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The Formation of the Azoxy-group in Reactions Involving Anions with
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The methods for the formation of azoxy-compounds by substitution reactions with participation of anions having nitrogen
nitrogen bonds are examined. Attention is concentrated on the alkylation reactions of alkanediazotates, nitrosohydroxyl-
amines, and nitroamines as well as substitution reactions involving the distal nitrogen atom in azoxy-compounds. The
literature up to 1976 inclusive is covered.
The bibliography includes 194 references.
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I. INTRODUCTION

The chemistry of azoxy-compounds is now attracting con-
siderable interest as shown by the publication of several
monographs and reviews in the last ten years The
vigorous growth of research in this field has led to the
discovery of new methods for the introduction of the azoxy-
group into organic compounds and has imparted a new sig-
nificance to the studies by Bamberger, Hantzsch, Angeli,
and others carried out at the beginning of the XXthcentury.
In a previous review10 we examined the methods for the for-
mation of the azoxy-group by the oxidation of compounds
with nitrogen—nitrogen bonds10. This review deals with
the formation of the azoxy-group in substitution reactions
with participation of ambident anions having nitrogen—
nigrogen bonds.

I I . ALKYLATION OF ALKANEDIAZOTATES

A convenient method for the synthesis of azoxyalkanes,
consisting in the alkylation of alkanediazotates, has been
developed by Moss and coworkers11""16:

RN=NO-K+

(I)
o-

Azoxyalkanes, particularly those containing asymmetric
substituents (I, R =£ R1) were previously described in isolated
instances only, but have now become more available. The
method of synthesis described is unsuitable for compounds
(I) where R and (or) R1 = aryl or t-alkyl, but it does have
many advantages, as noted by Moss et al. 12, and makes it
possible to vary the groups R and R1, which can be primary
and (or) secondary alkyl or arylalkyl groups. The synthesis
by this method is specific, and it leads to a single structural
iosmer. The method makes it possible to obtain optically active
azoxyalkanes, since the alkylation stage is not accompanied
by the loss of chirality in the R and R1 group s12'13'15-16 (see

also McGahren and Kunstmann17):

Me
0"K+ EtX i

(II)

K+0" Et Me^

/0"

xEt

V-ci
R'

Evidently the configuration of the centre in the distal position
remains unchanged, but there is a complete inversion at the
carbon atom of the reagent13'15'16.

The retention of the chiral centre in the diazotate (II) in
the alkylation reaction has been used in a 12-stage synthesis
of the dihydro-derivative of elaiomycin—an antiobiotic and
carcinogen, which is encountered in nature and which con-
tains the azoxy-group15. The photochemical interconversions
of the distal and proximal isomers into their equilibrium
mixture without loss of asymmetry at C * constitute an addi-
tional confirmation of the possibilities of the new method of
synthesis of azoxyalkanes, which makes it possible to obtain
a chiral centre in R and (or) R1. 13

The possibility of using allyl halides for the alkylation of
diazotates indicates yet another interesting aspect of their
practical application, since "functional" alkylating agents
can be introduced into the reaction11*.

Alkanediazotates, which are the key compounds in the new
synthesis, usually occur merely as intermediates in the nitro-
sative deamination of alkylamines and alkylhydrazines16-18-19,
in the alkaline cleavage of N-alkyl-N-nitroso-urethanes20"30,
etc. but can also be isolated in a pure state20"27. Moss31

modified somewhat the procedure for the decomposition of
urethanes, usually employed for the synthesis of diazoalkanes,
and carried out the reaction with potassium t-butoxide in an
inert solvent. Diazotates are then obtained in the form of
solid salts and are believed to have the syn-configuration16.
Other methods, for example, the alkaline nitrosation of
hydrazines, give rise to the more stable ctnti-diazotates, but
the syn + anti conversion is greatly hindered16'27. The N-N
(1.32 X) and N-0 (1.29 A) bond lengths in syn-methanedi-
azotate are intermediate between the values for single and
double bonds, so that the compound is best represented by
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the mesomeric anion (III).16>32 The presence of p electrons
at N(2) is responsible for the formation of nitrosoamines (IV),
diazoethers (V), or ethoxy-compounds (VI) in the alkylation
of the anion:

OK R R — .•
X N = N ' ^ N = N

 X
N _ N /

XOK
(III)

syn-diazotate a«ri-diazotate

R. RN=NOR R
>N—NO ^ yO-

(V)

IV (VI)

The yield of azoxyalkanes varies from 30 to 60% and is
little affected by the solvent. In alkylation in hexamethyl-
phosphoramide, a polar aprotic solvent which causes the
dissociation of the salt, an appreciable proportion of the
alkanediazotate remains in the form of the anion. The high
electron density at the oxygen atom and its appreciable
steric accessibility compared with the N(X) atom cause the
yield of the nitrosoamine to be small and make the yield of
the O-alkylation product up to 50%. In a less polar solvent
(95:5 ether-hexamethylphosphoramide mixture) a consider-
able proportion of the alkanediazo;:jt> is present in the form
of ion pairs, the O(3) atom is blocked 1 > the counter-ion,
and the nitrosoamine (IV) predomiiUif over the diazoether
(V) among the side products16. Aryiation of the alkane-
diazotate (III, R=CH3) gives rise exclusively to compound
(IV), i.e. takes place at the N^) atom21.

It is of interest to compare all these data with the alkylation
of arenediazotates. The latter are known to exist in the
more stable form of isodiazotates33"39 (equivalent to the anti-
configuration of alkanediazotates) and calculation of the
electron density in the anion shows that the site of attack is
the key nitrogen atom and the oxygen atom39. Experimental
data39.40, indicating the predominant formation of O-alkylation
products in dimethylformamide (DMF) and dimethyl sulph-
oxide (DMSO), are fully consistent with the calculations.
Thus the ambident anion reacts in the usual way, at the
first and third atoms39'1*0, and azoxy-compounds are not
formed in this case.

The unusual behaviour of alkanediazotates, manifested by
the possibility of alkylation in the 2-position of the ambident
anion, is associated with the presence of the electron pair
at N(2). This situation is not unique in the series of nitro-
gen-containing functional groups and has a direct analogy
in the alkylation of the oximate anion. In both cases the
2- and 3-positions in the ambident anion are alkylated
preferentially. Whereas alkylation at C(x) is not observed
in the oximate anion41"43, N(x)-alkylation does occur to a
slight extent in the syn-alkanediazotate owing to the presence
of an electron pair at the key nitrogen atom12'16:

anrf-oximate

K \ N = N / U

syn-diazotate
y* o'

N= N

jyn-oximate

The anti-oximate anion, which is sterically equivalent to
syn-diazotatet, is alkylated preferentially at the nitrogen

t The effective size of the free electron pair in space is
even smaller than the size of bound hydrogen1*.

atom1*1 43'45 a , giving rise to a nitrone, i.e. the ambident
anion is alkylated in both cases in the 2-position (but with
different selectivities). The syn-oximate anion, which is
sterically equivalent to the anti-diazotate and to the anion
derived from ketoximes, gives preferentially O(3\-alkylation
products41"43, i.e. in both cases the ambident anion is
alkylated preferentially at the oxygen atom and nitrones or,
correspondingly, azoxy-compounds52 are not formed. The
influence of the geometry of the diazo-bond on the regio-
and stereo-specificity of the alkylation of alkanediazotates
has been recently discussed52.

The intramolecular interaction of propargyl30'53-54, allene55,
and epoxy-groups56'57 with the syn-diazotate ion, obtained
by the decomposition of "functional" urethanes, proceeds in
the same way as O-alkylation.

The formation of an azoxy-compound in the decomposition
of cyclopropane-bisdiazotate, which constitutes an intra-
molecular N-cyclopropylation reaction, has been reported58.
However, the multiplicity of pathways leading to the decom-
position of the initial product hinders interpretation.

I I I . ALKYLATION (ACYLATION) OF N-NITROSOHYDROXYL-
AMINES

The alkylation of N-nitrosohydroxylamines (VII) and their
salts (VIII) constitutes yet another group of reactions leading
to the formation of azoxy-compounds (IX). 59~78. The side
products in this process are apparently alkoxynitrosoamines
(X):

OH

n—N—N=»O

(VII)

,N—NO

(VIII)
R'O'

( IX) (X)

The key compounds for this reaction—the acids (VII) and
the salts (VIII)—constitute an interesting class of compounds;
the problem of their structure has been discussed in earlier
studies by Bamberger62'63'79, Hantzsch67'80.81, Traube65'81"83,
Gomberg84, Angeli85~87#, and Thiele88. A recent review78 is
a first attempt at a systematic account of the relevant data
(see also Bamberger and Baudisch79, and Marvel, where
methods for the preparation of cupferrons are summarised89).
The acids (VII) are unstable in a free state, while their salts
are more stable; for example, the ammonium salt of phenyl-
nitrosohydroxylamine (cupferron) is a familiar analytical
reagent90'91.

