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Fluorinated Ketenimines
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U.D.C. 547.446.8

Methods of obtaining imines of fluorinated ketens are surveyed, together with their dimerisation and nucleophilic addition.
Cycloaddition at the carbon-nitrogen bond and 1,4-dipolar cycloaddition involving the aromatic ring are most characteristic
of fluorine-containing ./V-arylketenimines. A two-stage mechanism is suggested, involving intermediate formation of small
rings. The Review concludes with 92 references.
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I. INTRODUCTION

Imines of ketens were first obtained by Staudinger1 in
1920, but their chemical properties have been studied only
during recent years. Trialkylketenimines are unstable,
so that the diaryl and mainly the triaryl derivatives have
been investigated. Replacement of alkyl by trifluoromethyl
groups greatly improves the stability both of ketens and of
their imines, and hence imines of bistrifluoromethylketen
provide a convenient model for studying the properties of
aliphatic ketenimines.

Imines of ketens are of interest as dehydrating agents in
peptide synthesis, as coreagents in oxidations with dimethyl
sulphoxide, and especially as substrate sin numerous cyclo-
additions with nucleophilic multiple bonds and dipolar com-
pounds. The great variety of reactions involving cycload-
dition is due to the fact that triarylketenimines react not only
at the C=C and C=N bonds of the cumulative system butalso
at carbon or nitrogen with involvement of the aromatic rings,
behaving in the latter reactions formally as dienes or nitro-
gen heterodienes. As a result, diverse carbocyclic and
heterocyclic compounds are made available.

Reviews2'3 have appeared during recent years, covering
methods of preparation and reactions of ketenimines, but
they contain hardly any information on fluorine-containing
ketenimines. Nevertheless, fluoroketens and their imines
exhibited a characteristic general feature o'f organofluorine
compounds: the electron-accepting character of trifluoro-
methyl groups increases the electrophilic activity of bistri-
fluoromethylketen and its imines, which become capable of
many reactions quite uncharacteristic of their unfluorinated
analogues. Fluoroketens have been surveyed in Ref. 4. The
present Review is concerned mainly with imines of bistri-
fluoromethylketen as the most readily available and thor-
oughly studied fluorinated ketenimines. Special attention
is paid toiV-aryl derivatives, since they reveal the effects
of electron-donating and electron-accepting substituents on
the activity of the cumulative bond system. Furthermore,
the reactions of iV-arylketenimines involving the aromatic
ring are most interesting.

II. METHODS OF PREPARATION

A broad study of ketenimines became possible only after
a simple general method of preparation was developed in

1973.5'6 The latter was based on the reaction of perfluoro-
alkenes with primary amines, the result of which was deter-
mined by the ratio of the reactants. With perfluoroisobu-
tene and perfluoromethacrylic esters excess of the amine
gives difficultly separable mixtures of products. With excess
of the alkene in the presence of catalytic quantities of tri-
ethylamine, on the other hand, excellent yields of the corre-
sponding jty-arylketenimines (II) are obtained in a single
stage:

/R

F2C=C-CF3 + ArNHa F3C
>CH.

<
(I)

/R D

F,C=C-CF. \ c =C=N Ar + (CF3)2 CHR
N(C2HS), F ; ) C /

(II) a) R=CF3; b) R=COOR'

Thus a mixture of a fluoroalkene and triethylamine is a mild
dehydrofluorinating agent, in which triethylamine acts as a
carrier of hydrogen fluoride from the imidoyl fluoride (I)
to the fluoroalkene. When pyridine is used instead of tri-
ethylamine, the reaction ceases at the stage of the imidoyl
fluoride (I).

It is interesting that perfluoromethacrylic esters yield
not only the imidoyl fluorides (I) but also the isomeric
enamines (III):

>CH-C>
ROCO ROCO ><

ROC NPh

V)- .H/
(III)

The comparative stability of the latter (III) is obviously due
to the presence of an intramolecular hydrogen bond between
the amino-group and the alkoxycarbonyl group. This is con-
firmed by the fact that the ratio of the latter to the former
isomer increases with decrease in the ability of the solvent
to form a hydrogen bond6'7.

A second general method for preparing fluorinated keten-
imines is the dehydrofluorination of imidoyl fluorides with
powdered caustic potash in ether, which has been used to



Russian Chemical Reviews, 45 (7), 1976

obtain the most diverse N-aryl-, JV-alkyl- t, and iV-cyclo-
alkyl-ketenimines51:

/
}CH-C=NR C=C=NR

(II a)

Such weak nucleophiles as benzenesulphonamide do not
react with perfluoroisobutene. .N-Benzenesulphonylbistri-
fluoromethylketenimine can be obtained as a stable adduct
with potassium fluoride by treating perfluoroisobutene with
the potassium salt of benzenesulphonamide; the free keten-
imine (IV) is obtained by the action on the imidoyl fluoride
of a mild dehydrofluorinating agent, such as the complex of
triethylamine with boron trifluoride9'10:

(CF3)2 C=CF 2 + KNHSCXPh [(CFS)4C—CF—NSOjPh] K

,F/ '
(CF3)2CH-C=NSO2Ph R.NBF, (CF3)2 C=C=NSO.,Ph

(IV)

2V-/>-Nitrophenylbistrifluoromethylketenimine can be pre-
pared similarly from the imidoyl fluoride only by means of
this complex11.

