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Methods of Synthesis of Compounds with Halogenoimidoyl Groups

T.D.Petrova and V.E.PIatonov

The available information about the methods of synthesis of compounds of different classes containing the halogeno-imidoyl
I

group-N = C-Hal are surveyed and the application of the known methods of synthesis of such compounds to new objects is
I

examined. Data are presented on new methods of synthesis of compounds containing the-N = C-Hal group which have been
developed in recent years.
The bibliography includes 239 references.
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I. INTRODUCTION

Compounds containing the halogenoimidoyl group -N = C—Hal
are extremely varied and have continually attracted the
interest of investigators as a consequence of the high reac-
tivity of the group, which makes it possible to involve them
in a large number of reactions with formation of various
acyclic and heterocyclic substances. 1" 3 Furthermore, the
interest in such compounds is due to the broad spectrum of
the physiological activity of either the compounds themselves
or the products of their reactions.1*"7

Monographs and reviews devoted to the methods of syn-
thesis and reactions of compounds of this large class are now
available but they were published more than 15 years ago.1»2

Thorough reviews covering the work of recent years are con-
cerned mainly with imidoyl fluoride and fluorinated imidoyl
halides, 8 " 1 1 hydrazonohalides [halogenocarbonyl hydrazones
(Ed.of Translation)], and halogenoazines.12"11* Fragmentary
data on compounds with halogenoimidoyl groups have been
included in several monographs. 1 5" 2 2

The aim of the present review is to survey data on the
I

methods of synthesis of compounds containing the -N = C—Hal
group published between 1970 and 1986. It includes as a
rule recent studies which have not been covered by the
existing reviews. For this reason, few data are presented
on imidoyl fluoride and difluorides and also on N-halogeno-
compounds. In the case of hydrazonohalides and halogeno-
azines, attention has been concentrated on studies published
after 1974 and 1977 respectively. With the exception of a
few examples, the review does not deal with heterocyclic com-
pounds in which the halogenoimidoyl group forms part of the
heterocycle or is attached to it.

Analysis of the literature data on the synthesis of various
compounds with halogenoimidoyl groups up to 1970 permits
the conclusion that, together with the development of the
traditional methods of synthesis of such compounds, funda-
mentally new methods of their synthesis have been developed
in the last 15 years and have expanded the range of these
compounds and their possible applications.

I I . SYNTHESES FROM AMINES, N-HALOGENOAMINES, AND
HYDRAZINES

1. Thermolytic and Photochemical Reactions of Amines and
N-Halogenoamines

A novel thermolytic method of synthesis of polyfluorinated
N-(aryl)-carboimidoyl dichlorides not described previously,
has been proposed comparatively recently. It consists in the
copyrolysis of polyfluorinated primary aromatic amines with
CHC13 or CCU in a flow system at 600-670 °C:23>2"

F-' γ XF
X X

X = H, Cl, Br, F, CF3, CN

The reaction is fairly general for polyfluorinated benzene
derivatives and has been extended also to 2-aminohepta-
fluoronaphthalene and 4-amino-2, 3, 5, 6-tetrafluoropyridine.
The yield of carboimidoyl dichloride is 14-34%. The
copyrolysis with CCU takes place at a lower temperature,
with a smaller excess of the halogenomethane and with a
higher yield than the reaction with CHC13. The polyfluori-
nated N-(aryl)carboimidoyl dichlorides are also formed on
copyrolysis of N-chloroamines with CHC13.

The disadvantages of the method include the low yield of
the carboimidoyl dichloride, the high content of the poly-
chlorinated products of the thermolysis of CHC13 and CCU
in the reaction mixture, and in certain cases side reactions
of the substituents in the initial amine.

The formation of carboimidoyl dichlorides from amines and
CHCI3 apparently includes the preliminary generation of
dichlorocarbene. However, the available data do not formally
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conflict with the participation in the reactions with CHC13 also
of the trichloromethyl radical. The latter process is appar-
ently the main one in the copyrolysis of amines with CCli,.

The method of synthesis of carboimidoyl dichlorides indi-
cated above has no analogies in the series of non-fluorinated
compounds. The attempts to extend it to non-fluorinated
amines, for example, aniline, was unsuccessful. The reason
may be the thermal instability of the initial amines at high
temperatures.

The copyrolysis of aromatic polyfluoroamines with penta-
fluorotrichloromethylbenzene at 500-520 °C leads to N-(poly-
fluoroaryl)pentafluorobenzimidoyl chlorides.25 The yield is
50—77% in most cases. It has been suggested that the reac-
tion proceeds via a radical pathway, although the possibility
of the nucleophilic substitution of chlorine in pentachlorotri-
chloromethylbenzene under severe copyrolysis conditions is
not ruled out.

The formation via a radical pathway of N-(pentafluoro-
phenyl)carboimidoyl fluoride chloride as one of the products
has been noted26 in the pyrolysis of N-4-dichloroperfluoro-
cyclohexa-2, 5-dienylideneamine (550°C, 1 mmHg) in a flow
system.

Unstable N-chloroamines also having a chlorine atom at the
α-carbon atom are very readily dechlorinated and are con-
verted into the corresponding imidoyl chlorides even at room

o-aminoarylamidoyl fluorides:31

temperature:

CF,CON-CF(CFa)2 —
1

Cl

- - [CF3CC12N-CF (CF3)21 -
1

Cl

* CF3C=N-CF (CF,)2
1

1
Cl

In the photolysis of a mixture of t-butylamine with tri-
fluoromethylbenzenes, N-(t-butyl)benzimidoyl fluorides are
formed as the main products, but their yields are low and the
process cannot be regarded as preparative.28

2. Reactions of Amines, N-Chloroamines, and Hydrazines in
the Presence of Lewis Acids

A new method of synthesis of carboimidoyl dichlorides and
chlorides involves the reaction of weakly basic amines with
compounds of the type CC13R in the presence of A1C13. Thus
heating of aromatic polyfluoroamines with CClij and A1C13 at
40—80 °C leads to Ν-(polyfluoroaryl)carboimidoyl dichlorides
in yields of 40-90%:29'30

ArFNH2 ArFN=CCl2

The reaction is fairly general for polyfluorinated benzene,
biphenyl, naphthalene, and heterocyclic amine derivatives.
The corresponding carboimidoyl dichlorides have been
obtained in this way from pentafluoroaniline and p-sub-
stituted tetrafluoroanilines (the p-Br, p-Cl, p-NO2, p-CN,
and p-CH3 derivatives and also the compound with Η in the
p-position), as well as pentachloroaniline. Compared with
the pyrolytic method,23'21* this procedure gives an increased
yield and a greater range of products.

Tetrafluoro-m-phenylenediamines and tetrafluoro-p-phen-
ylenediamines also enter into this reaction, which takes place
in steps and leads to a mixture of mono- and di-carboimidoyl
dichlorides with the latter predominating. On the other
hand, the interaction of tetrafluoro-o-phenylenediamine with
CCli» and A1C13 takes place in a more complex manner and
leads to 2-chloro-4, 5,6,7-tetrafluorobenzimidazole. It may
be that the reaction proceeds via the intermediate N-(2-amino-
3,4,5,6-tetrafluorophenyl)carboimidoyl dichloride, like the
formation of benzimidoyl derivatives from the intermediate

I II
NHS

NH,

\ / \ /
N=CC1, F\A/Nv

I I C-Cl .