O,N-Disubstituted nitrosohydroxylamines (X) exist pre-
ferentially and the free acids (VII) exclusively in the trans-
configuration92, whose additional stabilisation in the case of
the acids (VII) is caused by the intramolecular hydrogen
bond92. The salts of nitrosohydroxylamines, which are
represented as the chelates (VIII) and (XI), have an
analogous configuration78'90'93:

N

N •

Vv
(VII)

H
Rv OR1

\ /
N

N

(X)

R OR

V
II~ i
\0-

/
R—N

\

(XI)

# Angeli represented arylnitrosohydroxylamines by the
formula ArN(O) =NOH and regarded them as the oximes of
nitro-compounds or as the oxides of diazohydrates79'85 87.
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The geometry of the salts and their stability are apparently
associated with the formation of a 6-electron system, the
principle of the structure of which has already been used to
account for the geometry, thermal stability, and reactivity
of the ketoxime dianions91* and has been extrapolated to
other "U-type" molecules—tosylhydrazone dianions91*'95 and
cis-difluoro-olefins91*'96.

The salts of N-nitrosohydroxylamines are readily alkylated
and, as shown for the first time60'61 in relation to the benzyla-
tion of JV-benzyl-N-nitrosohydroxylamines, can give rise to
two reaction products—(IX) and (X) (R = R1=CH2Ph). The
structure of the latter compound was adopted immediately
and was not questioned subsequently, since in the general
case it can be obtained by specific synthesis—the nitrosation
of alkoxyamines61"63'77'78'97. The structure of the first pro-
duct (which is more stable), represented by formulae (IX),63

(XII), 62 (XIII),67 and (XIV), 70 has been the subject of a
prolonged controversy. Wright and coworkers70 seemingly
demonstrated by all the available evidence that the first
alkylation products exist in form (IX), but the fact that
these compounds (R =alkyl or aryl; R1 = alkyl) evolve
methane on treatment with methylmagnesium chloride led
them into a blind alley § . Wright and coworkers70 then
attributed formula (XIV) to the alkylation products and at
the same time threw doubt on the structure of the dimers of
nitroso-compounds:

K\ +
>N=NOR1 R—N N—OR1 R—N=

,o-

(IX) (XII)

\ 0

(XIII)

- 0 / N = N <

(XIV)

RO

(XV)

Freeman73 and Stevens71* corrected this error and later
Smith59 and Woodward and Wintner75'76 confirmed that the
product has structure (IX). Bearing in mind that the
structure of the dimers of nitroso-compounds was not
immediately adopted and that the hyponitrites (XV) are
isomeric with compounds (IX) and that the spectroscopic
characteristics of their salts (XV, R = R1 =Na) are close to
those of nitrosohydroxylamines salts98'99, the difficulties in
the determination of the structure become understandable.

The alkoxydiazene oxides (IX) are isolated by the usual
preparative methods—distillation, crystallisation , and
chromatography. The products of the methylation of the
Traube salt (VIII, R=CH2N2O2Na, M=Na) as well as other
alkoxydiazene oxides constitute surprising examples of
stability65'76"78. Their high stability can be used for their
purification by heating with sulphuric acid or alkali77.

The geometry of compound (IX) has not been established,
but Lamberton and Yusuf77 clearly noted the formation of a
single stereoisomer in the ethylation of N-nitrosomethyl-
hydroxylamine.

The anion (XVI) has three potential nucleophilie centres
susceptible to attack—both oxygen atoms and the N(3) atom.
In reality only the first possibility is realised:

We believe that the general considerations concerning the
alkylation of the oximate and diazotate anions, described
above, are applicable in this case too. As the reagent
approaches the nitrogen atom of nitrosohydroxylamine, a
structure, analogous to the two non-realisable structures
conceivable in the alkylation of the ketoximate anion (XVIII)
and the dianion (XIX), is produced. In all three cases the
nitrogen atom is sterically blocked, so that the oxygen atom
(see Section II above) and the carbon atom are attacked in
the alkylation of compounds (XVIII) and (XIX) respectively*
in compound (XVI) alkylation proceeds via both oxygen
atoms. It is of interest that the electron pair of the
nitrogen atom of the anion (XVI) is blocked also for other
electrophilic reactions. Thus its tosylation takes place at
the 0(4) atom with formation of compound (XX)74 in which
the cis-orientations of the oxygen atoms are retained100:

RMgX

..y
N 0

(XVI)

N

0 SO,Ar

(XX)

Compounds of type (XX) are of interest as starting mate-
rials for the synthesis of azoxy-compounds by substitution
using various nucleophiles (carbanions and alkoxides) (see
below) and are frequently obtained as a result of a single-
stage reaction71*. The tosyl derivatives (XX) are more
stable than other acyl derivatives of N-nitrosohydroxylamines.
For example, the alkali metal salts (VIII) evolve N2O and
give rise to the esters (XXI) on treatment with aroyl halides.
since the intermediates (XXII) readily decompose101:

R-N=N—OCR1

II
O

(XXII)

ROCR1 *•

O
(XXI)

o-

R—N=N—OCR1

•+- M
O

(XXIII)

It is of interest that both the diazene N(2)-oxides (XXII)
and the diazene N(1)-oxides (XXIII) 101~lolf behave similarly
and that the position of the oxygen atom does not influence
the formation of esters101. On the other hand, the tosyl
derivatives (XX) and (XXIV) have sharply different stabili-
ties; thus the attempt to tosylate the silver salt of methyl-
nitroamine gives rise solely to methyl tosylate as a result
of the decomposition of the intermediate (XXIV): 105

MeN=N\
OSO2Ar

(XXIV)

R—N-OSOjAr
I
N = O

(XXV)

XON Me NO
II I I

R—C—C—N—OZ

Me
(XXVI)

(a) R = P h , X=MeCO,
Z=SO2Ar;

(b) R=Z=Me, X=H

N O

N — -O

(XVI)

§ Subsequently Stevens71* explained this finding.

Nor is it possible to obtain the tosyl derivative (XXV) by
the nitrosation of the corresponding hydroxylamine105, which
confirms the validity of the choice, made for the first time
by Stevens,71*, between the alternative structures (XX) and
(XXV) in favour of (XX). In a recent study White et al. 10°
explained some of the properties of compounds of type (XX).
In contrast to these data, structure (XXVIa) has been
attributed to the product of the tosylation of N-[l-aceto-
xymino-2-methyl- 1-phenyl-(2-propyl)] hydroxylamine106.
The anomalous course of the reaction may be due to the
specific properties of the initial compound, so that the alkyla-
tion of its homologue (XXVI, R =Me, X =Z =H) with dimethyl
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sulphate leads to the formation of compound (XXVIb),106

which again conflicts with the analogous reaction of cup-
ferron7,0 or N-t-alkyl-N-nitrosohydroxylamines105.

The prolonged controversies which have accompanied each
new step in the development of the chemistry of nitroso-
hydroxylamines can be accounted for by the weak theoretical
ideas concerning the state of the bonds in the initial anion
(VIII) or structures of type (IX). Evidently its further
development promises to have many unexpected features.
For example, it has been observed quite recently that the
3,5-dinitrobenzoylation of salts of N-isobutyl-N-nitrosot-
hydroxylamine (XXVII) gives rise to compound (XXIX),107

whose formation is difficult to account for by the mechanism
involving the acylation of the O(X) atom108 or the O(i,) atom101

in the initial anion. It has been shown that in the general
case compounds (XXIX, RCO=acetyl, 3,5-dinitrobenzoyl,
or 3-nitro-l-naphthoyl) are products of the acylation of the
nitroso-dimers (XXVIII), which is usually accompanied by
reactions of N-nitrosohydroxylamines107:

RC(O)C1
O" CH2CHMe2

\ + + / RC(O)C1

\
0"

(XX VU)

Me2GHCH2

(XXVIII)

O" CH2CHMe2

\+ /
N = N

Me2CHCH—OCR

(XXIX>

Acylating deoxygenation of compounds (XXVIII) constitutes
a new type of rearrangements, related to the generalised
Polonovskii reaction109.