The reaction of fluoroalkenes with primary aminesex tends
even to perfluoroisohexene12

1 2 :

(CFS),C=CFC2F5-
F3C

F^C"
3 ^ \ C-C<

F,C
R=C(CHj)3 ; 2,6-(CH3)2C6H3

RNA

iV-Arylketenimines (V) in which an or^o-position is
unsubstituted, especially when the ring contains electron-
donor substituents, are cyclised under the reaction condi
tions to fluorinated quinolines (VI):

NAr

- C F 3

HNAr

- C F 3

- C 2 F b

(V) (VI)

In the presence of a large excess of an aromatic amine the
ketenimine (V) undergoes further reaction, ultimately with
formation of the quinoline (VII)13:

HNAr

(V)
-C-NHAr

(VII)

A less general method for preparing bistrifluoromethyl-
ketenimines is Staudinger's reaction

(CF,)2 C=C=O + Ph3P=NR
-Ph,PO

(CF3)2 C-C=NR

Bistrifluoromethylketen can be replaced by perfluoroiso^
butene, which reacts with tetraphenylphosphine imide,
replacing two fluorine atoms by a phenyliminQ-group§15:

(CFS)2 C=CF2 + Ph3P=NPh
-Pb,PF,

, (CF3)2C=C=NPh

t Hexafluoroisobutyronitrile reacts with triethylamine
to form a stable adduct8, which can be regarded as a salt
of the unsubstituted imine of bistrifluoromethylketen
(CF3)2C : C: NH.NH3.

t The dehydrohalogenation of imidoyl halides is a gen-
eral method for preparing unfluorinated ketenimines2.

§ This reaction illustrates the analogy between thecar-
bonyl and difluoromethylene groups4'16' .
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The Staudinger reaction can be used also to obtain keten-
imines having aniV-perfluoroalkyl group18:

(CF3)3CN=C=O + Ph3P=CPhj -* (CF3)3CN=C=CPh2

In contrast to perfluoro-t-butyl isocyanate, perfluoropro-
pyl isocyanate, which contains mobile o-fluorine atoms,
reacted with the yields to give the azabutadiene (VIII),
obviously as a result of isomerisation of the intermediate
ketenimine with migration of fluorine18:

Pli2C=C=N

F—CFCjF.,
P I I 2 C = C I — N = < : F — c, r 5

( V U 1)

/
e

PJi,C=CF—N—CF—C,F,

F

This rearrangement of a heterocumulene into a heterodiene
can occur via a four-membered cyclic transition state or
as a result of attack by a fluoride ion on the central carbon
atom. An analogous isomerisation is found with bistri-
fluoromethylketen19. When heated, the azabutadiene (VIII)
undergoes dehydrofluorination with ring closure, which pro-
vides a simple method for preparing a fluorinated isoquin-
oline18:

Ph
I Ph

1
C2F,

C2F6

Ketenimines in which a trifluoromethyl group is attached
to the nitrogen atom are formed also by pyrolysis of prod-
ucts of the cycloaddition of trifluoronitrosomethane to
allenes20:

CF.N-p-O

C=C=N—CF,

Ketenimines having fluorine atoms adjacent to the multiple
bond, like the corresponding ketens, are unstable, and their
formation in such a reaction can be judged from isolation of
the cycloadduct (IX) or the chlorinated product (X) 21:

F2C=C N—= C

FjC C=N—CF,

OX)

[I--X=C=NCF3]

CICI'XCI==NCF,

Iminosulphuranes are analogous to iminophosphoranes
in reacting with bistrifluoromethylthioketen to form N-al-
kyl- and iV-phenyl-bistrifluoromethylketenimines22:

(CF 3) 2C=C=S (CF3)2C=C==NR

The remaining preparations of ketenimines having per-
fluoroalkyl groups attached to carbon are more specific in
character. Thus iV-alkylbistrifluoromethylketenimines
are formed in the pyrolysis of a cycloaddition product of an
isocyanate and perfluoromethacryloyl fluoride :

(CF3)2C=C=NR

N~CO

Ketenimines containing a cyclopropenyl substituent are
obtained by the interaction of perfluorobutyne with isoni-
triles in inert solvents; in the presence of an alcohol the
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intermediate equimolecular adduct (XI) reacts, not with
another hexafluorobutyne molecule, but with the alcohol24'25:

CF3C=CCF3 CF,C=C— CF, < > CF.C—C—CF,

RN=C=C—CH—CF,

Finally, ketenimines containing N-organometallic groups
are formed by the 1,4-addition of organo-silicon, -germa-
nium, -tin, and -boron compounds to bistrifluoromethyl-
methylenemalononitrile26'27:

CF3.

CF3"

X=OR, SR, NR2

m. CHEMICAL PROPERTIES

Ketenimines are iso-7r-electronic with allenes and ketens,
and can be represented by the resonance structures28'29

R2C=C=NPh
G ©

R,R-C=NPh
e e

«• R2C=C—NPh
c

(XII)

As the ketens, the electrophilic character of the central
atom can be strengthened by attaching electron-donor sub-
stituents to the carbon atom. Furthermore, the structu-
ral features of ketenimines permit the reactivity of the
heterocumulative bond system to be changed by attaching
electron-donor or electron-acceptor substituents also to
the nitrogen atom, the latter enhancing the electrophilic
character. The most active electron acceptors exert in
principle the same influence on the reactivity of ketenimines
as does electrophilic catalysis, bringing their activity close
to that for ketenimmonium salts30. Furthermore, the struc-
ture (Xllrf) indicates the possibility of reactions involving
the aromatic ring of JV-arylketenimines, in which the latter
behave formally as 1,4-heterodienes— cf. (XXVTT).

