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1,3-Dipolar Cycloaddition—A General Method of Synthesis of Five-
membered Nitrogen-containing Heterocycles with Organoelemental
Substituents

O.V.Drygina and A.D.Garnovskii

The review deals with the possibilities and advances in the application of the method of 1,3-dipolar cycloaddition to the
synthesis of five-membered nitrogen-containing heterocycles with organoelemental substituents.
The bibliography includes 203 references.
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I. INTRODUCTION

Heterocyclic compounds with organoelemental substituents
play a significant role in modern chemistry: they serve as
monomers for the synthesis of heterochain metal-containing
oligomers and polymers, 1" 5 as ligands for complex forma-
t ion, 1 ' 2 ' 6 ' 7 and as models for the solution of important theo-
retical problems, for example in the study of elementotropic
processes in the series of five-membered nitrogen-containing
heterocycles. 8~1'* They are of interest as biologically active
compounds1 5"1 9 and are also used for other purposes . 1 5

The most widely used methods of synthesis of heterocycles
with organoelements substituents are based on the introduc-
tion of organometallic fragements into complete heterocyclic
systems by direct 2 0" 2 6 or covalent2 7"2 9 metallation, as a result
of the exchange of a halogen for the metal, 21>23>25>26 by the
interaction of organometallic derivatives of heterocycles with

metal salts, via the reaction of the carbonylmetallate
anion with halogeno-derivatives of heterocycles, 3 etc.

At the same time it is known that heterocycles can be syn-
thesised by constructing the ring from simpler starting
materials. h0~1*1* Methods such as different types of condensa-
tions and cyclisations1*2"**8 or recyclisation1*9"51 are therefore
applicable also to the synthesis of heterocycles with organo-
elemental substituents. Such procedures include also the
1,3-dipole addition (1,3-DCA), 5 2~6 6 which takes place on
addition of two addends: a 1,3-dipole and a dipolarophile.
The organoelemental groups can enter into the composition
of 1,3-dipoles (diazoalkanes, azides, nitrile oxides, nitrones,
nitrile imines, etc.) and dipolarophiles (olefins, acetylenes,
nitriles, isonitriles, and heterocumulenes). 5 6 ' 5 7 ' 6 3 " 6 6 The
general principle governing the construction of five-mem-
bered heterocycles by the 1,3-DCA method can be represented
as follows on the basis of Huigen's ideas: 5 2~5 5

b

d=e d—e d=e

Thus the type of heterocycle formed in the 1,3-DCA reac-
tion is determined mainly by the nature of the 1,3-dipole

(a—b—c), while the dipolarophile (d = e or d = e) determines
the degree of saturation of the heterocyclic system. This is
why we thought it useful to arrange the description of the
data relevant to the present review by taking into account
primarily the character of the 1,3-dipole. At the same time
one should bear in mind that, when dipolarophiles with
heteroatoms are used, the latter can enter into the composition
of the heterocycle and hence can alter its type. 5 6 ) 5 7 '6 1*

1,3-DCA makes it possible to obtain a wide variety of
heterocyclic systems containing the Ν and Ο heteroatoms and
organoelemental substituents. Since the latter can enter into
the composition of the molecules of 1,3-dipole and dipolaro-
philes, Wî s prospects arise for the synthesis of N- and
C-substituted heterocycles. Whereas the syntheses of
heterocycles with organoelemental substituents at the
nitrogen atom from complete heterocyclic systems are com-
paratively easy processes (see, for example, Refs.l, 2, 21,
23, 25, 26), the syntheses of the analogous C-substituted
heterocycles give rise to serious difficulties.6 7 '6 8 This is
why 1,3-DCA is especially useful for the preparation of
C-organoelemental derivatives of heterocycles and also of
a series of heterocyclic systems with organoelemental sub-
stituents in exocyclic fragments which are difficult to obtain.

I I . SYNTHESES WITH PARTICIPATION OF DIAZOALKANES

1. Synthesis of Heterocycles from Diazoalkanes with
Organoelemental Substituents

In order to obtain five-membered nitrogen-containing
heterocycles, diazoalkanes with organoelemental substituents
are widely used 5 1*" 5 6 ' 6 3 ' 6 9 ' 7 0 (Scheme 1). These make it pos-
sible to obtain RnEN- and Rn-EC-substituted pyrazolines (on
interaction with olefins—pathway a) , pyrazolenines and
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pyrazoles (in reactions with acetylene—pathway b ) , and tri-
azoles (in reactions with participation of nitriles—pathway c,
or when nitrogen-containing heterocumulenes, for example
carbodiimide, are used as the dipolarophile—pathway d) .

Scheme 1

i-ERn

52% yield:

(V)

(a) Pyrazolines

The 1,3-DCA of a-silyldiazoalkanes to acrylonitrile, methyl
acrylate, ethyl fumarate, and other dipolarophiles with an
activated ethylenic bond has been studied systematically.63>71~
7 6 The 1,3-DCA reactions considered proceed via inter-
mediate products detected in a whole series of instances.
Thus it has been shown from XH NMR spectra 7" ' 7 6 that the
primary products in Scheme 1 (pathway a) are 3-organosilyl-
A1-pyrazolines ( I ) . Since the majority of A1-pyrazolines
readily isomerise to A2-pyrazolines,77 the isomerisation of
the heterocycles (I) leads to compounds (II), if the process
is accompanied by the 1,3-transfer of a proton, or to com-
pounds (III) as a result of the 1,3-migration of R3Si. A
rearrangement of the first type is characteristic of diazo-
alkanes R3SiC(N2)R1 for R1 = Η or Me and one of the second
types occurs when R1 = Ph'or COOEt. 7 3 ' 7 1 ( ' 7 6 it has been
established for diethyl fumarate 7S that the relative rate of
cycloaddition of a diazoalkane diminishes in the sequence

Me3SiC (N2) Me > MesSiC (N.) Ph > PhjSiC (N,) Me >Ph,SC (N.) Ph > MejSiC (N.) COOEt
1 2-10-» 2,5-10-» 2,5-10-· 2,5-10-'

It is believed that the rate of such reactions depends on the
degree of ρπ, d^ conjugation of the silicon atoms and the
diazo-group in silyl diazoalkanes and on steric factors in the
transition state of the cycloaddition reaction. 7 6

It has also been shown71*'76 that (1) the 1,3-migration of a
hydrogen atom [(I)-(II)] is accelerated by electron-accepting
groups R3 and is catalysed by traces of water or amines and
(2) that the rate of isomerisation reaction (I) -*• (II) dimin-
ishes as the electron-accepting character of the substituent
R1 becomes more pronounced: Me i Ph > COOEt.

The 1,3-DCA of ethyl trimethylplumbyldiazoacetate (IX) to
a wide variety of alkenedipolarophiles, namely acrylonitrile,
acetylenedicarboxylic acid, dimethyl maleate, and tetracyano-
ethylene takes place in accordance with Scheme 1 (pathway
a ) . 7 8 For example, the 1,3-DCA involving tetracyano-
ethylene (in ether at -20 °C) results in the formation of a
derivative of tetracyanotrimethylplumbylpyrazoline (X) in

N C \ / C N
Me^bC (NJ CO,Et + C=C<

(IX) N C

COOEf CN

Me,Pb- -CN

,CN

(X)

The 1,3-DCA of methyl triethylgermyldiazoacetate to
dimethyl fumarate and l-triethylgermyl-l,2-ethylenedi-
carboxylic acids (XIa, c) leads to the A^pyrazolines
(Xlla, b ) . 7 9 Among them, the mono germ y late d adduct
(Xlla) isomerises to the A2-pyrazoline (XIII) as a result of
the 1,3-migration of the Et3Ge group. It has been noted
that the ester (Xlb) is a mixture of the Z- and E-isomers
and that the adduct (Xllb) is therefore also a mixture of
isomeric A2-pyrazolines:

COOMe

Et3GeC(N2)COOMe MeOOCCH=C (R) COOMe ·

(XIa, b)

= \ Ν

R=H(a), Ef3Ge(b);

COOMe

MeOOCx

MeOOC^l

MeOOC

Et3Ge

MeOOC^ N N ^

(Xlla, b)

COOMe

(Xlla) (XIII)

Previously the same authors 8 0 had obtained bis(triethyl-
germyDpyrazolines by the joint thermolysis of ethyl triethyl-
germyldiazoacetate and ethyl diazoacetate.

