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Nitrenes have been the subject of intensive investi-
gation in the past few years by a large number of
workers.v «

A nitrene is a monovalent nitrogen species, a mem-
ber of a class of organic intermediates which contain
only six electrons in their valence shell, and are elec-
troneutral. Other members of this class are divalent
carbon species, commonly referred to as the car-
benes,7,8 atomatic oxygen,s and sulphur. 10 These
chemical species have been found to participate in a
wide variety of reactions. Other names have been used
for such electron deficient nitrogen species--t but the
term nitrene is used because of the analogy of its
molecular structure with other electron deficient
species such as carbenes. Both species are isoelec-
tronic, The name is not intended to reflect anything
on its behaviour.

Both, a singlet state with two pairs of electrons
and a low energy empty orbital, and triplet state with
one electron pair and two electrons with parallel
spins are possible, and are known to exist. 4

It is not our intention to present here exhaustive
survey of the whole nitrene chemistry. Instead we
will deal with the development and the synthetic ap-
plications of carbalkoxynitrenes offering novel reaction
paths. A few characteristic reactions will be discussed
from the mechanistic point of view.

As early as 189 I, nitrenes were proposed in the
Lossen rearrangement. Later on they were also
postulated as intermediates in the Curtius rearrange-
ment. Since then a large amount of work has been
done on the subject, and its scope has been expanded
a great deal.

2. Modes of Generation

Nitrenes can be generated in several ways. The
most popular way is the thermal and photochemical
decomposition of azides. In the case of the reaction
of azides with olefins, aziridines are formed. Two
possible modes of the formation of aziridines are
known. In the first instance the azide adds to the
olefin to give triazoline which then goes on to give
aziridine with the loss of nitrozen. While in the
alternative mode rate determining loss of nitrogen
takes place first to give the nitrene which adds to the
olefin in the fast step. Tn the case of the azidofor-
mates or acyl azides, both these modes of addition
are observed. As a consequence of the possibility

of delocalization of electrons the nitrene exhihits
1,3-cycloaddition reactions to form the oxazolines,

[ :N-~-R' :N=?-R' ]

:0:
I

R' = alkyl, alkoxy, aryl etc.

Again in such cases the aziridines can rearrange to the
oxazolines. The latter can also be formed inde-
pendently of the acylaziridines by a direct 1,3-cyclo-
addition of the nitrenes.

Carbalkoxynitrenes have also been generated by a
non-azide, «-elimination route, from N-p-nitrobenzene-
sulphonoxy urethan, II and III.

02N -0S02NH - C02R II: R=Me; III: R=:Et

Phenylnitrene similarly can be formed by ther-
molysis.t? and photolysis u of phenyl azide; the de-
oxygenation of nitrosobenzene'P and nitrobenzene .tv
and the photolysis of oxaziranes.e> The intermediacy
of the nitrene is ascertained from the fact that in the
presence of dialkylamine, dihydroazepines are ob-
tained from all these substrates, which indicates a
common intermediate.

In 1962 the occurrence of ethoxycarbonylnitrene
was postulated in the photodecomposition of ethyl
azidoformate. I 4, I 5

Et 0-C-N3
II
o

[EtO-C-N:]
II
o

IV V

The short-lived intermediate was trapped by its addi-
tion to the double bond of cyclohexene, and its inser-
tion in the C-H bond of cyclohexene and cyclohexane.

The nitrenes are rather short-lived, and are in-
variably generated in situ, whence they react fast
with the substrate (solvent) to give various products.
The nature of the products depends on the substrate
used. In the absence of any substrate ethoxycar-
bonylnitrene dissociates into ethoxy and isocyanate
radicals, 17,18

