Russian Chemical Reviews, 46 (11), 1977

Translated from Uspekhi Khimii, 46,1995-2026 (1977)

Organic N-Fluoroimines

1057

U.D.C. 547.415.3,546.16

A.V.Fokin, A.T.Uzun, and V.P.Stolyarov

The available information about the methods of synthesis of N-fluoroimines and their reactions with nucleophiles and
electrophiles and with oxidants and reductants as well as pyrolytic and photolytic reactions are surveyed. The reaction
mechanisms are discussed and certain aspects of the practical applications of the reactions are examined.

The bibliography includes 184 references.

CONTENTS

I. Introduction
Il. Methods of synthesis
I1l. Physicochemical properties
1V. Chemical properties
V. Certain aspects of practical applications

I. INTRODUCTION

Organic N -fluoroimines are characterised by the pres-
ence of the C=NF group in the molecule. The first
information about the synthesis of fluorine—nitrogen com-
pounds of this class was obtained at the beginning of the
1950s. In subsequent years, the number of publications
steadily increased, the most vigorous research in this
field having been carried out in the last decade when easy
methods for the synthesis of N -fluoroimines were
developed.

N -Fluoroimines exhibit a wide variety of reactivities
owing to the presence of the C=N and N—F bonds. Depend-
ing on their structures, it is possible to find in the chem-
ical properties of organic N -fluoroimines a definite
analogy with the chemical properties of familiar classes
of organic compounds such as perfluoroketones, carboxylic
acid halides, and certain others. On the other hand, the
chemistry of these compounds has its distinctive features,
so that the study of their chemical properties is of interest
both from the standpoint of the deepening of the theoretical
ideas about the chemistry of carbon linked by a double
bond to a heteroatom and as regards synthetic research.
At the same time, compounds of this class can find exten-
sive practical applications.

There have so far been no reviews on organic N -fluoro-
imines. Individual data on the methods of synthesis and
chemical properties of these compounds can be found in a
number of papers’~® and also in monographs °™'°.  The
synthesis and reactions of perfluorinated N -fluoroimines
with nucleophiles have been examined by Dyatkin et al, ™
The present review covers the entire fundamental litera-
ture on N -fluoroimine published up to May, 1976.

II. METHODS OF SYNTHESIS

The main methods for the preparation of N -fluoro-
imines are fluorination of nitrogen compounds by ele-
mental fluorine, dehydrofluorination of aminodifluoro-
alkanes, the interaction of tetrafluorohydrazine with
acetylenes, and reductive dehalogenation or difluoro-
perhalogenoalkylamines. N -Fluoroimines are also
obtained in reactions of bromine or iodine compounds with
tetrafluorohydrazine and in the homolysis of geminal
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bis(difluoroamino)-derivatives. In addition, there exist
examples of the synthesis of individual N -fluoroimines
which are not general.

1. Fluorination of Nitrogen Compounds by Elemental
Fluorine

As early as 1951, Haszeldine '* fluorinated acetonitrile
and trifluoroacetonitrile over gold gauze and obtained,
among other products, compounds for which he proposed
the structure of perfluoroiminoethane CF;CF=NF and
perfluoroformimine F:C=NF. The formation of F.C=NF
was later noted in the fluorination of acetonitrile '3,
methylformamide, and methyl thioisocyanate ** in the gas
phase. The formation of N -fluoroimino-derivatives was
demonstrated also in the fluorination of perhalogeno-
nitriles ' and tris(trifluoromethyl)- s -triazines '®.

The fluorination of nitrogen compounds by elemental
fluorine has become in the last decade one of the funda-
mental methods for the synthesis of N -fluoroimines. This
was assisted to a considerable degree by the improvement
of the fluorination technique and apparatus and, what is
most important, the methods for the isolation and identi-
fication of the reaction products. The fact that many
unique compounds, highly fluorinated at the nitrogen atom,
such as pentafluoroguanidine, tetrafluoroformamidine,
NNN' -trifluoroamidines, etc., can be obtained by this
method has also been enormously important. Various
nitrogen compounds may be fluorinated in powder form,
as suspensions in an inert organic solvent, and as solu-
tions in aqueous or organic solvents.

The solid-phase fluorination of nitrogen derivatives
has been most widely investigated. In order to make the
reaction conditions milder, a diluent is used as a rule.
Sodium fluoride, which not only plays the role of a diluent
but also combines with the hydrogen fluoride evolved in
the reaction (the latter is a fluorination inhibitor), is
usually employed for this purpose'”™*", The fluorination
mechanism, which is based on the attack on the nitrogen
atom by the fluorine molecule *°’%, permits the conclusion
that the successful occurrence of the process requires
that the electron pair at the nitrogen atom should remain
free. On the other hand, the presence of hydrogen fluo-
ride in the reaction leads to its inhibiting the process with
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the formation of the corresponding hydrofluoride, which is
incapable of further reaction with fluorine:

TN,
F—F + H,N—R —> HFN—R + HF
|
. + -
H . R—NH, ¥

Numerous studies have been devoted to the preparation
of pentafluoroguanidine by this method. Guanidine and
its derivatives as well as various nitrogen compounds
whose molecules contain guanidine structural fragments
have been fluorinated, namely guanidinium salts (sulphate,
carbonate, hydrochloride, ete.),?""??*®% guanylurea and
its sulphate *~%, biguanide ¥~*, ammeline and its salts
28)29,52,35,51:38  melamine *, and eyanoguanidine 2%,
Fluorination results in the formation of complex mixtures
of products, for example:

17,

NH O 1\11‘1:
[
H,NCNHCNH, e (FoN)oC=NF - F,C(NF3); + FC(NF,); - FCNF, and other products;
OH
[
VAN F,
NN 7 (FoN):C=NF - F;C (NFy); -+ FC (NFy); -
N
N7 \NH,
NF NF

+ l-'(I%NF, + F,CNF%ZNF? -} FCNFCF (NFy), and other products.
The maximum yield of pentafluoroguanidine does not
exceed 25% under these conditions®, Apart from penta-
fluoroguanidine, the reaction products include various
difluoroamino-, fluoroimino-, and difluoroaminofluoro-
imino-derivatives. The formation of cyanoperfluoro-
guanidine '*****® and perfluorobiguanide in the fluorination

of their hydrogen analogues has been demonstrated ‘*>%
33,40

NH NF NF
i I |
H.NCNHCN —2— F;NCNFCN -+ F;NCNFCF,NF, +
-+ FoNCF,NFCN + (F3N),C=NF and other products;
NH NH NF NF NF
o [ |
H,NCNHCNH, —2— F,NCNFCNF; 4 F,;NCNFCF (NFy), + [(FoN).CFLNF .
The fluorination of the hydrochlorides of tetrafluoro-
butyramidine and difluoronitroacetamidine is completed
by the formation of the corresponding NNN’ -trifluoro-
amidines *’

NH NF
A B R/
e, M o SR
NH NF
ONCFC?  +HCl —2 ONCECC -+ ONCF,CN  and other products.
\NH, \NF,

The fluorination of the N -fluoroamidines of perfluoro-
carboxylic acids *, which can be obtained, for example,
by the reaction of N -fluoroimidoyl fluorides with ammonia,
also leads to the formation of perfluoroalkylamidines.
Hexafluoroazodiformamidine (in the form of three
isomers), mixed with other products, is formed in the
fluorination of azodiformamidinium salts in the presence
of sodium fluoride **"*':
HN NH FN F
H,N>C—N=N—C<NHI - 2HCl = F2N>CN=NC<§ -

NF
+ F,I\?CN:NCF (NFy)g + (F3N).CFN=NCF (NF,), .
The fluorination of polyfluoroalkylketimines 4 js
completed by the formation of the following reaction
products:

RIR:C=NH —

— RIR!CFNF; + RIR*C=NF + R'R?CFNFH ;
R!, R? = CFy, or CF,Cl .
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The attempts to obtain unsubstituted NNN’-trifluoro-
amidines RHC(=NT)NF. by the solid-phase fluorination of
the hydrochlorides of the corresponding amidines were
unsuccessful *”; the alkyl residue of the initial molecule
is fluorinated and appreciably degraded. Only the syn-
thesis of NNN'-trifluoroformamidine by the fluorination of
a mixture of tri-(N -formylamino)methane with sodium
fluoride is known **:

0

i NF
HC (NHCH), —raty™ HC<NF
2

A characteristic feature of the solid-phase fluorination

reaction involves the use of various metal fluorides,
whose role is apparently not restricted to that of diluents
and binders of hydrogen fluoride (see above). It is natural
to suppose that metal fluorides behave as catalysts*’.
This property is manifested most distinctly by caesium
fluoride in the fluorination of, for example, perfluoro-
acetone imine **, which leads to an almost quantitative
yield of the saturated perfluoroamino-derivative.

The fluorination of nitrogen compounds in solution,
which is a convenient method for the preparation of
difluoroaminoalkanes **, has not found extensive applica-
tions in the synthesis of N -fluoroimines. However,
pentafluoroguanidine has been obtained by the fluorination
of aqueous solutions of guanidinium salts ****® at pH 8—9 in
a thin layer, the formation of which was ensured by a
special design of the reactor, The fluorination of alkoxy-
carbonylguanidines in acetonitrile at 0°C has been shown
by Grakauskas and Baum *"**® to lead to the formation of
guanidines fluorinated at the nitrogen atom:

o NH O NF
Iy L
ROCNHCNH; —*— ROCNFCNF; ;
0 NHO O NF O O NF

R [ - Il
ROCNHCNHCOR —>  RCCNFCNFCOR +4 ROCNFCNF,

0 NH O NF O NF O
I Il Il i
ROCNHCNHCN —-2- ROCNFCNF; 4- ROCNFCF -}- ROCNCE,NF, .

Fy

In all cases the yield of fluorination products did not
exceed 15%.