(b) Pyrazolenines and Pyrazoles

Organoelemental diazomethanes reacting as 1,3-dipoles in
interactions involving dipolarophiles containing the acetylenic
bond can give rise in the first stage to a pyrazolenine (IV)
(Scheme 1, pathway b ) , which is converted into the pyrazole
(V) in the course of the sigmatropic rearrangement.

Progress in the development of the methods of synthesis of
a wide variety of organometallic diazoalkanes (derivatives of
t i n , 8 1 germanium, lead, Group IIB elements,8 2 mercury, 8 3

Group VB elements,e* thallium,8 5 etc. 6 3 ' 7 0 ) made it possible
to introduce them into the 1,3-DCA reaction. For example,
the reactions of metallated diazoalkanes RnMC(N2)R' with
dimethyl acetylenedicarboxylate have been investigated:

RM
:CNt + MeOOCC—CCOOMe-

MeOOCv /COOMe MeOOC /COOMe

Ν R n M - N p.

(XIV) (XV)

RBM=Me,Sn, Me,Pb, Me^b, Me,Bi, MeHg, HgC (N.) COOEt,

HgC(N,)COMe; R'=R B M, COOEt, COMe, COPh.

The pyrazolenine (XIV), which readily isomerises to the
pyrazole (XV) with 1,3-migration of the i?nM fragments, is
formed in the course of the reaction.

However, it has been found that not all the organometallic
diazoalkanes described enter into the 1,3-DCA reaction with
acetylenic dipolarophiles: the amount of ionic character of
the bond and the bulk of the substituents in the 1,3-dipoles
play a significant role in these reactions. Thus, whereas
the organoelemental diazoalkanes of the type RnEC(N 2)R 1.
where Ε = Si, ",70,71,75,86 S n , 6 3 ' 8 7 Pb, 7 8 Hg, 8 7 e tc . , 6 3 react
with alkynes, the analogous arsenic derivatives do not enter
into the 1,3-DCA reaction due to steric hindrance 6 3 and the



Russian Chemical Reviews, 55 (9), 1986 853

thallium derivative, namely bis(dimethylthallium)diazo-
methane, does not react because it has an ionic s t ructure . 8 5

It has also been shown that sigmatropic rearrangements of
the type (IV) -*• (V) are observed also for the 1,3-DCA of
(Me3Sn)2CN2 and Me3SiC(N2)R to MeOOCCECCOOMe and are
characterised by a decrease of the capacity of the group R
for migration in the sequence Me3Sn > Me3Si > Η > COOEt.
For example, the isomerisation of the pyrazolenine (XVI)
is accompanied by the migration of Me3Si and not of a hydro-
gen atom as had been suggested earlier: 7 5

MeOOC
\ =

Me3SiCHN2 + MeOOCC = CCOOMe

MeOOC

H—

/

COOMe

(XVI)
.COOMe

N-SiMe,

When organoelemental bisdiazoalkanes were involved in the
reactions considered above bisheterocyclic systems were
isolated. For example, the mercuribisdiazoalkane Hg[C(N2)R]2,
in which R = COOEt or COMe, reacts with dimethyl acetylene-
dicarboxylate to form the dipyrazoleninemercury derivatives
(XVII): 8 7

MeOOC COOMe MeOOC\ , COOMe

+
2MeOOCC = CCOOMe

In an analogous reaction bis(methylmercuri)diazomethane
is converted into the 1, 3-bis(methylmercuri)pyrazole
(XVIII), which gives rise to the CiV-bis(methylmercuri)-
derivative of diazanorbornadiene (XIX) on interaction with
a second molecule of MeOCOCΞ CCOOMe: 8 7

(MeHg)2CN2
MeOC0C=CC00Me

MeOCO

MeHg

MeOC0C=CCOOU<

(XVIII)

ct-Metallated diazoalkanes hardly react with phenyl-
acetylene, diphenylacetylene, sodium acetylenedicarboxylate
and bis(trimethylstannyl)acetylene.6 3 The causes of such
behaviour of the above dipolarophiles are obscure.

(c) Triazoles

The 1,3-DCA of organoelemental diazoalkanes to nitriles
(Scheme 1, pathway c) and carbodiimide (Scheme 1, pathway
d) results in the formation of the triazoles (VI)—(VIII). In
particular, it has been established8 8 that the interaction
of trimethylsilyldiazomethane with trifluoroacetonitrile pro-
duces the adduct (XX) which is readily converted into
5-trifluoromethyl-2-trimethylsilyl-l,2, 3-triazole (XXI):

F,C /SiMe3

F 3 CC=N
Ν Ν

(XX)

Ν Ν

SiMe,

(XXI)

In contrast to the N-trimethylsilyltriazoles (XXI) indicated
above, the C-substituted triazoles (XXII) with R = Pr,
t-Bu, Ph, PhCH2, 1-naphthyl, 2-pyridyl, 1-isoquinoliny 1,
EtS, and PhO have been obtained via the 1,3-DCA reaction
from the lithium salts of trimethylsilyldiazomethane and
ni t r i tes . 8 9 ' 9 1

M e 3 S i / X N /

(XXII)

Thus the data presented show that 1,3-DCA can be used
for the specific synthesis of C- and Ν-organoelemental
derivatives of triazoles. Triazole systems with organo-
elemental substituents are also formed on interaction of
organoelemental derivatives of diazomethane with hetero-
cumulene dipolarophiles (Scheme 1, pathway d) . Thus the
dimetallated triazole (XXIII) is formed in the reaction of
bis(trimethylstannyl)diazomethane with carbodiimide: 7 0

MeaSn.

(Me3Sn)2 CNS

+
RN=C=NR

MeaSn/l

R _

Me3Sn—C—N=N'

R—N—C=NR

SnMe3

Me3Sn.
\ Ν

I

Ν

I
(XXII)

1,3-DCA apparently proceeds analogously in the case of
trimethylstannyldiazomethane and phenyl isocyanate. 8 1 The
authors 8 1 believe that the reaction leads to the formation of
the triazolone (XXIVa):

SnMe3

MejSnCHN, + Ph—N=C=O H—,- =0

Ν N - P h

(XXIVa)

However, a further two isomeric structures, (XXIVb) and
(XXIVc), may be proposed for the reaction product taking
into account the data presented above, and of these we
believe that (XXIVb) is the most probable:

= 0

Ν Ν—Ph

\ N /

I

SnMe3

(XXIVb)

-OSnMe3

Ν N - P h

(XXIVc)

The elucidation of the mechanism of 1,3-DCA with
participation of heterocumulene dipolarophiles and of the
structure of the products formed therefore requires addi-
tional investigation.