"
3. Reactivity

Ethoxycarbonylnitrene whether generated by photo-
lysis, 14, I 5 thermolysis, I 5 ,21-23 and the e-elimination
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router- has the same reactivity. This is in striking
contrast to the reactivity of carbalkoxycarbenoids.
The nitrenes are more selective than the carbenes
but both exhibit analogous reactions. The relative
reactivity of ethoxycarbonylnitrene for insertion into
primary (1°), secondary (2°), and tertiary (3°) C-H
bonds of 2-methyl butane were found to be 1 :10:34
respectively. 21,24,25 The relative reactivity of meth-
oxycarbonylcarbene for 1° and 2° hydrogens of
n-pentane is 1:2.3; for the 1° and 3° hydrogens of
2,3-dimethylbutane is 1:2.9; and in isobutane the
reactivity ratio of 1°:3° hydrogens is 1:3.1.26,27
Ethoxycarbonylnitrene has also been found to be
more selective than methytene.>s in the C-H insert-
ion reactions. This is because of the ready delocali-
zation of electrons in the nitrene, while no such
resonance stabilization is possible in the methylene.
Thus, it has been found that methylene obtained by
the photolysis of diazomethane inserts into the C-H
bond at carbon atoms one, two and three of n-pentane
in the ratio of 48:35:17 at -75°C, and 49:34:17 at
-15°C, which is nearly the statistical distribution.
Photolysis in 2,3-dimethylbutane leads to insertion
prod ucts into the 10 and 3° C- H bonds in the ratio
of 17 :83, which is again close to statistical figures.
Thus it is apparent that in solution methylene shows
almost no preference for 2° or 3° C-H bonds. Tn
the gas phase, however, it shows a preference for
more highly substituted C-H bonds. Thus Frey
and Kistiakowsky-s found that methylene generated
by photolysis of ketene reacts with 2° C-H of n-
pentane or n-butane 1.7 times faster than 1° C-H
bonds. This ratio could be increased by the addition
of some inert gas like argon or carbon dioxide. This
is explained in terms of cooling (resulting in energy
transfer) of initially formed hot (vibrationally excited
methylene by collisions with inert gas molecules.
Simons and his coworkers-? have reported that in the
presence of triplet scavengers, such as oxygen of nitric
oxide, the insertion ratio of methylene into 1° and 2°
C-H bonds of n-butane is 1: 1.3. Tn this case
methylene is generated by the photolysis of diazo-
methane or ketene. This lower selectivity of methy-
lene in the presence of oxygen or nitric oxide is ex-
plained in terms of the absence of triplet methylene
which would abstract H-atoms more selectively to
form the most stable radical followed by recombina-
tion to give apparent insertion products. In com-
parison with p-toluensulphonylnitrene VI, it has
been found that V is more selective than VI in the
C-H insertion reactions. It is postulated that re-
sonance

VI VII

stabilization on the carbonyl function in the case of
is better than the same effect in VI involving the
d-orbitals of sulphur. Pivaloylnitrene-" VII, - and
phenylnitrene.>' however, are found to be more
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selective than V in the C-H insertion reactions.
Their ratios of insertion into 1° :2° :3° C-H bonds
are 1 :9:160 and 1:7:140 respectively.

From the lifetime of a number of aromatic nitrenes
measured in a polystyrene matrix, the rates of H-
abstraction have been estimated. It is found that
carbonylnitrenes and sulphonylnitrenes are more
reactive than the phenylnitrene. This low rea tivity
of phenylnitrener-o? is due to a net negative charge
on the nitrogen atom estimated by Huckel molecular
orbital method. A linear relationship has been found
to exist between the lifetime of the nitrene and the net
negative charge on it. In carbonyl- and sulphonyl-
nitrenes the oxygen atom bears the net negative charge
due to resonance.

The relative reactivities of ethoxycarbonylnitrene
for insertion into norbornene, adamantane, bicyclo
[2.2.2J octane, and tricyclo[3.3.0.0]octane2,6 are
same and comparable to cyclohexane case.19,46

Ethoxyalyl azide on irradiation by a low pressure
mercury arc at -78°C yields ethoxyalylnitrene.zf
which exhibits usual nitrene reactions, such as insert-
ion into C-H and O-H bonds and H-abstraction
reactions from alkanes and alcohols. It follows the
path of reaction in which there is competition between
the decomposition of azides to form the nitrene,
and its rearrangement to the isocyanate. The reac-
tivity of the nitrene towards the 1°, 2° and 3° C-H
bonds of 2-methylbutane is 1:6.6 :44.