In conformity with the above, bistrifluoromethylketen-
imines react far more readily than unfluorinated ketenimines
with water, alcohols, and amines to give the corresponding
derivatives of hexafluoro-a-hydroisobutyric acid (XIII)31:

(CF3)2C=C=NR + HX -^ (CFskCH-C^

X=OH, OK, NR2 (XIII)

This reaction does not answer the question—important for
the chemistry of heterocumulenes—at which of the cumula-
tive bonds the nucleophiles add on, since products of addi-
tion at the C=N bond, not stabilised by a hydrogen bond
(Section II), would have immediately isomerised into the
more stable end-products (XIII)f. However, the formation
of the a-chlorohexafluoroisobutyramidines (XIV)44 when
the anil of bistrifluoromethylketen is treated with JV-chloro
amides indicates addition at the ethylenic bond intheketen-
imine, since the product (XV) of addition at the C=N bond

ITResults on the addition of dialkyl phosphites at the
C=N bond in the anil of bistrifluoromethylketen
unreliable.

are

would have isomerised with migration of chlorine into the
aromatic ring33:

(CF 3 ) ! C=C=N-6 ,) 4- RC-NHCI

/ \

(XIV) NIICOR NHCOR
(XV)

Cyclisation of the amidines (XIV) on being heated is a good
method for the preparation of quinazolines.

It is interesting that products formed by addition at the
C=N bond in ketenimines — aminoacetals (XVI) — can be
detected in the reactions of the anil of an alkyl trifluoro-/3-
iV-phenyliminomethacrylate with alcohols; they rearrange
comparatively slowly to imidic esters (XVII), a process
which is irreversible6, in contrast to the isomerisation of
enamines into imidoyl fluorides (Section II):

ROCO
=C=NPh

F3C OR'

ROCO NPh

(XVII)

In contrast to trialkylketenimines, iV-alkyl- and espe-
cially iV-aryl-bistrifluoromethylketenimines are stable,
remaining unchanged even on prolonged heating t, How-
ever even such weak basest as oxiran, dimethyIformamide,
benzylidenaniline, triethyl phosphate, pyridine, etc. cause
rapid dimerisation of iV-arylketenimines into symmetrical
(XVIII) or unsymmetrical (XIX) dimers11'31:

(CF3),C C=NR

(CFj),C=C N—R

\

(CF,),C;—C=NR

(CI--3)3C=C NR

(XIX)

(CF3)2C-C-NR
a

(XX)

V
(CF3),C=C NK

RN C=C(CF3)2

(CF3)2C=C NR

RN C=C(CF3),

(XVIII)

Dimerising agents form the reactivity sequence

CsF > NR3 > (CH3)2NCON (CHS)2 > I || > \ J

[CH3)2N]3PO > PPh3 > O j >f jf j

(CH3)2N N(CH3)2

in which only the nitrogen heterocycles give rise to the
symmetrical dimer (XVIII).11 Comparison shows that the
activity of a dimerising agent is determined mainly by its
nucleophilicity, not its basicity. For example, such a
strong base but weak nucleophile as naphthalene-1,8-bisdi-
methylamine34 dimerises ketenimines more slowly than does
the considerably less basic but more nucleophilic Hexame-
tapol, triphenylphosphine, and tetramethylurea. Similarly,

t iV-t-Butylimines of fluorinated ketens on being heated
decompose into isobutene and the corresponding nitrile14.

t The poorer stability of unfluorinated ketenimines may
be due to autocatalysis, since they themselves are quite
strong bases. The basicity of imines of fluorinated ketens
is depressed by the electron-accepting action of the tri-
fluoromethyl groups.
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lutidine dimerises ketenimines more slowly than doespyri-
dine11. The greater importance of the nucleophilicity of
dimerising agents is consistent with the hypothesis that
dimerisation begins with nucleophilic attack on the central
carbon atom of the ketenimine to form the zwitterion (XX).

Unsymmetricaldimersare thermodynamically more sta-
ble than the symmetrical compounds, in accordance with
which the latter rearrange into the former even under the
influence of such weak bases as Hexametapol, tetramethyl-
urea, pyridine, lutidine, and quinoline11 §:

•s—C=C—N -Ar
CArN-C=C (CFS)2

(XVIII)

(F3C)2C=C—N—Ar

I I
(F3C)2C-C=N-Ar

(XIX)

It is interesting that para-substituents in the aromatic ring
have the same effect on the rate of rearrangement of sym-
metrical into unsymmetrical dimers as on the activity of
the ketenimines.

The relative activities of fluorinated ketenimines have
been studied in nucleophilic addition, dimerisation, and
cycloaddition involving the aromatic ring. The anils of
alkyl trifluoro-/3-/V-phenyliminomethacrylates are more
active than the anil of bistrifluoromethylketen6, since alk-
oxycarbonyl groups are stronger electron acceptors than
is the trifluoromethyl group37. As already stated with
regard to the effect of N- substituents, increasing the elec-
tron density on the nitrogen should diminish the electro-
philic activity of the central carbon atom of the cumulative
system. Indeed, the activities of iV-substituted bistriflu-
oromethylketenimines are antiparallel to the basicities of
the nitrogen in them11:

-SO2Ph > -

>-<3-°CH3
/

CH3

H,C• /

where theiV-benzenesulphonyl derivative is the most active,
and the JV-alkylcompounds are the least active. The activ-
ity of imines of fluorinated ketens depends not only on
the basicity of the nitrogen atom but also on the bulk of
the reactant and of the substituent, especially in cycloaddi-
tions. ThusN-phenylbistrifluoromethylketenimine adds
methanol and ethanol in 1-2 h, whereas with t-butyl alco-
hol the reaction is not complete after 6 months44; JV-mesi-
tylbistrifluoromethylketenimine adds alcohol considerably
more slowly than doesiV-phenylketenimine, and is dimer-
ised with immeasurably greater difficulty than any other
ketenimine11; and iV-o-tolybistrifluoromethylketenimine
dimerises more slowly than does the /)ara-isomer.