2. The Synthesis of Heterocycles from Diazoalkanes and
Organoelemental Dipolarophiles

Pyrazolines, pyrazolenines, and pyrazoles with organo-
elemental substituents are formed from diazoalkanes and
organoelemental dipolarophiles in the course of 1,3-DCA
react ions . 5 6 ' 5 7 ' 9 2 " 1 1 1
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(a) Pyrazolines

Silylolefins react with diphenyldiazomethane (in propor-
tions of 3 : 1 at +5 °C) to form trimethylsilylpyrazolines
(XXV):92

Me3Si (CH 2)n C H = C H 2 + Ph,CN, - M e , S i ( C H 2 ) n -

Ν
P h

(XXV)

In particular, 3,3-diphenyl-5-trimethylsilyl-A1-pyrazoline
(XXV, η — 0) has been synthesised in this way. We may
note that the same reaction in the presence of copper sul-
phate as the catalyst leads to silyl derivatives of cyclo-
propane .

The interaction of carbaboranylmethyl β-chlorovinyl
ketones with diazomethane affords the pyrazoles (XXVI).53

RC CCH,CO—π n\o/ XI
(XXVI)

The 1,3-DCA of diazoalkanes to alkenes with organoele-
mental substituents has been studied in detail in relation to
the methyl esters of 3-methylsilylpropenoic acid. 91* The cis-
and irans-isomers of Me3Si-CH=CHCOOMe (XXVIIa, b ) .
obtained by the reduction of Me3SiCHCCOOMe, give rise to
high yields of the isomeric cis- and trans-3-methoxycarbonyl-
4-methylsilyl-l-pyrazolines (XXVIIIa, b) on 1,3-DCA to
diazomethane (in ether and a nitrogen atmosphere):

Me3Si- Me,Si·

7
ICOOMe

(XXVIIIa) (XXVIIIb)

The pyrazolines (XXVIIIa, b) whose structure has been
demonstrated by 1H NMR, subsequently rearrange with
elimination of a nitrogen molecule, the migration of the
Me3Si substituent from the C(4) to the C(5) atom of the
pyrazoline ring, and the formation of a series of cis(trans)-
isomeric silicon-containing ethylene derivative. The reac-
tion involving monosubstituted diazomethanes proceeds
analogously.91*

The cycloaddition of diphenyldiazomethane to the cis-
isomer of the methyl ester (XXVIIa) gives rise to cis-4-
methoxycarbonyl-3,3-diphenyl-5-trimethylsilylpyrazoline
(XXIXa) in 71% yield, while its addition to the irans-isomer
of the methyl ester (XXVIIb) results in the formation of
trans-4-methoxycarbonyl-3,3-diphenyl-5-trimethylsilyl-l-
pyrazoline (XXIXb). Heating of the pyrazoline (XXIXa) in
protic solvents leads to disilylation and the formation of
compound (XXX), while prolonged thermolysis in boiling
hexane produces cis- and irans-2,2-diphenyl-3-trimethyl-
silylcyclopropanecarboxylates (XXXla, b) in proportions of
2 : 3 . The thermal stability of the pyrazoline (XXIXa) is
higher than that of compound (XXIXb), but it eliminates
nitrogen in boiling octane, forming the cis- and trans-
carboxylates (XXXIa, b) in proportions of 1 : 4.

The reaction of the cis-isomer of the methyl ester
(XXVIIa) with 2-diazopropane leads to the formation of
4-methoxycarbonyl-5,5-dimethyl-3-trimethylsilyl-2-pyrazoline
(XXXII) in 75% yield, which has been demonstrated by the
*H NMR spectrum of the reaction mixture before its further
treatment. Other results have been obtained for the reaction

of 2-diazopropane with the irans-isomer of the methyl ester
(XXVIIb). In this case analysis by the GLC method demon-
strated the presence in the reaction mixture of 4-methoxy-
carbonyl-5,5-dimethyl-l-trimethylsilyl-2-pyrazoline (XXIII)
and the trans-cyclopropanecarboxylate (XXXIV) in propor-
tions of 1 : 1. However, the signals which could be assigned
to compounds (XXXIII) and (XXXIV) are absent from the XH
NMR spectrum of the above mixture, but signals due to the
pyrazoline (XXIXd) are present. The authors point out that,
under the GLC conditions, compound (XXIXd) is the starting
material in the formation of compounds (XXXIII) and (XXXIV).
The dimethylpyrazoline (XXIXd) is sensitive to the action of
water, like the diphenylpyrazoline (XXIXa), and when moist
2-diazopropane is employed in this case, the desilylated
4-methoxycarbonyl-5,5-dimethyl-2-pyrazoline is formed in a
high yield:

Me3SiCH=CHCOOMe

(XXVIIa, b)

RSCN2

COOMe;

H Η
,COOMe

•R
Me,Si-

(XXIXa-d)

a): R = Ph, cis
b): R = Ph, trans
c): R = Me, cis
d): R = Me, trans

/ C 0 0 M e a ) : Ph,m
,, b): Ph, trans;

Η

(XXXII)

/COOMe

/Me

SiMe,

(XXXIII) (XXXIV)

It was then shown that the 1,3-DCA is stereospecific and is
sensitive to the nature of the 1,3-dipole, namely to the char-
acter of the substituents R, and makes it possible to synthe-
sise specifically the isomeric forms of pyrazolines.

Treatment of an ethereal solution of dimethyldiazomethane
with α-bromovinylsilane at 0 °C leads to the formation of
3-bromo-5,5-dimethyl-3-trimethylsilylpyrazoline (XXXV) in
63% yield: 9 S

Br

MesSiN

B r '
Ht + Me,CN,

M e .

(XXXV)

(b) Pyrazoles

The addition of diazoalkanes to acetylenes with organo-
elemental subst i tuents has been studied fairly completely. 5 6 ' 5 7

It proceeds in accordance with the 1,3-DCA principle and
leads to the formation of two isomeric pyrazoles (XXXVIa, b):

RnE—c==c—R1 4- R2CHN2 —
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Ε usually represents Group IV elements (Si, Ge, Sn, and
Pb), although similar syntheses of pyrazoles with other
organoelemental substituents are known. 5 6 ' 5 7 R, R1, and R2

are usually aliphatic or aromatic substituents, R1 represent-
ing not only hydrocarbon groups but also a wide variety of

Ο
functional groups (CH2OH, -C , e tc . ) . Thus the inter-

P
action of diazomethane (R2 = H) and its monosubstituted
derivatives (R2 = alkyl or aryl) with trialkyl derivatives of
silicon9 6 '9 7 or t i n 9 8 ' 9 9 leads to the formation of pyrazoles
containing the substituents R3E (E = Si or Sn) in the 3- or
5-position.

In the course of its 1,3-DCA to diazomethane in absolute
ether at 0-5 °C (three weeks), ethynyldimethylsilane gives
rise to a mixture of approximately equal amounts of 3- and
4-dimethylsilylpyrazoles (XXXVII) and <XXXVIII): 10°

Me
I

H—Si—C^CH + CH,N,
I .

Me

I
-Si Me,

Η
(XXXVII)

Η
(XXXVIII)

Triphenylsilylpropargyl alcohols enter into the 1,3-DCA
react ion, 9 9 ' 1 0 1 producing mainly compound (XXXIX):

Me 3SiC^C-CH,OH + CH.N,
-CH.OH

\ N /
Η

(XXXIX)

Reaction specificity has been observed also in the addition
of diazoacetic ester to dibutyl ethynylboronate1 0 2 with forma-
tion of a boron-substituted pyrazole (XL):

[Me (CH,)3O]S B—C=CH

EiOOCCHN,

lMe(CH 2) 3O] 2B-

Η
(XL)

Ethyl diazoacetate enters into an analogous reaction with
dibutyl ethynylboronate.