Kinetic evidence has also been obtained for the
nitrene mechanism. It has been found that the azido-
formates23,33-36 decompose thermally in various sol-
vents in clean first order reaction. Only small solvent
effects are observed. Thus it was found that the rate
of decompositions of IV in tolane, phenylacetylene,
diphenyl ether, benzonitrile, and paraffin are nearly
independent of the solvent.r? These results are in
good agreement with data on the decomposition of
n-octylazidoforrnate.s+to in a number of solvents
like diphenyl ether, mineral oil, l-octadecene, indene,
phenol, diglyme, 2-heptanone, diethyl sebacate and
pyridine. First order kinetics were observed for the
decomposition of both azides and the solvent effects
on the rate of decomposition were very small. It
thus follows that in these reactions evolution of nitro-
gen is the rate determining step. The nitrene inter-
mediate so obtained reacts in a fast step with the
solvent to give various products.

4. Characteristic Reactions of Carbalkoxynitrenes

The general reaction of the nitrenes are given below
for ready reference. A few selected examples w.ill be dis-
cussed from the view point of mechanism etc. The
details about others may be found elsewhere.
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I. Insertion into C-H Bonds. II,I4,IS,2I,24,25,3I,32,

38,39,42,43

R-H + :N~C02Et->- R-NH-C02Et

( 0) .•.:N-C0
2
Et __ C 0 JNH

-e:02Et

o 0
II. Insertion into O-H Bonds. II,I4,I5,2I,24,3I,32,

38,39,44,46

R-OH + :N-CO,Et--7RO-NH-CO,Et

III. Insertion into N-H Bonds.43'4s,47
"'.. -,

N-H + :N-CO,Et ->- NH-NH-CO,Et
/ /

IV. Additions to Olefins in solution
in gas phase.II,I4,1s,17,18,24,2S,38,39,48,SO

Singlet nitrenes add stereospecifically, and triplets
add nonstereospecifically.

V. Addition to Alkynes. 33,37,49'51

OEt. rb
-CE C- +:N-C02Et- >==<
-CEC-+:N-C02Me_ >==<yO

OMe

VI. Addition to Allenes.s-

<, / -s..:»
c=C=C +N3-CDl"e -- ~

/" N 0Y
DEt

VII. Addition to Dienes.48,s3>S4

r-\-N/-,-----;.~
I
C02Et

~ +:N-C02Et ---- ~-.J'
N
I
C02Et

VIII. Dehydrogenation Reaction
(a) A1cohols.34,44,47'S5

'" .. '"
CH-OH+ :N-C02Et --7 C=O +H2N-C02Et

/ /
(b) Hydrocarbons.e- oa-as

Of- ~Q+NH2C02Et

OicumylCum en e

0-0
(c) Hydrazo compounds ;45

Et02C-NH-NH-C02Et ->- EtO,C-N=N-C02Et

IX. Rearrangement. 56'57

.. MeOH
:N-C02Et ----7 EtO-NH-C02Me

u
MeO" A /OMe

6inROH N N
N3C02Me o~ MeO-NH-C02R + I ~

O~N/ °
I
OMe

where R=Me, Me3C
X. Reaction with Aromatic Systems.II,17,22,2S,27,43'58

©J+'"-CO,R- CN-CO,R
Where R=Et, Ph

Dialkyl-N-carbethoxyazepines formed from the
dialkylbenzenes undergo [4+2] Diels-Alder reaction
with tetracyanoethylene.vzgoo + ~-CO,Et~

©cOO + 006C02

<'

Two different mechanisms involving singlet and
triplet nitrenes are operating, resulting in different
products.

XI. Reaction with Heterocycles.sv

().,o
N
I
C02Et

ONH-C02Et
H

XII. Intramolecular Insertion. 44,5 5,60,83

XIII.

o
[HoC-CH,O-,rO] - e- VH
[<Me3) c-7=0 ] - t °)=0

:N: N
H

Reaction with Sulphoxeides+at+
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MezS=O + :N-COzR-~ RO-C-N=O + MezS
IIo

Where R=n-octadecyl
o
II

Ph-C=O +R2S=O-~ Ph-C-N=S-R2
I II

:N: 0

XIV. Reaction with Porphyrins and their Metal
Complexes/a

The reaction of ethoxycarbonylnitrene with porphy-
rins leads to products of ring expansion. Their metal
complexes give substitutional products.