F / \ / \ N /
F H

The reaction with 4-amino-2,3, 5,6-tetrachloropyridine takes
place fairly smoothly.32 In contrast to this, 4-amino-2,3,5,6-
tetrafluoropyridine does not react.30 Non-fluorinated amines
react with CCli, and A1C13 to form carboimidoyl dichloride only
if their basicity is sufficiently low. Thus p-nitroaniline is
converted into N-(p-nitrophenyl)carboimidoyl dichloride,
while aniline forms a high-melting salt-like product.30

Aluminium chloride is a specific catalyst in the process.
Other Lewis acids proved to be virtually ineffective.30 The
replacement of CCU by trichloromethylbenzene and its deriva-
tives leads to the formation of the corresponding imidoyl
chlorides even at room temperature.30'33 Polyhalogeno-
propenes containing the CC13 group at the C=C aliphatic
bond also react very readily with pentafluoroaniline,
affording a high yield of the corresponding azadienes:31*

F F

\ / " \ / NH2 \

F/y\F
F

N=CC1-CX=C1Y

Κ
= F,Y=--CI; •T, Y = C,F,

Hexafluorobenzene, CHC13, and CH2C12 are inert solvents for
these reactions. In the synthesis of carboimidoyl dichlo-
ride and chloride by the above method, account must be
taken of the side processes due to the effect of A1C13, for
example, the exchange of fluorine for chlorine in the fluoro-
alkyl groups.30

One of the possible mechanisms of the formation of imidoyl
chlorides and dichlorides from aromatic amines and compounds
with the trichloromethyl group in the presence of A1C13

involves the formation of complexes by A1C13 with the tri-
chloromethyl derivatives and the amine and subsequent con-
version of the amine into the chloroalkyl derivative and
further into the final product:30

ArNHj -f [RCC12 ... Cl ... AIC13] -» |ArNH..-CCl2R] _ - > [Ar\'HCC!2R] -*

_Hc\-* ArN = CClR

The reaction of nitrogen trichloride with CCli, in the pres-
ence of A1C13 also leads to carboimidoyl chlorides,35'36 but in
this case a mixture of compounds is formed, whose propor-
tions can be changed by varying the reaction conditions.
It is of interest that bis- and tris-(carboimidoyl dichlorides)
(I) and (II) have been obtained in this way. Small amounts
of compound (III) and cyanuric chloride (IV) were isolated
from the reaction mixture together with the above compound.
The following mechanism of the reactions has been proposed:

CCI4 + NC13 - — ' - » [CC13-NC12]

CC13—NC12—rcrr* C1N=CC12

C1N=CC12 ci~* C1-C*N - C 1 \ / N \ / C 1

II I

c l
(IV)

C1N=CC12 —§§-'-• CC13N=CC1,

C1N=CC12 + CCls-N=CCI, -

C1N=CC1, + CC12 (N=CC1,), -

(III)
-• CC12 (N=CC12)2

(I)
-* C1C (N=CC1,)S

(Π)
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On treatment of perfluorinated cyclic tertiary amines with
CClij and AICI3, imidoyl chlorides with a linear structure are
formed.37»38 In this case, the mobile fluorine atoms in the
α-position with respect to the nitrogen atom in the complex
of the amine and AICI3 are exchanged for chlorine under the
influence of the excess A1C13 with subsequent rearrangement
of the αα'α''-polychloroamines, which are unstable under
these conditions, to the sterically less hindered imidoyl
chlorides. The rearrangement is accompanied by the dis-
sociation of the C—Ν bond in the ring:

Aic.13
¥./ ν ,—CFo— RF ^^*- CCI3(CF2).,CC1—N—CCIRF

F , F 2 C!

RF = (CK 3 ) 2 CF—. CF 3 CF 2 CKj—

The weakly basic hydrazines (V) also react with compounds
having triehloromethyl groups and AICI3.39 Pentafluoro-
phenylhydrazine and p-nitrophenylhydrazine react with CC^
or trichloromethylbenzene and A1C13 and are converted into
the corresponding N-(aryl)hydrazonodichloromethanes or
N-(aryl)phenylhydrazonochlorides:

ArNHNH2+ R'CCV

(V)
Λ Γ = C6FS

C 9 F 6

R' = CI

C eH 5

c l

R2 = CC13

Η
Η
H4NO2-C6H4

The direct conversion of arylhydrazine into arylhydrazono-
chlorides had not been noted earlier in the literature.

A/-(Trifluoromethyl)carboimidoyl dibromide was obtained
in 93% yield by the reaction of bis(trifluoromethyl)amine
with CF2C12 and Β Β Γ 3 Λ °

3. Other Reactions of Amines with N-Halogenoamines

A method has been proposed for the synthesis of N-fluoro-
imidoyl fluorides (VI) in a satisfactory yield by dehalo-
genating amines of the type NFC1CF2R (VII) by heating with
mercury in the absence of a solvent. 1*1'lf2 The reaction
mechanism has not been established accurately, but it has
been suggested that it involves the insertion of mercury in
the N—Cl bond and subsequent formation of the intermediate
mercury compound:

C1FN—CFjR-

VII

RCFj—NHgCl 1 -> FN=CFR

F J (VI)

R = CF 3, C 2 F 6 l CF2NC1F

N-Fluorocarboimidoyl difluoride (VI, R = F) is formed in
this way from the amine (VII, R = F) in yields up to 60%,
but it cannot be separated from the impurities produced.
A product which was readily purified was obtained in 90%
yield by carrying out the reaction in trifluoroacetic anhy-
dride. The use of trifluoroacetic acid as the solvent at 0 °C
led to a mixture of the difluoride (VI, R = F) and N-(chloro-
difluoromethyl)-N-fluoramine. Apparently the intermediate
anion (VIII) is formed in the reaction in solvents and readily
loses Cl~, affording imidoyl difluoride, or abstracts a proton
from the solvent and is converted into an amine:

FCIN-CF.C1 + Hg-» [FN-CF.CI] -
(VIII)

. FN=CFj

• NFH—CF.C1

Other amines of the type RpNCIF are converted only into
N-(fluoroalkyl)-N-fluoramines under these conditions.
N-(Chloro)trifluoroacetimidoyl fluoride has been obtained

in a moderate yield from JVN-dichloro-N-(perfluoroethyl)-
amine on interaction with mercury in trifluoroacetic acid.

The coupling of diazotised anilines with methyl a-chloro-
acetate or fluoromalonaldehyde leads respectively to N-(aryl)
hydrazonochlorides or fluorides i1*3"1*5

ci'.M2(.oor.ii3

Ml (CMO);.

C:I,H

NHN=C
/ ' •

III. SYNTHESES FROM COMPOUNDS WITH THE -NHCO OR
-NHCS GROUP

The conversion of the -NHCO or -NHCS group into
I

-N=C—Hal on treatment with various halogen-containing
reagents is the basis of well known and widely used methods
of synthesis of halogenoimidoyl derivatives. Most of the
studies in recent years on these lines have been associated
with the involvement of new compounds in the reaction
already described previously.

1. Reactions with Halogeno-derivatives of Phosphorus and
Sulphur and with Halogens

One of the simplest and most convenient methods of syn-
thesis of imidoyl halides is the halogenation of amides by
phosphorus halides or SOC12. The following reactions have
been carried out using PC15 and SOC12:

R = C H 3

OCOCF 3

CC13CHOH, CHClBrCHCl
CC13CHC1, CC12 = CH

SF5

O C H 3 ) O C 2 H 5 , O C 3 H 7 - m
OC3H7-iso, OC 4H 9-n
4 - X C 6 H 4 C H 2 , C 6 H 5 C H 2

C 6 H 5 , 4 - X C 6 H 4

.Cl
RNHCOR1 -* RN=C<

\ R 1

R1 = C6HS, 4-XC6H4, COOC2H5 (Refs.46-48)
CF3 (Ref.49)
C6HS, 4-XC6H4, CH3 (Refs.50-52)
CHC12,CC13,C(CH3)3

CF3,CH3(Ref.53)
C6H5, 4-XC6H4 (Refs.54-57)
2,4-XYC6H3

C6H5, 4-NO2C6H4 (Ref .58)
2CF3SO2C6H4, C6HS, 4-XC6H4(Refs.59-60).