The 1,3-DCA reaction with participation of bi- and poly-
functional dipolarophiles is of considerable interest; hetero-
cycles not only with organoelemental but also with active
functional groups have been obtained in the course of this
process. Polyheterocyclic systems with organoelemental
substituents are frequently formed as a result of this type
of 1,3-DCA.

Systematic studies of the competitive reactivities of
difunctional dipolarophiles 61*>103 have shown that, in the
presence of two reaction centres, a3-unsaturated hetero-
atomic compounds can react in two ways: with participation
of the multiple bond, i .e . [3 + 2]-cycloaddition, or via the
heteroatom. Furthermore, it has been established in studies
by the same authors that, in the presence of two multiple
bonds in the dipolarophile molecule, the most electrophilic
of these enters into the 1,3-DCA reaction. 1 0 1 t ' 1 0 5 The data
presented above clearly illustrate this behaviour.

Metallated vinylacetylenes combine with diazo-compounds
at the more electrophilic double bond with formation of the
corresponding pyrazolines. In particular, triethylstannyl-
finylacetylene (XLI) reacts in this way with diazomethane to
form the A^pyrazoline (XLII), which readily isomerises to
A2-pyrazoline (XLIII). On heating to 120 °C, the latter is
fully converted into cyclopropyltriethylstannylacetylene

(XLIV) with evolution of a nitrogen molecule:

C — 0 Η = 0 Η ! + CH,N,
(XLI)

Et3Sn—

(XLII)

^ I
Ν
\ N /

Η
(XLIII) (XLIV)

1,3-DCA takes place analogously at the more electrophilic
carbon atom of the terminal acetylenic bond in the case of
triethylstannyldiacetylene (XLV) with formation of 3(5)-(tri-
ethylstannylethynyl)pyrazoles (XLVIa, b ) :

— C - C — C - C H + CHJNJ
Sn—C " Γ

ΗΝΝ Ι
\ N /

Η
(XLV) (XLVIa) (XLVIb)

The reactions of triorganylgermanium- or triorganylsilicon-
containing carbonyl derivatives (XLVII) with diazoalkanes106

or with methyl esters of diazoacetic acid (XLVIII) 1 0 7" 1 1 2 lead
to the formation of the isomeric pyrazoles (XLIXa, b) and
also of the tricyclic hemiaminal (L, R1 = CHO):

R 3 E - C = C — R

(XLVII)

R 3 E X r
NH

(XLVIII)

HN
\ N / \ R I

(XLIXa) (XLIXb)
HO Η

,CHO .CHO R,E

HN NH
V-1

^ER,

Η OH
(L)

Ε =Si, Ge; R=Me, Ef, Ph; R i = - c / , — Cf ;

R3=H, COOMe.

The interaction of trimethylsilylpropiolic acid chloride
(XLVII, Ε = Si, R = Me, R' = COC1) and methyl diazo-
acetate (XLVIII, R2 = COOMe)112 proceeds analogously.
However, the dioxopiperazine (LI) and not a heminal of type
(L) is then formed from the pyrazole (XLIXb) on dehydro-
halogenation:

ο

-r
NH

COC1 u κ/1

Ν

,COOMe

(XLIXb)
Ο

(LI)

The 1,3-DCA reaction described above proceeds under
mild conditions at room temperature or on cooling in absolute
ether, albeit over a long period (from 1 to 60 days). The
character of the adducts formed, whose structure has been
demonstrated on the basis of 1R and 1H NMR spectra, and
the ratio of the isomeric pyrazoles depend on the substituent
R2 in the diazoalkane and on the nature of the solvent.

It has been shown 1 0 5 that only a mixture of the isomeric
pyrazoles (Llla, b) is formed from methyl triethylgermyl-
ethynyl ketone.

—Me :—Me
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The ratio of the isomers depends on the composition of the
1,3-dipole: an equilibrium mixture of the isomers (Llla, b)
is obtained from diazomethane, in the reaction involving
diazoacetic ester the isomer (Lllb) greatly predominates,
and in the reaction of diazoacetone the isomer (LIla) is
obtained preferentially.

The 1,3-DCA reaction with participation of organoelemental
propynals as 1,3-dipoles leads to the formation, apart from
pyrazoles, of cyclic hemiaminals (L) 1 0 e ~ 1 1 0 and also of
element-containing diazoesters (LIII) as a result of addition
to the aldehyde group: 1 0 8

. 0
RC="C—C<^ 4- CH (N.) COOMe -> RC»C—CH—C (N,) COOMe.

OH

(LIII)

The nature of the solvent has a significant effect on the
content of the dimeric form (L) and the monomeric form
(XLIX): according to -"Ή NMR data, the equilibrium in
weakly polar solvents (THF, CHC13, and dioxan) is displaced
towards the dimer, while in more polar solvents [MeOH and
dimethyl sulphoxide (DMSO)] it is shifted towards the mono-
meric formylpyrazole.1 0 8 '1 0 9

Here we may also note that the 1,3-DCA of diazomethane
to bisacetylenic derivatives with equally electrophilic
dipolarophile groups, for example, R2Si(C5CH)2, is accom-
panied by the reaction involving both triple bonds and
leads to silylenebispyrazole systems (LIV): 5 6

(c) Pyrazolenines

The 1,3-DCA method makes it possible to obtain pyrazole
isomers which are otherwise difficult to synthesis—the
pyrazolenines, 1 1 3 their formation being promoted by the use
of disubstituted diazo-compounds and disubstituted acet-
ylenes. Thus pyrazolenines have been obtained in the form
of two isomers (LVa, b) by the reaction of metallated acet-
ylenes with disubstituted diazoalkanes:1 0 1

>CN,

\N/\R»
(LVa)

The data presented in Section II suggests the conclusion
that 1,3-DCA makes it possible not only to obtain a wide
variety of C- and JV-derivatives of pyrazolines, pyrazoles,
pyrazolenines, triazoles, and complex polycyclic systems
but also to direct the reaction towards the preferential
formation of specific isomers.

I I I . SYNTHESES WITH PARTICIPATION OF AZIDES

C=C—Η + CH,N,

(LIV)

1. Syntheses of Heterocycles Based on Organoelemental
Azides

The common instances of syntheses based on organo-
elemental azides are presented in Scheme 2:

Scheme 2

H'C=N n'cscn*
(c)

ERn

(LX)

X?
(LXI)

H -HJ;

(b)

(LIX)

R-EN,

R1—N-

V
(LXID

f—ERM

R1—Ν

R«N==C=X

(e) * *>γ<'-
(LVI)

ER n

(LV11)

(LXIII)

(LXII), (LXIII) X-O.S; E«Cu, Au, Hg, Si.Sn, Pb, Pt, Pd, Ru
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(a) Triazolines and Azirdines

The interaction of organoelemental azides with alkenes
(Scheme 2, pathway a) leads to the unstable triazolines
(LVI), which are converted, as a result of the elimination
of a nitrogen molecule, into the N-substituted aziridines
(LVII) which are comparatively difficult to obtain.