XV. Addition to Nitriles.37,49'55,60

XVI. Reaction with Isonitriless+

t-but-N=C+ :N-C02Et ->- t-but-N=C=N-but-t
+ -

XVII. Reaction with Isocyanates.w+'

R-N-N- C02R

of.. N ~o
I
R

o R R
/,I '/

R-N-C N-N

~y'o-- oZ I ,),0
OR' ~

R

RolrO-Chapman.n
Rearrangement

R
\
N-N

od.... ;>--OR'
N
I
R

Where R=Et, Me; R'=Et, Me

XVIII. Reaction with Tertiary Amines.s?

Et3N: + :N-C02Me --> NH2-C02ME+Et2N-C02Me

(-NHC02Meh+ Et2N-NH-C02Me

Et-N-N-C02Me

I I
N-C-Me

/ H
Me02C

XII
XIX. Addition to Hormones.t+

Photochemically generated ethoxycarbonylnitrene
adds to testosterone acetate, and forms N-(ethoxy-
carbonyl)-4«,S«-imino-3-oxo- and rostan-17 ~-01-17-
acetate, which was characterized from its JR, NMR,
electronic and mass spectra.
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XX. Reaction with Dialkylacetals of Keteness?

RCH=C( OMe)
35'

.• EI02C~3 - R-C/,-C,(OMel2

I,~N~NI~:,~:~,2:~roonV'_5_5 _ d.O!<oq-
f:j,2 -1,2, 3-trlozOI:ne

R-'7H-C,( OMe)2

o -< N
'c:;-" (4-d;clkOxY-62-o.-az~trr>!')

I
OEI

XXI. Reaction witli Ylids.81

Et02CN3
R-S=CH-C=O ------7

I room temp
Ph

Et02C-N=N-NH-C=CH-C= 0
I I

C=C Ph
I
Ph

After going through the above reaction schemes
it may be concluded that carbalkoxynitrenes and
carbenes behave similarly, and so do their keto--
analogs. Products of formal rearrangement of car-
balkoxynitrenes have been characterized.so»? and
at least in one cases- a carbalkoxycarbene has been
postulated to undergo Wolff rearrangement. In
these examples where rearrangement products have
been observed, there is no conclusive proof that the
carbenes or the nitrenes are the actual intermediate-
which undergoes rearrangement. Reasonable pathways.
can be written to account for the rearrangement pro-
ducts from either the carbene or the nitrene precursors.
Both in carbalkoxynitrenes, and carbenes, inter-
molecular reactions such as insertion and addition to
multiple bonds are important paths. Formal eye-
loaddition reacti ons are common to both carbalkoxy-,
and keto-nitren es and carbenes.

5. Mechanism

The mechanism of the addition of the nitrenes to
nitriles and isocyanates is not clear. Three possible
pathways, given below, have received attention of
different workers, but no conclusive evidence for any
one mechanism is available.

I. A 1,3-dipolar cycloaddition of the nitrene to
nitrilesov and isocyanates.s?

II. Formation of a diazirine.o? and diaziridinonew
intermediates, which could later undergo ring expan-
sion to form oxadiazole and oxadiazolin-S-ones
respectively. An analogous ring expansion of N-
acylaziridines to oxazolines is known.s+ss

III. Formation of nitriliminess or azomethinei-
mine.s? and its subsequent ring closure to the pro-
ducts of apparent 1,3-cycloaddition. This type of
ring closure has also been reported.O

Et3N: +-
R-C= N-NH-C02Et---> R-C=N-N-C02Et-->- l-'\\

I ""z 0 7'OEt
Cl
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It appears that Huisgene? prefers to write a 1,3-

dipolar cycloaddition to the nitriles. It is argued that
the nitrogen atom in nitriles is not as nucleophilic
.as in pyridine, where a zwitterionic intermediate is
formed.43 However, this does not rule out the
possibility of a diazirine intermediate.

