(CF3)2
(c) by loss of (CF.),N' —— (OF_~C-C-CF (TI1)
32 3 “ 3

An alternative route to II is vias reaction of CF3CECCF3 with (CFS)ENON(CF3)2.
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i.e. CF,C=CCF, + (CFB)ENON(CF3)2 — R——T====T——N(CF3)2
CF, CF,
-(CF3)2N
IT <82 m=$—~?—NmF§2 & ‘@—T==T—Numyz
CF, CF, CF, CF,

Scheme 8

Reaction of perfluorcbut-2-yne with (CF.).NO', after 48 hours at 85°¢ °
e

gives 21% of I, 10% of II, 73% of III and T9% of (CF3) NON(CFB)Q.

2
Reaction of perflucropropyne with (CF3)0NO', after 15 days at room

temperature gives R,C—C=0 + R——C(CFB)COF + CF3—ﬁ-ﬁ—CF3
CF, F N(CF3)2 00
35% 1% 52%

+ (CF3)2NON(CF
80%

3)2

Similar mechanisms are thought to be involved in the next two reactions.

3,313-Trifluor0propyneho reacts slowly (4 months) with (CF3)2NO' to

give CFSCOCHRE + CFSCOCHRN(CF3)2 + (CF3)2N

85% 15% 45%

ON(CFS)2 .

Perfluorodiphenylacetyleneho after 20 hours with (CFS)QNO' at room

tempersture gives (CF,) NON(CF,), + <i;;:>*“" __4i;;j>

+ unidentified compounds.

Q==
o=
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9. TETRAFLUOROALLENE

Tetrafluoroallene readily undergoes free radical homopolymerisation
even in cases where telomer production might be expected.hl This eage
of polymerisation had prevented the determination of the orientation of
free radical attack on its cumulene system, although attack on the
central carbon giving an allylic radical had seemed most likely.hl
In the reaction of (CF3)2NO‘ it was hoped, by analogy with the reaction
of € F), with (CF3)2NO', that polymerisation of the allene would not

prevent a comparison being drawn between the allene and its acetylenic

1
isomer, perfluoropropyne. The following reactions were observedlz:

CF,=C =CF,
6R" 2R /r.t.
RCFQECFER + R RCFEECFzR + CF2=?—CF2R
0 0. N(CF3)2
89% 40% rec. 31% Loy
+ (CF,)NON(CE,),, + polytetrafiuoroallene
16%
+ (CF3)2NON(CF3)2
)
The mechanistic scheme for the reaction is given below.+2
OF =C=CF, —B (F =0-CF, ——8—5 (F =0-CFR
2 2 2 2 2 2
R R

N
2—ﬁ—CFER e RCF2~?—CF2R
0 R

(CF3)2N' + RCF

Scheme 9




If a large excess of (CFB)QNO' is used, the reaction stops here, the

(CF3)2N' being converted to (CF.). NON(CF In the absence of an

3)2 3)2'
excess of amino~oxyl, unreacted tetrafluorcallene can react further,

either with (CF3) NON(CF

o or with (CF3)2N° followed by (CF

3)2 3)QNO' to

yield CF,=C~CF.R

N(CF3)2

10. ALIPHATTIC ALDEHYDES

Reactions of (CF
T

3)2NO' with acetaldehyde, propionaldehyde and

pivaldehyde, Me CCHO,2 set in at low temperatures and proceed rapidly,

3

exothermically and cleanly to completion as indicasted by the equation:

. R _#0
Alkyl-CHO + R’ —3> Alkyl-0=0 ———3 Alky1l-CZ_

R
+ RH

The efficiency of the scavenging of the presumed intermediaste alkanoyl
radicals was revealed by the detection of traces of €O (plus traces of
Me3CR} in only the products from pivaldehyde.

(CFS)QNO' also sbstracts the aldehydic hydrogens from glyoxal.ho

. r.t. .
HC-CH + LUR 12 hours R + RH + RC-CR + CO
Il i
00 00
11% rec. 57% 843 %
11. AROMATIC ATDEHYDES

The aldehydic hydrogen is also abstracted from aromatic aldehydes

very easily, to give almost quantitative yields of (bistrifluoromethylamino-

27

oxy)-carbonylarenes.




Attack at the aldehydic function takes preference over nuclear
attack in the cases of benzaldehyde, terephthaldehyde and pentafluoro-
benzaldehyde and over side chain attack in the case of m~tolualdehyde.
Only in the case of p-~tolualdehyde was any evidence of side chain attack
found, in that a room temperature reaction gave & small amount of
material which was possifly'p—RCHzcéHuCOR. However a reaction at -24°C
gave p-MeC ) COR almost exclusively (08%).

An anomalous report has been published by Russian 1«1‘01‘]&31‘5‘.1‘l3
claiming that heating pentafluorobenzaldehyde with (CF3)2NO' in &
sealed tube for 1 to L hours at temperatures up to 15000 results in

addition to the ring giving two isomers of RhCGFSCHO plus R6C6F CHO,

5
and apparently leaving the aldehydic H intact.

Reaction of PhCOQN(CFg)2 with 4 mole equivalents of (CFS)QNO'

at TOOC does lead to nuclear substitution,eT the major products being
(CFB)ENOH, the gara—subsﬁituted derivative RC6HuCOR and either the ortho-

or meta-isomer of the latter.

12. KETONES

2I\IO' giving the

disubstituted product RECHCOCH3 after U7 days at room temperature and

Acetone has been found to react slowly with (CF3)

this compound (85%) plus some of the trisubstituted R

)
after 3 days at T0%C. ™

30000H3 (15%)
The mechanism of the reaction is believed to involve attack on:
the enol form of acetone, the slow reaction time being attributed to the

slow rate of enolisation,

' slow -
GHB(IJICH3 — CHQwC-CH
0

L5

0.00025% at r.t.

3 *
OH

K = 2.8x 10'8 min T

2k
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and the low yield of the trisubstituted acetone to steric effects.

R’ :
= —_—..—_..}. P . S e e S =
CH2 C CH3 RCH2 C CH3 RCH: T CH3
OH OH OHn

R’

Scheme 10

The monosubstituted enol may then react further giving the disubstituted
enol which mey react further again.

Evidence for the involvement of the enol form was provided by
(a) the result of an investigation of acid catalysis on the reaction.
Strong acids catalyse the rate of enolisation and the reaction was
found to be faster in the presence of hydrochloric acid.
(b) the reaction of (CF3)2NO' with a.ce'byil_ace'l:onem'L (80%hs enol form

at room temperature) is rapid, being complete on allowing the reactants

4o warm from -196°C to room temperature. The product, however, is

unstable.
13. ALCOHOLS
Methanol. Rugsian workersh6 have claimed that reaction of

(CF3)2NO' with methanol (2:1 molar ratio) for one day at room temperature

gives L3% of the adduct (CF SNOCH,OH.

5)
This reaction was repeated by Connellljrh in this Department

but the adduct could not be isolated. His liquid product, while boiling

at the same temperature as that quoted by the Russians, was shown by

g.l.c. to consist not of one component but of three. During manipulation

of the product quantities of white solid were produced. He repeated

the reaction more carefully and obtained 53% of carbon monoxide,

approximately 90% (CF3)2N0H and some methanol. He postulated from this

that the adduct could be decomposing sccording to Scheme 11,




RCH,OH ——————3= HCHO B o (w0 —B— = Remo
+ RH .
R° + €0 < RC=0

Scheme 11

Certainly it is accepted that hydrogen abstraction by selective radicals,
e.g. Br', usually takes place Trom thé methyl group of metha.nc‘.al,bfrr
in agreement with bond energy dats, D[MeO-H] = 102 keal mole_l,
D[H-CHQOH] = 92 kecal mols—l.hT In photobromination of methanol, carbon

monoxide is produced in high yield via Scheme lE.hT

&

CIL,08 —E CH,,OH —Br BrCH,OH ——3 HCHO + HBr
2Br"'
o
Schene 12

Isogropanol.hh Using a 2:1 molar ratio of (CF3)2NO' to isopropanol, a

fast reaction takes place giving 95% acetone and 100% (CF,) NOH.

302

Using a U4:1 molar ratioc the resction gives:

Me CHOH + LR'® ———= Me2C=O + R,CHCOMe + R° + BRH

2 2

63% 239 14% rec. TT%

The initisl hydrogen abstraction presumably gives the radical MegéOH.

Y
An e.s.r. investigation of <OH radicals with isopropanol 8 revealed the
presence of an inténse signel due to the intermediate radical MegéOH

and a much weaker signal due to éHECHOHCHB.
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14, FORMIC ACID

Ly
Formic acid is slowly dehydrogenated by (CFE)ZNO. (3 months at

room temperature) to give carbon dioxide and (CFB)ENOH as the main
products of the reaction. A small amount (2%) of CF3N02 is found in the
products.

15. ETHERS

With dimethyl ether, diethyl ether and anisoleZd (CF,) NO*
abstracts a hydrogen atom from a carbon a to the O atom,

With dimethyl ether the main product is RCHEOMe plus some of the

disubstituted RCHEOCHzR.

Diethyl ether has vicinal hydrogens and disproportionation of

the initially formed radical appears to compete with combination, the

intermediate olefin undergoing addition to yield an a,Pf-di-amino-oxy

compound.
o _r.t./dark

EtEO + 2R 30 mins.'f-Et2O + RH + MeCHOEtL

R

16% rec. 51% 76%

+ RGHZTHOEt + Me?HOTHMe

R R R

1% 1%

Anisole reacts over 24 hours at room temperature to give 87% of

PhOCH,R, traces of (CF3)2NH and 10% of unknowns.




28

16. ISOCYANIDES

t~Butyl isocyanide49 reacts readily as follows:

R.
r.t./3 days

t-BuNC =» t-BuN=C=0 + t-BuN=C-N(CF3) 2

R

50% b7
2R*/0°C/2 days

¥

t-BuN=C=0_ + t-BuN=CR, + t—BuNzC-N(CF3)2 + (CFB) 2NON(CF3)2

60% 17%% 21% Lpos
The mechanism proposed to account for these products is shown in Scheme 13,

+ . . .
[t-BuNsl <> t-BuN=C:] ~S—> t-BuN=CR —S—3 t-BuN=CR,

B-scission

R* . _
(CFB)ENON(CFB) 5 (CF3) SN + t-BuN=C=0

(CFB)ENON(CFB)E undergoes a novel insertion reaction with t-BuNC:
t-BuNC + (CFB)QNON(CF3)2 — t—BuN:C—N(CF3)2
R
Scheme 13

k9

Trifluoromethyl isocyanide ~ gives

L] r.tl — —
CFBNC + R R CF3N=C—0 + c;1«“31xr_c]sa2
13% 7%
+ CF3N=CRCR=NCF3 + (CFB) 21~:0N(c:15'3)2
52% 12%

The initial part of the proposed mechanism is the same as in Scheme 13,

leading to CF_N=C=0 and (GF3)2NON(CF3)2. However the intermediate radical

3
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can also react via Scheme 14,

CF,NC

CF.N=0R =5 GF_N=C-C=NCF

3 3 ] 3
dimerisatio;\\\ R 2;}// R
|

CF_N=C=-C=NCF
3 ! 3

R
Scheme 1k

17. DIMETHYLAMINE

Connelluh, in this Department, found that the reaction of
(CFB)ENO. with dimethylamine (2:1 molar basis) gave, on warming from
-196°C to room temperature, 46% (CF3)2NOH, traces of (CF3)2NH and
(CFB)ZNON(CFB)Z’ a colourless gas [15% by weight of the products] and a
high boiling oil. The colourless gas and the oil were'found to be
mixtures displaying i.r. absorptions in the region 1600-1800 emt
indicating some form of unclarified unsaturation.

50

Subsequent to this work a report on this reaction appeared
which stated that "“the product (CF3)2NONMe2 was formed if the reaction
ampoule was allowed to warm up overnight from -65°C. At room temperature,
especially if set aside for about a day, a heavy intractablé 0il was
formed." The ﬁhraseology used renders the report somewhat ambiguous,

and no further clarification was given,

A careful study of this react:i.on51

» Since carried out in this
Department, at low temperature (-78°C to -40°C), resulted in a complex
mixture of products which included material cohtaining (CF3>2NO groups,

An extensive spectroscopic investigation failed to detect any

(CF3)2NONMe2 in the product mixture.




18, AROMATIC AMINES

Diphenylamine, 4,4'=dicumyl-, 4,4'=dimethoxy-and &,4'-
51

3) 2NO even at low
temperatures (below =20°C) giving in all cases (C:F3)2
NH (21-32%) as the only isolable products; intractable multi-

dinitrodiphenylamine”  react rapidly with (CF

NOH (10-43%) and
(CF3) 2
component tars containing the corresponding amine and compounds with
(CFB)ENO groups were also formed.

In no reaction was the corresponding stable diarylamino-oxyl found.
Consequently a reaction mechanism involving formation of AraNON(CFB) >

and AraNO' and (CF3) 2N' as intermediates was considered doubtful.

Alternative routes were suggested, e.g. Scheme 15.

PhNH R o PhN" disproportionation

(il ) <> e
R
H + (CF,_) NH
1_R | 3°2
Ny‘@ concerted - N-—@

- PhaNH + unknown
products

R

R’ or

R
CF-O

v

0
. (CF,) N°
R _or 3°2
G N@ > unknown products

t(CFg) V" (CFy), NH
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19, ACETANILIDE

Acetanilidesl

reacts in a similar way to the diarylamines, giving
(CF3)2NOH, (CF3)2NH, a trace of (CFB)ENON(CFB)E’ unreacted acetanilide

and tar.

20, HYDRAZOBENZENE

Reaction of (CF3>2NO. with hydrazobenzenehh gives, on warming
from -196°C to room temperature:

CClq
PhNHNHPh + 2R* ———————3=~ PhN=NPh + 2RH + some tar

82%

The tarry material is thought to originate from attack of
(CFB)ENO. on the aromatic nucleus of azobenzene since, in a separate
experiment, (CFB)ENO. was found to attack azobenzene at room temperature

to give an intractable tar,

21. PHTHALIMIDE
(CFB) 2N0’ failed to abstract the amido hydrogen from phthalimide5l
(almost quantitative recovery of reactants after 20 hours at room

temperature), probably because of the very high N-H bond energy (2§.

100 kecal molenl)

22. BENZENE

Benzene was originally reported to be inmert to (CF3)2NOT attack,”

29,46

Russian workers, “’ = however, have claimed to have isolated the 1,2,4-

trisubstituted product from the reaction.
26b, 44

More recent work, in this Department, has shown that the

reaction gives an oil containing at least nine components, and (CF.).NOH,

302
suggesting that both hydrogen abstraction and addition to the aromatic
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system take place. The oil was found to contain approximately 4 (CFE)ENO
groups per molecule and was postulated to be a mixture of olefinic and
dienic compounds.

On the basis of a later reaction which gave 4% (CFB)aNON(CFB)a
in the products it has been suggested that carbonyl compounds are amongst

the extremely complex products.

23, HALOGENATED BENZENES

Russian workers have reported the following reactions:

Fluorobenzene,46 after 2-3 days with (CF

2NO‘ at room temperature

3)

gives 12% of (bistrifluoromethylamino-oxy)=-fluorobenzene.

Pentafluorochlorobenzene,43 after 1-4 hours with (CFB)aNO' at

150°C gives CICCFcR,y CLCFoR, (2 isomers) and C1CEFgRee

5* 5
Hexafluorobenzene,AB after 1-4 hours with (CFB)ENO' at 150°C

gives CcF (R, (2 isomers), CeFeRy, (2 isomers) and CeFgRge

Shaw,36b in this Department, observed rather similar products.
CF, + 6Rt —oCforlbdays . opp . GFR
66 followed by 120°C 666 664
for 14 days S50% Lg%
+ R*
25% rec,
b, ALKYLBENZENES

(CF3)2N0' prefers to abstract benzylic hydrogens from toluene,17

36b 52

2,3,%4,5,6-pentafluorotoluene and cumene” rather than attack their

ring systems.

The reaction between toluene and (CF_)_NO® was studied in depth.53

342
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rapid
exothermic

PhCH., + @2R°

3 = PhCH, + PhCHER + PhCOR + RH

3
7% rec. 65% 3% 48%

+ traces (CFB)ENON(CFB)Z + (CFB)ENH

PhCH

5+ 6R* - PhCHR., + PhCOR + R®' + RH

2
10% 64% 10% rec. 47%

+ (CF3)2NON(CF3)2

2%

To confirm that PhCOR is formed via PhCHZR and PhCHO as intermediates, .

rather than via PhQHaR and PhCHR2 these two latter compounds were also

reacted with (CF3>2NO.' The ease of substitution of aldehydic hydrogens

had already been discovered.27

53
315

This reaction proceeded smoothly at room temperature, although it

(CF322NO' with PhCH. ON(CF

was slower and less exothermic than that between the amino-oxyl and

toluene,
PhCH_R L — PhCOR + PhOHR, + RH + R® + PhCHR
71% 14% bhd 4% rec., LO¥% rec.
Lr* + (CF3)2NON(GF3)2
8
v 38%
PhCOR «+ PhCHR2 + RH + R' «+ (CFB)ZNON(CFB)B
78% 182 7% %% rec. Lo

(CF,),NO° with PhCH[ON(CF,).], >~
Dy mei: _)22"-

This reaction occurred only slowly at room temperature, 85% of
PhCHR2 being recovered after 14 days. Abstraction of hydrogen occurred
as‘indicated by the formation of 33% (CFB)ZN
the only identifiable non-volatile product, was only 4%, This ruled out

OH, but the yield of PhCOR,

PhCHZR2 as an important intermediate in the formation of PhCOR and confirmed
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that the overall mechanism for the reaction of toluene with (CFB)ZNO. is

as shown in Scheme 16,

PHCH, ~— R PhCH,, i PhCH_R R PHOHR — B PhCHR,,
B~scission

PhCHO + (CFB) 2N

R* R®
Scheme 16 PhC=0 (CF3)2NON(CF3)2
§
R.
Y
PhC=0
|
R

The reactivity order PhCH3 > PhGHaR >> PhCHRa

of a benzylic hydrogen atom by (CF3)2NO. may be ascribed primarily to a
53

with respect to abstraction

polar effect, the transition state being represented by

- ¢
[(CF3), N0 H:CXPh <> (CF;), NO: H CX,Ph]

4
where X = H or (CFB)ENO'

In these reactions (CFB)ENO‘ is behaving as an electrophilic
radical, in line with Justin's suggestien.aGb The resonance form on the

sS4

right would be expected to assume importance in this reaction” where
(CF3)2NO’ is a relatively unreactive (selective) species forming a

weakish bond [i.e. (CFB)ZNO_H55 eae Cae. 71 kcal mole“l], therefore
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suggesting a considerable amount of bond breaking in the transition state.56
Another possible explanation for the observed resistance to

abstraction of the PhCHR2 benzylic hydrogen is the steric crowding created

57

by the two amino-oxy groups. A combination of both steric and polar

factors might be responsible.

53

2,3%,4,5,6=-pentafluorotoluene is noticeably more resistant to attack by

(CFB)BNO' than toluene or p-chlorotoluene, presumably owing to the

relatively powerful polar effect of the G6F5 group.

C6F5CH3 + 2RT D C6F5CH2R + RH «+ C6F50H3 + 06F CHR2

5
76% L 18% rec. trace
+ (CF3)2N0N(CF3)2
trace

Reaction of the monosubstituted C6F5CH2R with (CFB)ZNO. over 2 days gave

3% 06F5COR, 3% CgF CHR,,, (CFB)ENON(GFB)E!, (CF,) . NOH and unsaturated

302
multi-component high boiling material.

p=Chlorotoluene

The introduction of a para-chlorine substituent does not affect

the reaction pattern.53

Reaction of (CFB)ZNO' with the monosubstituted p—ClCGHQCHaR gives
a relatively higher yield of the compound p—ClCSHq_CHR2 than in the

corresponding reaction of (CFB)ZNO. with C6HSCH2R. This is ascribed57

to the stabilisation of the intermediate radical by the ring chlorine,
leading to a greater part of it being scavenged before it can undergo

B-scission,

52

Cumene” reacts readily with (CFB)ENO. at room temperature as follows:

PhCHMe, + 2R® wew——. PhCRMe, + RH + PhCHMe,, + yellow oil

2
700% 28% rec. 11%




Ethylbenzene

A rapid, exothermic reaction occurs between (CFB)ZNO. and

ethylbenzene (2:1 molar ratio) giving mainly PhCHRMe (75%), PhCHRCHR

(6%) and (CFB)ENOH (9%) .22
The monosubstituted derivative PhCHRMe was found to react only
slowly with (CFB)ENO. to give mainly acetophenone (76%) plus the

disubstituted PhCHRCH,R (19%), (CF3)2NON(CF3)2 and (CF SNOH. It was

3)
therefore concluded that the monosubstituted derivative is not an

important intermediate in the formation of FhCHRCH.R and that the reaction

2
mechanism is analogous to that adopted for the reaction of certain alkanes
with (CF3)2NO',26 i,e. according to Scheme 17,
R. . " R. 2~RQ
——— o = e o
PhCHECH3 PhCHCH3 PhCH CH2 Ph?HCHER
R
Rl
PhCHCH
3
R
Scheme 17
25. FLUORINATED HETEROCYCLES
Pentafluoropyridine36
R
. R R
R /8000/7 days
F = F 97%
R N

Pentafluoropyridine with chlorine under ultraviolet light gives

an analogous reaction.

36




The C=N bond in perfluoro~imines seems generally resistant to
radical attack. e.g. Perfluoro=-2,3,4,5=-tetrahydropyridine F
can be recovered in high yield after treatment with (CFB)aNO. N
at 80°C for long periods or with chlorine under u.v. 1ight.36 This can
be compared with the carbon analogue perfluorccyclohexene which can be
converted fairly readily into G F, X 3 (X =l or (cF5) ;N0].

1072
Tetraflucro-ﬁ—methylpyridin936b

In this reaction competition occurs between hydrogen abstraction
from the me?hyl group and addition to the ring system. All the products
retain the C=N bond.

CH3

CH_R CHy
o hrs :

- 2R /207¢/20 . F + possibly F

. N R N

5R*/20°C/7 days

CH,R HR,, CH,R CH,R

R R
F + F o+ F + F .
N N R N RONNT

Tetrafluoropyrimidine

There was little reaction at room temperature or after 9.days
at 100°C. At 130°C (10-14 days) pyrolysis of the produdt gave a complex
mixture, Eventually, after 35 days at 90°C, a product analysing as
C\F\NR, was obtained (93%). Mainly on the basis of the i.r. spectrum

it was thought to contain several of the following isomers.

37
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: F F F r . r
R llﬁJ N’/L~R R N’ll R N’/J ;fL

The formation of the last three of these isomers can be rationalised

via F isomerisation,

R N _ 'R N )
F + F
F
F R F
N N

the traces of fluoride ion being produced by reaction between tetrafluoro-~

pyrimidine and traces of moisture on the glass.

.BISTRIFLUOROMETHYLAMINO~OXYL, AS A PSEUDQO-HALOGEN

Much of the chemistry of (OF3>2NO. can be predicted on the basis

58,59

that it behaves as a pseudo~halogen. For instance, (GFE)RNO'

(a) combines with hydrogen to form an acid (CFB)ENOH which may be
oxidised to the free radical either chemically or electrochemicéily,
(b) combines with some metals to form salts,

() forms covalent compounds, with a variety of non-metals, which

resemble the corresponding halides in their composition and in their
physical and chemical behaviour,

(a) easily undergoes addition to double bonds and abstracts hydrogen
from organic and inorganic substances,

(e) will displace bromine and iodine from certain bromides and

iodides, and in a few instances chlorine from chlorides.
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Its oxidising power has been placed in the series

F, > c12 > (CF3)2NO > Br, > (CN)2 > (SCN)2 > I

The electronegativity of the (CFB)ENO group has been measured,
as an.approximation, from the infrared spectra of phosphoryl and carbonyl

bistrifluoromethylamino-oxy compounds and placed in a series of decreasing

electronegativity as follows:

F > (CF )ENO > CF

3 > C,F.,> Gl * Br > CH. > CH,.

3 37 25 3

REAGENTS OTHER THAN BISTRIFLUOROMETHYLAMINO~OXYL, USED FOR THE INTRODUCTION

OF THE (CFE)QNO GROUP INTO COMPOUNDS

(a) N,N-Bistrifluoromethylhydroxylamine, (CFB)ENOH.3b
(b) The adduct of (CF,).NOH with Caesium Fluoride or Potassium Fluoride.
32
(e) Sodium Bistrifluoromethylnitroxide,62 (CF3)2NO-Na+.
(a) Mercury(II) B:i.strifluoromethylnitroxide,63 [(CFB)ENO]EHg'
(e) Perfluoro-(2,4—dimethyl~3-oxa~2,h-diazapentane),17’6“
(CF3)2N0N(CF3)2.

The reactions of bistrifluoromethylamino-oxyl with inorganic compounds

have been covered by several reviews.59’65
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RESULTS AND DISCUSSIQON, PART I

INTRODUCTION

Transition states in disproportionation and combination

When organic free radicals are produced in a reaction they
eventually undergo a termination reaction producing stable molecules.,
The paths available to a pair of radicals are combination and, if one
of the radicals has a hydrogen atom p to the radical centre, disproportion-

ation.

| XCHacHaY sssssccnen combin&tion

XCH20H2 + Y -

e XCH-—-CH2 + YH ..... disproportionation

Disproportionation, formally a radical hydrogen abstraction, is more

66

exothermic than a normal hydrogen abstraction,
An indication of the activated complexes was given by the

products of the disproportionation of CHBCDE. radicals. As all the

ethylene formed was CH2=CD2 it was concluded that a head-to-~tail complex

67,68

was involved.
The similarity in the pre-exponential factors for disproportionation

and combination (A ~ 1&J) implies that the radicals in the activated

complexes of both processes enjoy the same freedom of movement and that

this freedom of movement is considerably greater than that in the

6

activated complex of a typical hydrogen abstraction process (A © 108).6
69,70

Several workers, considering that this freedom is not easily reconciled
with a head-to-tail structure, have proposed four-centred transition

states.




Ol - T > CH,=CH, + CH,CH,
I I

2CH_CH, * sem—eeaiimm ] : —_—
372 i |

CH,-—-~~CH,——CH

2 2 3 b CHBCHZCHZCHB

Opinions differ as to whether the transition state is directly
71 |

identifiable with an excited dimer.

72

Benson ‘ruled out such models on the basis of a number of
observations. He used the approach of regarding radical combination as
the reverse of unimolecular decomposition of the dimer. Analysing the
transition state for CEHG pro— 2CH3' he concluded that it is too loose
to fit into a framework éf normally strongly oriented, covalent bonds,
and proposed that at distances involved in the transition state the
interactions between the alkyl groups must invelve a good deal of ionic
character. As the efficiencies of disproportionation and combination

72

are about equal Benson' —~ proposed structures such as

H H H H H H

\ - l +// ‘\ + l Ty
CHB_C: H—C—2C i CH:"?_C H v § woenmee G

/ |\ / |\

H H H H H H

within the activated complex for disproportionation.

73,74 of the combination rate constants

However, recent estimates
of higher alkyl radicals have shown them to be well below that for methyl
radicals, suggesting much tighter and more orientated transition states
for both combination and disproportionation than was previously assumed.

Whether combination and disproportionation proceed via a common
or two distinctly different transition states is an argument yet to
be resolved., If the latter is the case it would seem that the energies
75.

and volumes of the two transitions are very similar.

The high efficiencies of combination and disproportionation

b1
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reactions have led a number of workers66 to conclude that the activation
energies must be close to zero., This calls into question the validity of
the conventional transition state, defined by the saddle point of the
potential energy hypersurface, in describing combination and disproportion-
ation. When a process proceeds without an activation energy the potential
energy hypersurface exhibits a plateau instead of a saddle point, and

the transition state is "10059".76

Disproportionation versus combination as a function of structure

Most o? the information available for the relation between
disproportionation to combination ratios and structure relates to pairs
of alkyl radicals, Most of the kd/kc (rate of disproportionation
compared to rate of combination) ratios have been measured in the gas
rhase, many fewer in solution.

Alkyl-alkyl radical reactions

A much quoted generalisation is that for alkyl radicals there
is an almost quantitative correlation between kd/kc and the number of p=-
hydrogens available for the disproportionation reaction, This was based
on early kd/kc values77 since shown to be inaccurate.66
Available data for pairs of the same radicals in both gas phase
.and liquid solution (solvents n-pentane and decalin) are given in
Table 3.66

For both sets of values it can be seen that while there is no
qpantitative relation between kd/kc and numbers of B-hydrogens, the
kd/kc values remain within a narrow range for primary, secondary and
tertiary radicals and that kd/kc increases going from primary to secondary
to tertiary radicals,

Disproportionation-combination reactions between radicals other

than two alkyls have not been as well studied. The following have been

reported.




Table 3
Radical gas phase liquid solution
- AL -
K ¢ ke kd/kc per p-H v ke k*j/kc per p-H

CH5CH2' 0.13 0.022 0.15,0.12 0.025,0.020
CH3CH2CcH2# 0.15 0.038 0.15,0.13 0.038,0.032
cH3cH2cH2cH2- 0.14 0.035 0.14,0.13 0.035,0.032
Me2CHCH2 ' 0.076 0.037
CH. .CHCH. . 0.66 0.055 1.2 0.10
CH3CH2CHCH3 0.63,0.77 0.063,0.077 1.0,1.1 0.10,0.11
Me3C* 2.3,3.1,2.7 0.13,0.17,0.15 7.2 0.4
CH3CH2CMe2 2.2 0.14
Me2CHCH2CMe?2 3.6 0.22

Alkyl-alkoxy radical reactions

Values of k £ o r alkyl-alkoxy radical pairs have been found

to be approximately twice as large as those for alkyl-alkyl radical

pairs. Related transition states for disproportionation have been
proposed:
c CMe2R»
CH CHx~ CH
1 B 1 1 %
1 ! 1
1 I 1
1 1 1
CH2——--H CH2-

The latter is somewhat unexpected as alkoxy radicals generally show
considerably different selectivities to alkyl radicals. This discrepancy
can be minimised if bond breaking has not proceeded very feu: in the

transition state of the disproportionation reaction, a conclusion

43



consistent with the large exothermicity of the reaction.

Alkoxy-alkoxy radical reactions

Alkoxy radicals have been found to give very high kd/kc values.

The kd/kc ratio for ethoxy radicals has been found to be 12 + 2,79

that for methoxy radicals to be greater than 60.80 It has been

and

suggested80 that the very polar character of the alkoxy radical leads to
an appreciable dipole-dipole interaction which effectively orients
approaching alkoxy radicals to favour disproportionation over combination.
The increased polar contributions to the transition state for dis-

proportionation can be expressed as:

R Rt

| .
R'—-—-———(II-—-H + *ORM R'-——-—Cl":'—H----OR"

°, (l):a.

R! R

l l o+ o=

R'—_.C + HOR" e R"_—CE)'-*:"H-—--OR"

| |

0 Ob"

Alkoxy radicals with nitric oxide

The kd/kc ratios for a number of alkoxy radicals with NO are
given in Table 4. The ka/kc ratio divided by the number of f-Hs is
approximately constant. This is not unexpected as the radicals are all

of the same type, i.e. not primary, secondary and tertiary radicals,
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Radical kd/kc kd/kc per @-H Ref.
CHBO' 0.5 0.17 81
CH3cH20' 0.3 0.15 81
Me ,CHO® 0.16 0.16 82
EtMeCHO® 0.26 0.26 83
CHBCH20H20' 0.4=0,5 0.2-0.25 84

Difluoroamino radicals with isopropyl and t-butyl radicals

The k,/k_ ratio of isopropyl radicals with N

to be less than that of t-butyl radicals with ﬁFa, as expected,

radicals was found

85 The

rates of disproportionation and combination were both found to be very

slow which was taken as indicating a connection between the transition

states for disproportionation and combination.

It was thought that the

reaction could possibly be occurring via an energised molecule:

. [ ]
MeacH + NF2 —— Mo

2

*
CH—NF2 r—

[ CH3CH=CH2

— M620HNF 2

+ HNF2

Disproportionation-combination reactions have also been reported

to occur between alkyl and amino radicals,86

and between alkyl and bistrifiluoromethylamino~-oxyl radicals.

alkyl and CF3' radica1587

26,28 vsg

last set of reactions provides the starting point for the research

described in this thesis and is considered in detail in the next section.

Disproportionation-combination reactions of alkyl radicals with

bistrifluoromethylamino=-oxyl, (CFBleNO'

The reactions of bistrifluoromethylamino-oxyl with a number of




alkanes were first studied by Justin.26 The reaction with isobutane was
studied in depth and the scheme shown below was proposed to explain the

formation of the observed products,

Me.CH R X Me C® dmsproportlonatlon:; CH..=CMe
combination [R*® R*
14
MeECR RCHE—CMe2
Rl
f
RCHE--CI!Me2
R

Scheme 18

Other possible reaction schemes involving MeBCR or Me20HCH2R as

intermediates in the formation of the di-amino-oxy product were discarded

3)2N0 to

give the di-amino-oxy compound, both reactions were found to be too slow

as although both these compounds were found to react with (CF

to make a significant contribution.
In the reaction of isobutane with (CFBJENO. Justin did not detect

isobutene in the reaction products, but he did trap the alkene using

hydrogen chloride gas, obtaining 96% t-butyl chloride.26

These reactions were repeated by Brown28 who observed the
same products although in slightly different yields (see Table 5). 1In

3)2N0' to isobutane he also
observed a small amount (3%) of the carbonyl compound MeECRCOR from

CRMe., with (GFB)ENO .

the reaction using a 2:1 molar ratio of (CF

further reaction of the di-amino-oxy compound RCH2

Le




k7

Using an equimeclar ratio of (CFB)ZNO- to isobutane he obtained a

significant amount <8%) of the allylic substitution product RCHEC(Me)=CH2.
Coles,88 in a preliminary kinetic study of this reaction observed

the presence of traces of isobutene in the products using g.l.c.

Owen,89 in a much more detailed kinetic study of the reaction, observed

2

products, He found the overall reaction to be complex and investigated

combination [MeBCR] and disproportionation [Me,CRCH,R and CH,=C(Me)CH,R]
the kinetic behaviour only for the initial rates of reaction, concluding
that the reaction is second order, being first order with respect to both
iscbutane -and the amino~oxyl, over the temperature range used, He
suggested a slightly modified reaction séheme, incorporating formation

of the allylic substitution product,

R’ . R _ R' -
Me3CH —-—TT)—?' MeBC 7—3-7%— CI'IZ—CI"T(E‘2 3) CHE*TMG
QHE
(2)|Rr* (%) |R*| (5) (7) |R*
Y : 9)
Mech CHE-CMe2 e e S CH2=CMe
R CH2R
(8) { rR"
?HE-TMea
R R

Scheme 19

He suggested that reversibility of addition to the double bond is possible
at high temperature (step 5), favouring the allylic abstraction (step 6),

and also that at higher temperatures a second route (step 9,
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dispropertionation) leading to the allylic product becomes significant,
Other alkanesa6 (ethane, propane and isopentane) which were found to give
mono~ and di-amino-oxy products were presumed to react via a similar
mechanism. Carbonyl compounds were also found among the products of the
ethane andpropane reactions and were shown to be formed by further attack

of (CF )ENO' on the mono-amino=-oxy compounds.

3
| The ratio of the combined yields of the di-amino-oxy products

to the combined yields of the combination products gives a measure of the
relative rates of disproportionation to.combination (kd/kc ratios) for
reaction of the intermediate alkyl radicals with (CFE)ENO.' These are

tabulated below for reactions in which a 2:1 molar ratio of (CF3)2NO°

to alkane was used.

Table 5
Alkyl [no. of|% combination|{% disprop. kd kd/kc per |reference
radical| B-Hs products products -

k, g-H

CH30H2' 3 69 11 0.16 0.05 26
Me2CH’ 6 63 2% 0.37 0.06 26
MeBC' 9 39,26 51,70 1.31,2.69] 0.15,0.30 | 26,28
Meac':Et 8 28 58 2.07 0.26 26

Again there is no quantitative relation between kd/kc and numbers of
p~hydrogens but as with the radicals already considered kd/kc increases
going from primary to secondary to tertiary radicals,

Similar schemes to that of isobutane with (CF,)_.NO°, involving

302
alkene intermediates, have been proposed for reactions of <CF3)2NO. with

23

ethylbenzene™™ and with various cycloalkanes.ag

The tendency of alkyl and (CFB)ENO' radicals to disproportionate
26

has been atiributed %o




(a)
(b)
(e)
(d)

the high concentration of the (CFB)ENO. radical,
the low strengths of the C«H bonds adjacent to the radical centre,
steric effects, and

the low O-H bond strength in (CF,) . NOH which is thought to

302

be in the region of 71 keal/mole, a value in keeping with the high

selectivity of (CFB)ENO'.

b9
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REACTIONS OF BISTRIFLUOROMETHYLAMINO-OXYL WITH ALKANES AND SUBSTITUTED

ALKANES OF GENERAL FORMULA Me CHCH. X

These reactions were all carried out initially using a 2:1 molar -
ratio of bistrifluoromethylamino-oxyl to alkane or substituted alkane in

300 cm3

sealed tubes. The reactants were allowed to warm from -196°C
to room temperature and left in the dark, overnight in most cases, to
proceed to completion.

The products were examined initially by g.l.c. Unreacted substrate
and.Q,gwbistrifluorﬁmethylhydroxylamine were identified and their yields
calculated by comparative g.l.c. In most of the reactions the other major
products were isolated by preparative g.l.c. and identified by their
n.m.r. and i.,r. spectra, and by g.l.c.~-mass spectral data. In a few
unambiguous cases the products were identified from their mass spectra
alone or by comparative g.l.c. Minor products were identified, where
possible, from their mass spectra. Yields of the amino-oxy substituted
compounds were based on g.l.c. peak areas, In the reactions of
(CFB)ENO. with (i) 2,2,4-trimethylpentane, (ii) isobutyl acetate,

(iii) isopentyl bromide and (iv) isohexyl bromide sufficient quantities

of mono~ and di-amino-oxy substituted compounds were isolated for mixtures
- of these compounds to be compared directly by g.l.c. In all four cases it
was found that, within experimental error,~equimolar amounts of mono-
and di-amino~oxy compounds gave g.l.c. peaks of equal area. Kosinskigo
found a similar relationship for mono~ and di-amino-oxy substituted
cycloalkanes and cycloalkenes,

Full practical details for all the reactions discussed are given
in the experimental section. Spectroscopic data are recorded in the

appendices.,

Yields for the products are given as percentages. For N,N=-




1.

bistrifluoromethylhydroxylamine, (CF3)2NOH, yields are based on
(CF3)2N0° used. For unreacted substrate the percentage is based on
substrate used in the reaction. TFor (CF3)2N0~substituted compounds

percentage yields are based on substrate reacted.,

Reaction of (CF.).NO® with isohexane
B houe’sh

This reaction was carried out twice as summarised below.

* M
MeaCHCHZCHZCH3 + 2R Me_,CHCHCH.,.CH

z 2 273
(a) 42%, (b) 4% unreacted

+ Mea(IJCHacI“IaCH3

R R
(a) 28%, (b) 22% (a) 11%, (b) P

+ possibly MeaCHCHQCHCH3

+ CH’2~C(Me)CHECBZCH3 + Mez(ll-fl}HCHacﬂ3

R R RR

(a) 51%, (b) 57% (a) &%, (b) %

+ unidentified + (cF

(a) 4%, (b) %

3)2N0H

(a) 52%, (b) not

determined

The ratio of disproportionation to combination (kd/kc) for reaction of
2-methyl-2-pentyl radicals with (CF3)2N0‘ equals the ratio of the sum

of the yields of the.two di~amino-oxy products to the yield of 2-(bis-

trifluoromethylamino=-oxy)=~2-methylpentane,

i.e. For reaction (a),

and for reaction (b),

k

d _ 51 +6
-
k
d o, 52+7
kc = 55 = 2,91 .,

The ratio of the yields of 1,2-bis(bistrifluoromethylamino=oxy)-

2-methylpentane to 2,3-bis(bistrifluoromethylamino-oxy)-2-methylpentane

51




is assumed to be the same as the ratio of the yields of the intermediate

olefins from which they are formed,

CH CH

> 3
o CH2=(|:-CH20H20H3 —2R,. (Ilﬂa—(:l—CHZCHEGHB
(‘I3H3 N R R
Ol 5~G-CH,CH_CH,
<|:H3 | . ('3H3
L CH,~C=CHCH,CH, -~ CHi;-C~CHCH,CH,
R R

Scheme 20

The ratio of external to internal olefin can be seen to be 51:6 and
57:7 for reactions (a) and (b) respectively, i.e. 8.5:1 and 8.1:1
respectively.

In the reaction of (CFB)ENO‘ with isopentane, Justin26 asceribed
the slight deviation (45%:14%) from the expected statistical ratio of
external to internal olefin of 3:1 to steric hindrance to approach by

the bulky (CF3)2NO' to the internal CH, in the 2-methyl-2-~butyl radical.

2
An indication of the steric hindrance effect due to (CFs)aNO’ is given
by the products of the self-disproportionation of the 2-methyl-2-butyl
radical in the gas phase, which shows a slight preference (2.7:1) for the
internal olefin.66

It is not surprising then that the approach to the a.—CH2 is even
more hindered in the case of the reaction of the 2-methyl-2-pentyl radical
with (CFB)aNO.’ leading to a greater preponderance of external over
internal olefin,

Two monosubstituted compounds were identified in the products,

2-(bistrifluoromethylamino~-oxy)=-2-methylpentane from substitution of a
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tertiary hydrogen, and another tentatively identified from its mass
spectrum as 2-(bistrifluoromethylamino-oxy)-4-methylpentane, from
substitution of a secondary hydrogen. The formation of this compound
gives an approximate value for the relative selectivity of (CF3)2N0'

for secondary as compared to tertiary hydrogen atoms. Presuming that both
intermediate olefins are formed by disproportionation of the tertiary
radical MeaéCHQGHZCH3 then the total percentage abstraction at the

tertiary position equals

51 + 6 + 28 Q' 85% for reaction (a)

and 57 + 7 4+ 22 = 86% for reaction (b).

The relative reactivities of tertiary to secondary C~H bonds (per H atom)
to (CFB)ENO’ are then 85/5.5 = 15.5 for reaction (a) and 86/3.5 = 24,6
for reaction (b).

On this basis (CFB)ENO' appears to be rather less selective than
the bromine atom for which the relative reactivity of tertiary to

secondary C~H bonds has been calculated to be approximately 25.91

2. Reaction of (CF,) NO' with 2,2, 4=trimethylpentane

This reaction was carried out twice as summarised below.

L] m_.-?
+ 2R MeECHCHacMe3

(a) 45%, (b) 47% unreacted

MechCHECMe3
BI 2 3

R R R

(a) 28%, (b) 256  (a) 56%, (b) 57%

+ (RCH;_,) 2([,0}1

+ Me,CCH.CMe., + cl:Ha-c]:(brxe)CHac:Me3

2CM33 + 2 compounds 08H17R
R
(a) 13%, (b) 16% (a) 3.5%, (b) 2%




+ (CFE) SNOH

(a) 47%, (b) not determined.

The intermediate olefin formed in this reaction is exclusively the
external olefin, steric hindrance due to the t-butyl group presumably
being great enough to completely prevent approach of (CF3)2NO' to the
internal CHE‘

There would appear to be two plausible routes to the tri-amino-

oxy compound, from 2,4,4-trimethylpent=l-ene, shown in Scheme 21.

i
CH2=CCHECMe3
allylic abstraction addition
R*® R*
g -
CH2=CCHECMe3 RCH2~90H20M93
R* R*®
disproportionation
THaR
CH2=CCH20Me3
2R L]
CHBR
RCHa--(')CHZCMe3
R
Scheme 21

Both routes could be the result of steric hindrance due to the t-butyl

group, in one case steric hindrance to addition across the double bond

Sk




55

favouring allylic abstraction and in the other case steric hindrance to
addition of a second (CF3) 2NO' radical leading to disproportionation of
the tertiary radical.

Kosinski,go in the reaction of (CF3)2NO' with t-butylcyclohexane, .
obtained 8 or 9 products all of which appeared to be the result of
disproportionation reactions, The simple combination product l-(bis-
trifluoromethylamino~oxy)~l-t-butylcyclohexane was not observed among the
products, presumably due to shielding of the tertiary radical centre by
the t=butyl group.

It is interesting that this reaction of 2,2,4-trimethylpentane
with (CFB)ZNO. is the only one in the series of reactions of compounds
of formula MeECHCHEX with (CF3>2NO. in which an allylic substitution
product was observed, apparently as a result of severe steric hindrance,

In the reaction of (CF352N0' with isobutane neither Justin26 nor
Brown28 found the allylic substitution product in reactions where they used
molar ratios of (CF3)2NO' to isobutane of 2:1, but Brown28 identified it
in the products of a reaction using equimolar quantities of reactants.
Owen89 found the allylic substitution product present in the products of
all his reactions, which were carried out at intervals over the temperature
range 80 to 155°C with initial reactant pressures varying from a 1:1 to
a 4:1 ratio of amino-oxyl to isobutane and total pressures varying from
20 to 50 torr. He also found it present in a reaction where 0,5 cm3 of
Liquid (CF,)NO* and 0,25 om of liquid isobutane were allowed to warm
to room temperature, giving a vigorous reaction complete within 30 seconds.

Allylic substitution in radical reactions is normally favoured by

92

high temperatures and low radical concentrations, and hence would not
normally be expected to be a significant route in reactions where olefins
are generated as intermediates in the presence of a very large excess of

radicals, as in the (CFB)ENO. reactions, In the case of the isobutane-
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89

(CFE)ENO' reaction, the reaction was complete within half a minute ~ and
is much faster than any of the reactions considered in this work (see
reaction times given later). Hence the temperature of the reaction would
be expected to build up to a much higher level, tending to favou} the
allylic abstraction,

The kd/kc ratio for the reaction of the 2,4,4-trimethyl-2-pentyl
radical with (CF3)2NO' eqUals‘the sum of the yields of the di~- and tri-

amino-oxy products to the yield of 2-(bistrifluoromethylamino-oxy)=2,%4,4=

trimethylpentane.
“a _ 56413
i.e. For reaction (a), ﬁ: = =gt = 2 L6
kg 57416
and for reaction (b), = = 55 = 2,92
c

Reactions of (CFquNO' with the isobutyl compounds

3. isobutyl chloride, Me CHCH.C1,

b, isobutyl bromide, Me,CHCH. Br,

5 isobutyl methyl ketone, Me.CHCH_ COMe,

6. isobutyl acetate, Me CHCH.OOCMe,

7 2-methyl-l-nitropropane, Me,,CHCHj‘IﬁQ2
Reactions of (CFEquO with the isopentyl compounds
8. isopentyl chloride, Me:CHCHagﬁag;,

9. isopentyl bromide, MeﬁCHCHaggagg,

10, Z-methyl-lenitrobutane, Me CHCH CHaNO2

Reaction of (CF322N°. with the isohexyl compound

11, isohexyl bromide, Me CHCH CHBCHaBr
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These reactions will be considered together. They were carried
out, using 2:1 molar ratios of (CFB)aNO. to substrate, and analysed in
exactly the same way as the reactions of the alkanes with (QFB)zNO'.

This investigation, of reactions of various compounds of general

formula Me,CHCH,X (where X is an electron attracting group) with

2
(CF3)2NO', was initiated by the discovery that reaction of isobutyl
chloride with (CFB)ENO. gave a complete change round of yields of mono-

and di~amino-oxy products compared to the alkane reactions, resulting in

a very small kd/kc ratio,

R* V . R*
M
MSECHCHECl MeaCCH201 ————E;——ih CH2=C(MG)CH201

R°| k oR*

V '
k Me . .CCH.CL CH.~C(Me)CH.C1

= Q.14 2| 2 2 | 2
c R R R

84% 1.2%

el

Scheme 22

Fach of these reactions was found to give four major products:

N, N~bistrifluoromethylhydroxylamine, (CFB)ENOH’

unreacted MeECHCHEX,

a mono-amino-oxy compound, Me,CCH.X,

2| pad

R

a di-amino-oxy compound, ?Ha—?(Me)CHEX,
R R

plus minor products.
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The products of these reactions are summarised in Table 6,

It can be seen from Table 6 that the di-amino-oxy compounds formed are
almost exclusively those derived from the external rather than the
internal olefin, i.e. CH2~C(Me)CH2X. In only one case was the product

R R
of (CFB)QNO' addition across the double bond of an internal olefin

3)21\:0' with

isopentyl chloride being tentatively identified as 2,3=-bis(bistrifluoro-~

identified, one of the minor products of the reaction of (CF

methylamino=oxy)-l-chloro=3-methylbutane on the basis of its mass spectrum.
This preponderance of external over intermal olefin formation in the
disproportionation reaction can be attributed to a combination of two
factors:

(a) steric hindrance to approach of the (CFB)ENO. to the internal

CH,. This has been shown to be of importance in the reactions of (CFB)ENO'
with alkanes, the ratio of external to internal olefin increasing as

the size of the alkyl group X in MaacHCHEX is increased.