It is interesting that the presence of perfluoroisobutene
slows down by more than 99% the dimerisation of imines of
fluorinated ketens under the influence of tertiary amines.
Perfluoroisobutene not only tends to inhibit dimerisation
but also recaptures the mesomeric anion (XX); the result-
ing carbanion (XXI) undergoes cyclisation to the azetidine
(XXII) with regeneration of the tertiary amine. Thus the
extremely electrophilic character of perfluoroisobutene
enables it to compete successfully with ketenimines both in
bonding the amine and in recapturing the betaine (XX).
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Dimerisation is suppressed, and the main reaction product
is the corresponding azetidine (XXII) :

e I
(CF3)2C—CF2 +

(CI-3)2C=C1

(XX) -

(CF

~ *

(CF 3 ) 2 C-

c
3)2C=C-e

Ti
-NR

(XXI)

(CF3)2C —

(CF3)2C=C—

(XXII)

-CF

-NR

B

(CF3),C=C=NR + (CF3),C=CF, ^ r

The same result is obtained in thepresence of alkali-metal
fluorides. Such mixed dimerisation of ketenimines with
perfluoroisobutene provides an excellent method for pre-
paring fluorinated azetidines.

Triphenylphosphine is more active than tertiary amines
in catalysing the dimerisation of activated alkenes and the
Michael reaction39'40. However, it cannot be used to cata-
lyse the cycloaddition of perfluoroisobutene to ketenimines:
perfluoroisobutene reacts not only in preference to the
ketenimine but also irreversibly, being converted ultimately
into the conjugated triene (XXIII) f:

(CF3)2C=CF2

CF=C(CF3)2

(XXIII)

In the synthesis of azetidines the carbanion (XXI) is sta-
bilised by intramolecular nucleophilic substitution of the
group B with closure of the four-membered ring. Nucleo-
philic elimination of imines of fluorinated ketens is accom-
plished similarly but at the ethylenic bond of the ketenimine.
The carbanion (XXIV) is then obtained by the action of sub-
stituted amides (XXV) on the fluorinated ketenimines.

(CF3)2C=C=NAr (CF3)2C C=NAr F = C \
G / C C=NAr

O2NC6H,S020NHR A I
(XXV) ^OSO?C6II,NO2

(XXIV)

It is interesting that the direction of the reaction is prede-
termined by the nature of the leaving group: whereas chlo-
rine migrates to the anionic centre of the molecule—cf. (XV)-
the sulphonyloxy-group is readily detached with closure of
the three-membered ring.

Nucleophilic elimination and formation of the unsymme-
trical dimer (XIX) are among the few examples of cyclo-
addition at the ethylenic bond in imines of fluorinated ketens.
Almost all cycloadditions involving unfluorinated keten-
imines, on the other hand, take place at the ethylenic bond
in the heterocumulene2t. An exception is the reaction of
triarylketenimines with diazomethane43. Imines of fluo-
rinated ketens also react with diazomethane at their C=N
bond44.

(Ho)
(CF3)2C=C NPh

I I
H,C N

(CF3)2CHC NPh

HC I

Bistrifluoromethylketen gives with diazomethane a cyclic
trimer as a result of the reaction of both keten molecules
at the carbonyl group45:

2 ( F 3 C ) 2 C - C = O - ™ ^ ^ \ C ^
F3CX

^CF3

/
H,C—O

§ Symmetrical dimers of ketens (cyclobutanediones)
isomerise into the unsymmetrical dimers in the presence
of aluminium chloride; the reverse rearrangement takes
place in the presence of bases35. Symmetrical dimers of
unfluorinated ketenimines have not been described; for
the only examples of unsymmetrical dimers see Ref. 36.

IT Perfluorocyclobutene and butadiene give a 1:1 adduct
with triphenylphosphine41'42.

t Since hardly any information is available on aliphatic
ketenimines2, imines of bistrifluoromethylketen must be
compared with those of aromatic ketens.
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With nitrones unfluorinated ketenimines give products
resulting from addition at the ethylenic bonds46. Iminesof
fluorinated ketens, on the other hand, form with triphenyl
and iV-methyl-a-phenyl nitrones cyclic adducts at the C=N
bond— oxa-2,4-diazolidines (XXVI) 47:

>C=C-NR

O C.

(XXVI)

In the cycloadditions discussed hitherto the fluorinated
ketenimines have behaved as 1,2-dipolar compounds. As
already mentioned — cf. (XII) and (XV) — however, with
JV-arylketenimines reactions involving the aromatic ring
are also possible, in which these derivatives behave for-
mally as 1,4-dipolar compounds. An example of this type
is the unusual reaction undergone by imines of fluorinated
ketens with o--aryl JV-phenyl nitrones, in which fluorinated
oxindoles (XXVII) have already formed on cooling48, instead
of cycloaddition products:

+PhN=CHAr
' " ' -PhN=CHAr

< X X V I »

\ / \ N /
H

/CF3

LiAlH4
SCF3 < (XXVIIa)

. / C F

CH3

COCH3

The structure of (XXVIIa) is confirmed by cross synthesis,
as well as by its chemical reactions. The oxindole (XXVIIa)
is formed also from oxadiazolidines (XXVI: R = C6H5). On
standing for a long time or on being heated in a solvent,
the latter compounds break down into the oxindole (XXVIIa)
and the corresponding Schiff bases. Isolation of products
of the 1,3-cycloaddition of triphenyl and TV-methyl a-phenyl
nitrones to iV-arylbistrifluoromethylketenimines and their
conversion into the oxindole (XXVIIa) suggest that reaction
with the latter nitrones may involve the formation of unsta-
ble oxadiazolidines, which decompose so easily into an
oxindole and an imine that they cannot be detected even by
spectroscopic methods.