A qualitative consideration of the resonance
hybrids of isocyanates from the stand point of the
molecular orbital theory indicates that the electron or
charge density is greatest on the oxygen (highest net
negative charge), the nitrogen atom being inter-
mediate with a net negative charge.Ps The net nega-
tive charge on the nitrogen atom should be slightly
more pronounced when R is an alkyl group (electron
donating inductive effect). Also, the nonbonding
long pair of electrons on nitrogen

R-N=C-O: _
+ ''':''

(major)

R-N-C=O
- +

(minor)

_ R-N=C=O

.atom in the isocyanates is in the Sp2 orbital. The
basicity of a material correlates fairly well with the
stability of orbital occupied by nonbonded electrons.
The more stable the orbital occupied by nonbonded
electrons, the less basic is the material. Thus, ali-
phatic tertiary amines exhibit pkbs in the region 3-S.
Pyridine which has an Sp2 hybridized nitrogen atom
has pkh equal to 9.0, and nitriles which have an sp
hybridized nitrogen atom are not usually considered
bases. Thus, it seems that isocyanates should co-
ordinate with the nitrene more readily than the ni-
triles, thus favouring the pathway involving azome-
thineimine intermediates in the formation of 1,3,4-
oxadiazolin-f-ones.w

In a photochemical process excitation of a molecule
in its ground state can lead to an excited state which is
electronically, vibrationally and rotationally excited.
It is most probable that ethyl or methyl azidoformate
on irradiation are excited to a singlet excited state.
The carbalkoxynitrene formed from these would also
be in the singlet state. It follows from the principle of
spin conservation (energy) that the lowest triplet state
of nitrogen is 140 kcal above the ground state. About
IS-20 % of the photo excited azide decomposes to the
nitrene (going on to give the oxadiazolin-c-ones, and
other products of H-abstraction etc.), while the rest is
converted to vibrationally excited azide by internal
conversion. In the thermal reaction this restriction
does not apply, and the vibrationally excited azide
reacts with substrate, while little (less than IS %) is
dissociated to the nitrene and nitrogen.

It has been found-> that the irradiation by the
longer wavelength (300 nm, lower energy) light leads
to the n-1t* transition of the azide chromophore.
These n-1t* transitions are localized on the chro-
mophore responsible for excitation.66,67 Ethylazide
has an absorption band at 287 nm (€ 20).67 For the
azide chromophore case this n-1t* transition would be
symmetry forbidden resulting in the low e-value.oz
Immediately after the transition internal conversion
takes place, resulting in the vibrationally excited azide
which could react with the isocyanate. In the case
of lower wavelength (253.7 nm) light the n-1t* transi-
tion of the carbonyl chromophore takes place. The

S.M.A. HAl

carbonyl chromophore has an absorption band in the
longer wavelength region at 280 nm.66 The n-",*
transition of the carbonyl group involves an electron
transfer from the oxygen towards the carbon atom .
Any group which militates against this transfer will
shift the n-1t* transition bands to higher energy, i.e.
lower wavelength.sv Methyl azidoformate absorbs
in the UV at 300 and 254 nm with an extinction
coefficient of 2.02 and 85.00 respectively.s? The
corresponding values for the ethyl azidoformate are
2.7 and 88.l.38

In the alkyl azidoformates, we note that it has an
electron donating alkoxy group attached to the
carbonyl, also one of the resonance forms of this azide
has a net negative charge on the nitrogen atom ad-
jacent to the carbonyl function, and this negative
charge can be delocalized over the carbonyl function,
which probably would cause the n-,,* transition of
the carbonyl function to be shifted to a lower wave-
length. In the ground

+
N=N-N-C=O _ N=N-N=C-O:

I I ..
OR OR

state, because of the greater electro negativity of oxygen
versus carbon, the oxygen atom has a net negative
charge. In contrast, in the excited state the charge
density is greater on the carbon atom of the carbonyl
function than oxygen atom (Fig. 1).66,67

Fig. 1. Form of charge density in the ground (left)
and excited states (right) of a carbonyl group.

It, therefore, follows that in the excited state greater
charge density on the carbon atom of the carbonyl
function would facilitate the departure of nitrogen,
resulting in more dissociation to nitrene and nitrogen
than in the case of photolysis by 300 nm light in which
case azide chromophore is excited instead of the
carbonyl group.

It has been shown+v+! that the oxadiazolin-S-ones
are formed by the reaction of the nitrene with the
isocyanate, while 2-carbalkoxy-I,2,4-triazolidin-3,S
diones are formed from the reaction of the vibration-
ally excited azide with the isocyanate. The nitrene
was ruled out as the precursor for these compounds.
It is explained by an initial attack of the azide group
on the isocyanate followed by addition of one more
isocyanate molecule and loss of nitrogen.s?