Thus the interaction of trialkylsilyl azide with the corre-
sponding olefin, which takes place after the reactants have
been allowed to stand for a long time (up to 85 days), makes
it possible to obtain a series of aziridines (LXIV)— (LXVI) ,llh

including the formation of the bistrialkylsilyl derivatives
(LXVI) from a silylated olefin:

dipolarophile:

\ N /
I

SiMe3

(LXIV)

Η

\ N /

SiMe3

(LXV)

Et3Si

I
SiMe3

(LXVI)

A fairly stable triazoline (LXVII) can be isolated after
the interaction of trimethylsilyl azide with a bridge bicyclic
olefin:115

-f- Me3SiN3 •

(LXVII)

(b) Triazoles

1,3-DCA with participation of organoelemental azides and
acetylenic dipolarophiles (Scheme 2, pathway i>) was first
used to obtain organoelemental derivatives of 1,2,3-triazoles
by Birkofer and co-workers:116"120 after prolonged heating
of mixtures of trimethylsilyl azide and substituted acetylenes,
high yields of Ν-trimethylsilyl-1,2,3-triazoles were obtained.
It was established by the method of dipole moments that
the R3Si-substituted 1,2,3-triazoles exist in the form of
isomers and it has been suggested that the R3Si substituent
migrates rapidly between the N(l) and N(2) atoms of the
triazole ring. This was evidently the first case of elemento-
tropism among heterocyclic compounds, which was later
demonstrated convincingly in a whole series of tautomeric
systems, 7~13 including pyrazole8'10 and triazole11'13 deriva-
tives containing organoelemental substituents.

The bisheterocyclic systems (LXVIII) was also synthesised
by means of the reactions indicated above; the reaction was
carried out in an autoclave at 120—150 °C and the yield of the
product was 80%.119

SiMe3

(LXVIII)
SiMe3

The interaction of trimethylsilyl azide with substituted
acetylene RC^CR' leads to the formation of 1-trimethyl-
silylmethyl-4-R-5-R'- 1,2,3-triazoles.121

Triphenylplumbyl azide, 1 2 2 ~ 1 2 5

 Was made to react with a
large number of olefinic and acetylenic compounds.126 How-
ever , the reaction does not take place with maleic anhydride,
dimethyl maleate, ethyl vinyl ether, morpholinocyclopentene,
diphenylacetylene, phenylacetylene, propargyl alcohol or
2-methylbut-2-en-2-ol. 4,5-Dimethoxycarbonyl-l-triphenyl-
plumbyl-l,2,3-ditrazole (LXIX) is formed only in the reaction
with dimethylacetylenedicarboxylate, which is a very powerful

Ph 3 PbN 3 + MeOCOC=CCOOMe
MeOCC -COOMe

(LXIX)

In contrast to triphenylplumbyl azide, triphenylplumbyl-
alkyl azides readily enter into 1,3-DCA even with weak
dipolarophiles such as 2-methylbut-3-en-2-ol, forming the
corresponding triazoles (LXX):

Phr,Pb (CH 2 ) n N3 -I- Me2C (OH) C = C H
• C (OH) Me2

P h 3 P b ( C H t ) n

/ N ' N / '

(LXX)

Heterocycles with a N—Sn bond [compounds (LXXI)] can
be synthesised from organotin azides and substituted
acetylenes as described, for example, by Leijten and
van der Kerk: 1 2 7

+ EtOOCC^CCOOEt
EfOCC

Bu3Sn /

-COOEt

(LXXI)

We may note that the structures of compounds (LXIX)—
(LXXI) quoted in the studies considered above are open to
doubt: they have not been demonstrated and, when account
is taken of the possibility of the metallotropic N(l)—N(2)
migrations of the organoelemental groups, structures of type
(LIX) appear to be more probable.

Unusual products are obtained on 1,3-DCA of palladium-
substituted organophosphorus azides to dimethyl acetylene-
dicarboxylate: apart from N-palladium derivatives of the
bispyrazoles (LXXII), the highly symmetric dimers (LXXIII)
are produced: 1 2 8

(Ph3P)2Pd(N3)v

+
R C = C R

R = MeCOO

< P h 3 P ) , P d - - N T 'v ;
V Ν — Ν

(LXXII)

(c) Tetrazoles, Tetrazolones, and Their Τhio-analogues

Organoelemental derivatives of the tetrazoles (LX) and
(LXI) are formed as a result of the 1,3-DCA of organo-
elemental azides to nitriles (Scheme 2, pathway c) and
isonitriles (Scheme 2, pathway d).129""1'*7 The reactions
of these azides with heterocumulenes lead to the tetrazolones
(LXII) (Scheme 2, pathway e) and their thio-analogues.128'133'
135

Using Scheme 2 (pathways c, d, and e), it is possible to
synthesise specifically N-substituted [compounds (LX) and
(LXII)] or C-substituted [compounds (LXI) and (LXIII)]
derivatives respectively.

The addition of trimethysilyl azide to benzonitrile takes
place in the presence of catalytic amounts of A1C13 or other
Lewis acids. 1 3 5

It has been found136 that trimethylsilyl azide adds to the
CHN bond also in the presence of catalytic amounts of
triethylamine. Thus the interaction of Me3SiN3 with tri-
chloro- or trifluoroacetonitrile with participation of the
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above catalyst leads to trihalogenomethyl-1-trimethylsilyl-
tetrazoles (LXXV). It has been shown that aluminium
chloride is ineffective in this reaction, since it induces the
polymerisation of the nitriles. The 1,3-DCA proceeds in
this case via the stage involving the formation of 1-azido-
2,2,2-trihalogeno-l-(trimethyl-silylimino)ethanes (LXXIV):

X3C=NSiMe3

X=C1, F I
SiMe3

(LXXIV) (LXXV)

Bistetra-azotriarylphosphine complexes of copper, pal-
ladium, platinum, and ruthenium (LXXVI) have been
obtained 75.i3i,i38,im,i47+ b y t h e interaction of metal azides
with nitriles:

(Ar3P)sMN,+ RO-N

M=Cu, Pd, Pf. Ru;

Ν

L Μ(ΡΑι·3)3Λ
(LXXVI)

The 1,3-DCA involving azidotriphenylphosphinoisonitrile
complex on platinum, leading to Pt—N-derivatives of
tetrazoles, proceeds analogously.1 4 1

The azide-containing complexes Phi,As[Au(N3)iJ , Ph^As.
. [Au(N 3) 2], Ph3PAuN3, and (Ph 3P) 2M(N 3) 2 (M = Pd, Pt, or
Hg) react with isonitriles under very mild conditions, form-
ing tetrazolate complexes132'1"*0 in which the organometallic
substituents are bound to a carbon atom of the tetrazole
ring [compounds LXXVID-LXXXIII)]:

Ph4As [Au (N,

Ph«As [Au (N,)

ι ι
Ph.As Au \ —

(LXXVII)

Ph.As I Au \ — <i

(LXXVIII)

Me

. N - N
Ph,PAuN3 + 2MeN=C — r - > MeN^C-Au—C || ;

-PPh. ^ N - N
<LXXIX)

cis-(Pb,P)t Pi (Ns), -r 4MeN=C _2PPbt ' ai-(MeN-C), Pi \-ζ 0 Jj

Me

CW-(PhsP)a Μ (Ν3), -f

0

(LXXX)

,Ν—Ν

(LXXXI) M=Hg. Pd, PI

t A whole series of communications128'1'1'* χ1*7 concerning the
1,3-DCA of organoelemental azides to nitriles, isonitriles,
and other dipolarophiles, leading to N- and C-substituted
tetrazoles, have been published. The examination of all
these studies is outside the framework of the present review.
In most cases the above investigations were concerned with
the reactions of the azides of various metals and provided no
fundamental information. We therefore considered the most
important and latest studies of this series.

(Ph3P) tHg(N,)1

Other methods, which are difficult to apply, have been
suggested for the synthesis of the complexes (LXXXII)-
(LXXXIII).