The attempt to use the fluorination of acetonitrile solu-
tions of heptafluorobutyramidine or its hydrochioride in
order to synthesis the NNN'-trifluoroamidine of hepta-
fluorobutyric acid was unsuccessful®. Only the solvent
was fluorinated in this reaction.

The possibility of employing other fluorinating agents in
order to synthesise N -fluoroimines has not been studied
systematically. There have been only individual reports
of the synthesis of N -fluoroimines on treatment of nitrogen
compounds with mercury(Il) fluoride **° and trifluoro-
methyl hypofluorite *°,

2. Dehydrofluorination of Difluoroaminoalkanes

Difluoroamino-compounds with hydrogen atoms in the
a -position relative to the difluoroamino-group are cap-
able of dehydrofluorination *°?°!*2, By virtue of the
unusual amphoteric nature of difluoroaminoalkanes, the
reaction can be carried out under the influence of both
bases and Lewis acids®*®'. Basic reagents are used in
preparative syntheses. If the initial compound contains
the —CH.NF: group, the dehydrofluorination takes place
in two stages: the first stage leads to the formation of
the fluoroimino-group —CH=NF and the second is com-
pleted by the formation of a cyano-group. If the initial
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compound contains the \CHNFz group, the elimination of
an HI' molecule from it leads to the formation of the

AN

fluoroimino~-group /C=NF, which is incapable of further

dehydrofluorination:
RY : R .
R>CHNF, B, QN
RCHNF, —2- RCH=NF —2~ R—C=N;
R and R1 # H; :B = dehydrofluorinating agent.
When there are no hydrogen atoms in the o -position rela-
tive to the difluoroa.mino-groupg the latter is as a rule
resistant to the action of bases**°3,  When the molecule
of the initial compound contains several difluoroamino-
groups, products of incomplete dehydrofluorination can
be obtained under certain conditions®*™®
From the practical point of view, the dehydrofluorina-
tion of compounds containing the> CHNF: group is most
important for the synthesis of N -fluoroimine.

N CH:NF: group is its conversion
51952555=59

A charac-
teristic feature of the

into a cyano-group , although the formation of an
lntermedlate N -fluoroimine cannot be ruled out, for
example >

CH,N,

— CgHCH (NFy) CH=NF + Nj + CHgF

excess of
CH,N,

CoHsCH(NF)C=N .

CeHyCH (NF,) CH,NF,

Depending on the conditions, the dehydrofluorination of
difluoroamino-derivatives can proceed via different mech-
anisms, Bearing in mind that in the majority of studies
fairly strong bases (triethylamine, pyridine, etc.) have
been used for dehydrofluorination, preference should

Prg&)gbly be given to the ElcB (or similar) mechanism *
2460y

R'R’CHNF, + B ——> [R a’qN/F} —> R'R'C=NF,
BH \\ -F~
slow Q; fast

At the same time a bimolecular E2 mechanism has been
proposed for the dehydrofluorinatlon of difluoroamino-
alkanes in aqueous organic solutions®¥°*’°°, this being
supported, according to the authors, by the large negative
activation entropies and also by the absence of the isomer-
isation of the diastereoisomers of 2,3—bis~(diﬂuoroamino)-
butane in their dehydrofluorination reaction®; the latter
is of pseudo-first order and has an activation energy of
13-20 kcal mole™, 3%

Various dehydrogenating agents are used to remove
hydrogen fluoride; they can be arranged in the following
sequence in terms of their activities: C:HsOH < H.0 <
CH:N: < CsHsN < (CsHs)sN < C;HsONa.®® Bases such as
pyridine 2775115258828 - g5dium alkoxides ® %, triethyl-
amine®’*®"»™  alkali metal fluorides 55’57’59’72'77, and
aqueous alkaline solutions **°®’*'#%® are used for the
preparative syntheses of N -fluoroimines. The employ-
ment of the alkaline solutions may be complicated by a
series of further reactions (the haloform decomposition,
the hydrolysis of cyano-, amide, and ester groups, and
decarboxylation) °’®!, In certain cases, for example in
the synthesis of bis(fluoroimino)cyclohexenes™®, specially
selected dehydrofluorinating agents are used. Organic
solvents, namely chlorohydrocarbons, Freons, aceto-
nitrile, alcohols, etc. are widely used in the synthesis of
N -fluoroimines.
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When bases are allowed to act on vicinal primary-
secondary bisdifluoroamino-derivatives, N -fluoroimino-
nitriles are formed ®"’%°®7;

NFy NFy IIIF
B
RCH—CH, RC—CN .

The interaction of terminal olefins with tetrafluoro-
hydrazine in the presence of an alkali metal fluoride is a
variant of this method**’*"'"%;

NF
RCH=CH, + N;F, —E— R(":—CN;
R=CHj, C¢Hy, CN, COOCH;, F, or'SFy; M=Na, K, orCs.

Olefins with electronegative substituents are particularly
readily involved in this reaction. Addition products are
probably formed initially and are then dehydrofluorinated
under the reaction conditions ®

Later this reaction was extended to the synthesis of
perfluoroimines "® For example, when tetrafluoro-
hydrazine reacts with trifluoroethylene in the presence of
potassium fluoride, the N-fluoroimidoyl fluoride derived
from difluoroaminodifluoroacetic acid is formed in a yield
exceeding 60%. This product is also formed when 1,2-
bis(difluoroamino)trifluoroethane is acted upon by caesmm
fluoride "8;

NF

|
CFy=CFH + NgF, —%— FNCEF S

FyNCF,CFHNF; .

Vicinal bis(fluoroimino)alkanes have been obtained by
the dehydrofluorination of vicinal and bis(difluoroamino)-

alkanes 5315456:82)70,TLTT=T0 £ example:
NF, NF, NF NP
|
RCH—CHR —& RC—CR

R=CH,, or C;Hy.

o -Difluoroaminofluoroimines are formed from vicinal
bis(fluoroamino)alkanes containing one secondary difluoro-
amino—group 56,85,66,68,69,71,76,80:

I\fF, I\IIF, NF, NF
RiGd _dhpe —2., RNd ks
RV RV
R!, R?=Alk, Ar, Hal, NF,, or OPO (OR)y; R3=Alk, or Ar.
The dehydrofluorination of ¢ -acetoxy-a8-bis(difluoro-
amino) -derivatives does not lead to the formation of
a -acetoxy- a -(difluoroamino)fluoroimines ®. Such a
fluoroimine has been obtained from methylphenylacetylene,
tetrafluorohydrazine, and acetic acid®

NF; NF
CgHyC==CCH, + NyF, 4 CH,COOH — c.H,J:—ch. .
Ac
N -Fluorovinylimines are formed as a result of the
simultaneous dehydrofluorination and dehydrochlorination

of vicinal bis(difluorocamino)alkanes containing the
B-chloroethyl group ™

NF, NFy NFq rﬁF
R([:—(!HCH,CH,CI _EuN RJIZ—CCH=CH, .
X X

The synthesis of NNN' -trifluoroamidines as a result of
the dehydrofluorination of geminal bis(difluoroamino)-
alkanes has been described 27?%%5% 64,

NF
1
RCH (NFy); —B— RCNF, .

A preparative method has been developed for the synthesis
of compounds of this kind ?"?°*** using dehydrofluorinating
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agents such as pyridine, piperidine, quinoline, and
aqueous sodium hydroxide. Best yields are achieved
when pyridine is used?.

3-Fluoroimino-2-fluoro-2-azacyclohexanone has been
obtained by the dehydrofluorination of 3-difluoroamino-2-
fluoro-2-azacyclohexanone

o o O
Il I

CHLCO_ NF
TN HSOF “NF

CH,ONa /\NF .
o |

|
N

The dehydrofluorination of the cis - and évans -isomers
of 9,10-bis(difluoroamino)-9,10-dihydroanthracene leads
to the formation of 9,10-bis(fluoroimino)anthracene %, the
tvans -isomer splitting off hydrogen fluoride more readily
than the cis-isomer.

When 1,1,2-tris(difluoroamino)alkanes are dehydro-
fluorinated, the corresponding fluoroimines are formed
readily **®%"™®  However, the dehydrofluorination of
1,1,3-tris(difluoroamino)cyclohexane on treatment of the
latter with sodium methoxide, undertaken to obtain the
corresponding fluorimine, proved unsuccessful **, prob-
ably owing to the instability of the resulting N -fluoroimine,
caused by the presence of the methylene_'group with mobile
hydrogen atoms [ — C(NF2).CH:C(=NF)—].