Thus nitrones are ultimately donors of oxygen in their
reactions with JV-arylbistrifluoromethylketenimines, which
is unusual for nitrones. The mechanism of this peculiar
reaction of oxygen transfer can be represented47;

- (XXVIIa)

nitrones, which, in contrast to the above reactions, involves
the phenyl group of the nitrone:

(XXVIII)

CF3

\N /v 0
RCY

Ph

X = O , NSO2Ph; Y=OC0CH (CFS)S,
NHSO.Ph

Indole derivatives are obtained also by reaction between
iV-arylbistrifluoromethylketenimines and isocyanides49. The
indogenimines (XXIX) formed by 1,4-dipolar addition under
very mild conditions then isomerise into iminoindolenines
(XXX), whose hydrolysis involves migration of hydrogen
back to the nitrogen4 !

C(CF3)2

Reactions with isocyanides, similarly to nucleophilic
addition and cyclodimerisation, are accelerated by elec-
tron-acceptor substituents in the aromatic ring of bistri-
fluoromethylketenimines, but restrained by electron-donor
substituents. Whether in the imino-group or in the ben-
zene ring, substituents have the opposite effect on the rate
of isomerisation of indogenides into indolenines: indogen-
imines obtained from methoxyketenimine and alkyl isocy-
anides are the least stable. The reactivities of isocyanides
with JV-arylbistrifluoromethylketenimines fall in the
sequence

Alk > p h > - ^ ^—NO*.

It is interesting that the reactivity sequence of isocyanides
with nucleophilic acetylenic bonds is just the reverse51.
This clearly indicates a difference in reaction mechanisms:
whereas isocyanides react as nucleophiles with extremely
electrophilic organ of luorine compounds^, they react as
electrophiles with nucleophilic alkynes.

Unfluorinated triarylketenimines react with isocyanides
only on irradiation, when heated, or in the presence of a
catalyst. The reaction may involve the aromatic ring,
the nitrogen atom, or a carbon atom, its direction being
governed by the substituents in the aryl rings53'54. Only the
tetramerisation of phenyl isocyanide

PhN NPh

4PhNC
- N = C = C = N -Qj J™

is accomplished at room temperature and without external
assistance49'54'55.

Bistrifluoromethylketen gives with isocyanides, as with
diazomethane, a cyclic trimer in which both keten mole-
cules have reacted at the carbonyl group45, whereas unflu-
orinated ketens react at the ethylenic bond52:

X C F 3

The betaine is stabilised by cyclisation at anor^o-position
in the aromatic ring.

Substituted oxindoles (XXVII) are formed eventually also
by the reaction of JV-benzenesulphonylbistrifluoromethyl-
ketenimine and bistrifluoromethylketen47 with JV-phenyl

% The nucleophilicity of the carbene carbon atom is less
in aryl than in alkyl isocyanides52, and decreases on the
introduction of electron-accepting substituents into the
aromatic ring.
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Ordinary alkenes are insufficiently nucleophilic and do
not react with iminesof fluorinatedketens. With especially
nucleophilic vinyl ethers, however, N-arylbistrifluorometh-
ylketenimines react even at room temperature, yet again
by 1,4-cycloaddition with the ultimate formation of a fluo-
rinated quinoline (XXXI)56:

- C H ( C F 3 ) 2

Imines of fluorinated ketens react similarly with ethoxy-
and phenyl-acetylenes (only the especially activeiV-^-nitro-
phenyl- andN-benzenesulphonyl-ketenimines react with the
latter without heating). iV-Benzenesulphonylbistrifluoro-
methylketenimine, which does not contain a conjugated bond
system, gives am ixture of cyclic adducts formed at the C=N
and C=C bonds, whereas iV-arylketenimines react as nitrogen
heterodienes with involvement of the aromatic ring31'56:

(CF3)2C=C=NSO2Ph

/ \

HC=CPh
PhC=CH F ; i C \ ^ I J

X=C(CF3)

PhC-CH
I I

(CF3)2C—C=NSO2Ph

- C H (CF3),

Various reactions of JV-arylbistrifluoromethylketenim-
ines involving the aromatic ring can be accomplished with
good yields, usually with cooling or at room temperature,
and provide a convenient method for preparing fluorinated
heterocycles. The Reviewer considers reactions of this
type most interesting, and will therefore discuss them in
somewhat greater detail.

Apart from the processes discussed above, several
other reactions have been discovered during recent years,
usually achieved also under mild conditions, in which the
cumulative or the azomethine bond with an attached aro-
matic ring behaves as a nitrogen heterodiene. Examples
are the reactions of phenyl isocyanate
ketenimines60'61 with nucleophilic alkynes:

and of iV-aryl-

= X

= O , CPh2

Formation of a quinoline ring by the reaction of vinyl ethers §
with Schiff bases (in the presence of boron trifluoride)62""64

OR

CHR

or with ammonium salts63*68 has been widely studied. An
ethylenic bond to which an aromatic ring is attached can
also react as a diene under mild conditions67'68. Examples
are the reaction of styrene with perfluorothioacetone69 and

§ Isocyanides also react like alkenes with Schiff bases7
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the intramolecular cyclisation of amines and ammonium
salts containing an JV-arylprop-2-ynyl group70'71:

/CH2C = CR'