The synthesis of the tetrazolones (LXII, X = O) 1 2 8 > 1 3 S

and their thio-analogues (LXII, X = S) 1 2 e > 1 3 1 in accordance
with Scheme 2 (pathway e usually take place under fairly
severe conditions in the presence of catalysts. Thus the
1,3-DCA of trimethylsilyl azide to phenyl isocyanate, which
takes place on heating to 140 °C for 12 h in the presence of
A1C13, leads to the silyloxytetrazole (LXXIV) and the
N-silyltetrazole (LXXXV):1 3 S

Ph—Ν 1—OSi/

Me3SiN3+ Ph—N=C=O

Ν Ν

(LXXXIV)

Ph-N =rO

Ν N-SiMe,'

(LXXXV)

A reaction involving tributylstannyl azide and phenyl
isothiocyanate has also been described, 1 3 1 although the
authors postulate only one structure for the 1,3-DCA
product—that of the thionotetrazole (LXXXVI):

Bu,SnN, + Ph—N=C=S -> Ph—Ν
I

Ν Ν—SnBu,

(LXXXVI)

The 1,3-DCA reactions of platinum- and palladium-sub-
stituted bistriphenylphosphine azides proceed in accordance
with analogous mechanisms.1 2 8

Carbon disulphide has also been used as the hetero-
cumulene dipolarophile: 1 2 8 ' 1 3 1" 1 3 3 the 1,3-DCA leads to
extremely unusual heterocycles—the thionotriatriazoles
(LXXXVII) and (LXXXVIII), the possibility of the synthesis
of which by other methods is obscure: 1*°~lf3

S=C=
(LXXXVII)

Pf (Ar3P),
Ν Ν -

(LXXXVIII)

2. The Syntheses of Heterocycles Based on Azides and
Organoelemental Dipolarophiles

(a) Triazolines and Aziridines

C-Organosilicon derivatives of aziridine have been
obtained l l t 8 " 1 S 0 by the interaction of vinylsilanes with phenyl
azide at room temperature l l f 9~ 1 5 0 or of alkenylmethylsiloxanes
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with benzoyl azide at 60-80 °C.11*8 The first stage of this
reaction is apparently the addition of the azide to the vinyl
group with formation of a five-membered ring, which
eliminates a nitrogen molecule and is converted into the
N-phenylaziridine derivatives (LXXXIX):

+ PhN,
is s N-Phi

{/ \N=N J -N·
Si— CH—CH 2 .

I
Ph

(LXXXIX)

The yields of C-aziridinyl derivatives after a 40-day
reaction of vinylheptamethylcyclotetrasilane or 3-vinylhepta-
methyltrisiloxane with phenyl azide did not exceed 11%.
The reaction of allylsilanes with PhN3, is even more difficult,
1 5 0 while phenyl azide adds somewhat more readily to 3-vinyl-
heptamethyltrisilane;1 5 0 the yield of the reaction product in
petroleum ether after ten days at 30-40 °C reaches 40.5%.lkB

When the alkenylsilanes RCH=CHSiR' are used in the
reaction with p-bromophenyl azide, l-p-bromophenyl-2-
trimethylsilyl-3-R-aziridines are formed. 1 5 1 On heating
PhCH=CHSiMe3 with p-BrCsH^N3 in CCl^ for 24 h, it is
possible to isolate l-p-bromophenyl-5-phenyl-4-trimethyl-
silyl-Δ2-1,2,3-triazoline in 10% yield. On further heating
in the course of 4 days, the triazoline is converted into an
aziridine and a 1 : 1 mixture of Me3SiCHN2 and PhCH=NC6Hlf.
.Br-p.

[ (b) Triazoles

4-(o-Carbaboranylacetyl)-l-phenyltriazoles (XC) are
formed after prolonged heating of carbaboranylmethyl
β-chlorovinyl ketone with phenyl azide in benzene solution:152

RC CCH2COCH=CHC1

\O/
B ] 0 H ) 0

PhN 3

RC C

B H

CCH2CO

(XC)

The reactions of sulphonyl azides with organometallic
ynamines are regiospecific153·151* and lead to 5-amino-1,2,3-
triazoles (XCI), which, depending on the nature of the
substituents R1, R2, R3, and R\ either isomerise wholly
to the α-metallated diazoacetamidines (XCII) or are involved
in a tautomeric equilibrium with the latter:

R?,E
1

c

Ν
/ \

R1 R2

R«SO2N3 -»

R 1 , R a , R 4

R2Sb, RjSi,

r>3c u

1 Ν ^
R l R i N /\ N /

SO2R«

(XCI)

=alkyl, aryl; R^E

RjGe, RjSn, P h 2 P — ,
II

0

C = N 2

R 1 R I NC=NSO 2 R 4

(XCII)

= R^As,

P h 2 P — .

II

s
The analogous triazoles (XCIII) with N-p-nitrophenyl sub-
stituents instead of the sulpho-group are more stable: 1 5 5

III + N,C,H«NO,-p-

c
N

R l R s
R1

NO,
(XCIII)

859

We may note that tolyl azide does not react with phenyl-
acetylene itself but does react with its sodium sa l t . 1 5 3

There are also data indicating the condensation of various
lithium and magnesium acetylides with az ides . 1 5 6 ' 1 5 7

In contrast to the 1,3-DCA with participation of diazo-
alkanes, which exhibits an appreciable structural specificity
in reactions with alkynes, in the case of azides, such
specificity is not always marked. However, an appreciable
selectivity of the addition reaction, leading to the preferen-
tial formation of one isomer, for example (XCIVa), has
been sometimes noted; the second isomer (XCIVb) has been
obtained in a yield of only 3%: 1 1 7 ' 1 2 0

Ph

C
III ·

c
I

SiMe,

Ph-

ύ
-SiMe3 Ph- -SiMes

PhK,

(XCIVa) (XCIVb)

(c) Tetrazoles

The interaction of Ι,Ι'-dicyanoferrocene with NaN3 in THF
in the presence of A1C13 leads to the formation of l , l-di(5-
tetrazolyl)ferrocene (XCV): 1 S 8

(XCV)

The C-ferrocenyltetrazole (XCVI) is formed in the reaction
of 1-cyanoferrocene and trimethylsilyl azide in o-dichloro-
benzene in the presence of A1C13:

159

fcC=N + Me3SiN3 ·

Fc(ferrocenyl) =

We must emphasise that, so far as we are aware, organo-
elemental derivatives of heterocumulenes have not been
introduced into this type of 1,3-DCA, although the dipolaro-
philes have been fairly thoroughly investigated (see, for
example, Refs. 160-162).

IV. SYNTHESES WITH PARTICIPATION OF NITRILE
N-OXIDES

1,3-DCA with participation of nitrile N-oxides as dipolaro-
philes, which arise in the course of the reaction and react
in situ, have been used fairly widely in the synthesis of
heterocycles with organoelemental substituents. 9 5 · 1 6 3 ~ 1 7 3 The
reactions lead to the formation of NO-heterocyclic systems—
isoxazolines (XCVII), isoxazoles (XCVIII), and oxadiazoles
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(XCIX), the methods of synthesis of which are illustrated in
Scheme 3:

stage in which ferrocenylacetonitrile N-oxide is formed in
situ:

R C ^ N -> Ο-

Scheme 3

R- / & = C s -ER n

(O) ~ *

RnECscR-

(b) •

R'CN

R \

R·/
R\Λ \ IN >

(XCVII)

\ -/

JJ '
(XCVIII)

N-
,R

1 ..