(b) polar factors. The C-H bonds of the internal CH2 are rendered
electron deficient by the electron-withdrawing group and are therefore

less likely to be abstracted by the electrophilic (CFE)ENO.'
The reactions do not appear to be influenced by the stability of the
olefins formed, or at least if this is important it is overridden by the

other factors. In the cases of the isobutyl compound reactions the

internal olefins would have their double bonds stabilised by forms such

as
o -+
Me, C=CH-Cl < > Me,C-CH=C1
0 o
I v
r Me,C=CH~C~CH, «Cmmwm=> Me C=C=C~CH
© €2 3 2”7 3

H

whereas the external olefins are not.
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Values of kd/kc for reactions of the intermediate MeZCCHEX

radicals with (CFB)ZNO' are calculated from

Eg _ % yield of di-amino-oxy products
k = % yield of mono~amino-oxy product
c

Table 7 gives values for kd/kc, loglo(kd/kc) and values for the Taft

*
substituent constant ¢ for each group CHEX. Table 7 includes the values
from reactions of isohexane and 2,2,4%-trimethylpentane with (CFB)ENO.

and Justin's value26 for the reaction of isopentane with (CF3)2NO'.

The change in values of kd/kc with change in the group X in the
MeacHCHax molecule would appear to be attributable to the strength of
the inductive effect of X, as the tertiary radical centre is insulated
from me§omeric effects due to X by the CH2 group and steric effects might
be expected to be fairly constant throughout the series of compounds.
Ta£t95 found that rates and equilibria for reactions of such compounds,
where the reaction centre is not part of a conjugated system and the
degree of steric interaction between substituent and reaction site does

not change appreciably as the reaction progresses, obey a relationship

analogous to the Hammett equation:

k * %
o (£ 4
[o]

where k is the rate or equilibrium constant for a particular member of

the reaction series, ko is the corresponding constant for the parent
compound (generally the methyl compound), p* is the reaction constant and
U* is the polar substituent constant, representing the electron-attracting
ability of the substituent as transmitted through an aliphatic chain,

Taft derived the G* values from an evaluation of the polar effects of

substituents on the rate of hydrolysis of esters, That the polar

-+
substituent constants ¢ are measures of inductive effect is shown to be
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sound by a gquantitative parallel between them and the o' values of Roberts

G

and Moreland” obtained from 4-substituted bicyclo-(2,2,2)~octane-1l-

carboxylic acids.

*
Most of the ¢ wvalues in Table 7 are those derived by Taft.93

The values for CHchaBr, CHacﬂchaBr and CH2NO2 were derived from the

values for CH2Br and CHacHzNoa by using a conversion factor of 2.8. This

is the factor for reduction of the inductive effect of a substituent

93¢

*
resulting from the interposition of a methylene group. The ¢ value

for the acetate group is derived from the o' value for acetate of Roberts

9k

*
and Moreland. The o' values closely parallel the ¢ values, the best

w
value of the ¢'/o ratio being 0.45.95

Table 7
. kd kd *
(CFB)ZNO’ + Me_CCH.X T log, ( = } ¢ for
- c c CHax
Me260H201 0.1k -0.87 : +1.05
MeaéCHaBr 0.13 -0.89 +1.00
Me CCH_COMe 0.71 -0.15 ' +0.60
Meaécnaoocne 0.35,0.37 -0, bk +0.87
MeaéCHaNOE 0.09 -1.07 +1.40
MeaéCHECHacl 0.82 -0.09 +0.39
MeaéCHZCHaBr 0.69,0.65 -0.17 +0.36
MeeéCHZCHaNoa 0.71 -0.15 +0.50
Me ,CCH CH,CH_Br 1.20 0.08 +0.13
MeaéCH20H20H3 2.04,2,91 0.39 -0.12
Meaécnacnie3 2.46,2.92 0.43 -0.17
Meaécnzcn326 2.07 0.32 -0.10
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CH,CH Graph I: ,/k versus a
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Graph II: loglo(kd/kc) versus o%
for the disproporticnation-combination

of MeQCCHQX with (CF3)2N0

(2]
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In Graph I, kd/kc values are plotted against 0‘*.

In Graph II, loglo(kd/kc) values are plotted against 0*.

From consideration of the data in Tables 6 and 7 and Graphs I
and II it can be seen that the group X exercises a controlling influence
on the ratio of disproportionation to combination. As the group X becomes
more electron-withdrawing the values of kd/kc decrease, i.e. Combination
is favoured by electron-withdrawing groups and disproportionation is
favoured by electron-donating groups.

The kd/kc values correlate well with the Taft polar substituent
constants 0*. From Graph II it can be seen that, within close limits,
loglo(kd/kc) is directly proportional to o*.

The decrease in disproportionation with increase in electron
withdrawal by X can be explained as follows, Electron withdrawal by
X renders the methyl G;H bonds electron deficient and hence less liable
to abstraction by the electrophilic (CFB)ZNO. in the disproportionation
step. ©Slowing down the dispropcrtionatién step will obviously favour
the closely related ¢ombination reaction,

The transition state for disproportionation can be pictured as a

resonance hybrid of the structures:

CH CH CH
| 7 | 2 | °
CH,—C —CHX <—> CH;—C —CHX <—> _CH;—C—CHJX
H He He
. -y +
c>—N(<3F3)2 0-~N(CF3)2 o—~r~r(0F3)2
(1) (11) $ (11D)
&
CH,==C —CH,X
|
O—-N(CF3)2

(1v)
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where (I) resembles the reactants, (IV) resembles the products and (II)

and (III) are the possible polar structures. Structure (III) would be
expected to make little contribution as (CFB)ZNO. is electrophilic.
Disproportionation is thought to proceed with little or no eneréy of
activation and to be highly exothermic which implies that the transition
state, if it can be described at all, resembles the reactants (I) more
closely than the products (IV). Structure (IV) might therefore be expected
to make little contribution., Structure (II) would be expected to make

a major contribution to the transition‘state as (CF3)2NO. is an
electrophile. Such a structure would be progressively destabilised as

the electron-withdrawing power of X is increased.

Reaction times for reactions of bistrifluoromethylamino~oxyl with alkanes

and substituted alkanes of general formula Me.CHCH.X.

The reactions described in the preceding section were carried out
in 300_cm3 sealed tubes by allowing the reactants to warm up from ~196°C
to room temperature and leaving them in the dark until reaction was
complete. In many cases they were left overnight. Consequently, no
accurate information on reaction times was obtained. Some of the reactions
were therefore repeated in much smaller (25 cm3) tubes using 2:1 molar
ratios of (CFB)ENO. to substrate as before. Instead of allowing the
reaction tubes to slowly warm up in air they were transferred directly
from liquid nitrogen to a water bath maintained at 23~24°C. The reaction
times were taken as the lengths of time for complete disappearance of the
coloured (CFB)aNO"

The products of each reaction were analysed by g.l.c., the
products being identified by comparison of the g.l.c. traces with those
of the original reactions. Experimental details and percentage yields

of the mono=~ and di-amino-oxy products are given in the experimental

section. Table 8 gives the reaction times, the kd/kc values derived from
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the percentage yields and the ¢ values for CHZX in MeBCHCHEX.

Table 8
s *

REACTANTS Reaction time o kd/kc
(CF_).NO* + (minutes)

3’2
Me ,CHCH,,C1 99 +1.05 0.18
Me ,CHCHBr 93 +1.00 0.15
Me QCHCHECOMe 48 +0,60 0.62
MeZCHCHECHZCIL 34 +0,39 0.68
Me ,CHCH,CH,Br 35 40,36 0.71
Me,CHCH,GH_NO,, 70 +0.50 0.83
MeECHCHECHECHB b =0.12 1.87
Me 2CHCHZCMe3 : 11 ~0.17 2.31

There is little difference between these kd/kc values and those found

3

using 300 cm” tubes (Table 7), and certainly no systematic variation,
4 of the kd/kc values being slightly greater and 4 slightly less than
those obtained previously.

The reaction times are plotted against 0* in Graph IIT.

The reaction of l-nitro-3-methylbutane can be seen from Graph 11T
to be much slower than would be predicted from consideration of the other
reaction times and the corresponding 0* values. This may be due to the
gaseous (CF3)2NO' being less soluble in l-nitro-3-methylbutane than in the
other compounds. A greater proportion of the (CF3)2NO‘ appeared to
remain as vapouf during this reaction, the purple colour in the liquid
being restricted to a narrow surface band rather than being spread
uniformly through the liquid, as was the case with the other slow-reacting

compounds,
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Owen,89 in his study of the kinetics of the réaction of
(CFB)ENO‘ with isobutane, found the overall reaction to be complex but
that for the initial rates of reaction the reaction is first order with
respect to both (CFB)ENO. and isobutane.

It seems reasonable to suppose that in the reactions considered
here the rate determining step is the initial abstraction of the tertiary
H atom and that the reaction times are approximately inversely proportional
to the reaction rates,

It can be seen from Table 8 and Graph III that the more electron-
attracting X is, the longer the reaction time, This is as expected for
attack by a highly electrophilic¢ radical such as (CFB)ZNO.' The more
electron-withdrawing is X the more electron deficient the tertiary C-H \
bond becomes and hence the slower the abstraction of this H atom by
( CFB) Pl

The transition state for abstraction of the tertiary hydrogen can

be written as a resonance hybrid of three canonical forms:

MeBTcnax € NeLCHX €3> Ne,CCHX
H He H

ey

0~—~N(0F3)2 O—-—N(CF3)2 0-—--1~I(0F3)2

(V) (V1) : (VII)

are resembling the reactants (V), another resembling the products (VII)
and one in which electron transfer is regarded as having taken place
between the radical and the substrate (VI). Accerding to Russell54
polar effects should be most important in form (VI) and the more
electronegative the attacking radical the more important (VI) becomes.
Structure (VI) would be progressively destabilised as X becomes more

electron-withdrawing and hence the more electron attracting X is the

slower the abstractien reaction would be expected to be,
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To summarise, the group X in MeECHCHEX can be seen to exert a
controlling influence over
(a) the rate of initial hydrogen abstraction and
(b) the ratio of disproportionation to combination of the intermediate
tertiary radical with (CFE)ENO.'
The two effects appear to parallel one another, increased electron withe
drawal by X leading to slower hydrogen abstraction by the electrophilic
(CF3)2NO' from MeaCHCHEX, and in the disproportionation step, from

MeaéCHEX, hence favouring the combination reaction.

Reactions of bistrifluoromethylamino~oxyl with alkanes and chloroalkanes

using 1:1 and l:2 molar ratios of reactants

The reactions of (CFB)ENO' with isohexane, 2,2,%-trimethylpentane,
isobutyl chloride and isopentyl chloride were previously carried out
using a 2:1 molar ratio of (CF;)ENO' to substrate.

The reactions of (CF 2NO' with these four compounds were repeated

3)
but using first equimolar and then 1l:2 molar ratios of (CFB)ENO. te
substrate, in 25 cm3 sealed tubes which were transferred directly from
liquid nitrogen to a water bath at 2%-24°C and left there until the
reactions reached completion. The products were analysed by g.l.c.

TMull details are given in the experimental section. The k&/kc values for
these reactiohs are given in Table 9 alongside the kd/kc values obtained
using 2:1 molar ratios of (CFB)ENO. to substrate.

Only in the case of isohexane with (CFB)ENO. is there any
significant change in k&/kc although even here only a variation of about
8% is needed to move from a kd/kc ratio of 1.87 (58% : 31%) to one of
1.21 (L s 39%).

In the reactions of (CFE)aNO. with 2,2,4~trimethylpentane, isobutyl

chloride and isopentyl chloride there is virtually no change in kd/kc with




REACTANTS kd/kc values from reactant ratios of
(CFB)ENO + (CFB)ENO ¢ Me,CHCH.X of
2:1 2:1 1:1 l:2

(300 cm3 tube)i (25 cm3 tube) (25 cm3 tube) | (25 cm3 tube)

MeacHCHacHECH3 2.,04,2,91 1.87 1.51 1.21

MeECHCH20M93 2.46,2,92 2,31 2.13 2.13

MeECHCH2Cl 0.1k 0.18 - 0.17 0.20

MeecHCHecHECl - 0.82 0.68 0.74 0.70
Table 9

change in molar ratio of the reactants, These results are in contrast

to Brown's resu1t528 from the (CFB)ENO'-isobutane reaction. Using a 2:1
molar ratic he obtained a value for kd/kc of 2.69 and found 3% of the
compound MeZCRCOR in the products. Using a 1l:1 molar ratio he obtained
a value for kd/kc of 1.2% and found 8% of the compound-CHazc(Me)CHaR in
the products. Even so, this variation in kd/kc in the isobutane case is
still less than that found between the extreme values (2.9l and 1.21) for
the isohexane reaction, although these two reactions were carried out

under slightly different conditions.

Reactiong of bistrifluoromethylamino-oxyl with alkanes using hydrogen

chloride to trap the alkene intermediate

The reactions of (GFB)ZNO. with isobutane, isopentane, isohexane
and 2,2,4-trimethylpentane using a 2:1 molar ratio of (CF3>2NO. to alkane
were repeated in 300 cm3 sealed tubes in the presence of a large excess

of hydrogen chloride and carbon tetrachleride as solvent., The reactants

were allowed to warm from -196°C to room temperature and left in the dark
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overnight to proceed to completion. The products were identified by

comparative g.l.c. with the products of the reactions of (CF

3)

the alkanes and from g.l.c.=-mass spectral data., Tull details are given

2NO with

in the experimental section., The results are summarised in Table 10,

Table 10
Alkane % tertiary total % total %
halide mono-amino=oxy di~-amino~oxy

products products
isobutane 0 10 QO
isopentane 7k 19 5
isohexane 77 15 b
242, b=trimethylpentane 73 16 9

The reaction with isobutane was a repeat of that carried out by both
Justin26 and Brown28 and a very similar result was obtained. In all the
reactions, except that of isobutane, the di~-amine~oxy products were
found to be present in low yields, showing that ionic addition of HCL
across the double bond in the intermediate olefins does not totally exclude
addition of (CFB) SNO%.

The yields of mono—amino-oxyalkénes were also reduced in all
the reactions. Brown28 has suggested that the lowering of yields of the
combination products could be due to solvation of the tertiary alkyl
radicals by the carbon tetrachloride, leading to steric'ihhibition of the
close approach of (CF3)2NO' radicals, thus reducing the proportion of
combination.

In the reaction of ié%entane with (CFB)ENO. a significant amount

(6%) of a second mono-amino~oxy compound was present in the products.,
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It was tentatively identified from its mass spectrum as 2-(bistrifluoro-
methylamino-oxy) -3-methylbutane, resulting from substitution of one of
the secondary hydrogens in h~“CHC”*CH".

The reaction of isohexane was repeated using a 2.7:1 molar ratio
of (CFA~NO* to alkane. In this case the yield of 2-chloro-2-methylpentane
was only 60% and the total yields of mono- and di-amino-oxy compounds
were 27% and S% respectively. Presumably the higher concentration of
(CF~**NO* is able (i) to overcome the solvent effect working against
combination and in favour of disproportionation and (ii) to compete more
effectively with the HCl for the alkene intermediate.

The reaction of (CFA”*NO* with isobutyl chloride was also carried
out in the presence of HCl and carbon tetrachloride (molar ratio of
(CFA~*NO* : Me”~CHC”Cl : HC1l was 2 : 1 : 10) but the products were
virtually identical to those for the reaction where no HCl was used.
However the reaction of HC1l with the olefin intermediate 3-chloro-2-
methylprop-l-ene would be expected to be much slower than with unsubstituted
alkenes. In fact little or no reaction had taken place between a “3:1
molar ratio of HCl and 3-chloro-2-methylprop-l-ene in CCl” after two hours
in the dark at room temperature in a 300 cm”® sealed tube. HCl addition
in this case is obviously much too slow to compete with (CFA“NO* addition

across the double bond.

Reactions of bistrifluoromethylamino-oxyl with isobutyl iodide and
isopentyl iodide

The reactions of (CFA*NO* with these two alkyl iodides were
carried out using a 2:1 molar ratio of (CFAANO* to alkyl iodide in
300 oam* seeded tubes, using exactly the same method as previously described
for other Me”~CHCH”X compounds. The reactions were complicated by

replacement of iodine competing with abstraction of the tertiary hydrogen
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atom and the subsequent disproportionation-combination reaction.

12. Reaction of (CF_).NO® with isobutyl iodide

e

This is summarised below.

* ._“_______‘_}.
MeZCHCH21 + 2R Me CHCH,I + (CFB) SNOH

9% unreacted 46%
+ MeZ?Cﬂal + MGE?CHER
R R
75% 3%

+ possibly another di-amino-oxy compound, 3%
+ possibly C,HeIR, 6%

+ U4 unidentified compounds, 13% + iodine.

The high yield of 2-{bistrifluoromethylamino~oxy)=-l=-iodo-2=-methylpropane
is about as expected compared with the yields of the corresponding
chloro~ (84%) and bromo- (78%) compounds.

Several routes for the formation of 1,2-bis(bistrifluoromethyl-

amino~oxy)-2~methylpropane can be postulated, as shown in Scheme 23.

R. R' a
) - S
Mo CHCH,T =grmoiiomm> Mo CHOH,R ——S—— Me,CCHR
R‘ R.
Me.CCH..I R’ = Me_CCH.I R’ > Me. CCIHLR
2772 - 2772 displacement ZI 2
R R
decomposition
Me .C=CH R~ Me.CCH.R R
20=CH, 20CH,

Scheme 23




Justin26 investigated the reaction of MQECHCHER with (GFB)ZNO. and
found that a slow reaction took place giving the di-amino-oxy product
MeZCRCHaR.

The route involving decomposition of the intermediate tertiary
radical by loss of iodine must be regarded as a distinct possibility, as
iodoalkyl radicals of this type are known to be unstable, the equilibrium

MeaéCHZI :;:::ZETNEBC=CH2 + I* lying well to the right.96

13. Reaction of (CP )ENO' with isopentyl iodide

This reaction was carried out twice as summarised below.

 ————
MQZCHCH20H2I + 2R MBZCHCHacHBI

(a) 21%, (b) 28% unreacted

+ (CF3)2NOH + MeETCH2CHEI
R
(a) 46%, (b) not (a) 28%, (b) 27%
determined
+ THZ—?(Me)CHZCHzI + probably CSH9R
R R
(a) 11%, (b) 16% - (a) 5%, (b) 10%
+ probably G5H10R2 + 3 compounds, CSHQRE
(a) 14%, (b) 1% (a) 8%, (b) 1%
+ unidentified + dodine

(a) 34%, (b) 17%

In this case a route involving decomposition of the intermediate tertiary
radical by loss of an iodine atom is unlikely as an extra GH2 group has
been interposed between the radical centre and the iodine atom.

Other than 3-(bistrifluoromethylamino~oxy)=-l-iocdo~3~methylbutane

()
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and 1,2-bis(bistrifluoromethylamino-oxy)~i-iodo~2~-methylbutane which were
isolated by preparative g.l.c. and identified by their n.m.r., i.r.
and mass spectra, thg products contained a number of compounds containing
one, two or three (CFB)ENO—groups but no iodine. The low yields and
clese retention times_of these compounds prevented their separation by
g.l.c, and they could only be identified tentatively on the basis of
g.leCco-mass spectral data.

(CFB)ENO', which behaves in many of its reactions as a pseudo-~
halogen,59 has been found to replace iodine, bromine and, in some cases

58,59

chlorine, from several metallic and metalloid halides, and to

liberate iodine from di-iodomethane and iodoform at room temperature.59

Reactions of bistrifluoromethylamino-oxyl with isobutyl and isopentyl

alcohols
The reactions of (CF3)2N0°'with these alcohols were carried out
using a 2:1 molar ratio of (CFS)ENO. to alcohol in 300 cm; sealed tubes,

using exactly the same method as previously described for other

MeacHCHzx compound reactions,
1k, Reaction of (CF323N0. with isobutyl alcohol

This was carried out twice as summarised below.

Me ,CHCHLOH + 2R° s Me.,CHCH,,0H + (CFB)BNOH
(a) 42%, (b) 36% unreacted (a) 68%, (b) not
: determined

+ MeECHCHO + MeECHCOR
(a) 12%, (b) 12% (a) 31%, (o) 38%

+ M9200H20H + possibly MeECHCHROH

R mixed with 5 unidentified

(a) 18%, (b) 14% (CFB)aNO-compounds

(a) 14%, (b) 21%




+ possibly C4H7(OH)R2
(a) I‘"%, (b) 3%

The isobutyraldehyde and (CFB)ENO-substituted isobutyraldehyde were
identified by g.l.c. and i.r, comparison with the products of the reaction

of isobutyraldehyde and (CFB)ZNO.:

. #°
Me,CHCHO + R” === MeacHC\R + (CFB)ENOH
100%
15, Reaction of (CF )2N0° with isopentyl alcohol

This reaction was carried out twice with rather differing results
as detailed below. The difference in the yields between the two reactions
may be at least partly attributed to deterioration of the g.l.c. column

used in the analysis.

MeacHCH CHZOH + ZR® i Me ,CHCH CH_OH

2 2
(a) 33%, (b) 45% unreacted

2

+ (CF3)2NOH + MeECHCHaCHO

(a) 70%, (b) not determined (a) 12%, (b) %

+  MeCHCH,COR + Me E(I}CHECHEOH
R
(a) 25%, (b) 66% (a) 16%, (b) 11%

+ 3 unidentified (CFB)ENO-compounds
(a) 3%, (b) 23%

+ 5 unidentified compounds

Connell,44 in the reaction of (CFS)ZNO. with methanol, obtained a high

77




78

yield of carbon monoxide but found none of the adduct RCH20H claimed as
the main product of the reaction by Russian workers.46

In the reaction of a 2:1 molar ratioc of (CF,).,NO® with isopropanol

302
Connell#q obtained 95% acetone and 100% (CF3)2NOH. He proposed that
initial hydrogen abstraction takes place from the o C-H bond rather

than from the hydroxyl group in both the above reactions, in agreement
with bond energy data [ D(alkoxy-H) = 102-3 kcal mole‘l, D(HOCH_~H) = 92
kcal mole'l, D(HOCHMe~-H) = 90 kecal mole”l].35’97 This is the generally
accepted position for radical attack on primary and secondary alcohols in

98

solution,

99

The resulting a~hydroxyalkyl radicals have been trapped by

and spin-trapped by nitronesloo; their e.s.r. spectra have been

48

examined,

olefins

Accordingly, the reaction scheme for reactions of (CF5) NO* with
isobutyl and isopentyl alcohols envisages competition between initial
abgstraction from the tertiary C~H bond and from the o C-H bond in the
CH20H group. Such competition is expected from bond energy data
[D(Meac—H) = 91 keal mole™r, D(HOGHMe-H) = 90 keal mole'l].35’97 In
either case the intermediate radical can then undergo combination or

disproportionation with (CF3)2NO', as shown in Scheme 24,




Me,CHCH.,0H
R* R*
MeZCCHZOH Me,CHCHOH
R* R
R® R"
Me2?CH20H Me ,CHCHOH
R R
Y Y
CH2=C(Me)CH20H MeECHCHO
2R R
s /
?Ha-?(Me)CHaoH Me_CHCO
R R
Rl
Y
MeecH?O
R
Scheme 24
16, Reaction of (CF322N0. with isopentylbenzene

This reaction was carried out using a 2:1 molar ratio of

(CF3)2NO' to isopentylbenzene in a 300 cm3 sealed tube using the.same

method as in the reactions already discussed.
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. e S
MeaCHCHECHacéH5 + 2R MeQCHCHECH206H5

11% unreacted

+ (CFB)ENOH + MgacHCHZ?H06H5
R
not determined 7%
+ Pprobably Mea?CHa?H06H5 + probably 011H13R3
R R
7% 2%

+ &4 unidentified products

14%

Initial hydrogen abstraction from the benzylic CH2 rather than from the

tertiary C-H bond is as expected on the basis of bond energy data

1
].97

[D(MeBC-H) = 91 keal mole™t, D(CEH-CH-H) = 85 kcal mole”

)
No disproportionation product from either MeacHCHaéHCGH5 or

MeECCHRCHZCGH5 could be identified.
The reaction of (CFy) NO with ethylbenzene”> (2:1 molar ratio)

has been found to yield 75% PhCHRMe and 6% PhCHRCH.R giving a kd/kc ratio

2

for reaction of PhC.}HCH3 with (CF3)2NO. of 0,08, This value is comparable

with the kd/kc value for the self disproportionation~combination of a-
phenylethyl radicals, formed by thermal decomposition of the symmetrical
azo compound in benzene, of 0,097. An almost identical value of 0.095
was obtained for the C6H56HCH20HMe2 radical.66

The radical C6H56HCH20HMe2 might therefore be expected to give
a kd/kc value for its reaction with (CFB)ZNO. similar to that of the
CHCH radical, However, in its reactions with isohexane and 2,2,4—

5 3
trimethylpentane, (CF3)2NO' has been shown to be very susceptible to

C6H

80

steric influences. Disproportionation of the 06H56HCHZCHMe2 radical would
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entail close approach of (CFB)ENO. to the internal CH, and hence it is

2

not surprising that the only di-amino-oxy product found appears to be

C6H

5(IIHCHECMG2 rather than C6H5TH-?HCHMe2.
R R R R
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RESULTS AND DISCUSSION, PART IT

INTRODUCTION

Free radical hydrogen abstraction from amines
101,102,103

Farly literature reports concerning the position of
attack of methyl radicals on amines are conflicting, some stating that
attack occurs at C-H, others that it occurs at N-H bonds. Later

woplcL0%s 105,106

showed such conclusions to be incorrect and that hydrogen
abstraction occurs at both alkyl and amine sites, the rate of abstraction
being greater at the amine group. For example, on a per-atom basis,

105,106 more reactive

the H atom attached to nitrogen is 18 to 20 times
towards methyl radicals than the H atom attached to carbon in dimethyle
amine,

The rate of abstraction increases going from primary to secondary
nitrogen., The relative rates of abstraction from NH?, MeNH., and Me,NH

2 2
105 . .
In this respect the amines follow the

are 1 to 11 to 168 at 150°C.,
alkanes, the strength of the N=H bond determining to a large extent the
rate of radical attack., The reactivity of the C=H bonds in primary,
secondary and tertiary amines appears fairly constant on a per H atom
basis,106 the -NHa, :NH and %EN groups apparently making little difference
to the activation of the C-H bonds, X
When trifluoromethyl radicalé are the abstracting species the
disparity between abstraction from N«H and C=H bonds is not as marked
(esg. on a per-atom basis the N-H in MeaNH is only 3 times as reactive
as a C—H)los, in keeping with the greater reactivity of CF3’.
Whereas numerous reactions are known involving the abstraction
of H atoms by reactive radicals of short life, comparatively few cases

have been described of hydrogen abstraction by "stable" free radicals,
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A number of stable radicals, for example diphenylpicrylhydrazyllo7

(DPPH) and the amino-oxylsiCO

diphenylamino-oxyl, 4,4'=-dinitrodiphenylamino-
oxyl, Banfield and Kenyon's radical and porphyrexide oxidise hydrazo-

benzene instantly to azobenzene,
PhNHNHPh —~———w——e3mm  PhN=NPh
and N-benzylamiline partially or completely to N-benzylideneaniline,

PhCHaNHPh 3 PhCH=NPh

at room temperature., None of these radicals oxidise bibenzyl.

Other stable radicals such as Fremy's radicallog,
bistrifluoromethylamino-oxyluh and aroxylsllo dehydrogenate hydrazobenzene;
their reactions with N-benzylaniline and bibenzyl have not been reported.

These results reflect the greater ease of dehydrogenation of
systems containing N~H rather than C-H bonds. The explanation for the
greater reactivity of the N-H bonds is thought to be the greater ease
with which N can pass from the tetrahedral (sp3) to the planar (spa)
configuration.lo7 ‘

Other radical-amine reactions, particularly those involving
aliphatic amines or those where the attacking radicals are intermediate
between the highly reactive methyl and the relatively unreactive "stable"
radicals, are less clear cut as to whether the initial hydrogen abstraction

takes place at N or at the carbon o to the amino group.

Diphenylpicrylhydrazyl (DPPH) reacts quantitatively with NH3 and

Naﬂqlll forming nitrogen but less cleanly with aliphatic amines.lll’lla

These reactions were thought to involve initial abstraction of an amino
hydrogen followed by the reaction of the resulting radical in a variety
of ways, in part with a second equivalent of DPPH. However t-butylamine

gives no appreciable reaction with DPPH; it appears that a hydrogen on
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the g=~carbon is necessary for aliphatic amines to react.ll2

The reactions of phenyl radicals with a number of amines have
been 151:11(1:19(:’!.,.13"3 the radicals formed being spin trapped by a nitroso
compound and identified by the e.s.r. speétra of the resulting amino-oxyls.

Abstraction from a number of tertiary amines was from the g-
carbon atom.' One unexpected fesult was that abstraction from diethyliso-
propylamine took place from an ethyl rather than from the isopropyl
group. |

With the secondary amines piperidine and morpholine abstraction
was from the carbon ¢ to the amino group, indicating in the case of
morpholine, OC:>NH, that the amine N has a greater activating effect
than the ether oxygen.

In spite of steric hindrance abstraction took place from the N
atom in 2,2,6,6-tetramethyl-4=-piperidone, O#C:§H . With diethylamine,
abstraction took pléce from both nitrogén and g-carbon atoms to give the
radicals EtN* and CHBC.)HNEt respectively.

In the radical obtained from n-butylamine abstraction was from
the p- or the y=-carbon or possibly from both, but apparently not from the
o=carbon as would be expected. The possibility of abstraction from the
NH& could not be ruled out as the amino-oxyl formed by the reaction of
the radical with the nitroso compound would be unstable and liable to
disproportionate.

Hydrogen abstractions from benzylamine and N~alkylbenzylamines
have been studied in reactions where irradiation of the amines results in

the homolytic scission of the benzyl-nitrogen bond only.ll#

The reactions
considered to contribute to the products are shown in Scheme 25, taking

benzylamine as the éxample.
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hv . .
M
PhCHENHZ PhCH2 + 'NH 2

Ll M .
Ph(}HaNH2 + I\TH2 PhCHzNH + NH:‘3

—— PhCHa) 2NH

PI’IGH2 + PhCH ENH et

e Ph(.‘,H3 + FPhCH=NH

= e —— —
PhCH=NH + PhCH2NH2 PhCH NCHaph + NH3
» L ] o
(PhCHa)aNH + X ——— - (PhCHa)zﬂ + XH, ete

[X® = °NH, or PhCH,NH]

2

Scheme 25

The N-benzylidenebenzylamine could also be formed via disproportionation
of the dibenzylamino radical. Support for N-H rather than C«H hydrogen
abstraction derives from the products formed and the absence of dimers

invelving the radical PhéHNHB.

Although oxidation of amines to imines using catalytic methodsll5

and oxidising agents such as manganese dioxidells, potassium permanganate117,

119 and sulphur120 are well

lead tetraacetatellS, silver(II) picolinate
documented and some of these oxidations [those using Mnoa,(Pb(OAc)4 and
Ag(II) picolinate] are thought to proceed via mechanisms involving free
radicals, there have been few reports of direct hydrogen abstractions by
radicals from amines to give imines, other than those by stable free
radicals from N-benzylaniline to which reference has already been made.
Primary and secondary alkylamines havé been found to induce
the decomposition of di-t-butylperoxide forming imines.lal The mechanism
proposed is analogous to that postulated for the reaction of primary and
secondary alcohols which also induce the decomposition of the peroxide.laa
It was proposed that the aldehyde or ketone produced resulted from the

interaction of an a-hydroxyalkyl radical with the 0-~0 linkage of the
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peroxide. The mechanism postulated for the amine reaction is shown in

Scheme 26,
He3COOCMe3 e 2M§3C0'
Me,CO" 4 RéCHNIiRa > Me,COH + Rzaténmzz
R;(.}NHR‘? + HeCO0CHe, —————imr RéG=NR2 + MesOOH + MesCO'

RéCHNHR2 + 2MeBCO' —— R C=NR2 + 2Me3COH

N

Scheme 26

Tert=butyl hydroperoxide has been found to oxidise primary and
123

secondary amines to give imines which undergo hydrolysis; in the case
of primary amines the aldehydes so formed undergo condensation in excess
amine to give Schiff's bases., E.s.r. investigationlau of these reactions
revealed the presence of amino-oxyl radicals and a mechanism was proposed

in which these radicals take part in chain transfer steps to produce

other free radicals which in turn oxidise amine to imine.

(R'CH,) NH + ©-BuOOH === (R'CH,) NHmrt~BuOOH

H,0 + £-Bu0® + (R]'CHE)ENO' < toBuooH [(Rcha) oNOH] + t=-BuOH
1 . 1 1 1 1
(RCH,),N0*  + (R7CH,) NH -————3= RCHNHCH,R™ + (R CH,),NOH

t=-Bu0*

1

R:LCH':NCHER + t=BuOH

Scheme 27

Numbers of aromatic and aliphatic amino-oxyle have been prepared by
125

oxidation of amines with peroxy radicals and hydroperoxides, However,
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as can be seen from Scheme 27 the reactions do not involve straightforward
hydrogen abstraction and so will not be considered further.

The reactions of photoexcited unsaturated compounds (e.g. ketones,
aldehydes, quinones, nitro compounds, aromatic hydrocarbons) with amines
in solution lead to abstraction of an a~hydrogen from the amine and the

formation of two radica15126:

. Lrrn? - 2 )
A=B¥ 4+ RLCHNR; ——————-3» A—BH + RCNR;

For example, primary and secondary amines rapidly photoreduce benzophenone,
leading to benzipinacol and Schiff's bases. Primary amines, RéCHNHE,

give the Schifft's bases RéCmNCHRé via formation of R;C=NH and its
2

subsequent condensation with amine; secondary amines R;CHNHR give

R;CsNRaa




REACTIONS OF BISTRIFLUOROMETHYLAMINO-OXYL WITH AMINES AND SCHIFF'S BASES

The investigation into these reactions was initiated when the
reaction of (CFs)aNO’ with isobutylamine, carried out as part of a
general study of the reactions of (GF3)2NO' with isobutyl compounds,
was found to give as its main product the amino-oxy substituted Schiff's
base MeECRCH=NCH20HMe2.

The method used was similar for all the reactions, (CFB)ENO.
being condensed, in vacuo, into a Pyrex reaction tube containing the
amine or Schiff's base cooled to ~196°C. The tube was sealed and allowed
to warm up, in most cases, to room temperature.

The products were initially analysed by g.l.c. The main products
were either isolated and identified by their n.m.r., i.r. and mass
spectra or identified by comparison of (i) the spectra and (ii) the g.l.c.
retention times with those of prepared products. Product yields were
calculated by a combination of g.l.c. and n.m.r. peak areas, Full
practical details are given in the experimental section; spectra are

given in the appendices.

1. Reactions of (CF.)_NO® with isobutylamine
O =k

Using a 2:1 molar ratio of (GFB)ENO‘ to isobutylamine the products

were as shown below,

Me CHCHZNH + 2R* e Me CCH=NCH,CHMe

2 2 2 SCHte,  + Mea‘I’CHz“Ha.
R R
f
90% Lo
+ MeacCH=NCH2(i‘Me2 + (CFB)ENOH + NHB
R R '
1%

Using equimolar quantities of (CF3)2NO' and isobutylamine the products
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were as follows.

Me CHCHaNH

5 + R* ——— MeECHCH NH

+ MeZCHGH=NCHECHMe

2 272

24% unreacted 62%

2

+ MeZCCHzNCHaCHMea + Me CHC=NCH,CHMe,
R OH
25% b

+ (CF3)2NOH + NH

5+ unidentified, 9%

The fact that, in the reaction using equimelar quantities of reactants,
N-isobutylideneisobutylamine is produced in high yield, suggests that
this compound is the main intermediate in the formation of
E—[2—(bistrifluoromethylamino»oxy)—Z-methylpropylidene]-isobutylamine,
i.e. that the reaction proceeds via route B rather than route A in
Scheme 28.

In route B initial hydrogen abstraction is presumed to be from the
CH2 group o to the NHE rather than from the NH2 itself, by analogy with
the reactions of (CFB)ZNO' with alcohols., The MeECH(.ZHNH2 radical would

be resonance stabilised:
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— + e
Me;ec;Hc':H---i\:'H2 <——> Mo CHCH~-NH,

l\'leaCHCHaI\TH2
R* R*
MeECCHaNHa MeECHCHNH2
R* , R*
Y
MeECIICHzNH2 MGZCHCH=NH
R Route A Route B
L]
R MeBCHCHaNH2
\
MeECCHNH2 MeECHCHa CHZCHMe2
R
R* R*
.Y
MeECCH=NH MeECCHzNCHacHMe2
R
MeBCHCHzNH2 R
MeaccHaNGHacHMe2
R
Scheme 28

Other possible reaction schemes involving the formation of isobutyr-

aldehyde as an intermediate in the formation of the Schiff's base, rather




than isobutylimine, can be ruled out, as in the 2:1 molar ratio reaction

of (CFB)ENO‘ with isobutylamine the only main fluorine containing products

were shown by “OF n.m.r. to be (CF) JNOH and Mo CROH=NCE,CHle.

2 2 2
The formation of the Schiff's base, N~-isobutylideneisobutylamine,

is the reaction expected when an imine is produced in the presence of an

excess of amine.127’128

The reaction is simplified by the stability of N-isobutylidene-
isobutylamine, Schiff's bases containing an o-CH

2
type condensations.128

group often give aldol

1e84 SRYCH_CH=NRD e Rch20H=CCH=NR

c I
R1

2 + RENHé

To test the feésibility of route B further, (CFB)ZNO. was reacted

with N~isobutylideneisobutylamine.

2 Reactions of (CFBQﬂNO' with N-isobutylideneisobutylamine
Using a 2:1 molar ratio of (CFB)ENO. to Schiff's base the products

were as shown below.

MeaCHCH=NCHECHMe2 + 2R°  ———- MeECHCHzNCHacHMe2

23% unreacted

+ Mea(IJCHnNCHQCHMe2
R OH

7% 164

+ (CFB)ENOH + (CFB)BNON(CFB)E + unidentified

+ MeaCHC=NCH20HM32

50% ' 11% 5%

Using equimolar quantities of reactants the products were found to be:
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Me CHCH=NCH20HMG

o + R® et Me CHCHcNCHECHMe

2
58% unreacted

2 2

+ MeECCHzNCH CHMe., + Me. CHC=NCH.CHMe

pd 2 2 l 2 2
R OH
55¢% Logd
+. Me,CHCHO + Me_CHCOR
2% 1%
+ (CFB)RNOH + (CFB)ZNON(CFB)E
Logd 3h9%

The product MeaCHC(OH)=NCH20HMe2, N-(1~hydroxy-2-methylpropylidene)-
isobutylamine is the iminol form of N-isobutyl-2-methylpropanamide and
as such would be expected to be unstable and to change to the amide if
formed., The evidence for its identification is given in full in the
experimental section but will be discussed briefly here.

The compound was isolated by preparative g.l.c, Its n.m.r,
spectrum (n.m.r. 22) shows peaks for two isopropyl groups and a doublet
(J ~ 7 Hz) for the CH, group at slightly different chemical shifts to
those for the same groups in the parent Schiff's base, N-isobutylidene-
isobutylamine (n.m.r. 21). It also shows a broad singlet at -1.24 ppm
from external DCB attributed to the OH group. This spectrum is
significantly different to that of N-isobutyl-2-methylpropanamide (n.m.r.
23) which shows a triplet for the CH, group and a broad peak at ~0,36
rpm from external DCB for NH, The triplet is as expected, as in
secondary amides the NH proton exchange rate is slow and coupling to

adjacent C-H protons is observed.129

Coupling to both the N-H and the
adjacent C=H results in the CH2 group appearing as a triplet, rather
than a doublet.

The 19F n.m.r. shows peaks for (CF

3)ZNOH and some (CFE)ENON(CF5>2'
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The mass spectrum (g.l.c./m.s., m.s. 4la) shows a prominent
parent peak at m/e 143 (34.5%) and strong peaks for the m/e values 128
(20,8%, M-CH;), 100 (19.1%, M-CjH,), 72 (64.4%, C\H) N'), 7L (82.3%,
04,0, 57 (62.4%, CHT) and 43 (03H7+,'1oo%). It is virtually
identical to the mass spectrum of N-isobutyl-2-methylpropanamide (mes.
l1b), confirming the identity of the compound as either the amido or
the iminol form of the amide.

‘The i.r. spectrum (Fig. 5, experimental section) shows a strong
peak at 1710 em™t for the C=N stretch. In N-isobutylideneisobutylamine
the C=N stretching frequency is 1670 cmﬁl, typical. of compounds of the

general type alkyl=CHzN~alky1.130

The shift to higher frequency is
attributed to the inductive effect of the OH group reducing the length
of the C=N bond, thus increasing its force constant and the frequency of
absorption., The i.r, spectrum also shows peaks due to (CFB)ENO and a
broad peak due to OH stretching at 3120 cm-l.
The position of the C=N stretching band at 1710 cm—l rules out
the possibility of the compound isolated being the nitrone
MeacHCH=§CH20HMea, the C=N stretching frequency of which would be expectedlsl
. to be around 1600 emt,
Evaporating the solution of the iminol plus (CFB)ENOH in CCL,,
left a white residue. Redissolving this in CClh and rerunning the i.r.
spectrum (Fig. 6) showed a reduction in the intensity of the C=N stretching
and (CF3)2N0 peaks and new peaks at 1640 and 1540 cm_l. Repeating this
rrocess and heating the residue under vacuum resulted in (Fig. 7) further
reduction of the peaks due to C=N and (CF3)2NO, further intensification
in the peaks at 1640 and 1540 cm“l, the disappearance of the OH band at

L and the appearance of a band at 3220 oL, By comparison with

3120 cm_
the spectrum of the amide (Fig. 8) it can be seen that the peaks at

3220, 1640 and 1540 em™L are the N-H stretching, C=0 stretching (the




"Amide I" band) and N-H bending (the '"Amide II" band) bands respectively
of the amide. It was concluded that the process of evaporating the
solution and warming the residue was driving off the (CF3)

resulting in the conversion of the iminol form to the more stable amido

2NOH and

form,

The inference must be that the inherently unstable iminol form,
being more basic than the amido form, is stabilised by the slightly
acidic (CFB)ZNOH in a weak adduct analogous to the amine—(CFB)zNOH

132

adducts and that resonance forms (II) to (IV) make some contribution

to the stability of the iminol.

OH OH
+
. ——— o .
Me ,CHC=NCH..CHMe,, << =  Me,CHC=NCH,CHMe,
H )
HON(CF3)2 () ON(CFB)E (I1)
H
+o” OH
L] / S
Me ,CHC IiICHZCHMeZ < > MeZCHE Ii!CHZCHMea
H _ H _
01~:(c}?3)2 (IV) ON(GF3)2 (TII)

That such an adduct should stabilise the iminol form is given weight

by the site of protonation of amides which is predominantly or exclusively
at oxygen. Although the amino group is inherently much more basic than
the carbonyl group suggesting (VI) as the most likely structure for the
protonated amide, structure (VII) is stabilised by important contributions

from (VIII) and (IX) to the resonance hybrid.133




M ' i
y
V) R—C NR2R3 R—(J-i\?ﬁ%q3 (VI)

(lm 0 c'm
1 3 1 3 1 23
R——E——NR2R > R-———C—-—NRER &> R C=IRR

(VIII) (VII) (IX)
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The existence of amides in the iminol form is certainly exceptional

although a few claims for this type of geometrical isomerisation have

134

been made.
Two final points regarding the stability of Ef}-hydroxynau

methylpropylidene)~isobutylamine are worthy of mention.

(a) It is stable enough to survive passage through a preparative g.l.c.

column. The fact that when collected it contained an appreciable amount

of (CF ) NOH suggests that it may pass through the column in association

with the (CF 3) NOH.

2

(b) A 1:1 molar ratio mixture of (CF,),NOH and N~isobutyl=2-

302
methylpropanamide was prepared but the'i.r. spectrum showed no peak for

the iminol form suggesting that the change is irreversibles

Meach=NCH20HMe2.(CFB)ENOH s MeECHCONHCHBCHMe‘a + (CFB)BNOH .

OH

There would appear to be two possible routes to §7(1~hydroxy—

2-methylpropylidene)-isobutylamine from N-isobutylideneisobutylamine, as




shown in Scheme 29.

Me _CHCH=NCH..CHMe H abstraction . yo cHG=NGH.CHMe
2 2 2 R 2 2 2
R’ | addition R’
. Y
Me_CHCH=NCH..CHMe disproportionation., yo cHC=NCH.CHMe
2 2 2 R 2 2 2
R R
decomposition
R’ /
- ]
(CF3)2NON(CF3) o & <CF3) SN° 4+ Me CHC=NCH,CHMe,
o.
H abstraction
Me ,CHC=NCH,CHMe,,
OH
Scheme 29

The route involving H abstraction to give the iminoyl radical seems
possible in view of the facile abstraction of aldehydic H atoms by
(CFS)ENO;,27 in which case the resulting radical is stabilised by
resonance:  =C=0 G w(m= i.e. overlap between the radical
orbital (presumably an sp2 orbital rather than a p orbitalj; -ézo
radicals are 0 radicals rather than n radicals) and one of the orbitals
containing one of the lone pairs on oxygen.

Iminoyl radicals have been proposed as intermediates in the
reactions of N-benzylideneamines (ArCH=NR*', R' = t-Bu or PhCOa) with
di~isopropylperoxydicarbonate which give benzonitrile as the major

product.l35
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1 2. e

ArCH=NR™ + R“0 2

3= ArC=NRY + RSOH

fragmentation

ArC=N + ‘Rl

Scheme 30

They have only recently been positively identified by e.s.r.

spectroscopy, in reactions of Schiff's bases with t-butoxyl radicals:136

RY-CH=NRE B0 o plogan-m®

2

(R1 and R™ = Me, Et, n-Bu or t~Bu).

The e.sS.r. parameters are consistent with the iminoyl radicals being
U radicals, with a non-linear arrangement about the N=C«C bonds. It is
argued that, as the t-butoxyl radical is fairly selective (abstracting
tertiary, secondary and primary hydrogens in the respective ratios of
Ll:12:1 at 40°Cl37) the weakest bond in the Schiff's base must be the
C-H bond of the CH=N group, the stabilisation of the radical being due

136

to the adjacent N atom. It is suggested that this stabilisation is

similar to that operating in the case of the sldehydes,

* e :: +.
/c=n-32 < > /czN-—Ra
1 1

R _ R

i.00

although the positive spin density at the nitrogen nucleus resulting from
such resonance is not reflected in the magnitude of the N hyperfine
splitting constant,

It seems likely that such resonance stabilisation would not bhe as

important in the case of the iminoyl radicals as in the case of the




radicals from aldehydes as some, at least, of the iminoyl radicals would
be expected to be in the syn-configuration where overlap between radical

orbital and lone pair would not be possible:

R1 .
e f
VAN

It has already been shown that tertiary hydrogens are abstracted
in preference to CH=N hydrogens (the reverse of the aldehyde case,
e.g. Me,CHOHO —_—EB o 00 Me,CHCOR) and it seems possible
that in the case of the reactions of (CFB)ZNO. with Schiff's bases
abstraction of the CH=N hydrogen may be too slow to compete with alter-
native reactions.

Several other fac%ors against abstraction of the CH=N hydrogen
are that:
(i) in reactions of (CFB)ENO' with N-benzylidenebenzylamine and
N-benzylideneaniline (discussed later) no products from abstraction of
this hydrogen were observed, and

(ii) the formation of MeBCHC(OH)zNCHacﬂﬂe and (GF3)2N0N(CF3)2 is

2
favoured by an increase in the ratio of Schiff's base to (CF3)2
There seems no reason why an increase in the concentration of Schiff's

NO*®.

base should lead to an increase in abstraction of one type of H atom over
another,

The alternative route in Scheme 29 involves addition of one
(CFB)ZNO. to the double bond followed by disproportionation ef the N=-
centred radical so formed, with another (CF3>2NO.‘ Addition of a second
(CFB)ENO. radical would not be expected due to the instability of the

. 51
(CF3)2NO-N linkage.
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Such an addition step is not without precedent. It has been
proposed that reaction of ethylbenzene peroxide radicals with 35 Schiff's

bases proceeds via addition of a peroxide radical to the double bond,

forming a free valence on the nitrogen,138
. ~ :
ices R'00° + C=N- ———=  JG-N-
or™

The new free radical probably reacts with a second peroxide radical

?l
C=N- + Rloz' —_— :cI;-N + RO
OoR™ 0OR™

Then follow secondary reactions with cleavage of the C-N bond.