\ :H,C=C-|

OHO R2N" \

R'
XH,

All these reactions are structurally similar to Diels-
Alder reactions. Their mechanism has not been established,
yet they have usually been regarded, in view of the isola-
tion of final products to be expected from a mechanism of
diene synthesis, as fresh examples of the Diels- Alder reac-
tion If. This approach seems unsound. Indeed, it is improb-
able that, under such mild conditions, an aromatic ring
would react as a double bond of a diene. Typical Diels-
Alder reactions represent concerted (7r4s + 7r2g) addition,
requiring very specific orientation of the reactants. They
are therefore characterised by high negative entropies of
activation: the pre-exponential factors in the rate constants
are smaller by factors of 105-106 than would follow from
collision theory73'74. Compensation for these rigorous
demands on mutual reactant orientation is usually provided
by a favourable energy balance in the reaction, with the
disappearance of two double bonds and the formation of two
cr-bonds. Such compensation is absent from reactions
involving an aromatic ring, since they entail loss of the
aromatic stabilisation energy. Yet they are usually accom-
plished under far milder conditions than are typical Diels-
Alder reactions, which casts still greater doubt on the
identification of these two types of processes. A two-stage
rather than a synchronous mechanism is more probable for
such reactions, involving intermediate formation of small
rings subsequently stabilised by reaction with the aromatic
ringf: e.g.

(Ila)

NR

c

—N—C=iC (CF3)2

= N R

= C (CF3)2

C=CH
I !

- N - C = C (CF3)2

- C H (CF3)2

I—N=CHR

OR

HC—CH2

I I
—N-CHR

\ / \ N / '
I

H

The best proof of a two-stage mechanism for reactions
involving the aromatic ring would be isolation of compounds
containing small rings and their conversion into the final
heterocycles. However, this is not the simplest of tasks,

H An alternative mechanism with intermediate forma-
tion of cyclobutanone followed by isomerisation to a six-
membered ring has been discussed75.

t Such changes are well known with three-membered76"79

and four-membered80"85 rings.
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since small rings are very reactive86'87. Indeed, few data
are available on the isolation of small rings in reactions of
this type. Despite numerous attempts in the case of imines
of fluorinated ketens, for example, only in a reaction with
a keten acetal could a fairly stable product of cycloaddition
at the C=N bond — the azetidine (XXXII) — be isolated. On
prolonged storage at room temperature this azetidine is
converted into the ethoxyquinoline (XXXIII) and the linear
anil (XXXIV). Concentrated sulphuric acid converts both
(XXXII) and its linear isomer into hexafluoroisopropyl-4-
quinolone (XXXV)56:

(CF3)2C=C=NPh + CH2=C (OR)a

H2C-C (OR),
! I

(CF3)2C=C-N

(XXXII)

- C H (CF3)2

/ \

(XXXII) (XXXIV)

(XXXV)

In the reaction of diphenylketen with arylacetylenes the
intermediate product—cyclobutene (XXXVI)—could not be
isolated, but the final formation of the 1-naphthol (XXXVII)
instead of the 2-naphthol (XXXVIII) provided a forcible argu-
ment in support of a two-stage process88:

With the more reactive ethoxyacetylene, indeed, thecyclo-
butenone (XXXIX) could be isolated and converted into the
1-naphthol (XL)84:

Ph

Ph,C=C=O

o
(XXXIX)

OH (XL)

Indirect support for a two-stage mechanism of "diene syn-
thesis" involving an aromatic ring i s that, when another
conjugated multiple bond is present as well as the ring, this

5 0 6 8 8 9p
50'68'89:

X = H , CH3, OCH3, Cl, NO2

Over the years the number of reactions that are struc-
turally similar to Diels-Alder reactions has so increased
and their variety is so great that it would be naive to sup-
pose that they all have the same mechanism. Both con-
certed and two-stage mechanisms have many variations.
Formation of the two bonds may not be altogether simulta-
neous in a concerted mechanism73'90. Initial formation of

charge-transfer molecular complexes is possible91 '92. The
first stage of two-stage reactions may produce betaines,
perhaps in equilibrium with small rings. However, acovalent
structure i s more probable for the intermediate products,
since substituents of the first and second kinds in the aro-
matic ring would have had a far greater effect in the case
of betaines than is observed7 31.

- - - o O o - - -

Thus both in nucleophilic addition and in cycloaddition
not only are imines of fluorinated ketens more reactive
than unfluorinated ketenimines but they also undergo reac-
tions that are unknown with the latter compounds. Another
distinguishing feature of the fluorinated imines is that most
cycloadditions involve the methine bond, not the ethylenic
bond as with the unfluorinated analogues (perhaps because
of steric factors, which are especially important in cyclo-
addition). Because the methine bond is less polar than
the carbonyl bond, imines of bistrifluoromethylketen are
less reactive than bistrifluoromethylketen itself. Reac-
tions involving the aromatic ring, which are structurally
similar to the Diels-Alder reaction but obviously occur by
a completely different mechanism, extend significantly the
synthetic possibilities of ketenimines.

REFERENCES

1. H.Staudinger and J.Meyer, Ber., 53, 72(1920).
2. G.R.Krow, Angew. Chem., 83, 455 (1971).
3. D. Borrmann, in"Methodender organischenChemie",

Houben-Weyl, Stuttgart, 1968, Vol. 7/4, p.322.
4. Yu. A. Cheburkov and I. L. Knunyants, Fluorine

Chem. Rev., 1, 107 (1967).
5. Yu. V. Zeifman, D. P. Del'tsova, E. A. Avetisyan,

N. P. Gambaryan, and I. L. Knunyants, Izv. Akad.
NaukSSSR, Ser.Khim., 1795(1973).

6. E.G. Ter-Gabrielyan, E.P. Lur'e, Yu. V. Zeifman,
and N. P. Gambaryan, Izv. Akad. Nauk SSSR, Ser.
Khim., 1380 (1975).

7. V. Gutmann, "Coordination Chemistry in Non-aque-
ous Media" (Translated into Russian), Mir, Moscow,
1971, p.30.

8. N. P.Aktaev, K.P.Butin, G. A. SokoPskii, and
I. L. Knunyants, Izv. Akad. Nauk SSSR, Ser.Khim.,
636 (1974).

9. Yu. V. Zeifman, D. P. Del'tsova, and I. L. Knunyants,
Izv. Akad. Nauk SSSR, Ser.Khim., 591(1976).

10. I. L. Knunyants, Yu. V. Zeifman, T. V. Lushnikova,
E.M.Rokhlin, E. G. Abduganiev, and U. Utebaev,
J. Fluorine Chem., 6, 227(1975).