\/—NF

3. The Interaction of Tetrafluorohydrazine with
Acetylenes

The reaction of tetrafluorohydrazine with acetylenes is
a convenient method for the synthesis of ¢ -difluoroamino-
fluoroimines:

NF,NF, NF, NF NF NF,  NF NF

| Il [ Il
RC = CR’4- N,F; — RC=CR’ 4 RCF—CR’ + RC—CFR’ 4-RC—CR' «

(1)

The first stage involves the formation of a bis(difluoro-
amino)alkene, which subsequently isomerises to the
corresponding N -fluoroimine, The rearrangement of
difluoroaminoalkenes to N -fluoroimines, which was first
reported by Bumgardner ¥, is based on the higher thermo-
dynamic stability of the C—F and C=N bonds compared
with that of the N—F and C=C bonds ®, but there is as yet
no unanimous view concerning its mechanism. Many
workers support a radical mechanism of this rearrange-
ment, initiated, for example, by heat or ultraviolet light ®,
On the other hand, the stereospecificity of the rearrange-
ment of the products of the addition of tetrafluorohydrazine
to allene in the presence of fluoride ions shows that the
isomerisation may be based on a heterolytic mechanism *,
The process is as a rule carried out with heating in a
solvent under pressure, best results having been obtained
with higher acetylenes (no products were isolated when
unsubstituted acetylene was used®). In most cases, the
main reaction products are ¢ -difluoroaminofluoroimines.
Bis(difluoroamino)alkenes could be isolated only in the
reaction of tetrafluorohydrazine with hex-2-yne * and
perfluoroacetylenes *, their formation sometimes consti-
tuting the main process in the latter case. Perfluoro-
derivatives of 1,2-bis(difluoroamino)alkenes can isomerise
to the corresponding N -fluoroimines on heating or irradia-
tion®. When tetrafluorohydrazine interacts with asym-
metric acetylenes, the intermediate bis(difluoroamino)-

alkenes can arrange withformation of two products. For
example, methylphenylacetylene gives rise to both
isomers *:

NF, NF NF NF,

[ Il

|
—» CH,CF—CCHy -+ CgH,C—CFCHj .

[ NF, NF, }
CoHsC = CCHy 4- NoF, — | CoHyC—CCH,4

Russian Chemical Reviews, 46 (11), 1977

However, phenylpropiolyl fluoride yields only one
rearrangement product, namely CsHsCF(NF2)C(=NF)COF.
It is of interest that only one mole of tetrafluoro-
hydrazine reacts with hexa-2,4-diyne ®®, This involves
1,2- and not 1,4-addition:
NF, NF,
CHyC = C—C=CCH; + N,F, — [CH,CEC— :—CCH,] -

NF, NF NF NE,
I I

- CHC= C—éF—-CCH, +CHC= C—C—CIFCH, .
On the other hand isopropenylacetylene gives rise to 1,2-
and 1,4-addition products ®*:

CH, NF, CH, I\IIF, CH, NF
! I
CHy=C—C=CH 4 N,F, — CH,—(‘:-—C =CH4 CH.—(JJ=IC—CH .
NF,

(cis- and trans.)

The formation of @ -difluoroaminofluoroimines is also
observed in the reaction of tetrafluorohydrazine with
allene %86

NF,; NF, ] NF

I
CHy=C=CHj + NoF, — [CH,=C—-CH, — CH,F—C—CH,NF, .

(syn- and anti.)
When the reaction is catalysed by fluoride ions, the
rearrangement of the intermediate product (I) becomes
stereospecific, since only the syn -isomer (II) is formed
together with its dehydrofluorination product *:

r—N-LF >
CUHp=C=CH, + Nzhm» CH2=’ —CH,NF, | —>

o

(1

F. F,
\IT AN
—> CHZF—}Z—(IHQNF2 + CHZF—Q—CN .
syn- syn-

[¢8)]

The reactions of tetrafluorohydrazine with acetylenes
can also give rise to 1,2-bis(fluoroimino)alkenes [see
Eqn.(1)], whose formation is favoured by prolonged
heating and a higher temperature™. It has been shown
for the synthesis of 2,3-bis(fluoroimino)hexafluorobutane
and bis(fluoroimino)succinonitrile that the reaction can be
regarded as a convenient method of synthesising vicinal
bis(fluoroimino)-derivatives ™,

4. Reductive Dehalogenation of Perhalogenoalkyldifluoro-
amines

Perhalogenoalkyldifluoroamines containing the NF»
group at a primary or secondary carbon atom are con-
verted into N -fluoroimines on reductive dehalogenation.
The reducing agents most often used are dicyclopenta-
dienyliron (ferrocene) *7°, iron pentacarbonyl **~%, and
mercury %% silver or silver nitrite®® and potassium or
tetrabutylammonium iodides *°° are more rarely used.

The process is based on the successive transfer of
electrons from the reducing agent to the difluoroamino-
derivative accompanied by twofold elimination of the
fluoride ion °*:

R R .
NcEnF, - [ N F—NF}
£

R
+e AN
—X ., "SC=NF.
R / R; —F R /

f
The reaction involving perhalogenoalkyldifluoroamines
containing the NF: group at a secondary carbon atom stops

at the stage involving the formation of the N -fluoroimine
8-91 As a result of the elimination of a further two
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fluoride ions, the corresponding nitriles may be formed
from primary perhalogenoalkyldifluoroamines *%,
However, by selecting a suitable reducing agent (ferrocene
is best) Bé"go’m, it is possible to obtain N -fluoroimine in
this case too:
R CFiNF, —CH% - R/ CPNF ;
R;=CsF; or CFCl; -

The reduction of difluoroaminotrihalogenomethanes with
iron pentacarbonyl °*** or mercury *~°" leads to
N -fluorodihalogenoformimines:

F,Cl, .CNF, —2= F,Cl, ,C=NF ;

A=Hg or (CO)jFe; n=0, 1,o0r 2.
Difluoroaminodichlorofluoromethane reacts best, the
reactions involving difluoroaminochlorodifluoro- and
difluoroaminotrichloro-methanes proceeding with more
difficulty. Ferrocene does not reduce these compounds.
When difluoroaminodichloroacetonitrile is reduced with
mercury, 1-cyano-N -fluoroformimidoyl chloride is
formed in a high yield *®.

There have been reports that the reduction of dichloro~
bis(difluoroamino)methane with silver or silver nitrite
leads to dichloro-N -fluoroformimine *, although as a
rule the reduction of gem -bis(difluoroamino)perfluoro-

alkanes is completed by the formation of diazirines %'
103

5. Reactions of Bromine- or Iodine-containing Com-
pounds with Tetrafluorohydrazine

The formation of N -fluoroimines is observed in the
reactions of tetrafluorohydrazine with certain bromine-
or iodine-containing compounds. These reactions have
not so far found wide-scale applications, although they
frequently lead to a high yield of N -fluoroimines, for
example, in the reaction of tetrafluoroh;fdrazine with
bromo- and iodo-perhalogenoethylenes """**, tribromo-
fluoromethane '®, and 9,10-dibromoanthracene *:

CBry = CBr; 4 NyoFy — CBryF—CBr (=NF) -+ F;NCBrF—CBr (=NF) ;

CE3=CFI + N;F, > FiNCF;—CF(=NF) + FaNCF,—CFINF, ;

15:° C

100°
CFBr, + NoFy oeg— BIFC=NF + F,C=NF ;
Br NF NF
I ]
NN INNN

AN NS /

PR VNN

NN NN NANAS
IBr NF F/\NF.

@ -Bromo- or a -iodo-difluoroamino-derivatives are
formed in the first stages of these reactions. The
homolytic elimination of a halogen atom leads to the
formation of the radical species RR'C—~NF., which is
converted into an N -fluoroimine as a result of the
elimination of a fluorine atom from the difluoroamino-
group, for example !°%;

Br . Br.
u.v.
CFBry + NqF, ——~> FCBr,NF, —5= — [ F>C—NF,J — F>C=NF .

6. Homolysis of Geminal Bis(difluoroamino)-derivatives

The homolytic decomposition of difluoroamino-deriva-
tives containing the —C(NFz).— group leads to the
formation of N -fluoroimines. The reaction begins with
the dissociation of the weakest C—N bond ***!%; the
resulting radical RR'C—NF; is stabilised with formation
of the corresponding N -fluoroimine, the decomposition
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being usually initiated by ultraviolet irradiation'® or
heat '%*%~*% " Thus photolysis of bis(difluoroamino)-
dihalogenomethanes in the presence of N:O leads to the
formation of N -fluorodihalogenoformimines '’

XFC (NF,), —.6-— XFC=NF ;
X=F o Cl.

The thermal decomposition of poly(difluoroamino)-
halogenomethanes ¥''%"'®  tris(difluoroamino)methoxy-
methane %, 2,2-bis(difluoroamino)propane ''°, as well as
azobis(difluoroamino)fluoromethane and [bis(difluoro-
amino)fluoromethylazo]trifluoroformamidine in the
presence of carbon monoxide '° has been described:

NF
RC (NFy)y A R(|.1.NF2 and other products;
R=NFj, F, Cl, or OCH, ;

— CH,CF=NF - (CHg); C=NF < CHyNF; ¢ HCN < HF |

780° C.

(CHy)a C (NFy)s
(EaN)s CEN=NCF (NFy), —sog— FN=CFN=NCF=NF ;

NF NF

I I
(FaN)s CEN=NCNF; —z 2~ FN=CFN=NCNF, -

The composition of the pyrolysis products depends both on
the structure of the initial poly(difluoroamino)-compound
and on temperature. Under optimum conditions, the yield
of N -fluoroimines may reach 60— 709, '°*°

It is noteworthy that formation of N -fluoroimines is also
observed in the pyrolysis of difluoroaminofluorodiazirine
! and trifluoronitrosomethane *? and in the photolysis of
azofluoroiminofluoromethane *%,

7. Other Methods

Apart from the methods discussed above, a number of
reactions leading to the formation of N -fluoroimines merit
attention. These include primarily the hydrolysis of the
fluorides of o -difluoroaminoperhalogenocarboxylic acids
HSTHS 1 The formation of ¢ -difluoroaminoperhalogeno-
carboxylic acid in the first stage is postulated, the acid
being subsequently decarboxylated with simultaneous
elimination of hydrogen fluoride. A cyclic concerted

mechanism has been proposed for the decarboxylation 14

R P R 0 1N

\c—c 70 &0 \c —c/ — > C=NF .