The decomposition step by loss of (CFB)EN' from MeECHC=NCHZCHMe2
is unusual in that most mechanisms proposed to explain ther R
formation of (CF3)2N’ radicals involve the loss of (CFB)ZN. by B-scission
of a (CF3)2NO containing radical.26’42’53 An exception is the mechanism

proposed for reaction of (CFB)aNO' with perfluoropropyne or perfluorobut-

2«yne, shown in Scheme 31.40

. - ™
cF30500F3 —33-—9- R—C==(C-—R -———3» R—-?=cl:——o‘ o+ (CF3)2N'
CFB cIs'3 CF% CFB
R—-(|°:—c=
; i CF3 CF3 _

Scheme 31

The full reaction scheme for reaction of (CFB)ENO' with

N-isobutylideneisobutylamine is given in Scheme 32,




Me2CHCH=NCH2CHMe2

R*

Me2CCH=NCH2CHMe 2

Me2CHC=NCH2CHMe2

Me 2CCH=NCH2CHMe 2

R*

R*
>

(CF§)9N’ +

R*

(CthaNON(CFg)e

Scheme 32

Me 2CH (JJH-NCH, CHMe .,

R*

A A A
Me2CH(%sNCH 2CHMe2

Me -CHC=NCH ~CHMe ~
2°° 3 3

Me_ CHC=NCH _ CHMe~
@, CHG=NCH CHMey

OH

The full reaction scheme for the reaction of (CF );NO’ with

isobutylamine is given in Scheme 33.

3



e o———S—
MeECHCHENHE MGRCCHZNHZ
R*® R*®
MeZCHCHNH2 MBE?CHENHE
R
R* minor product
MGQCHCH:NH
MeECHCHaNH2

MeECHCH=NCH20HMe

R.

M32€CH=NCH20HM92

R.

Mea?CH=NCHECHMe

R

a2

major product

Scheme 33

2

»s» Major product
2R.

MeECH?=NCHaCHMe
R

2

(CFB) SN+ MeECHCt}:NCHBCHMeZ

0.

:

MeECH?=NCH20HMe2
OH

minor product
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There would appear to be two possible routes to the disubstituted Schiff's

base found as a minor product in the 2:1 reaction of (CF3)2NO"with

isobutylamine:

(a) further substitution by (CFB}ENO.:
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Ro . R'
Mea('JCH—NCHZCHMe2 —_— MGE?CHWNCHZCMGE 2 MGZ?CH—NCHE?Mea

R R R R
or (b) transalkylidenation (exchange):

= S =
Mea('lJCHaNH2 + MeZ?CH NCHZCHMe2 M92?CH NCHB?Me2

R R R R

+ M32CHCH2NH2

3. Reactions of (CFBQﬂNO' with benzylamine

Benzylamine was chosen as the next amine for study as it has no
readily abstractable hydrogens other than in the CH2NH2 ETOUpP.
Using equimolar quantities of reactants reaction was complete

after 20 to 30 minutes giving the products shown below.

PHCHNH, + R® ——> PhCH=NCH,Ph (CF3)2

95% 100%

NOH + NH3

+ unidentified

5%

The mechanism proposed to explain the formation of N-benzylidenebenzylamine

is shown in Scheme 34,

R* ] R® PhCH_NH,,
PhCH,NH, —=—9- PhCHNH, —=-3= PhCH=NH ~———S—S2~ PhCH=NCH,Ph

+ NH3

Scheme 34

The abstraction of the first hydrogen from the CH2 rather than from the
NHa is even more likely in this case than in the isobutylamine reaction
as the resulting radical would be further resonance stabilised by

delocalisation of the lone electron around the ring. The disproportionation
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of the PhéHNH2 radical with a second (CFE)ENO. radical gives benzéldimine
PhCH=NH which is unstable, although much more stable than the aliphatic
aldimines, The condensation of the imine with the amine to give the
Schiff's base is the reaction expected when an imine is generated in
the presence of excess amine.127’128

An alternative route to the Schiff's base via benzaldehyde can
be ruled out as this would involve loss of oxygen from the (CFB)ENO.
\resulting in the formation of (CF3)2N’ radicals and then (CFB)ENH’
(OFBJENON(CFB)E or (CF3)2NN(0F3)2; (CF3)2N0H was the only fluorine
containing product.

Using a 2:1 molar ratio of (CF3)2NO. to benzylamine the products

were as shown, Percentage yields from two reactions are given.

PhCHENH2 ) e PhCH:NCHZPh + PhCHzN?HN=CHPh
Ph

(a) 51%, (v) 42% (a) 19%, (b) 37%

Ph H
/,fj&é\\\\ H
N N
+ probably /U%\\\
Ph ; H . HON(CFS)2
| Ph

g
(a) 20%, (b) 17%

+ PhCHO + PhCOON(CF3)2
(a) trace, (b) 2.5% (a) =, (b) 1%
+ (GF3)2NOH + ~ NH3
97%

The main products were:
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(a) (CF3)2NOH, 100% in all,

(b) N-benzylidenebenzylamine, formed as in the equimolar reactant
reaction,

(c) hydrobenzamide, (PhCH=N) oCHPh. This is the product normally

expected when benzaldimine, formed at room temperature, undergoes self-

condensation, presumably via the reaction sequence shown in Scheme 35,

PhCH=NH

Z2PhCH=NH w5 PhCH:N(‘lHNH2 e PhCH=N?HNH?HNH2
Ph Ph PFh
~NH
3
PhCHnN?HN=CHPh
Ph
Scheme 35
(d) the adduct between probably 1,2,3,4-tetrahydro-2,4,6-triphenyl-

1,3,5~triazine and (CF,).NOH. The evidence for the identification of

32
this compound is given in full in the experimental section but will be
discussed briefly here.

The adduct consists of a white selid which was found to be
insoluble in all the solvents tried although it dissolved in acetone on
heating forming 2,4,6-triphenyl~l,3,5~triazine and (CF3>2NOH' The same
compounds were formed by the action of heat on the solid in vacuo, and
when a melting point determination on the solid was attempted. Decom=
position appears to occur between 135 and 140°C.

The i.r. spectrum of the solid (Fig. 9, experimental section)
showed peaks for C=N stretching (1625 cm—l), N-H stretching (3300 cm'l,
sharp) and for (CF3)2NO. It also showed a broad medium band beﬁween

132

3100 and 2100 cm“l typical of secondary amine-(CFB)aNGH adducts, The




presence of the free N-H stretch implies that two amino groups must be

present, one free and the other forming the adduct with (CFB)QNOH.
Analysis of the solid gave figures close to those required by the

adduct although two analyses on portions of thé same sample indiéated

that the adduct slowly decomposes, losing (CFB)ENOH’ at room temperature.

No references to 1,2,3,4~tetrahydro~2,4,6~triphenyl-l,3,5~triazine

could be found in the literature other than as a postulated intermediate
in the hydrogenation of 2,&,6-tripheny1—1,3,5~triazine.l§9 It is

presumably unstable and only stable in this case as the (CF.).NOH adduct.

302
1,2-Dihydro=2,4,6=-triphenyl-1,3,5~triazine which is stable and

well decumented was considered as a possibility., However its i.r.
spectrum shows bands for C=N at 1605 cm":L and N-H at %200 cmnl.lho The
position of the C=N stretching frequency is about as expected. Having
two conjugated C=N bonds it would be expected to have a lower C=N
stretching frequency than the tetrahydro compound, Furthermore, a 1l:l
adduct between the dihydro compound and (CF3)2NOH would not be expected

to show a stretching band for free N-H.

The 1,2=-dihydro compound is easily converted to 2,4,6-triphenyl-

1,3,5-triazihe by heatihg in refluxing xylene or nitrobenzene.lkl
Ph H. Ph
P AN
Ve
N N A N N

I A= "
Ph N Ph Ph N Ph

Presumably a similar reaction takes place with the tetrahydro compound
when heated:

Ph H Ph

)k« H /&
N N~ | N N

J\ /lTPh . HON(CF,), ~—> J\ + 2H, + (CF,),NOH
Ph . Ph N Ph

o ——)
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The mechanism proposed for formation of the tetrahydro compound is

shown in Scheme 36*

2PhCH=NH ’

PhCH=NCHNH
I <

Ph

PhCH=NH

PhCH=NCHNHCHNH.

I I
Ph
PhCH=NCHN=CHPh
I N
Ph
Ph Ph
H I H
H
2R*
Ph. H
N
Ph
Ph
Scheme 36

The driving force for the cyclisation is presumably the presence of

excess (CFA~NO* which can stabilise the intrinsically unstable hexahydro

-2,*f,6-triphenyl-1,3»5-triaiiine by removing two hydrogens to give the

double bond.
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Another possibility for the structure of the compound under
discussion was thought to be an adduct between (CFB)erH and the inter-

mediate compound shown in Scheme 36,

2 3)2 *

Ph Ph

i.e. PhCH:N?HNH?HNH + HON(CF

Such a structure would (a) show very nearly the same analysis figures,
(b) show peaks in the i.r. spectrum for C=N and free N-H., Loss of
ammonia or cyclisation would be prevented by the bending between the
N, group and (CFB)ENOH. However such an adduct was ruled out as it was
considered that removal of the (CFB)ENOH would probably result in loss
of ammonia giving hydrobenzamide rather than in c¢yclisation and loss of
hydrogen to give 2,4,6-triphenyl-1,3,5~triazine, as there would be no
(CFB)ENO. present to abstract hydrogens and stabilise the hexahydro-
2,4, 6~triphenyl~l,3,5-triazine,

There appears to be only one literature report of the possible
igsolation of hexahydro-2,4,6-triphenyl-l,3,5=-triazine. Russian workers
have reported that addition of a solution of benzaldehyde in methanol to
a saturated solution of ammonia in methancl gives, on standing at -10°C,
a previously unknown crystalline base of formula CalelN3 which is
unstable and readily loses ammonia to form hydrobenzamide. It was
considered that this compound could be either hexahydro-2,4,6-triphenyl-

1,3,5=triazine or PhCH=NCHNHCHNH,. The former of these was thought the
Ph Ph

most likely, on the basis of the compound's infrared spectrum which
showed a band at 3180 cm“l assigned to an N=H stretching vibration but
no double band characteristic of NH,. A strong band at 1680 cm_l, the
only one in the region 1600 to 1700 cm'l, is assigned to N~H deformation

on the basis that PhCH:NCH(Ph)NHCH(Ph)NH2 should show at least two intense

142
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bands in this region, one for NH2 deformation and one for C=N stretching.
This reasoning seems slightly dubious as the band due to N-H
deformation in the hexahydrotriazine might be expected to be weak and
to appear at a lower frequency than 1680 cn L,
However, whichever of these compounds is preferred it does provide
some support for the mechanism shown in Scheme 36, involving as it does
both these compounds as unstable intermediates,

Using a 3:1 molar ratio of (CF3)2N0' to benzylamine the following

products were obtained.

PhCHaNH2 + 3R" ——- PhCH:NCHZPh + (PhCHzN)ZCHPh

16% 10%

Ph PE Ph N Ph
+ probably HON( CF,), +
N\\TfﬁpN
30%
45%

4+ PhCHO PhCOON(CF3)2 + (CF3)2NOH

trace trace not determined

The traces of PhCHO and PhCOON(CF3)2 found in the products of
the 2:1 and 3:1 molar ratio reactions of (CF3)2NO° with benzylamine
could be formed by hydrolysis of N-benzylidenebenzylamine or hydrobenzamide
to benzaldehyde by traces of water and the subsequent reaction of
benzaldehyde with (CFB)aNO'. In one reaction using a 2:1 molar ratio
of reactants significant amounts of PhCHO and PhCOON(CF3)2 were found
but rigorous drying of the reactants reduced the amounts of these to

barely measurable quantities. No traces of either (CF3)2NH or
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(CFB)ZNON(CFB)E’ one of which would probably be formed if the benzaldehyde
resulted from reaction of (CF3)2NO' with benzylamine or one of the
products, were detected.

The overall reaction scheme for the reaction of (CF3)2NO’ with

benzylamine is shown in Scheme 37,

PhCHaNH2
R .
PhCHNH2
R L]
PhCHaNH2
PhCH=NH et PhCH:NCHaPh + NH3
2PhCH=NH

PhCH:N?HNH?HNHa
Ph Ph

~NH Ph H

N
PhCH=NCHN=CHPh
b Ph
H
P
N

2R’

Scheme 37 /n\\
Ph Ph
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4, Reaction of (CFquNO' with N~benzylidenebenzylamine
This reaction was complete within 30 minutes giving an almost
quantitative yield of N-benzylidene-l~(bistrifluoromethylamino-oxy)-

benzylamine,

= t ——y =
PhCH NCH,Ph + R PhCH NCHaPh + (GFB)?_NOH

4,51 mmoles 7.98 mmoles 17% unreacted 53%

+ PhCH:N?HPh
R

9%

The radical formed by abstraction of the benzylic hydrogen is resonance

stabilised as shown:

PhCH=NCHPh < ———> PhGHN=CHPh

as well as by delocalisation of the odd electron around the rings.

19

The "“F n.m.r. spectrum of PhCH=NCHRPh is interesting. At room

temperature it displays a very broad singlet (Fig. 10), at higher

temperature (60°C) a much narrower singlet, and at low temperature (-10°C)

=

a doublet of quartets (Fig. 11, Oy= 90 Hz and 9.5 Hz). The explanation

for this splitting is that the (CF3)2NO group is attached to an

asymmetric C z'ad;anl..‘m3

At high temperature the CF3 groups are equivalent
due to rapid rotation about the N-O bond and inversion of the N atom.

At room temperature the rates of rotation and inversion are lower, leading
to a certain amount of magnetic non-equivalence of the CF3 groups., This

non-equivalence is exaggerated at low temperature and the CF, groups

)
appear as discrete peaks., Coupling between the fluorines of the CF3

groups splits these pesks into quartets. Similar splitting patterns have
been observed previously with compounds of general formula

143
(CFB)ENO-CXYZ.




111

Reactions of (CFBAENO' with N-alkylanilines

5. N-methylaniline
6. N~ethylaniline
e 2-Chloro=i4-(N~propylamino)-toluene
8. 4eChloro=-2=(N-propylamino)~toluene

The reactions of (CFB)ENO' with these N-alkylanilines were

carried out in the same way as with the other amines, (CF3)2N0' being
condensed, in vacuo, onto the N-alkylaniline in a reaction tube at -196°C,
The tube was sealed and removed from the liquid nitrogen. In each case

a very fast, exothermic reaction took place, the reactants quickly
turning dark red-purple. Thick white fumes were evolved which settled
down to give dark wine-red viscous products. The reactions were complete
within about three minutes, before the tubes had reached room temperature,

In reactions using a 2:1 molar ratio of (CF.)_NO° to N-alkyl-

302
aniline the volatile products were found te consist of mainly N,N-
bistrifluoromethylhydroxylamine and bistrifluoromethylamine with traces

of perfluoro(methylenemethylamine) and perfluoro~(2,4-dimethyle3~oxa=2,4~
diazapentane).

The involatiles were found to consist of (a) brown-black tarry
solids which dried to brown-black clinker-like solids with melting points
greater than 300°C, and (b) viscous liquids which were identified by
their n.m.r., i.r. and mass spectraJmsNl-alkyl—Nl-aryl-Na-(trifluoromethyl)—
fluoroformamidines of general formula,

F
|

A"""‘"‘='—'CF L3
Y —N—C==N 3

alkyl

The lgF n.,m.r., spectra of these compounds show a doublet between =-29,5

and -26,5 p.p.m, from external TFA and a quartet between =38 and =32 p.p.m.,
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with coupling constants of approximately 12,4 Hz. By comparison with
other compounds, these chemical shifts and coupling constants were shown
to be as expected for compounds containing the Nz-(trifluoromethyl)—
fluoroformamidine group, —NCF:NCFB.

In the lH N.m.r, spectra, replacing the amino H by the
—CFzNCF3 group results in a shift of the peak due to the u.—CH2 or CH3
group to lower field by between 0,7 and l.4 p.p.m. The B-CH, to CH3
peak is shifted by a much smaller amount and there is a shift downfield
of the phenyl protons by between 0.5 and 1.0 p.p.m.

The i.r. spectra show a very strong peak at about 1690 (:m_l for
the C=N stretching vibration.

The reactions of (CFB)ZNO. with these foﬁr N-alkylanilines (2:1

molar ratio) are summarised below.

Se (CF.).NO* with N-methylaniline

(=4

PhNHMe + 2R°® reew——3= (CF.).NOH + (CF3)2NH + CF_N=CF

372 3 2
64% 16% trace
+ Ph?CFzNCFB + black tarry solid
Me
36% of 27 total weight
amine used of reactants
6. ,(CF322N0. with N-ethylaniline

PhNHEt + 2R" —————— (CF3)2NOH + fCFB)aNH + CF5N=CFa

GQ% 20% trace

+ (CF3)2NON(.CF3)2 + Phl\'ICFz-.NCF3

Et

3% 26%
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+ black tarry solid

19% total weight of reactants

7. (CF )ENO' with 2-chloro-i~(N-propylamino)-toluene
Me NHPr + 2R" e (CFB)BNOH + (CFB)ENH
62% 15%
Cl
+ Me IiICFzNCF3 + black tarry solid
Pr 29% total weight
Cl : of reactants
24%
8. (CFj)ﬁNO' with 4=-chloro-2-(N-propylamino)=-toluene

Me

NHPr + 2R*® —m~ (CFB)ENOH + (cF3)2NH

bl - 35%
c1

Me

$CF=NCF + black tarry solid

3
Pr 21% total weight
Cl or reactants

L1y
The bistrifluoromethylamine could be formed via several routes, as
postulated by Choudhury51 who studied the reactions of (CF3)2NO' with
diphenylamine, 4,4'~dimethoxydiphenylamine, 4,4*'~dicumyldiphenylamine and
4,4kv~dinitrodiphenylamine in an attempt to prepare compounds of general

formula ArZNON(CFB)E' In all these reactions the only isolable products




were (CF~“NOH and (CF~~NH together with intractable multi-component
mixtures containing the corresponding amine and compounds with (CF~“~NO
groups. In view of the fact that traces of neither ANON* compounds

. . 51 .
nor stable diphenylamino-oxyls were found, Choudhury thought a reaction

scheme such as that shown in Scheme 38 was unlikely.

(cr3)2nN0#
Ph2NH + (CF3)2NO* (CF3)2NOH + Ph2N*

(CF3)2NONPh2

¢
(CF3)2N# + Ph2NO#

several

Ph2NH

(CF3)2NH + Ph2N* — =» Ph2NH

+ other products

Scheme ;.

He suggested alternative routes, shown in Scheme 39, as more likely

possibilities.

R*

+ unknown products



+ (crFr3)2NH

R# or (CF3)2N'

R* or (CF )2N- »
N- X  ——mm—————— unknown products
+ (cr3)2n * —>e (crFr3)2NH
Scheme 39

Similar mechanisms have been proposed for reactions of other
amino-oxyls, e.g* the oxidation of phenols to benzoquinones by diphenyl-

amino-oxyl, *fj*'-dinitrodiphenylamino-oxyl, Banfield and Kenyon'’s radical
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and porphyrexide,lo8 and the oxidation of aniline and substituted anilines
to p-benzoquinones and the oxidation of diphenylamine to p-benzoguinone

anil by Fremy's radicallo9 (Scheme 40).

'dN(SOEK)a
hNH = PhN" & N ‘H > ete,
EN(S0.K), + N 0 € N
37 q

Scheme 40

The §}-alkyl-§}-aryl~§2-(trifluoromethyl)-fluoroformamidines are
the result of reaction between (CFB)ENH and the original N-alkylanilines.,
This is supported by the following evidence.

(a) Reaction of (CF3)2NO° with an excess (1:4 molar ratio) of N-
ethylaniline gave volatile products counsisting of (CF3)2NOH (57%) and
(CF3)2NON(GF3)2 (2%). These volatile products showed some reluctance to
condense from the reaction tube into a -=196°C trap, but after strong
heating the tube reached constant weight., The difficulty in removing the
volatiles was attributed to the presence of excess N-ethylaniline which
would form an adduct with the slightly acidic (CF;),NOH. No (CF;) LN vas
detected in the produ;ts. Using an excess of N-ethylaniline there is
enough to reaect with all the (CFB)ZNH which is generated in excess in

the reactions using a 2:1 molar ratio of (CF3)2NO‘ to amine,

(v) When a reaction between (CF3)2NH and N-ethylaniline was carried
out using equimolar amounts of reactants the products were as shown

below,
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3
53%

PhNHEt + (cz-"3) SNH i (CFB) SN+ PhblICFazNCF

4% unreacted Bt

+
+ PhNH Et H2F3

3hal unaccounted for

+ 7% total weight

The mechanism of the reaction of (CFB)ENH with the N-alkylanilines is
shown in Scheme 41, using N-methylaniline as an example. Because of the

reduction in base strength caused by the two CF3 groups (CFB)ENH does not

react normally with the usual amine reagents., In most reactions it tends

to reverse the normal method of synthesis and revert to CF N=CF2 and

3
HF.lhq In comparison with the C=C bond in perfluoropropene the C=N

bond in perfluoro(methylenemethylamine) is much more susceptible to
145

nucleophilic attack and considerably less prone to free radical attack.

e =
(CFB)ENH CF2 NCF3 + HF
_ mucleophilic .
PhNHMe + CFEWNCF3 mddition =» PhI}ICFaNHCF3
Me
~HF
PhNCF=NCF
[ 3
Me
+ -
and PhNHMe + 3HF ~ee—= PhNHeMe HEFB

Scheme k1

Similar reactions to that proposed above have been reported for alcohols,
mercaptans and HES with perfluoro(methylenemethylamine).146 The
thoroughness with which these reactions have been investigated is

illustrated by the fact that over 50 compounds, patented as plant
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protecting fungicides, insecticides and acaricides, have been prepared by

reacting perfluoro(methylenemethylamine), bistrifluoromethylamine or

Nl Nl N"-tris(trifluoromethyl)-fluoroformamidine, (CF )2NCF=NCF3, with

compounds containing benzene rings substituted with various nucleophilic

groupslu? and with nuclear substituted 2,,3-cl:'Lme::‘c.aptoqw.ninoxalines.ll’l8

H CF N=CF, = X
- S,
YH Y
7

e.g.

z
COXH  CFN=CF, /ji
YH Y~ ONeE,
7
CF N CF S>
NCF
g - 3
4
5

Acid-binding agents such as alkali metal carbonates or fluorides,
tertiary aliphatic or aromatic amines have been used as acceptors for
the HF liberated in the rveactions.

The overall scheme for reaction of (CFS)QNO' with N-alkylanilines

is shown in Scheme 42, using N-methylaniline as an example.
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(a)  PhNHMe —-~§-ﬁ3- PhilMe <> <<zjj:>>=NMe <—> ete.
H

R.
unknown products &= <gzjjj;>=NMe G <<::jj;2?NMe
0 ON(CFy),,
H
+ (CF3)2NH
(b) PhNHMe + (CF3)~2NH —_— Pm}rcmc% + 2HF
Me
+ -
(c) PhNHMe + 3HF - PhNHEMe HaFB‘—————aw unknown products

Scheme 42

Reactions of (CFBlQNO. with N-benzylaniline and N-benzylideneaniline

9. . N=benzylaniline

The reaction of N-benzylaniline with (CF3)2N0’ showed many points
of similarity with the other N-alkylanilines. The reaction time, in a
reaction where CClk was used as solvent, was about the same, 3 minutes,
although in reactions where no solvent was used the reaction was much
slower, taking 10-15 minutes. This was hardly surprising as, in these
cases, the (CFB)ENO. was reacting with solid N-benzylaniline.

The products were similar in appearance, consisting of dark red
liguid. Removal of the volatiles left a brown-black tar. The volatiles
consisted of (CFB)ENOH and (CF3)2NH in comparable yields to the other
reactions, The involatile tar was partially soluble in CClu, leaving a

black residue. The main product of the reaction was gl-benzyl—gl—
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phenylfyg-(trifluoromethyl)-fluoroformamidine, PhCHB(Ph)NCF=NCF3

same type of compound as formed in the other N~alkylaniline reactions.

y the

However énother major product in this reaction was benzaldehyde
and the l9F n,m.,r, spectrum of the soluble involatile products also
showed a complex series of overlapping bands between =12.3 and -10.3
PeP.m. from TFA for unidentified (CFB)ZNO-compounds (molar ratio of
PhCHa(Ph)NCF-:NCF3 to unidentified (CFB)ZNO-groups, from the oF NeMeTe
equals 2.3:1)., No aldehyde or unidentified (CFB)ENO—compounds were found
in the products of the other reactions of (CFB)QNO' with N~alkylanilines.,
The lH n.m.r, spectrum of the involatile products showed peaks for the

CHO of benzaldehyde, the CH, of El-benzyl-§1~phenyl-§2~(trifluoromethyl)—

2
fluoroformamidine and for C6H5 groups, the integration of the phenyl
peaks being 38% in excess of that required for PhCHO and PhCHa(Ph)CF=NCF3.
It was concluded that the unidentified compounds contain phenyl and
(CF3)2NO groups but no other C«H or N-H bonds.

The products of the reaction are summarised below.

PhCH.NHPH + 2R® ———yom (GF3)2NOH + <CF3) oNH + PhCHO

2
58% 23% 9%

+ PhCHZI;ICF:NCF3 + unidentified compounds

Ph containing Ph and (CF3)2NO
22% groups.
approx. 19% based on
PhCHaNHPh

+ Dblack tarry sclid

18% of total weight

reactants

That the Ql-benzyl—ﬂl—phenylngg—(trifluoromethyl)~fluoroformamidine is
formed by reaction of bistrifluoromethylamine and N-benzylaniline was

shown by carrying out the reaction:
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2
20% unreacted

2PhCH2NHPh + (CF5)2NH e PHCH, NHPh

+ o~
+ PhCHZ?CBaNCF3 + PhCHaNHaPh HFa

Ph

50% 50%

The formation of benzaldehyde must be attributed to substitution
of one of the benzylic hydrogens of N-benzylaniline, followed by either
decomposition of the resulting compound or its further reaction and

subsequent decomposition, as shown in Scheme 43,

PhCHaNHPh

l

PhCHNHPh

PhCHNHPh

|
/ ON(CF3)2

ey

Ph?H—N@ o PhCI)HI:IP‘ PhOHO + (CF5),N'
R ! R + phﬁH
H

etc,

i

PhCHO + unknown products
Scheme 43

Substitutions of this sort would be much more unlikely in the cases of

the N-methyl-, N-ethyl- or N-propylanilines where radicals of the type




122

PhNHCHa' and PhNHCH-alkyl would not be stabilised by delocalisation of the
electron around the ring as in the case of the PhNHCHPh radical, and in
fact there is no evidence for aldehyde formation in the reactions of

these N-alkylanilines with (CFB)BNO'.

10, N-benzylideneaniline

The reactions of (CF3)2NO' with N-benzylideneaniline were carried
out using both 2:1 and 1:1 ratios of reactants and CClu as solvent.
Both reactions were much slower (30-40 minutes) than the reactions of
(CF3>2NO. with N~-benzylaniline (3 minutes). The products are summarised

below,

PhCH=NPh + R®' ————m—seeZ2e PhCH=NPh + PhCHO

63% unreacted* 10%*

+ unidentified compounds containing
(CF3)2NO and phenyl groups
27%*

+ black tarry solid

% total weight reactants

+

(CFB)BNOH + (CFB) SNH

32% 20%

PhCH=NPh + 2R* —————5m PhCH=NPh o+ PhCHO

53% unreacted¥® 18%*

+ unidentified compounds containing
phenyl groups and one CFZN:GF,
5 (CF3)2N~ and approximately
6 (CFﬁ)aNO— groups

29%%
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+ black tarry solid

18% total weight reactants

+ (CFB)ENOH + (CFB)ENH + CF3N=CF2

33% 1% trace
(* Percentages based on relative molar concentrations of soluble involatile

products, not on PhCH=NPh used or reacted.)

There was no evidence for what might be thought the simplest

possible hydrogen substitution product, resulting from:

PhCH=NPh ——iae  PhG=NPh e —m PhG=NPh
R

This compound would be expected to show a strong band in the i.r.
spectrum of the products at a frequency about 100 cm"l higher than that
of PhCH=NPh (by analogy with the C=0 stretching frequencies of PhCHO
and PhCODN(CF3)2 at 1700 and 1800 em™t respectively), i.e. at about 1730
cmwl. No such band was present.

If abstraction of the CH=N hydrogen is ruled out then the most

reasonable alternative would seem to be addition to the double bond,

PHCH=NPR e e Ph?H—ﬁph <> PRGH-N <—> etc,
R R -

PhCHO + (CF,).N° + unknown
32
products

Scheme 44

to form an intermediate identical to one of those proposed as a
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possibility in the reaction of N-benzylamiline with (CF 0°, and similar

3050
to an intermediate proposed in the reaction of N-isobutylideneisobutyl-
amine with (CFB)ENO .

The (CF,),.NOH and some of the (GFB)ENH could be formed by reactions

502

such as those shown in Scheme 45,

PhCHR-N = PhCHR-N + (CFB) HNOH

(CEy), N0 (CF,) MO

concerted

PhCHR=N PhCHR~N

+ (CF3)2m + (CFB)EN
unknown products
Scheme 45
An alternative mechanism for the formation of benzaldehyde

could involve attack on one of the rings, the resulting radical being

stabilised by delocalisation over both rings, as shown in Scheme 46,
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QCH:N—@ -—-——13.—:> CH—-—NQ &> etc,

Q?H-N N CH-N
R
H R $ H R
CH=N

PhCHO + (CF3)2N' Q & etc,
/ .
+ unknown products H R
Scheme 46

It is perhaps surprising that in the reactions of .N-benzylaniline
with (CFB)ZNO.’ N-benzylideneaniline is not found among the products,
particularly as benzylamine and N-methylbenzylamine (see next section),
in their reactions with (CF3) 2N0', lose hydrogen to give PhCH=NH and
PhCH:NCH3 respectively. The formation of N-benzylideneaniline as an
intermediate, which then reacts further to give benzaldehyde and unknown
products, can be ruled out by the fact that the N~benzylaniline reaction
is complete within 3 minutes (in CClq as solvent) whereas the N-benzylidene-
aniline reaction (in 0014) takes 30 to 40 minutes. The Schiff's base,
if formed, would not therefore be expected to undergo appreciable further
reaction,

(CFB)ZNO. has been founduq to react with hydrazobenzene, on

warming from -196°C to room temperature, as follows.

\ ccl :
PhiNHNHPh + 2R* 4 2mm PhN=NPh + 2(CF3)2NOH

82%

+ some tar
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Other amino-oxyls, e.g. diphenylamino-oxyl, 4,4'-dinitrodiphenylamino-
oxyl, Banfield and Kenyon's radical and porphyrexide, also oxidise
hydrazobenzene to azobenzene instantly at room temperature.lo8

These same amino-oxyls were found to partly oxidise N~benzylaniline
slowly at room temperatﬁre to E;-—benzylideneaniline.lo8 Diphenylpicryl=
hydrazyl is another stable radical which readily dehydrogenates N-benzyl-
aniline to N-benzylideneaniline and alsc converts hydrazobenzene to azo-
benzene almost instantaneocusly at room temperature.lo?
On this basis also, (CFB)ENO. might be expected to oxidise N-
benzylaniline to N-benzylideneaniline, garticularly as it is a much more
active hydrogen abstractér than the stable radicals named above.
Presumably in this reaction however, the efficiency of (CFE)ENO' as a

radical scavenger is of paramount importance leading to attack at one of

the delocalisation sites around the ring.

Reactions of (CF3)2NO‘ with Nemethylbenzylamine and N-benzylidenemethyl~

The reactions of (CFB)aNO‘ with the amine and with the corresponding
Schiff's base were carried out using the same methods as in the reactions
of (CF3)2NO° previously described. In both cases the reactions were

complete in about 50 minutes giving yellow liquid products.

11. N-methylbenzylamine

The products from the N-methylbenzylamine reaction are summarised

below.

PhCHaNHMe + 2R* ~————— (CF,),NOH + PhCH=NMe

3)2
8%% 2hgs

+ PhCHO + PhCOON(CF3)2
12% Kb
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+ —
+ PhCHaliICF=I\¥CF3 + PhCHaNHaMe HF2

Me

22% 23%

The N-benzylidenemethylamine, PhCH=NMe, formed by abstraction of a
benzylic hydrogen and disproportionation of the resulting radical with

a second (CF3)2NO' radical,
. R* o R*
leee PhCHBNHMe et PHCHNHMe  ~wsicwmeentime  PHCH=NMe

is expected by analogy with the reaction of bengzylamine with (CFB)ENO.'

The formation of El-benzylng}-methyl—ﬁg-(trifluoromethyl)-
=fluoroformamidine requires the presence of bistrifluoromethylamine as
an intermediate and is formed by nucleophilic attack of N~benzylmethylamine
on perfluoro(methylenemethylamine) and loss of HF, a similar reaction to

that already discussed for the N~alkylanilines.

-HF
(CF5) NH > CF,=NCF;

PHCH,NHMe + OF ,=NCPy . . PROHNCF=NCF

3
Me

fe -

—————————
PhCHaNHMe + Z2HF PhCHeNHaMe HFE

Scheme 47

That (CFB)ENH is the intermediate was shown by carrying out the reaction

of (CFB)BNH and N-methylbenzylamine:
PhCHZNHMe + (CF3)2NH e PhCHaNHCH3 + PhCHal\!ICF=NCF3
Me
2.07 mmoles 0.65 mmoles 38% unreacted 51%

L —
+ PhCHaNHaMe HF2

L8%
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The formation of (CF3)2NH in this reaction must also involve the

production of benzaldehyde. A number of reaction routes can be postulated,

as shown in Scheme 48.

PhCHaNHCH

3
R.
PHCHNHCH,
R* R®
PHCHO B PhCHNHOH PRCH=NCH, —R . PhCH=NCH,*
. R .
+ (CFB)EN 1\
+ CHBﬁH re N\ (B ©) /ge PhH-N=CH,
, () | »*
PhCHNCH
R PhCH-N=CH
. ] 2
R

" PhCHO + (CFB)EN'
PhCHO + (CEB)ZN'

+ CH2=N'
+ CH2=NH
PhCHaNHMe
and (CF3)2N ol (CFS)ZNH
CH,NH
3
CH2=NH ~——e Unknown products
CH2=N

Scheme 48




1z. N-benzylidenemethylamine
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The reaction of (CFB)ENO. with N=benzylidenemethylamine also gives

benzaldehyde and the amino~oxy substituted benzaldehyde as major

products.

PhCH=NMe 4 2R°® e (CF3)2NOH + (CFB)ENON(CFB)E
52% 15%

+ PhCH=NMe +  PhCHO

48% unreacted 2%%

+ PhCOON(CF3)2 + unidentified

14% 57% based on
PhCH=NMe reacted;
27% based on
R® used,

The reaction was rather more complex than that starting with N-methyl-
benzylamine and a large proportion of the products remained unidentified.

There would appear to be two routes to the identified products,

already shown as part of Scheme 48,

i.e.
PhCH=NC
N HB \\\\\\\$\
Ph?H“ﬁCH3 PhCH=NCH,,
R$ $
PhCHO + (CF3)2N' + CH,=NH PhCﬁLN=CH2
PRR-N=CH,

R

PhCHO + (CF3)2N

+ CH2=N‘
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and PhCHO R 5w  PhCO R e PhOOR
. R’ ‘
(CFB) oN S~ (CFB) 2NON(CI‘3) >
Scheme 49

The formation of (CFB)ENON(CFB)E rather than (CFB)ZNH can be attributed
to the fact that hydrogens in PhGH==NCH3 are less labile than those in
N-methylbenzylamine and the (CFB)QN’ radicals are therefore likely to be
scavenged by the excess (GFB)ENO. before abstracting hydrogen.

The route involving addition of (CFB)ENO- to the C=N double bond
and the subsequent decomposition of the PhCHRI:ICH3 radical is similar to
routes proposed for the reactions of (CF3)2NO' with N-isobutylideneiso-
butylamine (Scheme 29) and with N-benzylideneaniline (Scheme 44),

The route involving abstraction of hydrogen from the CH3 group

seems a strong possibility, the radical so formed being rescnance

stabilised:

PhCH=NCH2' s PhéH—N:CHa <> @CH—N:CHZ <> etec,

The second resonance form would be more stable than the first and sub-
sequent reaction might therefore be expected to take place at the ben;ylic
position. Against this route are the following facts,

(i) In the reaction of N-isobutylideneisobutylamine with (CF3)2NO'

the major product results from substitution of the tertiary hydrogen to
give MEBCRCHnNCHECHMea, and the second product apparently results from
addition of (CFS)ENO. to the C=N double bond followed by disproportionation,
oy substitution of the CH=N hydrogen, in either case followed by
decomposition of the compound so formed, MeECHCR=NCH20HMe2. There was no

indication that any abstraction from the CH, took place.

2
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(ii) The reaction between N-benzylidenebenzylamine and (CFB)ENO.’
which gives an almost quantitative yield of PhCH=NCHRPh, is not
particularly fast (reaction time 30 minutes at room temperature) even
though the radical PhCHaNéHPh is extensively resonance stabilised.

The fact that the reaction of N=-benzylidenemethylamine with
(CFB)ENO‘ gives PhCHO, PhCOON(CF3)2 and (CF3)2NON(CF5)2 as major
products is good evidence that PhCH:NCH3 is also the intermediate in the
formation of PhCHO, PhCOON(CF3)2 and (CF3)2NH in the reaction of N~
3)aNo'.

It seems most likely, therefore, that the reaction of (CFE)ENO.

methylbenzylamine with (CF

with N-methylbenzylamine proceeds via route C or D in Scheme 48, although
the other two routes cannot be completely ruled out,.

No product could be identified from further reaction of the other
fragment (CH ﬁH, CH2=NH or CH

3 2
and (CFB)EN" although the 1y n.m.r, spectrum of the volatiles from

=N*) involved in formation of benzaldehyde

reaction of PhCH-_-NCH3 with (CFB)ENO. showed a singlet (int. 4.2) at +0.97

ppm from external DCB for (CF3)2NOH and broad singlets at +2.15 ppm (int.
0.2), +4+,17 ppm (int. 0,1) and +4.92 ppm (int. 0.6), the latter peak
being at about the correct chemical shift for CH N, (e.g. CH, in the

3 3
CH3NH2'(CF3)2NOH adduct gives a peak at 7.55't,132 approximately +4.8 ppm
from external DCB).
The overall reaction scheme for reaction of (CFB)ENO' with

N-methylbenzylamine is shown below.




PhC=0
R'

PhC=0

PhCHgNHCH3

R* v PhCH,, NHMe
N L
rmommrmserae—  PHCHO  + (CFB)EN ——ee A(CFB)ENH

+ unknown products pthaNHMe

l?hcHzl\'ICF'al‘IC:F:5
Me

+ ZHF
4

PhCHéNHHe

Y
+ -
PhOH, NH_CH, HF,

Scheme 50

132
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SUMMARY OF CONCLUSIONS

le In reactions of (CF3)2NO' with isoalkyl compounds of general
formula MeZCHCH?_x (X = Bt, t-Bu, Cl, Br, NO,, COMe, OCCMe, CH,Cl,
CH2Br, CH2N02 and CHchaBr) the inductive power of the group X exercises
a controlling influence over the following.

(a) The ratio of disproportionation to combination (kd/kc) for
2(.ICHZX radicals, Combination is

favoured by electron-withdrawing groups and disproportionation by

(GFE)aNO. with the initially formed Me

electron~donating grouwps. The kd/kc values correlate well with the Taft

polar substituent constants o* of CH,X. Within close limits, log (kd/kc)

2
is directly proportional to o¥,

(b) The rate of initial hydrogen abstraction from MeaCHCHZX.
2e Steric effects are important in determining the ratio of external
to internal olefin formed in the disproportionation step. When X is an
alkyl group, increase in the size of X favours formation of the external
olefin, When X is an electron-~withdrawing group the external olefin
is formed almost exclusively. This is attributed to a combination of
polar and steric effects,
3. The reactions of (CFB)ENO. with isoalkyl iodides are complicated
by replacement of iodine by (GF3)2NO'.
h, In the reactions of (CFB)ENO. with isoalkyl alcohols abstraction
takes place from the tertiary C~H and from the CH2 group o to OH. Both
resulting radicals give disproportionation and combination reactions.
5. In the reaction of (CF3)2N0’ with isopentylbenzene the main
product is the result of benzylic substitution. The lack of
disproportionation is attributed to a steric effect.
6. (CFB)ENO. reacts with isobutylamine and benzylamine to give

the imines which condense with excess amine to give the Schiff's bases.

Benzylamine, with excess (CF3)2NO', gives a mixture of N-benzylidenebenzyl-




134

amine, hydrobenzamide and 1,2,3,4-tetrahydro~2,4,6~triphenyl-1,3,5-
triazine, the last two compounds being formed by self-condensation and
cyclisation of benzaldimine respectively.

7 (CFB)ENO‘ substitutes the tertiary hydrogen of N~isobutylidene-~

isobutylamine to give MeBCRCH=NCH2

iminol compound MeECHC(OH)zNCHacﬁMe

CHMea, and also forms the unstable

a.
3)aNO' substitutes a benzylic hydrogen in N-benzylidene-
benzylamine to give an almost quantitative yield of PhCH=NCHRPh,

8. (CF

9. (CF,);N0" reacts with N-alkylanilines to give (CF) NOH,

(CF H, black tarry solids and lealkyl-Nl-aryl—Na-(trifluoromethyl)—

30N
~fluoroformamidines, from reaction of (CFB)ENH with the N-alkylanilines,

as the only other isolable products.

10. N-benzylaniline gives similar products to the other N-alkylanilines
plus benzaldehyde and some unidentified (CFE)ENowcompounds. N~
benzylideneaniline is thought not to be an intermediate in this reaction

although it reacts with (CF,)_NO® to give fairly similar products.

32
Possibly the two reactions proceed via the same intermediate,
11, N-methylbenzylamine reacts with (CFB)ENO‘ to give PhCH:NCH3
which reacts further to give benzaldehyde and (CF3)2NH. The latter reacts
with N-methylbenzylamine in the same way as with the N-alkylanilines.
12, Possible extensions of the work of (CFB)QNO’ with amines could
involve the following.

(a) Trapping the imine with suitable substituent groups to
effect ring closure.

(b) Introducing C=N bonds into saturated or partially
unsaturated heterocyclics.

(¢) The fact that (CFB)ENO. abstracts hydrogens from carbon
atoms adjacent to both ends of the C=N bond rather than abstracting the

CH=N hydrogen could be used in the preparation of (CF3)2NO-substituted




aldehydes or gmines in which the CHO or NH2 group is intact, by reaction

of (CFB)ZNO. with a suitable Schiff's base followed by hydrolysis.
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GENERAL TECHNIQUES

Almost all the reactions carried out during this work, other
than preparations of starting materials, involved gases or volatile
liquids of high toxicity. These were therefore manipulated in a
conventional Pyrex vacuum system.

The reactions were carried out in sealed, evacuated, thick walled
(2-3 mm) Pyrex "Carius" tubes capable of withstanding pressures of up to
10 atmospheres, or in thick walled Pyrex '"Carius' tubes fitted with PIFE
stoppered '"Rotaflo" valves and capable of withstanding pressures of up
to. 5 atmospheres,

Volatile reactants were condensed into the reaction tubes in vacuo
at -196°C; involatile reactants were poured into the tubes as the first
stage of the loading process. After sealing, the tubes were placed in
heavy metal guard tubes or, in cases where reaction times were being
taken, in room temperature water baths behind blast screens,

In some cases volatile reaction products were condensed into the
vacuum system and separated by trap-to-~trap fractionation, the gaseous
mixture being passed at pressures of 1~2 mmHg through a series of traps
cocled to progressively lower temperatures. The cooling baths were
prepared by the careful addition of the coolant to an organic liquid
until a slush of adequate consistency was obtained. The solvents used
for the low temperature baths and the temperatures attained are shown
below.

Acetone/liquid Nitrogen .eeecesscccsccscsceces  =42°C

Methylated spirits/solid carbon dioxide ...... =78°C

Toluene/liquid NitTogeN eeeecesncscascscscsess =96°C

Diethyl ether/liquid nitrogen ...eveeenesse.. =120°C

LiQUid nitrogen R R N X R -19600
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Gas liquid chromatographic analyses were carried out using Pye
Series 104 instruments fitted with flame ionisation detectors. Samples
were injected with 1 pl syringes onto columns packed with acid-washed
Celite coated with ca. 10% by weight of stationary phase,

Preparative g.,l.c. was usually carried out using a Perkin-Elmer
F21 machine or occasionally with an adapted Pye Series 104 instrument
fitted with a 100:1 stream splitter. The carrier gas was nitrogen.

Infrared spectra were recorded on Perkin-Elmer spectrophotometers
(Models 137 and 735) fitted with sodium chloride optics. lVolatile samples
were examined in a gas cell of path length 10 cm equipped with sodium
chloride plate windowsj involatile liquids were examined as capillary
films; solids were run as mulls with nujol and hexachlorobutadiene or as
melts.

N.m.r. and mass spectra were run by members of the techniecal
staff of the Department.

Most of the nuclear magnetic resonance spectra were recorded on
Perkin-Elmer R10 and R20A spectrometers, both operating at 60 MHz for
1H and 56,5 Mz for 19F investigations, and on an R32 machine operating
at 90MHz for 14 and at 84,6 MHz for LTOF. A few W spectra were recorded
on a Varian Associates HA 100 spectrometer operating at 100 MHz.

Mass spectra were recorded on an A,E.I. MS902 double beam
focussing spectrometer operating with an ionising beam energy of 70 eV
and a resolving power of 1250, G.l.c.~mass spectrometry was carried out
using a Pye Series 104 chromatograph - which separated out and trapped
the components on elution in reservoirs; their mass spectra were then
recorded.

Elemental analyses were carried out by the Departmental analysts

using recognised techniques. Carbon and hydrogen were estimated by
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combustion of the sample in oxygen at about 1000°C in a conventional
analytical train fitted with a tube packed with sodium fluoride to
remove silicon tetrafluoride and hydrogen fluoride from the combustion
products; nitrogen was estimated as nitrogen gas by Dumas' method;
fluorine was estimated colourimetrically as the alizarin~-fluorine blue

complex,

PRESENTATION

Experiments described in the experimental section are presented
in the same order as in the discussion.

The percentages quoted for the products are calculated as follows.

(i) The compounds (CFB)ENOH’ (CF3) NON(GF3)2 and (CFB)ENH eoe

2
percentages are based on (CFB)ZNO. used,

(ii) Unreacted substrate ... percentages are based on substrate used.
(4ii) Other products derived from the substrate ... percentages are
based on substrate reacted.

(iv) Unidentified products ... percentages are based on substrate
reacted or are based on the total weight of reactants.

Nuclear magnetic resonance, infrared and mass spectra are given
in the text for unidentified and unknown structures. Spectra of
identified compounds, unless illustrated as figures in the text, are
to be found in the appendices and are numbered, e.g. n.m.r. 1, i.r. 2,

MeSe 3-
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SECTION I

REACTIONS OF BISTRIFLUOROMETHYLAMINO-OXYL WITH (a) ALKANES AND SUBSTITUTED

ALKANES OF GENERAL FORMULA Me.CHCH.X, (b) AN ALKENE AND A SUBSTITUTED

ALKENE OF GENERAL FORMULA CH_=C(Me)CH_ X, (¢) ISOBUTYRALDEHYDE

1. WITH ISOHEXANE

This reaction was carried out twice as follows. Bistrifluoro-~
methylamino-oxyl [(a) 2.80 g, 16.67 mmoles, (b) 5.97 g, 35.54 mmoles]
was condensed, in vacuo, into a Pyrex reaction tube (gg. 300 cm3)
containing isohexane [(a) 0.74 g, 8.60 mmoles, (b) 1,55 g, 18.02 mmoles ]
cooled to ~196°C. The tube was sealed, allowed to warm to room
temperature and left in the dark, for 20 hours in the first case and for
one hour in the second. Reaction appeared to be complete after one hour,
as evidenced by the disappearance of the purple gas.

