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o,B-Unsaturated Heteroatomic Compounds in 1,3-Dipolar Addition
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The reactions of «,8-unsaturated heteroatomic compounds with an unshared electron pair in the heteroatom, proceeding
via the 1,3-dipolar addition mechanism, are examined. The ideas about 1,3-dipolar compounds developed by Huisgen are
extended to compounds with elements in the Long Periods (phosphorus and sulphur).
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I. INTRODUCTION

Among the methods for the synthesis of alicyclic and
heterocyclic compounds, which play an exceptional role in
modern organic chemistry and industry (mainly in the syn-
thesis of polymers, dyes, pesticides, medicinal preparations,
etc.), reactions in which ring formation involves the dissoci-
ation of m-bonds only, without the scission of any other
fragments, occupy a notable place. Such processes include
the reactions of carbenes with unsaturated compounds, the
dimerisation of allenes, syntheses involving alkadienes (of
the 4 + 1 = 5 type), the diene synthesis (4 + 2 = 6), and
1,3-dipolar cycloaddition (3 + 2 =50r 3 + 3 = 6).

The term 1,3-dipolar cycloaddition was proposed by Smith
in 1938.% The complete classification of 1,3-dipolar systems
(1,3-DS) was given by Huisgen®®. According to Huisgen's
definition, a 1,3-dipolar system can be any compound a—b—c,
in which the atom a has an electron sextet and constitutes a
positive centre, the atom c has a free electron pair and car-
ries a negative charge, and the atom b has an unshared
electron pair. According to Huisgen, six octet-stabilised
1,3-DS with a double bond and twelve octet-stabilised dipoles
without a double bond can be constructed with elements in
the Second Period. All the 1,3-DS with a double bond are
known. Typical 1,3-DS are nitrile imines, nitrile ylids,
nitrile N-oxides, diazo-compounds, and azides. Reactions
involving addition to double bonds via a 3 + 2 = 5 mechanism
and dimerisation reactions proceeding by both 3 + 2 = 5 and
3 + 3 = 6 mechanisms are most characteristic of 1,3-DS.

Huisgen's school investigated widely only the reactions of
1,3-DS incorporating the elements of the Second Period. The
authors of the present review attempted to analyse on
the basis of literature data the possibility of constructing
1,3-DS with participation of the elements of the Long Periods,
in particular phosphorus and sulphur. Attention was turned
to a,B-unsaturated compounds of the above elements, which
ecorrespond to Huisgen's limiting carbenoid structure of the
1,3-DS.

The reactivity of unsaturated compounds containing a
heteroatom with an unshared electron pair (I-X =Y, Z-XzY)
in the a-position is determined by the degree of localisation
of the unshared electron pair of the element Z and the
presence of vacant d orbitals in the latter. According to
modern ideas, a heteroatom with an unshared electron pair
exhibits as a rule an electron-donating effect in relation to
the multiple bond: the unshared electron pair of the hetero-
atom is delocalised (p,m conjugation)®. The capacity of
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heteroatoms with an unshared electron pair for p,T conjuga-
tion is determined, according to Tsvetkov and Kabachnik?,
mainly by the nature of the hybridisation of this pair. Since
the capacity of heteroatoms for p, m conjugation increases with
increasing p character of the unshared electron pair, atoms
can be arranged in the following sequence in terms of their
capacity for p,m conjugation: N > O > S > P. The validity of
this sequence has been confirmed by quantitative data for
the ability of aromatic phosphines, sulphides, and amines to
form polar complexes with strong acceptors (for example
Group III metal halides).®™°