R7T N R1/|</ NS €Oy -WF  p1/
IS

When aqueous dioxan was allowed to react with difluoro-
aminodifluoroacetyl fluoride, the free acid was isolated !¢,
The hydrolysis of methyl o -cyano-« -difluoroamino-
propionate apparently proceeds via a similar mechanism
with formation of N -fluoroiminopropionitrile®. When
o ~difluoroaminohexafluoroisobutyryl fluoride is acted
upon by caesium fluoride, perfluoroacetone N -fluoroimine
is formed "'®.

Certain N -fluoroimines have been obtained with the aid
of difluorcamine '*7!'%;

(CHg) C = NNHC,4Hg + HNF, — (CHy)a C=NF ‘and other products
H

o0 |
N N
PN /
HoHG  Erom N=C \|=NF
H —
HoHC  drom PUESOCT pNoC C=NF
N N
| |
$0,0H H
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When sodiomalonic ester reacts with F.NOSO.F, diethyl
N -fluoroiminomalonate is formed '®:
NaCH (COOCsHy), -+ FiNOSOGF e

The formation of N -fluoroimines is observed in the
reaction of certain o -bromodifluoroamino-derivatives
with liquid ammonia **° or pyridine *®:

_, FN=C (COOC;Hy)s .

lig,
CoHyCBrNFy — -y CH,CBr (=NF) ;
NF
I
CoHyCBr (NFy) CHyNF, —2E8 , o, CoN SN ¢ 1 CBr (NFy) ON .

Treatment of a dialkylfluoroamine (III) with silica gel
led to N -fluorobenzimidoyl fluoride **':

CoHyCF,NFCH (CHy) CHyCH, —agel ¢ 1t CF (=NF) ,
)
N -Fluoroimines have been isolated when F:NCCI1.SFs was
treated in succession with silver(Il) fluoride and water '*
and also after the joint pyrolysis of perfluoro-2-azapro-
pene 2% or perfluoropropene '** with nitrogen trifluoride
over caesium fluoride.

III. PHYSICOCHEMICAL PROPERTIES

The N -fluoroimino-compounds known at the present
time are in most cases liquids and more rarely gases or
solids. They are stable on storage in dry glass vessels,
but in a moist atmosphere they may gradually hydrolyse
and interact with the glass.,

The most complete physicochemical characteristics
have been determined for pentafluoroguanidine *:

Boiling point, °C -2,3¢1
Melting point, °C -148 t?)-146
Density (Ref.25), g mi'1 1.51 (0°C)

Vapour pressure equation Igp =17,322-1203/T
Heat of evaporation, kcal mole-1 5.50
Trouton’s constant 20.3
Enthalpy of formation (Ref.125), kcal mole-1 +23

Liquid column chromatography has been used to isolate
pure specimens of this compound **¢,

The thermodynamic characteristics of N-fluoroimines
have been little investigated. It has been found that the
enthalpy of formation of NNN'-trifluorohexanamidine is
—B51.653 + 0.14 keal mole™ . "* The corresponding quan-
tity calculated for N -fluoromethyleneimine by various
methods is 12.4 '*® and 16.1 kcal mole™.'*®*'*  The
energy of the n —7* transition has been calculated for
N -fluoromethyleneimine *° and has been found to be
6.35 eV.

The geometrical parameters of the C=NF group, cal-
culated for the H.C=NF, HFC=NF, F.C=NF, * and
FN=C=NTF structures'*, can serve as approximate values
for the entire class of N -fluoroimino-compounds. It
follows from the calculations that the C=N bond length is
1.26-1.29 A, the F—N—C bond angle is in the range 108°
to 118°, and the N—F bond length is approximately 1.38 A
(approximately 1.25 A according to other data, but the
authors '¥ acknowledge that this value is low). The above
geometrical parameters for the C=N-F group are close
to the corresponding values of the same parameters for
related classes of compounds 2*°7*%,

Calculation of the effective char%es on the carbon and
nitrogen atoms of the C=NF group '* showed that they
vary in the series of compounds H:C=NF, NFC=NF, and
F:C=NT from —0.034—+0.389 for the carbon atom and
from —0.081 to —0.140 for the nitrogen atom. These
results can probably be used, for example, in comparing
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the reactivities of various N -fluoroimines in relation to
nucleophiles.

N -Fluoroimines containing non-identical substituents
at the carbon atom of the C=NF group can exist in two
isomeric forms (syn- and anti-). These isomers have
been isolated in many instances. All three possible
isomers of 2,3-bis(fluorcimino)butane * and @« -bis-
(fluoroimino)bibenzyl ™ have been obtained. The
N -fluoroimine isomers differ in their physicochemical
characteristics, but the differences are small. Thus the
syn - and anti-isomers of 1-cyano-N -fluoroformimidoyl
fluoride have the following properties respectively:
boiling point 2° + 0.5°C and —3° + 0.5°C; heat of
evaporation 6.58 and 6.34 kcal mole™; vapour pressure
equation lgp = —1440/T + 9.13 and 1gp = —1390/T +
8.01.%°'"  The differences between the retention times of
the stereoisomers in gas—liquid chromatography permit
their isolation in a pure form. The structures of the
N -fluoroimine isomers can be reliably determined by '°F
NMR and mass spectroscopy ’*"’°**°*, In certain cases,
N -fluoroimines are formed in one (or mainly in one) of
the possible isomeric forms. Sometimes this can be
explained by the influence of steric factors when one of
the substituents at the carbon atom of the fluoroimino-
group is large (for example, t-alkyl,®* SF,, and COOCH, )
and in other cases by the stereospecificity of the formation
of the N -fluoroimino-compound *"*%,

The stereoisomers of N-fluoroimines are fairly stable
under the usual conditions and also on moderate heating ¥,
Theoretical calculations showed that the energy of the
isomerisation of the stereoisomers of N -fluoroimines is
fairly high. Thus it amounts to 32.5 kcal mole™' for
N -fluoromethyleneimine ** and 22.4 kcal mole™" for
difluorocarbodiimide '**, These values were obtained on
the hypothesis that the isomerisation mechanism involves
the transfer of two non-bonding electrons from the nitro-
gen atom with an sp®-hybrid orbital to a pure p orbital **:

AN VAN _@ N T
/C—N e /C—-I:J—— e /C—N\.

Under certain conditions, for example on ultraviolet
irradiation, the conversion of one isomeric form of the
N -fluoroimine into the other may be observed. Thus
irradiation of syn -bromofluoromethylenefluoroimine '®
and also of syn,syn- and syn,anti-2,3-bis(fluoroimino)-
butanes *? leads to their isomerisation. The conversion
of the syn-isomers of NNN'-trifluoromonochloroaceto-
and NNN'-trifluorobutyro-amidines into their anti-isomers
is observed when the substances are kept in an ethereal
solution of HC1.'® 1t is suggested that in these instances
isomerisation involves the formation of a single C—N
bond (which permits rotation of the NF group) via mech-
anism (2) (on ultraviolet irradiation) or (3) (on treatment
with HC1) **:

N Y N

o= == e == e (2)
/ -, AN

=N —= C—x%4{ == .C=N 3

ST = AR AN 3

NMR Spectra

The presence of the fluorine atom makes it possible to
investigate N -fluoroimines by '°F NMR. The '°F NMR
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spectra have been recorded for the majority of the
N -fluoroimines describes in the literature and occupy an
important place in the determination of their structures.
The chemical shift of the signal due to the '°F nucleus
in the C=NF group varies within wide limits, from +60
to —90 p.p.m. (relative to CCL3F).*"** The upper values
of this range are characteristic of N -fluoroimines contain-
ing the C—F bond at the fluoroimino-group. The signals
for other N-fluoroimines are as a rule observed in weaker
fields. The most intense shieldin% is observed in
perfluoromethyleneimine F.C=NF,'® for which 6(NF) =
+67.0 p.p.m. (relative to CClsF). The nitrogen and
oxygen atoms exhibit a similar shielding effect when they
are linked to the C=NF group. The CN group can prob-
ably manifest both shielding and deshielding effects '*°.
The chemical shifts of the signal due to the '°F nucleus in
the syn- and anti-isomers of N -fluoroimines are different,
which has been used to determine the stereochemistry of
these compounds, particularly in combination with 'H
NMR spectra®”**, The F NMR spectra of various

N -fluoroimines have been examined in a review'*,

Infrared Spectra

Two absorption regions in the infrared spectra are
characteristic of N -fluoroimines, being associated with
the presence in these compounds of both the C=N double
bond and the N—F bond. The vibrations of the carbon—
nitrogen double bond in the majority of N -fluorimines are
manifested in the range 1600—1680 cm™'. The same
absorption region is characteristic also of other com-
pounds with the C=N bond**). Hypsochromic and batho-
chromic shifts of the absorption band due to the multiple
bond have been observed for certain N ~-fluoroimines,
which is associated with the nature of the substituents at
the carbon atom of the fluoroimino-group. For example
v(C—N) is 1745 cm™ for perfluoromethyleneimine *° and
1553 em™" for N -flusroiminomalonodinitrile ™.

The vibration of the N—F bond is manifested by one or
two bands®® in the range 840—1000 cm™ . When other
nitrogen— fluorine bonds are present in the N -fluoroimine,
the absorption in this region is more complex®.