The alkylation of nitrosohydroxylamines gives rise to
azoxy-compounds (IX), which are isomeric with the products
of the alkylation of primary nitroamines (XIII). The possi-
bility of the migration of oxygen from N(x) to N(2) has not
been investigated by the intermediates in this migration
[oxadiaziridines (XII)] have been erroneously regarded by
Bamberger62 as possible products of the alkylation of nitroso-
hydroxylamines. We may note, incidentally, that the
double bond in diazoethers is not azoxidised under the
influence of peracids70:

The interaction of diaryltin dichlorides with cupferron
leads to chlorine-substitution products instead of the expected
complexes suitable for the quantitative precipitation of the
metal. According to a brief communication112, the substance
obtained has the structure (XXXIV), which has been demon-
strated by infrared spectroscopy:

PhN—O.N - O I / ) = N " O x +
I >Sn< | + _ >N=*

N=O-' \ X)—NPhNaOx

,ONa O".

n = l , 2
(XXXIV) (XXXV) (XXXVI)

Organic derivatives of the Angeli salt (XXXV) and other
oxyhyponitrites (XXXVI) have not been investigated at allu3.
When an attempt is made at a direct alkylation of (XXXV) by
primary alkyl halides, the products are aldoximes and the
reaction proceeds without the intermediate formation of the
nitroxyl NOH. ul* It is also significant that in ethanol the
nitrogen atom is alkylated and that the contribution of this
process usually diminishes (relative to O-alkylation) on
passing from alcohol to water111*.

IV. SUBSTITUTION REACTIONS INVOLVING THE DISTAL
NITROGEN ATOM IN AZOXY-COMPOUNDS

Numerous substitution, addition, and degradation reactions
of azoxy-compounds with retention of the azoxy-group are
known. In the present section we shall confine ourselves
to the consideration of processes involving direct substitu-
tion at the -N =N(O) group. Reactions of this type include
the photochemical reactions of aliphatic and aliphatic-aromatic
azoxy-compounds as a result of the migration of the oxygen
atom. They were considered in our previous review10 and
have been studied only in recent years. Analogous migra-
tion of oxygen from N^) to N(2), induced photochemically, has
been observed in heterocycles: triazole oxides (XXXVII)115""117

and thiadiazole oxides (XXXVIII)118"120:

o-

PhN=NOSO2Ar-
+

(XXX)

O'
I

R_N=N—OR1

(IX)

"OSO2Ar

PhN—N=O

(XIII)

PhN=N

-ArS18O18O2

(XXXI)

Another variety of isomeric transformations, namely in
the pair of compounds (IX) and (X), has not been investi-
gated, but it has been shown in relation to the thermal
decomposition of the derivatives (XXX) labelled at the oxygen
atom110 that the tosyl group migrates to the N-oxide oxygen
with formation of compound (XXXI). According to the
mechanism presented above, its further decomposition gives
rise to the phenyltosylate (Ar=p-tosyl) in which the label
is uniformly distributed between the three oxygen atoms in
the sulpho-group110.

Nitrosohydroxylamines (XXXII) can also undergo intra-
molecular alkylation processes, giving rise to the sydnones
(XXXIII):1111

OH

O=N—NN
^CH/

OH

O=N—N.
5i +>CHR

HN=C/

o- HO

/ \ z /
(XXXVII): Z=NR (XXXVIII) : Z = S

Examples of migrations of this kind are few; reactions
involving substitution at the distal nitrogen atom of the
azoxy-group are more familiar. The formation of alkoxy-
diazene oxides (XL) in the reaction of alkoxides with tosyl
derivatives (XXXIX) is fully consistent with this behaviour71*.
However, in reality the anion of nitrosohydroxylamine (VIII),
liberated as a result of the substitution at the sulphur atom,
is alkylated:

ft +- ROTs •

(XXXIX)

ArN=N0R
+
(XL)

(XXXII) (XXXIII)

The reaction of compounds (XXXIX)74'121, (XL, R=Me),7 0

and (XLI)122 with organomagnesium reagents (A^MgX,
AlkMgX), which leads to the exchange of the OSOzAr1, OMe,
and F groups for a hydrocarbon group, giving rise to yet
another possibility for the synthesis of the azoxy-compounds
(XLII, Z =aryl or alkyl), takes place quite differently; how-
ever, the tosyl group in azoxysulphones (XLII, Z =SO2Ar1)123

is not exchanged for the aryl group in A^MgX:121*
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o- o-o - R

I I K \ i

Ar—N=N-F Ar—N=N—Z R/CH—N=N—Z

(XLII)

o-

(XLI) (XLHI)

,N+=N—OMe o-
•ti \ - '
'"» )C—N=N—Z

\+N=N—OMe / +

-o
(XLIV)

(XLV)

The attempt to substitute a group Z for a hydrocarbon
group in aliphatic diazene oxides (XLIII, Z =OSO2Ar1 n or
p 121,122) w a g u n s u c C essful owing to the exchange of the proton
in the a-position. For the same reason, the substitution of
the alkoxy-group in bis(nitrosohydroxylamine)methane
(XLIV) also fails, since the CH2 group is metallated in the
first place70'76. The stability of the anion having the general
formula (XLV), where Z =Me, MeO, etc., has been used in
a number of synthetic investigations11*'76.

Despite the fact that the distal group in the diazene
oxides (XXXIX)-(XLI) can be exchanged for the alkyl (aryl)
group in organomagnesium reagents, direct substitution at
the nitrogen atom is not observed in reactions with other
nucleopbiles; for example, compounds (XLI) do not change
under the influence of MeCOOH, MeONa, or Et2NH. m '122

Furthermore, in the reactions of compounds (XXXIX) and
(XLI) with organomagnesium reagents in tetrahydrofuran
(THF), compounds (XLVI) are formed as side products,
evidently as a result of radical substitution121. (The ex-
position in THF is activated for radical substitutions of this
kind; see, for example, Refs.125 and 126).

This finding and also the fact that, among the nucleophiles
investigated, only Grignard reagents led to substitution at
the nitrogen atom while other reagents proved to be inert or
led to exchange at the sulphur atom or to metallation indicate
the validity of the mechanism proposed by Stevens121:

o-
ArN=N—Z • R- + I ArN=N—Z I -

(XLVII)

\ o /

Z = OSO2Arl or F.

ArN=N—

i-
(XLVI)

It is based on electron transfer to the azoxy-group with
formation of the radical-anion (XLVII), which is converted
into the azoxy-radical (XLVIII). The latter combines with

the primary (R#) or secondary (I "V)) radical, giving rise

to compounds (XLIX) and (XLVI) respectively. Whereas the
first stage, one-electron transfer from the organometallic
compound to the azoxy-group, has aroused no doubts hitherto
and has been adequately confirmed in the literature127"129, the
attempt to detect radical (XLVIII) by EPR has failed121.

The azoxy-radical, with the unpaired electron at the
nitrogen atom, is identical with the diazenyl radical, the
possibility of the formation of which has been studied

vigorously. Nevertheless many substitution reactions at
the N-N bond can be accounted for on the basis of the
addition-elimination mechanism130"132 without resorting to ideas
involving a discrete diazenyl radical.

Similar considerations are apparently applicable also to the
substitution reactions with organomagnesium reagents involv-
ing the distal nitrogen atom of the azoxy-group, considered
in this review. The final products of such reactions arise
as a result of the pairing of the species (XLVII) with the
primary dr secondary radical present in the medium and
subsequent elimination of the anionic fragments :

Q - o 7 o"

R —N—N—Z

(XLVII)

Rl- N—N —R R—N=N—R

In this interpretation the substitution reaction is put in
the same class with the already known processes involving
the formation of the azoxy-group via the coupling of N-
centred radicalst:

RNO + RNH—OR1 -* R—N—N—R •

- O OR1

R=Alk, Ar; R1=H1 3 e , Me136

RNO + HN< R—N—N—Z

-O Y
(L)

o-
RN=NR

o-

RN=NZ

R=AlkorAr; Z=Y=F12: i or Cl137; Y=C1,
3; Z=Y«=C1, H=AJk or Ar1S8.

The formation of azoxysulphones125 and not azoxychloro-
derivatives by the condensation of nitroso-eompounds with
chloramine-T indicates the preferential rupture of the N—Cl
bond compared with N—SO2Ar in the intermediate (L, Y = Cl,
Z =SO2AR). It is also remarkable how much more difficult
are the conditions for the elimination of the sulphinate group,
for example in the Carpino reaction139"11*1 compared with the analo-
gous elimination of the sulphonate group, for example, in the
amination of nitrogen-containing bases by hydroxylamine-O-

All the foregoing considerations illustrate the idea that
the stabilisation of the intermediate (L) by the elimination
of the anion (in the form of OMgX or Y) is apparently deter-
mined by the ease of dissociation of the N-O and N-Y bonds
and the stability of the leaving anion:

OMgX OSOjAr OMgX F OMgX OMe OMgX

N N— —N N N N N

o-
N=N—

Z

_N=N—

11 The coupling of R' with the O-centred radical-anion leads
to deoxygenation to a first approximation. Such a process
is well known for the reaction of azoxyarens with organo-
magnesium reagents70'133'131*.

f Another mechanism of these reactions involves nucleo*
philic addition to the N =O double bond (see, for example,
Taylor et al.135).
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V. NUCLEOPHILIC SUBSTITUTION REACTIONS INVOLVING
N-NITROAMINES AND N-NITROAMIDES

The alkylation of primary nitroamines, nitroamides, and
their salts leads to the corresponding 1-alkoxydiazene 1-
oxides (LI). The ratio of the O-alkylation [compound LI)]
and N-alkylation [compound (LII)] products differs within
very wide limits depending on the nature of the substituting
group (R=alkyl, aryl, or SO2AR), the alkylating agent,
the metal cation (sodium, potassium, or silver), and the
solvent:

[RNNOJ-3+

E = H or metal.