The corresponding imidoyl bromide has been obtained from
compound (IX, R = OCH3, R1 = C6H5) by reaction with PBr 3,
but its yield was low;56 an alternative method of synthesis
with a yield of 51% involves the nitrosative deamination of
o-methylbenzamide oxime in HBr. 5 7 N-Phenylbenzimidoyl
bromide can be obtained from benzanilide and PBr5 only in a
mixture with the product of the bromination in the p-posi-
tion of the aromatic ring attached to the nitrogen atom.61

It is of interest to note that the trichloroacetyl derivative
of pentachloroaniline is converted into N-(pentachloro-
phenyl)trichloroacetimidoyl chloride on reaction with PC1 5, 6 2

while N-(pentafluorophenyl)trichloro- or -trifluoro-acetimi-
doyl chloride cannot be obtained from the corresponding
anilides and PC15. Under the reaction conditions, they are
converted into trichlorophosphazopentafluorophenyl.63 The
formation of organophosphorus compounds instead of the
expected hydrazonochlorides has been observed also in the
interaction of N-phenyl- and N-methyl-N-trifluoroaceto-
hydrazides with PCl5.

61t

In the case of the o-azidobenzanilides or N-(o-azido-
benzoyl)anilides, the imidoyl chlorides formed rapidly cyclise
to derivatives of 2//-indazole or benzimidazole, so that they
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cannot be isolated, although there is no doubt about their
intermediate formation.65·66

An o-allyl-substituted imidoyl chloride has been obtained
from the o-allylbenzoyl derivative of p-nitrobenzylamine.67

Various 2-phenylethylamides react with reagents of the type
of PC15, POCI3, and SOC12 under mild conditions to form
imidoyl halides in high yields.68»69 This finding proved to
be extremely important for the understanding of the mecha-
nism of the formation of derivatives of dihydroisoquinoline
from amides and POCI3 in the classical Bischler—Napieralski
reaction. It permitted the conclusion that imidoyl chlorides
are formed as intermediates in this reaction and made it pos-
sible to modify the conditions for its occurrence in order to
attain the highest yield of the cyclisation product.

The chlorination of NN'-dichlorodimethylmalonamide with
chlorine under UV irradiation proceeds differently to the
reactions of amides described above, although it also leads
to a compound with imidoyl dichloride groups:70

CH,NHCOCC1,CONHCH,

Ο ο
II H

CC1,=N-C-CC1,-C-N=CC1,

Amide groups forming part of the heterocyclic ring are
converted into imidoyl chlorides on treatment with PCI5 or
POCI3. Chlorine-containing quinazolines,71 phthalazines,72

1,2,4-triazines,73 pyrazines,71* pyridazines,75'76 isoindo-
lenines,77 and phenanthridines78»79 have been synthesised
in this way. Cyclic benzamides of type (X) react with
PBr5 with ring opening and the formation of N-(u)-bromo-
alkyl)imidoyl bromides (XI). The reaction proceeds via the
intermediate iminium bromide (XII):80

(CH2)nBr

Ι κ Β Γ

N = C — C 6 H 5

τ. (XI)

H 5 C 6 — C = 0

(X)

H5C6—C—Br

(xii) :

A mixture of SOC12 and SO2C12 is as a rule used for the
synthesis of carboimidoyl dichloride from amides. The
corresponding N-arylcarboimidoyl dichlorides have been
obtained in this way from formanilide and its 2,6-dichloro-
and 2,4,5-trichloro-derivatives.81 However, the attempt to
use this method to synthesise N-pentafluorophenylcarbo-
imidoyl dichloride was not very successful.82

The synthesis of N-pentafluorophenyl)perfluoropropyl-
imidoyl fluoride by treating a tertiary amide with SFî  in HF
has been described:83

;), + SF«
F

C,F,

The yield of the product is 73%. The proposed reaction
pathway involves the rupture of the N-acyl bond by HF and
the formation of a secondary amide which is then converted
into the imidoyl fluoride. Thiobenzanilide reacts with SFij
and is converted into N-phenylbenzimidoyl fluoride in 52%
yield.8if

Like amides, hydrazides are readily chlorinated by SOC12

or PCI 5, being converted into the corresponding hydrazono-
chlorides:

R'CONHNR'R3 -• R1-C=N—NRSRS

Cl

R1 = 2-BrC6H4, 2-FC6H4; R2 = H; R3 = C6H5 (Ref.85); R1 = C6HS,
R2 = H, R3 = C6F5 (Ref.86); R1 = R3 = C6FS; R2 = H; R1 - t - C ^ , , C6H5

R2 = CH3; R3 = 2,4-(NO2)2C6H3, 4-NO2C6H4, C6H5 (Ref.87); R1 = C6H5;
R2 = H; R3 = Ts(Ref.l3);

R _ C O - N H - N H - C O R

Cl Cl

R-C=N-N=C-R [88], R

hydrazides with the POCl3.pyridine complex in an excess of
POC13.

12'89~91 On treatment with PC15, certain hydrazides
undergo a rearrangement in the course of which the inter-
mediate formation of compounds with the imidoyl chloride
functional groups is postulated.92

On treatment with PCI5, arylureas are converted in high
yields into N-arylbenzimidoyl chlorides,93 while N-alkylidene-
ureas are converted into chloro-l,3-diaza-l,3-dienes.9It

Compounds of a similar type with two conjugated imidoyl
chloride groups are obtained by chlorinating N-thioaroyl-N'-
arylthioureas.95

Chlorination of perfluoroalkylthioanilides leads to N-phenyl-
imidoyl chlorides in high yields :81*

ci.
C,H,NHCSCF, •- C<^

The formation of a small amount (up to 10%) of relatively
unstable N-pentafluorothioimidoyl chlorides, characterised
spectroscopically, has been noted in the reactions of
N-pentafluorothiourethanes or thiourethanes with PC15:

96

SFSN=(

A convenient modification of the method involves treating the

R = OCH5, SCH3, SCOHS

2. Reactions with the Vilsmeier Reagent and Its Analogues

The react ions of amides with the Vilsmeier r e a g e n t proceed
in a more complex manner . T h u s , when acetanil ides interact
with th i s r e a g e n t , imidoyl chlorides a r e formed only a s i n t e r -
mediates, which are subsequent ly converted into formamidines,
2-chloroquinolines, or o t h e r heterocyclic der ivat ives depen-
ding on the subs t i tuent in t h e acetanilide and the react ion
c o n d i t i o n s . 9 7 " 1 0 1 The interaction of the Vilsmeier r e a g e n t
with 2- and 3-acetamidothiophens proceeds analogously. 9 8 » 1 0 2

The reaction of the Vilsmeier r e a g e n t with NN-dimethylurea
h a s been descr ibed by Boyd et a l . 1 0 3

The intermediate formation of imidoyl chlorides h a s been
postulated in the react ions of anilides of the type
ArNHCOCH2R with the aza-analogues of the Vilsmeier
r e a g e n t obtained from POCI3 a n d N-nitrosodimethylamine or
its homologues. 1 0 0 However, N-(m-tolyl)carboimidoyl
dichloride is one of the side p r o d u c t s in the case of 3-methyl-
propioanil ide.

3. Reactions with Triphenylphosphine and Dihaiogenophos-
phoranes

A new convenient method of synthesis of imidoyl chlorides
and bromides in high yields has been proposed by Appel and
co-workers1014»105 using secondary amides, the corresponding
tetrahalogenomethane, and triphenylphosphine as the
starting materials:

RiCONHR" -f (C e H s ) s Ρ + CX4 -> R>CX=NR2 + (QH 6 ), PO + CHX, ·
R1 = CH3, C.H»; R* = C,H6, c y c l o - C 6 H n ; X = C l , Br

The study of the reaction mechanism suggested that the
reaction proceeds via the intermediate O-phosphorylated
compound formed from the amide on treatment with the com-
plex of the tetrahalogenomethane and triphenylphosphine or
the product of their reaction—a dihalogenophosphorane.
Taking this into account, a method of synthesis of imidoyl
chlorides and bromides from the corresponding dihalogeno-
phosphoranes in the presence of bases (to bind the HHal
formed) was developed. The yields of imidoyl halides
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obtained by this method are also fairly high. The reaction
with the less reactive dichlorophosphorane takes place at a
higher temperature than the reaction with dibromophos-
phorane.