[Fc—CH,NMe,]+ Γ -f NaNOj -* [Fc—C—N - O];

(c)

(χαχ)
a) and b) RnE = carbaborane- and ferrocene-containing groups, R = Ar,
and R\ R2, R3 = alkyl or aryl; c) R = FcCH2 and R = Me.

1. The Syntheses of Heterocycles from Organoelemental
Nitrile N-oxides

(a) Isoxazolines

Ferrocenylacetonitrile N-oxide, formed from ferrocenyl-
nitroethane, reacts in situ with a series of olefinic dipolaro-
philes—hept-1-ene, styrene, acrylonitrile, or trimethyl-
silylethylene, forming isoxazolines ( C ) : 1 6 3

FcCH, j
N - Ο + RCH=CH, -> Ν

(C)

m-Carbaboranylnitrile N-oxide has been synthesised.16"
Its reaction in situ with methyl acrylate leads to an
isoxazoline having a m-carbaboranyl substituent (CI):

ffJ-HCB10C10HMC—r-

+ MeO0CCH=CH, - ft

(b) Isoxazoles

The interaction of phenylacetylene with ferrocenylaceto-
nitrile N-oxide or with m-carbaboranylnitrile N-oxide,
obtained in situ, results in the formation of the correspond-
ing isoxazoles (CII) : 1 6 3 ' 1 6 "

RC=N -• O 4- PhC"»CH

R=FcCH2 (a), m-HCBiOHioC φ ) . (CII)

(c) Oxadiazoles

The reaction of ferrocenylmethyltrimethylammonium iodide
with sodium nitrite and acetonitrile, which entails the forma-
tion of ferrocenyloxadiazole (CIII), 1 6 5 probably involves a

Fc- -N
[Fc—C=N -• 0] + MeC=»N Ν

(CIII)

2. The Synthesis of Heterocycles from Nitrile N-oxides
and Organoelemental Dipolarophiles

ία) Isoxazolines

Isoxazolines (XCVII) are formed in the course of 1,3-DCA
of nitrile N-oxides to dipolarophiles containing a double
bond (Scheme 3, pathway a ) . Thus treatment of benzo-
nitrile with methyl α-trimethylsilylacrylate affords the iso-
isoxazoline (CIV). The interaction of 2-trimethylsilylacrylic
acid with benzonitrile oxide leads mainly to the product
(CV):9 S»1 6 6

,SiMe,
C H , = (

XCO 2H SiMe3

CHjCHCOjMe

(CV)

The 1,3-DCA of benzonitrile oxide to unsaturated o-carba-
borane derivatives gives rise to the isoxazolines (CVI) and
(CVII) with a o-carboboranyl substituent, while the inter-
action of l,l-bis(trimethylsilyl)ethylene results in the forma-
tion of the disilylated isoxazoline (CVIII): 1 6"> 1 6 6

B 1 0 H1 0 H , 0

\9/
HC CH

B , o H B C H = C H 2 Ph ·

/SiMe,

Si Me, Ph-

(CVIII)

The s t u d y of t h e competitive react ions of benzonitr i le
N-oxide with dipolarophiles conta ining double and t r ip le
bonds establ ished t h a t t h e 1,3-DCA is exclusive to the new
reaction c e n t r e and leads to isoxazolines with s i lylethynyl
s u b s t i t u e n t s . 1 6 7 > 1 6 e T h u s t h e interact ion of 1,3-enyne
silylhydrocarbons (l-trimethylsilylbut-3-en-l-yne, 1-tri-
methylsilyl-3-methylbut-3-en- 1-yne, 1-trimethylsilylethynyl-
cyclopentene, and l-triphenylsilylbut-3-en-1-yne) with
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benzonitrile oxide results in the formation of compound (CIX)
in satisfactory yields: 1 6 8

V. SYNTHESES WITH PARTICIPATION OF NITRONES

(CIX)

R=Me, Ri=R»=H
R=Ri=Me, RJ=H
R=Me, RiR^
R=Ph, R»=R>=H

(b) Isoxazoles

1. The Synthesis of Heterocycles from Organoelemental
Nitrones

(a) Isoxazolidines

The 1,3-DCA of organosilieon nitrones to compounds
containing a double bond results in the formation of
derivatives of fully saturated NO-heterocycles—isoxazolid-
ines. However, these 1,3-dipoles exhibit a weak affinity
for olefins—the cycloaddition products (CXVI) and (CXVII)
are obtained in low yields only after the reactants have
been allowed to stand for a long t ime: 1 7 1

Disilylated isoxazoles of the type of compound (CXI) are
obtained instead of the expected isoxazolines (Scheme 3,
pathway a) in the interaction of nitrovinylidenebistrimethyl-
silane (CX) with benzonitrile oxide. 9 5 ' 1 6 6 There is in
general no doubt about the structure of the isoxazole (CXI),
since it has been obtained by specific synthesis from bis-
(trimethylsilylacetylene). The isoxazole (CXI) had been
obtained earlier from benzonitrile oxide and bis(trimethyl-
silyl) acetylene: 1 6 9

Pb-N=CHSlMe,OSlMe,

Me3SL

(CX) (CXI) (CXII)

CH2=CHCN

Ph—N-
1

-SiMe,OSiMe3;

CN

(CXVI)

<ph-N=CHSIMe,),0

(Ph—Ν

Ο
\ /

I
CN

-SiMe,)j 0

(CXVII)

2. The Synthesis of Heterocycles from Nitrones and
Organoelemental Dipolarophiles

The isoxazole (CXIII) is formed analogously instead of
isoxazolines on interaction of α-bromovinyltrimethylsilane or
a-(2,4-dinitriphenylthio)vinyltrimethylsilane with benzo-
nitrile oxide: 1 6 6

/SiMe3

CHt=< + PhC=N -» Ο
X X

X=Br,

SiMej

η
ph/\N/

(CXIII)

The 1,3-DCA of 1-ethynyl-o-carbaborane to benzonitrile
oxide leads to the formation, as was to be expected, of the
o-carbaboranylisoxazole (CXIV): 1 6 4

HC 1CC=CII
PhC=N—*-0 'TX

B H(CXIV)

(a) Isoxazolidines

The addition of αΝ-diphenylnitrone to silylethynylalkenes
(1-trimethylsilylb ut- 3-en- 1-yne, 1-trimethylsilyl- 3-methyl-
but-3-en-l-yne, and 1-triphenylsilylbut-3-en-1-yne) takes
place at the double bond with formation of 5-organylsilyl-
ethynyl-2,3-diphenyloxazolidines (CXVIII): 1 6 8

R3SiC=C—

R=Me,
R=Ri=
R=Ph,

(CXVIII)

The reaction of trimethylvinylsilane with the nitrone
(CXIX) affords 5-trimethylsilylisoxazolidine (CXX): 1 7 2 ' 1 7 3

Me
Me3Si-

H,C=CHSiMe, + ^ft-^

(CXIX)

A\N/\R.
ι

Me
(CXX)

(c) Isoxazolidines

3-Nitroisoxazoline Ν-oxides react with silylolefins to form
the bicyclic isoxazolidines (CXV): 1 7 0

The demonstration of the possibility of this reaction enabled
the authors 1 7 3 to employ the principle in the synthesis of two
stereoisomeric isoxazolidines (CXXI) which are deoxysugar
derivatives:

NO,

HC— (CH,)n SiMe,

R=H, Me; «=0, 1, 2 .