• RN=N<

(LI)

">N—NO,

(LII)

Reactions in which primary nitroamines add to multiple
bonds and many other nucleophilic substitution processes
involving their anions also lead to a mixture of products (LI)
and (LII). The chemistry of nitroamines has been con-
sidered in a number of reviews144"150 and sections devoted to
the alkylation of primary nitroamines are contained in a
number of monographs11*5'145'11*8'149. However, since the
publication of the last monograph, numerous experimental
facts have accumulated, which have to be surveyed.

The structure of primary nitroamines and their salts has
been the subject of theoretical disputes at the end of the
XlXth and the beginning of the XXth century. The principal
topic of these disputes has been the following question: do
nitroamines exist in the form of true nitro-compounds (LIII)
or do they have the structure of isonitroamines (LIV)# (for
the history of the development of the relevant views, see
Wright147):

RNHNO,

(LIII)

.O-M+
RN=N

X O H
(LIV) (LV)

It has been shown recently that the N-N and N-O bond
orders in methylnitroamine are to some extent equalised,
which is accompanied by partial localisation of the negative
charge at the oxygen atoms. However, primary nitroamines
in the non-ionised state have the true nitroamine structure.
It has been shown152 that the ionisation of methylnitroamine
entails an increase of the N—N bond force constant and a
decrease of the N—O bond force constant, which corresponds
to the isonitroamine structure being preferred for its salts,
the metal cation being located in the cis-position relative
to the alkyl group [structure (LV)].

Although the static distribution of charges in alkali metal
salts of nitroamines is described by structure (LV), the
reactivity of the corresponding anion is determined by the
presence of three reaction centres—both oxygen atoms and
the amino-nitrogen atom. The localisation of the electron
pair at the central nitrogen atom is impossible in any of the
main mesomeric structures (LVI)—(LVIII) and the central
atom is consequently not susceptible to electrophilic attack:

X N
- /y

(LVI) (LVII)

# In a number of early studies, 'N-nitrosohydroxylamines
were referred to as "isonitroamines", which introduced an
additional confusion into this problem (See, for example,
Traube151).

Nitroamines and their anions are typical examples of
ambident (1,3) nucleophiles and many features of their indi-
vidual behaviour can be accounted for on the basis of the
general characteristics of the behaviour of such reagents.
For example, it is well known that the reaction of silver
salts of nitroamines gives rise to O-alkylation products, while
alkali metal (potassium and sodium) salts give rise preferen-
tially to N.N-dialkylnitroamines145'146'148'149. This conclusion
is based both on studies carried out at the end of the XlXth
and the beginning of the XXth century153"359 and on more
modern data?7'160"172. Unfortunately in the majority of these
investigations accurate ratios of the 0- and N-alkylation
products are not quoted. The available data are compiled
in Table 1, which clearly illustrates the quantitative aspect
of the relation.

Table 1. The ratios of the products of the O- and N-alkyla-
tion of RNHNO, and its salts.

No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

R/[RNNO2]-

Isopropyl
Isopropyl
Neopentyl
Methyl
Methyl
Ethyl
Methyl
Ethyl
Methyl
Methyl
n-Butyl
Isopropyl
n-Octyl
Isopropyl
Methyl

Cation

K
Ag
Ag
Na
Na
Na
Na
Na
Li
Li
Na
Na
Na
H
Na

Alkylating agent
R'/R'X

Mel
Mel
Mel
PhCH2Cl
p-BrPhCH2Cl
p-BrPhCH2Cl
p-CNPhCH2Cl
p-CNPhCH2Cl
FcCH2CH2I**
FcCH2X**
n-BuI
iso-o-Prl
n-C8H17I
Me2SO4
EtOCH2Cl

Ratio* of products
of O- and TV-alkyl-

ation

0.15
12.5
12.5

0.25
0.14
0.4
0.18
0.4

***
***

0.75
1.8
2.50****
1.2
1.0

Refs.

162
162
162
167
67
67
67
67
7!
70
60
61
61
62
67

* The alkylation of alkali metal (Li, Na, K) salts was
carried out in alcohol (MeOH, EtOH), that of silver salts
was carried out in ether, and the alkylation with dimethyl-
sulphate was carried out in water.

** Fc = ferrocenyl.
*** Only N-alkylation takes place.

• *#** T h e r e s u i t j s apparently distorted by partial decom-
position on distillation.

The different modes of alkylation, depending on the metal
cation, can be explained in terms of the general rule for
the alkylation of ambifunctional nucleophiles; a polar electro-
phile combines primarily with the atom of the nucleophilic
substrate having the highest electron density173. Such a
centre in the nitroamine anion is the oxygen atom, which is
attacked in the presence of a strong electrophilic catalyst
(silver), which polarises the R1—X bond174. Similarly other
polar compounds [Me2SO4 and EtOCH2Cl (Nos.14 and 15, Table
1)] give rise to a high percentage of the 0-isomer.

Electrophiles with a small positive charge or electrically
neutral electrophiles react preferentially with the atom of
the ambifunctional system which is most readily polarised173.
Such a centre in a nitroamine is the amino-nitrogen atom,
which reacts preferentially, in relation to oxygen, with R1—
X (in the absence of silver ions) or adds to the multiple bond.
Thus the condensation of alkylnitroamines with epoxyethane175

and an activated double bond146'148'168'176 as well as the amino-
methylation of nitroamines146'148'1.77 proceed exclusively at the
nitrogen atom.
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Another important feature is the increase of the amount
of the O-isomer with increase of the bulk of the alkyl group.
Comparison of Nos.l and 12 in Table 1 shows that the meth-
ylation of isopropylnitroamine results in the formation of the
N,JV-isomer, while isopropylation gives preferentially the
0,N-isomer. The progressive increase in the bulk of the
group in both the alkylating agent and in the initial nitro-
amine (Nos.5-8 and 11-13) has a similar influence. Evidently
the steric hindrance to the approach of the alkylating agent
in structure (LIX) is manifested to a greater extent than in
compounds (LX) or (LXI):

The estimate of the content of the cis-isomer in mixtures
is not always objective, since its amount depends strongly
on the action of light on the silver salt, the reaction time,
the excess of the alkylating agent, etc.77 It has been
shown recently that the reaction of dicyclohexylcarbodiimide
with ethyl nitroamine leads to the exclusive formation of the
trans-isomer of the O,N-diethylnitroamine. This method
has been proposed as a promising procedure for the synthesis
of the pure product166.

\ /
0-»— R — X R.

V V
1/ \(LIX) (LX)

In conformity with the hypothesis put forward previously
in the interpretation of the alkylation of diazotates (see
Section II) (see also the earlier review10), the steric inter-
actions with the vicinal group in structure (LXII) are less
important than the steric interactions with the geminal
group. It is also evident that, when R and R1 are cumber-
some groups, a situation may arise where the approach of the
reagent to either the nitrogen atom [structure (LIX)] or to
the oxygen atoms [structures (LX) and (LXI)] is impossible.
Thus the failure of a reported attempt at the cyclohexylation
of the sodium salt of cyclohexylnitroamines161 was apparently
caused by the high steric constant (-0.79)178 for the cyclo-
hexyl group.

It follows from the inspection of formulae (LX) and (LXI)
that they are non-equivalent. The steric hindrance of the
approach of the reagent in compound (LXI) is smaller, since
in the case of compound (LX) the interactions with group R
are superimposed (see the footnote in Section II). This non-
equivalence of the oxygen atoms in the limiting structure
(LVI) has been confirmed in practice by the preferential
formation of the trans-isomers in the alkylation of the silver
salts of nitroamines.

The possibility of the existence of geometrical isomers of
1-alkoxydiazene 1-oxides (LI) was already suggested by
Umbgrove and Franchimont159 and was demonstrated experi-
mentally in later studies77'165. Analysis of kinetic data for
the alkaline hydrolysis of the products of the reaction of
silver salts of alkylnitroamines led the authors77'165 to the
conclusion that compounds (LI), which had been believed
for a long time to be chemical individuals, are in reality
mixtures of the cis-isomer (LXIII) and the trans-isomer
(LXIV). The latter are more resistant to the action of
acids, alkalies, and light and can be obtained in a pure
form.