The mild conditions in the synthesis of imidoyl chlorides
and bromides by this method make it possible to obtain even
relatively unstable compounds, which can be used for further
reactions without isolation. A convenient version of the
reaction has been proposed 1 0 6 using triphenylphosphine on
a support, which facilitates the separation of phosphorus
compounds from imidoyl halides.

The reaction with triphenylphosphine and CClit has been
successfully carried out for trihalogenoacetylpentafluoro-
anilines in order to synthesise JV-(pentafluorophenyl)halo-
genoacetimidoyl chlorides: 1 0 7

C,F6NHCOR -

R=CF,, CC1,

C,F5N=C<f
R

R = CF3, CC1,H

NJVJV'-Substituted ureas 1 0 5 . 1 0 8 ' 1 0 9 and the S-esters of thio-
carbamic acid 1 0 5 react with CCl^ and (C 6H 5) 3P like the amides.
The dione (XIII) reacts with trichloro-1, 2-phenylenedioxy-
phosphorane and is converted into the azine (XIV) in 70%
yield:1 1 0

(XIV)

IV. REACTIONS OF COMPOUNDS WITH A NITROGEN-CAR-
BON MULTIPLE BOND

1. Reactions of Ketoximes and Aldoximes

Aromatic and aryl-substituted aliphatic ketoximes undergo
the Beckmann rearrangement on treatment with CCli» and
(C 6 H 5 ) 3 P, affording imidoyl chlorides. The unsubstituted
aryl group then migrates in the diaromatic ketoximes, while
in aryl-substituted aliphatic ketoximes the aryl group
migrates. The yields are in the range 70— 90%:U1

<C,H5)3

R1

R2/

OH->R
I-C=N-R2

I
Cl

R1 = C2H5, C6HS, 4-ClC6H4; R2 = C6H5.

Under these conditions, the dialiphatic ketoximes are appar-
ently also converted into imidoyl chlorides, but the latter
cannot be isolated. 1 1 2 Imidoyl chlorides are likewise
obtained in the reactions of ketoximes with dichlorophos-
phorane in the presence of triethylamine.1 1 1 The inter-
mediate N-chloroketimines or their precursors, namely
O-phosphorylated ketoximes, undergo the Beckmann rear-
rangement in these reactions. 1 1 1

The Beckman rearrangement of Ο-substituted oxime deriva-
tives on treatment with trimethylsilyl iodide or diethylalumin-
ium iodide in an aprotic medium under mild conditions makes
it possible to obtain high yields of imidoyl iodides, which can
be used for further reactions with isolation in a pure form: 1 1 3

N>C=N—OX • >R'-N=
< ior (C2HS)2A1I

X = COCH,, COCHs, COOC.H,

Derivatives of acetone, diethyl ketone, acetophenone, cyclo-
hexanone, and cyclododecanone oximes have been investi-
gated in these reactions.

Aldoximes are converted into compounds with the imidoyl
chloride group on treatment with various chlorinating agents.
The chlorination of benzaldoximes with chlorine in chloroform
or methylene chloride, containing an admixture of ethanol or
in the presence of triethylamine as the catalyst, makes it
possible to obtain benzohydroximoyl chlorides in satisfactory
yields. l l l*~1 2 2 The reaction intermediates are chloronitroso-
compounds, which isomerise to hydroximoyl chlorides:

CH=N—OH CHCI—NO

R = 4-C6HS; 4-NH2; 2,6-Cl2; H, 3-NO2 and 4-NO2; 2-, 3-, and 4-C1; 2,6-Cl2.

The chlorination of pentachlorobenzaldoxime can be achieved
without a catalyst. In order to obtain pentafluorobenzo-
hydroximoyl chloride, nitrosyl chloride is used as the chlo-
rinating agent since the reaction hardly occurs with chlorine.

A convenient and selective method of synthesis of benzo-
hydroximoyl chlorides from the corresponding aldoximes on
treatment with N-chlorosuccinimide has been described .1 2 3 '1 2 1*
Chloral oxime is converted into trichloroacetohydroximoyl
chloride on treatment with chlorine. 1 2 5

2. Reactions of Aldimines and Aldazines

The formation of imidoyl chlorides has been postulated in
the reaction of N-benzylideneanilines with PC15. Imidoyl
chlorides were converted into the corresponding amides with-
out isolation.126 Satisfactory results have been obtained
with N-benzylideneaniline, JV-benzylidene-p-toluidine, and
N-benzylidene-p-chloroaniline, but N-benzylidene-p-nitro-
aniline could not be made to undergo this reaction:

C6H5CH=N-R ·
C6H

C=N-R — QHjCONHR

Aldazines of the type of 2,3-diazabuta-l,3-diene are con-
verted into monochloro- or dichloro-azines on treatment with
chlorine in inert solvents or in anhydrous acetic acid, while
their bromination and iodination proceed in a more complex
manner. These reactions have been described in detail by
Buzykin and co-workers.1 2·1 3 A convenient version of the
synthesis of such chlorides involves the interaction of aroyl-
hydrazones with thionyl chloride and subsequent chlorination
of the 1-chloro-derivatives formed to l,4-dichloro-2,3-diaza-
buta-l,3-dienes 1 2 7 [Pilgram and Skiles 1 2 8 described the
more complex reaction of aroylhydrazones of aliphatic per-
fluoroaldehydes with SOC12 in the presence of dimethyl-
formamide (DMF)]:

AiCONH.\=CHR- ArCCl=N-N=CHR • Ar-C=-\-X=C(

Ar = C6H5, 4-ClC6H4, 4-CH3C6H4; R = C6H5, 4-NO2C6H4, CF3, C2FS, C3F7.

The method makes it possible to obtain the compounds in
satisfactory yields and free of isomers, which is especially
important for asymmetric derivatives. However, when it is
used, one must take into account the symmetrisation side
reactions on treatment with SOC12.

13

3. Reactions of Hydrazones

New N-arylhydrazonobromides have been obtained by the
usual methods for the synthesis of compounds of this kind
involving treatment with the arylhydrazones of aromatic and
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aliphatic aldehydes with bromine in acetic acid. The reac-
tion kinetics has been investigated and the role of the elec-
tronic steric factors in the formation of the product has been
discovered, «.es.ws-isi

N-(Phenyl)trifluoroacetohydrazonobromide and the corre-
sponding chloride can be synthesised in yields up to 70% on
halogenation of the phenylhydrazone of trifluoroacetaldehyde
with N-bromo- and N-chloro-succinimide in DMF.1 3 2

A new group of reactive N-amidinohydrazonobromides have
been synthesised by brominating amidinohydrazones with
bromine in aqueous acetic acid. 1 3 3 The compounds were
isolated in the form of stable hydrobromides. The kinetic
data obtained agree with the reaction mechanism in which the
slow rate-determining step is the geometrical isomerisation of
the protonated form of the initial thermodynamically stable
(E)-isomer of the amidinohydrazone to the protonated form
of the (Z)-isomer followed by the rapid stage involving the
bromination of this form:

mechanism of the formation of 1,1-dibromo-derivatives:

Ar—C=N—NHC' A r — C = N

Η Ml—r.f

N 1 1 ! % - Ar—C—N=N—C ,

L
ArCBr=N—NH—C

\ v ,

Ar = 4-XC6H4; X = OCH3, CH3, (CH3)2CH, H, Cl, Br.