The products were analysed by g.l.c. (2m SE30 and 2m DNP columns
at 60°C). Two of the products gave retention times identical to N,N-
bistrifluoromethylhydroxylamine and isohexane. The yields of these two
compounds were calculated by comparativé gel.c. The other products were
identified, from g.l.c. analysis linked with mass spectrometry, as:
2-(bistrifluoromethylamino-oxy)~2-methylpentane (mass spectrum l);
probably 2-(bistrifluoromethylamino~oxy)=t-methylpentane (m.s. 2),
1,2-bis(bistrifluoromethylamino=oxy)-2-~methylpentane (m.s. 3), and 2,3~
bis{bistrifluoromethylamino-oxy)-2-methylpentane (m.s. 4), Additionally,
1,2=-bis(bistrifluoromethylamino~oxy)=-2~methylpentane was separated by
preparative g.lec. (4m SE30 column at 60°C, Pye 104 instrument) and its
structure confirmed by its n.m.r. spectrum (n.m.r. 1). The g.l.c.
retention time and the mass spectrum of this compound were found to be

identical to the retention time and the mass spectrum of the major

product of the reaction between (CFB)ZNO. and 2=methylpent-l-ene,




The mass spectra (m.,s. 1 and m.s. 2) of the two mono~amino-oxy

products both showed strong peaks at m/e 85 (06H
oxy products from reaction of (CF3)2NO‘ with 2-methylpent-l-ene (i.e.

allylic substitution products) showed strong peaks at m/e 83 (C6H

but no peaks at m/e 85.

e

13

o
11 )

The mono-amino-
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The g.le.ce. peak for 2-(bistrifluoromethylamino-oxy)-2-methylpentane

had another peak as a shoulder, presumably due to another monosubstituted

compound.,

The yields of the (CFB)BNO—compounds were calculated from their

g.1l.¢., peak areas,

Reaction summary

Reactants:

Reaction (a)

Reaction (b)

(CF3)2NO
MeZCHCHECHacHB

Products:

MGECHCHBGHECH3

(CFB)ZNOH
MechCH20H20H3

2CHGHacHRCH3

?H2~?(Me)CHECH20H3
R R

prob, Me

Mea(‘)-?HCHECH3

RR

unidentified

2,80 g, 16.67 mmoles
0.74% g, 8.60 mmoles
0.3L g, 3.61 mmoles, 42%
146 g, 8.67 mmoles, 5%
0.35 gy 1.40 mmoles, 28%
0.14 g, 0.55 mmoles, 11%

1.07 g, 2.54% mmoles, 51%

0013 By 0.30 mmoles, 6}6

L4y of ischexane
products

5.97 gy 35.54% mmoles

1.55 g, 18.02 mmoles

0.68 g, 7.93 mmoles,
not determined
0.56 g, 2,22 mmoles,
0.18 g, 0.71 mmoles,

2.42 gy, 5.75 mmoles,

0.30 gy 0.71 mmoles,

1449

22%
b
5%

%

%% of isohexane products




1h2

2. WITH 2-METHYLPENT-1-ENE

Bistrifluoromethylamino~oxyl (1.39 g, 8.27 mmoles) and 2-

methylpent=l-ene (0.47 g, 5.60 mmoles) were caused to react using the
same method as in reaction 1., Reaction was complete within one hour,

Gel.c. analysis of the products (2m SE30 column) showed peaks for
7 major and several minor compounds. Two of the major peaks had
retention times identical to N,N-bistrifluoromethylhydroxylamine and
2-methylpent-l-ene. The yields of these two compounds were calculated
by comparative g.l.c.

G.l.c.-mass spectral data (mass spectra 5-8) showed four of the
major products to be the products of allylic substitution. All four
mass spectra were very similar and two (mass spectra 7 and 8) were
virtually identical, leading them to be tentatively identified as the
two isomers of l-(bistrifluoromethylaminow-oxy)-2-methylpent-2~ene., It
was thought likely that the other two compounds would be the other two
expected allylic substitution products, 2-(bistrifluoromethylamino-
oxymethyl)pent~l-ene and 3-(bistrifluoromethylamino-oxy)=-2-methylpent-1l-
ene,

The main product of the reaction was identified, by comparison
of its gele.c. retention time and its mass spectrum with the products of
reaction 1, as 1,2-bis(bistrifluoromethylamino-oxy)-2-methylpentane
(Mese 3)e

The minor unidentified products, on the basis of their g.l.c.
retention times, appeared to include another mono=- and another di-amino-
oxy product.

The yields of the (CF3)2N0-compounds were calculated from their

gsl.c, peak areas.
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Reaction summary

Reactants:

(CF3)2NO’ esean 139 g, 8.27 mmoles

CH2=C(Me)CH2(IH20H3 eesass 0,47 g, 5.60 mmoles

Products:

CH2=C(MQ)CHECHZCH5 eesvee 0.17 8y 2.02 mmoles, 36% unreacted
(CF3)2NOH esesss 043 g, 2.56 mmoles, 31%

probably CH2=C(CH2R)CH2CHZCH3 eecase Oullt g, 0.55 mmoles, 15%

probably CH2=C(ME)CHRCH CH, eeeeee O.1h g, 0.55 mmoles, 15%

273
probably RC@Q CH20H3 eeesse 0,05 g, 0.18 mmoles, 5%
=C
/N
CH3 H
probably RCH% /H eseene 0,05 gy 0.18 mmOleS’ 5%
C=C
CH3 CH20H3
?Ha-?(MQ)CHBCHEZCH} "esees 0075 £y 1079 mmoles, 5036
R R

unidentified ,..... approximately 10% of 2-methylpent-l-ene products.

Fe WITH 2,2,4~TRIMETHYLPENTANE

This reaction was carried out twice as follows.
Bistrifluoromethylamino-oxyl [(a) 2.67 g, 15.89 mmoles, (b) 3.05 g,
18,15 mmoles] and 2,2,4-trimethylpentane [(a) 0.92 g, 8.07 mmoles,
(b) 1.0% g, 9.12 mmoles] were caused to react using the same method as
in reaction 1.
G.l.c. analysis (2m SE30; 80-120°C) of the products showed 5
major and 2 very minor peaks. The first two peaks were identified as
~due to N,N-bistrifluoromethylhydroxylamine and 2,2,4=trimethylpentane.
The yields of these compounds were calculated by comparative g.l.c.

The remaining 3 major compounds (g.l.c. retention times of 12.1,
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16,0 and 21.4 minutes on a 2m SE30 column at 80°C) were separated by
preparative g.l.c, and identified by n.m.r. spectra 2, 3 and 4, mass
spectra 9, 10 and 11 and infrared spectra 1 and 2 as 2-(bistrifluoromethyl-
amino-oxy)-2,4,b=trimethylpentane (4), 1,2-bis(bistrifluoromethylamino-
oxy) =2y i, i-trimethylpentane (B) and 1,2~bis(bistrifluoromethylamino-oxy)-
2~(bistrifluoromethylamino~oxymethyl)~4,t~dimethylpentane.
The two minor products appeared from their mass spectra to be mono-
amino-oxy compounds.,

Sufficient of the monosubstituted compound (A) and the
disubstituted compound (B) was isolated for mixtures of these compounds

to be compared by g.l.c. The results are shown below.

Mixt. Qt. A [mmoles| peak wt, B |mmoles{ peak |peak peak
area ofjarea of
A |area A B area B | A/mmole|B/mmole
(i) |0.048 £]0.17 |15.8 cu®[0.,057 g[0.12 |13.8 em|95 e |115 em®
(i1) | 0.048 gl0.17 | 8.4 om®|0.162 £[0.36 |19.4 em2|49 om® | 54 ome
(1i1)] 0,048 [0.17 | 3.9 en®]0.252 gl0.56 |13.4 em2|2% on® | 24 omS
(iv) | 0,048 g|0.17 |2.4 on® |0.252 g10.56 | 8.3 cm®|1k em® | 15 cm®

Within experimental error equimolar mixtures of A and B give approximately

equal g.l.c. peak areas,

Reaction summary

Reactants: Reaction (a) Reaction (b)
(CF3)2NO' 2.67 gy, 15.89 mmoles 3.05 g, 18.15 mmoles
MeQCHCHECMe3 0.92 g, 8:07 mmoles 1.0 g, 9,12 mmoles
Products:

MeECHCHECMeB 0.41 g, 3.63 mmoles, 45% | 0.49 g, 4.29 mmoles, L47%
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Products: Reaction (a) Reaction (b)

(CFB)ENOH 1.26 g, 7.47 mmoles, 47 not determined

Mea?CHaCMe3 0.35 g, 1.24 mmoles, 28% |0.34 g, 1.2l mmoles, 25%
R

?H2—?(Me)CHECMe3 1.12 g, 2,49 mmoles, 56% [1.23 g, 2.75 mmoles, 5%

R R
(RCHE)E?CHECM(—:B 0.36 g, 0.58 mmoles, 13% [0.47 g, 0.77 mmoles, 16%
R

2 minor 08H17R
products 0.05 g, 0.16 mmoles, 3.5%{0.03 g, 0.10 mmoles, 2%

b, WITH ISOBUTYL CHLORIDE

Bistrifluoromethylamino-oxyl (3.51 g, 20.89 mmoles) was condensed,
in vacuo, into a Pyrex reaction tube (ca. 300 cmj) containing isobutyl
chloride (0.99 g, 10.70 mmoles) cooled to -196°C. The tube was sealed,
allowed to warm to room temperature and left in the dark for two hours,
after which time a trace of (CF3)2NO‘ remained, as evidenced by a pale
yellow tinge to the frozen down solid and a slight purple colouration in
the liquid,

The products were shown by g.l.c. (2m SE30 column at 60°C) to
contain N,N-bistriflucoromethylhydroxylamine, isobutyl chloride and 2
other major and one minor components. The two major components were
identified from g.l.c.-mass spectral data as 2-(bistrifluoromethylamino-
oxy)~l=chloro~2-methylpropane (m.s. 13), and 1,2~bis(bistrifluoromethyl-
amino-oxy)-3~chloro-2-methylpropane (m.s. 14).

2=-(Bistrifluoromethylamino~oxy)~l-chloro~2~methylpropane was
separated by preparative g.l.c, (4m SE30 column at 60°C) and confirmation
of its identity obtained from its n.m.r. and i.r. spectra (n.m.r. 5,

i.r. 3)0
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1,2-Bis(bistrifluoromethylamino~oxy)-3~chloro=2=methylpropane
was found to have a g.l.c. retention time and a mass spectrum identical
to the major product of the reaction of (CF3)2NO' and 3-chloro-2-
methylprop~l-ene,

Reaction summary

Reactants:

(CFZ),N0"  .eveew 3051 g 20089 mmoles

MeZCHCHzcl eseses 0.99 g, 10.70 mmoles

Products

MeECHGH261 ...;.. 0.13 g, 1.39 mmoles, 13% unreacted
(CFB}ZNO. esesse Lrace

(CFB)ENOH vesees Yyield not determined

MGE?CHEC]- ssssre 2.03 g’ 7. 82 mmoles, 8"{'%

R

CHE—?(Me)CHECl erbnae OQI{'S g, 1012 mmoles’ 12%

i
R R
unidentified, possibly a

mono=-amino~-oxy product ..eee. 3%

5. WITH 3~-CHLORQ-2-METHYLPROP~1-ENE

Bistrifluoromethylamino-oxyl (1.62 g, 9.64 mmoles) and 3~chloro-
2-methylprop-l~ene (0.87 g, 9.61 mmoles) were caused to react using the
same method as in reaction 4, The reaction time was 2 hours.

The products were shown by g.l.c. (2m SE30 at 60°C) to consist
of ‘N, N-bistrifluoromethylhydroxylamine, 3~chloro-2-methylprop-l-ene and
 other major components, The main one of these was identified, by
comparison of its mass spectrum and its g.l.c. retention time with the
products of reaction 4 as 1,2-bis(bistrifluoromethylamino-oxy)-3-chloro=
2-methylpropane (mes. 14), Two of the other components were shown by

BeleC.=mass spectral data to be allylically substituted mono-amino-oxy
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compounds, C,H.CLON(CF,)., (mass spectra 15 and 16), although no structure
6 32

cduld be assigned to either compound on the basis of its mass spectrum.
The other major product was also possibly a mono-amine-oxy compound.
Its mass spectrum showed peaks for m/e values 244 (0,3%, 03H33?01R+),
230 (2.9%, ¢ H?(CIRY), 228 (8.9%, CH 7CIR"), 41 (100%, C4H") but only

minor peaks for m/e 91 (2.6%, G4H63?Cl+) and no peak for m/e 89 (C4H63501+).

Reaction summary

Reaétants:
(CF3)2NO' ceeeee Lle62 g, 9,64 mmoles
CH2=C(Me)CHECl eeenne 0,87 g, 9.61 mmoles
Products:
CH,=C(Me)CHCL ...... O.45 g, 5.00 mmoles, 52% unreacted
(CFB)ENOH eesess Yield not determined
2 compounds CH.CIR ...... 0.18 g, 0.7% mmoles, 16%
0.12 g, 0.46 mmoles, 1O%
another possible mono-amino-oxy compound ...... 0,13 g, 0,51 mmoles, 11%

?Ha-?(Me)CHacl eeeses 1.23 gy 2.85 mmoles, 62%
R R

6. WITH ISOBUTYIL BROMIDE

Bistrifluoromethylamino~oxyl (1.50 g, 8.93 mmoles) and isobutyl
bromide (0.65 g, 4.74 mmoles) were caused to react using the same method
as in reaction 4.,

Analysis of the colourless liquid products by g.l.c. (2m SE30
at 100°C) showed them to consist of N,N=bistrifluoromethylhydroxylamine,
isobutyl bromide, 2 major and 5 very minor products. The 2 major
products were identified from g.l.c.~-mass spectral data as 2-(bistri-
fluoromethylamino-oxy)-l-bromd-z-methylpropane (m.s. 17) and 1,2-big=~
(bistrifluoromethylamino-oxy)~3=-bromo-2-methylpropane (m.s. 18). The

fragmentation patterns in the mass spectra of these two compounds are




148

virtually identical to those of the corresponding chloro-compounds
obtained in reaction 4 (see mass spectra 13 and 1),

The amounts of (CFB)ENOH and unreacted isobutyl bromide in the
products were calculated by comparative g.l.c. The yields of the
(CF3)2NO—substituted products were calculated from their g.l.c. peak

areab.

Reaction summary

Reactants:

(CF3)2NO' evenes 1,50 g, 8,92 mmoles
MeECHCHaBr sessse 065 g, 4,74 mmoles
Products:

Me CHCH,Br ...... 0.1k g, 1.00 mmoles, 21% unreacted

(CFB)‘NOH seeses 0,68 g, 4,01 mmoles, 45%
Mea(‘)CHaBr cesess 0.89 g, 2,92 mmoles, 78%
R

?HZ-?(MS)CHEBr vesees .17 gy 0.37 mmoles, 10%

R R

5 unidentified products ...... total approximately 12% of MeZCHCHEBr
reacted

7 WITH ISOBUTYL METHYI, KETONE

This reaction was carried out twice as follows.

Bistrifluoromethylamino-oxyl [(a) 1.75 g, 10.42 mmoles, (b) 3.21
8y 19.11 mmoles] and isobutyl methyl ketome [(a) 0.54 g, 5.45 mmoles,
(b) 1.02 g, 10,30 mmoles] were caused to react using the same method as
B)ENO. remained.
The products were shown by g.l.c. (2m SE30 at 85°C) to consist

in reaction 4., After 2 hours a very slight trace of (CF

of N,N-bistrifluoromethylhydroxylamine, isobutyl methyl ketone, 2 major

and 4 minor products., The 2 major products were identified, from gsLl.C.=
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mass spectral data as 2~(bistrifluoromethylamino-oxy)-2-methylpentan-i-one
(m.s. 19) and 1,2-bis(bistrifluoromethylamino-oxy)-2-methylpentan=t-one
(mes. 20)., Of the minor products one appeared, from its mass spectrum, to
be a mono-amino~oxy compound although it was not possible to deqide
whether its formula was CéﬂlloR or 06H90R, as it showed peaks at the

following m/e values: 224 (2.5%, C,H,0R™ or C4H8R+), 99 (only 0.1%,

3
Cgl 107, 69 (7.5%, CF3+), 43 (100%, can30+); there was no peak at m/e
97 (06H90+). Another appeared to be a trisubstituted compound, as it
showed peaks for m/e 515 (0.5%), 448 (0.6%, C6H802R2+), 347 (0.6%), 264
(4.,19%, CBHSOR+), 69 (22.9%, CF3+), 43 (100%, 02H30+).

2~(Bistrifluorome thylamino~oxy)~2-methylpentan~-it-one was
separated by preparative g.l.c. (4m SE30 at 90°C) and its identity
confirmed by its n.m.r. and i.r. spectra (n.m.r. 6, i,r, 4)., 1,2-Bise
(bistrifluoromethylamino~oxy)-2-methylpentan-i-one was also separated by
preparative g.l.c. but a mix-up over the products resulted in its loss.

The yields of (CFB)ZNOH and unreacted isobutyl methyl ketone
were calculated by comparative g.l.c. The yields of the (CFB)ZNO—
substituted compounds were calculated directly from their g.l.c. peak

areas.

Reaction summary

Reactants: Reaction (a) Reaction (b)
(CFB)BNO. 1.75 g, 10,42 mmoles 3.21 g, 19.11 mmoles
Me.,CHCH,,COMe 0.5% gy 5.45 mmoles 1.02 g, 10.30 mmoles
Products:
Me.,CHCH,,.COMe 0e15 g, 1.53 mmoles, 28%| 0.29 g, 2.88 mmoles, 28%
(CFB)ENOH 0.85 g, 5.00 mmoles, 48%| 1.55 g, 9.17 mmoles, 48%
Mea?CHECOMe 0.50 g, 1.88 mmoles, 48% | 0.95 g, 3.56 mmoles, 48%
R




150

Products: Reaction (a) Reaction (b)

?Haw?(Me)CHacoMe 0.58 gy 1.33 mmoles, 34% [1.09 g, 2.52 mmoles, 34%

R R

another monom
(CF3)2NO compd. | 0.07 g, 0.27 mmoles, 7% |0.14 g, 0.52 mmoles, 7%

a tri-amino-oxy

compound 0.06 g, 0,10 mmoles, 2.5%{0.11 g, 0.19 mmoles, 2.5%
unidentified 8% of MeECHCHacOMe 8% of MeECHCHECOMe
reacted reacted
8. WITH ISOBUTYL ACETATE

This reaction was carried out twice as follows.

Bistrifluoromethylamino-oxyl [(a) 1.54 g, 9.17 mmoles, (b) 4.25 g,
25.30 mmoles| and isobutyl acetate [(a) 0.56 g, 4.83 mmoles, (b) 1.4k g,
12.41 mmoles] were caused to react using the same method as in reaction
L, The reactions were left overnight.

G.l.c. of the colourless liquid products (2m SE30 column at 85°C)
showed peaks for N,N-bistrifluoromethylhydroxylamine, isobutyl acetate,
two other major and several minor products., The two major products were
identified, from g.l.c.-mass spectral data as 2-(bistrifluoromethylamino=
oxy)éa—methylpropyl acetate and 1,2-bis(bistriflucromethylaminoc-oxy)~2=
methylpropyl acetate (mass spectra 21 and 22),

These two major products were also isolated by preparative g.l.c.
(5 m SE30 at 80°C) and their identities confirmed by their n.m.r. spectra
(7 and 8) and i.r. spectra (5 and 6).

One of the minor products was tentatively identified from mass
spectrum 23 as 3«~(bistrifluoromethylamino~oxy)-2-methylpropyl acetate.
Another also appeared to be a mono-amino-oxy product, having peaks at

R"), 222 (2.0%), 210 (8.1%, CH,OR' or

m/e values 282 (8.1%, CeHy 005 Sy
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+ o+
C,HGR ), 114 (0%, CcH "),

there was no peak at m/e 115 (06H

+ +y L
69 (8.6%, CF3 ) and 43 (100%, 02H3O )3

*). This compound could not be

11%
identified further.

Sufficient of 2-(bistrifluoromethylamino-oxy)=-2-methylpropyl
acetate (A) and 1,2~bis(bistrifluoromethylamino-oxy)=-2-methylpropyl

acetate (B) were iscolated for mixtures of these two compounds to be

compared by g.l.c.

The results are shéwn below.

Mixt.} Temp. ﬁt.A mmoles|{ peak wt,B |mmoles| rpeak [peak peak

area area

(°c) A area A B area B |A per |B per

mmole mmole
(1) 90 {0.104 gl 0,37 [16.6 em® 0,076 g | 0.17 | 7.2 cm® Ly o] 42 en?
(1) | 80 |o.10% g| 0.37 |43 en® [0.076 g 0.17 [21 em® 116 cm|124 cm®
(ii) | 90 ]0.195 g| 0.68 |36 en® 0,085 g10.19 |11 en’ 5% en| 58 em®
(1i) | 80 [0.195 g 0.68 {18 cn® |0.085 g|0.19 | 5.4 cn®| 26 cn®| 28 cm®

Within experimental error, equimolar mixtures of A and B give approximately
equal g.l.c. peak areas, Yields of (CF5)2N0~substituted products were
accordingly calculated directly from g.l;c. peak areas. Yields of

(CFB)ENOH and isobutyl acetate were calculated by comparative g.l.c.

Reaction summary

Reactants: Reaction (a) Reaction (b)
(CFB)ENO‘ 1.5% g, 9.17 mmoles 4,25 g, 25,30 mmoles

Me ,CHCH,,00CMe 0.56 g, 4.8% mmoles 144 g, 12.41 mmoles
Products:

Me,CHCH,,00CMe 0.13 g, 0.1l mmoles, 23% | 0.23 g, 1.99 mmoles, 16%
(CFB)ENOH 0.75 g, 4.40 mmoles, 48% | 2.10 g, 12,40 mmoles, 494
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Products: Reaction (a) Reaction (b)
Mea?CHaOOCMe 0.68 g, 2.42 mmoles, 65% | 2.00 g, 7.09 mmoles, 68%
R

?Han?(Me)CHEOOCMe 0.39 g, 0.86 mmoles, 23% | 1.17 g, 2.61 mmoles, 25%
R R

probably

MeacH?HOOCMe 0.02 g, 0,07 mmoles, 2% |

R

another mono=- ?'Z% of isoBulc reacted
amino-oxy compde | 0.04% g, 0.15 mmoles, 4%

unidentified 6% of isoBuAc reacted J
9. WITH 2-METHYL~1l-NITROPROPANE

E-Metﬁyl-lnnitropropane waé'preparéd in 75% yield from the
reaction of isobutyl iodide with sodium nitrite in dimethylformamide.149

Bistrifluoromethylamino-oxyl (2.07 g, 12.3%2 mmoles) and 2-methyl-
l-nitropropane (0,64 g, 6.21 mmoles) were caused to react using the same
method as in reaction 4, The reaction was left overnight at room
temperature.

G.l.c, analysis (2m SE30 at 85°C) of the pale yellow liquid
products showed peaks for N,N-bistrifluoromethylhydroxylamine, 2-methyl-l-
nitropropane, 1 major and 6 minor products.

G.ls.c.~mass spectral data identified the major product as
2-(bistrifluoromethylamino~oxy)-2=-methyl-l-nitropropane (m.s. 24).

This compound was isolated by preparative g.l.c. (5m SE30) and its
identity confirmed from its n.m.r. spectrum (n.m.r. 9). One of the minor
products was tentatively identified, from its mass spectrum as 1,2-bis-
(bistrifluoromethylamino~oxy)=-2~methyl-3~nitropropane (m.s. 25).

A 1H n.m.r. spectrum (ref. ext. DCB) of the reaction products
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showed bands for (CF,).NOH (-0.34% ppm, int. 7.5, very broad),

3)2
MeZCHCHaNO2 (doublets at +3%.20 and +6.42 ppm, integrations approximately
2 and 7 respectively, multiplet at +4.97 ppm), MeCRCH,,NO,, (singlets at
+2.86 and +5.92 ppm, integrations approximately 10 and 30 respectively),
several very minor feaks between +8.7 and +9.2 ppm and a small discrete
singlet (int. approximately 0.8) at +2.86 ppm, about the expected chemical
shift for CH2~ON(CF3)2.

The 197 nemer. (ref, ext. TFA) spectrum showed singlets for

Me ,CRCH_NO,, (=10.4 ppm, int. 7) and (CFB)ENOH (=7.5 ppm, int. 20) and

minor singlets at =9.95 (int. 0.3), -8.2 and -8.1 ppm (total int. 2.4).

Reaction summary

Reactants:

(CF3)2NO' cesees 2.07 g, 12.32 mmoles

Me CHCH,NO, +eeus. 0.64 g, 6.21 mmoles

Products:

MeECHCHENO2 seesee 0.10 g, 0.99 mmoles, 16% unreacted
(CFB)ZNOH eesess Yyield not determined

Mea(!}CHaNO2 esesss 1,16 g, 4.28 mmoles, 82%
R

Prohably ?HE-?(ME)CHENOZ caveere 0016 B 0.37 mmoles, %
R R

6 unidentified compounds ...... 11% of MeECHCHZNO2 reacted

10, WITH ISOPENTYL BROMIDE

Isopentyl bromide was prepared in approximately 80% yield by
reaction of isopentancl with hydrobromic acid and concentrated sulphuric

acid. 150

It was characterised by its boiling point, n.m.r. and i.r.
spectra and shown to be pure by g.l.c. Its reaction with bistrifluoro-

methylamino-oxyl was carried out twice as follows.
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Bistrifluoromethylamino-oxyl [(a) 2.04 g, 12.14 mmoles, (b) 4.70
gy 27.97 mmoles] and isopentyl bromide [(a) 0.9% g, 6.23 mmoles, (b) 2.1l
gy 13.97 mmoles| were caused to react using the same method as in
reaction 4., Both reactions were left overnight at room temperature.

G.l.C. analysis of the colourless liquid products (2m SE30 at
100°C) showed peaks for g,H—bistrifluoromethylhydroxylamine, isopentyl
bromide, 2 other major and 4 very minor products.

The two major products were isolated by preparative g.l.c. (5m
SE30 at 90°C) and identified by their n.m,r. and i.r. spectra as
3=(bistrifluoromethylamino-oxy)=-1l-bromo-3~methylbutane (n.m.r. 11, i.r. 8)
and 1,2-bis(bistrifluoromethylamino~oxy)-4-bromo-2-methylbutane (n.m.r.
12, i.re 9).

Confirmation of the identities of these two compounds was provided
by ge.l.c.~-mass spectral data (mass spectra 27 and 28 respectively).
The 4 minor compounds were tentatively identified as follows, on the
basis of their mass spectra.
(1) GSHIORR’ m/e values 250 (0.9%), 238 (2.1%, C.H

51
CHBCH2R+), 182 (3.9%, CH2R+), 69 (77.0%, CF3+/05H9*), 43 (100%,

03*), 196 (6.4%,

CZH30+); there were no peaks at m/e 151, 149 or 147,

(2) and (3) Two mono-amino-oxy compounds with overlapping g.l.c.
peaks.,

(2) CgH, BrR or possibly an allylic substitution product C
m/e values 250 (12.2%), 210 (4.5%, 03H6R+), 151 (6.0%, 0531081
149 (21.1%, 05H1079Br+ or C5H8818r+), 147 (Lh.2%, C5H879Br+), 69 (100%,
CF3+), 43 (49,0, C2H30+).

(3) CoH,) (BrR, m/e values 250 (2.6%), 22k (3.5%, C,HgR"), 151 (8.6%,

c.H, Slprt), 149 (10.0%, C.H. OBrt), 69 (100%, or,").
8

5H8BI'R 'y

BrRY),

50 5t 0

(4) 05H9Br32, n/e values ;85 (0.3%, C5H8
1

79 +
CSHS BrR, ), 318 (2.3%, 05H9

‘Brr,*), 483 (0.7,

BrR2++y 316 (2.7, C5H9793rR+), 69 (100%,




+
CFE ).

Mixtures of the two major products, 3-(bistrifluoromethylamino-

oxy)-1l-bromo-3-methylbutane (A) and 1,2-bis(bistrifliuoromethylamino-oxy)-

L. .bromo=~2-methylbutane (B) were compared by g.l.c.

below.

The results are shown
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Mixt.] wt.A

A

mmoles

peak
area A

wt.B mmoles

peak
area B

peak
area A
per mmole

peak
area B
per mmole

(1)

(ii)

0.13%6 g

0.14

0.42

10.1 o

45,0 cm®

0.044 g[0.095

7.0 cm2

2

107 em

2

72 cn 74 cm2

107 cm2 102 cm2

Within experimental error, equimolar mixtures

approximately equal g.l.c., peak areas.

Yields of (CF

of A and B give

302

NO=-substituted

compounds were accordingly calculated directly from g.l.c. peak areas,

Yields of (CFE)aNOH and unreacted isopentyl bromide were calculated by

comparative g.l.c.

Reaction summary

Reactants:

(G ) No*

MQECHCHECHaBr

Products:

MeaCHCH CH.,.Br

272

(CF3)2N0H

MeE?CHECHBBr
R

?Ha—?(Me)CHacnasr
R R

possibly CsﬁloRa

Reaction (a)

Reaction (b)

2-0‘4‘ (299

0094 B

0.30 g,
1.01 g,

0.7 g,

0.78 g,

0.02 £y

12,14 mmoles

6.2% mmoles

32%
b
55%

2.00 mmoles,
595 mmoles,

2+33 mmoles,
1,61 mmoles, 38%

L.5%

0. 06 mmoles s

4,70 g,

2.11 g,

0.53 g,
251 8y

1.83 &y

1.83 g,

0.06 g,

27.97 mmoles

13,97 mmoles

3.49 mmoles, 25%
l“" 082 mm()les’ 53%
5,76 mmﬁles, 55%

3,77 mmoles, 36%

0.21 mmoles, 2%
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Products: Reaction (a) Reaction (b)

possibly G5H10BrR 0.02 g, 0.06 mmoles, 1.5%| 0.06 g, 0.21 mmoles, 2%

possibly CBHlOBrR 0.02 g, 0.06 mmoles, 1.5%| 0.06 g, 0.21 mmoles, 2%

or CEHgBrR

possibly CsﬁgBrRa 0.04% g, 0.09 mmoles, 2% 0.10 g, 0.2l mmoles, 2%

1. WITH ISOPENTYI, CHLORIDE

Bistrifluoromethylamino-oxyl (1l.45 g, 8.63 mmoles) and
isopentyl chloride (0.50 g, 4.78 mmoles) were caused to react using the
same method as in reaction 4., Reaction was complete within two hours.

Analysis of the colourless liquid products by g.l.c. (2m SE30 at
85°C) showed peaks for N,N-bistrifluoromethylhydroxylamine,isopentyl
chloride, 2 major and 5 miner products,

The two major products were identified by g.l.c.-mass spectral
data as 3-(bistrifluoromethylamino-oxy)-l-chloro=3-methylbutane (m.s. 29)
and 1,2-bis(bistrifluoromethylamino~oxy)=f-chloro-2-methylbutane (m.s.
30)s The fragmentation patterns in the mass spectra of these two
compounds show marked similarities to those of the corresponding bromo-
compounds obtained in reaction 10 (see mass spectra 27 and 28).

Of the minor compounds one was tentatively identified as
2, 5=bis(bistrifluoromethylamino-oxy)=l-chloro=3=-methylbutane from its
mass spectrum [m/e values at 440 (0.1%, C.H 3501R2+), 274 (0.3%,

4 59
C5H93701+), 272 (103%, 65}[935(}1‘*‘), 232 (1.2%’ 02H337C].R+), 230 (4.3%’
02H33501R+), 210 (1.8, CHE"), 69 (53.8%, oF,"), 43 (1008, 0,H,0"].
The others appeared from their mass spectra to be amino-oxy

substituted compounds but they could not be identified.

The yields of (GFB)ENOH and isopentyl chloride were calculated
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by comparative g.l.¢c. The yields of (GFB)aNO-compounds were calculated

directly from their g.l.c. peak areas.

Reaction summary

Reactants:
(CFB)BNO' seceas 1.1}'5 g, 8'63 mmOleS

Me CHCHZCHECl eacene 0050 By 4.?8 mmoles

2
Products:

Me CHCH,CH,Cl +c.eee 0,19 g, 1.82 mmoles, 38% unreacted
(CFB)ENOH sevsee 0.69 By 1"‘.06 mmOleS, 14"?%

Me.,CCH CHacl evss0 e O.LI-O 24 1;1{‘8 mmOleS’ 50%

21 2
R
?HZ-?(MG)CHBCHEC:L et onae O-Bl g, 1.15 mmoles, 3%
R R
probably Meacl:-?HCHacl secess 0,03 g, 0,06 mmoles, 2%

RR

4 unidentified Products ..e... 9% of Me CHCH20H2C1 reacted

2

12, WITH 3-METHYL-1-NITROBUTANE

3=Methyl-lenitrobutane was prepared in 70% yield by the reaction
of isopentyl bromide with sodium nitrite in dimethylformamide.149 It
was characterised by its nem.r. and i.r. spectra and shown to be pure
by g.l.c.

Bistrifluoromethylamino-oxyl (2.65 g, 15.77 mmoles) and 3-methyl-
l-nitrobutane (0.9% g, 8,03 mmoles) were caused to react using the same
method as in reaction 4. The reaction was left overnight at room
temperature.

G.l.c. analysis (2m SE30 at 100°C) of the colourless liquid
products showed peaks for N,N-bistrifluoromethylhydroxylamine, 3-methyl=l-
nitrobutane, 2 major and 4 very minor peaks. The two major products were

isolated by preparative g.l.c. (4m SE30 at 100°C) and identified by their
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n.m.r. and i.r. spectra as 3-(bistrifluoromethylamino-oxy)~3-methyl=l=
nitrobutane (n.m.r, 13, i.,r, 10) and 1,2-bis(bistrifluoromethylamino-

oxy)~2=methyl-b-nitrobutane (n.m.r. 1%, i.r. 11).

Reaction summary

Reactants:
(CFB)ENO' eoreee 265 g, 15,77 mmoles
Me,,CHCH,CH NO, «esu.s 0,94 g, 8.03 mmoles

Products:
MeaCHCH2CH2N°a eeenee 0428 g, 2,41 mmoles, 30% unreacted
(CFB)ENOH evesee Yield not determined

MEE?CHECHENoa evseae 0488 g, 3.09 mmoles, 55%
R

?Ha—?(Me)CHECHaNoa eecees 0499 g, 2.19 mmoles, 3%
R R

L uynidentified compounds .e.ee. 6% of MeECHCHECHzNOE reacted

13, WITH TSOHEXYL BROMIDE

Isohexyl bromide was prepared in 80% yield by reaction of
isohexanol with hydrobromic acid and cencentrated sulphuric acid.150
It was characterised by its boiling point and n.m.r. and i.r. spectra
and shown to be pure by ged.c.

Bistrifluoromethylamino-oxyl (2.62 g, 15,60 mmoles) and isohexyl
bromide (Ll.29 g, 7.82 mmoles) were caused to react using the same method
as in reaction 4. The reaction was left overnight at room temperature.

G.l.c. analysis of the colourless liquid products (2m SE30 at
100 to 120°C) showed peaks for N,N-bistrifluoromethylhydroxylamine,
isohexyl bromide, 2 other major and 5 very minor products. The two

major compounds were isolated by preparative g.l.c. (4m SE30 at 100°C)

and identified by their n.m.r. and i.r. spectra as 2~-(bistrifluoromethyle
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amino-oxy)=5-bromo-2-methylpentane (A) (n.m.r. 17, i.r. 14) and 1,2-bis-
(bistrifluoromethylamino~oxy)=5~bromo-2-methylpentane (B) (n.m.r. 18,
iers. 15).

Mixtures of these two compounds (A and B) were made up from
the samples obtained from preparative g.l.c., and compared by g.l.c.

(2m SE30 at 100°C) with the following results.

Mixt.] wt. A |mmoles| peak wt. B |mmoles| peak |[peak peak

A area B area area A area B
of A of B |per mmole| per mmole
(i) 0,030 g| 0.090[10.4 cn®]0.120 g] 0.24 | 26.6 en”| 116 cm® | 111 cm®

(i1) 10.0%0 g| 0.090[12.6 en®}0.210 gl 0.42 |56.4 em®] 140 om® | 134 cm®

Within experimental error, equimolar mixtures of A and B give approximately

equal g.l.c. peak areas., Yields of the (CF,). NO-substituted products were

2
accordingly calculated directly from their g.l.c. peak areas. The amcunt

of unreacted isohexyl bromide was calculated by comparative gl.l.c.

Reaction summary

Reactants:
(CFs)aNO. eesese 2.62 gy 15-60 mmoles

Me CHCH.CH,CH,Br ...... 1.29 g, 7.82 mmoles

Products:

Me ,CHCH CH,CH.Br ¢evese 0.46 g, 2.82 mmoles, 36% unreacted

(CFB)ENOH “sssee not determined

CH..Br

SCH,, essses 0.68 g, 2,05 mmoles, 41%

Me2?CHECH
R

?Ha—?(Me)CH20H20H2Br evsses L1o22 g, 2,45 mmoles, 49%
R R

unidentified, 5 products +..... 10% of Me,CHCH,CH

> > 2CH2Br reacted
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L. WITH ISOBUTYL IODIDE

Bistrifluoromethylamino~oxyl (3.72 g, 22.14 mmoles) and isobutyl
iodide (2.04 g, 11.09 mmoles) were caused to react using the same method
as in reaction 4, The reaction was left overnight at room temperature.
The products consisted of liquid coloured red-brown by liberated iodine.

Gslec. analysis (2m SB30, 70-100°C) of the products showed peaks
for NyN~bistrifluoromethylhydroxylamine, isobutyl iodide, one major and
7 minor products.

G.l.c.~mass spectral analysis identified the major product as
2-(bistrifluoromethylamino-oxy)-l-iodo-2-methylpropane (m.s. 26).
Separation of the volatile products left a liquid shown by g.l.c. to
consist of approximately 90% of this major product. Its identity was
confirmed by its n.m.r. (10) and i.r. (7) spectra.

Five of the minor products had g.l.c. retention times less than
that of isébutyl iodide. Of these one was identified as 1,2-bis(bistri-
fluoromethylamino-oxy)-2~-methylpropane as its mass spectrum was virtually
identical to that given for this compound by Justin26b [i.e. main
diagnostic peaks at m/e values 376 (3.3%, 03H4R2+), 224 (59.4%, chBR*),
210 (52.4%, 03H6R"”), 182 (2.4, CH,R"), 150 (34.8%, 02F5NOH+), 72 (42.8%,
04H80+), 43 (100%, 02H30+)].

Another also appeared from its mass spectrum to be awqi-amino~oxy
product [peaks at m/e values 392 (0.8%, 04H8R2+), 377 (3.6%, C,HR +),

3572

226 (2h,3%), 206 (18.9%), 182 (18.k4g%, CHR'), 150 (15.2%, CF.NOH'),

25
69 (63.8%, crv;), 43 (100%, 02H30+)]. Of the two minor products with
longer g.l.c. retention times than isobutyl iodide, one was very
tentatively identified as an allylically substituted product, 04H6IR,
on the basis of its mass spectrum [peaks at m/e values 349 (11.,0%,

04H61R*), 222 (2.3%%, 04H6R+), 210 (1.2%), 198 (13.6%), 182 (5.0%, CH2R+),

150 (14.6%, 02F5NOH+), 69 (99.6%, CF3+), 55 (100%, C4H7+ or 03H30+)].




Reaction summary

Reactants:

(CFB)ZNO' cenass 3.72 gy 22.14 mmoles

MeaCHCHEI cesees 2,04 g, 11.09 mmoles

Products:

Me CHCH,I 4....s 0.18 g, 1.00 mmoles, 9% unreacted
(CFB)aNOH eseses 1,72 g, 10,18 mmoles, 46%

iodine essses not determined

MeZ?CHEI sessess 2465 g, 7.56 mmoles, 75%
R

MeE?CHaR eeeese 0,12 g, 0.350 mmoles, 3%

R

probably another

di-amino-oxy compound eeees. 0030 mmoles, 3%

possibly an allylically substituted
compound, CpH IR weevss 0.60 mmoles, &%

L unidentified compounds sesees 13% of MechCHEI reacted

15, WITH ISOPENTYL IODIDE

Isopentyl iodide was prepared in approximately 60% yield by
reaction of isopentanol with potassium iodide in phosphoric acid.151
It was shown to be pure by gslec. and by its n.m.r. spectrum. Its
reaction with bistrifluoromethylamino-oxyl was carried out twice as
follows,.

Bistrifluoromethylamino-oxyl [(a) 1.64 g, 9.76 mmoles, (b)
4,82 g, 28,69 mmoles]| and iébentyl iodide [(a) 0496 g, %#.85 mmoles,
(b) 2,85 g, 14,39 mmoles| were caused to react using the same method
as in reaction 4. The reactions were left overnight at room temperature.

The products consisted of ligquid c¢oloured red-brown by liberated icdine.

Ge.l.c. analysis of the products (2m SE30 at 100°C) showed peaks

161
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for N,N=-bistrifluoromethylhydroxylemine, isopentyl iodide, 8 minor
products with retention times between those of (CFB)RNOH and isopentyl
iodide and 3 major and 2 minor products with retention times longer
than that of isopentyl iodide.

The 3 major products were isolated by preparative g.l.c. (4m
SE30 at 100°C). Two of these products were identified by their n.m.r.
and i.r. spectra as 3~(bistrifluoromethylamino-oxy)-l-iodo-3-methylbutane
(nemer. 15, i.r. 12) and 1,2-bis(bistrifluoromethylamino-oxy)=t-iodo~
2-methylbutane (n.m.r. 16, i.r. 13). Confirmatory evidence for their
identities was provided by g.l.c.-mass spectral data (mass spectra 31
and 32).

The third major product appeared from mass spectral data to be

unambiguously a mono-amino-oxy compound C IR [m/e values 365 (3.2%,

50
CSHlOIR+), 238 (11.8%, CSH10R+), 197 (45,0%, 05H101+), 69 (100%, cx«";)].
G.l.c. of the sample submitted for n.m.r. showed one major peak
(approximately 95%)., However, the 19F n.m.r. spectruimn showed 4 peaks

of approximately equal intensity at -11.5 ppm (broad, complex), -ll.2,
~10.2 and ~-10.0 ppm (singlets) from TFA. The lH n.,m.r. spectrum (ref.
ext. DCB) showed a singlet (int. 1,5) at +2.85 ppm, a doublet (int. 4,

J = 4 Hz) at +5.15 ppm, complex peaks (int. 14) between +6.05 and +6.35
ppm as well as badly defined complex peaks (both inte. 1) at +2.6 and
+3.8 ppm. It was concluded that this g.l.c. peak was in fact due to
several compounds with similar retention times,

Of the compounds having g.l.cs retention times less than that of
isopentyl iodide 5 were tentatively identified on the basis of their
mass spectra as shown below.

(1) CgHgR, m/e values at 238 (0.6%), 237 (1.4%), 236 (21.3%, csﬂgn*'),
222 (14.0%, C,HR"), 69 (53.1%, CF3+), 43 (100%, G H,0M). |

(2) Col) oRyy M/e values at 405 (6.0%, 05H9R2+), 210 (23.2%, 03H6R+),




163

196 (43,6%, 02H4R+), 182 (5.1%, CH2R+), 69 (45,6%, CF3+), 43 (100%,
+

C2H30 e

(3) A tri-amino-oxy compound, m/e values at 571 (2.7%, C5H7RB+)’

403 (9.8%, CoHR,')y 236 (B.7%), 235 (5.5%, CgHR'), 196 (6.4, CHR'),

182 (16.3%, CH2R+), 69 (50.5%, cFB*), 43 (100%, CEHBO*).

(%) A tri-amino-oxy compound, m/e values at 569.,5 (1.5%, C5H6R3+ =

570), 417 (2.0%, 05H50R2+), 250 (58,2%, 05H60R+), 182 (13.9%, CH2R+),

69 (100%, CF3+).

(5) A tri-amino-oxy compound, m/e values at 550 (3.6%), 416 (7.9%,

CoH,OR,"), 402 (27.8%, CgHgR,"), 250 (11.8%, CoHOR™), 235 (12.3%,

05H7R+), 182 (26.2%, CHR"), 69 (100%, CF3+).

Reaction summary

Reactantss: : Reaction (a) Reaction (b)

(CFB)BNO. 1.64 g, 9.76 mmoles 4,82 g, 28.69 mmoles

Me ,CHCH.,CH,,T 0.96 g, 4.85 mmoles 2.85 g, 14.39 mmoles

Products:

Me ,GHCH,,CH,, T 0.20 g, 1.02 mmoles, 21% | 0.80 g, 4.03 mmoles, 28%

(033)2N0H 0,76 g, 449 mmoles, 46% not determined

Me2?CH20H21 0.39 g, 1.07 mmoles, 28% | 1.02 g, 2.80 mmoles, 27%
R

?Ha-?(Me)CHECHal 0.22 g, 0.42 mmoles, 11% | 0.83 g, 1.66 mmoles, 16%
R R

probably C5H9R 0.05 g, 0.19 mmoles, 5% 0.25 g, 1.04 mmoles, LO%

probably CBHloRZ 0.22 g, 0.54% mmoles, 14% | 0.63 g, 1.55 mmoles, 15%

3 compounds,
possibly 05H9R3, |
total 0.18 g, 0.31 mmoles, 8% 0,89 g, 1.55 mmoles, 15%

iodine not determined not determined
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Products: Reaction (a) Reaction (b)

unidentified 3h% of MeZCHCHECHEI 1% of M92CHCH20H2I
reacted reacted

16. WITH ISOBUTYL ALCOHOL

This reaction was carried out twice as follows.
Bistrifluoromethylamino-oxyl [(a) 2.22 g, 13.21 mmoles, (b) 0,94
gy 5.60 mmoles] and isobutyl aleohol [(a) 0.49 g, 6.62 mmoles, (b) 0.21 g,
2,84 mmoles] were caused to react using the same method as in reaction 4.
Reaction was complete within 2 hours giving colourless liquid products.
Gel.c. analysis of the products (2m SE30 at 100°C) showed peaks
for N,N-bistrifluoromethylhydroxylamine, isobutyl alcohol, 4 major and
5 minor products. Two of the major products had retention times between

those of (CF,)_NOH and isobutyl alcohol, The first of these was identified

3)2
as isobutyraldehyde(2~-methylpropanal) on the basis of (a) its gel.c.
retention time which was identical to that of a specimen of isobutyraldehyde
over a range of temperatures between 26° and 100°C, (b) its mass spectrum
[g.l.c.—mass spectral analysis showed peaks for isobutyraldehyde at m/e
values 72 (8,4%, C4H8O+), 71 (13.5%, ChH7O+), 43 (93.,1%, 03H7+) mixed
with peaks due to the overlapping g.l.c. peak of (CFB)ZNOH] and (c¢) the
i,r. spectum of the products which showed a strong peak at 1715 c:m"1
(5.83 p) due to C=0 stretching (the same position as in pure
isobutyraldehyde).

The second of these compounds was identified as 2~(bistrifluoro-
methylamino~oxycarbonyl)propane, MeECHCOON(CFB)a, on the basis of (a) its
ge.l.c. retention time which was identical to that of the main product of

the reaction of isobutyraldehyde with (CFB)ENO' (reaction 17), (b) its

mass spectrum (33) and (c) the i,r. spectrum of the products which showed
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a strong peak at 1818 em* (5.50 u), typical of C=0 stretching in

-COON(CFB)a, and in the same position as that in the products of reaction

17.

Of the major products with g.l.c. retention times greater than

that of isobutyl alcohol one was identified from g.l.c.~mass spectral

data as 2-(bistrifluoromethylamino~oxy)=~2«~methylpropan-l~ol (m,s. 34)

as it gave a fragmentation pattern typical of a compound of structure

Me20RCHaX.

The other major product was identified very tentatively from its

mass spectrum as l-(bistrifluoromethylamino~oxy)-2~methylpropan-l-ol

+ + :
[m/e values at 224 (5.5%, G HgR"), 129 (9.8%, CoF'gH N0, )y 73 (25.2%,

04H80H+), 69 (10.8%, CF3+), 57 (100%, 03H50+)]. One of the minor products

was tentatively identified from its mass spectrum as a disubstituted

compound, possibly G, H,(OHR, [m/e values at 376.5 (2.0%, 377 = C,HR DR

352

240 (LM%, C\HQOR'), 226 (2.4%, 03H60R+), 69 (57.4%, CF3+), 43 (100%,

o+
€ H50 )].

Reaction summary

Reactants:

(CFB)ENO
MeECHCHEOH
Products:

MeECHCH OH

2
(GFB)ZNOH

MeECHCHO

MeECHGOR

Mea?CHEOH
R

Reaction (a)

Reaction (b)

2422 gy 13.21 mmoles

0.49 g, 6.62 mmoles

0.21 g, 2.78 mmoles, 42%
1.52 gy 8.98 mmoles, 68%
0.03 g, 0.46 mmoles, 12%
0.28 g, 1.19 mmoles, 31%

0.17 g, 0.69 mmoles, 18%

0.9% g, 5.60 mmoles .