(LXIII) (LXIV)

The content of the cis-isomer was estimated on the basis
of the kinetics of the decomposition of "crude" reaction
mixtures, (see Table 2).

Evidently the trans-isomers predominate quantitatively
in the mixtures of products; a general tendency towards
a decrease of the content of the cis-isomer with increase
of the bulk of the groups R and R1 is also evident. This
tendency was confirmed in another investigation. For
example, in the methylation of RNHNO2 by diazomethane
both the total amount of the O-isomer and its content of the
trans-isomer increase in the sequence R = Me < Et < iso-Pr <
t-Bu.179

Table 2. The content of the cis-isomer (LXIII) in the
reaction of silver salts of alkylnitroamines with alkyl iodides
(according to the data of Lamberton and Newton165).

R/RNHNO,

Methyl
Methyl
Ethyl

RVR'I

Ethyl
Isopropyl
Methyl

Content of
m-isomer, J<

15—20
15—20

30

R/RNHNO,

Isopropyl
Propyl
t-Butyl

RVR'I

Methyl
Methyl
Methyl

Content of
c/s-isomer, °fr

20
10

The silver salt of methylnitroamine reacts with methyl
iodide, giving rise to a mixture of the cis- and trans-isomers
of O,N-dimethylnitroamine169, although it had been postulated
earlier that the pure trans-isomer was produced in an
analogous reaction165.

The intramolecular alkylation of nitroamine anions has also
been investigated. When alkylnitrosulphonamides (LXV)
are acted upon by alkali, the anion (LXVI) is displaced and,
as a result of intramolecular alkylation, can give rise to both
the N-alkyl derivative (LXVII) and the O,N-alkyl derivative
(LXVIII):

—CHBr

R' R -
I I

-N-CH-CHBr

L- NO,

O.NN:

V

(LXVI)

(LXVII)

(LXVIII)

In reality the second possibility is realised and it has been
shown in relation to the isomeric compounds (LXV, R =H,
R1=Me) and (LXV, R=Me, RX=H) that nitroaziridine
(LXVII) is neither the final nor the intermediate product of
this reaction180. Silylation of methylnitroamine or its silver
salt leads to an equilibrium mixture of the O- and N-deriva-
tives , the content of the O-isomer increasing with increasing
temperature and in the sequence R = H < Me < iso-Pr «
t-Bu.181'182

Me Me

N—NO,

R—SiMe,

e4n<N)N-.O
Me °

(LXIX)

In contrast to the unstable silyl derivatives, trialkyl-
stannylation of nitroamines or their silver salt leads to stable
N-derivatives (LXIX).183 It has been suggested that tin is
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coordinated to the oxygen atom of the nitro-group. This
conclusion concerning the preferential N-stannylation con-
flicts with the results of the silylation of nitroamine salts181'182.
Nevertheless, the possibility of O-stannylation has been
rejected183 on the basis of the analysis of the infrared spectra
of the products.

We have already mentioned the alkylation of nitroamines
by diazomethane. Degner and Pechmann181* showed for the
first time that the interaction of methylnitroamine with
diazomethane leads to the exclusive formation of the N-methy-
lation product, although it was found later that the mixture
of products nevertheless contains also the O-methylation
product179. The reaction with isopropylnitroamine gave a
mixture of N- and O-methylation products in proportions of
7 : 3,162 while other workers185 ethylated triethylenetetra-
nitroamine with diazoethane and obtained only the N-ethyl
derivative. Despite certain discrepancies, one may conclude
that the N-alkylation reaction predominates, but this requires
certain comments. If it is assumed that the alkylating
species is R+ or the extremely unstable ion MeN̂ 1", then pre-
ferential O-alkylation is to be expected. A mechanism
involving the intermediate formation of a complex of MeN*
with the nitroamine anion has been proposed1"16; this complex
subsequently decomposes with evolution of nitrogen. The
mechanism is apparently based on the familiar hypothesis
by Smith186 that the combination of diazomethane with a proton
and the subsequent attack on methyldiazonium involve the
same centre, since, in consequence of its rapid decomposition,
the MeN* cation does not leave the sphere of action of the
atom in the substrate. The prospect of testing for proto-
tropic equilibria with the aid of diazomethane is attractive,
but unfortunately this possibility is not confirmed in practice186.
Phenylnitroamine, which has more pronounced acid properties
than methylnitroamine, gives rise to the O-methylation
product on interaction with diazomethane,

The anions of alkylnitroamides (LXX) also exhibit a dual
reactivity. Like the anions of primary nitroamines, they
can be attacked at the N or the O atom. The reactions of
the silver salts of the nitroamides of arenesulphonic acids
with alkyl halides give rise to 0 - and N-alkylation
products187'188:

V-SO,NNO,| Ag+ 5 i ArSO2N=^/ + ArSO,NR

LXX
|
NOa

It has been shown187 that the ratio of the O- and N-alkyla-
tion products for compound (LXX, X =Me, R = benzyl) is
3.5. Luk'yanov et al.188 studied in detail the influence of
various factors on the ratio of the products of the O and
N-alkylation of compound (LXX). They found that the
decrease of solvent polarity in the sequence DMF >aceto-
nitrile >diglyme > ethyl acetate > ether >hexane and the o
increase of the effective volume of group R in the alkyutc-
ing agent from the methyl group to the isopropyl group
entail an increase of the fraction of the O-alkylated product.
The latter also increases on passing from alkyl iodides to
alkyl bromides.

The salts (LXX, X =Me) form trimethylsilyl and diethyl-
boryl derivatives exclusively via the oxygen atom189. The
trimethylsilyl group is rigidly bound to the oxygen atom and
reversible migration to the nitrogen atom is not observed.
Both trimethylsilyl and diethylboryl derivatives are readily
hydrolysed and, on raising the temperature slightly,
decompose with evolution of N20.189

Primary N-nitroamides have stronger acid properties than
nitroamines, but, like the latter, they are alkylated by
compounds with small rings (oxirans, aziridines) exclusively
at the nitrogen atom190.

N-Chloro-N-nitroamides of arenesulphonic acids (LXXI)
add to olefins with formation of 0 - and N-alkulation products
whose ratio (N/O) increases in the range from 2.0 (cyclo-
hexene, X=H) to 1.4 (styrene, X=H). 1 9 1

Me-/ "^ SO.N-C1 + N > = = < '

+ ArSOaN-

NOa

(LXXII) O-C-C—

Luk'yanov et al.191 proposed a mechanism involving the
primary attack by the positively charged halogen on the
double bond with subsequent alkylation of the anion (LXXII).
If the intermediate existence of the cation is postulated, the
O-alkylation product should be formed. In reality mainly
the nitrogen atom is attacked. A situation analogous to that
in the methylation of the N-nitroamines by diazomethane
arises1"16. The formation of a cationic intermediate may be
postulated, but alkylation proceeds contrary to the Kornblum
rule. Additional studies will help to resolve these problems.

V I . CONCLUSION

Generalising the data described, one may note that the
alkylation of ambident anions with nitrogen—nitrogen bonds
can be divided into reactions of two types. Alkanediazotates
of primary N-nitroamines give rise to azoxy-compounds with
the proximal fixation of the N-oxide oxygen atom in relation
to the incoming group; N-nitrosohydroxylamines and 1-
alkoxy-(fluoro, toluenesulphonato)-diazene 2-oxides give
rise to isomers with the distal fixation of the oxygen.

R̂  ~° R 0"
N—N —>- NN=N

R1

\ / R'X \ +
N—N —>- N=N

R R
\ H'X \ +

N—N *• N = N O R '

I : ~ • "0
0 0

(1)

(2)

(3)

(4)

All these reactions represent new methods for the synthesis
of azoxy-compounds. For example, reaction (1) was
described for the first time in 1969n and reaction (4) was
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described in 196471* § . Reactions involving the alklation of
primary nitroamines or N-nitrosohydroxylamines were
elucidated only after studies by Lamberton (1955—1961),
Woodward, Freeman, and Stevens (1963—1969). Whereas
the competitive alkylation of the O and C atoms has been
investigated in comparative detail in relation to the enolate
anions or nitroso-compounds11*8'173'193'1* (at least in terms of
the volume of factual data obtained), the analogous processes
for the O—N or O—O atoms have been studied much less.
The number of experimental studies whose main aim was
preparative synthesis of the final products in the field
indicated has been small; there are also difficulties in
structural aspects (see, for example, Section III). Many
characteristics of reactions (1) —(4) are therefore still obscure.
There are no systematic data concerning the influence of the
solvent, the metal cation, the salt concentration in solution,
etc. on the alkylation processes. The significant role
attributed to the study of the influence of these factors on
the activity of ambident anions in recent years makes it
probable that studies on these lines will be published in the
immediate future.