Ν

(CXV)

Me 3 Si
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V I . SYNTHESES WITH PARTICIPATION OF NITRILE IMINES

Nitrile imines are 1,3-dipoles which react exclusively in
situ. Their 1,3-DCA reactions lead to the formation of
pyrazolines (in reactions with olefins)158'171* or 1,3,4-tri-
azoles (in reactions with nitriles as dipolarophiles). l l k

1. The Synthesis of Heterocycles from Organoelemental
Nitrile Imines

(a) Triazoles

Silylated nitrile imines (CXXII) are formed when N-silyl-
tetrazoles are heated, the 1,3-DCA to the nitrile resulting
in the formation of 2-trimethylsilyl-l,2,4-triazoles (CXXIII):ult

Ν Ν—SiRi
Η Ν

S.'Rl

• R_c"=N-N-SiR*

(CXXII) (CXXIII)

2. The Synthesis of Heterocycles from Nitrile Imines and
Organoelemental Dipolarophiles

(a) Pyrazolines

The reactions of dimethylvinylsilane, trimethylvinylsilane,
and triphenylvinylsilane with diphenylnitrile imine give
satisfactory yields of derivatives of l,3-diphenyl-2-
pyrazoline with organosilicon substituents in the 5-position
of the heterocycle as in compound (CXXIV).171t The
dipolarophile activity of the double bond in allyltrimethyl-
silane is much lower and the 2-pyrazolines are formed in
lower yields:

-Ph
RCH=CH 2 - f Ph—C==N—N—Ph

I
Ph

(CXXIV)

R=(Me)3Si, (Me)3SiCH2, (Me)2CeH6Si, PhjSi.

2, 3-Enyne silylhydrocarbons (1-trimethylsilylbut- 3-en-1-
yne, l-trimethylsilyl-3-methylbut-3-en-l-yne, 1-trimethyl-
silylethynylcyclopentene, and l-triphenylsilylbut-3-en-l-yne)
also react with diphenyl nitrile imine as the double bond with
formation of 2-pyrazolidines (CXXV).1 6 8 C-ethoxycarbonyl-
N-phenylnitrile imine adds to 1-trimethylsilylbut-3-en- 1-yne
to form 3-ethoxycarbonyl-l-phenyl-5-trimethylsilylethynyl-
2-pyrazoline (CXXVI):1 6 8

Η

R2 -Ph

Ν Me3SiC=C—r

OOEt

R 3 SiC=C y ,

Ph
(CXXV)

V I I . CONCLUSION

The data presented in this review clearly indicate the
extensive possibilities for the use of 1,3-DCA in the
synthesis of heterocycles with organoelemental substituents.
This aspect is important for the chemistry of heterocyclic

compounds, since it enables one to avoid the use of complete
heterocycles, whose preparation frequently involves multi-
stage syntheses or the application of initial reactants which
are difficult to obtain. <f0" l f3

This review was devoted to 1,3-DCA, but it is already
clear **2'66 that other types of cycloaddition used to construct
heterocyclic systems can also be regarded as universal
methods of synthesis of heterocycles with organoelemental
substituents: "2 + 1 = 3", "2 + 2 = 4", and "4 + 2 = 6"
additions in the syntheses of three-membered, four-mem-
bered, and six-membered heterocycles. Examples of such
reactions are available in the literature for organoelemental
reagents. Thus the [2 + 2]-cycloaddition of heterocumulenes
to a cobalt complex led to the synthesis of metallocyclic
compounds. 1 7 5 ' 1 7 6

The [2 + 2]-cycloaddition of triphenylstibazosulphonyl-
arenes to diethyl acetylenedicarboxylate gives rise to a
four-membered stiba-azaheterocycle.1 7 7

In addition, one should bear in mind that five-membered
heterocyclic systems with organoelemental substituents can
be obtained, by analogy with the data quoted by Paquette,1*2

Grimmett, ^ and Gruning and Lorberth, 1 7 8 as a result of
[4 + l]-cycloaddition, while condensed heterocycles can be
produced by intramolecular 1,3-cycloaddition.6S

In connection with the above, it appears useful to modify
both 1,3-dipoles and dipolarophiles by introducing organo-
elemental substituents and also to employ other types of
cycloaddition in order to extend the number of types of
heterocycles with organoelemental fragments. The develop-
ment of new methods of synthesis of organoelemental dipoles
and dipolarophiles is also useful in this connection (see, for
example, Refs. 179-186).

In our view, the study of the physicochemical properties,
structure, and reactivity of heterocycles with organoelemental
substituents may be of considerable interest; this field of
the chemistry of heterocyclic and organoelemental compounds
has been little studied and this is why some of the data
presented above concerning the structures of heterocycles
with organoelemental substituents are open to doubt. In
particular, such heterocycles with organometallic substituents
contain simultaneously electron-donating (the N, O, and S
heteroatoms) and electron-accepting (M = Ge, Sn, Pb, etc.)
centres. Most of them should therefore 1 ' 2 have oligomeric
or polymeric structures. This question so far remains open,
since in the studies examined above the molecular weights of
the heterocycles synthesised were frequently not measured
and no mass-spectrometric investigations were made. In
this connection, we may note that the dimers (L) described
in a series of s tudies, 1 0 7 " 1 1 1 especially the dimers of germyl-
pyrazoles, can also have a different structure (with involve-
ment of the Ge and Ν atoms of the pyrazole ring), which is
extremely characteristic of boron, aluminium, and other
organoelemental derivatives of azoles. 1 > 2 ' 6

The extensive possibilities for the synthesis of hetero-
cycles with organoelemental substituents with the aid of
1,3-DCA and other types of cycloaddition and the investiga-
tion of the nature of this process can be considered also in
terms of another aspect, associated with the study of the
mechanisms of the reactions of organometallic compounds,1 8 7

including also a wide variety of different types of elemento-
tropic processes. 7~13 The influence of the nature of elements
entering into the composition of the fragments of 1,3-dipoles
and dipolarophiles considered in this review on the 1,3-DCA
mechanism therefore appears to have been inadequately
investigated. 6 1 ' 6 5 ' 1 8 8 ' 1 8 9

Finally, both for a deeper investigation of 1,3-DCA and
from the standpoint of the synthesis of heterocycles
incorporating different elements in the ring, the study of
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the corresponding silyl1 9 0 1 9 6 and other organoelemental
reagents 1 7 5 ~ 1 7 7 ' 1 9 7 ~ 2 0 1 is of interest. Definite advances in
this little investigated field have been made. The first
examples of the synthesis of heterocycles by 1,3-DCA with
participation of a dipolarophile having a silicon atom in the
reaction centre has been described, 1 9 0 namely the reaction
of l,l-dimethyl-2,2-bis(trimethylsilyl)-l-silaethylene and
trimethylsilyl azide. However, the formation of a silatriazole
ring requires more rigorous proof, as has been done in the
synthesis of cobalt-containing1 7 5 and arsenic-containing1 7 7

heterocycles.

After the synthesis of silylenes, 1 9 1 ~ 1 9 6 it was natural to
attempt to introduce them as dipolarophiles into the 1,3-DCA
reaction (see, for example, Masuune et al .) . 1 9 1 * However, it
was shown that the cycloaddition product formed in this
reaction is unstable; disilacyclopropane was formed as a
result . 1 9 "

We believe that the aspects indicated above are promising
and can assist in the progess of both theoretical chemistry
and the chemistry of heterocyclic and organoelemental
compounds.

We emphasise that monographs thematically related to the
present review have been published recent ly . 2 0 2 ' 2 0 3 How-
ever, the aspects of the 1,3-DCA as a general method of
synthesis of heterocyclic compounds which we examined
are not adequately dealt with in these publications.
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