0.21 g, 2,84 mmoles

0.08 g, 1.02 mmoles, 36%
not determined

0.016 g, 0.22 mmoles, 12%

0.16 g, 0.69 mmoles, 3&%

0,06 g, 0.25 mmoles, 14%
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Products: Reaction (a) Reaction (b)

possibly MeaoH?H(OH) 0,20 g, 0.81 mmoles, 21% | 0.05 g, 0.22 mmoles, 12%
R

possibly CAH7(OH)R2 0.06 g, 0.15 mmoles, 4% 0.02 g, 0.05 mmoles, 3%

4 unidentified

(CFB)zNO;compounds 14% of MGECHCHZOH 21% of MeaCHCHaOH
reacted reacted
17. WITH ISOBUTYRALDEHYDE (2-methylpropanal)

Bistrifluoromethylamino=oxyl (0.70 g, 4,17 mmoles) and isobutyr-
aldehyde (0.34% g, 4.72 mmoles) were caused to react using the same
method as in reaction 4, The reaction was left overnight at ;oom
temperature. G.l.c. analysis of the colourless liquid products (2m SE30)
at temperatures between 70° and 100°C showed peaks for N,N-bistrifluoro-
methylhydroxylemine, isobutyraldehyde, 2~{(bistrifluoromethylamino-
oxycarbonyl)propaﬁe, which had a retention time identical to the same
compound in the products of reaction 16, and several very minor products.

The i.r. spectrum of the products showed C=0 stretching
absorptions at 1818 om™2 (5,50 py strong, sharp) and 1709 — (5.85 wu,

strong, broad) from MeacHCOON(CF3)2 and Me.CHCHO respectively.

a

Reaction summary

Reactants:
(CF3)2NO. essnee O.'?O £y L"-l? mmoles

MeacHCHO eanses 034 g, 4,72 mmoles

Products:

Me,CHCHO +euuus 0.18 g, 2,50 mmoles, 53% unreacted

(CFz)aNOH ecssee 0.35 g, 2.08 mmoles, 50%

MQECH?O EETE 0050 g, 2011 mmoles, 95%
R
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18. WITH ISOPENTYI. ALCOHOL

This reaction was carried out twice as follows,

Bistrifluoromethylamino-oxyl [(a) 1.57 g, 9.35 mmoles, (b) 3,69 g,
21,96 mmoles] and isopentyl alcohol [(a) 0.4%2 g, 4,77 umoles, (b) 0.97 g,
11.02 mmoles| were caused to react using the same method as in reaction
L, The reactions were left overnight at room temperature,

G.1l.c. analysis of the colourless liquid products (2m SE30 at
100°C) of the first reaction (a) showed peaks for N,N-bistrifluoromethyl=-
hydroxylamine, ié?entyl alcohol, 6 major products and 5 very minor
products. 3 of the major products had retention times between those of
(CFB)ZNOH and isopentyl alecohol., The first of these was identified as
3-methylbutanal from its mass spectrum {m/e values at 86 (5.%%,

G, (0", 85 (21.8%, CH0"), 57 (52.5%, Ol "), kL (1008, CoH )] and |
the presence in the i.r, spectrum of the products of a peak due to a
C=0 stretching vibration at 1695 cm'l (5,90 ).

The second of these products was isolated by preparative g.l.c,
and identified by its nem.r. (19) and i.r. (16) spectra as 1-(bistrifluoro-
methylamino-oxycarbonyl)=-2-methylpropane, MeECHCHECOON(CFBJE. Tts
identity was confirmed by its mass spectrum (35). The third showed peaks
in its mass spectrum for the m/e values 373 (L.6%), 252 (6.4%, C§H80R+),
224 (38.5%, GHgR"), 210 (8.9%, C;HR"), 85 (9.6%), 72 (50.2%), 69 (45.3%,
CF3+), 43 (106%, 02H30+) but could not be unambiguously identified.

Of the major compounds with retention times greater than that of

isopentyl alcohol, one was identified from its mass spectrum as 3-(bis-
trifluoromethylamino-oxy)-3-methylpentan~-l-ol (m.s. 36), Enough of this
compound was isolated by preparative g.l.c. for an i.r. spectrum to be run.
This showed peaks for OH and (CF3)2N0 groups (i.r. 17).

The other two compounds could not be identified from their mass

spectra beyond their being amino-oxy substituted.




The second reaction (b) was carried out several weeks later,

@.l.¢c. analysis using the same SE30 column showed the same peaks, with
the exception of 3%-methylbutanal which was absent.
peaks also showed pronounced differences.

attributed to the deterioration of the g.l.c. column which was producing

broader peaks with much more tailing off.

Reaction summary

The areas of the

Some of the differences may be

Reactants:

(CFB)ENO.

MeQCHCHQCHaoH

Products:
MeECHCHECHEOH
( CFB ) SNOH

MeacHCHaCHO

MeaCHCHz?O

R

Mea?CH2CH20H

R

3 unidentified

Reaction (a)

Reaction (b)

1057 g, 9.35 mmoles

02 gy 4477 mmoles

Ollq gy 1.5? mm°lesg 33%
1.11 g, 6,55 mmoles, 70%
0.0% g, 0.38 mmoles, 12%

0.20 g, 0,80 mmoles, 25%

0.13 g, 0.51 mmoles, 16%

3,69 g, 21.96 mmoles

0.97 g, 11,02 mmoles

O.44 g, 4,96 mmoles, 45%

not determined

1.01 g, 4.00 mmoles, 66%

Ool? g, 0067 mmOles, 11%

(CF) NO- 10%, 17%, 12% of 1%, 5%, 1% of
substituted MeZCHCHacHEOH reacted MeBCHCHacHEOH reacted
compounds
5 unidentified 8% of Me20HCH2CH20H -
compounds reacted

19. WITH ISOPENTYLBENZENE

Isopentylbenzene was prepared in 20% yield by a Wurtz-Fittig

reaction using isopentyl bromide, bromobenzene and sodium,

152

It was
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separated from the product mixture by fractional distillation as a
fraction of boiling point 195-196°C, shown to be pure by g.l.c. and
characterised by its n.m.r. spectrum.

Bistrifluoromethylamino~oxyl (2.40 g, 14,29 mmoles) and
isopentylbenzene (1,07 g, 7.2% mmoles) were caused to react using the
same method as in reaction 4, The reaction was left overnight at room
temperature.

G.l.c. analysis of the colourless liquid products (2m SE30 at
200°C) showed peaks for NyN-bistrifluoromethylhydroxylamine, isopentyl-
benzene, one main and 6 minor compounds. The major product, which had
a gs.l.c. retention time slightly less than that of isopentylbenzene was
identified by g.l.c.-mass spectrometry as l-(bistrifluoromethylamino-oxy)-
3-methyl-l-phenylbutane (m.s. 37).  Isolation of this compound was
attempted using preparative g.l.c. but at all températures tried, from
100 to 250°C, with a variety of colummns, its retention time was too close
to that of isopentylbenzene to ali?geparation of the two compounds. A
mixture of the two was submitted for n.m.r. and the results compared with
a spectrum of pure isopentylbenzene. The 1H spectrum of the mixture (ref.
int, TMS) showed peaks at 2.76 1t (singlet) for 06H5 from the mono-amino-
oxy compound, 2,94 1 (singlet) for C6H from Me CHCHECHEC6H5, 5.17

5 2

(triplet, J ~ 6 Hz) for CHON(CF3)2 in Me CHCHECHR06H5, 7.47 (triplet,

2
J ~ 7 Hz) for CH2 from M520H0H20H206H5, a complex series of peaks from
79 to 9,0 1 for CHCH2 from both compounds and a doublet at 9,10 T
for Mea from beth compounds. The lgF n.m.,r. spectrum (ref. ext, TFA)
showed a singlet at ~11.3 ppm for (CF3)2NO—. These spectra provided
confirmation of the identity of the mono-amino~oxy compound .

Of the minor products, one was tentatively identified from its

mass spectrum as 1,3-bis(bistrifluoromethylamino=oxy)=3-methyl-l-

phenylbutane [m/e values 481 (4.7%, 011H13R2+), 1 (1.2%, 011H143+),




258 (3.4%, C7H6R+), 210 (2.5%, 03H6R+)]. Another appeared to be a tri-

aminow-oxy compound CllHlBRS [m/e values 648 (4.1%, CllH12R3+)’ 480

(2.1%, Gy H R, 314 (3.08)].

Reaction summary

Reactants:
(CFB)ZNO. cevese 2,40 g, 14,29 mmoles

MQECHCHECHaPh ‘'seesese 1.07 s’ 7023 mmoles

Products:

MeECHCHECHEPh R 0012 &y 0-80 Inmoles, 11% unreacted

(CF3)2NOH eveses not determined

MeacHCHz?HPh eeeeee 1.56 g, 4.95 mmoles, 77%

R

probably Me CCHE?HPh eecees 0.22 g, 0,45 mmoles, %

=
R R

probably C 0.08 g, 0.13 mmoles, 2%

11H13R3 s e nan

L unidentified products e..... 14% of MeCHCH,CH,Ph reacted
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SECTION II

REACTION TIMES FOR REACTIONS OF BISTRIFLUOROMETHYLAMINO-OXYI WITH ALKANES

AND SUBSTITUTED ALKANES OF GENERAL FORMULA Me CHCH_X

A number of these reactions were repeated, using a slightly
different method to that previously employed, in order to compare
reaction times.

Bistrifluoromethylamino-oxyl was condensed, in vacuo, into a
Pyrex reaction tube (gg. 25 cm3) containing the alkane or substituted
alkane cooled to ~-196°C. An approximately 2:1 molar ratio of (CFB)ZNO'
to substrate was used each time. The tube was sealed and transferred
directly from liguid nitrogen to a water bath maintained at 23-24°C,

The reactions were carried out in batches of two or three to allow direct
comparison between different reactions. The reactions were judged to be
complete when the purple colour of the (CFB)ZNO. had vanished. This was
determined as accurately as possible by refreezing the reactants when

the (CF3>2NO. seemed to have disappeared and rewarming them in the water
bath, Any (CF3)2NO' no longer visible to the naked eye was concentrated
in the liquid and showed clearly as dark brown and then pink-purple
streaks.

The products of each reaction were analysed by g.l.c. (2m SE30,
80-120°C), the products being identified by comparison of the g.l.c.
traces with those of the original reactions deseribed in Section I.

No attempts were made to calculate yields of unreacted substrate or
NyN-bistrifluoromethylhydroxylamine in the products. Percentages quoted

were caleculated from g.l.c. peak areas and are based on substrate reacted.
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Alkane (CFB)ZNO' Reaction
Products time
MeaCHCHax g, mmoles (minutes)
1. isohexane Mea(')CHECHz()H3 eee 31%
R
Me ,CHCH,,CH,,CH,,
0.36 g, 4.19 mmoles 1.31, 7,80 MeaCHCH,CHOR, ... 11% B
R
= 0,
?Ha ?(Me)CHECHECHB ees U8%
R R
Mealc-?HCHZCHz see 1091';
RR
2. 2y2,4=-trimethyl- (a) Mea?CHECMe3 ves 29%
pentane, Me,CHCH,Ce R
(a) 0.55 g, 4.82 mmoles|1.53, 9.1l (b) ?Ha-?(MS)OHECMGB vee 53 (a) 9
R R
(b) 0.18 g, 1.58 mmoles|0.53, 3.15 (b) 11
(e) (RCHg)acl:CHECMe3 eee 4%
R
Substituted alkane (CF3)2NO° Products Reaction
time
Me,,CHCH X 8, mmoles Me,CCH,X | CH,~C(Me)CH.X | (minutes)
] 2 | 2] 2
R R R
3+ ilsobutyl chloride
Me ,CHCH,C1
(a) 0.38 g, 4.11 mmoles | 1.26, 7.50 82% 15% 100
(b) 0.6k g, 6,92 mmoles | 2,31, 13.75 - - 98
4. igobutyl bromide
MeECHCHaBr
0.56 g, %.09 mmoles 1.32, 7.86 819 12% 93
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Products

Substituted alkane (CFB)aNO' Reaction
time
Me ,CHCH..X g, mmoles Mea?CHax ?Hz_?(Me)CHZX (minutes)
R R R

5. isopentyl chloride
MeacHCHECHacl
0.44 g, 4.13 mmoles 1.32, 7.86 57% 3% 33
6. isopentyl bromide
MeacHCHacﬂgBr
(a) 0.62 g, 4,11 mmoles | 1.34%, 7.98| 56% Logs 35
(b) 0.40 g, 2.65 mmoles | 0.86, 5.11 - - 3k
7« isobutyl methyl

ketone
MeECHCHZCOMe
(a) 0.45 g, 4.50 mmoles | 1.46, 8.69 55% 34% ks
(b) 0,30 g, 3.00 mmoles | 0.9%, 5.60 - - 48
8, 3-methylwl-

nitrobutane
MeECHCHECHaNO2
(a) 0.46 g, 3.9% mmoles | 1.27, 7.56| 54% L5% 65
(b) 0.23 gy, 1.96 mmoles | 0.65, 3.87 - - 20
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SECTION III

REACTIONS OF BISTRIFLUOROMETHYLAMINO-OXYL WITH ALKANES AND CHLORQAIKANES

ON 1:1 AND l:2 MOLAR BASES

The reactions of bistrifluoromethylamino-oxyl with (1) isohexane,
(2) 2,2,4-trimethylpentane, (3) isobutyl chloride and (4) isopentyl
chloride, which had previously been carried out using 2:1 molar ratios
of (CFE)ENO. to substrate (see Sections I and II), were repeated using
1:1 and 1:2 molar ratios of reactants,

Bistrifluoromethylamino-oxyl was condensed, in vacuo, into a
Pyrex reaction tube (ca. 25 cm3) containing the alkane or chloroalkane
cooled to -196°C., The tube was sealed and transferred directly from liquid
nitrogen to a water bath at 23-24°C. Upon completion the products were
analysed by g.l.c. (2m SE30, 80-120°C). The products were identified by
comparison of the.g.l.c. traces with those from the 2:1 molar ratio
reactions. No attempts were made to calculate yields of N,N-bistrifluoro-
methylhydroxylamine or unreacted substrate which were major components of
the products. Percentages quoted were calculated from g.l.c. peak areas

and are based on substrate reacted.

1. Bistrifluoromethylamino-oxyl with isohexane, 1l:1l and 1:2 molar
Reactants: 1l:1 molar ratio reaction| 1:2 molar ratio reaction
(CFB)ZNO‘ 0.5% g, 3.21 mmoles 0.59 g, 3.51 mmoles
MeECHCHZCHZCHB 0.28 g, 3.33 mmoles 0.60 g, 6,98 mmoles
Products:

MeBCHCHECHECH3 not determined not determined
(CFB)ENOH not determined not determined




Products: 1:) molar ratio reaction| 1L:2 molar ratio reaction
MeE_,GRCHacﬁacn3 3, 5% 3%
Me ECHCHECHRCH3 13% 13.5%
- 0,
?He ?(Me)CHECHECH3 489 Loy
R R
Mea?—?HCH2CH3 Lo 2%
RR
2 Bistrifluoromethylamino-oxyl with 2,2,4-trimethylpentane, 1:1 and

1:2 molar ratios

Reactants: 1:1 molar ratio reaction| l:2 molar ratio reaction
(CFB)ENO' 0.73 gy 4.35 mmoles 0.90 g, 5.36 mmoles
MeQCHCHECMe3 0.50 g, 4.39 mmoles 1.22 g, 10.70 mmoles
Products:
MeECHCHBCM33 not determined not determined
(CFB)ENOH not determined not determined
Me2({:011201«&:’.,5 32% 3%
R
(IZHa—(!}(Me)CHECMeB 56% 58%
R R
(RCH2)2?0H20M93 12% 10%
R
B Bistrifluoromethylamino~oxyl with isobutyl chloride, 1l:l and l:2

molar ratios

Reactants:

1:1 molar ratio reaction

l:2 molar ratioc reaction

(CFB)ZNO.

MeZCHCH201

0,98 g, 5.83 mmoles

0,55 g, 5.95 mmoles

0.52 gy 3.10 mmoles

0.57 g, 6,16 mmoles
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Products: 1:1 molar ratio reaction| l:2 molar ratio reaction
MeECHCH201 not determined not determined
(CFB)ENOH not determined not determined
Mea?CH201 82% 82%
R
CH.~-C{Me)CH..C1 149 16%
i 2] 2
R R
4, Bistrifluoromethylamino-oxyl with isopentyl chloride, 1:1 and

1:2 molar ratios

Reactants:
(CFB)aNO
MeZCHCHECHRCl
Products:
MeECHCH20H201
(CFS)ENOH
MeE?CHBCH201

R
?Ha-?(Me)Cﬂacl
R R

1l:l molar ratio reaction

1:2 molar ratio reaction

0.53% g, 3.15 mmoles

0.34 g, 3.19 mmoles

not determined
not determined

50%

37%

0.39 gy 2.32 mmoles

0.49 g, 4.60 mmoles

not determined
not determined

5h%

%8%

176




177

SECTION IV

REACTIONS OF BISTRIFLUOROMETHYLAMINO~OXYI, AND HYDROGEN CHLORIDE WITH

ALKANES AND ISOBUTYL CHLORIDE

1. (CFBQENO’, HYDROGEN CHLORIDE AND ISOBUTANE

This was a repeat of a reaction first carried out by B. Justin.26
Isobutane (0.35 g, 6.03 mmoles) was condensed, in vacuo, onto

carbon tetrachloride in a Pyrex reaction tube (gg. 300 cm3) cooled to

-196°C. The tube was allowed to warm until the reactants had formed a

homogeneous liquid whereupon the tube was recooled to ~196°C. Hydrogen

chloride (2.23 g,61.1 mmoles) and bistrifluoromethylamino-oxyl (2.24 g,

1%.33 mmoles) were condensed separately into the tube which was then

sealed and kept in the dark for 20 hours, The products were fractionated

by trap-to=trap condensation as detailed below,

-96°C trap: A colourless liquid shown by g.l.c. (2m SE30 at room

temperature) to contain 4 components. Three of these gave retention times

identical to those of N,N-bistrifluoromethylhydroxylamine, t-butyl chloride .

and carbon tetrachloride. The yields of these compounds were calculated

from comparative g.l.c.

-196°C trap: Hydrogen chloride

Reaction summary

Reactants:

(CFB)ENO' ereene 2.24 gy 13.33 mmoles
Me3CH eesess 0,35 g, 6.03 mmoles
HC1  seeses 2.23 g, 61,1 mmoles
CCl),  eanees 1.10 g

Products:

(CF3)2NOH eeeves 180 g, 10.66 mmoles, 80%

M93C01 esosan ’ 0.50 ) 5'!{‘3 mmOles, 90%
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one other compound ...... approximately 10% of Me,CH used

3
CCll‘_ Ceveoe l.lO g

HC1 esesas not determined

2 (CFBLQNO', HYDROGEN CHLORIDE AND ISOPENTANE

Hydrogen chloride (2.20 g, 60.3 mmoles) and bistrifluoromethylamino-
oxyl (2.00 gy 11.90 mmoles) were condensed separately, in vacuo, onto
isopentane (0.43% g, 5.97 mmoles) and carbon tetrachloride (1.00 g) in a
300 on’ Pyrex reaction tube cooled to ~196°C., The tube was sealed and
allowed to warm to room temperature. It was then kept in the dark for
20 hours, after which time the products were fractionated by trap~to-trap
condensation as detailed below,

-96°C trap: A colourless liquid shown by g.l.c. (2m SE30, DNP and APL
columns) to contain 6 major and 4 minor components. L4 of the major
components were identified by their g.l.c. retention times as N,N-
bistrifluoromethylhydroxylamine, isopentane, 2-chloro-Z-methylbutane and
carbon tetrachloride. The other two major components were identified from
gelece=-mass spectral data as 2-(bistrifluoromethylaminoc-oxy)=2=-methyl-
butane [mass spectrum identical to that given for this compound by
Justin26, i.e. main diagnostic peaks are at m/e 225 (1.1%), 224 (17.4%,

04H83+), 210 (40.3%, C3H6R+), 72 (19.2%), 71 (43.3%, C.H..7)] and probably

5t
2=(bistrifluoromethylamino~oxy)=3-methylbutane (m.s. 12), Two of the
minor products were identified from g.l.c.-nass spectral data as 1,2-

and 2,3~bis(bistrifluocromethylamino-oxy)-2-methylbutane (mass spectra
identical to those given for these compounds By Justinaé). The yields

of 2-chloro-2-methylpentane and isopentane were calculated by comparative
gelecs The yields of (CFj)aNo—substituted compounds were taken as

proportional to their g.l.c. peak arcas.

-196°C trap: Hydrogen chloride.
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Reaction summary

Reactants:

(CFB)BNO. eeeese 2400 8y 11.90 mmoles

MeacHCHECH3 sees 0.43 g, 5.97 mmoles

HC1 sosereense a0 =9 60.3 mmoles

Cclq. L NN NN Y 1.00 go

Products:

MeECHCHECHB eeenss 0,08 g, 1.11 mmoles, 19% unreacted
(CFg) NOH  ...... yield mot determined

MeaCCIGH20H3 eeese 0.38 g, 3,60 mmoles, 74%

MEE?CHECH3 cssese 0015 gy - 0.63 mmOles, 13%
R

prObably MGECH?HCHB averne 0007 g’ 0.29 mmoles’ 6%
R

MeZC-?HMe vesnss 0,06 g, 0,15 mmoles, 3%
R

?Ha"?(Me)CHZCHB sesene 0003 B 0.08 mleeS’ 106%

R R

HC1 eeeeee not determined

CClL]_ LI R 1.00 g

3 (CFBQQNo‘, HYDROGEN CHLORIDE AND ISOHEXANE

This reaction was carried out twice,

Bistrifluoromethylamino-oxyl [(a) 4,07 g, 24.23 mmoles, (b) 2.33 g,
13.87 mmoles] and hydrogen chloride [1.75 g, 47.9 mmoles in both reactions]
were caused to react with isohexane [(a) 0.76 g, 8.84 mmoles, (b) 0.59 g,
6,86 mmoles] in carbon tetrachloride [(a) 1.34 g, (b) 0.96 g] using
exactly the same method as in reaction 2.
-96°C trap: A colourless liquid shown by g.l.c. analysis (2m SE30 and

2m DNP at 60°C) to contain 8 components, These were identified, by
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comparison of their g.l.c. retention times with 2-chloro~2-methylpentane,
carbon tetrachloride and the products of the 2:1 molar ratio reaction of
(CFB)ENO‘ with isohexane (Section I, reaction 1) as N,N-bistrifluoromethyl-
hydroxylamine, isohexane, carbon tetrachloride, 2-chloro-2-methylpentane,
2-(bistrifluoromethylamino-oxy)-2~methylpentane, probably 2~(bistrifluoro-
methylamino-oxy)-4-methylpentane, 1,2- and 2,3=-bis(bistrifluoromethylamino-
oxy)wanmethylpentane. Yields of the first four of these compoﬁgds were
obtained by comparative g.l.c.; yields of the (CFB)ENO-substituted
compounds were taken as being proportional to their g.l.c. peak areas.

-196°C_trap: Hydrogen chloride

Reaction summary

Reactants: Reaction (a) Reaction (b)
(CFB)ENO' 4,07 g, 24.23 mmoles 2.33 g, 13%.87 mmoles
MeZCHCHa(}HacH3 0.76 g, 8.84% mmoles 0.59 g, 6.86 mmoles
HC1 1.75 g, 47.9 mmoles 1.75 gy 47.9 mmoles
cC1,, 1.34% g 0.9 g
Products:
MeECHCHa(}HECH3 0.07 g, 0.80 mmoles, 9% 0.16 g, 1,92 mmoles, 28%
(CFB)ZNOH 3.20 g, 18.90 mmoles, 78% not determined
MeECClCHZCHZCHB 0.58 g, 4.82 mmoles, 60% | 0.46 g, 3.80 mmoles, 77%
Me ,CROH ,CHCH,, 0.43 g, 1.69 mmoles, 21% | 0.14 g, 0.54 mmoles, 11%
probably
MeECHCHECHRCH3 0.12 g, 0.48 mmoles, &% 0.05 g, 0.20 mmoles, 4%
C;Hg—(tl(Me)CHECHBCHB 0.13 g, 0.32 mmoles, 4% 0.06 g, 0.15 mmoles, 3%
R R ‘

R R
HC1 not determined not determined
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L, (OF),NO", HYDROGEN CHLORIDE AND 2,2,'-~TRIMETHYLPENTANE
Bistrifluoromethylamino-oxyl (1.27 g, 7.56 mmoles) and hydrogen

chloride (2.20 g, 60.3 mmoles) were reacted with 2,2,4-trimethylpentane

(044 g, 3,86 mmoles) in carbon tetrachloride (0.87 g) using exactly

the same method as in reaction 2. Reaction was complete within one hour.
The colourless liquid products were shown, by comparative g.l.c.

with 2-chloro=2,4,4=-trimethylpentane, carbon tetrachloride and the

products of the 2:1 molar ratio reaction of (CF3)2

trimethylpentane (Section I, reaction 3), to contain as major components

NO® with 2,2,k4-

N, N-bistriflucromethylhydroxylamine, 2,2,h=trimethylpentane, 2-chloro-
2,y imtrimethylpentane, 2-(bistrifluoromethylamino-oxy)w=2,4,4%=trimethyl~
pentane and 1,2-bis(bistrifluoromethylaminc-oxy)=2,4,4-trimethylpentane,
and as minor components another mono-amino-oxy compound and 1,2-
bis(bistrifluoromethylamino-oxy)-2=-(bistrifluoromethylamino~oxymethyl)-

L, hudimethylpentane,

Reaction summary

Reactants:
(CFB)ENO. vessss La27 gy 7.56 mmoles

Me CHCH,.CMe, +.. O.t4 g, 3.86 mmoles

2 2773
HCL sesveress 2.20 £y 60.3 mmoles
CClLI. LI B S B Y 0087 g.
Products:

MeacHCHsze3 eeesss 0,09 g, 0.81 mmoles, 21% unreacted
(CFB)ENOH esesaes Yyield not determined
Meacc:LCHacMe3 eeeses 0435 g, 2.38 mmoles, 78%
MeECRCHECMe3 sesees 0.06 g, 0,21 mmoles, %%

another mono-amino-oxy compound .... 0,01 g, 0.03 mmoles, 1%

?HE—?(Me)CﬂacMe 0,15 g, Q.34 mmoles, 11%

R R

3 o e
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(RCHE)E?CH CMe 0.04 g, 0.06 mmoles, 2%

2 3 sadeos
R

HC1 sseess not determined

CClL'_ LI I B OO87 gl

5e (a) (CF3lnNO.’ HYDROGEN CHLORIDE AND ISOBUTYL. CHLORIDE

Bistrifluoromethylamino-oxyl (1.57 g, 9.35 mmoles) and hydrogen
chloride (1.75 g, 47.9 mmoles) were reacted with isobutyl chloride (0.44 g,
4,76 mmoles) in carbon tetrachloride (0.83 g) using exactly the same
method as in reaction 2. The reaction tube was kept in the dark for two
hours at room temperature. A faint trace of (CF3)2N0' remaiped in the
products. The products were analysed by g.l.c. (2m SE30 column) alongside
the products of the 2:1 molar ratio reaction of (CF3)2NO' with isobutyl
chloride (reaction 4, Section I) and it was found that the products of
the two reactions were virtually identical., i.e. The hydrogen chloride

made no difference to the reaction,

Reaction summary

Reactants:
(CF3)2NO. weesanag 105? 8 9.35 mmoles

Me ,CHCH.CL +.sss OJbh g, 4,76 mmoles

2 2
HCL ceeese 1075 8y 47:9 moles
CCll+ vseasesse 0.83 e
Products:

Me CHCH,CL ...... 0.05 g, 0.56 mmoles, 12% unreacted

(CFB)ENO ceesss trace
(CFB)ENOH esssss Yyield not determined
MeacRCHZCl sssens O. 95 gy 3.65 mmoles, 8‘?}5

?Ha—?(Me)CHzcl eee 0,20 g, 0,46 mmoles, 11%
R R
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unidentified, possibly a mono-amino-oxy compound ce.ses. 1e5%
HC1 enevae not determiued

Ccll_!_ LI L ] 0u83 g.

(b) REACTION OF 3-CHLORQ-2-METHYLPROP-1-ENE WITH HYDROGEN CHLORIDE

Hydrogen chloride (1.75 g, 47.9 mmoles) was condensed, in vacuo,
onto 3-chloro—2-methjlprop—1—ene (1.00 g, 1.11 mmoles) and carbon tetra~
chloride (1.11 g) in a Pyrex reaction tube (ca. 300 cm3) cooled to
~196°C. The tube was sealed, allowed to warm to room temperature and
kept in the dark for 2 hours. G.l.c. analysis (2m SE30) showed peaks for
3=-chloro-~2-methylprop-l-ene, carbon tetrachloride and a small peak in
area only 8% of the area of the 3=-chloro-2-methylprop-l-ene peak. An
i,r. spectrum of the producis was identical with that of a mixture of
3=chloro-2-methylprop-l«ene and carbon tetrachloride., i.e. Little or no

reaction had occurred.
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SECTION V

(a) REACTIONS OF BISTRIFLUOROMETHYLAMINO-OXYL WITH AMINES AND SCHIFF'S

BASES, (b) SOME REACTIONS OF BISTRIFLUOROMETHYLAMINE WITH AMINES

1. REACTTON OF (CFB)QNO' WITH ISOBUTYLAMINE (2:1 MOLAR RATIO)

This reaction was carried out three times as described below.

(a) Bistrifluoromethylamino~oxyl (4.58 g, 27.3 mmoles) was condensed,
in vacuo, into a Pyrex reaction tube (ca. 300 cm3) containing isobutylamine
(1.00 g, 13.7 mmoles) cooled to -196°C. The tube was sealed, allowed to
warm to room temperature and left in the dark overnight,

G.l.c. analysis (2m SE30 at 100~120°C) of the colourless liquid
products showed peaks for N,N-bistrifluoromethylhydroxylamine, one other
major product and 5 minor products. The main product was isclated by
preparative g.l.c. and identified by its n.m.r., i.r. and mass spectra
(nomer. 20, i.r. 18, m.s. 38) as N-[2-(bistrifluoromethylamino-oxy)=2-
CRCH=NCH,,CHMe.,»

2 2 2
Two of the minor products were identified from g.l.c.-mass spectral

methylpropylidene |-isobutylamine, Me

data as 2-(bistrifluoromethylamino-oxy)=-2-methylpropylamine (m.s. 39)
and N[ 2-(bistrifluoromethylamino-oxy)~2-methylpropylidene |=2'-
(bistrifluoromethylamino~oxy)—2'—méthylpropylamine, MeacRCH=NCHBCRMe2
(mas. 40).

The yields shown are based on g.l.c. peak areas.

Reaction summary

Reactants:
(CFB)zNO. sssene 1*.58 By 27.26 mmoles
MeECI-ICHENH2 eees Le00 g, 13.70 mmoles
Products:

Me2?CH=NCH20HMe2 cosese 1.81 g, 6,17 mmoles, 90%
R
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MeE?CHENH2 eeeees 0413 g, 0,55 mmoles, 4%
R .

Mea(‘:CI'I'—'NCHBC{'Mea X

R R

0.03 g, 0,07 mmoles, 1%

(CF3)2NOH esesess Yield not determined

unidentified +.... 5% of Me CHCHZNH2 used

2

Reaction (b):

The reaction was repeated in order to examine the volatile
products, using 2.08 g (12.38 mmoles) of (CFB)aNO. and 0.45 g (6.19 mmoles)
of isobutylamine in a 50 om3 sealed tube fitted with a "Rotaflo" tap.

The reaction was moderated by immersion in a slush bath at ~42°C, The
products consisted of traces of white solid suspended in colourless liquid.
After completion the reaction tube was connected to the vacuum system

and heated gently over a long period until there was no further weight
loss. The involatile residue consisted of whitish solid and colourless
liquid., The volatiles were separated by trap-to~trap fractionation as
follows.

ice-salt bath trap: A colourless involatile ligquid (exerted 0.5 cm Hg

pressure at room temperature). It proved impossible to recover this
liquid by condensation into an external trap.
-42°C trap: White solid forming a volatile liquid at room temperature.

I.r. spectra of the vapour showed peaks for (CF NOH and traces of

302
ammonia. 0.88 g of liquid were condensed out of this trap leaving a
relatively involatile liquid. The i.r. spectrum of the vapour produced

by heating this liquid showed peaks for (CFB)ZNOH plus very strong peaks
for ammonia. The i.r. spectrum [peaks at 3580 ot (m, sharp, OH stretch),
3400 to 2700 (broad series of peaks with maxima at 3310, 3225, 3125 and
3050 cm"l), 2920 (strong, sharp), 1392, 1310, 1270, 1225 (v. strong,

C-F stretching), 1190 (m), 1045, 1060 (s, N-O stretch), 967 (s, C=N
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stretch), 928 (w), 700 (s, Cry def) ] was virtually identical to that of
the g,grbistrifluoromethylhydroxylamine—ammonia adduet.lBa
-78°C trap: Some (CFB)aNOH

-196°C trap: Trace (CFB)ZNOH.

Reaction (c):

The reaction was repeated using 0.65 g (3.87 mmoles) of (CF3)2NO°
and 0.14 g (1,92 mmoles) of isobutylamine in a 50 cm3 sealed tube. The
tube was allowed to warm to room temperature and reaction appeared to
be complete after 15 minutes giving a pale yellow liquid. The products
were dissolved in chloroform and submitted for 19F n.m.r. spectroscopy
to check that (CFE)ZNOH and MeECRCH::NCHaGHMe2 were the only main
fluorinated products. The laF n.m.r, spectrum showed two main sianglet
peaks, at -1l.1 ppm from TFA (int, 1) due to Me CRCH=NCH.,.CHMe., and at
~-8.4 ppm (int. 6) due to (CFB)ZNGH' Six very minor peaks (total int.

0.1 to 0.,2) were present between -11l.3 and -9.8 ppm.

2. REACTION OF (GFBAENO' WITH TSOBUTYLAMINE (1:1 MOLAR RATIO)

This reaction was carried out twice as.follows.

Bistrifluoromethylamino-oxyl [ (a) 0.98 g, 5.8% mmoles, (b) 0.83
gy 4.9% mmoles] was condensed, in vacuo, into a Pyrex reaction tube (ca.
S0 cm3) fitted with a "Rotaflo" tap, containing isobutylamine [(a) 0.43
8y 5.83 mmoles, (b) 0.37 g, 5.06 mmoles]| cooled to -196°C. The tube
was sealed and allowed to warm to room temperature. Reaction was complete
after about 20 minutes giving a colourless liquid and traces of white
solid.

The volatile fraction of the products was condensed into the
vacuum system, An i.r; spectrum of the vapour from this fraction showed

peaks for (CF3)2NOH and ammonia, Molecular weight determinations of the
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vapour from reactions (a) and (b) gave values of 140 and 113 respectively

(the (CFE)ENOH.NH adduct is thought to be about 50% dissociated in the

>
vapour phase at room temperature; the value of the molecular weight would
therefore be expected to be about 124),

G.l.c. analysis (2m SE30, 70~120°C) of the more involatile
products showed peaks for the following compounds, in ascending order of
retention times:

N, N-bistrifluorome thylhydroxylamine,

unreacted iscbutylamine,

a minor unidentified product,

N-isobutylideneisobutylamine, MeECHCHnNCHECHMea,
and ﬂ—[2~(bistrifluoromethylamino—oxy)-a—methylpropylidene]—

isobutylamine,

These last twq compounds were isolated by preparative g.l.c. and
identified by comparison of their n.m.r. and i.r. spectra and g.l.c.
retention times with (i) a prepared sample of N-isobutylideneisobutylamine
(nem.r, 21, i,r. 19) and (ii) a previously isolated sample of N-[2-
(bistrifluoromethylamino~oxy)-2—methylpropylidene]-isobutylamine.

Gel.c. of the products one week after the reaction showed a
considerable decrease in the size of the N~isobutylideneisobutylamine
peak, presumably due to hydrolysis, and the appearance of two new peaks,
one with much lower retention time and another with a slightly longer
retention time which was presumed to haverbeen previously hidden beneath
the N-isobutylideneisobutylamine peak.

This peak was found to have a g.l.c. retention time identical
over a range of temperatures (70 to 120°C) to that of one of the major
products from the reaction of (CF3)2NO' with N-isobutylideneisobutylamine,
namely En(l-hydroxy-awmethylpropylidene)eisbbutylamine,

MeacHC(OH)zNCHacHMe2 (this compound is the iminol form of N~isobutyl-2-




methylpropanamide, MeZCHCONHCHECHMeB).

Reaction summary

Reactants:

(CF3)2NO'

MeECHCHzNH2

Products:

Me CHCHENH2

2
(CFB)ZNOH

MeECHCH=NCHECHMe2

Mea(llCH=NCH20HMe2
R

CHMe

2

Me2CH?zNCH >

OH

NiL;

unidentified

Reaction (a)

Reaction (b)

0.98 g, 5.83 mmoles

0.43 g, 5.83 mmoles

0.10 g, 1.40 mmoles, 2%
not determined
0.17 gy 1l.32 mmoles, 62%

0016 £y 0055 mmoles’ 25%

0.01% g, 0,10 mmoles, 4%

not determined

%

0.83 g, 4.94 mmoles

0.37 g, 5.06 mmoles

0.09 g, 1.21 mmoles, 2h%
not determined
0.15 g, 1.19 mmoles, 62%

0.1% g, 0.48 mmoles, 25%

0.01 g, 0.08 mmoles, 4%

not determined

%%

REACTIONS OF (CFB)ZNO. WITH N~-ISOBUTLYLIDENEISOBUTYLAMINE
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N-isobutylideneisobutylamine was prepared by adding isobutylamine

(4.6 g, 0.20 moles) dropwise to isobutyraldehyde (14.4 g, 0.20 moles)

in a cooled flask so that the temperature did not rise above 4°C.153

The products were dried over sodium sulphate and distilled under reduced

pressure.

The identity of N-isobutylideneisobutylamine was confirmed by

its n.m.r. (21) and.i.r. (19) spectra and it was shown to be pure by

g.l.c-
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S REACTICN OF (CF,)ENO' WITH N-ISOBUTYLIDENEISOBUTYLAMINE (2:1
-

MOLAR RATIO)

This reaction was carried out twice as follows.

Bistrifluoromethylamino-oxyl [(a) 1.08 g, 6.43 mmoles, (b} 4.05 g,
24,11 mmoles] was condensed, in vacuo, intec a reaction tube [(a) 25 cmE,
(b) BOO‘cmB] containing N-isobutylideneisobutylamine [(a) 0.41 g, 3.23
mmoles, (b) 1.53 g, 12,06 mmoles] cooled to -196°C, The tube was sealed
and removed from the liquid nitrogen. The reaction appeared to be
complete within 10 to 15 minutes, shortly after the tube had reached
room temperature,

G.k.c., analysis of the slightly yellowish liquid products (2m
SE30, 70 to 100°C) showed peaks for N,N-bistrifluoromethylhydroxylamine,
unreacted N-isobutylideneisobutylamine and two other major and several
minor products.

The two major products were isolated by preparative gel.c. (5m
SE30, 65°C). The main one of these had g.l.c. retention time, n.m.r.
and i.r, spectra identical to the previously isolated E—{E—(bistrifluoro—
methylamino-oxy)-2-methylpropylidene |-isobutylamine. The other was
identified as ﬁr(l—hydroxywa-methylpropylidene)aisobutylaminé,
MeZCHC(OH)mNCHECHMea on the basis of its n.m.r. (22), i.r. (Fig. 5) and
mass (4la) spectra. G.l.c. of this product showed that it was, in fact,
a mixture of Me20HC(GH)=NCH20HMe2 and (CFE)ENOH with about 10%
.MeECRCH=NCH2C}HMe2 as impurity. The i.r., spectrum showed the presence
of (CF3}2NO- and the “OF n,m,r. spectrum showed peaks for (CFB)ENOH
(int. 6) and (CFB)ENON(CFB)Z (int,. 1),

The poésibility of the compound isolated actually being the amide
MeECHCONHCHECHMe2 rather than the iminol form, was ruled out by preparing

the amide (from isobutyryl chloride and isobutylamine) and comparing its




i.r. (Fig. 8) and n.m.r. spectra (n.m.r.23) with that of the product

isolated.
1670
1710
. . 1050
Fig. 5: Iminol form Me: CHC (0H)=NCH2CHMe
+ (CF,)oNOH in CC1 960

1290-

The solution of N-(l-hydroxy-2-methylpropylidene)-isobutylamine
with (CFA”“NOH in CCl” which had been submitted for n.m.r. was evaporated
to a whitish residue under vacuum. This residue was redissolved in CC1*
and its i.r. spectrum rerun (Fig. ). It can be seen that the peak due
to C=N at 1710 cm-: and the peaks due to (CF~~NO- at 1290, 1260, 1198,
1050, s60 and s9s cm: are diminished in intensity while new bands have
appeared at 1670 cm.: (C=0 stretch, the ’""Amide I” band) and 150 cm-.:

(N-H bend, the ’''Amide II" band). The peak at 16?0 cm-:. is due to the
C=N stretch in the Me: CRCH=NCH: CHMe: present as impurity.

This procedure was repeated, the CCl” being evaporated under

vacuum. The residue was heated using a hair dryer for a few minutes,

then redissolved in CCl” and its i.r. spectrum rerun (Fig. 7)%*

The peaks due to C=N (1710 cm"1l) and (CF~~NO- can be seen to be further

190

695
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1710 1670

Fig. 6: Mixture of amido and iminol
forms, MeoCHCONHCH,CHMe, and
MeoCHC (0H) =NCH CHMeO + less

(CFj~NOHin ccl

3220
1710

1670

Fig. 7: Mainly the amido form Me~CHCONHCH~CHMe” + some

iminol + some (OFo)oNOH
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reduced and those due to the amide (at 3220 cm”1, 3050 cm”\ 1640 cm-*
and 1570 cm“*) further accentuated. This spectrum can be compared to

that of pure N-isobutyl-2-methylpropanamide in CCl1l* (Fig, 8),.

3060

3275

1640

Fig. 8: Amide Me“CHCONHCH~CHMe” in CCl

It was concluded that the iminol form Me”~CHCtOH)=NCH2CHMe2 is
stabilised by the presence of (CFA“NOH and that driving off the
(CF*)2NOH converts the iminol form to the more stable amido form,
Me2CHCONHCH2CHMe?2 .

A 1:1 molar ratio mixture of (CF*“NOH and N-isobutyl-2-
methylpropanamide was prepared. Its i.r, spectrum showed peaks for the

amide but none for the iminol form,

1 ..
The 9F n.m.r. spectrum (ref. ext. TFA) of the original products

of the reaction showed 3 main peaks having areas in the proportions

given:
-8.2 ppm e (CF3)2NOH ceen 50#
-9.7 ppm (CF3)2NON(CF5)2 .. 114
-10.7 ppm e Me2CCH=NCH2CHMe2 .. 324

R
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plus 6 other small peaks, total approximately 5%.

The yields shown below are based on g.l.c. peak areas and 19F
n.m.r, peak integrations.
Reaction summary
Reactants: Reaction (a) Reaction (b)
(CFE)ENO. 1.08 g, 6,43 mmoles 4,05 gy 24.11 mmoles
MeECHCH-—-NCHZCHMe2 0.41 g, 3.23 umoles 1.53% g, 12.06 mmoles
Products:

MeZCHCH::NCHECHMe2 0,09 g, 0.74 mmoles, 23% | 0.35 g, 2.77 mmoles, 23%

(CF,) NOH 0.54 g, 3.22 mmoles, 50% | 2.04 g, 12,06 mmoles, S50
3’2

(CF,) ,NON(CF,) 0.11 g, 0.35 mmoles, 11% 0.2 g, 1.33 mmoles, 11%
32 32

Mea?CH=NCH20HM62 0.58 g, 1.97 mmoles, 79% | 2.16 g, 7.3% mmoles, 79%
R

Me2CH?=NCH20HMe2 0.06 g, 0.40 mmoles, 16% | 0.2l g, l.48 mmoles, 16%
OH

unidentified 59 5%

b, REACTION OF (CF.,).NO" WITH N-ISOBUTYLIDENEISOBUTYLAMINE (1:1

MOLAR RATIO)

This reaction was carried out twice as follows.
Reaction (a): Bistrifluoromethylamino-oxyl (0,17 g, 1.0l mmoles) and
N-isobutylideneisobutylamine (0.1% g, 1.0l mmoles) were reacted in a
300 cm3 sealed tube using the same method as that described for the last
reaction. The reaction was complete within 10 minutes giving a colourless
liquid which turned pale yellow on exposure to the air,

G.,1l.c. analysis (2m SE30, 70 to 100°C) of the products showed

peaks for compounds which were identified from their retention times as

N, N=bistrifluoromethylhydroxylamine,
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unreacted N-isobutylideneisobutylamine,

ﬁ—(l—hydroxy—2~methylpropylidene)—isobutylamine,

N-[ 2=(bistrifluoromethylamino-oxy)-2~methylpropylidene }-

isobutylamine.

The lH n.m.,r. spectrum of a sample of the products showed a
mixture of peaks due to the 4 main products named above plus a very minor
peak at -2.2 ppm from ext. DCB due to the ~CHO of isobutyraldehyde.

The lgF n.m.r, spectrum (ref, ext. TFA) showed 3 main peaks
having areas in the following proportions:

~8.7 pom ... (CF3)2N0H ceans hoos

-9.8 ppm ... (CFB)ENON(CFB)E.. 34%

-100‘? rpm esn Me2?0H=NCH20HM62 sve 23%
R

Reaction (b):

The reaction was repeated in order to examine the more wvolatile
products. 0.45 g (CF3)2NO' (2.68 mmoles) and 0.34 g N-isobutylidene-
isobutylamine (2,68 mmoles) were caused to react in a 25 e sealed tube.
The reaction was complete on reaching room temperature, within about 5
minutes., The reaction tube was attached to the system and heated, The
volatiles were stripped off gradually and condensed at ~196°C. The i.r.
spectrum of the vapour was examined for each fraction using a gas cell.
The i.r. spectrum of the first 0.0l g showed peaks for 2-(bistrifluoro-
methylamino-oxycarbonyl)propane, MeZCHCOON(CF3)2 at 1830 en™ (C=0 str.),
1310, 1275 and 1215 cm— (C-F str.), 1040 cm™> (N-0 str.), 965 om -

(C-N str.) and for isobutyraldehyde as 1740 cmfl (C=0 str.), 2960 em L
(C~H str.).

The i.r. spectrum of the next 0.23 g (gas cell pressures of 0.5,

1.5, 3.0, 4.0 and 5.0 cm Hg) showed very strong peaks for perfluoro-

(2, 4=dimethyl-3-oxa~2,4-diazapentane), (CFB)ZNON(CF3)2 at 1350, 1305,
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1275, 1260, 1230, 1210, 1192, 1176, 1015, 960 and 700 cm'l, weaker peaks
due to isobutyraldehyde at 2960, 2860, 2775, 2670 cm"l (C-H str.), 1740
en™t (C=0 str.) and 1470 cm"l, and peaks due to MeECHCOON(CF3)2 at
higher gas cell pressures. The next 0.24 g consisted of a fairly
involatile liquid, the i.r, spectrum of the vapour of which showed only
weak to medium peaks due to a (GF3)2NO- group at pressures of 0.5, 2.0
and 3,0 cm Hg. No peaks attributable to (CFB)aNOH were observed in any
of the spectra,

The yields shown below are based on a combination of n.m.r.
peak areas (yields of (CF3)2NOH, (CFB)BNON(CFB)a and
MeacRCHmN'CHaCHMe2 being based on the relative integrations in the 19F
n.m.r. spectrum already quoted) and g.l.c. peak areas (for yields of the

other products; the yield of Me CRCH:NCHECHMe2 calculated from its

2
gelec, peak area correlated fairly well with that calculated from the

l?F n.M.r. peak area).