REFERENCES

1. K .H.Schundehutte, "Houben-Weyl Methoden der
Organischen Chemie", Georg Thieme Verlag,
Stuttgart, 1965, Vol.10/3, p.745.

2. E.Enders, "Houben-Weyl Methoden der Organischen
Chemie", Georg Thieme Verlag, Stuttgart, 1965,
Vol.10/3, p.467.

3. E.Muller, "Houben-Weyl Methoden der Organischen
Chemie", Georg Thieme Verlag, Stuttgart, 1967,
Vol.10/2, p.757.

4. E.Buncel, in "Mechanisms of Molecular Migrations"
(Edited by B . S .Thyagarajan), Intersci.Publ., New
York, 1968, Vol.1, p .61.

5. S.R. Sandier and W.Karo, "Organic Functional Group
Preparations" Acad.Press, New York, 1971, Vol.2,
p.343.

6. S.Patai (Editor), "The Chemistry of the Hydrazo,
Azo, and Azoxy Groups", Willey, New York, 1975,
Parts 1 and 2.

7. E,V.Brown and H.G.Padeken, in "Method. Chim. ",
(Edited by F.Zymalkowski), Acad.Press, New York,
1975, Vol.6, p.127; Chem.Abs., 85, 20168 (1976).

8. E.Buncel, Accounts Chem.Res., 8, 132 (1975).
9. M.Yamomoto, Senryo To Yakuhin, 21, 30, 58 (1976);

Chem.Abs. 85, 178948 (1976).
10. V.N.Yandovskii, B . V.Gidaspov, and I. V.Tselinskii,

Uspekhi Khim. (in the Press).
11. R.A.Moss and M.J.Landon, Tetrahedron Letters,

3897 (1969).

§ The exchange reaction (4) was investigated for the first
time by Wright and coworkers70 in relation to l-alkoxy-2-
phenyldiazene 2-oxides, but, since they attributed an
incorrect formula to the initial reactant, the experimental
results were also incorrectly interpreted. Furthermore,
they introduced benzylmagnesium halide into the substitution
reaction and obtained a compound whose structure, incidentally,
served as a touchstone throughout half a century, but was
not [properly] elucidated until the study by Woodward192.
In view of the enormous factual data contained in the pub-
lications by Wright and coworkers, Wright can be regarded
as the pioneer in this field.

12. R.A.Moss, M.J.Landon, K.M.Luchter, and A.Maman-
tov, J.Amer.Chem.Soc, 94, 4392 (1972).

13. R.A.Moss and G.M.Love, J.Amer.Chem.Soc, 95,
3070 (1973).

14. R.A.Moss and G.M.Love, Tetrahedron Letters, 4701
(1973).

15. R.A.Moss and T.B.K.Lee, J.Chem.Soc, Perkin
Trans.I, 2778 (1973).

16. R.A.Moss, Accounts Chem.Res., 7, 421 (1974).
17. W.J.McGahren, M.P.Kunstmann, J.Org.Chem., 37,

902 (1972).
18. E.H. White and D .J. Woodcock, in "The Chemistry of

the Amino Group" (Edited by S.Patai), Intersci.
Publ., London, 1968, p.440.

19. R.A.Moss, Chem.Eng.News, 49, No.48, ,28 (1971).
20. E.Muller, H.Haiss, and W.Rundel, Chem.Ber., 93,

1541 (1960).
21. E.Muller, W.Hoppe, H .Hagenmaier, H.Haiss, R.Huber,

W.Rundel, and H.Suhr, Chem.Ber., 96, 1712 (1963).
22. H.Suhr, Chem.Ber., 96, 1720 (1963).
23. T.K.Tandy Jr . and W.M.Jones, J.Org.Chem., 30,

4257 (1965).
24. R,A.Moss and F.C.Shulman, Tetrahedron, 24,

2881 (1968).
25. R.A.Moss and S.M.Lane, J.Amer.Chem.Soc, 89,

5655 (1967).
26. H.Hart and J.L.Brewbaker, J.Amer.Chem.Soc, 91,

706 (1969).
27. E.H.White, T.J.Ryan and K.W.Field, J.Amer.Chem.

Soc, 94, 1360 (1972).
28. C.D.Gutsche and I.Y.C.Tao, J.Org.Chem., 32,

1778 (1967).
29. H.Hart and J.L.Brewbaker, J.Amer.Chem.Soc, 91,

716 (1969).
30. W.Kirmse, A.Engelmann, and J.Heese, Chem.Ber.,

106, 3073 (1973).
31. R.A.Moss, J.Org.Chem., 31, 1082 (1966).
32. R.A.Moss and K.M.Luchter, J.Org.Chem., 37,

1155 (1972).
33. H.Zollinger, "Azo and Diazo Chemistry, Aliphatic

and Aromatic Compounds", Intersci., New York,
1961, pp.47, 150.

34. B .A .Porai-Koshits, "Azokrasiteli" (Azo-Dyes), Izd.
Khimiya, Leningrad, 1972, p . 29.

35. R.Kiibler and W.Liittke, Ber .Bunsenges.Phys.Chem .,
67, 2 (1963).

36. J.S.Littler, Trans.Faraday Soc, 59, 2296 (1963).
37. E.S.Lewis and M.P.Hanson, J.Amer.Chem.Soc, 89,

6268 (1967).
38. B.A.Porai-Koshits, Zhur .Org.Khim., 2, 1125 (1966).
39. A.P.Voropaeva, L.M.Gladysheva, V. A .Ketlinskii,

I.L.Bag-al, Ya.E .Bryuske, and A.V.El'tsov, Zhur.
Org.Khim., 12, 401 (1976).

40. Ya.E.Bryuske and A.P.Voropaeva, Trudy Tambov.
Inst.Khim.Mashinostr., No.4, 124 (1970); Chem.Abs.
78, 42449 (1973).

41. P.A.S.Smith, "Open-Chain Nitrogen Compounds",
W.A.Benjamin, New York, 1966, Vol.2, p.44.

42. J.Hamer and A.Macaluso, Chem.Rev., 64, 473(1964).
43. E.Buehler, J.Org.Chem., 32, 261 (1967).
44. E.L.Eliel and S .M.C .Knoeber, J.Amer.Chem.Soc,

88, 5347 (1966).
45. E.Buehler and G.B.Brown, J.Org.Chem., 32, 265

(1967).
46. R.J.MacConaill, F.L.Scott, and A.F.Hegarty,

Tetrahedron Letters, 1217 (1972).
47. L.B.Volodarskii and A . Ya.Tikhonov, Izv.Akad.

Nauk SSSR, Ser.Khim., 2341 (1969).



246 Russian Chemical Reviews, 49 (3), 1980

48. E.Bellasio, F.Parravicini, T.LaNoce, and E.Testa,
Ann.Chim. (Italy), 58, 407 (1968).

49. E.Bellasio, F.Parravicini, A.Vigevani, and E.Testa,
Gazzetta, 98, 1014 (1968); Chem.Abs., 71, 21952
(1969).

50. L. B . Volodarskii and A.Ya.Tikhonov, Zhur.Org.
Khim., 6,' 307 (1970).

51. G.Kh.Kamai, A.D.Nikolaeva, V.S. Perekhod'ko, and
T.V.Zykova, Zhur.Org.Khim., 6, 394 (1970).

52. R.A.Moss and C.E.Powell, J.Amer.Chem.Soc, 98,
283 (1976).

53. W.Kirmse, A.Engelmann, and J.Heese, J.Amer.Chem.
Soc, 95, 625 (1973).

54. W.Kirmse and A.Engelmann, Chem.Ber., 106, 3086
(1973).

55. D.J.Northington and W.M.Jones, Tetrahedron Letters,
317 (1971).

56. A.Padwa, N.C.Das, and D.Eastman, J.Amer.Chem.
Soc, 91, 5178 (1969).

57. A.Padwa, P.Cimiluca and D.Eastman, J.Org.Chem.,
37, 805 (1972).

58. D.J.Northington and W.M.Jones, J.Org.Chem., 37,
693 (1972).

59. P.A.S.Smith, "Open-Chain Nitrogen Compounds",
W.A.Benjamin, New York, 1966, Vol.2, p.479.

60. R.Behrend and E.Konig, Annalen, 263, 217
(1891).

61. R.Lindner, Annalen, 275, 133 (1893).
62. E.Bamberger and T.Ekecrantz, Ber., 29, 2412(1896).
63. E.Bamberger, Ber., 31, 574 (1898).
64. O.Piloty and O.Ruff, Ber., 36, 1656 (1897).
65. W.Traube, Annalen, 300, 81 (1898).
66. W.Traube and H.Stelaff, Annalen, 300, 129

(1898).
67. A.Hantzsch, Ber., 31, 177 (1898).
68. H.Wieland and F.N.Kerr, Chem.Ber., 63B, 570

(1930); Chem.Abs., 24, 3211 (1930).
69. J.Cason and F.S.Prout, J.Amer.Chem.Soc, 71,

1218 (1949).
70. M.V.George, R.W.Kierstead, and G.F.Wright, Canad.