The formation of hydrazonobromides is also postulated in the
bromination of arylidenesemicarbazones with bromine in
anhydrous acetic acid, but the final products are tri-
azolones.131*

The pathway followed in the reactions of the tetrazolyl-
hydrazones of aromatic aldehydes with chlorine or bromine
in acetic acid depends on the conditions.1 3 On treatment
with halogens in glacial acetic acid, the methylidyne proton
of the hydrazone is slowly substituted by the halogen and
tetrazolylbenzohydrazonochlorides or the corresponding
bromides are obtained respectively. On treatment with
halogens in aqueous acetic acid, these compounds undergo
oxidative cleavage on the tetrazole ring and are converted
into l,l,4-trihalogeno-2,3-diazabutadienes. Treatment of
the initial tetrazolylhydrazones with halogens in aqueous
acetic acid also leads to the cleavage of the tetrazole ring.
The 1,1-dibromo- and 1,1,4-trichloro-derivatives are then
formed in the reactions with bromine and chlorine respec-
tively. The bromination of the 1,1-dibromo-derivative to
the 1,1,4-tribromo-derivative does not take place. Thus,
in order to obtain the 1,1,4-trihalogeno-derivatives of 2,3-
diazadienes, it is necessary that the methylidyne position be
halogenated before the cleavage of the tetrazole ring:

ArCH=N—NH—C
Ns'H—Ν

Χ,,ΑοΟΗ

Br,,AcOH H,O

ArCH=N-N=CBr,

Ji Ν
•ArCX=N-NH-C< ||

X N H — Ν
X,,AcOH,H,O

(X=Cl.Br)

• ArCX=N-N=CX»

The study of the bromination kinetics suggested the following

ArCH=N-NH-C
Ν Ν B r

|| lf ||
X NH—Ν

/N=N
ArCH=N-N=C< | ->· ArCH

Γ .N Ν
ArCH=N-N-|C< I -

L Ι χΝΗ—Ν
Br

= N - N = C ! -

J
ArCH=N-N=CBr,

The bromination of the 5-phenyltetrazolylhydrazones of
aromatic aldehydes has been described by Hegarty et a l · 1 3 5

The attempts to involve ketone tetrazolylhydrazones in the
bromination reaction were unsuccessful with the exception of
benzophenone tetrazolylhydrazone.1 3 6 On the other hand,
C-alkoxycarbonyl derivatives of N-arylhydrazonobromides
have been obtained1 3 7 by brominating hydrazones (XV) in a
mixture of glacial acetic acid and acetic anhydride in the
presence of sodium acetate:

/y V /COR1 // ^ /C°Kl

R-< /-NH-N=C< -̂ R—f V-NH-N-=C<
N = x X COCH S \=/ \Br ;

(XV)
R = Br, CH3; R l = OCjH5, OCH3

4. Reactions of Dichloromethyleneammonium Salts

The highly reactive dichloromethyleneammonium salts having

R \ +the general formula N=CC12.X~, which have been vigor-
R x

ously investigated in recent years, can serve as starting
materials in the synthesis of carboimidoyl dichlorides and
chlorides. Thus thermolysis of dichloromethylenedimethyl-
ammonium chloride above 100 °C leads to N-methylcarbo-
imidoyl dichloride and its reaction with compounds containing
the amino-group makes it possible to obtain smoothly chloro-
form am idines:

CHjr

CH.
=CC1,-C1--

/Cl
VN (CH3),

. CH3N=CC12

HN<| N (CH3)2

C1

HjN—C—CN
II

NH
•N VN-C/

Cl

Ν (CH,),

Ν (CH 3),

° ' s ( N H l ) l

 (.(CH,)2N-CCl=N-SO2-N=Ca-N(CH3) l .

The reactions of dichloromethyleneammonium salts are
described in greater detail in Refs. 138—141.

5. Reactions of Imidoyl Hal ides

For the synthesis of new imidoyl halides, it is possible to
use the reactions of the compounds themselves involving the
substitution of the halogen atom at the N=C bond, the
reactions of other substituents, and also isomerisation not

I
involving the N=C-Hal group. The methods associated with
the reactions of the first type have been examined in a
review.11*2 The reactions of the second type are extremely
Varied. Thus difluoroacetohydroximoyl chloride can be
obtained from 0-(trifluoroacetyl)trifluoroaeetohydroximoyl
chloride with methanol."*6"1*9'11*3 The reverse reaction makes
it possible to synthesise O-acylhydroximoyl chlorides from
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hydroximoyl chlorides:1 2 2'1'*'·'1''5

CF3-C=N-OCOCF3—SiOiL, CF,C=N-OH
I I

Cl Cl

Pyrolysis of benzohydroximoyl chlorides containing elec-
tron-accepting substituents in the ring leads to O-benzoyl-
benzohydroximoyl chlorides, but the yields of the products
are low.11*6 The reaction mechanism involves the reactions
of intermediate benzonitriles:

R = 3-NO2,4-NO2,4-C1.

On interaction with sulphur in the presence of a chloride ion
donor (tetrabutyl or tetraethyl-ammonium chloride), N-chloro-
formimidoyl chlorides are converted into N-chlorothioform-
imidoyl chlorides.1 < l 7 The proposed reaction mechanism is
presented below:

^ C = N - C I + ci — ̂ -1 \ : = N ^ RCN -f- οί-

ε + Clj -> SCI,

" : = N + SCI,-» \ C = N - S C I - C I -
cvcv

When R = Cl or CC13, the products can be isolated, but,
when R = CN or -CC12—CN, further reactions take place.
N-Alkylthio- or N-phenylthio-formimidoyl chlorides are
formed in the reactions with disulphides.11*8 Bis-N-chloro-
formimidoyl chlorides react with disulphides analogously.

The chlorination of N-(trifluoromethylthio)trifluoromethyl-
dithioimidoyl fluoride or chloride takes place with cleavage
of the S-S b o n d s : 1 "

Hal Hal .Hal

Hal=F.Cl

Another example of reactions with cleavage of the S-S bond
has been described: 1 5 0

C C 1 3 . c i , C C I S V

>C=N-S-S-C1 -7ΓΓ- )C=N-SC1
CK ' CK

N-Chlorocarboimidoyl difluoride reacts via a radical mecha-
nism with fluoro-olefins at a high temperature affording
N-halogenoalkylcarboimidoyl difluorides.151»152 The degree
of conversion of the initial imidoyl difluoride reaches 75—95%:

C1N=CFS + CFj^CXF - CF,=N-CF,-CXFC1 ;
X = F, Cl, Br

The reaction does not take place with hydrogen-containing
olefins.

The conversion of N-trichloromethylcarboimidoyl dichloride
into JV-chloroformylcarboimidoyl dichloride in a high yield
in reactions with aliphatic aldehydes and acid anhydrides
has been described.153

NN'-Bisalkylideneureas have been isolated in the reactions
of ketimines with trichloromethyl isocyanate, which exists
preferentially in the form of JV-ehloroformylcarboimidoyl
dichloride, under mild conditions in the absence of HC1.15"
In the presence of HC1 and on heating, the reaction proceeds

further and ot-chloroalkyl isocyanates are formed in 75—80%
yields:

ο ο
CF33 s i

">C=NH + C1C-N-CC12 -^Fici

CFa !|
C=N-C-N-CC)2

N=C=O

R = C6H5, 4-ClC6H4, 4-CF3C6H4.