The absorption bands corresponding to identical bonds
in the geometrical isomers of N-fluoroimines have similar
positions ®3°%7%2:7279:137 ang in certain cases the infrared
spectra of the isomers may be identical 7,

Mass Spectra

Mass spectrometry is being used on an increasingly
wide scale as a physicochemical method for the investiga-
tiOn Of N -fluoroimines 23,25,26,28,30,35,39,41,55,62,91,137-139.
However, the number of studies in which mass spectra
were used as the main method for the determination of the
structures of N -fluoroimines is extremely limited, Men-
tion may be made of only one study **, where mass spec-
trometry was used to elucidate the structure of the
isomers of 2,3-bis(fluoroimino)butane.

Explosive Properties

Organic N -fluoroimines exhibit explosive properties to
a greater or lesser extent. Compounds containing
difluoroamino-groups together with the fluoroimino-group
are particularly sensitive to external influences and
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properties of this kind are enhanced with increase of the
number of difluoroamino-groups®. Pentafluoroguanidine
is extremely explosive®. Explosions of this compound
have been observed on friction, impact, and following
other external influences, as well as in phase transitions
(this happens particularly frequently on fusion), Studies
involving such compounds require special precautions.

Iv. CHEMICAL PROPERTIES

Among organic derivatives of nitrogen containing the
N—TF bond, N -fluoroimines have been found to be the most
reactive. The wide variety of reactions in which these
compounds may be involved is in many respects deter-
mined by the presence of the C=N double bond. These
include in the first place numerous reactions with nucleo-
philes and electrophiles and also oxidation, reduction,
etc, reactions,

1. Hydrolysis

The hydrolysis of pentafluoroguanidine and tetrafluoro-
formamidine has been investigated in greatest detail *?°%
815126:140 " In contrast to the hydrolytically stable satu-
rated difluoroaminoalkanes, these compounds are
hydrolysed comparatively readily. Pentafluoroguanidine
and tetrafluoroformamidine react particularly ragidly and
exothermically with aqueous solutions of alkalis ',
the reaction is accompanied by the evolution of an equiva-
lent amount of nitrogen, which is used for the gas-volu-
metric analysis of these compounds **°, The hydrolysis
of pentafluoroguanidine and tetrafluoroformamidine on
treatment with water proceeds over a period of several
hours and the compounds react even more slowly with
concentrated sulphuric acid. The hydrolysis products in
the latter two cases are carbon dioxide, difluoroamine,
hydrogen fluoride, and hydroxylamine., When penta-
fluoroguanidine reacts with concentrated hydrochloric acid,
chlorodifluoroamine is also formed**°,

The hydrolysis of N -fluoroimidoyl fluorides of
perfluorocarboxylic acids leads to the formation of the
corresponding acids '®'*:

R(CF = NF 120

- R,COOH ;
R;=CF, or CF,NF, .

It has been shown for N ~fluoroimidoyl fluoride derived
from difluoroaminodifluoroacetic acid **’**!*'*? that the
first stage of the reaction involves the formation of the
N -fluoroimidic acid (IV), whose structure has been
demonstrated by '*F NMR, infrared spectroscopy, and
reaction with diazomethane. The attempts to isolate the
N -fluoroimidic acid in a free form were unsuccessful:

NF NF ] NF
i I I
FaNCF,CF —2 | F,NCF,COH | —2 F,NCF,COCH, +

av)

It has also been noted that C-chlorodifluoroformimine
may be stored over water for 50 h without appreciable
decomposition **, while perfluoroketone N -fluoroimines do
not change on contact with concentrated sulphuric or
fluorosulphonic acid**.

The hydrolysis of hydrogen-containing N -fluoroimines
has been described in only two instances. Cyclohexanone
was obtained on boiling N -fluoroiminocyclohexane with
2 M aqueous sulphuric acid®®., Similarly, butyl methyl

ether
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carbonate is formed in the hydrolysis of butyl methyl
N -fluoroiminocarbonate ** with an aqueous-alcoholic solu-
tion of HCI.

2. Reactions with Nucleophiles

The reactivity of N-fluoroimines in relation to nucleo-
philes is determined by the polarisation of the C=N bond,
which is responsible for the electron deficiency at the
carbon atom and depends to a large extent on the nature
of the substituents linked to this atom. Substituents
manifesting a —I-effect (A) increase the reactivity of
N -fluoroimines in relation to nucleophiles, while those
with a +I-effect (B) reduce it:

R+ 8-

R
=3+ 8-
‘\.C:N[«‘ C==NF =«

R R
! (A) "

(®

Substituents such as perfluoroalkyl, NF:, halogeno-,
etc. ensure the highest reactivity in relation to nucleo-
philes.

A diminution of the nucleophilic properties of the given
reactant hinders its reaction with the N -fluoroimine.

This is shown most clearly in the interaction of N -fluoro-
imines with alcohols and amines ***'**, In the reactions
with substances showing reduced nucleophilic properties,
basic catalysts are usually employed (triethylamine,
pyridine, urea, etc.).

The addition of nucleophiles begins with anionic attack
on the positively polarised carbon atom of the C=NF group
with a simultaneous shift of the 7 electrons of the C=N
bond to the nitrogen atom. On treatment with nucleo-
philes having a mobile hydrogen atom, which are most
frequently used in these reactions (for example alcohols,
amines, hydrogen cyanide, nitrous acid, etc.), the cor-
responding N -fluoroamino-derivatives are formed. They
are sometimes fairly stable and their presence has been
demonstrated by various methods of physicochemical
analysis; in other instances, these compounds undergo
further reactions, which depend on their structure, reac-
tion conditions, and other factors.

Alcohols. Perfluoroketone N -fluoroimines and
nitriles of ¢ -fluoroiminoperfluorocarboxylic acids are
capable of combining with aliphatic alcohols at the C=N
bond in the presence of sodium alkoxide '**'*#'*%114¢  The
resulting gem -fluoroaminoalkoxy-derivatives are fully
stable on storage and distillation:

G  NFH
R/ \oc,H.

FoC .
- >C=NF —+ CyH;OH —&;H,0Na ;
R

R=CF; or CN .

The reaction of perfluoroketone N -fluorimines is revers-
ible and, on binding the alcohol (for example, with acetic
anhydrlde) as the acetate ™ , the equilibrium may be dis-
placed towards the formatlon of the initial N -fluoroimine.

Pentafluoroguanidine 32745,143,1472159 5 d perfluoro-
amidines *” also give rise to the addition products (V) in
reactions with alcohols:

Ne Ry o NPH
R,C—NF, +ROH - F,N/ “\OR
V)

R; = NFy, CF;, or CF3NO,.
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In addition, pentafluoroguanidine is capable of forming
adducts also with other compounds containing the hydroxy-
group (organic acids, oximes, hydroxamic acid, amid-
oximes, as well as phenols w1th electronegatlve substitu-
ents, etc.) 14150, Methyl and ethyl alcohols, which are
highly nucleophlllc, react extremely vigorously with
pentafluoroguanidine under the usual conditions. On the
other hand, alcohols with electronegative substituents and
carboxylic acids require the use of a basic catalyst (urea,
triethylamine, and pyridine) for the reaction to reach
completion. Trifluoroacetic acid does not react with
pentafluoroguanidine under analogous conditions.

The products of the addition of alcohols to pentafluoro-
guanidine are converted into the corresponding alkoxytri-
fluoroformamidines on heating or on treatment with metal

fluorides (NaF,2 ﬁg;Fz) as a result of the elimination of
3

difluoroamine *1%4 " In certain other cases, this reac-
tion proceeds spontaneously:
NFH NF
/ — v .
(F2N), c\oR ~HNE ROC\ NE,

R=CHz, CH(CHga, or CH,CO.

The products of the addition of alcohols to perfluoro-
amidines are stable only in solutions, from which they
cannot be isolated?’

The hydrogen atom of the fluoroamino-group in com-
pounds of type (V) is fairly mobile and capable of being
substituted by other atoms or groups of atoms, for
example **:

CHO | NFCH,OH NF—CH,—NF,
FEN)cd + (FaN), €7 NCNF ;
= Nocw, (Falda NocH,  CH” ¢
NFH CcINO,
(F,N),C<OCH. — =" CH,0C (NF,)s NFCI + CHyOCF (NFy), ;
[\
Fs

- CH,OC (NFy); .