Et - N = C = 0

o
"~ /c, +

___ Et-N-C-N-C02R'- Et-N N-Nz..
- I RNCO \ C02R'

+N2 O=C-~-R
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This path offers a very attractive method for the
synthesis of such triazoles, which otherwise are ob-
tained by very cumbersome paths. The 2-carbalkoxy-
1,2,4-triazolidin-3,5-diones can be hydrolysed to
1,4-diethyl urazoles, which in turn can be alkylated
by diazoalkanes to various substituted trialkyl ura-
zoles.

Tn the study of the reactions of tertiary amines with
the nitrenes, Hafner+s found that with dimethyl aniline
insertion of the nitrene into the C-H bond of methyl
group takes place.

Ph-N(CH3h+ :N-C02Et -+ Ph-N-CH2NH-C02Me
I

Me

Thermal deco rnposition+I of ethyl azidoformate in
pyridine give the N,N-betaine in 67% yield.

15 -N2 1(5+ -
~N:-N3C02Et -- ~N-N-C02Et

Ashley and his coworkersef found that on thermal
decomposition of p-acetamidobenzenesulphonyl azide
in excess pyridine, a crystalline solid is formed, which
is quite stable.

(0}:+N3-S02 -<Q)-NH-AC
~ <0>:--N-50, -<Q)-NHA'

Carbenes have also been found to react with tertiary
amines. Thus Saunders and Murrayev found that
dichlorocarbene reacts with triethylamine to yield
N,N-diethylformamide.

+ - C2H4
Et3N: + :CCh ->-Et3N-C-ch---+ Et2N-CHCh

IhO
----7Et2N-CH=O

Ethoxycarbony1carbene from the decomposition
of ethyl diazoacetate reacts with triethylamine to
form N,N-diethylglycine, in addition to products of
insertion.

+ -
Et3N: + :CH-C02Et--7Et3N-CH-C02Et-+

Et2N-CH2-C02Et

In these reactions of carbenes with tertiary amines
a ylid or zwitterionic intermediate is usually postulated
which undergoes further reaction to give the final
product. In the case of nitrenes a betaine or azome-
thineimines are the intermediates which have been
isolated in certain cases.

Nitrogen ylids differ from phosphorus or sulphur
ylids in that nitrogen is a first row element with filled
2s and 2p orbitals. The next available empty orbital
is the 3s which is at considerable higher energy level
and, therefore, is not available for overlapping.
Consequently the nitrogen bearing the positive charge
can stabilize the adjacent anion only by an electrostatic
interaction between the opposite charges.
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In the study of ethoxycarbonylnitrene with amines+s
its reaction with triethylamine went unnoticed for
quite sometime and, therefore, it was generally assum-
ed that triethylamine is 'inert' to the nitrenes. How-
ever, this contention seemed quite puzzling since the
pkb of triethylamine is 3. 1 in comparison to about
9.0 for pyridine, and since the nitrene is an electron
deficient species, therefore, it was logical to expect that
Et3N should coordinate with the nitrene. This was
found to be true when during the investigation-v
of the reaction with isocyanates, methoxycarbonyl-
nitrene was generated by (1.' -elimination from IT, using
triethylamine as the base. In this reaction certain
products were obtained which could not be explained
just from the reaction of the isocyanate and the
nitrene. On further investigation in a detailed study,
it was revealed that triethylamine does react with
methoxycarbonylnitrene to give five products (cf.
reaction no. XVIII). It was found= that a betaine
intermediate is formed in this reaction which may be
short-lived. This betain goes on to form various
products according to a similar path as proposed by
Saunders and Murrayo? for the dichlorocarbene
reaction. An extension of this pathway accounts

.. + -
Et3N: + :N-C02Me-->-Et3N-N-COzMe

-C2H4
----7Et.olN-NH-COzMe

for the triazetidine derivative XII for which the
following structure is favoured over the alternative
one, on the basis of mass spectrum.