The reaction of a substituent, accompanied by intramolec-
ular cyclisation, has been observed on treating A/-aryl-
hydrazonochloroacetyl-N-benzoylhydrazines with POC13:1 5 5

CONHNHCOAr»
x C = Ν
/ \
Ο Ν

The isomerisation of (Z)-isomers of O-alkylbenzohydroximoyl
chlorides to the (£)-isomers takes place on irradiation with
UV light or under the conditions of acid catalysis. 5 5 ' 5 6 ' 1 5 6

The reactions of substituents in imidoyl chlorides involving
chlorination have been described. 5 1 ' 5 2 ' 1 5 7 Some examples are
presented below:

CC13CC1 = NCH2C6H5 ^l CCl3CCl=NCHCICeH5

RR'C=CClN=CClCiH 5 Q- RR'CC1-CCI2—N=CCIC6HS

R = H. Br, CH3CHCC1; R'=C1, Br

6. Reactions of Carbodiimides

Trichloromethanesulphenyl chloride or a-halogenoacid
chlorides add under mild conditions to the C=N bond in
carbodiimides affording the corresponding chloroform-
amidines:2 0 · 1 5 8

/C3H7-n
n-C3H7N=C=N-C3H7-n + C1S-CC13 -• n-C3H7N=C-NN

I SCC13

Cl
R1

iso-C3H7N=C=N-C3H7-iso + R-C-COC1 -» R-C-CO-N-C=N-C3H7-iso;

ι
X

X = CI, Br; R, R l = H, CH3

|
C 3H 7-iso

On treatment with water, chloroalkylcarbodiimides are con-
verted into the hydrochloride of chloroformamidine:159

C»H}
QHS

|

ci
C1

OH

—N=C=N—C-R -
I

Cl
/C.H.-1

. H N = C - N = C < -«HN^C-NHj.I
I ^ R I

CI J Cl

R = CF3,t-C4H9.
Diisopropyl- or dicyclohexyl-carbodiimide reacts with bromo-
dichloromethylphenylmercury, as a source of dichlorocar-
bene, giving rise to the corresponding carboimidoyl dichlo-
ride: 1 6 0

R - N = C = N - R + Q,H6HgCCI,Br -» RN=CC1,

7. The Synthesis from Isocyanates and Isothiocyanates

An unusual intramolecular rearrangement with oxygen
transfer in a series of o-trichloromethylphenyl isocyanates
leads to N-phenylcarboimidoyl dichlorides. 1 6 1 ' 1 6 2 It has
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been detected in the high temperature thermolysis of these
compounds and, in addition, apparently also when the latter
were treated with HF:

NHCF3

Chloro-l,3-diaza-l,3-dienes can be obtained from per-
chloroethyl isocyanate and triphenylphosphazo-compounds
as a result of the 1,3-chlorotropic shift in the —C-N=C-
triad in the carbodiimides formed initially:91*

CC13CC12N=C^O + (C,H5)SP=NR -»ICC13CC12N=C=N-R] -* CC13CCI=N-CC1=NR ;
R = iso-C3H7,C6HS.

Carboimidoyl dichlorides can be obtained by chlorinating
isocyanates or isothiocyanates:

PCI,
SF5—N=C=O SF s -N=CCl l (Ref.163),

R_N=C=S — - * | RN=C< - R-N=CC12 (Refs.164, 165);
L xscij

R=CH3, CHjCeH», QH», CFtCl. CFS ,

F (S) C - N = C = S — - » CFC1,-N=CC1, (Ref.165).

An unusual pathway leading to carboimidoyl dichloride has
been discovered in the case of the chloride of chlorofluoroiso-
thiocyanatomethanesulphenic acid. 1 6 5 On heating, this com-
pound undergoes intramolecular cyclisation to a 1,2,4-di-
thiazole derivative. Such dithiazoles or their hydrolysis
products afford carboimidoyl dichlorides on treatment with
chlorine:

ClFC—N=C=S
1

SCI

~ F
C

C 1

Ν/
o=c-

s

•Ν

U

K, / F C 1 \ / C 1

C \ + C Ν CCl3N=CCl,

!-α

•—Cl

*%• C1OC-N=CC1S

- C l

8. Addition to Nitriles, Cyanates, and Isonitriles

A large number of various imidoyl chlorides and dichlo-
rides have been obtained by adding chlorine, sulphenyl
chlorides, disulphides, sulphur dichloride, thionyl chloride,
and sulphuryl chloride to the C Ξ Ν bonds of various
nitriles. The chlorination of nitriles with electron-accepting
substituents leads to substituted N-chloroformimidoyl chlo-
rides. 1 6 6» 1 6 7 The addition of chlorine to the activated C = Ν
bond in sulphonyl cyanides takes place readily and with a
quantitative yield:

R S O , C E N + C 1 2 - • R S O , C = N - C 1

X c .

In the case of less activated nitriles, such as, for example,
cyanogen or trichloroacetonitrile, the reaction is performed
in the presence of catalysts—tetramethylammonium chloride
or charcoal:

Cl

N « C — O - N + Cl.

Cl\

CN'
1—Cl + C1N=CC

X C1

=NC1

80%

CCl,-C»N + Cl,
CCli

Ss>C=N-Cl
CK

The first stage of the chlorination reaction is nucleophilic
attack by the chloride ion on the electron-deficient carbon
atom of the cyano-group.

The high-temperature chlorination of dimethylaminoaceto-
nitrile to biscarboimidoyl dichloride (XVI) proceeds via the
intermediate formation of an N-methylimidazole derivative and
subsequent ring opening:

CH,N (CHS),

-Cl

V-N
I ' II

c c

c l t CC12-N=CC12

~" CC1,-N=CC1,

Cl ^ Cl
CH, .
(XVI)

The reactions of nitriles with chloro-derivatives of sulphur
proceed in the presence of catalysts (sources of chloride
ions) and make it possible to obtain sulphur-containing
imidoyl chlorides and dichlorides.1 ' '8 '1 '*9 '1 6 8 '"1 7 1

Cyclic imidoyl chlorides are formed in satisfactory yields in
the reactions involving the addition of HC1 to nitriles, accom-
panied by intramolecular cyclisation,172 for example:

The interaction of ethyl cyanoformate and HC1 in acetic
acid leads to the unstable ethoxycarbonylformimidoyl chlo-
ride , which has been detected from the presence of products
of its reactions with nucleophiles added to the system.
Ethyl 4-quinazolone-2-carboxylate has been obtained in this
way in 50% yield in the presence of o-ethoxycarbonylaniline:173

NC—COOC.H» >C-COOC,H6
N

\
NH

s N ^

The Ritter condensation of nitriles with olefins in the pres-
ence of HF led to imidoyl fluorides, which were .isolated in a
pure form.171*»175 This reaction made it possible to obtain
imidoyl fluorides, little known hitherto, and to investigate
their properties:

/ \ /
R=CH3 (33%). C,H5 (59%)

The use in these reactions of not only cyclic but also linear
olefins with branched and unbranched chains at the C=C
bond showed that alkenes with branched alkyl groups do not
form imidoyl fluorides, while those with unbranched groups
react normally. For example, pent-1-ene reacts with benzo-
nitrile to form a mixture of N-(2-pentyl)benzimidoyl fluoride
and the corresponding 3-pentyl derivative in 62% yield. The
different behaviour in these processes of the two types of
olefins is determined by the possibility of further reactions of
the ions formed as intermediates in the addition of HF to
olefins.

A preparative method of synthesis of aliphatic N-(f5-chloro-
alkyl)carboimidoyl dichlorides consists in the electrophilic
addition of chlorine to olefins in the presence of chloro-
icyanogen:176

Cl R3

R \ /R s I I
>C=Of + Cl, + Cl—C«N -» R1— C—C—N=CC1,
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Especially satisfactory yields have been obtained with vinyl
chloride or butadiene. When α-halogenocarboimidoyl chlo-
rides are formed, dehydrohalogenation, which takes place
readily, makes it possible to obtain at once αβ-unsaturated
carboimidoyl dichlorides:

H,C=C-CH,
I

Cl
[

Cl η

CICH^-CH, L c i -

N=CC1, J

-CH=C-CH3
I

N=CCli

However, in those cases where the olefin contains an acid
group or an electrophile capable of introducing such groups
is used, the reaction does not stop with formation of carbo-
imidoyl dichloride:

Γ C 1

CH3 Η Ι
> C = C < 4- Cl, -f C1CN -• C H 3 - C H - C H - C O O H

Η κ X C O O H I
I. N=CC1 2

Cl

CHj.