Whereas in the case of elements in the Second Period (O, N)
the distribution of electron density in the ground state of
the molecule gives rise only to a m-donor effect*:!?, for
elements of the Third Period (S, P) the effect caused by the
involvement in the conjugation of low-lying 3d orbitals (d—p)
m-conjugation can also be manifested. The interaction of 3d
orbitals with the electrons of the multiple bonds is responsible
for the mesomeric electron-accepting properties of the hetero-
atoms of the elements of the Third Period: the electron
density at the heteroatom increases and that in the multiple
bond decreases. It has been shown!? that the symmetry of
the 3d orbitals permits overlap with a p orbital of the type of
(p,p)m-bond. The possibility of (d—p)n-conjugation has
also been confirmed for arylphosphines'*™®. The degree of
conjugation depends on the electronegativity of the substitu-
ents: a more electronegative substituent decreases the elec-
tron density at the phosphorus atom, promoting the contrac-
tion of the 3d orbitals and a stronger (d—p)n-interaction*317:18,
For example, in this connection, the degree of m-binding in
acetylenic compounds of phosphorus(IIl) is greater than in
the ethylenic compounds owing to the greater electronegativ-
ity of carbon in the sp-hybridised state that in the sp?-
state!®2°,

Thus in the Z—X=Y or Z-X=Y systems, where X is a
heteroatom with unshared electron pairs but without vacant
d orbitals (Z = O or N), the electron density is markedly
displaced from the heteroatom towards the multiple bond. By
virtue of the delocalisation of the unshared electron pair, the
nitrogen and oxygen atoms manifest m-donor properties?!.

If the heteroatom Z = S or P, then, apart from the electron
pairs, low-lying vacant d orbitals can participate in the
distribution of electron density. The negative inductive and
weak m-donor effects of the sulphur atom as well as the
involvement of the 3d orbitals in conjugation lead to the
appearance of opposed shifts?*. In the phosphorus atom the
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effect due to p,m-conjugation is either absent or is overlap-
ped by the (d—p)m-conjugation. As stated above, this is
associated with the diminution of the p character of the
unshared electron pair at the phosphorus atom and therefore,
despite the presence of the electron pair, tervalent phos-
phorus in «,B-unsaturated compounds exhibits m-acceptor
properties in relation to the multiple bonds.

The distribution of electron density in nm-systems containing
heteroatoms with unshared electron pairs has been studied
by various physical methods: with the aid of NMR, 1221730
ultraviolet spectroscopy® 7%, infrared spectroscopy?®”’?®, and
the determination of dipole moments®®. The results of these
studies indicate different roles of the effects of the p,n- and
(d—p)rm-conjugations in the distribution of electron density
and hence a difference in the chemical properties of the com-
pounds investigated.

o,3-Unsaturated heteroatomic compounds can enter into
1,3-dipolar addition reactions in two ways. If the unshared
electron pair is delocalised over the entire system, then the
latter is a dipolarophile and interacts with the 1,3-DS via its
multiple bond in accordance with the usual 3 + 2 = 5 cyclisa-
tion mechanism with formation of five-membered cyclic com-
pounds. On the other hand, if conditions are created in the
initial m-system for the localisation of the unshared electron
pair of the heteroatom, two reaction centres are produced
(the multiple bond and the heteroatom). Such o,3-unsatu-
rated heteroatomic compounds can undergo cyclisation reac-
tions with participation of the heteroatom both via 3 + 3 = 6
mechanism, i.e. via a mechanism involving the "mixed dimer-
isation” of the 1,3-DS, and via the 3 + 2 = 5 mechanism,
behaving as a 1,3-DS. In the latter case only the electro-
philic multiple bonds can behave as dipolarophiles.

1. OXYGEN- AND NITROGEN-CONTAINING m-SYSTEMS

As a rule oxygen- and nitrogen-containing w-systems
behave as dipolarophiles in 1,3-dipolar addition reactions.
The mode of the reactions of such systems with 1,3-DS does
not differ from that of the reactions of unsubstituted olefins
and acetylenes: ynamines“®"!, enamines"?™®’, and acetylenic
*17%% and vinyl ethers®’™®2 form under these conditions five-
membered cyclic compounds without the inclusion of the
heteroatom in the ring.