The last reaction has found extensive applications in
the synthesis of tris(difluoroamino)methyl ethers from the
corresponding bis(difluoroamino)fluoroaminoalkoxy-
derivatives obtained by the interaction of pentafluoro-
guanidine with alcohols such as ethylene glycol, glycerol
methanol and ethanol *****"'%°  ethanol ammonium
perchlorate *°*'*>'*® 2 9_dinitropropane-1,3-diol **7,
tr1s(hydroxymethy1)nltromethane 1522 3-b1s(hydroxy-
methyl)oxiran 148,151,153 tetrakls(hydroxymethyl)phos-
phonium chloride ** trinitroethanol 158 alcohols containing
the difluoroamino-group15"’15“, and acetone oxime '*?
Ethers containing the difluoroamino-group have also been
obtained by fluorinating the products of the addition of
methanol to perfluoroamidines *’

The products of the interaction of alcohols with
N -fluoroimidoyl fluorides derived from perfluoro-
carboxylic acids and 1-cyano-N -fluoroformimidoyl
fluoride are the corresponding N -fluoroimino-ethers
141143145 It has been suggested '*® that fluoroamino-
derivatives (VI) are formed as intermediates:

154

72474,

NF R NF
Il £ NFH i
RC—F +HOR — [ e <F }WH RC—OR ,
)

R = CF3, CF,NFy, or CN

N -Fluoroimines containing alkyl or aryl substituents at
the carbon atom are less reactive in reactions with
alcohols. Thus, whereas NNN'-trifluoroamidines
derived from perfluorocarboxylic acids combine smoothly
with alcohols (see above), NNN'-trifluoroamidines
derived from non-fluorinated acids do not react with
alcohols even in the presence of a catalyst *’
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The reactions of N-fluoroimines containing alkyl or
aryl substituents proceed as a rule in the presence of an
excess of the alkoxide and may be accompanied by the
rearrangement of the carbon skeleton of the molecule.
Thus, on treatment of o -fluoroiminoarylacetonitriles
with an excess of sodium alkoxide in alcohol, mixtures of
the corresponding aryl cyanide and N -aryliminocarbonates
are formed®”*®, Analogous products have been obtained
from oa -bis(fluoroimino)bibenzyl *°. The reaction
mechanism apparently involves a rearrangement similar
to that of the Beckmann rearrangement, for example:

FN N NF —
_E Il (oH5ONa I . CyHs0
Catt—CC—CH, T Cells—CN + | CgH;—C—OC,H | ——>

NLe>
OCH,

> l/OCsz —> CgH;—N=C .
N
N 0C,H,
“0C,H,

Under analogous conditions, the cyano-group of
o -fluoroiminobutoxyacetonitrile exhibits pseudohalogen
properties and is replaced by the methoxy-group®:

NF NF

I CH,ON: I
CH,OC—CN —giSt2 € H OCOCH; .

On the other hand, the reaction of o -fluoroiminoaryl-
and a -fluoroiminobutoxy-acetonitriles with methyl or
ethyl alcohol in the presence of catalytic amounts of
potassium alkoxide or cyanide is completed by the forma-
tion of the imino-esters of a -fluoroiminocarboxylic acids
as a result of the addition of the alcohol to the C=N group
and does not involve the fluoroimino-group®”:

NF NF NH

CH,OH Il .
R—C—CN —eroNs or KENj > R—C—C—0CH; ;

R = p-CIC¢Hy, CgHs, or CH,O.
When the fluoroimine (VII) reacts with sodium
methoxide, the diazirine (VIII) is formed*':

ANE ANF N\I ‘ “l)
r!“: CH,0~ _’, “I\IJF = 1lll/ (CH,), COCHy .«
V4 e,
3 é;)\OCHx
(ViD) (VI
Amines. Perfluoroketone and N -fluoroimines react

readily with ammonia and primary amines at a tempera-
ture as low as —78°C, forming the corresponding
diaziridines !1»142;144-146;
CFay CFa_ NH
C=NF + R—NH,; —» Q!
7 + * 7 XCF” MR
R=H, C,Hjy, or Cgty; X=F, orNF; «

+R—NH; - HF |

CF,

In the reactions with secondary amines, the main groducts
are NN -dialkylhydrazones of perfluoroketones ''74221442145,

(CFg)a C=NF + R,NH -» (CFy)s C=N—NR; +R,NH - HF ;
R=CHj, orCyHy

It is suggested that these products are obtained as a result
of complex reactions of the unstable geminal amino-
fluoroamino-derivatives formed in the first stage '’***,
The mechanism of these reactions has been examined in
detail in a review .

The reactions of the nitriles of o -fluoroiminoperfiuoro-
carboxylic acids with amines usually lead to similar
results. However, the reactions with primary amines
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yield, together with diaziridines, N -alkyl-N’-fluoro-
amidines owing to the manifestation of pseudohalogen
properties by the cyano-group 74,

The interaction of ammonia and amines with penta-
fluoroguanidine ¥:144s154:1897162 " yeyfluorobiguanide 6171,
N -fluoroiminomalonodinitrile ¥, 1-cyano-N-fluoroform-
imidoyl fluoride'*", cyanoperfluoroformamidine ¥!37+1%%
16051625163 ' 1is(difluoroamino)fluoromethylazotrifluoroform-
amidine ' ”’, @ -fluoroiminoperfluorovaleronitrile ¥,
tetrafluoroformamidine '**, and N -fluorotrifluoroacet-
imidoyl fluoride ** has also been investigated. The
N -fluoroimines enumerated above give rise to products of
type (IX) in their reactions with amines. In certain cases,
these products can be converted into new N -fluoroimines
(X) as a result of the elimination of difluoroamine or
hydrogen fluoride:

R! R! NFH
\C= sRé , N\¢/ :

Rz/C NF + HNRSR Rz/C\NR’R‘ ’

(1X)

R NFH el
\e/ -HR? I

R /C\NR’R‘ —=% 5 RI—C—NR®*R*
(I1X) (X)

R*=NF; or F .

The interaction of N -fluoroimines with amines is promoted
by the use of polar solvents such as acetonitrile, dimethyl
ether, and tetrahydrofuran ***,

This reaction has been investigated in greatest detail in
relation to pentafluoroguanidine, which proved to be
reactive with respect to not only amines but also other
compounds containing the N—H bond (carboxylic acid
amides, imides, and amidines, nitroamines, hydrazine
derivatives, etc.) ®’'*’!%® The stability of the product of
the addition of the amine to pentafluoroguanidine is deter-
mined by the nature of the amine involved in the reaction
%4 For example, the interaction of pentafluoroguanidine
with ammonia and p-cyano- and p -trifluoromethyl-anilines
gives rise to adducts which are stable at low temperatures.
On being heated to room temperature, they lose difluoro-
amine with formation of the corresponding trifluoro-
guanidines., The products of the addition of more basic
amines are unstable even at low temperatures, Thus
reactions with n-butylamine and dimethylamine result in
the formation of alkyltrifluoroguanidines even at —78°C.

When amines react with N -fluoroimidoyl fluorides,

N ~fluoroamidines are formed as a result of the elimination
of HF from the intermediate addition product *®’"*''**:

NF NF

I i
R—C—F + HNR!R? - R—C—NRIR?
R=:NF,, CF;, or CN; R?, R*=H, C,Hs, or p-CIC,H,.

On the other hand, the products of the addition of
ammonia to 1-cyano-N -fluoroformimidoyl fluoride can
apparently exist at low temperatures '?,

Among the entire wide variety of the products of the
addition of amines to N -fluoroimines, the ammonia
addition products (XI) have now found practical application.
It has been shown in numerous instances that the hydrogen
atoms in the amino- and fluoroamino-groups of these

compounds can be substituted by fluorine atoms 71721372 1442
159-163,

R R\ NFH p R
NC=NF -~ NHy —» Y —2—  SC(NF)
Rﬂ/c NF - s Rz/ \NH, Rz/ 2
(X1)

R!, R2=NF,, CN, NFC (=NF) NF;, N=NCF (NFy),, or F.

This reaction led to the synthesis of many new difluoro-
amino-derivatives. The reaction with pentafluoroguanidine
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yielded a compound containing the maximum possible
number of difluoroamino-groups at a single carbon atom—
tetrakis(difluoroimino)methane 442159716,

Pentafluoroguanidine reacts with acetone hydrazone and
semicarbazide hydrochloride, forming a complex mixture
of products as a result of the decomposition and rearrange-
ment of the intermediates ***:

(FeN),C=NF + H;N—N=C (CHy); —— — FC (NF;); NH, +
~+ FC (NFy) NFH + HNF; + N;O + (CHgy C=0 ;

o
I
(FiN)s C=NF + H;NCNHNH, -HCl —_—,
NF
\c/ FiN CIC=NF .
FN/ \!H- |+ FCNF, 4 FCic=

Other nucleophiles. Reactants with less pro-
nounced nucleoghlllc propertles such as HNs, ' HNCO, **
165170 o, 1032037157142 gpy 198 and HF **® have also been
used in the reactions with N—f1u0r01m1nes. Their products
are mainly the corresponding N -fluoroamino-derivatives
(XID), which are converted into difluoroamino-compounds
on fluorination with elemental fluorine 3771381143,164,167=170,
R conF 4 HB— \c/ NEH _py
R RY B

(X1

(a) B=Ny; R'=F, or NFy; R*=F, NFy, Ny;

(b) B=Br, or NCO", F; Rt =R? = NFy;

(c) B=CN; R'=R?=CF; (not fluorinated).

LN AN
T \B ;

The reaction with a nucleophile sometimes results in
the formation of a substitution and not an addition product.
This happens when hydrogen cyanide reacts with penta—
fluoroguanidine ***""**" " cyanotrifluoroformamidine ',
and N -fluoroimidoyl fluorides from perfluorocarboxyllc
acids'*’¥ in the presence of catalytic amounts of potas-
sium cyanide and also on treatment of tetrafluoroform-
amidine *"* and 1-cyano-N -fluoroformimidoyl fluoride ***™
with NaN3;, The 1-cyano-N -fluoroformimidoyl azide
formed in the latter case is stable only in solution; on
treatment with cyclopentene, it yields 1-cyano-N-cyclo-
pentylidene-N’-fluoroformamidine **’"*:

NF NF

I I .
R—C—X +HCN —prgmy— R—C—CN
X=F, or NFy; R=C,F,;, CF,NF,, F, NFCF;, NF,, or CN ;
NF NF

i o
X—C—F - NaNg — X—Cvy 5

X=NF,, or CN
NF NF

NC—G, + <'j| - NC——(HZ—N=<:

The addition of isocyanic acid to N-fluoroimines leads

to N -fluoroamino-derivatives which react with a second
) 144,165

HNCO molecule, forming cyclic products (XIII):

H
—O R

=NF + HNCO
+ \NCO

®pa Y NG

[(HN),C=0]

o]

NF—C¢

C SNH
\NH—cZ
No
(X1
Rf =CF, or NF,.
On treatment with alkali metal fluorides, pentafluoro-

guanidine and tetrafluoroformamidine 1somerlse to

dia21r1d1nes 35)88,1'72,173
NF

| X .
X—C—NFy =% >C<§F ;

X=NFy, or F; M=Cs, Rb, or K,

1 The second fluorination product is C(NF2)4.
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Caesium fluoride is most reactive in this process. The
reaction involving tetrafluoroformamidine results in the
formation, together with the diaziridine, of a dimer whose
structure has not been finally established '"**'"3,
Perfluoroketone N -fluoroimines react with diazometh-
ane even in the cold, forming triazolines, which can be
converted into the corresponding aziridines *****%:

CF"\C=NF CHWN, ‘\ NF—] ll __HiS0, ’\ A :
XCFy” CF,/ \CH,~N XCF.,/ \CH,
X=F, ot NFy .