CH3

— CH3-CH-CH-COCI

,\=C=O

:=CH 2 + CJ-SO3H + C1CN

CH3

-> | CH 3-C-CH 2-SO 3H

CH3

CH3-C-CH2SO2C1

N=C=O

N-Polychloroalkylimidoyl chlorides or dichlorides are formed
on interaction of activated nitriles, such as chlorocyanogen,
trichloroacetonitrile, 2,2,3-trichloropropionitrile, and
dichloromalonidinitrile with compounds having the CC13 or
CC12H groups. 1 7 7» 1 7 8 The reactions are catalysed by FeCl3 or
AICI3. The addition of chlorine-containing compounds to the
activated nitrile group takes place in the first stage and is
followed by the migration of chlorine (chlorotropism), which
results in the formation of imidoyl chlorides or dichlorides.
In a number of instances at low temperatures, the processes
can be arrested at this stage. In other cases the formation
of heterocyclic compounds is observed. Thus imidoyl chlo-
rides are the main products of the reaction of dichloroaceto-
nitrile with trichloromethylbenzenes,177 but in the reaction
with chlorocyanogen cyclisation to substituted triazines takes
place readily and the intermediate carboimidoyl dichloride
(XVII) could be isolated in small amounts only in the case of
2,4-dichloro-l-trichloromethylbenzene:178

C1=N—CCI2CCI2CN

Imidoyl chlorides have also been isolated in the reactions of
trichloromethylbenzenes with dichloromalonodinitrile,177 while
the reaction with benzylidenechloro-derivatives gave rise to
pyrimidine derivatives.178 Trichloromethoxybenzenes and
carboimidoyl dichlorides with perchloroalkyl groups have also

been used as the polychloroalkyl component: 1 7 7" 1 7 9

RN=CC1,

I
N = C C I 2

It has also been found that, in the presence of Lewis acids
and at elevated temperatures, carboimidoyl dichlorides of the
type RCC12N=CC12 react with nitriles having two hydrogen
atoms in the α-position, affording chloropyrimidines.180 The
elimination of HC1 is rate determining in this two-stage reac-
tion . In most cases the reaction can be stopped at the first
stage involving the formation of carboimidoyl dichloride:

R N=CCI2 R1

R-CCl2-N=CCl,-f R'-CHj-CN — — ' - * Q -»
I!

R^ CN

R=C1, CC13, Ο,Η4: R'^H, CI, CH3, C6H5 etc.

The reaction proceeds analogously also when the α-chlorine
atoms in carboimidoyl dichloride have been substituted by
hydrogen and the α-hydrogen atoms of the nitrile have been
substituted by chlorine. N-Acylimidoyl chlorides and
dichlorides can be obtained from nitriles and acyl chlorides:

Cl-C-N + COCI» Sc-N=cci2 (Ref.181),
•1/

CI

R.,N-C=N . R2N-C=N-COR1 (Ref.182).

Like nitriles, phenyl isocyanates react with N-trichloro-
methylcarboimidoyl dichloride, giving rise to heterocyclic
derivatives.1 7 8 In some cases it is possible to isolate small
amounts of the primary products of the chlorotropic rear-
rangement :

C(:i3N=CCli; •+- R
•OCCI2N=CCI—N=CCI2

H,Cl-4,C.I2-2,4, (CH3)2-2 :4

Cyanates react with acyl chlorides similarly to nitriles. 1 8 2

The reaction is carried out by heating in inert solvents, the
yield of products being 45-90%. Phosgene reacts at 0-20 °C ,

The electrophilic addition of chloroformyl isocyanate to
aromatic cyanates leads to compounds of type (XIX): 1 8 1 ' 1 8 3

N + Cl (O) C—N=C=O -* ArOC=N—C-N=C=O
I

Cl (XIX)
Ar = C 6 H S , 4-CH 3 C 6 H 4 , 4-ClC 6 H 4 .
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The interaction of chlorocyanogen with hexafluoroacetone
in the presence of pyridine results in the formation of chloro-
dioxazine:181*

The overall yield of the

Cl-C^N -f (CF3)2 CO ·

CF3

CFa

c/
(CF,)iCO

Cl
/ C F 3

F 3 C X / O - C - C F 3

F 3 C / X V N = C /

N-Bromocarboimidoyl difluoride has been obtained by
brominating fluorocyanogen in the presence of alkali metal
fluorides:1 8 5

FC=N + Br2 -
M=K, Cs, Rb

[CFa=N M] · CF,=K-Br

It has been suggested that Ν-pentafluorotelluro imidoyl chlo-
ride and dichloride be obtained by the photolysis of chloro-
cyanogen or trifluoromethylcyanogen with TeF 5Cl. Up to
10% of tetrachloro-2,3-diazabuta-l,4-diene is then obtained
as a side p r o d u c t . 1 8 6

The radical addition of perfluoroalkyl iodides to isonitriles
with primary or secondary alkyl groups is a method of syn-
thesis of imidoyl iodides with perfluoroalkyl groups: 1 8 7 » 1 8 8

R =

/I
RNC-f RF1 -* RN=Cr

XRF

, cyclo-C6Hn; RFCF3 (CF2)n (« = 3,5, 7).

However, there is no condensation with t-alkyl or aromatic
isonitriles under these conditions. By carrying out the
reactions in the presence of copper, it has been possible to
involve in them also the nitriles indicated above. The yields
of imidoyl iodides are mainly 70-90%. The mechanism of the
copper-catalysed reaction involves the oxidative addition of
Rpl to the copper complex of the isonitrile and the subse-
quent migration of the perfluoroalkyl group and iodine to the
isonitrile ligand.

Direct fluorination of isonitriles by a stream of elemental
fluorine diluted with argon or nitrogen makes it possible to
obtain carboimidoyl difluoride:1 8 9

RNC + F, - RN=CF2

R = t-C4H9, C6HS, 2-FC6H4, 4-ClC6H4.

N-Trifluoromethylimidoyl halides are formed in the reac-
tions of N-trifluoromethylisonitrile with HHal or SFsBr.1 9 0

V. REACTIONS OF COMPOUNDS WITH A NITROGEN-NITRO-
GEN MULTIPLE BOND

Azides, azo-compounds, and azoxy-compounds react with
dichlorocarbene, generated in the course of the reaction from
phenyltrihalogenomethylmercury, giving rise to carboimidoyl
dichlorides. 1 9 1 ' 1 9 2 Thus the decomposition of phenyl azide
in the presence of phenyltrichloromethylmercury leads to
N-phenylcarboimidoyl dichloride in 70% yield. Sodium tri-
chloroacetate or ethyl trichloroacetate can also serve as a
source of dichlorocarbene. The reaction kinetics has been
investigated for phenyl, ρ-methoxyphenyl, and p-chloro-
phenyl azides. 1 9 2

The reaction of an excess of azo- and azoxy-benzenes with
bromodichloromethylphenylmercury results in the formation
of a mixture of the same carboimidoyl chlorides. The azoxy-
compounds are apparently initially deoxygenated by the
organomercury derivative and the resulting azobenzenes

react with dichlorocarbene.
products is low:1 9 1

ArN = N-Ar»J

Ar = C6H5, 4-ClC6H4, 4-CH3C6H4; Ar1 = C6H5, 4-ClC6H4.

The mechanism of the formation of carboimidoyl dichloride
can include the participation of open-chain or cyclic inter-
mediates, for example:

ArN=N—Ar>

ArN=NAr1

-CHal,

,N-Ar l

ArN< I

Ar^CHalj+Ar'N:

The reaction of trihalogenomethylmercury derivatives with
aliphatic azo-compounds proceeds differently.1 9 3 Depending
on the mercury compound, azodicarboxylate esters afford
dichloro-, dibromo-, or bromochloro-derivatives of com-
pound (XX):

ROOC-N=N-COOR

ROOC
RCOCX + _ M M

NU-N-COOR - V ί?
CHal,

I
Hal-C C—OR

! \ o /
Hal u

(XXI)
> (ROOC)2 N—N=CHal,

(XX)
R=CH,, C,H6; H a l = d , Br

The reaction begins with the electrophilic attack by the
nitrogen atom on the dihalogenocarbene with subsequent
formation of intermediate 1,3,4-oxadiazolines (XXI), which
have been detected spectroscopically.