The reactions of «o,R~unsaturated oxygen-containing com-
pounds, proceeding via a mechanism of the 1,3-dipolar addi-
tion type with inclusion of the oxygen atom in the reaction,
have not so far been observed.

o,B~Unsaturated nitrogen-containing compounds can react
via a 1,3-dipolar cyclisation mechanism with participation of
the nitrogen atom only when the system is highly polarised.
Thus it has been established®" that the carboxylation of a
phosphoramidate ion®® (derivative of N, N-dimethylhydrazine)
leads to the formation of a dimethylaminoisocyanate dimer (I),
having the ylid structure. Its pyrolysis leads to the stable
1-dimethylamino-3,4-dimethyl-1, 3, 4-triazolidine- 2, 5-dione
(I1):

(C:H;0), P (0) NN (CHy)g -1+ COp —+ (GHy0), P (0) NCO, — [(CHy); N—N=C=0]

N (CHy),
(CHy), N—N CHN—NCH,
—_ A
0-C C=0_ ~0=C C=0
N N
| |
N (CHy)s N (CH,),

(4] (D
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The interaction of the dimer (I) with an excess of butyl
isocyanate leads to the formation of a new ylid (III), in which
there is also a possibility of the migration of the methy!
group:

. .
(CH,)y NN CH,N—NCH,

| | |

A L - \ b

[e8) TCATLNGG 0 (\4 C.O_2, O (, c O

N N

| '
C,H, C\H,
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In the case of the t-octyl isocyanate, this type of reaction is
reversible and at 90 °C the equilibrium is fully displaced
towards the initial reactants, probably owing to steric hin-
drance.

The ylid structure of compound (I) and its analogues has
been demonstrated by the reaction with HCI in benzene and
subsequent elimination of methyl chloride. The authors®
used also another method for synthesising dimethylaminoiso-
cyanate using N-dimethylaminourethane:

. a 11,00,
(CHz)e N—NH—-C e

N 0C,H,

= Y NN € O] = (IO

If the reaction is carried out in the presence of isocyanates
or isothiocyanates, it is possible to "intercept" the intermedi-
ate monomeric dimethylaminoisocyanate:

] H,CN-—— NCf
+HsCsN=C ,,()4' l ‘ ' ;
0OC CO—— 0.C CO
\(N//' \\]\,'
! |
C;H, Cyll
o (CHy)s NN Hy NN,
(CHg)y N—N. C. Q| _*CHN C=0 42 | 3 | | tl
0OC CO0—0=C C O
A N d AN N//
i |
Cil, CH,
rCgN- s (CHp ReX HLON——NCIL,
—_—— |
SC CO—ursS ¢ C G
N ‘\1.\' -
| I
CH, C,H,

The stable triazolidine derivatives are formed as a result of
the migration of the methyl groups. Pyrolysis of N-dimethyi
aminourethane in the presence of isocyanate or isothiocyanate
constitutes a convenient method for the synthesis of various
methyl-substituted triazolidines.

The pyrolysis of methylaminourea likewise leads to the
formation of a triazolidinedione®® and there is also a possibil-
ity of dimerisation via a 3 + 3 = 6 mechanism, leading to tri-
azine derivatives:
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All the reactions described above may be regarded as
1,3-dipolar cycloadditions via the 3 + 2 = 5 mechanism. One
molecule of dimethylaminoisocyanate behaves as a 1,3-DS,
while another molecule of the same compound or a molecule of
iso- or isothio-cyanate behaves as a dipolarophile. The sta-
bility of the product is determined by the stability of the
ylid linkage. Dimethylaminoisocyanates can be classified as
rare nitrogen-containing m-systems in which an electron pair
is localised at the nitrogen atom adjoining the multiple bond.
The localisation is probably caused by the presence of the
adjacent nitrogen atom, which also has an unshared electron
pair and this prevents the delocalisation of the charge over
the system and enhances sharply the nucleophilic properties
of the amino-nitrogen:

(CHy)s N—H =C=0 = (CH); N=N—C=0

The extremely reactive 1,3-DS adds to the multiple bond
of the initial molecule or alkyl isocyanate as a result of attack
by the nucleophilic nitrogen atom of the dimethyl amino-
group on the sp-hybridised carbon atom of the isocyanate
group. Ring closure occurs when the nitrogen atom of the
NCO group interacts with the carbon atom of the aminoiso-
cyanate®*:56.