1-Cyano- N -fluoroformimidoyl chloride reacts with
two moles of diazomethane '**'*%;

NF NF

i I NN
Cl—C—CN 4-2CH,N, —x— ClCH,—C—C\ I
CH,—N
The interaction of @ -fluoroiminoarylacetonitriles with
organomagnesium compounds leads to N -substituted
@ -iminonitriles in low yields®’. «-Fluoroiminobutoxy-
acetonitrile does not undergo this reaction:
Rl
NF N/
I i
R—C—CN + R'MgX - R—C—CN
R=CgHy, or p-CIC4H,; R'=n-C,Hy.or CeH;

3. Reactions with Electrophiles

The reactions of N -fluoroimines with electrophiles have
been less thoroughly investigated. Reactions with elec-
trophiles are characteristic of N-fluoroimines in which
the carbon atom of the C=NF group is linked to hydrogen-
containing alkyl or aryl groups. Among these reactions,
those of strong inorganic acids and Lewis acids with
« -difluoroaminofluoroimines have been studied in greatest
detail 65,66,69,80,174,175.

In principle, the site of attack by the electrophile may
be the nitrogen atom or the fluorine atom of the fluoro-
imino-group. In the former case, treatment with inorganic

acids should lead to the formation of the cation>é—NFH.

This cation, which has been obtained, for example, from
a -(difluoroamino)fluoroimine, could decompose by mech-
anism (4) (similarly to the decomposition of, for example,
1-diethylphosphato-2-difluoroamino-derivatives in an acid
medium ®%); in the presence of a difluoroamine, reaction
via mechanism (5) is also possible %

X NFH

X N x e _— R—t#+Fé—R - ete. (4)
il ] NF
Rt g mt g b & p
NF rlu: * X N
2 2 HNF, .
i R—(J:—(IJ—R . (5)
NF; NF,

However, this mechanism has not been demonstrated
experimentally, although the possibility of its occurrence
under certain conditions cannot be ruled out.

It is generally accepted that the primary step in the
reactions under consideration is attack by the electrophile
on the fluorine atom of the fluoroimino-group, leading to
the formation of a complex as a result of donor—acceptor
interaction between a molecule of the N -fluoroimine and
the electrophile®?. The decomposition of this complex
leads to the formation of a cation (XIV) with a sextet of
electrons at the nitrogen atom. The carbon skeleton of
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the initial molecule is then cleaved with formation of a
carbonium ion (pathway a), whose further reaction depends
on the reaction conditions. The second pathway (pathway
b) involves a rearrangement analogous to the Beckmann
rearrangement, and is completed by the formation of the
corresponding amides. Cases are known where both
pathways operate simultaneously:

X NF
o
R—C—C—R" —(=—
S
X X
+
a . YHY) =
X Nt —-——>R—CN4>[R—(E J___, R—é Y
!
ﬁ[H_C_R,]_ e, F,
{ X o X 0
NF: b HO Lol Ll
[BHO R—('I—NHC——-R' +R—C—C—NH-R’ ,
NF, NF,

X1v)

The reaction of « -difluoroaminofluorimines with boron

trifluoride ***° leads to compounds containing a \C(NF2)F
group (pathways a). /

The mechanism of the reaction between 2-difluoro-
amino-3-fluoroimino-2-phenylbutane (XV) and fluoro-
sulphonic acid is more complex *’*”'™ the product of
this reaction being p-fluorosulphonyloxyacetanilide (XVI)
and p -fluorosulphonyloxyaniline (XVII):

CH,NF lCH,
I +
CoHly : —CH, —1OS0F _, [c.u.—cl—osogF] -
NF, NF,
@v)

IZ I I N T
TR osoF T LA N K o0y

_— CH,
- | Foso—( —N=c{ " ]—"‘—‘3
[ =S \_._._> C\OSO,F -
)

- FO,SO<_\,NH(|£CH. + 0,0 DNy
(XvD) (XVID)

The intermediate o -difluoroaminocarbonium ion
formed in the reactions is stabilised by combining with
fluoride or fluorosulphonate ions. However, it can also
be stabilised by reaction with other substances present in
the reaction medium "', Thus difluoroamine is
alkylated by the carbonium cation with formation of
gem ~bis(difluoroamino) -derivatives:

X NF X
R—'c—(‘LR' ut R»lc+ + HF 4 R'—CN
NF, NF,
X
ﬁ"z__,lz—+—1\11=2 .

NF,

This method made it possible to synthesise many hitherto
unobtainable geminal derivatives, such as 1-halogeno-1,1-
bis(difluoroamino)- and 1,1,1-tris(difluoroamino)alkanes®®’
17 which could not be obtained from the corresponding
carbonyl compounds. Fluorosulphonic acid proved to be
the most effective reagent in these reactions, but in
certain cases the best yields of the final products were
obtained using concentrated sulphuric acid.
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The interaction of ae -bis(difluoroamino)fluoroimines
with BF; proceeds via t!pathway b with formation of the
corresponding amides °:

NF; NF NF, ?
! I (1)BF3,(2)H20 ] |
CHy—G—C—R 2L CHy—C—NH—C—R ;
NF, NF,
R=CHg, or C¢Hy

The interaction of @ -fluoroiminoarylacetate esters with
concentrated sulphuric acid leads to analogous results®":

NF O 00

1| I
R—C—C—OR" —5%, RNH_C—C—OR' ;

R=C4Hs, or p-CIC¢H,; R'=CHy, or C,Hy «

N -Fluoroimines containing electronegative substituents
at the carbon atom of the C=NF group (perfluoroalkyl,
fluoro-, difluoroamino-, and other groups) are less
reactive in reactions with electrophiles. This is indi-
cated, for example, by the inertness of perfluoroacetone
N -fluoroimine in relation to concentrated sulphuric acid
and fluorosulphonic acid'’. At the same time, N -fluoro-
imines of this kind can be involved in reactions with
stronger electrophiles. For example, the reactions of
pentafluoroguanidine with nitryl chloride '’®, chlorine
fluorosulphate '™, and peroxydisulphuryl difluoride '*® are
known, but their mechanisms have not been elucidated:

QO;NCI

5 R—— CIFC (NF3),

NFCl
CIOSOF__ (NFa), o

N —NF—
(NF3); C=NF NOSO,E

NF F

I l
cSe5FT — FSOL0CNF, + (FS0;0), CNOSO,F .

4, Oxidation and Reduction Reactions

In view of the degree of oxidation of the nitrogen atom
in the C=NF group, N-fluoroimines are capable of under-
going both oxidation and reduction reactions; reactions of
the latter typeare more characteristic of these compounds,
owing to the presence of the relatively weak nitrogen—
fluorine bond (bond energy 65— 75 kcal mole™),

In the presence of the NF; group in the a ~position rela-
tive to the fluoroimino-group, the behaviour of each of
these groups with respect to oxidants and reductants will
be different, since the nitrogen atom in the difluoroamino-
group is in a higher state of oxidation than in the fluoro-
imino-group. The first stage of the reactions of geminal
difluoroaminofluoroimino-compounds with reductants
therefore probably proceeds via the NF: group and that
with oxidants via the =NF group.

The available literature information about the oxidation
of N-fluoroimines is mainly restricted to the reactions of
pentafluoroguanidine. Under the usual conditions, penta-
fluoroguanidine is resistant to the action of gaseous
fluorine **® and also of solid potassium permanganate and
silver vanadate'®. Concentrated nitric acid'® and aqua
regia ' %"'*° decompose pentafluoroguanidine to carbon
dioxide, hydrogen fluoride, and nitrogen oxides. In the
latter case, dichlorobis(difluoroamino)methane is also
formed. When pentafluoroguanidine reacts with manga-
nese dioxide, mainly the cis - and trans-isomers of
difluorodiazine are formed ®.

Talbot and Koshar investigated the oxidation of penta-
fluoroguanidine, trifluoro-C -halogenoformamidines, and
perfluoroamidines by perfluoroalkyl hypofluorites in the
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presence of catalytic amounts of potassium fluoride or
cyanide ®#*°?'*® These reactions proceed in an extremely
complex manner via different pathways and involve the
formation of fluorination, oxidation, and degradation
products, for example:

/NF
FC -+ CFy (OF), — FoC(NFy); +

\NF, CFnN: [KF]
4 CFy (NOg) NFy -+ CFNO, + CFgNF, + COp + NyOq -+ F4CO ,

When chlorine fluoride reacts with N -fluorohalogeno-
formimines, the corresponding (chlorofluoroamino)-
halogenomethanes are formed readily as a result of the
addition of a CI1F molecule to the C=N bond of the initial
imine *":

X

X AN F
NceNF —¥ . v_c—N/ ;
Y/ N
X, Y=For Cl,

The reaction involving perfluoroacetone N -fluoroimine
proceeds only in the presence of caesium fluoride *’.