11. N. P. Gambaryan and E. A. Avetisyan, Izv. Akad.
NaukSSSR, Ser.Khim., 382(1976).

12. W. P. Flowers, R. N. Haszeldine, C.R.Owen, and
A.Thomas, Chem. Comm., 134(1974).

13. N. Ishikawa, A. Nagashima, and A. Sekiya, Chem.
Letters, 1225 (1974).

14. E. Ciganek, Tetrahedron Letters, 5179(1969).
15. N. P. Gambaryan, E. M. Rokhlin, Yu. V. Zeifman,

and I, L. Knunyants, Izv. Akad. Nauk SSSR, Ser.
Khim., 749 (1965).

t For example, the rate of reaction of JV-arylbistriflu-
oromethylketenimines with isocyanides decreases by fac-
tors of only 3-5 when an alkoxycarbonyl group is replaced
by methyl.



Russian Chemical Reviews, 45 (7), 1976 637

16. I. L.Knunyants, Zhur. Vses. Khim.Obshch. Mende- 48.
leeva, 7, 276 (1962).

17. A.F.Gontar', E. G. Bykhovskaya, and I. L. Knunyants, 49.
Izv. Akad. Nauk SSSR, Ser.Khim., 209(1976).

18. D. P. Del'tsova, N. P. Gambaryan, and I. L. Knun-
yants, Dokl. Akad. Nauk SSSR, 212, 628(1973). 50.

19. E.M.Rokhlin, E. G. Abduganiev, and U. Utebaev,
Uspekhi Khim., 45, 1177 (1976) [Russ. Chem.Rev.
No. 7 (1976)]. 51.

20. D. H. Coy, R. N. Haszeldine, M. J. Newlands, and
A. E. Tipping, Chem. Comm., 456 (1970). 52.

21. R.E. Banks, R. N. Haszeldine, and D.R. Taylor, 53.
J.Chem.Soc, 5602 (1965).

22. M.S.Raasch, J.Org. Chem., 37, 1347 (1972). 54.
23. D. C. England and C. G. Krespan, J. Fluorine Chem.,

3, 91 (1973). 55.
24. T.R.Oakes, H.G.David, and F. J. Nagel, J.Amer. 56.

Chem.Soc, 91, 4761 (1969).
25. T.R.Oakes and D.I.Donovan, J.Org. Chem., 38, 57.

1319 (1973).
26. E.W.Abel, J. P. Crow, and J. N. Wingfield, J. Chem. 58.

Soc, Dalton Trans., 787 (1972).
27. E.W.Abel, J. P. Crow, and J. N. Wingfield, Chem. 59.

Comm., 967 (1969).
28. J .Firl , W.Runge, W. Hartmann, and HP.Utikal, 60.

Chem. Letters, 51 (1975).
29. J.L.Reilly and G.R.Krow, J.Org. Chem., 37, 2364 61.

(1972).
30. A. Sidani, J Marchand-Brynaert, and L. Ghosez, 62.

Angew. Chem.Internat. Edn., 13, 267(1974).
31. D.P.Del'tsova, N. P. Gambaryan, Yu. V. Zeifman, 63.

and I. L.Knunyants, Zhur. Org. Khim., 8, 856(1972).
32. I. L.Knunyants, E. G. Bykhovskaya, Yu. A. Sizov, 64.

and Yu. P. Gusev, USSR P. 386 962; Byull.Izobr.,
50, No. 27, 69 (1973). 65.

33. P. G. Gassman and G. A. Campbell, J. Amer. Chem. 66.
Soc, 94, 3891 (1972). 67.

34. H.Quast, W.Risler, and G. Dollscher, Synthesis,
558 (1972). 68.

35. H. Ulrich, "Cycloaddition Reactions of Heterocu-
mulenes" , Academic Press, New York, 1967. 69.

36. M. W. Barker and J. D. Rosamond, J. Heterocyclic
Chem., 9, 1147 (1972). 70.

37. A. N. Nesmeyanov, M.I.Rybinskaya, and L. V.Rybin,
Uspekhi Khim., 36, 1089 (1967) [Russ. Chem. Rev., 71.
No. 7 (1967)].

38. Yu. V. Zeifman, L. A. Simonyan, E. G. Ter-Gabriel- 72.
yan, N. P. Gambaryan, and I. L. Knunyants, Izv.
Akad. Nauk SSSR, Ser.Khim., in the press. 73.

39. D. A. White and M. M. Baizer, Tetrahedron Letters, 74.
3597 (1973). 75.

40. J.D.McClure, J.Org. Chem., 35, 3045 (1970).
41. M. A. Howells, R. D. Howells, N. C. Baenziger, and 76.

D.J. Burton, J. Amer. Chem. Soc, 95, 5366(1973).
42. D.B.Denney, D.Z.Denney, and Y.F.Hsu, Phos- 77.

phorus, 4, 217 (1974).
43. M. W. Barker and J.H. Gardner, J. Heterocyclic 78.

Chem., 6, 251 (1969).
44. D.P.Del'tsova, Candidate's Thesis, Institute of 79.

Organoelementary Compounds of the USSR Acad- 80.
emy of Sciences, Moscow, 1974.