Reaction summary

Reactants: Reaction (a) Reaction (b)
(CF3)2N0’ 0.17 g, 1.0l mmoles 0.45 g, 2.68 mmoles
Me,CHCH=NCH,CHMe, | 0.13 g, 1,01 mmoles 0.34 g, 2.68 mmoles
Products:

MeaCHCH=NCHacHMe2 0.08 g, 0.59 mmoles, 58% { 0.20 g, 1.55 mmoles, 58%
(CrF_ ). NOH 0.07 g, 0.40 mmoles, 40% | 0,18 g, 1.07 mmoles, 40%
32

(CFB)ENON(CF3)2 0.05 gy Q.17 mmoles, 34% | 0.15 g, 0.46 mmoles, 34%
Mea?CHhNGHECHMea 0.07 g, 0.235 mmoles, 55% | 0,18 g, 0.62 mmoles, 55%
R

Meacﬂ(llnNCHa(}HMe2 0.02 g, 0,17 mmoles, 4O¥ | 0.06 g, 0,45 mmoles, 40%

OH
Me ,CHCHO 0.001 g, 0.01 mmoles, 2% | 0.0014 g, 0.02 mmoles, 2%
Me,CHCOR 0.001 g, 0.00% mmoles, 1%| 0,002 g, 0.0l mmoles, 1%




5. REACTION OF (CFBLqNo' WITH BENZYLAMINE (1:1 MOLAR RATIO)

This réaction was carried out three times as described below,
Reaction (a): Bistrifluoromethylaminc-oxyl (0.46 g, 2.74 mmoles) was
condensed, in vacuo, into a 25 cm3 Pyrex reaction tube containing
benzylamine (0.29 g, 2.74 mmoles) cooled to -196°C. The reaction was
complete within 20 to 30 minmutes giving pale yellow liguid and some
whitish solid.

The volatile products (0.%9 g) were condensed into the vacuum
system, An i,r. spectrum of the vapour showed peaks for (CFB)ENOH and

ammonia, the spectrum being identical to that for the (CF.,).NOH.NH

3) GNOH. NI
adduct. A molecular weight determination on the vapour using a
molecular weight bulb gave a mean value of 123,3 * 0.8 (the expected
value for the 1:1 (CFB)ENOH.NH3 adduct, being about 50% dissociated at

room temperature, would be 124; however, the volatiles from this reaction

would be expected to contain a 2:1 molar ratio of (CF.).NOH to NH. which

302 3

would give a mean value of 142 for the molecular weight on the basis of a
1:1 mixture of (CF,) NOH.NH, and free (CF,) NOH. The molecular weight
might be expected to be still higher if the adduct were less than 50%
dissociated in the presence of excess (CFB)ENOH)'

The involatile liguid and the solid were separated., Their i,r.
spectra (20) were identical., Both were dissolved in CDCZL3 and shown by
n.m.r, spectroscopy to consist of the same compound, namely N-benzylidene-
benzylamine (n.m.r. 24)., The n.m.r. and i.r. spectra were identical to
that of a sample of N-benzylidenebenzylamine prepared from benzaldehyde
and benzylamine,

The yield of C.H CH=NCH,C H; was at least 95% (0.25 g, 1.30

5 5
rmmoles) .
Reaction (b):  The reaction was repeated using 1l.12 g (CF3)2NO’ (6.67

mmoles) and 0.72 g benzylamine (6.73 mmoles). The products, which
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consisted of yellowish liquid and some whitish solid were dissolved in

CDClB. G.l.c. of the resulting solution (2m SE30, 200-230°C) showed

peaks for (CF,)_NOH, CDClB, benzylamine (approximately 5% unreacted),

302
N~benzylidenebenzylamine and several very minor products.

The lH n.m,r. spectrum of the solution showed peaks for
06H5GH3NCH206H5 plus a broad peak for (CFB)ENOH plus NH3 at 3.40 T
and an additional small unidentified peak at 6.56 T.

The 19F n.nm.r. of the solution showed one singlet only, at
-9.1 ppm from TFA, for (CFB)aNOH' No other peaks, even minor ones, were

present,

Reaction summary

Reactants:
(GFB)ENO. caens 1.12 g, 6,67 mmoles

C6H5CH2NH2 teeea 0.72 gy 6.73 mmoles

Products:
06H50H2NH2 vonse 0.0% g, 0,34 mmoles, 5% unreacted
(CFB)ZNOH sesee 1013 29 6.67 mmoles’ 10095

CGHSCH=NCH206H5 oo 0059 2 3.01{" mmoles, 95%
NH3 cone not determined

unidentified eoeee 5%

Reaction (c): The reaction was repeated, using 1.37 g (CFB)ZNO.

(8.15 mmoles) and 0.87 g benzylamine (8,15 mmoles), in order to examine
the volatiles, After completion the reaction tube was attached to the
vacuum system and heated, using a hair dryer, to constant weight. The
volatiles (1.42 g) were passed through -78°C and -196°C traps. The -78°C
trap contained white solid which melted to a colourless liquid on warming.

An i,r, spectrum of the vapour showed peaks for (CFB)ZNOH and ammonia,
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Presuming the maximum amount of ammonia formed to be approximately
L mmoles (0,07 g) this leaves 1l.35 g <CF3)2NOH ees 8,00 mmoles, 98% of
(CF3)2NO. used.

The involatiles remaining in the reaction tube consisted of a
whitish-yellow crystalline solid (0.26 g) and an amber liquid (0.55 g)e
The liquid was shown by g.l.c. and i,r. spectroscopy to consist ef
N-benzylidenebenzylamine plus traces of (CFE)ENOH and three very minor
products, The solid proved insoluble in both CClh and CHCl3 and was

not investigated further,

6. REACTION OF (CFBL.,NO' WITH BENZYLAMINE (2:1 MOLAR RATTIO)

This reaction was carried out 4 times in all. Tﬁe method used
was exactly the same as that used in the 1l:1 molar ratio reactions,
Reaction (a): The reaction was carried out using 2.72 g (CFj)ENO.

(16,19 mmoles) and 0.87 g benzylamine (8,10 mmoles) in a 50 cm3 sealed
tube. The reaction was complete within about 30 minutes giving a pale
yellow solid in a colourless liquid. There was much more solid than in
the case where equimolar amounts of reactants were used.

The volatiles were removed by heating the reaction tube to
constant weight under vacuum using a hair dryer, and the collected volatile
fraction was separated by trap-to-trap fractionation.

-78°C trap: 2.56 g, shown by i.r. speqtroscopy to consist of (CF3)2NOH
rlus some ammonia.

-196°C trap: traces of (CFB)ZNO’ e+ approximately 0,01 mmoles, .02 g.
The involatiles consisted of a yellow crystalline solid.
Chloroform was added forming a yellow solution and leaving a white solid.
The solution was filtered and the chloroform was removed from the filtrate

leaving 0.56 g of an amber liguid which deposited orange-yellow crystals

on cooling. This residue was redigsolved in deuterochloroform, The i.r.




spectrum was virtually identical to that of N-benzylidenebenzylamine,
although it showed a small sharp peak at 1700 em~t attributed to
benzaldehyde.

The lH n.m,r, spectrum of this solution (ref. int., TMS) showed:

Band Int. Chemical shift Band structure Assignment
1 "0LL 0412 T singlet PhCHO
2 1.0 1.45 T broad singlet (PhCH=N) ,CHPh
3 2.0 1.7k 7T singlet PhCE:NCHzPh
L 4o 2.05 to 2.50 T complex
2450 to 2.90 T complex C6H5 groups

(including a singlet at 2.68 t)

5 0.5 b,05 T broad singlet (PhCH=N) ,CHPh
6 4,0 5.30 T singlet PhCH=NCH_Ph

plus very minor unidentified peaks at 4.73 and 8.70 T

The peaks for N-benzylidenebenzylamine were identified by comparison of

their chemical shifts with those of a previously isclated sample of
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this compound (n.mer. 24). The peaks due to hydrobenzamide, (PhCH=N)20HPh

were identified by comparison of their chemical shifts with those of a
sample (n.m.r, 25) prepared by leaving benzaldehyde to stand in an excess
of ammonia for two days and recrystallising the solid hydrobenzamide
from ethanol.

The residue from the filtration consisted of 0.26 g of a white
solid, This solid was identified as:probably an adduct between 1,2,3,4-
tetrahydro-2,4,6-triphenyl-1,3,5~triazine and (CF3)2NOH. The evidence
on which this identification is based is given below.

(1) The white solid dissolved in acetone on heating. On removing

the acetone a yellowish-white solid remained which gave an i.r. spectrum
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A

identical to that of 2,",6—tripheny1—l,3,5—triazine15 , having peaks at
1390 (w), 152** (v.s.), 175*+ (m), 1368 (s), 1296, 1170, 1062, 1022, ,:*
(all weak), 735 (m), 672 (m), +«:* (wW). The melting point of this
yellowish-white solid was 228-232°C (lit, melting point for 2,%,6-
triphenyl-1,3»5-triazine is .. °Cli+l).

(ii) Heating the original solid, in vacuo, with the tube attached to
a -196°C trap, for 1 hour, resulted in 0,055 g of solid losing
approximately 0,015 g« On warming the contents of the trap to room
temperature they were shown by vapour i.r. spectroscopy to consist of
(CF~~NOH. The residue consisted of a yellow solid, the i.r. spectrum
of which was identical to that of 2,*+, 6-triphenyl-1,3>5-triazine.

(iii) A melting point determination was carried out on the white
solid. It appeared to undergo decomposition between 135 and 1*fO°C leaving
a fragmented white solid which did not change further until about 185°C.
It then slowly melted between 185° and 220°C. The residue in the tube

was shown by its i.r. spectrum to consist of 2,*+,6-triphenyl-1,3,5-

triazine.
(iv) The i.r. spectrum of the white solid (Fig. 9) shows C=N stretching
3300 1880

2400

1625

1292
Fig. 9: Nujol/HCB mulls 1270 1198
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at 1625 et (strong), N-H stretching at 3300 e (weak, sharp), C-F
str. at 1292, 1270, 1198 — (v. strong), C-N str, at 960 o (s) and

a broad band between 3100 and 2100 et (medium) . Secondary amine

~(CF,) ,NOH adducts give similar bands, 22
(v) Analysis of the white solid.
Required for the Found
proposed adduct 1. 2. e
% C 573 55.1 57.8 56,7
% H b, 4,3 4.3 k.5
%N 11,6 11,7 11.8 11,5
% TF 23,7 26,3 24.6

Analysis 3 was carried out on a portion of the same sample as analysis
2 after the analysis for fluorine had been carried out. The adduct
appears to decompose slowly at room temperature.

(vi) 1,2-Dihydro-2,4,6~-triphenyl=l,3,5~trigzine is well known. Its

140 1 1

i.r. spectrum shows C=N at 1605 cm ~ and N-H at 3200 cm . Its n.m.r.

spectrum shows multiplets at 1,96 and 2,50 1 (aromatic Hs), a singlet at

140,155 It seems

375 T (benzyl) and a broad band ;t 4,80 v (amino),
unlikely that the presence of (CFE)ENOH would affect the position of the
C=N stretching frequency. Furthermore a 1l:1 adduct would not be expected
to show a free N-H stretching band. This compound can therefore be ruled
out,

As the tetrahydro~compound has only one C=N bond the C=N stretching
frequency would be expected te be higher than in the case of the dihydro-
compound which has two conjugated C=N bonds.

(vii) 1,2-Dihydro-2,4,6-triphenyl-1l,3,5~triazine can be easily converted
to the aromatic 1,3%,5-triazine by heating in refluxing nitrobenzene or

xylene.156
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Presumably a similar reaction is possible with the tetrahydro compound.
(viii) No references to 1,2,3,k-tetrahydro-2,4,6-triphenyl-1,3,5~triazine
could be found in the literature, other than as an intermediate in the

hydrogenation of 2,4,6«triphenyl-l,3,5~triazine:

=

N

Ph

i
Ph N Ph P N Ph P
\ﬂ/ Zn/CHgCOO}_é H \ﬂ/ -NH
oH —
N N 2 N N
\% . Y

aafit=4

Ph H Ph

(ix) Anothér structure considered as a possibility was the adduct

PhCH::NCHNHCHNHa.HON(CFB)2 which would be an intermediate in both the
Ph Ph

condensation of 3 moles of PhCH=NH to hydrobenzamide and the trimerisation
of 3 moles of PhCH=NH to the hexahydro-2,4,6~triphenyl-l,3,5-triazine.
This was rejected on the grounds that on removal of (CFB)ENOH the

compound would be more likely to lose ammonia to give hydrobenzamide

than to qﬁﬂise.

' Reaction summary

Reactants:
(CFB)ENO‘ eses 2472 gy 16,19 mmoles

Ph.CHZNH2 eess  0.87 g, 8,10 mmoles
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Products:

(CFB)ENOH eese 2,54 g, 15.06 mmoles, 93%

(CFB)ZNO. eees 0.02 g, 0.10 mmoles, 0,6% unreacted
PhGH=NCH,Ph ... 0,40 g, 2.05 mmoles, 51%

(PhCHmN)acHPh oo 0,15 g, 0,50 mmoles, 19%

probably
Ph H
Py
N N O(CF3)2NOH ese e 0026 g, 0-54 mmOleﬁ’
Ph’”\\ ;’lc‘Ph 20% of PhCH.NH., used,
‘N o 22
§ 343% of {CF3)2N0° used,
PhCHO ceew trace \\‘.
NH3 cevs not determined

unaccounted for .... 0.20 g, &% total reactants.

Reaction (b):

The reaction was repeated using 1.19 g (7.08 mmoles) (CF3)2NO'
and 0,38 g (3.54 mmoles) benzylémine. The products consisted of a
vhite solid and a yellowish liquid. CClq was added to the products
dissolving some of the solid. The 1H n.m.r. spectrum of the resulting
mixture showed peaks for benzaldehyde, N-benzylidenebenzylamine and
hydrobenzamide. From the relative integrations of the n.m.r. peaks
these compounds were calculated to be present in molar ratios of 2.5:10:1
respectively.

The 19F n.m,r, spectrum showed two singlets at -9.0 ppm from
TFA (int,. 36) for (CF3)2NOH and at ~10.7 ppm for possibly PhCOON(CF3)2
(int. 1).

The i.r. spectrum of the products showed peaks at 1795 oL for
the C=0 stretch of PhCOON(CFB)E, 1700 el for the C=0 stretch of PhCHO

and 1640 o™t for the C=N stretch of PhGH=NCH P and (PhCH=N) ,CHPh,




Reaction (c¢):
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The reactants were thoroughly dried, as described below, in order

to eliminate any water which could be a possible source of the benzaldehyde

cbserved in the products, formed by hydrolysis of either Euhenzylidene-

benzylamine or hydrobenzamide,

(1)

The benzylamine was distilled roughly and then fractionated

immediately before use.

(ii)

(iii)

The (CFB)ENO. was dried by passing through a

PEOE tube.

The CG14 used for preparation of the n.m.r. sample was dried

by distillation, the first LO¥ of the distillate being discarded.

mmoles) and 0.50 g benzylamine (4,70 mmoles).
within 40 minutes giving a yellow solid in a colourless liquid.

the volatiles were condensed into the system.

The reaction was then repeated using 1,54 g (CFB)ENO. (9.17

The reaction was complete

Some of

CClh was added to the

remaining products which were filtered to remove ingoluble white solid

(0.13 g) .

The 1H n.m.r. spectrum (ref. ext. DCB) of the filtrate showed:

Band structure

Band Int. Chemical shift Assignment

1 <0,1 =2.34% ppm singlet PhCHO

2 5.5 ~1,20 ppm sharp singlet on (PhCE:N)chEh
top of a broad
singlet (CFB)ZNOH

3 0.5 =0.92 ppm triplet, J v 2 Hz PhCH=NCH,,Ph

b 12,0 =-0.56 to +0.24t ppm complex C6H5 groups

5 0.3 +1.32 ppm broad singlet (PhCH:N)aCEPh

6 1.0 42,55 ppm doublet, J v 2 Hz PhCH=NCH_Ph

2

plus minor unidentified peaks at +1.78, +1.98, +2.08 ppm
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The i.r. spectrum of the solution in CCl, showed a strong peak at 1640

ent (C=N stretch of PhCH=NCH,Ph and (PhCH#N)ECHPh) and very weak peaks

2
at 1700 cm—l (PhCHO, C=0 str.) and 1800 cmm:L (PhCOON(CFB)a, C=0 str.).

Reaction summary

Reactants:

(CFB)BNO. eesenee LS54 g, 9.17 mmoles

PhCH,NH,, eesnss 0,50 g, 4,70 mmoles

The percentages shown below are calculated from the n.m.r, integrations.
Products:

PhCH=NCH,Ph +4vee. 0,19 g, 0.99 mmoles, Lo

(PhCH:N)ECHPh eees 0417 g, 0.58 mmoles, 37%

PhCHO  eeeeee 0.0L g, 0,12 mmoles, 2.5%

PhCOON(CFE)E eeees 0,01 g, 0,05 mmoles, 1%

robabl.
P J Ph H
N)QN i
’JL\\ //J(~ .(CF3)2NOH ees 0el3 g, 0.27 mmoles,
Ph ? ) Ph 17% of PhCH,NH,, used,
H

3% of (CFB)ENO' used.

(GFS)ZNQH sessee hnot determined

NH3 rerenacan not determined

Reaction (d):

The reaction was repeated using 2.27 g (CFB)BNO' (13.51 mmoles)
and 0,72 g benzylamine (6.73 mmoles). After completion the reaction tube
was attached to the system and heated strongly using a hair dryer until
it reached constant weight. An i,r. spectrum of the vapour from the
volatiles showed peaks for (CFB)ZNOH and NH}' The involatiles were

heated further, converting them to a yellowish solid mixed with a

viscous liquid., On addition of chloroform all the solid dissolved giving
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a yellow solution. The chloroform was removed and 0014 added to the
residue giving a yellow solution and an orange~buff solid which was
separated by filtration. This solid melted gradually over a temperature
range of 70° to 280°C.

The weight of volatiles was consistent with 100% (CF3)2NOH

(13,51 mmoles, 2.28 g) plus ammonia (0.04k g, 2.25 mmoles).

7e REACTION OF (CFBZZNO' WITH BENZYLAMINE (%:1 MOLAR RATIO)

This reaction, between 2.04 g (CFE)ENO. (12.14 mmoles) and Q.43 g
benzylamine (4,04 mmoles) was carried out using the same method employed
in the 1:1 and 2:1 molar ratio reactions. The reaction was qomplete
within about 25 minutes giving a lot of yellow-white solid and some
liquid. Most of the volatiles (1l.68 g) were removed into the system and
condensed at -196°C, The reaction tube was not warmed. The i.r. spectrum
of the vapour showed peaks for (CF3)2NOH'

The involatiles were dissolved as far as possible in CC].[+ and
filtered giving 0,37 g of a whitish solid and a yellow solution. The
i.r. spectrum of the solid showed the peaks previously found for the
1,2,3,4—tetrahydro-2,4,6»triphenyl~l,3,5-triazine-(CF3)aNOH adduct plus
peaks due to 2,4,6-triphenyl-1,3,5-triazine at 1595 (w), 1522 (s), 1363 (s),
734 (m), 672 (m) and 632 et (m) in the same positions as in 2,4,6-
triphenyl-1,3,5-triazine previously isolated.

Analysis of this solid gave 65.,1% C, 4.6% H, 13.1% N and 16.5% F.
A mixture of 70% of the 1,2,3,4-tetrahydro=-2,4,6-triphenyl-1,3,5-triazine
"(CFB)ENOH adduct and 30% of 2,4,6-triphenyl-1,3,5-triazine requires
analysis figures of 64.6% C, 4,4% H, 12.2% N and 16.6% F.

i.e. The 0.37 g of solid consisted of 0,08 g, 0.26 mmoles 2,4,6=
triphenyl-l,3,5~triazine and 0,29 g, 0.60 mmoles 1,2,3,4-tetrahydro~

2,4,6—triphenyl-l,3,S—triazine-(CF3)2NOH.
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The i.r. spectrum of the solution in CClq showed a strong peak

at 1640 emY, a weak peak at 1800 cm— probably due to PRCOON(CF) ,

1

plus peaks at 1522 and 13%63% cm — due to 2,4,6-triphenyl-l,3,5=-triazine.

The 1H n.m.r. spectrum (ref. ext. DCB) of the solution in CClh

showed!
Band Int, Chemical shift Band structure Assignment
1 trace ~2.65 ppm singlet PhCHO
2 2.0 ~1.65 to =1.35 ppm complex ortho H's of 2,4,6~
~triphenyl-l, 3, 5~-triazine
3 0.5 =1.30 ppm singlet (PhCE;N)ECHPh
4 0.5 =~1.02 ppm singlet PhCH=NCH.,Ph
5 16 =0.,7 to +0.4t ppm  complex meta- and para- H's of
2,4, 6=triphenyl-1,3, 5~
triazine/06H5 groups.
6 0.3 +1l.24 ppm broad singlet (PhGH:N)ZCEPh
7 1.0 +2.40 ppm singlet PhCH=NCH..Ph

2

From the integrations the molar ratio of N-benzylidenebenzylamine :
hydrobenzamide : 2,4,6-triphenyl-1,3,5-triazine is 44% : 27% : 29%.,
i.e., The solution contained, on the basis of 1.46 mmoles of benzylamine
unaccounted for:
N-benzylidenebenzylamine ... 0,32 mmoles, 0.06 g,
hydrobenzamide veo 0.13 mmoles, 0.0k g,

244, 6-triphenyl-1,3,5-triazine ... O.14% mmoles, 0.04 g.

Reaction summary

Reactants:
(CFB)ENO. eences 2,04 g, 12,14 mmoles

PhCH_NH,, eeeese 043 g, 4,04 mmoles
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Products:

PhCH=NCH,Ph ..., 0.06 g, 0.32 mmoles, 16%
(PhCH:N)ECHPh eeee 0.04 g, 0,13 mmoles, 10%
PhCHO sese trace

PhCOON(CF3)2 «sse Ttrace

Ph

/L A sese 0Dal2 By O.L}O mmOleS, 30}6

Ph N Ph
Ph H
X

H.

N N )

/1< . (CF3)2NOH esee 0.29 g, 0,60 mmoles, 45%
Ph

. based on PhCH.NH. used.
Ph 1}1 H 272
H

<CF3)2NOH eses Yield not determined.

8. REACTION OF (CFjleNO' WITH N-BENZYLIDENEBENZYLAMINE

N-benzylidenebenzylamine was prepared by slowly adding
benzaldehyde (16.51 gy 0.156 moles) to benzylamine (16,76 g, 0.156 moles)
at 0°C with shaking., It was dried over MgSO4 and distilled under reduced
pressure (120-152°C at 10 mmHg) immediately before being used.

The reaction, between 1.34 g (CF3)2NO' (7.98 mmoles) and 0,88 g
N-benzylidenebenzylamine (4.51 mmoles) was carried out using the same
method as used in the (GFE)ENO'mbenzylamine reactions, The reaction was

complete within about 30 minutes giving pale yellow liquid products.
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The volatile products (0.66 g) were condensed into a trap in the
vacuunm system., From the vapour i.r. spectrum they appeared to consist
exclusively of (CFB)ENOH.

The involatiles were dissolved in Cclq. The lH N.Mm.r. spectrum
of this solution showed (ref., ext. DCB) peaks for N-benzylidenebenzylamine

and N-benzylidene-l-(bistrifluoromethylamino-oxy)benzylamine.

Band Int. Chemical shift Band structure Assignment
1 approx. 1.3 ~0.86 ppm ' singlet PhCH=NCHRPh
2 approx. 0.3 =0,76 ppm triplet, J v~ 1 Hz PhGE;NCHePh
3 18 ~0.5 to +0.3 ppm complex C6H5 groups
& 1.1 +1.55 ppm singlet PhCH=NCHRPh
5 0.5 +2.72 ppm doublet, J " 1 Hz PhCHzNCEEPh

The 19F n.m,r, spectrum (ref. ext. TFA) of the solution showed (Fig. 10):

Band Int,. Chemical shift Band structure Assignment
1 55 -11.80 ppm very broad singlet PhCH=NCHRPh
2 1 -11,1l0 ppm sharp singlet -

3 0.2 -10.56 ppm doublet, J v 4 Hz -

4 8 ~9,75 ppm singlet (CFB)aNOH




Fig. 10:
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Products of (CF,) . NO® + PhCH=NCH_Ph (involatiles) in cCl, .

19 spectrum at room temperature.

The 19F spectrum was rerun at +60°C and =-10°C with the following results.

19p spectrum at +60°C (ref, ext. TFA):

Band Int, Chemical shift Band structure Assignment

1 25 ~11.98 ppm slightly broadened singlet PhCH=NCHRPh

2 1.0 «~11.,50 ppm singlet -

3 0.5 ~11.24% ppm singlet -

4 0.1 =10.70 ppm doublet, J~ 4 Hz -

5 3ok -9,85 ppm singlet (CFB)ENOH

19 o .
F spectrum at -10°C (Fig. 11).
Band Int. Chemical shift Band structure Assignment
1 14.8 -11;95 ppm quartet, J ~n 9,5 Hz
: PhCH=NCHPh

2 16.4 ~10.91 ppm quartet, J ~ 9,5 Hz 1’%

3 3.5 ~-9.55 ppm singlet

The two quartets in fact constitute a doublet of quartets, AOV

J
being 90 Hz andl9.5 Hz.
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Fig” 11: Products of
(CF3)2NO* + PhCH=NCH23jFh
(involatiles) in CCl1l~*.

19 o
F Spectrum at -10 C.

The broad peak at room temperature changing to a doublet of quartets

is attributed to magnetic non-equivalence of the CF* groups in

PhCH*=NCHPh. At -10°C the fluorines of the CF* groups are coupling to
ON (CF3)2

give quartets.

Reaction summary (percentages of PhCH=NCH2Ph and PhCH=NCHRPh

being based on n.m.r. peak integrations)

Reactants:

(CF3)2NO0# 1.3k g, 7.98 mmoles
PhCH=NCH2Ph e 0.88 g, ~.51 mmoles
Products:

(CF3)2NOH 0.71 g, k.23mmoles, 53#

PhCH=NCH2Ph e 0.15 g* 0.77 mmoles, 17# unreacted



PhCHmN?HPh eeee 1,33 g, 3,68 mmoles, 99%
R

unidentified ... 1%

9. REACTION OF (CF312NO' WITH N-METHYLANILINE (2:1 MOLAR RATIO)
This reaction was carried out four times in all using the

following amounts of reactants.

(CFB)ZNO. PhNHMe
(a) 0.42 g, 2.50 mmoles 0.12 g, 1.25 mmoles
(v) 0.70 g, 4,17 mmoles 0.22 g, 2,06 mmoles
(e) 0.59 g, 3.51 mmoles O.él gy 1,96 mmoles
(a) 2.00 gy 11.90 mmoles 0.64 g, 5.98 mmoles

The reactions were all carried out using the same method. Reaction (d)

is taken as a typical example and is described below,
Bistrifluoromethylamino-oxyl was condensed, in vacuo, onto

N-methylaniline in a 25 cm3 Pyrex reaction tube at -196°C., The tube
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was sealed and allowed to warm to room temperature. The reactants quickly

turned red-purple, then thick white fumes were evolved which settled
down giving dark wine-red viscous liguid products. The reaction took
about 3 minutes after removal of the tube from the liquid nitrogen.
The volatile products were condensed into the vacuum system
leaving a brown-black tarry residue. The tube was heated using a hair
dryer until it reached constant weight. The volatiles were separated
by trap-to-trap fractionation and identified as follows.
=78°C trap: A white solid giving a colourless liquid and vapour on
warming. G.l.c. (2m SE30 at 50°C) showed the liquid to be N,N-
bistrifluoromethylhydroxylamine. A vapour phase i,r. spectrum showed

mainly (CF3)2NOH with traces of bistrifluoromethylamine, (0F3>2NH'
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-196°C trap: A white so0lid giving a colourless gas on warming to
room temperature. The i.r. spectrum of this gas showed it to consist
of mainly bistrifluoromethylaminel57 [peaks at 3442 (m, N-H str.),

1608 (w), 1500 (s, N-H bend), 1352, 1312, 1266, 1202, 1142 (v.s., C-F
str.), 1044 (w), 946 (s, C=N str.), 890 (m), 732 (m), 707 (m), 667 cn™t
(m)] with some (CFB)ZNOH'

The presence of a weak to medium band at 1805 em™t indicated
the probably presence of traces of perfluoro(methylenemethylamine),
CFBNnCF2.158

The involatile residue was dissolved as far as possible in
chloroform and filtered giving a black insoluble solid (melting point
>300°C) and a red-brown solution., G.l.c. analysis of this solution (2m
SE30 at 200°) showed it to contain only one product with retention time
greater than that for N-methylaniline. The solution slowly deposited more
brown insoluble solid over a period of several days. The solution was:
refiltered and the chloroform was removed leaving a pale, red-brown,
viscous liquid, This was identified from its n.m.r. (26), i.r. (21) and
mass (42) spectra as Nlumethyl-Nl-phenyl-Na-(trifluoromethyl)-fluoro—
formamidine, Ph(Me)NCFaNCFE.

The conclusion that the spectra produced are those of the above
named compound is based on the following reasoning.

(1) The lH NJM.T, specfrum shows peaks for C6H5 (2.3 to 3.6 T,

complex, int, 5) and CH3‘(6.65 T, singlet, int. 3) only,

(ii) The 19F n.m.r, shows a doublet (int. 3, J v 12,4 Hz) at about

-28,0 ppm from external TFA and a quartet (int. 1, J v 12,4 Hz) at about

-34.5 ppm, attributed to a GF3 group and a single F atom respectively.
The chemical shift of the CFBN group is normally in the range

=10 to -30 ppm from TFA.159 Values for a number of examples of compounds

containing CFB—NaC groups fall within the range -16 to -29 ppm from TFA.16O




These values compare with a normal range of -18 to +12 ppm for
159

Values for a number of examples of compounds '

~C=N fall within the range -8 to -1%5 Ppm from.TFA.léor It

the CFB-C ETOoup.

éontaining CF3

was concluded that the compound under consideration contains the group

CFBQNaC rather than CF3~C=N.

The chemical shift of the group F-N=C usually falls in the

range -87 to =126 ppm. Typical shifts for the group F-?mN fall in the

range =50 to =7k ppm.160 ¢

However a number of compounds containing the group‘F—?:N have

chemical shifts for F in the range ~28 to ~43 ppm.+o0 N

It was concluded that the compound being considered contains the group

3

FeC=N-CF.,,
1
N 160
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It can be seen from the examples given below that the coupling

between the fluorines in the present compound (12.4 Hz) is typical of the

group FeC=N=CF

3’
14,38z
CF ;N=CFCF NCF ]
3 3
| B FC ¥
1k, 24z, N S
N=C\\\
C(CF,,)=NCF,

(]

13,3H= 6 H
[ )
\\N=C// N;C///
\ 2N
3

CF(CFB)N=CF2 CF(CFB)N=CF2
(iii) The i.r. spectrum has a very strong absorption at 1690 om™t
(5.92 u) which is approximately as expected from comparison with values
for the C=N stretching frequency in other compounds,

.. alkyl-CH=N-alkyl ... 1665-1674 on -+,
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and perfluoroalkyl-CF=N-perflucrcalkyl ... 1770-1790 cm‘l.159
(iv) The mass spectrun shows the following main peaks at m/e values
. + +
220 (parent ion, 09H8N2F6 ), 201 (M-F), 151 (M—CFB), 106 (06H5NCH3 )y

+ + + +
91 (C6H5N ), 83 (CF3N )y 77 (66H5 ) and 69 (CF3 Ve

Reaction summary

Reactants:
(CFB)ZNO’ ceeses  2.00 gy, 11.90 mmoles
PhNHMe eesesse 0,64 gy 5,98 mmoles
Products:
(CFB)ENOH ceness 1,28 g, 7.57 mmoles, 64%
(CFB)aNH veeses 0,29 g, 1,90 mmoles, 16%
CF3N=CF2 essnse traces
Ph?CF:NCFB ceseses 047 g, 2,14 mmoles, 36% of PhNHMe used,
Me
insoluble tarry solid .... 0.59 g, 27% of total weight reactants

unaccounted for .... 0.07 g, 3% of total weight reactants.

10. REACTION OF (CF3lnNO. WITH N-ETHYLANILINE (2:1 MOLAR RATIO)

This reaction was carried out four times in all using the

following amounts of reactants.

(CF5) N0° PhNHEt
(a) 0.89 g, 5.95 mmoles 0.36 g, 2.97 mmoles
(b) 0.60 g, 3.57 mmoles 0.23 gy, 1.90 mmoles
(e) 1.4 g, 6.79 mmoles OJith g, 3.64 mmoles
(a) 1,30 g, 7.74% mmoles 0.41 g, 3.39 mmoles

These reactions were carried out using exactly the same method as that
used for the reactions of (CF3)2NO' with N-methylaniline. The reactions

were complete within three minutes of removing the reaction tubes from
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liguid nitrogen giving very dark red, liquid products. The products were
treated in the same way as those from the N-methylaniline reactions.
Taking reaction (d) as a typical example, the volatiles were separated

by trap=to=trap fractionation.

-78°C trap: Mainly (CF3)2NOH with traces of (CFB)ENH'

-196°C trap: The vapour phase i.r. spectrum showed mainly (CF3)2NH with
traces of (CF3)2N0H and CF3N*CF2- The contents of the trap were condensed
onto excess N-ethylaniline at -196°C and allowed to warm up. The volatiles
left after this reaction were shown by vapour phase i.r. spectroscopy to
consist of perfluoro~(2,4-dimethyl-3-oxa~2,4-diazapentane),
(CFS)ENON(CFB)Z' It was presumed that the i.r. peaks of this compound had
been previously obscured by those of (CFB)aNH‘

The involatiles from the original reaction were found to consist
of 0,33 g of a black tarry insoluble solid and 0.25 g of a red-brown
viscous liquid which was identified by its n.m.r. (27), i.r. (22) and
mass (43) spectra as E}—ethyl-g}-phenyl-ﬁau(trifluoromethyl)—fluoro-

formamidine, Ph(Et)NCFzNOFB.

Reaction summary

Reactants:
(CFB)QNO' eeves 1,30 g, 7.74 mmoles
PhNHEL eevessss 041 gy, 3.39 mmoles
Products:

(CFL)_NOH +e.... 0.78 g, 4.62 mmoles, 60%

302
(CFB)ZN—H cesede 0.24 By 1055 mmoleS, 2%
(CF3)2NON(CF3)2 se 0,07 gy 0.2% mmoles, 3%

CF3N=GF2 cacae trace

PhI;TCFaNCF3 eenees 0.25 g, 0.87 mmoles, 26% of PhNHEt used.
Et
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insoluble tarry solid see.. 0e33 g, 19% total weight reactants

unaccounted for ensee 0,08 g, 5% total weight reactants

11, REACTION OF (CF32£NO' WITH N~ETHYLANILINE (1:4% MOLAR RATIO)

This reaction was carried out twice, as described below.
Reaction (a):  Bistrifluoromethylamino-oxyl (0.38 g, 2.26 mmoles) was
condensed, in vacuo, onto N-ethylaniline (1,10 g, 9.09 mmoles) at ~196°C
in a 50 cm3 reaction tube. The tube was sealed and removed from the
liguid nitrogen. Reaction was complete within about 3 minutes, before
the tube had reached room temperature, giving very dark red, almost black,
liquid products. The products gradually resolved into a dark red-brown
liquid and a tarry black solid.

Gelecs of the liquid products (2m SE30) showed three main peaks,
for (CFB)ENOH’ unreacted N-ethylaniline and ﬂ}-ethyl—ﬁ}—phenyl—§2~

(trifiluoromethyl)-fluoroformamidine.,

Reaction (b): The reaction was repeated using l.34 g (CF3)2N0' (7.98
mmoles) and 3.91 g N-ethylaniline (32.31 mmoles). After completion the
tube was attached to the system and the volatiles were condensed through
two ~78°C traps and one -~196°C trap, Initial heating of the reaction
tube produced only C.02 g loss in weight rather than the large initial
loss usually found with the products of the 2:1 melar ratio reactions.
Heating the tube strongly for an hour resulted in a weight loss of 0.80 g
after which the weight of the tube remained constant,

-78°C traps: Approximately 0,77 g of (CFE)ZNOH (4,56 mmoles, 57%).
=196°C trap: 0.03 g of (CF3)2NON(CF3)2 (0.08 mmoles, 2%).

No bistrifluorcmethylamine was detectable in the products,
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12, REACTION OF BISTRIFLUOROMETHYLAMINE, (CFEAGNH, WITH N-ETHYLANILINE
i [~

Bistrifluoromethylamine, obtained from the products of reactions
of N-methyl- and N-ethylaniline with (CFE)ZNO.’ was purified by passing
it through two -78°C traps into a -196°C trap.

Bistrifluoromethylamine (0.4l g, 2.68 mmoles) was condensed, in
vacuo, into a 25 cm3 reaction tube containing N-ethylaniline (0.33 g,
2.7% mmoles) at -196°C. The tube was sealed and allowed to warm to room
temperature, After 30 minutes the initial pale yellow colour of the N-
ethylaniline had disappeared and the liguid was slightly darkened by
traces of fine solid. After 45 minutes whitish-grey crystals started
to deposit oﬁ the tube sides. Over the next 10 minutes the whole of the
liquid appeared to crystallise on the sides of the tube to give wettish
looking grey-white crystals.

The volatiles from the reaction (0,18 g) were condensed into a
-196°C trap. Gas phase i.r. spectroscopy showed only (OF3>2NH'

Tests on the crystals showed them to be soluble in water but
insoluble in chloroform., Accordingly chloroform was added to the
involatiles and the resulting mixture filtered. Removal of chloroform
from the solution left 0.34 g of a colourless viscous liquid, the i.r.
spectrum of which was identical to that of Nl-ethyl—Nl-phenyl-Na-
(trifluoromethyl)~fluoroformamidine (i.r. 22).

The residue from the filtration consisted of 0.17 g of fine,
needle-like, greyish-white crystals. The i.r., spectrum of these crystals
showed mulitiple bands over the whole region of 3300 to 2300 cm“l with a
very strong broad band at 3080 em™t (N~-H str.), a strong band at 1600
o™t (N-H bend), other strong bands at 1450 et and from 780 to 690 cm"l.
The spectrum showed a marked similarity to that of a prepared sample of
N~ethylaniline hydrochloride, Ph§H2Et Cl, and it was concluded that the

crystalline product was a salt from reaction of N-ethylaniline with HF,
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Analysis of the crystals gave the following percentages: 47.8% C,
6.0 Hy, 7.3% N, 29.1% F. These figures are a fairly good fit for the

+ ) Lind
formula C6H5NHECH20H3 HEFE.HEO which requires 48.2% C, 8.0% H, 7.0% N,
28, 6%F,

Reaction summary

Reactants:

(CFB)QNH ceeee 0.4l g, 2.68 mmoles

PhNHEL coesnaa 0.33 gy 273 mmoles

Products:

(CFS)ZNH vesene 0.18 g, 1,18 mmoles, 44% unreacted
Ph(Et)NGF:NCF3 ees 034 g, 1,45 mmoles, 53%

PhEH Bt B F, evoe 0.17 g, 0.94 mmoles, 34%

2 23
unaccounted for ... 0.05 g, 7% total weight reactants

13. REACTION OF (CF.).NO® WITH 2-~CHLORQ=lt=(N~-PROPYLAMINQ)=TOLUENE

[+

E-Chloro-#-(ﬂ}pfopylamino)-toluene was prepared from 4-amino-2-
chlorotoluene and n-propyl bromide, Its identity was confirmed by its
i.r. and n.m.r, (28) spectra.

The reaétion with (CFB)ENO. was carried out three times using
the quantities of reactants shown below, The method used was exactly
the same as previously described for reactions of (GFB)RNO. with the

other N-alkylanilines.

(CFB)ENO' CH, NHCH,,CH,CH,,
cl
(a) 1.73 g, 10,30 mmoles 0.9% 8, 5.15 mmoles
(b) 1,47 g, 8.75 mmoles 0.80 g, 4.38 mmoles

() 0.99 g, 5.89 mmoles 0¢55 g4 3.00 mmoles
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The reactions were complete within 3-5 minutes of removing the reaction
tubes from liguid nitrogen, giving dark red liquid products. The
volatiles were condensed over into the system, the reaction tube being
heated with a hair dryer until there was no further loss in weight. The
volatiles were separated by trap-to-trap fractionation and the components
identified by their vapour phase i.r. spectra.

The involatile residue, a brown-black tarry liquid, was found
to ?e completely soluble in chloroform giving a dark brown solution.
Gelec. analysis (2m SE30, 180~-200°C) of this solution showed one major
peak, a small peak for unreacted amine and 3% other minor peaks. The
chloroform solution was poured into 30/40 pet. ether depositing a
brown-black residue which was filtered off. The solvents were then
remoeved leaving a reddish~brown viscous liquid which was identified by

“its n.m.r., i,r. and mass spectra as Nl~(3~chloro-4~methylphenyl)-Nl—
propyl—Nz-{trifluoromethyl)—fluoroformamidine,

(nomor- 29, iorc 23, MaSa 44). Me ?-CF=NCF3
Pr
C1l
Taking reaction (¢) as a typical example the yields of the products

were as shown below.

Reaction summary

Reactants:

(CFB)ENO' cees 0.99 g, 5.89 mmoles

Me NHCH20H20H3 enes 0.55 g, 3.00 mmoles
0.55 g, 3,00 mmoles
Cl
Products:

(CFB)BNOH coes 0.62 g, 3.67 mmoles, 62%

(CF3)2N-H sese 0.13 B Ou86 mmoles, .15%
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unreacted amine tens 0.006 g, 0.03 mmoles, 1%

Me TCF:NCF cene 0.22 g, 0.71 mmoles, 2h4%

3
Pr
Cl

solid, tarry residue cene O.44 g, 29% total weight reactants

unidentified XXy .12 g

1k, REACTION OF (CFElENO. WITH 4=CHLORO=2=(N~PROPYLAMINO)~-TOLUENE

k-Chloro=-2~(N~propylamino)~toluene was prepared from 2-amino-
Lechlorotoluene and n-propyl bromide. Its identity was confirmed by
its i.r. and n.m.,r., (30) spectra,

The reaction with (GF3>2NO. was carried out once using O.é? g
(CF3>2NO. (1,61 mmoles) and 0,15 g 4=-chloro-2-(N~propylamino)-toluene
(0.82 mmoles), The method used and the treatment of the products were
exactly the same as in the last reaction.

The main product was identified by its nemer. (31) and i.r.
(virtually identical to that of the corresponding compound in the previous
reaction) spectra as El-(5-chloro-2~methylphenyl)fglmpropyl-gg—

(trifluoromethyl)-fluoroformamidine.

Reaction summary

Reactants:
(CFB)ENO' ceee 0.27 gy 1.61 mmoles
Cl

NHCHBCHECH3 vese 0.15 g, 0.82 muwoles

Me

Products:

(CF)NOH ... 0.12 g 0,71 mmoles, bk
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(CFB)ZNH ceee 0.09 g, 0.56 mmoles, 35%

Cl
Pr

1
NCF=NCF3 XYY O-la g, 00311‘ mmoles, L"l%

Me

solid, tarry residue seee 0.09 g, 21% total weight reactants

unaccounted for vooe 0.02 g, 5% total welght reactants

15. REACTION OF (CF.).NO® WITH N-BENZYLANILINE
0 Ja el

This reaction was carried out three times as described below.
Reaction (a): Bistrifluoromethylamino-oxyl (2.27 g, 13.51 mmoles) was
3

condensed, in vacuo, into & 25 c¢m” reaction tube containing N~benzylaniline
(1.2t g, 6.78 mmoles) dissolved in carbon tetrachloride (4.73 g) at

~196°C. The reaction tube was sealed and removed from liquid nitrogen.
Reaction was complete within 3 minutes giving dark red liquid products.

The volatile products (6.51 g) were condensed over into the
system and separated by trap-to-trap fractionation. The reaction tube
was heated topconstant weight using a hair dryer.
~-78°C trap: Shown by i.r. spectroscopy and g.l.c. to contain CClh and
(CF3)2NOH, total 6.17 g; presumably 4.73 g CC1;, and Y (CFB)ENOH
(8.52 mmoles).

-196°C trap: Shown by i.r. spectroscopy to contain (CFB)ENH and
(CFB)BNOH’ in an approximately 4:1 ratio, i.e. 0.27 g, 1.78 mmoles
(CFB)ENH and 0,07 g, O.4% mmoles (CFB)ENOH.

The involatile residue was dissolved as far as possible in
chloroform and filtered giving a brown-black tarry residue and a brown
solution. G.l.c. of the solution showed peaks for chloroform and 3
other compounds, the peak areas of which were in the ratio 22:56:21

respectively, The first two of these compounds were identified as follows.
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(i) Benzaldehyde, by comparison of its g.l.c. retention time (2m
and 4m SE30, 200 to 230°C) with that of an authentic sample. It was
separated by preparative g.l.c. (4m SE30 at 230°C) and its identity
confirmed by its n.m.r. and i.,r. spectra. A

(ii) ﬁ}-benzyl—ﬁ}-phenyl—ﬂ?—(trifluoromethyl)—fluoroformamidine by
comparison of its g.l.c. retention time with that of this compound
produced by reaction of bistrifluoromethylamine with N-benzylaniline,
and by the presence in the i.r. spectrum of the involatile products of
a very strong peak due to C=N stretching at 1690 cm"l.

The third compound remained unidentified.

Reaction (b): The reaction was repeated using 1.38 g (CFB)ZNO.
(8.21 mmoles) and O.44 g N-benzylaniline (4,11 mmoles) but no solvent.
The reaction was much slower, being complete within 10 to 15 minutes.

The volatiles (1.10 g) were separated by trap-to-trap fraction-
ation and shown to consist of

1.90 mmoles (CF3)2NH cres 0.29 g, 23%

4,79 mmoles (CFB)ENDH eres 0.81 g, 58%

The involatile residue was dissolved as far as possible in
chloroform and filtered giving 0.17 g of a black tarry solid and a dark
brown solution. G.l.c. analysis (2m SE30 at 230°C) of this solution
showed the same peaks as in reaction (a): chloroform, benzaldehyde,
E}-benzylan-phenyl-Na—(trifluoromethyl)mfluoroformamidine and one
unidentified compound, the last three having peak areas in the ratio of
40:52:8 respectively.

A lgF nem.r, spectrum of the involatiles in CDCl, showed:

3
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Band Int. Chemical shift Band structure Assignment
1 1 -36,2 ppm broad singlet F-C=N
2 3 =29.2 ppm broad singlet CFB—Nnc
3 approx. 5 ~10.2 ppm broad, complex (CF3)2NOH plus other
(CF3)2NO—compounds

NO (714

mmoles) and 0.65 g N-benzylaniline (3.55 mmoles). Some of the volatiles

Reaction (c): The reaction was repeated using 1.20 g (CFB)

were condensed into the system. The remaining products were dissolved
as far as possible in 0014 and filtered giving 0.30 g black tarry solid.
An n.m.r. spectrum of a sample of the resulting solution showed:

1H ( ext.s DCB)

Band Int., Chemical shift Band structure  Assignment

1 0.5 =2.62 ppm singlet PhCHO

2 2643 =0.7 to +0.25 ppm  complex 06H5 groups

3 2.5 +2.38 ppm singlet CH,, of

PhCHZ(Ph)NCF=NCF3
19F (ext. TFA)

Band Int., Chemical shift Band structure Assignment

1 1.2 -36,5 ppm multiplet FuC=N

2 5.3 =29.0 ppm doublet, J ~ 13 Hz OF ;-N=C

3 h.,7 ~12.3 to -10.3 ppm complex series of bands <CF3)2NO groups

L 7,3 «9.8 ppm singlet (CF3)2N0H

The reaction summary given below takes reaction (c) as an

example, Percentage yields are based on lH n,m.r. peak areas, the
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yield of unidentified (CFB)ENO—compounds being based on the C6H5 group

integration unaccounted for by PhCHO and PhCHz(Ph)NGFxNCFE.

Reaction summary

Reactants:

(CF3)2NO° eses  1.20 g, 7.14 mmoles
PhCH,NHPh  ..... 0.65 g, 3.55 mmoles
Products:

(CFB)ZNOH tous 0.70 g, 4.1% mmoles, 58%
(CFB)ENH cone 0.25 g, 1l.64 mmoles, 2%%

PhCH2§CF=NCF
Ph

3 eer 0.23 g, 0,78 mmoles, 22%

PhCHO eses 0003 Ey 0.32 mmoles’ %
unidentified (CFB)ENO-compuunds ceee approximately‘o.s# gy 19% based
on PhGHaNHPh used

black tarry solid .... Q.30 g, 18% total weight reactants

16. REACTION OF BISTRIFLUOROMETHYLAMINE, (CF.) NH, WITH N-BENZYLANILINE
o e

Bistrifluoromethylamine (0.56 g, 3.66 mmoles) was condensed,
in vacuo, into a tube containing N-benzylaniline (1.38 g, 7.54% mmoles)
and 5.05 g CCl, at ~196°C., The tube was sealed and allowed to warm to
room temperature, Within 5 minutes of the tube reaching room temperature
the products consisted of a white crystalline solid and a colourless
liguid. The products were filtered and the white crystals washed several
times with 0014.