V I . REACTIONS OF COMPOUNDS WITH A CARBON-CARBON
MULTIPLE BOND

Compounds with the imidoyl chloride or imidoyl fluoride
groups incorporated in a ring are formed in the photochemi-
cal Diels—Alder addition of unsaturated hydrocarbons to
nitrogen-containing heterocycles. Thus the reactions of
pentafluoropyridine with linear and cyclic olefins and also
with acetylenic derivatives give rise to 1:1 and 2:1 adducts
containing the imidoyl fluoride group : 1 9 I | ~ 1 9 6

The thermal reactions of 3, 5,6-trifluoro- or 3,5,6-tri-
chloro-1, 2,4-triazines with olefins proceed in a more complex
manner, but in this case too the products are compounds with
a halogenoimidoyl group , 1 9 7 for example:

F,C1
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V I I . THERMOLYSIS OF 3,3-DIHALOGENOAZIRIDINES

3, 3-Dihalogeno-l, 2-diphenylaziridines are converted into
N-phenylimidoyl halides in various solvents at 80-100 °C: 1 9 8

C,HSCH NQH, Λ C,HiCHYCX=NC,H, .

X = Y = C 1 , Br; X=C1, Y=Br; X = F , Y=Br; X = F , Y=C1 .

This thermal isomerisation involves the 1,2-migration of
the halogen and the dissociation of the adjoining C—Ν bond
with the opening of the aziridine ring. The study of the
reaction kinetics and analysis of the calculated data made it
possible to establish the reaction mechanism. The series
based on the capacity of the halogens for migration, namely
Br > Cl > F, found is consistent with the C—Hal bond
energies. The rate of isomerisation depends not only on the
nature of the migrating halogen but also on the halogen
which remains. Fluorine significantly facilitates migration
compared with chlorine and bromine.

The yields of the imidoyl halides are fairly high. 3,3-
Dibromo-1, 2-diphenylaziridine is thermally less stable than
the corresponding dichloro-derivative. Tetrachloroaziridines
are thermally more stable than dichloroaziridines, but at
180 °C the two isomerise to imidoyl chlorides: 1 9 1

1135

opening of the heterocyclic ring:

CH2Br 0
\

C1-C=.\-OH
*o

CH, * CH 3

CH3

HCI

"SOT-* CH,NHC (CH,) S C - C - C l

Ο N - O H

Hydroximoyl bromides have been obtained in satisfactory
yields by the reactions of isopropyl nitrite with sulphonium
bromides.2 0 6 Under these conditions, the salt (XXII) is
apparently formed initially and then undergoes intramolecular
nucleophilic substitution by the bromide ion with formation
of a sulphide:

CH.
)S-CH2COR ; iso-C3H7ONO •

CH3
,COR

R = Q H 5 , CH3, OC2H5 .

CH.," <••

Bi N ~ 0 H

(XXII)

HO-N=G
.Br

\:OR ;

^CCL

S CC! 2

V C C 1 3

The rearrangement of tetrachloro-N-isopropylaziridine does
not take place even on prolonged heating.

V I I I . OTHER METHODS

New diarylacetohydroximoyl chlorides have been obtained
by the reaction, already known previously, of β-nitro-
styrenes with aromatic hydrocarbons in the presence of
Lewis acids, which proceeds via 1,4-addition to the con-
jugated nitro-olefin chain: 1 9 9 ' 2 0 0

CH=CH—NO 2

X = 2-Br; 2,4-Cl2; 2,6-Cl2;2-Cl, 6-F;
Υ = H, 4-CH3, 4-C2Hs, 4-iso-C3H7, 4-Br, 4-F, 4-C1.

The reactions of β-nitrostyrenes with acetyl chloride form
under these conditions, together with other products,
N-acetoxyphenylchloroacetotrihydroximoyl chlorides, whose
yield depends significantly on the Lewis acid employed (it is
a maximum for TiCli,) and the substituents in the nitro-
styrene molecule.2 0 1 '2 0 2 In the reaction with benzoyl chlo-
ride in the presence of triethylamine, trifluoronitroethane
is converted into trifluoroacetohydroximoyl chloride (yield
30%).203 Certain heterocyclic hydroximoyl chlorides have
been obtained by the conversion of the corresponding halo-
genomethyl derivatives into oximes by treatment with iso-
pentyl nitrite in hydrochloric acid.2 0 1*'2 0 5 In a series of
3-imidazoline 3-oxides, the formation of the hydroximoyl
chloride at an elevated temperature is accompanied by the

The nitrosation of dimethylphenylacylsulphonium bromide
with sodium nitrite and HCI in aqueous dioxan leads to
benzoylhydroximoyl chloride, also in a high yield.2 0 7 Similar
chlorides are formed effectively also in the nitrosation of
β-ketosulphoxides with sodium nitrite in HCI, which is a
fairly convenient and general method of synthesis of
hydroximoyl chlorides of this kind. 2 0 8

The azo-coupling reaction between sulphonium bromides
and N-nitrosoacetanilides, which is similar to their nitrosa-
tion reaction, in non-aqueous solvents leads to hydrazono-
bromides:2 0 9

CH
)S-CH 2 COC«H 4 R 4- RiCeH

I
RC eH 4COC=NNHC 6H JR

1 ;

Br NO

R = H, 4-CH3, 4-Br, 4-NO2; R
1 = H, 4-CH3, 4-OCH3, 4-C1.

Imidoyl fluorides and difluorides are also formed in the
photolysis of various polyfluoro-compounds. Thus per-
fluoroimidoyl fluorides and difluorides with a linear structure
have been obtained in this way from perfluoroaza- and per-
fluorodiaza-cyclohexadienes;210 N-( 1-Chloro-octafluoro-
butyl)carboimidoyl difluoride has been obtained in 22% yield
from N-ehloroperfluoropiperidine.211 The low-temperature
photolysis of 1-adamantyl nitrite in the presence of tri-
chloronitrosomethane results in the formation of up to 5%
of N-[0-(l-adamantyl)]carboimidoyl chloride, which was
isolated and characterised. 2 1 2

Relatively unstable cyclic imidoyl fluorides and chlorides
are formed from 2-fluoro and 2-chloro-pyridines by their
reaction with butyl-lithium:2 1 3

X=F. Cl
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The thermolysis of 2,3-dihydro-l,4,2,X5-oxazaphosphole
derivatives leads to reactive N-vinylimidoyl chlorides:211*

C 1 F S C X /

c
C1F,C/ X

N=C-RX

\
Ο CF a=C—N=C( /

CF2C1

Cl

|
0RJ

R 1 = t-C 4 H 9 , C 6 H 5 , 4-CH 3 C 6 H 4 , 4-ClC6H4, CH = C H - C 6 H S ; R 2 = CH 3 , C 6 H S .

oOo

During the preparation of the manuscript for printing, new
data were published on the synthesis of various compounds
with halogenoimidoyl groups or on their formation as inter-
mediates. Most of these communications are concerned with
the reactions of nitriles and isonitriles with acyl halides,215""219

sulphenyl chlorides or sulphur dichloride, 2 2 0 " 2 2 2 and the
halogens (chlorine and bromine) in the presence of mercury
difluoride,223 and also with the reactions of amide groups on
treatment with PCl 5 . 2 2 1 f ~ 2 2 7 Halogenoimidoyl derivatives have
also been obtained or have been postulated in the chlorina-
tion of aldoximes,228 in the interaction of perhalogenoalkyl-
amines with SbF5

 2 2 9 or in their thermolysis,2 2 3 in the reac-
tions of substituents in compounds already containing the
halogenoimidoyl group, 2 2 2 ' 2 3 0 and in certain other reac-
t ions . 2 3 1 - 2 3 7

The main trend in these investigations has been the study
of the configurations of different halogenoimidoyl groups
by spectroscopic methods and the synthesis of the individual
isomers and their interconversions. 2 2 8» 2 3 7" 2 3 9
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