J.Chem., 37, 679 (1959).
71. M.J.Danzig and S.R.Riccitiella, J.Org.Chem.

686 (1962).
72. M.J.Danzig, R.F.Martel, and S.R.Riccitiello,

Org.Chem., 26, 3327 (1961).
73. J.P.Freeman, J.Org.Chem., 28, 2508 (1963).
74. T.E.Stevens, J.Org.Chem., 29,
75. C.E.Wintner, Ph.D.Thesis;

(1963).
76. R.B.Woodward and C.Wintner, Tetrahedron Letters,

2689 (1969).
77. A.H.Lamberton and H.M.Yusuf, J.Chem.Soc.C , 397

(1969).
78. H.Metzger and H.Meier, in "Houben-Weyl Methoden

der Organischen Chemie", Georg Thieme Verlag,
Stuttgart, 1971, Vol. 10/1, p.891.

79. E.Bamberger and O.Baudisch, Ber.
80. A.Hantzsch and A.Sauer, Annalen,

(1897).
81. W.Traube, Ber., 27, 3291 (1894).
82. W.Traube, Ber., 28, 1785 (1895).
83. W.Traube, Ber., 28, 2297 (1895).
84. M.Gomberg, Annalen, 300, 59 (1898).
85. A.Angeli, Ber., 29, 1884 (1896).
86. A.Angeli and F.Angelico, Atti accad.Lincei, 9, II,

44 (1900).
87. A.Angeli, Atti accad.Lincei, 22, I, 201, 282 (1913).
88. J.Thiele, Annalen, 376, 239 (1910).

311 (1964).
Diss.Abs., 24,

27,

J .

1841

, 42, 3582 (1909).
229, 67

89. C.S.Marvel, "Organic Syntheses" (Translated into
Russian), Inostr.Lit., Moscow, 1949, Collective Vol. 1,
p.238 (English edition, p . 177).

90. E.G.Kovach, Chem.Ber., 91, 844 (1958).
91. G.Chariot, "Les Methodes de la Chimie Analytique.

Analyse Quantitative Minerale" (Translated into
Russian), Izd.Khimiya, Moscow, 1969, pp.95, 131.

92. T.Axenrod, M.J.Wieder, and G.W.A.Milne, Tetra-
hedron Letters, 401 (1969).

93. E.Bamberger and O.Baudisch, Ber., 42, 3568 (1909),
94. M.E.Jung, P.A.Blair, and J.A.Lowe, Tetrahedron

Letters, 1439 (1976).
95. K.H.Shapiro, M.F.Lipton, K.Y.Kolonko,

R.L.Buswell, and L.A.Capuano, Tetrahedron Letters,
1811 (1975).

96. N.D.Epiotis, J.Amer.Chem.Soc, 95, 3087 (1973).
97. A.B.Boese, Jr., L.W.Jones, and R.T.Major,

J.Amer.Chem.Soc, 53, 3530 (1931).
98. G.Kortum, and B.Finckh, Z.phys.Chem., 48B, 32

(1941).
99. M.Carmack and J.J.Leavitt, J.Amer.Chem.Soc, 71,

1221 (1949).
100. E.H.White, M.J.Todd, M.Ribi, T.J.Ryan, A.A.F.

Sieber, R.E.Dickerson, and J.Bordner, Tetrahedron
Letters, 4467 (1970).

101. E.H.White and D.W.Grishey, J.Amer.Chem.Soc, 83,
1191 (1961).

102. E.H.White and C .A.Aufdermarsh, J.Amer.Chem.Soc,
83, 1174 (1961).

103. E.H.White and C .A.Aufdermarsh, J.Amer.Chem.Soc,
83, 1179 (1961).

104. E.H.White, R.H.McGirk, C .A.Aufdermarsh, H.P.
Tiwari, and M.J.Todd, J.Amer.Chem.Soc, 95,
8107 (1973).

105. J.P.Freeman and L.D.Lillwitz , J.Org.Chem., 35,
3107 (1970).

106. L.B .Volodarskii and N .Yu.Tormysheva, Izd.Sibir.
Otd.Akad.Nauk SSSR, Ser.Khim.Nauk, No.9,
Issue 4, 136 (1976).

107. M.A.Ribi and E.H.White, Helv.Chem.Acta, 58,
120 (1975).

108. J.P.Freeman, see footnote 21 in Ref.105.
109. K.V.Vatsuro and G .L.Mishchenko, "Imennye

Reaktsii v Organicheskoi Khimii" (Name Reactions
in Organic Chemistry), Izd.Khimiya, Moscow, 1976,
p.324.

110. L.A.Neiman, V.S.Smolyakov, Y .S .Nekrasov, and
M.M.Shemyakin, Tetrahedron, 26, 4963 (1970).

111. M.Gotz and K.Grozinger, Tetrahedron, 27, 4449
(1971).

112. T.N.Srivastava, J.Inorg.Nuclear Chem., 17, 1546
(1975).

113. M.N.Hughes, Quart.Rev., 22, 1 (1968).
114. P.A.S.Smith and G.E.Hein, J.Amer.Chem.Soc, 82,

5731 (1960).
115. A.J.Hubert and G.Anthoine, Bull.Soc.chim.beiges,

78, 553 (1969).
116. R.E.Rondeau, R.N.Steppel, H.M.Rosenberg, and

L.E.Knaak, J.Heterocyclic Chem., 10, 495 (1973).
117. M.P.Serve, W.A.Feld, P.G.Seybold, and R.N.Steppel,

J.Heterocyclic Chem., 12, 811 (1975).
118. H.P.Braun, K.-P.Zeller, and H.Meier, Chem.Z.,

97, 567 (1973).
119. H.P.Braun, K.-P.Zeller, and H.Meier, Annalen,

1257 (1975).
120. H.Meier, G.Trickes, and H.P.Braun, Tetrahedron

Letters, 1257 (1976).
121. T.E.Stevens, J.Org.Chem., 32, 1641 (1967).



Russian Chemical Reviews, 49 (3), 1980 247

J.Roy. Tech. Coll.
Chem.Abs., 23,

and A .N .Blokhina,

122. T.E.Stevens and J.P.Freeman, J.Org.Chem., 29,
2279 (1964).

123. W.V.Farrar and J.Masson Gulland, J.Chem.Soc,
368 (1944).

124. T.E.Stevens, quoted after Ref.74.
125. O.P.Shitov, S.L.Ioffe, V.A.Tartakovskii, and

S.S.Novikov, Izv.Akad.Nauk SSSR, Ser.Khim.,
490 (1972).

126. I.A.Leenson, G.B.Sergeev, O.P.Shitov, S.L.Ioffe,
and V.A.Tartakovskii, Izv.Akad.Nauk SSSR, Ser.
Khim., 1149 (1973).

127. Z.V.Todres and S.P.Avagyan, Zhur.Vses.Khim.
Obshch.im Mendeleeva, 18, 478 (1973).

128. Z.V.Todres, S.P.Avagyan, and D .N .Kursanov,
Zhur.Org.Khim., 11, 2457 (1975).

129. Z.V.Todres, S.P.Avagyan, and D .N .Kursanov, J.
Organometal.Chem., 97, 139 (1975).

130. R.J.Crawford and K.Takagi, J.Amer.Chem.Soc,
94, 7406 (1972).

131. H.Lui and J.Warkentin, Canad.J.Chem., 51, 1148
(1973).

132. V.Malatesta and K.U.Ingold, Tetrahedron Letters,
3311 (1973).

133. W.M.Cumming and G.S.Ferrier,
(Glasgow), 2, No.l, 49 (1929);
3908 (1929).

134. D .N .Kursanov, A.S.Kursanova.
Zhur.Obshch.Khim., 8, 1786 (1938).

135. K.G.Taylor, S.R.Isaac, and M.S.Clark, J.Org.
Chem., 41, 1135 (1976).

136. G.T.Knight and B.Saville, J.Chem.Soc, Perkin
Trans., II, 1550 (1973).

137. W.J.Le Nobel and W.S.Chang, Synthesis, 106 (1973);
Chem.Abs., 78, 135785 (1973).

138. F.R.Sullivan, E.Luck, and P.Kovacic, J.Org.
Chem., 39, 2967 (1974).

139. C .G .Overberger, J.P.Anselme, and J.G .Lombardino,
"Organic Compounds with Nitrogen-Nitrogen Bonds"
(Translated into Russian), Izd.Khimiya, Moscow,
1970, p.107.