The 1H n.m.r. spectrum of the CCl;, solution showed (ref, ext.
DCB):




226

Band Int. Chemical shift Band structure Assignment

1 approx, 27 + 0.05 ppm singlet i} CHls groups

2 approx. 9 O to +0.,8 ppm  complex

3 3.6 +2.,43 ppm singlet icg_a(Ph)NCFsNCF3
Ly Oult +2.66 ppm singlet

5 1.8 +3,02 ppm singlet PhcgeNHPh

6 0.9 +3.49 ppm broad singlet  PhCH,NHFh

The 19F ne.r. (ext. TFA) spectrum showed:

Band Int. Chemical shift Band structure Assignment
1 1 ~36.5 ppm broad singlet FaG=l-
P 3 =29.3 ppm broad singlet CFB-N:C

From the integrations the solution consisted of a mixture of

phCH?_(Ph)NCFchF3 and PhCH_NHPh in a 2:1 molar ratio.

The i.r. spectrum of the solution showed a very strong band at
1690 cm'l for C=N stretching and strong bands for C-F stretching between
1300 and 1100 cm™*,

The i.r. spectrum of the erystalline solid showed a series of

1 ana 2100 cM‘l, medium broad

medium to strong bands between 3100 cm
absorptions at 2050 and 1850 cm"l, strong sharp peaks at 1600, 1490,
1480 and 1450 cm'l, medium peaks at 1205 and 1195 cm”l, a series of
medium peaks between 1100 and 900 em™ and strong peaks at 780,,750 and
690 cm"l.
Two samples of the crystalline solid were analysed.

(i) The first sample was dried for several hours in an oven at 40°C
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to ensure it contained no solvent, but appeared to undergo decomposition
although the residue was still white and crystalline., It analysed as
76.1% C, 7.3% H, 7.6% N, 9.0% F, These figures are a reasonable fit for
G6H50H2§H206H5 T which requires 76.8% C, 6.9% H, 6.9% N, 9.4% F.

(ii) A second sample was submitted a week later, without drying.

It had become slightly discoloured, turning slightly greenish., It
analysed as 69.7% C, 6.5% H, 6.3% N, 13.4% T (a repeat of the fluorine
analysis gave 13.3%). C HCH EH Cell

227265
6.2% N but 17.0% F. The analysis figures fit reasonably with those of

ﬁFz would require 70.0% C, 6.7% H,

+ -
the mixed salt (CGHBCHZNHEC6H5)2 F.HFZ.HEO which requires 70.1% C,

7.2% H, 6.3% N, 12,8% F., It is possible that the original salt is of

this mixed formula although the weight of the salt produced in the

+ -
reaction would agree with a formula of C6H5CH2NH2C6H5 HFag it can be
seen from the analysis figures in (i) that loss of HF is extremely facile
and it seems likely that HF has been lost in the second case also. The
HZO is included to bring the analysis figures up to 100%. Another

possibility which could account for the discrepancy would be if the crystals

had retained some of the CClu with which they were washed.

Reaction summary

Reactants:

(CF3)2NH cena 0.56 g4 3.66 mmoles

PhCH_NHPh  .... 1.38 g, 7.54 mmoles

cCl,, 5.05 g

Products:

PhCHgNHéh veen 0.28 g, 1,51 mmoles, 20% unreacted
(CFB)ENH veeo not determined

PhCHEIIQCF:Nc:F3 ees 0.89 g, 3.02 mmoles, 40%
Ph

+ -
probably PhCH,NH,Ph HF, ¢ons 0.67 gy, 3.02 mmoles, 40%
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17. REACTION OF (CF.).NO° WITH N~BENZYLIDENEANILINE (1:1 MOLAR RATIO)

N-benzylideneaniline was prepared in 85% yield by adding aniline
to stirred benzaldehyde and recrystallising from ethanol.l6l Its
identity was confirmed by its n.m.r, spectrum (32), its i,r. spectrum
(C=N stretching at 1630 cm‘l) and its melting point (51~52°C),

Bistrifluoromethylamino-oxyl (1.30 g, 7.74 mmoles) was condensed,
in vacuo, iﬁto a2b cm:,> reaction tube containing N-benzylideneaniline
(1.40 g, 7.74 mmoles) and 6.73 g CCl, at -196°C. The tube was sealed and
allowed to warm to room temperature, Reaction was complete within 30 to
40 minutes giving dark red-brown liquid products.

The volatiles were condensed into the vacuum system, the reaction
tube being warmed until it reached constant weight, and separated by
trap~to-trap fractionation. They were shown to consist of (CF3)2NH

(0.24% gy 1.58 mmoles), (CFB)ENOH (0.k2 g, 2.49 mmoles), CF N=CF., (trace)

3
and 0014.

The involatile residue consisted of a red~brown viscous liquid
which solidified to a dark tarry crystalline solid on cooling. It was
dissolved as far as possible in CClh and filtered giving 0.20 g of a
black solid and a dark red-brown solution. Gele.c. of this solution (2m
SE30, 230°C) showed peaks for CCla, benzaldehyde, N~benzylideneaniline
and 4 very minor products.

The i.r. spectrum of this solution showed peaks for N-benzylidene~
aniline, benzaldehyde (C=0 stretching at 1705 cmY) and for (CF) O~
Broups.

The lH n.m.r. spectrum of the solution showed (ref., ext., DCB):
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Band Int. Chemical shift Band structure Assignment
1 0.4 ~2.33 ppm singlet PhCHO
2 2.6 -0.83 ppm singlet PhCH=NPh
3 39 ~0.52 to =0.18 ppm
complex ('.‘.6H5 groups

and ~0,07 to +0.63 ppm

The 19F n.m.r, spectrum of the solution showed:

Band Int, Chemical shift Band structure Assignment
1 1.3 =11.50 ppm singlet
2 18.4 ~11.25 to =9.65 ppm complex series (CF3)2NO—
of peaks compounds
3 5¢5 «9.76 ppm singlet (CFB)ENOH

In the 1H n.m.r. spectrum the integration of the C6H5 groups is too
great to be due only to PhCHO and PhCH=NPh, the excess being attributed
to the unidentified (CF3)2N0~compounds shown to be present by Lp NeM.T.
spectroscopy. From the lH integrations the molar ratios of products in
the 0014 solution were calculated to be:

PhCHO  +... 10%

PhCH=NPh ... 63%

unidentified compounds ... 2%

Reaction summary

Reactants:

(CF3)2NO. cesn 1.30 g, 774 mmoles

PhCH=NPh ceee 1.40 g, 7.74 nmoles
Products:
(CF3)2NOH reos 0.42 g, 2.49 mmoles, 32%

(CFE)aNH e 0.24 8y 1058 mmOles, 20%
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CF3N=CF2 XY X} trace

black tarry solid +... 0.20 g, 7% total weight reactants

unreacted PhCH=NPh ...  63% )
of soluble involatile products
PhCHO etesrecescnne 10%
™  which total approx. 1.84 g,
unidentified compounds containing

68% of total weight reactants

phenyl and (CF;) NO-groups +. 2% J

18. REACTION OF (CFjlgNO' WITH N-BENZYLIDENEANILINE (2:1 MOLAR RATIO)

This reaction was carried out using the same method as for the
1:1 molar ratio reaction. The products were treated in the same way.
The reactants used were 1.85 g (CFB)ENO. (11.0L mmoles), 1.00 g
N-benzylideneaniline (5.52 mmoles) and 3.47 g CCl,. The reaction was
completé within 30 to 40 minutes giving dark red liquid products.

The volatiles from the products were found to consist of 0,62 g
(3.67 mmoles) (CFB)ENOH, 0.28 g (1.83% mmoles) (CFB)ENH and a trace of
CF3N=CF2.

The involatiles were dissolved as far as possible in CCl# and
filtered giving 0.51 g of a black-brown tarry residue and a red-brown
solution. G.l.c. of the solution showed peaks for benzaldehyde, unreacted
N-benzylideneaniline and 3 minor products. An i.r. spectrum of the

solution showed peaks for benzaldehyde, PhCH=NPh and (CFB)ENO_ groups.

The lH n.m,r. spectrum (ref, ext. DCB) of the solution showed:

Band Int. Chemical shift Band structure Assignment
1 0.6  =2,55 ppm singlet PhCHO

2 1,8 =1,04% ppm singlet PhCH=NFh

3 31 -0.65 to ~0.38 ppm complex C6H5 groups

and ~0,30 to +0.55 ppm
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In the lH n.m.r. spectrum the integration of the C6H5 groups is too great
to bé due only to benzaldehyde and PhCH=NPh; the molar ratios in the
0014 solution were calculated to be:

PhCHO vees  18%

PhCH=NPh ....  53%

unidentified phenyl compounds .e.. 29%

The 19F n.m.r. spectrum (exti TFA) of the solution showed:
Band Int. Chemical shift Band structure Assignment
1 0.6 =273 ppm doublet, J ~ 17 Hz possibly
" N=CF
C§§
2 2.7 =23.5 to ~21.5 ppm complex, including
(CF3)2N—
singlets at -22.8
groups
=224 and -22,0 ppm
3 8.3 ~12.0 to «9.7 ppm complex series (CFB)ENO"
of peaks groups
b 0.8 ~9.k4 ppm singlet (CFB) SNOH

Reaction summary

Reactants:

(CFB)ENO. case 1.85 g, 11.01 mmoles
PhCE=NPh sese 1.00 g, 5.52 mmoles
Products:

(CF:,,))ZNOH 0.62 g, %.67 mmoles, 33%
(CFB)QNH 0.28 g, 1.83 mmoles, 17%
CF_ N=CF tese trace

3 2
black tarry solid ... 0.51 g, 18% total weight of reactants
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PhCHO ceoe 18% h

PbCH=NPh ... 53%
» of soluble involatile
unidentified compounds containing )
> products which total

phenyl groups and one CFBNmCF

group, approx. 5 (CF3)2N~ EToups,

> aee 2% approx. l.M4 g, 51% total

weight of reactants

approx. 6 (CFB)ENO_ groups y. Y,

(ratio of CF3N=CF : total (CFB)EN : total (CEB)ENO =11 2.2 : 6.8)

19, REACTION OF (CFj)aNO' WITH N-METHYLBENZYLAMINE (2:1 MOLAR RATIO)

This reaction was carried out 6 times in all using exactly the
same method as used for previous amine-(CFB)aNO' reactions, The

quantities of reactants used were as shown below,

(CF3)2N0 PhCH ,NHCH

3
(a) 1,48 g, 8.76 mmoles 0.53% g, 4.38 mmoles
(b) 1.65 g, 9.82 mmoles 0.57 g, 4491 mmoles
(e) 2.56 g, 15.24 mmoles 0.92 gy 7.62 mmoles
(d) 2.20 g, 13.09 mmoles 0.80 g, 6.61 mmoles
(e) 0.82 g, 4.88 mmoles 0.30 g, 2.48 mmoles
(£) 0.53 g, 3.17 mmoles 0.19 g, 1.57 mmoles

The reactions were complete within 45 to 50 minutes giving golden-yellow
liquid products. In two of the reactions, (b) and (d), the volatiles
were condensed from the reaction tube into a -196°C trap, the reaction
tube being warmed until it reached constant weight, In the case of
reaction (b) the volatiles (1.49 g) were separated by trap-to-trap
fractionation.

-78°C trap: An i.r. spectrum of the vapour showed (CFB)ENOH’

Q - T L]
~196°C trap: Traces of (CFB)ENO and (CF3)2NOH.
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In the case of reaction (d) the liguid volatiles (1.85 g) were
examined by g.l.c. (2m SE30, 160°C). ‘This showed peaks for, in order
of increasing retention time:

(CFB)ZNOH,

3 very minor products,

one other major product shown to be PhCOON(GFB)a, as described

below,

benzaldehyde (comparatively minor peak, approximately 10%)

A vapour phase i.r. spectrum of the volatiles showed only (CFB)ZNOH'

An i.r. spectrum of the liquid, after the (CFB)aNOH had been allowed to

evaporate leaving a comparatively involatile liquid, showed peaks for

(bistrifluoromethylamino=-oxy)carbonylbenzene, PhCOON(CFE)a, (C=0 str.,

1800 cm"l, strong) and some benzaldehyde (C=0 str., 1700 cm"l, medium) .
The n.m.r, spectra of the liquid showed:

10 (ext. DCB)

Band Int, Chemical shift Band structure Assignment
1 1 -2.47 ppm singlet PhCHO

2 <1 -0,98 ppm broad peak

3 80 ~0e8 to +0.3 ppm complex ‘ C6H5 groups,

mainly PhCOON(CF3)2
L 2 +3.80 ppm doublet, J~ 1 Hz

5 5 +4,15 to +4.75 ppm complex

9p (ext. TFA)

Band Int,. Chemical shift Band structure Assignment

1 1 -9.8 ppm singlet PhCOON(CF3)2

2 7 -3.1 ppm singlet (CFB)ENOH
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The identity of (bistrifluoromethylamino-oxy)carbonyl benzene was
confirmed by comparing its g.l.c. retention time with that of a sample

of this compound prepared by reacting (CF 2N{)' with benzaldehyde,

3)
The products of the other reactions, (a), (¢), (e) and (f), were
examined by g.l.c. (2m and 4m SE30, 180° to 230°C) without the volatiles
being removed. The g.l.c. trace showed the following peaks; the
percentages give the relative g.l.c. peak areas:
N, N-bistrifluoromethylhydroxylamine,
(bistrifluoromethylamino-oxy)carbonylbenzene, PhGOON(GF3)2 oo by
benzaldehyde crevsvassarnenae 1%,
N-benzylidenemethylamine, PhCH:NCH3 crseessacsssasss 32%,
ﬁ}—benzyl—ﬁ}-methyl—ﬁa-(trifluoromethyl)nfluoroformamidine,
PhCHa(Me)NCFmNCFB cosreesense 295,
(4 minor peaks .... total 11%). .
The (CFB)ENOH, PhCOON(CFB)Z, benzaldehyde and gfbenzylidenemethylamine
were identified by comparative g.l.c. (the last of these being compared
with a sample of N-benzylidenemethylamine prepared from benzaldehyde
and methylamine),
The E}-benzYl—E}-methyl—ﬂ?-(trifluoromethyl)-fluoroformamidine
was separated by preparative g.l.c. and identified by its n.m.r. (33),
i.r. (24) and mass (45) speétra. Further confirmation of its identity
was given by its g.i.c. retention time and i.r. spectrum which were
identical to the product of the reaction between N-methylbenzylamine and
bistrifluoromethylamine,
The Iy n.m.r. spectrum (ref. ext. DCB) of a sample of the products

of reaction (f) in CClq showed the following:
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Band Int. Chemical shift Band structure Assignment
1 0,3 =2,43 ppm singlet PhCHO
2 1.0 ~=0.95 ppm multiplet, J V1 Hz PhCLI;--NCH3
3 37 ~0.75 to +0.,50 ppm complex CSHS groups
b Q.4 42,10 ppm singlet
5 0.5 +2.50 ppm complex
6 2.0  +2.86 ppm singlet Phcga(Me)NCFzNCF3
7 2.0  +3.42 ppm singlet PhC§2§HECH3
8 2.7 +3.8% ppm doublet, J ™ 1 Hz PHCH=NCE
9 2.0  +4.33 ppm singlet
10 3.0  +4.37 ppm singlet PhCHa(C§3)NCF=NCF3
11 0.4 +4.54 ppm singlet
12 0.2  +4,70 ppm ginglet
13 2.2  +4.76 ppm singlet PhCHE;I-HaCH3
14 0.1  +5.10 ppm singlet

It was presumed that the peaks at +3.42 and +4.76 ppm were due to the

+
CH2 and CH3 groups respectively of PhCHaNHECH « DNo peak was observed

for the amine salt in the g.l.c. trace but its presence was confirmed by

the singlet for ﬁFa in the 19F n.m,r., spectrum.

The *IF n.m.r, spectrum (ext, TFA) showed:
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Band Int, Chemical shift Band structure Assignment

1 1.5 «29,2 ppm broad peak PhCHa(Me)NCF=NC§‘_3
2 1.0 -10.5 ppm singlet PhCOON(CF3)2

3 15.0 ~-8.8 ppm singlet (CFB)ENOH

L 0.5 +58.2 ppm* singlet ﬁFa

(* The chemical shift is in fact -~26.2 ppm from ext. C¢Fg which

converts to +58.2 ppm from ext. TFA.)

The i.r. spectrum of the products showed peaks at 1795 cm‘l

(medium, C=0 str., of PhCOON(CFB)E), 1690~1700 e (very strong, C=0
str. of PhCHOhand C=N str. of PhCHZ(Me)NCFzNCFB) and 1650 cm"l (medium,
C=N str. of PhCH=NMe).

The following were shown to be absent from the products,
(i) Cyanide ion. A "Prussian blue' test on a sample of the products
gave a neéative result.
(ii) Hexamethylenetetramine, The iy n.m.r, spectrum (ext. DCB) of
a sample of this compound showed a singlet at +2.55 ppm.

A summary of the reaction is given below using reaction (¢) as
the example. The yields are calculated from the mean values derived from

the g.l.c. peak areas and n.m.r. integrations.

Reaction summary

Reactants:
(CFE)aNO' coce 2.56 g, 15.24 mmoles
PhCHaNHCH3 cene 0.92 g, 7.62 mmoles
Products:

(CFE)aNOH sese 2.1% g, 12,65 mmoles, 83%

PhCHO LN N ] 0010 g, 0.91 mmoleS, 12%




237

PhGOON(CFB)E . aeaa 0.19 Es 0069 mmoles, 9%/)

PhCI{=NGH3 sneose Qe22 By 1083 mmOles, 2!"'%
PhCHzl‘\SCFzNCFB seee 0,39 g, 1,68 mmoles, 22%
CH
N 3
PhCHaNH20H3 HE, «.. 0.28 gy 1.75 mmoles, 23%

unidentified 2acs e 10}6

20. REACTION OF BISTRIFLUOROMETHYLAMINE, (CF.) NH, WITH N~METHYLBENZYIL~

[

AMINE

Bistrifluoromethylamine (0.10 g, 0.65 mmoles) was condensed, in
vacuo, into a 50 cm3 reaction tube containing N-methylbenzylamine (0.25 g,
2.07 mmoles) at ~196°C. The tube was sealed and allowed to warm to room
temperature, It was left for one hour; the products consisted of
colourless liquid. There were no volatile products, Chloroform was
added to the products giving a colourless solution., Water was added to
this, shaken up and the two layers separated. The chloroform layer was
dried with MgSO# and filtered., The i.r. spectrum of the chloroform
layer showed peaks for Nl—benzyl—Nl-methyl—NZ-(trifluoromethyl)—fluoro—7
formamidine. G.l.c. of the chloroform layer showed peaks for N-
methylbenzylamine and PhCHa(Me)NCF=NCF3.

The aqueous layer was evaporated leaving a colourless gummy
residue. The i.r. spectrum indicated a probable amine salt. It was
presumed that this was PhCH Ni_Me TF. as indicated by the n.m.r. spectra

272 2
of the products of the reaction of (CFB)ZNO. with N-methylbenzylamine.

Reaction summary

Reactants:
(CFB)ZNH seas 0.10 B 0-65 mnmoles

PhCHeNHCH5 ceca 0.25 g, 2,07 mmoles
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Products:

PhCHaNHCH3 s

PhCH2N0F=NCF3 P 0,15 g, 0.65 mmoles, 51%

0.10 g, 0.79 mmoles, 38% unreacted

o
T (2]
PhCHaNHaCH3 HF, es. 0.10 g, 0.62 mmoles, 48%
2l. REACTION OF (CFBAQNO' WITH N~BENZYLIDENEMETHYLAMINE

N-benzylidenemethylamine was prepared by slowly adding benzaldehyde
to a stirred solution of methyiamine in ethanol, The reaction was
monitored by i.r. spectroscopy and the addition stopped when the C=0
streteh of benzaldehyde at 1700 cm"l appeared. A slight excess of
methylamine solution was then added. Distillation under reduced pressure
removed first the methylamine and the ethanol. The N-benzylidenemethyl-
amine was dried over MgSOh and then distilled under reduced pressure.

The distillate was shown to be pure by g.l.c. and identified by its i.r.
(C=N stretch at 1650-1655 cu™~) and n.m.r. (34) spectra.

The reaction of (CFB)ENO. with N-benzylidenemethylamine was
carried out twice using the same method as with the other amines and
Schiff's bases.

Reaction (a): 1.34 g bistrifluoromethylamino-oxyl (7.98 mmoles) and

0,49 g of N-benzylidenemethylamine (%4.12 mmoles) were reacted. The
reaction was complete after about 50 minutes giving a c¢lear yellow liquid,
G.l.c; analysis (4m SE30, 185-230°C) of the products showed peaks,
identified by comparative g.l.c., for the following compounds, in order
of increasing retention time.

(CFB)ENOH

PRCOON(CF5),,  eeee 7%

PhCHO veceveess  15%

P]‘lCH:NCH} ceossevaese L"S%
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two unidentified products ... 10% and 12%

(4 very winor products ... total 8%).

The percentages give the relative g.l.c. peak areas.

An i.r. spectrum of the products showed peaks for }.31'1(:(')ON(C‘-F3)‘2
(C=0 str, at 1800 cm'l, weak), PhCHO (C=0 str. at 1700 cm“l, strong),
PhCH=NCH, (C=N str. at 1650 en™t, strong).

The 1y n.me,r. spectrum (ref., ext. DCB) showed peaks for PhCHO
and PhCH:NCH3 and a number of unidentified singlets at +4.12 ppm (int.
2.8), +4.30, +4,39, +4.54, +4,68 ppm (all about equal int. of 0.6)
compared with the integration of the peak.for the CH3 of PhCH:NCH3 of
2.le A number of very minor peaks were also present in the spectrum,

The 19F n.m.,r. spectrum of the products (ref., ext, TFA) showed:

Band Int. Chemical shift  Band structure Assignment

1 1.5 =10.5 ppm singlet prob, PhCOON(CF3)2
2 347 =10.2 ppm singlet prob. (CFB)ENON(CFB)Q
3 13.1 -8.9 ppm singlet (CFB)ENOH

The region from -13.,3% to ~9.3 ppm showed 10 other very minor singlets
superimposed on what appeared to be several broad peaks, as well as the
other more prominent singlets at -10.5 and -~10.,2 ppm. The total
integration for the region was 11.8, From the l9F n.m.r. integrations
the molar ratios of the (CF3)2NO-compounds were calculated to be:

(CFB)ENOH ceee 5%

(CF4) JNON(CF3), o-0  15%

PhCOON(CFB)a voos 6%

unidentified (CF3)2NO-compounds cos 2%
Reaction (b): The reaction was repeated using 1.26 g (CF3)2N0' (7.50

mmoles) and O.46 g N-benzylidenemethylamine (3.87 mmoles). The tube was
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attached to the vacuum system and warmed to almost constant weight., The
voiatiles (0,66 g) were separated by passing through =78°C and -196°C
traps.

Vapour phase i.r. spectra of the contents of the =-78°C trap
showed the following: |

at 1 cm Hg pressure: peaks for (CFB)ENON(CF at 1342 (w), 1308 (v.s.),

302
1278 (ves.), 1230 (s), 119% (s), 1180 (s), 960 (m) and 707 cm+ (s),
at 2 cm Hg pressure: peaks for a mixture of (CF3)2NON(CF3)2 and
(CFB)aNOH,
at 4 cm Hg pressure: peaks for (CFB)ENOH masking those for
(CF3)2N0N(GF3)2.

The n.msr.spectra of the volatiles showed the following.

Iy (ext, DCB)

Band Int, Chemical shift Band structure Assignment

1 L2 +0.97 ppm singlet (CF3)2N0§

2 0.2 +2.15 ppm broad singlet

3 0.1 +4.17 ppm broad singlet

b 0.6 +4,92 ppm broad singlet possibly CH3~N
195 (ext. TFA)
Band Int. Chemical shift Band structure Assignment

1 0.k 12,4 ppm singlet

2 0.9 ~10,4 ppm singlet <0F3)2N0N(CF3)2
3 18.5 -8.9 ppm singlet (CFE)ENOH

A summary of the reaction, using (a) as an example is given below;

yields are based on g.l.c. peak areas and lgF n.m.r, peak integrations.




Reaction summary

Reactants:
(CFB)ENO [ X N ]
P =, seave
hCH NCH3 ,
Products:
(CF3>2NOH sese
(CFs)ENON(CFB)E
Ph HZNCH sese
C 3
PhCHO secase
PhCOON(CF3)2 ces

unidentified avsee.

-
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l.3% gy, 7.98 mmoles

0.49 g, 4,12 mmoles

0.70 g, 4,15 mmoles, 5%

0.19 g, 0.60 mmoles, 15%

0.24 g, 1.98 mmoles, 48% unreacted

0.07 g, 0.62 mmoles, 29% of PhCH::NCH5 reacted
0.08 g, 0.29 mmoles, 14%

57% based on PhCH:NCH3 reacted and 27% of
(0F3)2No‘ used.
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APPENDIX 1: NUCLEAR MAGNETIC RESONANCE SPECTRA

The following reference standards were used.-
lH spectra: internal tetramethylsilane (TMS), external paradichloro-
benzene (DCB), external benzene.
19F spectra:  external trifluorcacetic acid (TFA).
Absorption bands are numbered in order of increasing 't value or increasing
ppm relative to an external standard. Peaks to high field of external
references are given positive values; those to low field are given
negative values,
Relative intensities and suggested assignments (Assign.) are given,
The chemical shifts of simple multiplets are quoted as the centre of
the multiplet.
19

The ~“F n.m.r. spectra of a number of bis(bistrifluoromethylamino-

oxy) compounds of general formula ?Hé'?(CH3)CH2X show a singlet for the
R R

terminal (CFB)BNO group and a slightly broaéened singlet, which appears
complex on expansion, for the other (CFB)ZNO group. The complexity of
this peak is attribut:able]'1’*3 to magnetic non-equivalence of the CF3
groups due to the asymmetry of the C atom to which the (CF3)2NO group

is attached.

A variable temperature study of a solution of one of these compounds,
1,2-bis(bistrifluoromethylamino~oxy)=t4=bromo-2-methylbutane (n.m.r, 12)
in'CCl4 was carried out. At -10°C considerable broadening of both peaks
in the spectrum was observed but no splitting. At lower temperatures
the solution solidified., This may be compared with the 19F NeMeT,
spectrum of the compound PhCH=NCHRPh which at room temperature shows a

very broad singlet which splits into a doublet of quartets at ~10°C

(see Figures 10 and 11, Experimental Section V, Reaction 8).




1,2~Bis(bistrifluoromethylamino~oxy)-2-methylpentane,

N.M,R. 1:
?Ha"?(CHB)CHECHZCH;’; neat liquid
R R
() (B)
1, /.
H (int, TMS)

Band Int. Chemical shift Band structure Assign. J
1 2 5.95 1 singlet CHanR -
2 7 8.1 to 9.1 T complex, including CH,,CH, -

a singlet at
8.60 T CH;-C-R -
3 3 9.10 T triplet CH3 6 Hz
9 (ext. TFA)

Band Int, Chemical shift Band structure Assign.

1 1 ~10.4 ppm slightly broadened (CFB)ZNO_ (B)
singlet
2 1 ~8.2 ppm singlet (CFB) SNO- (A)

2lily




N.M.R. 2:

(CHE) 2(IICH20 ( CH:,))

245

2-(Bistrifluoromethylamino-oxy)=2,4, t=trimethylpentane,

3

R

1H (ext. DCB)

approx. 20% in e,

Band Int. Chemical shift Band structure Assign,.
1 2 +5.64 ppm singlet CH,,
2 6 +5.92 ppm singlet (CHB)ZC
3 9 +6.24 ppm singlet (GH3>BC
19F (ext. TFA)
Band Int. Chemical shift Band structure Assign.
1 - ~12.7 ppm singlet

(CF3)2N0A
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N.M.R. 3: 1,2-Bis(bistrifluoromethylamino-oxy)=2,4,4=trimethylpentane

(iHa--(])(CHB)CHZC(CHB)3 approx, 20% in CCl,
R R
(a) (B)
14 (ext. DCB)
Band Int. Chemical shift Band structure Assign.
1 2 +3%.,19 ppm singlet CHE-R
2 2 +5.63 ppm singlet CH,,~C~R
3 3 +5,67 ppm singlet CHy~G-R
L 9 +6.,27 ppm singlet (CH3)3C

19F (ext. TFA)

Band Int,. Chemical shift Band structure Assign.

1 1 ~12.3 ppm slightly broadened (CFB)ENO— (B)
singlet which on
exXxpansion shows a
maltiplet,

2 1 -10.2 ppm singlet (CFB)ZNO— (a)

~
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N.M,R, 4: 1, 2-Bis(bistrifluoromethylamino—oxy)~2=(bistrifluoromethyl-

amino-oxymethyl)-4,4-dimethylpentane,

(RCHE)Z?CHaC(CHB)E approx. 20% in CClh
R

1H (ext. DCB)

Band Int. Chemical shift Band structure Assign.
1 L +2.8% and +2.90 ppm At low sensitivity 2 CH,R
appears to consist of groups

2 singlets., Al higher
sensitivity appears as

a broad singlet with a

shoulder,
2 2 +5,37 ppm singlet CH2
3 9 +6.12 ppm singlet (CH3)3C
19F (ext, TFA)
Band Int. Chemical shift Band structure Assign.
1 1 -11.7 ppm singlet (CFB)ENO'C
2 2 -10.0 ppm singlet 2 (CFB)ENO«C.H2

groups




N.M.R. 5¢ 2=(Bistrifluoromethylamino~oxy)~l=chloro=2-methylpropane,

(CH?)ZCCH201

R

lH (ext. benzene)

neat liquid

Band Int, Chemical shift Band structure Assign.
1 1 +3.,18 ppm singlet CH,
2 3 +5,24 ppm singlet (CHB)EC
5 (ext., TFA)
Band Int, Chemical shift Band structure Assign,
1 - 11,0 ppm singlet (CFE)aNO-

2h8




N.M.,R., 6:

2~(Bistrifluoromethylamino~oxy)=-2=methylpentan~i-one,

(CH3)2(;CHECOCH3

R

1y (Gint. TMS)

approx. 20%. in oLy,

2ko

Band Int, Chemical shift Band structure Assign.
1 2 7.36 T singlet CH,
2 3 7e92 T singlet CHBCO
3 6 8.63 T singlet (CH3)200
19F (ext., TFA)
Band Int. Chemical shift Band structure Assign.
1 -

w1l 8 Frm

singlet (CFB)ENO—




N.M.R, 7: 2=~ (Bistrifluoromethylamino-oxy)=2-methylpropyl acetate,

(CHZ)) accx-x OOCCH

/.
2 3 approx. 20% in CC14
R
1H (ext. DCB)
Band Int. Chemical shift Band structure Assign,
1 2 +5.,20 ppm singlet CH2
2 3 +5.,17 ppm singlet CH?COO
3 6 +5.86 ppm singlet (CH?)ac
19F (ext. TFA)
Band Int. Chemical shift Band structure Assign,
1 - -12,0 ppm singlet

( CI"B ) oNO-

250
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N.M.R. 8: 1,2-Bis(bistrifluoromethylamino~oxy)-2-methylpropyl acetate,
CHE--(l:(CHB)CHaooccH3 approx. 20% in cel,,
R R
(A). (B)
11 (ext. DCB)
Band Int. Chemical shift Band structure Assign.
1 L +3.05 ppm overlapping CH2000
2 +3.10 ppm singlets and CHaR
3 3 +5.23 ppm singlet CH5~COO
L 3 +5.84 ppm singlet CHB—C~R
19F (ext. TFA)
Band Int. Chemical shift Band structure Assign,
1 1 -11.5 ppm singlet (CF3)2NO- (B)
2 1 ~9.,6 ppm singlet (CFB)ENO— (A
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N.M.R. 9: 2-(Bistrifluoromethylamino-oxy)-2~methyl=1l-nitropropane,

(CHB)E?CHENOE

R

1H (ex‘h. DCB)

approx. 20% in CCly,

Band Int, Chemical shift Band structure Assign.
1 1 +2.86 ppm singlet CH,
2 3 +5,92 ppm singlet (CHf)EC
19 (ext. TFA)
Band Int. Chemical shift Band structure Assign.
1 - ~-10.4 ppm

singlet (CF3)2N0~




N.M.R. 10: 2-(Bistrifluoromethylamino-oxy)-l=iodo-2~-methylpropane,
(CHB)E?Cgal approx. 20% in Ccl,,
R

Iy (int. TMS)

Band Int, Chemical shift Band structure Assign.
1 1 6.72 T singlet CH,,
2 3 8.50 T singlet (CHB)EC
19F (ext. TFA)
Band Int. Chemical shift Band structure Assign,.
1 - ~12,0 ppm singlet

(CFB)ENO-
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N.M,R, 11:

3~(Bistrifluoromethylamino-oxy)=l-bromo=-3-methylbutane,

(CHB)ETCHECHZBT approx, 20% in CClQ
R
M (int. M8)
Band Int. Chemical shift Band structure Assign. J
1 1 6.60 T AA'XX' splitting pattern CHBr 8.4 Hz
2 1 7.8 T AA'XX' splitting pattern CH, 8.4 Hz
(see Fig. 12, below)
3 3 8.65 1 singlet (Cﬁj)EC -
g (ext, TFA)
Band Int. Chemical shift Band structure Assign,
1 - 12,2 ppm singlet (CFB)ENO-
’ Fig. 12: AA'XX' splitting
Q h pattern for CHZEEQ in

-~
R

(CH,),CCH, CH, Br.
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N.M.R, 1l2:
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1, 2~Bis(bistrifluoromethylamino~oxy)=4=bromo-2-methylbutane,

CHawT(GHB)CHEGHEBr approxe 20% in ccl,,
R R
(A) (B
18 (int. TMS)
Band Int, Chemical shift Band structure Assign, J
1 2 5.92 T singlet CH2-R -
2 2 6.65 T AA'XX" splitting pattern CH,Br 8.1 Hz
3 2 7.75 1t AA'XX! splitting pattern CH, 8.1 Hz
b 3 8.60 T singlet CH3 -
¢ (ext, TFA) .
Band Int. Chemical shift  Band structure Assign.
1 1 ~11.8 ppm broadened singlet, (CF5)2NO- (B)
complex on expansion
2 1 ~9.7 ppm singlet (CF:,’) SNO- (A)
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N.M.R. 13: 3-(Bistrifluoromethylamino-oxy)-3-methyl-l-nitrobutane,
CH,)_.CCH CH NO 10-20# in CCl,,, capillary sample
( j)2j g a 4 # o P Y P
R

hi (ext. DCB)

Band Int. Chemical shift Band structure Assign. J
1 1 +2.70 ppm AA’'XX* splitting pattern <cH2NO2 7.5 Hz
2 1 +*+.79 ppm AA'XX* splitting pattern CH2 7.5 Hz

(see Fig. 13, below)

3 3 +5.77 ppm singlet (ca3)2c

19F (ext. TFA)

Band Int. Chemical shift Band structure Assign.

1 - -12.5 ppm singlet (CF~~NO-

Fig. 13: AA'XX*
splitting pattern for

CH2CH2 in

— 3~2| — 2— 2-—-2-—



N,M.,R, 1h:
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1, 2~Bis(bistrifluoromethylamino-oxy)=2-methyl-t-nitrobutane,

CHawC(

R R
(8 (B)

CHB)CHECHENOB

I (ext. DCB)

10-20% in CClh’ capillary sample.

Band Int. Chemical shift

Band structure

Assign, J

1 2 +2470 ppm AA'XX' splitting pattern CHaNO2 745 Hz
2 2 +3.,03 ppm singlet CHER -
3 2 +4,65 ppm AA'XX' splitting pattern CH, 7.5 Hz
4 3 +5.72 ppm singlet CH3 -
19F (exts TFA)
Band Int. Chemical shift Band structure Assigne

1

1 =12.1 ppm

1 -10.1 ppm

slightly broadened singlet, (GFB)BNO— (B)

complex on expansion

singlet

(CFB)ENO- (a)




N.M,R, 15: 3=(Bistrifluoromethylamino=oxy)=l-iodo~3~-methylbutane,

(CH3)2°CHaCHaI approx. 10% in Cel,
R
8 (ext. DCB)
Band Int, Chemical shift Band structure Assign,. J
1 1 +3.91 ppm AAYXX' splitting pattern CH2 8 Hz
2 1 +4.90 ppm AA'XX' splitting pattern CH, 8 Hz
3 3 +5.80 ppm singlet (CHB)EC

% (xt. TF)

258

Band Int. Chemical shift Band structure Assigne.

1 - ~12.5 ppm singlet (CFE)ZNO;
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N.M.R. 16: 1,2=Bis(bistrifluoromethylamino-oxy)=-4~iodo-2-methylbutane,

([)Ha—(l}(CH3)CH20HBI approx. 10% m‘ccn.q
R R
(A) (B)
1
H (ext. DCB)
Band Int. Chemical shift Band structure Assign, J
1 2 +3,06 ppm singlet CH,R -
2 2 +4,00 ppm AA'XX' splitting pattern CH,I 8.4 Hz
3 2 +4,82 ppm AA'XX' splitting pattern CH, 8.4 Hz
b 3 +5.76 ppm singlet CHB -
% (ext. TFA)
Band Int. Chemical shift Band structure Assign.
1 1 -12,2 ppm slightly broadened singlet, (CFB) NO- (B)

complex on expansion

2 1 ~10.2 ppm singlet (CF3)2N0~ (n
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N.M.R. 17: 2-(Bistrifluoromethylamine~oxy)=-5=-bromo~2~methylpentane,

(CH3)2?CH20H20H2Br approx, 20% in CCly, capillary sample

R

1 (ext. DCB)

Band 1Int. Chemical shift Band structure Assign, J
1 1 +3.85 ppm distorted triplet CH,-Br 6=7 Hz
2 2 +5.2 to +5,6 ppm  complex CHECH2 -
3 3 +5.93 ppm singlet (CHB)EG -
(The CHECHECHZBr group would be expected to give an AAYBB'XX!

splitting pattern.)

r (ext. TFR)

Band Int. Chemical shift Band structure Assign.

1 - -12.4 ppm singlet (CFB)aNO"




N.M,R. 18:
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1, 2~-Bis(bistrifluoromethylamino-oxy)=5=bromo-2=-methylpentane,

?Hzn?(CHE)CHECHECHaBr approx. 20% in CClq, capillary sample.

R R
(a) (B)

18 (ext. DCB)

Band Int. Chemical shift Band structure Assign.
1 2 +3.12 ppm singlet CHaR

2 2 +3.81 ppm distorted triplet CH,Br
3 b +5.29 and +5.34 ppm complex CH.CH,
b4 3 +5.80 ppm singlet CH3
(The CHBCHQCHaBr group would be expected to give an AA'BB'XX!
splitting pattern,)

19F (ext. TFA)

Band Int, Chemical shift Band structure Assign.

1 1 ~12,.0 ppm slightly broadened singlet, (CFB)aNO- (B)

complex on expansion
2 1 =10.0 ppm singlet (CFB)ENO" (n)




N.M.R. 19: 1-(Bistrifluoromethylamino-oxycarbonyl)-2-methylpropane,

MeZCHCHECOR approx. 5-10% in CClk, capillary sample
1y (ext. DCB)
Band Int. Chemical shift Band structure  Assign, J
1 1 +4,75 to +5.05 ppm complex CHCH,, -
3 2 +6.16 ppm doublet (CHB)EC 6-7 Hz
19

F (ext. TFA)

Band

Int,. Chemical shift Band structure Assign,

- -11.0 ppm singlet (CF3)2NO-
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N.M.,R. 20: N~[2-(bistrifluoromethylamino-oxy)-~2-methylpropylidene |-

-isobutylamine, (CHB)aTCHmNCHECH(CHB)E approx. 20% in CCl,

R
1 .
H (int, TMS)
Band TInt. Chemical shift Band structure Assign,. J
1 1 239 T broad singlet CH=N -
2 2 6,77 T doublet of doublets -CH,- 6.7 and
vl Hz
3 1 8e22 T multiplet Mea(}ﬁ 6.7 Hz
b 6 8.58 1 singlet (CHS) CR -
5 6 9,11 t doublet (CEB)E!CH 6.7 Hz
% (ext. TFA)
Band Int,. Chemical shift Band structure Assign.

1 - -11.7 ppm singlet (CFB)ZNO-
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N.M,R, 21: N-isobutylideneisobutylamine,

(CHB)ECHCH=NCH2CH(CH3)2 neat ligquid
(a) - (B)
W (int. THS)

Band Int, Chemical shift Band structure Assign. J

1 1 2.55 T doublet of triplets CH=N L Hz/1 Hz
2 2 6.88 1 doublet of doublets CH,, 6 Hz/1 Hz
3 7.70 T complex multiplet Mezcgr(A) -

h -2 8.20 7 | multiplet Me CH (B) 6=7 Hz

5 6 8,93 © doublet (CHB)EC-(A) 7 Ha

6 6 9,08 T doublet (Cﬂf)ac_(B) 7 Hz

26k
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N.M.R, 22: Ne~(l-hydroxy-2-methylpropylidene)~isobutylamine,

(CH_ )_CHC=NCH_CH(CH.,) approx. 20% in CCl,, capillary sample.
32T 372 L

(a) O - (B)

11 (ext. DCB)

Band Int. Chemical shift Band structure Assign. J
1 1 ~1,24 ppm broad singlet OH -
2 3 +3.94 ppm doublet, overlying CH2 7 Hz

a multiplet Me CH (A 7 Hz
3 +5.81 ppm doublet (cH,).C (A) 7 Hz
32
12-13
+6.14 ppm doublet (CHB)ZC (B) 7 Hz

The multiplet from the second -CH~ was presumed to be hidden by

gpinning side-bands from the methyl groups and the baseline 'noise',




N.M.R, 23:

Neisobutyl-2-methylpropanamide,

(CH3)2CHCONHCHECH(CH3)2

-approx. 20% in CCl,

266

(a) (B)
Iy (ext. DCB)

Band Chemical shift  Band structure Assign. J

1 -0.36 ppm broad singlet NH -

2 +4,17 ppm triplet CH, 6-7 Hz
3 +4.63 Ppm multiplet CHCO 7 Hz

L +5.43 ppm multiplet MeZCECH2 7 Hz

5 +5.96 ppm doublet (CH3)20-(A) 7 Hz

6 +6.16 ppm doublet (Cﬂs)ac‘(B) 7 Hz




267
N.M.R. 2k N-benzylidenebenzylamine, C6H5CH=NCH206H5
(a) (B)
approx. 10% in CDCl3
1 .
H (int. TMS)

Band Int. Chemical shift Band structure Assign. J
1 1 1.65 T triplet CH=N 1 Hz
2 2 212, T complex orth-H's from
3 8 2e5=2,9 T complex including meta- and para-

a singlet H's from C6H5—(A)
b4 2 5.20 T doublet CH,, 1 Hz

¢ a b d

parameters for 06H5~CH=N—CH2—06H5:

8 aee 1.98 T, tr, J 1.1“ HZ, D osee 5.""1 Ty doublet, J 1."" HZ,

130

{literature

c and d ... 2.15—2.38 and 2.65—2-95 T, complex]
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N.M.,R, 25: Hydrobenzamide, (06H CH:N)ECHCGH

> 5

approx. 5% in CDCL

3
Iy (int, TM9)
Band Int. Chemical shift Band structure Assign.
1 2 146 T singlet CH=N
2 4 2,05 to 2.30 T complex ortho H's of
06H5C&N
3 11 2.38 to 2.90 T complex other C6H5 H's
L 1 Lok T singlet * N=CH=N
Ph

162 c a b d
[literature - parameters for (C4HCH=N) CHC H, 2

A eess 1.6 T, Sy b eae 4.1 Ty Sy cand d s.s 2.3 Ty # H

multiplet,2,? T, 11 H multiplet]
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N.M.R, 26: Nl-methyl-Nl—phenyl-N2~(trifluoromethyl)—fluoroformamidine,

approx. 20% in CDC1

Cc CF=NCF
65 s 3
CH3
1
H (ext. DCB)
Band Int. Chemical shift Band structure Assign,
1 5 =0.5 to +0.,8 ppm complex C6H5
2 3 +3,80 ppm singlet CH3
I (ext. TFA)
Band Int. Chemical shift Band structure Assign. J
1 1 =32.5, =35.8, quartet C-F i2.by, -,
-35.4 ppm 11.3 Hz
2 3 «26,7y =28.6 doublet CFB-N 12.h,
~29.0 ppm 13.6, 11.3 Hz

[slightly different values from 3 different solutions]
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N.M.R, 273  Noeethyl-N'-phenyl-N=(trifluoromethyl)-fluoroformamidine,

CHENCF=NCT 10-20% in GDCL

51 3 3
CHaCH3
1
H (ext, DCB)
Band Int, Chemical shift Band structure Assign., dJd
1 5 -0.5 to +0.1 ppm complex C6H5 -
2 2 +3.35 ppm quartet CH2 72 Hz
3 3 +5.87 ppm triplet CH3 7.2 Hz
5 (ext. TFA)
Band Int. Chemical shift Band structure Assign, J
1 - -26.95 ppm doublet CF_N 12.4 Hz

3

The expected quartet for C-F was not observed.




2-chloro=t-( N=propylamino)~toluene,

N.M,R, 28:
CH_CH CH H-
3 2 2\N /
H H
C a
Hb Ccl
CH3

lH (int. TMS)

271

approx. 20% in e,

Band 1Int. Chemical shift Band structure Assign. n)

1 1 3,10 T doublet' Hb 9 Hz

2 1 3.50 1 doublet Ha 3 Hz

3 1 3.7 T doublet of doublets H, % Hz/9 Hz
b 1 6.53 T singlet N-H -

5 2 7.05 T triplet N-CH, 7 Hz

6 3 776 singlet CHB-ring -

7 2 8.52 ¢ multiplet CH, 7 Hz

8 3 9,07 T triplet CH3 7 Hz




272

N.M.R. 29: Nl-(B-chloro—h—methylphenyl)~Nl—propyl—N2-(trifluoromethyl)—

fluoroformamidine,

approx. 20% in CDCl3

CH N-—CF:NCF3

ol CHQCH

oty

1H (int. TMS)

Band Int, Chemical shift Band structure Assign, J
1 3 2% to 3,5 7 complex C6H3 -
2 2 6.35 T triplet CH,~N 8 Hz
3 3 7.65 T singlet CHB—ring -
b 2 8ol T multiplet ~CH, - 8 Hz
5 3 9.10 T triplet CH; 8 Hz

19F (ext. TFA)

Band Int. Chemical shift Band structure Assign. J
1 - -29.3 ppm doublet CFB—N v 12 Hz

The expected quartet for C-F was not observed.




N.M.R. 30i chloro-2- (N-propylamino)-toluenet
CHgCH*H approx. 20% in CC1*
CH
Ccl

hi (int. TMS)

Band Int. Chemical shift Band structure Assign.

1 2.9-3. 1
3 9-3.8 T complex c6H3

2 1 6.75 T broad singlet NH

3 2 7.03 x triplet CH2-N

4 3 8.03 x singlet CH”-ring
2 8.%6 multiplet

5 T ultip cH2

6 3 9.03 x triplet

CH3

Hz

Hz

Hz
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N.M.,R., 31: Nl—(5—chloro—2-methylphenyl)-Nl-propyl—Na—(trifluoromethyl)-
fluoroformamidine,
approx. 20% in CDClB
CH3
N—CF=NCF3
c1 CHQCH2CH8

g (int., TMS)

Band Int. Chemical shift  Band structure Assign. J
1 3 2.6 to 3.4 T complex 06H3 -
2 2 6.25 1 triplet CH,-N 7 Hz
3 3 777 T singlet CH3~ring -
b 2 8.34 ¢ multiplet CH, 7 Hz
5 3 9.08 T triplet CH3 7 Hz
% (ext. TFA)
Band Int. Chemical shift Band structure Assign. J
1 1 375 ppm maltiplet F=C -
doublet CFB-N 11.8 Hz

2 3 =29.5 ppm
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N.M.R, 32: N-benzylideneaniline, C6H50H=NC6H5

(a) (B)

approx. 20% in CCly,

% (int. TMS)
Band Int. Chemical shift Band structure Assign,
1 1 l.72 1 singlet CH=N
2 2 2.05 to 2.30 T complex orthe - H's
| of Cgly (A
3 8 2.40 to 3,03 T complex | other C6H5

hydrogens
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N.M.R., 33: Nl~benzyl—Nl-methyl~N2-(trifluoromethyl)-fluoroformamidine,

PhGHaNCF=NCF

3 » approx. 20% in CCLy,

CH3

T4 (ext. DCB)

Band Int., Chemical shift Band structure Assign,.
1 5 +0,07 ppm broad singlet C6H5
2 2 +2.97 ppm broad singlet CH2
3 3 +4,57 ppm broad singlet CHB
19F ( exte TFA)
Band Int. Chemical shift Band structure Assign. J
1 - «30,4 ppm doublet CFﬁ-N 10.2 Hz

The expected quartet for C~F was not observed,

A complex band was

present at -28.9 ppm but its integration was only about 10% of that

of the CF_,N doublet.