N -Fluoroimines readily react with various reductants.
For example, they vigorously evolve iodine from aqueous
solutions of potassium iodide 32:!%,128 which may be used
as a qualitative test for these compounds. The products
of the reduction of N -fluoroimines in these reactions have
not been determined in most cases. On the other hand, it
has been shown that, when perfluoroacetone N -fluoroimine
is treated with an aqueous acetonitrile solution of potas-
sium iodide in the presence of acetic acid, perfluoroace-
tone and ammonia are formed'®.

The reduction of N -fluoroimines containing the tri-
fluoroguanyl group by ferrocene ***®’**" diphenylamine,
hydroquinone ®**°%!8" and potassium iodide **'°° in various
solvents leads to the formation of diazirines:

N
R—C{;]; +B—RFC( 1
R=F, NF;, CH;0, CN, or NCO;
B= (CgHy)z Fe, (Cgtlg)s NH, KI, or CgH, (OH),.

Despite the fact that the yields of products are low, this
reaction proved to be convenient for the synthesis of
various diazirines®®, The proposed reaction mechanism
includes the reduction of the NF. group with elimination of
the fluoride ion and the formation of the anion (XVIII)
capable of cyclising to N -fluorodiazirine. The subsequent
rearrangement, apparently via the intermediate diazirin-
ium cation, is completed by the formation of the final
product '

NF N—F N N N’
F—H—Nr‘z 2y e—c” ) — 1-'—(/[ — 1"-c/” — F2C/l|l .
-F \.-!\-Il’ -F \NF +\N N
-

(XVIID

5. Pyrolysis and Photolysis

The pyrolysis of N -fluoroimines has been studied only
in relation to pentafluoroguanidine and tetrafluoroform-
amidine ®’*”%, It has been established by differential
thermal analysis that these compounds are thermally less
stable than the corresponding poly(difluoroamino)per-
fluoromethanes *. Rapid decomposition of pentafluoro-
guanidine is observed at 243°C and that of tetrafluoro-
formamidine at 208°C.  Slow decomposition of
pentafluoroguanidine begins only at 205°C. The main
products of the decomposition of these compounds are
CFs, NF3, and N..
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The photolysis of N -fluoroimines has been studied in
greater detail. Thus, it has been found that irradiation
of compounds with the trifluoroguanyl group by ultraviolet
light leads to the substitution of the difluoroamino-group
by fluorine *:

NF
., R—C<F :

3

NF

R
R=F, NF,, or C,F;.

In the presence of compounds capable of generating
a radical species such as chlorine and bromine atoms,
trifluoromethyl radicals, etc., the difluoroamino-group
can be substituted by them ****% which constitutes the
basis of the method for the synthesis of various NNN’-
trifluoroamidines from pentafluoroguanidine *:

NF

I
(FaN)y C=NF ¢ B —=*-—R—C—NF,
B=Cly, Br,, CHN=NCH,, CF;N=NCF,, (R;CO0); etc ;
R=Cl, Br, CH,, CFy, or RiCOO.

When perfluoroacetone N -fluoroimine was irradiated
with ultraviolet light in vacuo, hexafluoroethane was
identified in the reaction product; it may be formed via
the following mechanism %

NF NF NF NF

i Voo il [l
CFy—C—CFy == CF, + 'CCFy —> C;Fg -+ CF,C—CCF; .

The primary step in the above photolytic reactions-is
the decomposition of the initial N -fluoroimine into two
radicals, one of which contains the fluoroimino-group.
The recombination of this radical with other radicals leads
to various N -fluoroimino-compounds. At the same time,
the photolytic reactions of N -fluoroimines can proceed via
a mechanism involving the initial addition of the radical
species to the C=N bond. This mechanism has been
proposed, for example, for the formation of C -chlorodi-
fluoromethyleneimine on irradiation of C -bromodifluoro-
methyleneimine in the presence of chlorine®”:

. oa
B, NC=NF .
F/

Br Br
>C=NF +cl s [ cl ——fCrNF]
F .

The interaction of perfluoroacetone N -fluoroimine
with tetrafluoroethylene on y-irradiation is completed
via the formation of the corresponding copolymer °':

0
h .
(CFy)g C=NF + C,Fy ——— [ (—CF,—CFp—) lNF—C—:l ;
|
n

CFy
m=12 ,

6. Other Reactions

Pentafluoroguanidine and tetrafluoroformamidine
readily undergo the Diels—Alder reaction with formation
of heterocyclic compounds '%;

CH, NF CH
R—Cc” " . R—C/NNF
l + GNPy =2 C_’R ¢ PR
R—C | - —NF;
\CH-; \CHI/ }\(

X=F or NF,;; R=H, CHj etc.

In the presence of catalytic amounts of caesium fluo-
ride, perfluoroguanidine reacts with formaldehyde **,
forming the copolymer [(F:N),CNF(CH:O)nly, where

n=1-6andy > 1.
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If the functional group in the N-fluoroimine molecule is
more reactive than the C=NF group, then frequently only
the former reacts, while the C=NF group remains
unchanged. Thus, the reaction of trifluoroguanyl iso-
cyanate with methanol and ammonia involves the isocya-
nate group '*

NF NF 0
| | |
FsN—C—NCO + HB — F,;N—C—NH—CB
B=H;N. or OCH3.
The cyano-group in & -fluoroiminoaryl- and « -fluoro-
iminobutoxy-acetonitriles can be involved in the
1,3-cycloaddition reactions with a nitrile oxide %7

NF CE’ NF
) J— I
R—C—C =N 4 ONC— _CH, » R—C—C=N
N/ P;
/ y CH;
i, .
N

N
=c——<=_>—CH, ;
/

o

Hs
R=C4Hs, P-CICH,, or C{H,O.

The acetoxy-group in 3 g-acetoxy-5-difluoroamino-6-
(fluoroimino)cholesterol can be hydrolysed to the hydroxy-
group, which may be oxidised to the oxo-group ®

CrO;

Pl i

2-Difluoroamino-2-fluoroiminoethanol is acylated by
acryloyl and methacryloyl chlorides *

o o
CH, -——C—gcl < HOCH, C/ F - CH =C—C" —OCH C/ i
L3 | 1 F\ i [ L Fs 5

R
R=H or CH, .

When o -(diethoxyphosphoryloxy)-a -difluoroamino-
fluoroimines are treated with difluoroamine in the pres-
ence of concentrated sulphuric acid, the phosphoryloxy-
group is replaced by the difluoroamino-group

NF; NF NF; NF
I

GH—C—C—CH, ot~ C.H.—(l,—C—CH, .
OP(0)(OC;Hs), NFz

a -Acetoxy- o -difluoroaminofluoroimines are decomposed
under analogous conditions %®’°%%.

V. CERTAIN ASPECTS OF PRACTICAL APPLICATIONS

Judging from the literature data, the interest in the
synthesis of N -fluoroimines is mainly associated with the
search for new components of rocket fuels and explosives.
N -Fluoroimines usually serve as the starting materials
for further syntheses. Pentafluoroguanidine is most
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frequently used for this purpose; it has led to the synthe-
sis of compounds regarded as oxidants of rocket fuels
[tetrakis(difluoroamino)methane “******7*¢*  tris(difluoro-
amino)methyl ethers derived from mtroalcohols152’157’158,
bis(difluoroamino)fluoronitromethane **'*°, etc. as well as
energetically suitable binders or plasticisers for solid
rocket fuelg ¥7714871511156:158,182,188 1y certain cases,
N -fluoroimines are themselves regarded as components
of rocket fuels, for example NNN’-trlfluoroformam-
imidine *%, 2 ,3, 5 ,6 tetrakls(fluor01m1no)p1peraz1ne
trifluoroguanyl isocyanate and its derivatives'®, per-
fluorobiguanide, and 1-[bis(difluoroamino)fluoromethyl]-
1,2,3,3,-tetrafluoroguanidine '*-2°*°, A mixture of
pentaﬂuoroguamdme with nitrogen oxldes has been pro-
posed as an oxidant for rocket fuels®*'. Certain N -fluoro-
imino-compounds containing a large number of oxidising
groups have been suggested as explosives *** or as
starting materials for the synthesis of the latter '*"2¢°71%3,

Physiologically active substances have been found
among N -fluoroimines. TFor example, difluoroamino-
fluoroiminosteroids inhibit the growth of the prostate
gland™®. Fluoroiminocycloalkanes and fluoroiminocyclo-
alkenes are regarded as intermediates for the synthesis
of bactericidal preparations "®

The use of N -fluoroimines as monomers for copolymer-
isation and as polymerisation initiators is of definite
interest. Thus perfluoroacetone N -fluoroimines readily
copolymerises with tetrafluoroethylene, forming a thermo-
plastic polymer, whose properties are close to those of
Teflon®!. 1,2-Bis({fluoroimino)-compounds are capable of
initiating the polymerisation of, for example, ethylene and
tetrafluoroethylene ., A number of patents are devoted
to the employment of N-fluoroimines (mainly perfluoro-
derivatives) for the synthesis of diazirines ®7%%9918
which are potential monomers and sources of biradlcals

Certain N - quoronnlnes have been suggested as corro-
sion inhibitors ™ bleachmg agents **, and oxidants in
chemical reactlons
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