140. B.V.Ioffe and L.A .Kartsova, Zhur.Org.Khim., 9,
1209 (1973).

141. B.V.Ioffe and L.A .Kartsova, Zhur.Org.Khim., 10,
989 (1974).

142. Weigand-Hilgetag, "Experimental Techniques in
Organic Chemistry" (Translated into Russian), Izd.
Khimiya, 1968, p . 543.

143. Y.Tamura, J.Minamikawa, Y.Kita, J.H.Kim, and
M.Ikeda, Tetrahedron, 29, 1063 (1973).

144. A.H.Lamberton, Quart.Rev., 5, 75 (1951).
145. H.S611, in "Houben-Weyl Methoden der Organischen

Chemie", Georg Thieme Verlag, Stuttgart, 1958,
Vol.11/2, p.99.

146. A.L.Fridman, V.P.Ivshin, and S.S.Novikov,
Uspekhi Khim., 38, 1448 (1969) [Russ.Chem.Rev.,
No.8 (1969)].

147. G.F.Wright, "The Chemistry of Nitro- and Nitroso-
groups", Vol.1 (Edited by H.Feuer), (Translated
into Russian), Izd.Mir, Moscow, 1972, p.467.

148. S.S.Novikov, G .A.Shveikhgeimer, V.V.Sevost'-
yanova, and V.A.Shlyapochnikov, "Khimiya Alifati-
cheskikh i Alitsiklicheskikh Nitrosoedinenii" (The
Chemistry of Aliphatic and Alicyclic Nitro-com-
pounds), Izd.Khimiya, Moscow, 1974, p . 282.

149. P.A.S.Smith, see Ref.41, Chapter 15.
150. J.T.Millar and H .D .Springall, "Sidgwick's Organic

Chemistry of Nitrogen", Clarendon Press, Oxford,
1966, p.592.

and H.M.Yusuf, J.
956 (1974).

151. W.Traube, Ber., 27, 1507 (1894).
152. S.S.Novikov, G .A.Shveikhgeimer, V.V.Sevost1-

yanova, and V.A.Shlyapochnikov, "Khimiya Alifati-
cheskikh i Alitsiklicheskikh Nitrosodinenii" (The
Chemistry of Aliphatic and Alicyclic Nitro-compounds),
Izd.Khimiya, Moscow, 1974, pp.350, 360.

153. J.C.A.S.Thomas, Rec.Trav.chim., 9, 69 (1890).
154. H.Van Erp, Rec.Trav.chim., 14, 1 (1895).
155. A.P.N.Franchimont, Rec.Trav.chim., 14, 235

(1895).
156. H.Umbgrove and A.P.N.Franchimont, Rec.Trav.

chim., 15, 195 (1896).
157. H.Umbgrove and A.P.N.Franchimont, Rec.Trav.

chim., 16, 385 (1897).
158. H.Umbgrove and A.P.N.Franchimont, Rec.Trav.

chim., 16, 401 (1897).
159. H.Umbgrove and A.P.N.Franchimont, Rec.Trav.

chim., 17, 270 (1898).
160. W.J.Chite, G.E.Dunn, J.C .MacKenzie, G.S.Myers,

G.N.R.Smart, J.W.Suggitt, and G.F.Wright, Canad.
J.Res., B26, 114 (1948).

161. G.N.R.Smart and G.F.Wright, Canad.J.Res., B26,
284 (1948).

162. P.Bruck and A.H.Lamberton, J.Chem.Soc, 3997
(1955).

163. B.Unterhald and D.Thamer, Synthesis. 302, 676
(1973).

164. P.Bruck and A.H.Lamberton, Synthesis, 4198
(1957).

165. A.H.Lamberton and G.Newton, Synthesis, 1797
(1961).

166. A.H.Lamberton, R.D.Porter,
Chem.Soc, Perkin Trans.I,

167. B.Unterhalt and D.Thamer, Tetrahedron Letters
4905 (1971).

168. B.Unterhald and D.Thamer, Arch.Pharm., 307, 466
(1974).

169. V.G.Avagyan, V.A.Shlyapochnikov, O.A .Luk'yanov,
and V.A.Tartakovskii, Izv.Akad.Nauk SSSR, Ser.
Khim., 590, 1972.

170. V.P.Tverdokhlobov, I. V.Tselinskii, and B.V.Gida-
spov, Zhur.Org.Khim., 12, 359 (1976).

171. V.P.Tverdokhlebov, I .V.Tselinskii, B . V.Gidaspov ,
and L.A.Fedorova, Zhur .Org.Khim., 12, 362 (1976).

172. V.P.Tverdokhlebov, I .V.Tselinskii, B .V.Gidaspov,
and G.Yu.Chikisheva, Zhur .Org.Khim., 12, 2335
(1976).

173- R.Gompper, Angew.Chem., 76, 412 (1964).
174. H.Becker, "Einfuehrung in die Elektronentheorie

Organisch-Chemischer Reaktionen" (Translated into
Russian), Izd.Mir, Moscow, 1965, p .81.

175. J.R.Johnson and A .T .Blomquist, US P., 2683165
(1954); Chem.Abs., 49, 7590 (1955).

176. B.Unterhalt and D.Thamer, Arch.Pharm., 308, 954
(1975); Chem.Abs., 84, 121061 (1976).

177. S.N.Shvedova, V.G.Avagyan, N .O.Cherskaya,
T.A.Arestova, V.A .Shlyapochnikova, and S.S.
Novikov, Izv.Akad.Nauk SSSR, Ser.Khim., 1298
(1973).

178. Yu.A.Zhdanov and V.I.Minkin, "Korrelyatsionnyi
Analiz v Organicheskoi Khimii" (Correlation Analysis
in Organic Chemistry), Izd.Rostov.Univ., 1966,
p.328.

179. B.Unterhalt and D.Thamer, Arch.Pharm., 307,
731 (1974).

180. O.A.Luk'yanov, A.A.Onishchenko, V.P.Gorelik, and
V.A.Tartakovskii, Izv.Akad.Nauk SSSR, Ser.Khim.,
1294 (1973).



248 Russian Chemical Reviews, 49 (3), 1980

181. M.Ya.Myagi, T.T.Lipmaa, S.L.Ioffe, V.A.Tarta-
kovskii, A. S . Shashkov, B.N.Khasapov, and L.M.
Nakarenkova, Izv.Akad.Nauk SSSR, Ser.Khim.,
1431 (1973).

182. S.L.Ioffe, L.M.Makarenkova, and V.A.Tartakovskii,
Izv.Akad.Nauk SSSR, Ser.Khim., 463 (1974).

183. L.J.Winters and D.T.Hill, Inorg.Chem., 4, 1433
(1965).

184. O.Degner and H.V.Pechmann, Ber., 30, 647 (1897).
185. G.N.Smart and G.F.Wright, J.Amer.Chem.Soc, 70,

3142 (1948).
186. P.A.S.Smith, see Ref.41, p.231.
187. M.I.Gillibrand and A.H.Lamberton, J.Chem.Soc,

1883 (1949).
188. O.A.Luk'yanov, N .I.Shlykova, and V.A.Tartakovskii,

Izv.Akad.Nauk SSSR, Ser.Khim., 659 (1976).
189. S.L.Ioffe, L.M.Leont'eva, L.M.Makarenkova,

A.L.Blyumenfel'd, V.F.Pyaterikov, and V.A.Tarta-
kovskii, Izv.Akad.Nauk SSSR, Ser.Khim., 1146
(1975).

190. A.A.Onishchenko, O.S.Reshetova, V.P.Gorelik
O.A.Luk'yanov, and V.A.Tartakovskii, Izv.Akad.
Nauk SSSR, Ser.Khim., 1166 (1976).

191. O.A.Luk'yanov, I.K.Kozlova, and V.A.Tartakovskii,
Izv.Akad.Nauk SSSR, Ser.Khim., 421 (1976).

192. R.B.Woodward and C.Wintner, Tetrahedron Letters,
2693 (1969).

193. V.I.Erashko, S.A.Shevelev, and A.A.Fainzil'berg
Uspekhi Khim., 35, 1740 (1966) [Russ.Chem.Rev.,
No. 10 (1966)].

194. A.T.Nielsen, in "The Chemistry of Nitro- and
Nitroso-Groups" (Edited by H.Feuer), (Translated
into Russian), Izd.Mir, Moscow, 1972, p.314.

Zhdanov Leningrad State
University

Lensovet Leningrad
Technological Institute