Et"N - NH- C02M~N-co3M~ E +
e: t2~ - NI-I- C0

2
Me

N-
I
C02Me

:N-Co2Me•
Et-N -NH-C0

2
Me

I 4

..-N --C-Me
M.02C H

Et- N --N -C02Me

I I +H2N-C02Me

N--CH-Me
M~02C/

This is the first example of the triazetidine structure
for the existence of which a reasonable evidence has
been given. In the past reports of the formation
of triazetidine have been found to be lacking in evide-
nce.w

Wilde and his coworkers?- found that methyl azido-
formate on photolysis in a neon-argon matrix under-
goes two reactions. The initial product which could
not be identified (has an IR band at 2211 cm-I) under-
goes photolysis to final products, which include
methoxyisocyanate, formaldehyde and isocyanic acid
(their identification is based on their IR spectra).
They assigned certain bands in the vibrational spectrum
to formaldehyde-isocyanic acid molecule pair. The
results suggest two possible modes of decomposition
of methyl azidoformate, which could be conforma-
tionally dependent. One of these possibilities is the
competition between the dissociation of the excited
azide to give the nitrene and its internal conversion
to a vibrationally excited molecule. The latter could
undergo rearrangement. A similar scheme has earlier
been proposed in the reactions of alkyl azidoformates

!
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with isocyanates. The rearrangement product,
methoxy isocyanate gives on photolysis formal~ehyde
and isocyanic acid. No nitrene is involved m the
rearrangement. It is reasonable t~ as~ume that the
azide being unable to decompose Via mtrene because
of the cage effect in the matrix, it is converted to
vibration ally excited azide.

6. Alkoxynitrenes

Recently alkoxynitreness- have been postulated in
the lead tetracetate oxidation of methoxyamine, in the
presence of tetramethylethylene to give I-me~hoxy-
2 2 3 3-tetramethylaziridine. Singlet alkoxymtrene,
believed to be in the ground state, is involved. The
nitrene is stabilized by the delocalization of electrons.

[ Me-O-N: +-+ Me-~=N ]

This evidently is the first example for the existence
of a1koxynitrene. The alkoxyaz~ridines ~o for~ed
exhibit considerable energy barner to mtrogen 111-
version, and exist as stable pyramids at room tempera-
ture as is established from NMR study.

The electron spin resonance studyv- of various
nitrenes including carbonylnitrenes indicates that
unsymmetrical delocalization of 1t-electrons results
in spin splitting of various signals in case of triplet
nitrenes.

In conclusion it is easy to visualize the tremendous
potential the nitrenes have as synthetic interme?iates.
They offer convenient methods for the formation of
C-N, C = N, N-N, and O-N bonds, which are
demonstrated in the synthesis of various complex
heterocycles such as oxadiazolinones, triazolidinones,
triazetidines etc. As nice synthetic tools they offer a
challenge to the synthetic organic chemist. Their
studies have resulted in improving some old concepts
of organic chemistry. Thus it has been shown that
nitrenes are not involved in the Curtius rearrange-
ment, and contrary to the early belief it is now known
that some of the 'rigid' azides do undergo rearrange-
ment.56'57'7I Diethylcarbamoyl azide is one of these
'rigid' azides which undergoe.s ~earrangement .on
photolysis?» to form dialkylaminoisocyanates, which
have been trapped as 1:1 adducts with alkyl~so-
cyanates giving I,2,4-triazolidin-3,5-dion-l ,2-yhds.
This appears to be a nicesynthetic approach to
triazolidinones.

7. Uses

Apart from usual synthetic reactions carbalkoxy-
nitrenes have also found uses in commercial processes.
They are used in the vulcanization75 of both saturated
and unsaturated elastomers. First order decomposi-
tions of alkylene bis-azidoformates yield the nitrenes
which react with the polymer chain, to give heat
resistent vulcanizates having excellent physical pro-
perties.

8. Precautions

Finally a word of warning about the preparation of
azidoformates from the reaction of carbonyl chloride

S.M.A. HAl

with alcohols and their subsequent reaction with
sodium azide. Extreme care should be exercised to
remove all carbonyl chloride before reacting with
sodium azide. Otherwise carbonyl azide which is
extremely explosive may be formed to give undesirable
results. Also the azidoformates themselves should
be handled with care as on dropping they may cause
violent explosions.
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