3
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N.M,R, 34:  N~benzylidenemethylamine, CgH CH=NCH,,

neat liquid.

1 (ext. DCB)
Band Int. Chemical shift Band structure Assign. J
1 1 =0,14 ppm guartet CH=N 1-2 Hz
2 2 +0.05 to +0,25 ppm complex ortho - H's
of C6H5
3 3 +0¢5 to +047 ppm complex meta and para
1 ]
H's of C6H5
4 3 +4,52 ppm doublet CH 1-2 Hz

3
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APPENDIX 2: INFRARED SPECTRA

Band positions in the spectra are presented in order of
decreasing wavenumber, Band intensities are classified as very

strong (vs), strong (s), medium (m), weak (w) or very weak (vw).

In general (CFB)ENO-compounds are characterised by having bands

in their i.r. spectra at about the following positions,

1320-1160 cm":L (7.6=8.6 1) +u. C=F stretching
1075 em> (9.3 1) ... N-O stretching
970 cm (1043 1) ... C-N stretching

71k cm‘l (14,0 “), cos CF3 deformation

These characteristic absorptions are frequently the strongest bands of

the spectrum.l7




279

I.R, 1: 2-(Bistrifluoromethylamino-oxy)-2,4,4=-trimethylpentane,

Me ,CCH.CMe, , neat ligquid film,

21 2773
R
2942 om+ 5, 2915 m, 2880 m, 1480 m, 1390 m, 1370 m, 1295 vs, 1250 vs,

1196 vs, 1118 m, 1042 m, 1020 m, 957 s, 805 w, 700 m.

I.R, 2: 1,2-Bis(bistrifluoromethylamino-oxy)-2,4,4~trimethylpentane,

CHa-(l}(Me)CHacMe3 s neat liquid film,
R R
2942 c:m-:L s, 2915 m, 2880 m, 1480 m, 1390 m, 1370 m, 1295 vs, 1250 vs,

1196 vs, 1055 s, 1030 m, 1012 m, 963 vs, 870 w, 810 w, 700 w.

I.R, 3: 2=(Bistrifluoromethylamino~oxy)-l-chloro~2-methylpropane,

MeaCCHBCl y neat liquid film,

k
3030 cm ™ m, 2940 m, 2880 w, 1480 w, 1%50 w, 1398 m, 1385 m, 1315 s,
1307 vs, 1242 vs, 1197 vs, 1132 m, 1129 m, 1063 m, 1054 m, 1036 m, 962 s,

888 w, 847 w, 813 w, 784 w, 704 s,

I.R. 4: 2-(Bistrifluoromethylamino-oxy)=-2-methylpentan-ii-one,

MeaCCHECOMe y neat liguid film,

R
3355 om™* w, 2976 m, 2906 m, 2824 w, 172% s, 1461 m, 1416 m, 1381 m,
1356 s, 1290 s, 1250 s, 1197 s, 1121 s, 1042 m, 1026 s, 960 s, 945 m,

840-810 m (broad), 704 s,

I.R., 5¢ 2=(Bistrifluoromethylamino-oxy)-2-methylpropyl acetate

MBETCHEOOCMe y neat liquid film,

R

1

3470 em — w, 2990 m, 2950 m, 2910 w, 2400 w, 2110 w, 1754 s, 1470 m,
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1438 m, 1395 m, 1381 s, 1364 m, 1342 m, 1295 m, 1250 s, 1200 s, 1163 s,
1064 s, 1055 s, 990 w, 974 s, 968 s, 956 w, 926 m, 873 m, 865 m, 858 w,
824 m, 781 w, 714 s.

I.R. 6: 1,2-Bis(bistrifluoromethylamino~oxy)-2-methylpropyl acetate,

fHa—?(Me)GHBOOCMe s neat liquid film,

R R

3495 cm™t W, 2995 m, 2957 m, 2904 w, 1760 s, 1480 m, 1461 m, 1400 m,
1381 m, 1295 s, 1250 s, 1200 s, 1136 m, 1055 s, 972 s, 965 s, 954 w,

920 w, 905 w, 820 w, 744 w, 708 s,

I,R, 7 2-(Bistrifluoromethylamino-oxy)=-l-iodo-2-methylpropane,

Me2CCH I, neat liquid film,

2
R

2990 om™t m, 2960 w, 2940 w, 1465 m, 1457 m, 1426 w, 141k w, 1388 m,

1375 m, 1295 s, 1250 s, 1200 s, 1155 m, 1112 s, 1077 m, 1060 s, 1OL7 s,

1032 s, 965 s, 958 s, 865 w, 825 m, 810 m, 765 w, 704 s.

I.R. 8: 3-(Bistrifluoromethylamino-oxy)~l-bromo~3-methylbutane,

MGE?CHZCH

R

2Br , neat ligquid film

2985 cm"l m, 2960 m, 2890 w, 1480 m, 1470 m, 1455 m, 1397 m, 1380 m,
1350 m, 1300 s, 1255 s, 1200 s, 1175 m, 1135 m, 1105 m, 1060 m, 1035 s,

969 s, 960 s, 922 w, 864 m, 820 m, 707 s, 663 m,

I.,R., 9: 1,2-Bis(bistrifluoromethylamino=oxy)-lt~bromo-2-methylbutane,

THE-?(Me)CHECHaBr , neat liquid film,
R R

3000 en™ m, 2970 m, 2930 w, 1490 m, 1470 m, 1455 m, 1445 m, 1396 m,
1383 m, 1300 s, 1255 s, 1206 s, 1170 s, 1058 s, 1047 m, 970 s, 966 s,

870 w, 822 m, 74k w, 708 s.




I.R, 10: 3=-(Bistrifluoromethylamino-oxy)=3~methyl-l-nitrobutane,

MeZ?CHZCHENOE s solution in 0014,

R
3030 to 2700 cm"l w, 1558 s, 1377 m, 1351 w, 1295 vs, 1250 vs, 1205 vs,

1142 m, 1053 w, 1031 m, 960 s, 820 to 730 s (broad, CClq), 706 s.

I.R, 11: 1,2-Bis(bistrifluoromethylamino-oxy)=-2-methyl=4-nitrobutane,

?HE-C'I(Me)CHECHaNO2 » solution in CCl,
R R
1558 cm™ &, 1370 w, 1291 vs, 1245 vs, 1207 vs, 1053 m, 1027 w, 963 s,

820 to 730 s (broad, CClq), 706 s,

I.R, 12: 3-(Bistrifluoromethylamino-oxy)=-1-iodo~3-methylbutane,

MGZ?CHECHRI s neat liquid film,
R

2949 om™t m, 2906 m, 146k m, 1438 m, 1383 m, 1369 m, 1335 m, 1291 s,

124% s, 1197 s, 1156 m, 1124 m, 1077 m, 1058 s, 1036 s, 965 s, 959 s,

853 m, 814 m, 735 to 667 m (broad), 709 s.

I.R, 13: 1,2-Bis{bistrifluoromethylamino=-oxy)~l~iodo=2=methylbutane,

CHa?(Me)CHacHBI , neat liguid film,

R R

2906 cm"l

m, 2801 w, 1461 m, 1432 m, 1370 m, 1290 s, 1245 s, 1199 s,
1170 m, 1149 m, 1058 s, 1031 m, 965 s, 949 w, 866 w, 851 w, 817 m,

738 to 667 m (broad), 708 s.

I.R. 4: 2-(Bistrifluoromethylamino-oxy)-5-bromo-2-methylpentane,

MeECCHECHEBr s neat liquid film,

R
29k om™t m, 2870 w, 1464 m, 1440 m, 1390 m, 1374 m, 1298 vs, 1254 vs,
1200 vs, 1040 s, 960 s, 884 w, 865 w, 804 w, 782 w, 702 m.
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I.R, 15: 1, 2-Bis(bistrifluoromethylamino-oxy)=-5-bromo=2-methylpentane,

CHE-C(Me)CHECHECHaBr , neat liquid f£ilm,
R R
Z%Emdm,%mw,w%w,w%m,H%m,E%m,B%m,R%v&

1254 vs, 1204 vs, 1056 s, 1030 w, 962 s, 885 w, 802 w, 700 m.

I.R, 16:  l-(Bistrifluoromethylamino-oxycarbonyl)-2=methylpropane,

Me CHCH_COR, neat liquid film,
2924 om T s, 2857 m, 1824 s, 1461 m, 1381 m, 1362 m, 1299 vs, 1257 vs,

1205 vs, 1036 s, 974 s, 965 s, 713 m, 706 m,

I,R, 17: 3-(Bistrifluoromethylamino-oxy)=3-methylpentan-l-ol,

Mea?CHHCHEOH » neat liqudid film
R
3246 s (broad), 2906 s, 1457 m, 1381 s, 1370 s, 1291 vs, 1245 vs, 1199 vs,

1131 m, 1055 s, 1028 s, 963 s, 708 s,

I.R, 18: N-[ 2=(bistrifluoromethylamino-oxy)=-2-mnethylpropylidene =

-isobutylamine, MezccHzNCHECHMe2 y neat liquid film,
R
3500 om - Wy, 3330 to 3080 w, 2965 s, 2940 s, 2906 s, 2878 s, 2830 m,
1742 w, 1675 s, 1466 s, 1453 m, 1385 s, 1366 s, 1292 vs, 1252 vs,
1196 vs, 1135 s, 1055 s, 1032 s, 995 m, 960 =, 920 w, 860 m, 812 m, 786 m,

703% s.

I.R, 19: N~iscbutylideneisobutylamine, Me

2CHCH=NCH20HM92, neat

liquid film,

2945 on™+

s, 2925 s, 2870 s, 2825 s, 1675 s, 1470 s, 1450 m, 1388 s,
1368 s, 1350 w, 1290 m, 1240 vw, 1195 w, 1165 m, 1108 s, 1075 w, 1030 m,

970 w, 952 w, 920 w, 850 vw, 810 vw.,
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TR, 20: N-benzylidenebenzylamine, 06H50H=NGH206H5

3065 em " m, 3045 s, 3010 s, 2855 s, 2820 s, 1952 w, 1880 w, 1808 w,

sy neat liquid film,

1640 vs, 1598 m, 1575 s, 1490 s, 1445 s, 1370 m, 1335 m, 1320 w, 1305 m,
1285 m, 1214 m, 1162 m, 1150 w, 1068 w, 1018 s, 990 w, 950 w, 900 w,

848 w, 800 w, 742 s, 720 s, 682 s,

I.R, 21: Nlﬁmethyl—lephenylnNa—(trifluoromethyl)-fluoroformamidine,

C6H5(Me)NCF:NCF3 s solution in chloroform,
2940 e~ m (broad), 1690 vs, 1600 s, 1545 m, 1540 m, 1520 m, 1500 m,
1440 m, 1305 s, 1250 vs, 1180 s, 1117 5, 1043 w, 1025 w, 970 s, 930 w,

850 W 690 Ne

1.k, 22: Nl—ethyl—Nl~pheny1«N2~(trifluoromethyi)~f1uoroformamidine,

C6H5(CHBCH2)NCFENCF3 s solution in chloroform,
2965 em m, 2915 w, 1690 vs, 1600 m, 1500 m, 1470 m, 1450 m, 1432 m,
1390 w, 1305 s, 1290 s, 1260 s, 1230 s, 1180 m, 1120 m, 1100 m, 1040 w,

1025 w, 980 m, 960 w, 845 w, 690 m,

I.R., 23: Nl~(3—chloro-4—methylphenyl)—Nl—propyl—Nan(trifluoromethyl)—

fluoroformamidine , Me(Cl)C6H3N(CHZCHECH3)GF:NCF3 y neat liquid film,
2965 cn™t s, 2930 s, 2890 m, 1692 vs, 1610 s, 1580 m, 1505 s, 1465 s,
1385 m, 1370 m, 1302 vs, 1265 vs, 1235 vs, 1210 5, 1175 s, 1120 s,

1052 m, 1040 m, 1005 s, 980 m, 968 m, 900 m, 880 m, 870 m, 840 m, 820 m,

750 my 720 my, 705 m,

I.R. 24:  N'-benzyl-N'-methyl-N°=(trifluoromethyl)-fluoroformamidine,

PhCH,, (Me)NCF=NCF, solution in CCLy,

3570 om+ w, 3350 w, 3150 w, 3100 w, 3075 w, 3050 m, 3020 m, 2925 m,
2860 w, 2800 w, 2505 w, 2195 w, 1952 w, 1780 w, 1690 vs, 1670 m, 1602 w,
1582 w, 1495 s, 1452 s, 1424k m, 1420 m, 1390 m, 1358 m, 1290 vs, 1260 s,
1220 vs, 1197 s, 1160 vs, 1102 vs, 1020 m, 100% s, 955 s, 895 s, 870 m,

827 my 783 m, 750 s, 740 s, 718 s, 697 5, 690 s, 635 m,
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APPENDIX 33 MASS SPECTRA

The mass spectra of the compounds studied are given as tables of
m/e values. Suggested assignments (Assign.) are given, along with
the abundance of the ion expressed as a percentage of the most abundant
peak, ’

Peaks of abundance less than 4.0% are only quoted where they
are of diagnostic importance, or where similar spectra are compared side
by side.

Where the lons are considered to contain unfragmented (CF3)2N0
groups, for the sake of clarity these are given as R rather than being
included in the formulae as CanNO,

€+g. in mass spectrum 1 the M—CH3 (15) peak is given as

C5H10R+ rather than as C7H10F6N0+,

and in mass spectrum 11 the peak at m/e 598 is given as

+ +
C?HloRB rather than as 013H10F18N303 .

Most of the (CF3)2NO-compounds studied were of general formula
(CH3)2?CH2X or ?Ha—?(CHB)GHEX.
R R R
Almost all of these compounds showed prominent peaks for the following

m/e values.

M-R (168)
+
150 LN N NN CQFENOH
+
69 ereeve CF3

1‘:‘3 asevee 0+ (frequently the base Peak)

GEHB
None of these compounds showed a molecular ion peak; a few showed low
abundance M-l peaks,

For the mono-amino-oxy compounds of general formula (CHB)ECCHZX

the following m/e values are also characteristic. R

M-cH3 (15)
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M"‘Cﬁax sdevss i.e. "l/e 210’ 03

For the di-amino-oxy compounds of general formula

+
H6R

?HZ-?(CHB)CHEX the following m/e value is also characteristic.
R R

M-CH_R
HZ

Many of these compounds also show peaks at m/e values 376 (CBH#R2+),

+ +
377 (CSH5R2 ) or 378 (C3H6R2 e




Mass Spectrum 1l:

2~(Bistrifluoromethylamino-oxy)=-2-methylpentane

(CH ) OCH,,CH cH3 ’ C6H13R s M =253

ON(CF3)2
m/e % Ion m/e % Ion
o4
238 8.7 CEHlOR 55 13,1 C4H7
210 33,2 C3H6R L k,9
150 4.8 02F5N0H L3 100.0 0 /c3 7
+
86 767 k1 26,2 03H5
+
85 335.1 C6H13 39 Galt
71 4.5 32 10.2
69 15.0 CF3+ 29 9.9
+
58 24,7 03H6O 28 5243
57 8.2

Mass Spectrum 2:

Probably 2-(bistrifluoromethylaminc-oxy)=4-methyl-

pentane, (CH3)20HCHECHCH3 , 06H13R s M =253
ON(CF3)2
n/e % Ton m/e % Ion
+ + +
238 0.4 CBHlOR 43 100,.0 HBO /03H7
196 5.3 02H4R+ 4p 9.5
+ 4
150 5e7 CEFSNOH 41 48,6 03H5
+
85 b1,1 06313 4o 5.6
+
83 33.8 CgHyq 39 13.2
69 2h,1 CF3+ 32 31.9
57 16.4 CL}H9+ 29 17.4
+
55 5645 04H7 28 98.5
Ly 11.9
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Mass Spectrum 3:

1, 2-Bis(bistrifluoromethylamino~oxy)-2~methylpentane

CH -C(CH JCH caa 3 06H Ry s M= 420
(0F3)2No ON(CF3)2
m/e % Ion n/e % Ion
+ +
Lok 0.2 05H8R2 69 3h 1 CFB
o+
376 LR 03H4R2 58 36,7
252 | 15.1 CeHy 5 57 26,8
238 | 35.9 C5H10R 56 7,2
196 | 17.1 Ll 9.1
166 5e3 43 100,0 o /c3 0
150 | 22.2 CaFSNOH b2 5.9
+ +
100 8.4 CeH, 50 4y 36.7 03H5
86| 11.5 053100 39 6.k
-+
84 5.1 Cely o 32 b4
+
83| 61.3 Celyq 29 19,4
7L 3L.7? 28 68,1




Mass Spectrum k:

2,3=-Bis(bistrifluoromethylamino~oxy)=-2-methylpentane,
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(CH3) o¢— CHCH,CH Celly R, 5 M = 420
(CF,) N0 ON(CF,),
m/e % Ion m/e % Ton
3l 5 0.9 58 414
252 19,2 C6H12R+ 57 42,1
210 43,6 03H6R“’" 56 10.5
+
196 15.0 55 18,9 c4H7
150 11.3 02F5N0H+ L 18,0
+
100 8.7 43 100.0 C,H;0
85 4,9 ko 5.0
+ +
84 4.5 06H12 43 21,8 031{5
83 19.8 csﬂn" 4o 9.3
72 24 .6 _ 39 5.8
il 16.7 32 Ok 4
69 414 0}?3+ 29 23,4
59 5.5




Mass Spectra 5-8:

Bistrifluoromethylamino-oxy substituted 2-methylpent-

~l-enes, C6H110N(CF3) 5 M =251

m/e MeSs 5 meSe 6 MeSe 7 Mes. 8 Ion
% % % %

251 0.2 0.3 Celly R

222 1e2 0.1 CyHR

166 1.3

150 1.2 0.8 1.2 1.0 02F5N0H+

91 1.7 22

8h 4,8 343 4,8 5.6

83 7343 47k 6549 7.3 Celly*

79 1.6 1.3 1.2

71 0.5 1.9

70 2.4

69 13.3 11.8 13.2 13.1 CF3+

68 1.0 243 27

67 6.2 7.9 765 748

61 2.8

57 5.0 1.4 6okt

56 4,8 5.5 5.0 6.0

55 100.0 100.0 1000 100.0 c};H‘,)o+

53 3.9 5.2 5.0 5e2

Ly 1.9 1.6 3.9 5.1

43 e b 14,0 20.2 28.2 car%o+

42 8.3 5.5 h,0 b,7

k1 51.3 49,7 41.6 46,0 C3H5+

ko 5.4 4,3 5.3 5.5

39 14,2 12.0 10.1 11,7

32 2k, 1 10.4 27.7 27,4

29 4.5 12.9 10.5 4.0
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Mass Spectrum 9:
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2~(Bistrifluoromethylamino=-oxy)=2, 4, 4=~trimethylpentane,

(CHB)ZCGHac(CHB)B ’ 08H17R sy M= 281

ON(GF3)2
m/e % Ton n/e % Ton
+ +
266 0.7 C7H14R 57 100.0 0459
238 1.0 56 6.7
210 45,4 03H6R+ 55 645
+ +
150 241 caF5N0H 43 2%¢5 02H30
+ +
113 b1 08H17 L 18.6 03H5
71 2.8 C5Hll+ 32 5,2
69 8.0 CF3+ 29 9.2
58 20.7 28 31.8

Mass Spectrum 10:

1, 2-Bis(bistrifluoromethylamino=oxy) =2, =

trimethylpentane, CHs—C(CH;)CH,C(CHy); 5 OCgHygR, 5 M = 448
(0F3)3No ON(CF3)2
m/e % Ion n/e % Ton
+ +
432 C.l 0751232 69 749 CF3
+
576 1.6 03H4R2 58 6.8
+ +
266 1.3 C7H14R 57 100,0 C#Hg
210 6.8 56 4,3
150 1 C2F5NOH+ 55 6.0
112 1.9 08H16+ 43 29.7
-+ +
71 by 05H11 by 16.1 03H5
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Mass ‘Spectrum 11: 1,2-Bis(bistrifluoromethylamino-oxy)=2=

(bistrifluoromethylamino~oxymethyl)-k, b~dimethylpentane,

[(CT;) NOCH, ] ,COH.C(CHz) 5, CgH Ry , M= 615

ON(CF3)2
m/e % Ion m/e % Ion
+ +
598 0.5 C7H16R3 71 7.7 CsHll
+ +
L6 0.1 08H14R2 69 12.3 CF3
430 0.7 58 6.1
- + +
376.5 0.4 376 = CoH R, 57 100.0 CpHy
210 Solt 55 7.1
182 2.7 CH2R+ L3 18.6
+ +
150 4,3 02F5N0H L1 14,0 03H5
111 1.3 08H15+ 32 10.1
109 b,3 29 8.8
95 L,2 28 577
ol k,0 ~

Mass Spectrum 12: Probably 2-(bistrifluoromethylamino-oxy)-3~methylbutane,

(CH3) ZCHCHCH s C HllR sy M= 239

3 5
ON(CF3)2
m/e % Ion m/e % Ton
238 0.1 ‘CSH10R+ 55 9,0
22k 1.1 chSR* bl 7.9
+ + +
196 3.2 C H,R 43 1.00.0 C,H,0"/CH,,
+ +
150 5.6 02F5NOH b3 21.5 03H5
72 6.5 39 4,9
71 Wy, 7 C5H11+ 29 12.8
69 8.8 H,CF3+ 28 19.2




Mass Spectrum 13:

2~(Bistrifluoromethylamino-oxy)=l~chloro=2~methyl=

propane , (0H3)200H201 y G HgCIR , M = 261(3701)/259(3501)

OK(CF3)2
m/e % Ion m/e % Ton
37 it + +
246 2.1 03H5 C1R 55 66.9 C#H7 /03H30
ol 7.1 03353501R+ 49 6.9
+ +
210 43,3 C.HeR - 43 100,0 C_H,0
+ +
150 18.2 CBFBNOH L 15,0 03H5
93 13,2 04H83701+ 39 16.0
92 542 32 8.2
91 h2,7 cq_z{835c1+ 29 31.8
69 12.2 CF3+ 28 45,2
63 11.6
+
58 41,6 CHc0
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Mass Spectrum 1k

1, 2-Bis{bistrifluoromethylamino=oxy)=3~chloro=2m=
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methylpropane, C}IE—C(CHE)CHECIL, C,H,CIR, ,
(CF3)2N0 ON(CFB) 5
M = 428(77c1)/h26(77c1)
m/e % Ion m/e 9% Ion
+ +*
377 8.3 C3H5R2 69 2345 CFB
260 2.9 0'41{7370112* 63 5.7
35 + -+
258 9.5 Cer?, C1R 57 33.9 03H5O
37 ot +
2h6 2.5 G3H5 C1R 55 10.4 04H7
2l 8.8 03H63501R+ 53 6.7
222 4,3 Lo 6.1
196 4,5 Ly 6.5
+ +
182 4,7 CH,R 43 100,0 021130
166 7kt k2 22.5
+ +
150 15.4 caFBNOH ha 3,7 03H5
okt 6.3 39 9.2
78 5.6 32 15.1
77 569 29 16.2
75 5.7 28 71.8
7 5.5




Mass Spectra 15 and 16: Bistrifluoromethylamino~oxy substituted

3-chloro=2=methylprop-l-enes, C4H6ClON(CF3)2 » M = 259(>7c1)/257(>7¢c1)

n/e M.Se 15 MeSe 16 Ton
% %
259 0.4 c4H63701R+
257 1.5 0.1 C4H63501R+
+
222 5,7 CyHR
91 33,0 34,0 04H637Cl+
20 4,8 L,6
89 100.0 100.0 o, >701*
. 37
77 1.4 1.9 03H4 Cc1
75 Lo 3.6 03H43501
69 11,6 13.4 CF3+
5k 3.8 7.0
+
55 770 81.1 CqH5
51 4,5 5.0
49 4.3 5.8
43 6.3 3.1
Ll. - L] L ] +
1 1049 11,9 C,Hy
ho 2.8 Skt
39 17.6 21.7
32 5.0 R
29 L7 5.9

29k
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Mass Spectrum 17: 2=(Bistrifluoromethylamino-oxy)=l-bromo=2-

methylpropane, (GH§)20CH2Br R C4H83rR s M= 305(81Br)/303(79Br)
ON(CF,)

m/e % Ion m/e % Ton

304 0.1 CI{H,?BlBrR'* 93 I

302 0.2 CkH779BrR+ 69 29.2 cr,*

81 + +

290 12.7 03H5 BrR 58 35.6 C3H6O

288 13.1 C3H57913rR+ 57 5.8
} 211 9,2 56 9.2

+ + +
| 210 100.0 C,HR 55 74,0 CyjH.) /03}130
. 150 47,6 ¢ 2F5NOH+ 53 10,9
+
138 7olt 43 81.2 02H30
137 6649 04388131** 42 5.9
+

136 8.2 41 25.2 031{5

135 70,1 64H8793r+ 39 19.5

133 4,6 32 13.4

109 6.4 29 25,3

107 6.6 28 71.8




Mass Spectrum 18:

1, 2-Bis(bistrifluoromethylamino-oxy)«3~bromnow=2-
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methylpropane, CH -—-C(CH})CHzBr s 04H7BrR2 ,
(CFB)ENO ON(CFB) 5
1 = 472(3 81y /870("Br)
m/e % Ion n/e % Ion
+
377 12,3 03H5R2 133 5.6
305 Lo 121 8.2
30k 66.6 04H7813r3+ 7 25,3
30% 4,6 69 45,3 CF;“
79 + +
302 68.2 04H78 BrR 57 54 .5 CBHEO
ol -+ +
290 13.7 C Hy BrR 55 37.2 CyH,
288 14,0 G3PI579BrR+ 53 8.8
222 8.6 Iy 6.8
+
196 6.7 43 100, 0 C,H,0
182 6.2 CH2R+ 42 28.3
+
166 6.3 1 37,6 03H5
152 8.7 39 15.0
150 38,6 02F5NOH+ 32 28,7
136 5.2 29 24,0




Mass spectrum 19:

2=(Bistrifluoromethylamino~-oxy)~-2-methylpentan~4-one,

(CHB)BCCHECOCH

» CgHOR , M = 267

3
ON(CFB)E
n/e % Ion n/e % Ion
+ +
252 0.1 CSHBOR 69 7e5 CF3
+
211 0.2 58 5.8 03H60
+ -
210 4.0 CBHSR %3 100,0 02H30
+ +
150 2.7 CanNOH 43 6.0 CBH5
99 13.9 C6H110* 28 11.8
+
83 1.4 C6Hll

Mass spectrum 20:

1, 2-Bis(bistrifluoromethylamino-oxy)=2-methylpentan=

4wome, CHé-——C(CHB)CHECOCHB s Gl OR, , M= 43l
(CF3)2N0 ON(CFB)E
m/e % Ion m/e % Ton
349 0.3 97 8.0
+ +
282 0.5 csnlooan 69 11.6 CF3
+ +
266 0.9 C6H100R L3 100.0 02H30
8 o + . +
182 0 CHR 4 5.2 03H5
+
150 1.7 02F5NOH 29 h,2
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Mass spectrum 21:
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2=(Bistrifluoromethylamino~oxy)=2«methylpropyl acetate,

A (CHB)E?CHEOOCGHB » Cg;OR , M =283
ON(CFB)E
n/e % Ion n/e % Ion
+
268 1.2 c5H802R 55 9.1 C4H /c3 3
+
210 25,8 C H6R L3 100.0 02H30
+
115 15,0 CgHy 40 2 41, 6.1 c3H5
69 645 CF3+ 29 4,6
+
58 15,5 03H6o 28 14,4
f
L
\

Mass spectrum 223

1, 2-Bis{bistrifluoromethylamino-oxy)=2-methylpropyl

acetate, ?Hé*“‘C(CHB)CHEOOCCHE » CgHyOR, » M = 450
(CFB)ENO ON(CF3)2
m/e % Ton n/e % Ion
» +
+
282 2.4 cGHlooaR L1 8.3 C4Hs
268 2.3 C5H802R 32 S
113 1.1 CgHo0 + 29 4,3
69 8.2 CF3+ 28 22.3
+
43 100,0 CH0




Mass Spectrum 23:
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Probably 3-(bistrifluoromethylamino=-oxy)-2-methylpropyl

acetate , (CHB) ECHCHOOCCH3 . CGHllOER y M= 283
ON(CF3)2
n/e % Ion n/e % Ion
+
22k 0.5 C\HgR bh 6.5
+ +
115 L.h gl 405 43 1.00.0 02H30
+ +
73 13.1 03H502 41 14,6 03H5
69 b,2 CF; 4o 6.2
61 10,9 32 68.4
o+
56 38,1 C,Hg 29 94
55 73
Mass Spectrum 2k: 2~(Bistrifluoromethylémino—oxy)«a-methyl—lw
-nitropropane , (CH3)200H2N02 s CyHgNOR , M = 270
ON(CFB) 2
m/e % Ion n/e % Ton
+ ] + +
255 0.1 03H5N02R 55 100,0 CBHSN /CL}H,?
22k 1.9 C,+H8R+ 53 5.1
o+
210 6.7 03H6R Ll 6.9
+ +
150 13.8 c2F5N0H 43 P 02H30
+
102 1.6 C,HgNO,, Lo 8.5
+
72 17,3 41 61.7 03H5
71 30.4 39 18,5
69 25,6 CF;' 32 8.5
58 13.8 30 173
57 23,8 29 34,5
o+
56 36,8 CyHg 28 62.8




Mass Spectrum 25:

Probably 1,2-bis(bistrifluoromethylamino=-oxy)=2-
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methyl-l-nitropropane , CHéM-C(CHB)CHaNO2 ’ 04H7N02R2 y M= 4z
QCF3) N0 ON( CFB) >
m/e % Ion nm/e % Ton
+ o+
281 0.5 69 100.,0 CFy /04H7N
+
269 1.9 C)HNOR 61 11k
222 23,4 57 16,3
182 7.0 CH2R+ 56 4,9
+ +
166 15.5 35 38.2 €, Ho, /C5H30
150 12,7 C2F5N0H+ 53 5.2
131 5e3 L 17.8
Jn
114 L7 43 6l.2 C 2H30
100 18.5 CLI_HGNOZ"'" up 214
: +
96 9.4 L 62.8 CSHS
ol 6.6 ko 14,6
81 LR 39 19,4
78 6al 31 5.6
72 8.2 30 36.7
70 10,1 29 34,7




Mass Spectrum 26:
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2=-(Bistrifluoromethylamino~oxy)-l-iodo=2~methylpropane,

(033) SCCH,T » CHIR , M = 351
ON(CFB) 5
m/e % Ion n/e % Ion
- + + -
33545 0.4 336 = 03}1513 55 100.0 c,‘tH7 /03H30
303.5 1.1 5% 8.1
301,5 1.1 Ly 5.8
+ -+
210 1.4 C3H6R 43 274 02H30
183 3943 04H81+ Lo 547
-+ 4
150 10.3 02F5NOH Ly 3L.8 03H5
81 6.8 40 6,2
69 62.1 GF3+ 39 2349
58 4,6 32 264
57 5.4 29 34,5
56 214 04H8+




Mass Spectrum 27:

3-(Bistrifluoromethylamino-oxy)-l~bromo=3-
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methylbutane, (CHB)EGCHBCHzBr , C5HloBrR y M= 319(81Br)/317(79Br)
ON(GF3)2
m/e % Ion m/e % Ion
81, _+ +
8 . )
31 1.6 Colly  BrR 69 87.5 CF
316 1.7 05H979BrR* 67 649
81 + +
30k 2,6 C\H, " BrR 58 33,8 03H60
302 2,7 04H7798rR+ 55 104
210 L, 7 03H6R+ 5% 8.9
151 27.5 C5H10818r+ A 7.0
+ +
150 22,1 GZFBNOH 43 100.0 CZHBO
149 28,6 05H1079Br+ b2 8.9
8L, + +
109 6.0 caﬂ4 Br 41 56,0 C3H5
107 6.8 02H4793r* 39 14.8
85 4,6 32 6.2
71 15.9 29 15,7
70 6.6 28 Lok




Mass Spectrum 28:

1, 2~Bis(bistrifluoromethylamino=oxy)=t-bromo-2-

-methylbutane, CH2-C(CH3)CH20H Br , C HgBrR
(CF3)2NO ON(CFB) 5 m = 486( 15r) /484(?9131')
n/e % Ton m/e % Ion
485 I o5y BeR,t | 83 14,9
483 5.3 C5H879BrR2+ 82 7.0
318 3.9 C 98]'BrR+ 81 6.6
316 5.1 05}1979131-3 78 9.0
304 8.5 04H781BrR+ 73 5.3
302 9.3 04H779BrR+ 71 12.9
276 5.0 70 8.0
274 5.1 69 100.0 CF3+/C5H9+
206 6.2 67 20.5
196 5.0 65 4,6
182 30.0 CH R 59 11.8
166 62.7 58 10,4
151 6.0 57 19.9
150 30,5 CF NoH" 56 5.9
249 7.k 55 51.3 Oyl /05110
137 14,6 5k 5.6
135 20.4 53 22.2
133 9.6 bl 29.2
123 Golt 43 86.5 02H30+
121 8.0 Lo 12,6
114 5.2 41 41,2 12:31%15+
109 22.7 4O 9.0
107 2340 39 114

continued:
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Mass Spectrum 28 continued:

m/e % Ion m/e % TIon
ol 11,1 36 7.7
91 Be 32 81.7
85 8.3

Mass Spectrum 29:

3= {Bistrifluoromethylamino=oxy)~1l=chloro=>3=

~-methylbutane, (CHB)ECCH CH.C1L, C

H CIR , M= 2?5(3?01)/273(3501)

304

24 5t
ON( CFB)a

m/e % Ion m/e % Ton
272 0.k C5H93501R+ 58 19.8 C3H60+
260 2.2 c 4}17370112* 55 7.9
258 7.5 0,7 c1R* 53 6.9
210 28.1 03H612+ by 843
150 13.1 C ¥ oK' 43 100,0 G H;0"
107 4,2 05H103701+ 42 8.7
105 15.6 Gty 2701 b1 51.1 05"

71 9.6 39 10.6

69 84,1 CF; 32 14,8

67 9.7 29 11.3

63 743 28 63.5




Mass Spectrum 30:

1, 2-Bis(bistrifluoromethylamino~oxy)=-l~chloro=2-
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~methylbutane, CHé~*C(CH3)CHZCH201 ’ 05H9C1R2 ’
(CF?’)ZNO ON(CF3) o
M= h2(37c1) /o (P2c1)
m/e % Ion m/e % Ion
+
378 2e2 C3HeR, 65 bk
274 3.3 c5H937cm+ 63 8.5
272 10.6 05H93501R+ 58 2547
37 ot +
260 4.3 CL}I-I? Cl1R 57 38.9 03H50
258 13.8 0,1, 2C1r” 56 8.3
4+
196 57 55 28.6 04H7
166 b,6 53 9.0
150 16.1 02F5N0H+ A 12.6
+
120 5.8 L3 100,0 C 2}130
9l 77 Lo L,9
+
85 749 4y 24.8 03H5
8L 55 39 8.4
71 12,6 32 23.6
69 40,8 CF3+ 29 17,4
67 11.0 28 99,5




! Mass Specirum 31:

3=(Bistrifluoromethylamino-oxy)-l-iodo-3~methylbutane

306

(033) SCCH.CHT

CcH IR, M = 365

2 5710
ON(CF),,

m/e % Ion m/e % Ion

364 1.6 c5H9IR*‘ 67 7.6

362 3.3 58 18.8 03H6o+

210 2l C3H6R+ 55 4.5

197 27.0 csﬁmx+ 53 6.8
L 155 541 C,H, I 43 98.3 CaH30+
* 151 10.8 h2 7.6

150 12,4 CF NOH 41 70.3 031{5“

149 11,3 39 13,5

105 4,5 32 1747

71 7.9 29 13.8

70 6.0 28 83.7

69 100,0 or,*
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Mass Spectrum 32:  1,2=-Bis{bistrifluoromethylamino~oxy)-k=iodo=2-

-methylbutane, CHs— C(CH3)CH20H2I » CHgIR, , M = 532

(CF5) N0 ON(CFy),

m/e % Ion n/e % Ion
1406 1.9 | Wk 7 cr*
; +
L0o5 18.0 05H9R2 67 17.6
+
564 5.9 05H9IR 58 16.6
3
318 11.9 57 32.1 03H50
%16 12.3 56 6.7
: +
304 543 55 304 CQH7
302 5.3 53 9.9
272 5.2 Ly 7,0
+
236 7.6 43 100,0 02330
+
196 9.1 05H91 Lo h,7
+ +
182 k.0 CHER by, 32.6 03H5
166 8.1 40 4.8
+
155 16,8 CaHl*I 39 10.0
150 17.9 02F5N0H+ 32 36,2
85 12.0 ._ 29 19.0
8l 7.3
71 13,0
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Mass Spectrum 33: 2-(Bistrifluoromethylamino-oxycarbonyl)propane,
(CHB)RCH?zO R 04570R , M =239
ON(CF3)2
m/e % Ion n/e % Ton
; Fear -+ +
220 0.7 C6H7P5N02 (M~-F) 43 100.0 02H30 /CBH7
-+
150 3.k 02F5NOH L2 6.6
+ +
133 1.6 02F5N L. 3543 03H5
+
114 2.k canN 39 8.6
+
71 58.9 04H70 32 11.9
69 40,9 CF5+ 29 5.l
Ly 742 28 | 6.0

Mass Spectrum 34: 2= (Bistrifluoromethylamino-oxy)=2-methylpropan~l-ol,

(CHB)ZCCH OH R CQHS(OH)R s M=2h

2
ON(CF3}2
n/e % Ion n/e % TIon
226 1.1 C3H5(0H)R+ ‘ Ll 7.1
+ +
210 50.8 G, HeR 43 100.0 C_H,0
150 20.8 02F5N0H+ 42 6.9
+ : +
7% 36,2 CQHSOH Ly, 20.8 03H5
69 3547 cF3+ 39 10,0
G
58 39.7 C5HgO 32 26,3
57 79 31 239
+ +
55 22.6 G, H, /03H30 29 24,0
Ls 1l.1




Mass Spectrum 35:

1-(Bistrifluoromethylamino~oxycarbonyl )=2=~

-methylpropane, (CH3 ) SCHCH,C=0 , C5H90R sy M= 253
ON(CFy )y
m/e % Ion n/e % Ion
238 0.6 C\HcOR 58 645
211 8.0 57 92,7 Cuﬂg*
196 8.4 cor* 56 7.8
191 4.7 55 15.2
150 2.6 CaF5N0H+ A 12.5
86 5.3 43 97.2 03H7+
85 100,0 CHy0" k2 17.0
83 5.6 41 80.8 031{5"
72 7.8 40 5.8
69 4,3 CF3+ 39 21.1
29 17.9 32 25.1
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Mass Spectrum 36:

3=(Bistrifluoromethylamino=oxy)=3~methylpentan~1l-ol,

310

(CHE)QCCHaCHEOH H (DR , M =255
ON(CF3)8
n/e % Ion e % Ion
+
25N 0.2 CSHlOOR 56 79
240 1.5 C4H7(0H)R+ 55 11.5
. +
210 23.6 C3H6R 4s 12.4
+
150 7.5 CQFENOH il 548
\ -+ o
K 87 10.6 CsﬁlOOH 43 92.1 CaH30
r 85 7.5 42 11.0
» +
71 707 43 84,0 03H5
o+
70 10.0 05H10 39 10.7
.+ +
69 100.0 cr3 /c5H9 32 15.4
59 4,5 31 5342
o+
58 2747 03H60 29 28.9
59 18.8 28 757




- = T

Mass Spectrum 37:

1~(Bistrifluoromethylamino=oxy)~%~methyl-1—

~phenylbutane, (CH3)26H0H20H06H

5

ON(CF3)2

» CpHigR, M =315

The spectrum also shows peaks for isopentylbenzene (CllHlG’ M = 148);

the two peaks overlap in the g.l.c. trace.

m/e % Ion m/e % Ion
+
314 1.5 CllH14R 79 )
+
258 15,2 CHcR 78 12.1
148 17,1 77 2%,2 c6H5+
+ +
147 5ha3 011H15 69 19,2 CF3
+
131 12.3 i 65 15.2
106 15,7 57 18.5
,+.
105 76.9 CgH, 51 12.5
+
10k 15.9 43 32,5 C M50
103 8.3 Ly 30.4
9% 7.0 39 16.4
92 65,0 32 8.0
+
91 100,0 C,H,
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Mass Spectrum 38:

312

N~-[ 2=(bigtriflucromethylamino-oxy)-2-methylpropylidene ]

~isobutylamine, (CHB) ECCH-—_NCHECH(CHB) o Cgy R, M= 26k
ON(CF3)2
n/e % Ton m/e % Ton
+
251 1.5 05}19NR 58 23,0
+ +
210 14,1 033633 57 100.0 ct}ng
+
126 10.7 CgH, (N 55 843
86 8.5 Ll 12.0
A+ + +
84 3642 Cly o 43 358 CEHBO /C3H7
83 14,6 L2 9,8
+
82 R L3 | 364 03}15
70 11,0 39 7.6
69 16,7 GF3+ 32 22,2
68 Sel 29 22.6
59 b6 28 96.2




Mass Spectrum 3%9:

2« (Bistrifluoromethylaminc-oxy)-2-methylpropylamine,

(CHE) SCCHNH,

CLH MR, M = 24O

ON( CF3) 2
/e % Ion n/e % Ton
225 1.9 56 27.1.
+
224 2742 C,HgR 55 27.4
+
210 1.7 03H6R hi 33.9
+ R
150 3.6 CEFENOH 43 7749 02H30
81 7e3 b2 18.5
+ +
72 34,8 Cp,Hy N b1 100.0 CBH5
69 62,5 CF3+ 40 25,0
68 b5 39 30.5
58 11.1 30 5847
57 82.7 29 76.1
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Mass Spectrum 40:  N-[2-(bistrifluoromethylamino-oxy)-2-methylpropylidene ]

-2t =(bistrifluoromethylamino=oxy)~2'~methylpropylamine,

(CHB)ECCHNNCHac(CHB)a y Cgly MR, , M= L6l
01\1(0}?3)2 ON(CF3)2
m/e % Ion n/e % Ion
+ -
Lhe 0.k C7H12NR2 71 377 cqn,?o
294 2.2 70 27.0
+ ‘ +
293 16.5 CSHJ_SNR 69 29.9 cF3
27h k,9 68 R
+
251 48,7 C5H9NR 59 7.0
P 4
22h 7ol 58 335.0 03H6o
+
210 2747 CBHGR 57 19.5
140 11,6 56 11.8
125 31,6 08H15N+ 55 23.3
124 5,0 Ly 10.6
..j.
110 6.4 I3 100,0 c 2H39
99 33,2 \ L2 12,1 ’
+
98 25,2 4y 23,7 03H5
84 28,0 Lo 6.9
83 45,8 39 8.8
82 38,0 32 54,0
72 28.8 29 14,1
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Mass Spectra 41(a) and (b):
(a) N=(l-hydroxy-2-methylpropylidene)-isobutylamine,
(CH3) 2CHC=NCH20H(CH3) 9 CSH17N° y M= 143
OH
(b) N-isobutyl-2-methylpropanamide, (CHB)ZCHCONHGHZGHMeE ’
Cgi MO , M= 143

/e % (a) % (b) Ton m/e % (a) % (b) Ton
144 3.8 5.7 68 6.5 1.5

143 34.5 35.8 CSHl?NO+ 58 30,1 35.5

+ +-
128 20,8 16.9 c7H14No 59 62.4 79,9 04H9
101 4,7 6.7 56 19,8 18.2
-+

100 19.1 26,4 CoH, GNO 55 18.3 11.2

98 5.5 Ll 35.1 17.8

97 5.1 43 100,0 | 100.0° 03H7+

95 5.6 hp 2l.2 18,2

88 46,1 63.5 41 63.5 67.8 03H5+

86 6.1 5k 4o 12.3 5.7

83 L,z 39 17.0 22.9

81 7.0 32 66,5 5,0

3 9.4 93 30 59.8 82,9

+
72 64 o4 7.0 | CyH N 29 29,4 40,6
+

71 82.3 ot.8 c,+H70

70 9.4 6.5

69 28.1 2.7




Mass Spectrum 42:

Nl-me thyl—Nl—phenylu—NZ— (trifluoromethyl)-

~fluoroformamidine, © G 5( CH3 JNCF=NC

3

m/e % Ton m/e % Ion
221 b,1 69 25,0 CF;'
220 50.5 09H8N2F4+ 65 4,9

219 73,6 C9H,?N2F‘++ 6l 5,1

201 8.0 09H8N2F; 60 57.4

181 5.8 52 5.9

150 6.5 51 28,0

106 19.7 C7H8N+ 50 9.k

105 k.2 by 100,0 CHN"
104 17.2 Lo 20.3

96 9.9 39 9kt

91 14,5 06H5N+ 38 10,8

85 6.8 36 29.2

83 10.1 CF3N+ 31 5.5

78 9.2 29 11.2

77 40,9 C6H5+
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Mass Spectrum 43:

Nl—ethyl-Nl-phenyl—Na- (trifluoromethyl )-

-fluoroformamidine, 06H5(CH30H2)NCF=NCF s CrofloNaFy » M= 234
n/e % Ton m/e % Ion
235 9.0 85 7.9
23k 84,3 Cy oty oNoFy, 83 9.9 CF3N+
233 42,8 ClOH9N2F4+ 78 11.9
219 30.5 CHo NP, 77 100.0 CeHg"
215 14,3 010}110N2F3+ 74 21,5
207 6.5 69 36,2 CF3+
206 27.4 65 12.0
205 12.8 cgﬁﬁmaﬁf 6l 9.6
199 9.2 63 545
186 3ha2 08H5N2F3+ 52 6.4
167 7e2 51 37,0
126 8.8 50 10.8
123 7e3 46 7.8
122 7.6 by 9%.9
120 33.0 Cghy N 42 7.9
119 302 k1 6.4
118 13.6 4o 18,6
117 6.2 39 10.4
105 11k 38 134
104 3342 36 36,6
96 13.0 31 742
91 11,4 06H5N"" 29 38.6
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Mass Spectrum 44: Nt (3~chloro-i-methylphenyl) -Nl-progyl-l\fa- (trifluoro=

methyl )~fluoroformamidine, CHB(01)06H3N(CHEGH20H3)0F=NCF R

3

CypHyzNoFyCL » M = 298(>7c1)/296(°7c1)
m/e % Ton m/e % Ion
299 1.3 149 10.2
298 10.0 G oy, (o1 | 127 10.2 el et
297 PR 125 28.9 C?H63501*
296 31.3 012H13N2F43501+ 91 13.2
279 5.1 012H13N2F337CI+ 90 9okt
277 14,5 012H13N2F33501+ 89 21.7
269 9.1 ¢, HghF, > o1 85 18,7
267 27,6 ¢, g F, 271t 82 9.2
256 12.1 81 11.2
254 3745 80 9.6
235 7.9 77 175
23k 14,9 69 80.5 CF3+
199 13.3 63 10.9
196 10.0 57 9.1
195 13.9 51 12,6
185 7.1 Lk 49.0
183 22.5 b3 59.4
172 15.4 CaH N c1t i1 39.9
170 49.6 CgHNF~01* 39 19.6
168 12.6 38 10,4
166 7.6 36 26.4
156 32.0 08H9N3701+ 32 16.8
155 11.8 29 11.3
154 | 200.0 08H9N3501+ 28 96.1
152 14,7




"Mass Spectrum 45:

Nl--’oenzyl-Nl—methyl-Na—( trifluoromethyl)-

~fluoroformamidine , C6HBC}IZ(CH3)NCF=NGF3 ) CldHlONaF4 y M= 23k
m/e % TIon m/e % Ion
235 8.7 92 10,7

+ +
234 0.2 Cy oty oNoF 91 100.0 0737
233 11.6 90 5.0
219 28.9 09}:71\12]5‘4’*' 89 9.1

+
215 33 010H10N2F3 78 369

+

213 6.3 77 8.4 06H5
199 9,2 69 8,7 CF3+
165 4,0 09H10N2F+ 65 20.6
150 b b 65 5.9
149 11.3 60 13.5
120 34,1 08H10N+ 51 8.5
118 7.0 %) 9.1
109 740 39 8.8
105 5.7 28 22.2
104 7.1
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