45. E. G. Ter-Gabrielyan, E. A. Avetisyan, and 81.
N. P. Gambaryan, Izv. Akad. Nauk SSSR, Ser.Khim.,
2562 (1973). 82.

46. M. W. Barker and C. J.Wierenge, J. Heteroeyclic
Chem., 12, 175 (1975). 83.

47. D. P. Del'tsova and N. P. Gambaryan, Izv. Akad. Nauk 84.
SSSR, Ser.Khim., 2566 (1973).

D. P. Del'tsova, N. P. Gambaryan, and I. L. Knunyants,
Dokl. Akad. Nauk SSSR, 206, 620(1972).
D.P.Del'tsova, E. A. Avetisyan, N. P. Gambaryan,
and I. L. Knunyants, Izv. Akad. Nauk SSSR, Ser.
Khim., 355 (1973).
E. A. Avetisyan, Candidate's Thesis, Institute of
Organoelementary Compounds of the USSR Academy
of Sciences, Moscow, 1976.
A.Krebs and H. Kimling, Angew. Chem., 83, 401
(1971).
I.Ugi, "Isonitrile Chemistry", New York, 1971.
M.Muramatsu, N. Obata, and T. Takizawa, Tetra-
hedron Letters, 2133 (1973).
N. Obata, H. Mizuno, T. Koitabashi, and T. Taki-
zawa, Bull. Chem. Soc. Japan, 48, 2287(1975).
C.Grundmann, Chem.Ber., 91, 1380(1958).
D. P. Del'tsova and N. P. Gambaryan, Izv. Akad.
Nauk SSSR, Ser.Khim., 858(1976).
J.Ficini and A. Krief, Tetrahedron Letters, 947
(1968).
G. Merault, P. Bourgeois, and N. Duffault, Bull.
Soc. chim. France, 1949(1974).
J. C.Sheehan and G.D.Daves, J.Org. Chem., 30,
3247 (1965).
L. Ghosez and C.Perez, Angew. Chem., 83, 171
(1971).
E. Souveaux and L. Ghosez, J. Amer. Chem. Soc,
95, 5417 (1973).
L. S. Povarov and B. M. Mikhailov, Izv. Akad. Nauk
SSSR, Ser.Khim., 955(1963).
L.S. Povarov, Uspekhi Khim., 36, 1533 (1967)
[Russ. Chem.Rev., No. 9(1967)].
S. C.Perricone, D.F. Worth, and E. F. Elslager,
J. Heterocyclic Chem., 7, 537 (1970).
G. A. Swan, Chem. Comm., 20(1969).
K.D.Hesse, Annalen, 741, 117(1970).
A. S.Onishchenko, "Dienovyi Sintez" (Diene Syn-
thesis), Izd. Akad. Nauk SSSR, Moscow, 1963, p.475.
A. Wassermann, "The Diels-Alder Reaction"
(Translated into Russian), Mir, Moscow, 1968.
T.Kitazume and N.Ishikawa, Chem. Letters, 267
(1973).
El. O. Chukhadzhyan, E. O. Chukhadzhyan, and
A.T.Babayan, Zhur. Org. Khim., 10, 46(1974).
P. J. Garratt and S.B.Neoh, J.Amer. Chem. Soc,
97, 3255 (1975).
J.A.Deyrup, M. M. Vestling, W.V. Hagen, and
H.Y.Yun, Tetrahedron, 25, 1467(1969).
J.Sauer, Angew. Chem.Internat. Edn., 6, 16(1967).
W. C.Herndon, Chem.Rev., 72, 157(1972).
J.E.Baldwin and D. S.Johnson, J.Org.Chem., 38,
2147 (1973).
J. C. Sheehan and I, Lengyel, J. Org. Chem., 28,
3252 (1963).
A. V. FoMn and A. F. Kolomiets, Uspekhi Khim.,
45, 71 (1976) [Russ. Chem.Rev., No. 1 (1976)].
D.Klamann, H.Wache, K. Ulm, and F. Nerdel,
Chem.Ber., 100, 1870(1967).
B.Halton, Chem.Rev., 73, 113(1973).
H.Mayr, Angew. Chem. Internat. Edn., 14, 500
(1975).
Z. Zubovics and H. Wittmann, Annalen, 760, 171
(1972).
J.C.Martin and R. H. Meen, J.Org.Chem., 30, 4311
(1965).
H.Mayr and R. Huisgen, Chem. Comm., 57 (1976).
E. F. Jenny, K. Schenker, and R. B. Woodward,
Angew. Chem., 73, 756(1961).



638 Russian Chemical Reviews, 45 (7), 1976

85. I. L. Knunyants and N. P. Gambaryan, Izv. Akad. Nauk
SSSR, Otd.Khim.Nauk, 834(1957).

86. H. C. Van der Plas, "Ring Transformations of
Heterocycles", Academic Press, New York, 1973.

87. E.M. Kharicheva, "Sovremennye Problemy Organ-
icheskoi Khimii" (Current Problems of Organic
Chemistry), Izd.Leningrad, Gos. Univ., 1974, p.68.

88. L. I. Smith and H. H. Hoehn, J. Amer. Chem. Soc,
63, 1175, 1181 (1941).

89. P. V. Alston and R. M. Ottenbrite, J. Org. Chem., 39,
1584 (1974).

90. W.L.Mock and R.M.Nugent, J.Amer. Chem. Soc,
97, 6521, 6526 (1975).

91. W.Draber, Chem.Ber., 100, 1559(1967).
92. V.D.Kiselev and I. G. Miller, J. Amer. Chem. Soc,

97, 4036 (1975).

Institute of Organoelementary
Compounds, USSR Academy of
Sciences, Moscow