T(CH,); N—N=-C=0 |

l (CH)s N-—N
0=C I
\\_J =C C=0
[(CHy), fifico) 2N A - W
RO R

The reactions of dimethylaminoisocyanates with carbodi-
imides are also known. One of the two reaction products is
a structural analogue of compound (I) and the other contains
a bond between the amino-nitrogen of the dimethylaminoiso-
cyanate and one of the nitrogen atoms (and not the
sp-hybridised carbon atom) of the carbodi-imide:

RN —N RN—N
RN—N=C=0} R'~N==C=N—R’ -~ RN—C  C=0 + RN  C=0
N4 %

| Il
R’ NR’

This probably involves nucleophilic attack on the carbodi-
imide nitrogen with transfer of the negative charge to the
sp-hybridised carbon atom®’-%¢,

The interaction of hexafluoroacetone azine with terminal
olefins or dienes can also serve as an example of the 1,3~
dipolar activity of a nitrogen-containing m-system’*™®*, The
localisation of the unshared electron pair at the nitrogen
atom converts such compounds into 1,3-DS. Hexafluoroace-
tone azine reacts with olefins of the type H,C=CHR and
H,C=C(CH,)R and with dienes to form, in the first stage,
the product of 1,3-dipolar cycloaddition via the 3 + 2 =5
mechanism and not via the mechanism of diene synthesis
(4+2=26):""

69,70

. (CFy)s
(F4C)2 C=N—N=C (CF,); + H,C=CHR— CH,

CH,—CHR

/ AN
/_/» (F50)a € C (CFy),
N=N
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The product is a stable azomethine imine27:%1,83788 = 1f R {g
a bulky group, subsequent intramolecular deprotonation and
reprotonation take place with formation of 3-pyrazolines’* 7%
81,89

The stable azomethine imine is capable of reacting further
with systems containing multiple bonds via the usual 1,3-
dipolar cycloaddition mechanism’*7%8%®1 to form a bicyclic
heterocycle. This product can also be formed immediately
if an excess of the olefin relative to the azine is taken:

R,C—CR,
—RC=CRe, (R0, C
N—N

7 N\
R.C C (CF )2
N=N CH
s N :
RC C (CFy);
NcH,” RC—CR
/
(F3C) C
+RC=CR__ N
N—N
7\
R.C C(CFy): .
\CHQ//

(FSC) 2—6

Such mixed cycloaddition of two differently substituted sys-
tems with double bonds (or one system with a double bond
and another system with a triple bond) in the 1,3 : 2,4-posi-
tions relative to hexafluoroacetone azine with intermediate
formation of a stable azomethine imine leads to a new pathway
to bicyclic heterocycles of the type of 1,5-diazobicyclo-
octenes and 1, 5-diazobicyclo-octanes and their hetero-
analogues. One should note that the cycloaddition cross-
reactions of azines with olefins had also been described
earlier®7%7, but due importance had not been attached to
them.

Hexafluoroacetone azine behaves as a dipolarophile in reac-
tions with classical 1,3-DS. Thus the reaction with diazo-
methane involves one or both C=N bonds of the initial com-
pound®®:

 (CFyl
N
|
N
— |
(CF3)2 C=N—N=C (CF,); - CH,—N=N — No -+ CH—N=N -
(CEC” NN
‘ ]
CH,—N
N——CH,
U |
N C(CFy
— N
|
N
©FnC N
| If
CH,—N

111. PHOSPHORUS(II1)-CONTAINING m-SYSTEMS

The interaction of «,B-unsaturated compounds of tervalent
phosphorus and 1,3-DS can proceed via two reaction centres:
the heteroatom and the multiple bond. In the general case
phosphorus-containing m-systems can be regarded as reactive
1,3-DS with a negative charge on the phosphorus atom and a
positive charge on the extreme carbon atom of the multiple
bond. The first such reaction of «,R-unsaturated phospho-
rus(III) compounds with 1,3-DS via the mechanism involving
mixed dimerisation of 1,3-DS (3 + 3 = 6) with participation of
the phosphorus atom and the multiple bond in the reaction
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and the formation of six-membered heterocycles has been
described®®, In this study the interaction of diphenylvinyl-
phosphine with C,N-diphenylnitrile imine in the presence of
triethylamine hydrochloride yielded a phosphonium salt—a
derivative of 1,4,5,6-tetrahydrophosphoniapyridazine:

R.
N
R]‘ C=CH,
— «/
(CeHg)g P—CH=CH,; + R—C=N—N—CH, = (CHy),P  N—C,H, —
\\ /
Cc=N
R/
R\_ - R -
/C—C{Iz CH—CH,
+ C,Hy)sN-HCI /
— (CeHy), P N—CH; — 2 | (G P N—CH, |-
N,/ N
|C:N C=—N
R B R
0 o) B
i I
R=GCgHs, GCHgOC, or H,CC; R'=H, HC, or CHs

Alkenylphosphines having a substituent in the o-position
relative to the multiple bond or one methyl group in the
R-position react with nitrile imines in this way!°°™’® regard-
less of their structure.

Nucleophilic attack by a tricoordinate phosphorus atom on
the carbon atom of the nitrile imine leads apparently to the
initial formation of a dipole ion, which, by virtue of the
strong polarisation of the multiple bond and the influence of
the tetracoordinate phosphorus atom, cyclises to a phos-
phorane. The cyclic phosphorane, being a stronger base
than triethylamine, reacts with triethylamine hydrochloride
to form a stable phosphonium salt. The stepwise course of
the reaction can probably be regarded as a possible extreme
case; one cannot rule out the possibility that such reactions
can also proceed synchronously via a cyelic transition state.
Different aspects of the mechanism of the 1,3-dipolar cyclo-
addition reaction are considered in reviews published previ-
ously %91,

When there are two methyl or phenyl groups in the B-posi-
tion in alkenylphosphines, the reaction stops in some cases
at the stage involving the formation of dipolar ions, the
stabilisation of which is promoted by electron-accepting
groups at the carbon atom of the nitrile amine. Account
should also be taken of the steric hindrance caused by the
substituents at the B-carbon atom of the multiple bond!°!:

(CiHy)a P—CH=C (CHJ)s _ (CiHly)y P—CH=C (CH,);
R—C N—N—C,Hs R—C—N=N—-CsH,
R=C,H,0C0, or H,CCO
The same azomethylenephosphoranes are formed when
nitrile amines interact with various saturated derivatives of
tervalent phosphorus'®*™°7 and with o,B-ethylenic compounds
whose double bonds are involved in conjugation within the
ring, for example, in pentaphenylphosphole!’®, The formation
of these compounds confirms the proposed mechanism of the
interaction of a,B-unsaturated derivatives of phosphorus(III)
with nitrile amines:

RP—C=N—N—R? « RP—C—N=N—R¢ ;
R! Ri

R=Ar, (Alk),N, or AlkO; R'=-C,H;0C0, or H,0C0; R®=Ar ,

In contrast to alkenylphosphines, alkynylphosphines react
with nitrile imines to form cyclic quasi-phosphonium com-
pounds regardless of the degree of substitution at the
B-carbon atom of the multiple bond!?%1%%110  which indicates
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a lower sensitivity of acetylenic derivatives of phosphorus-
(I1I) to steric hindrance than that of the ethylenic derivatives:

R
- C/
L/ E ~
(CHe)e P N-CH, | T
N /
c—N ;
R/

R—H, CH, C(CHy, or CeHy

The degree of conjugation of the 3d orbitals of the phos-
phorus atom with a triple bond is greater than with a double
bond!*2°%, so that the 3-carbon atom should be more activated
in the former case. Account should also be taken of the fact
that the sp-hybridised carbon atom is more reactive in reac-
tions with nucleophiles.

a,B-Unsaturated ethylenic and acetylenic phosphonites
react with nitrile amines regardless of the nature of the sub-
stitution in the g-position of the multiple bond via the 1,3-DS
mixed dimerisation mechanism. The quasi-phosphonium salts
obtained undergo the Arbuzov rearrangement with elimination
of the alkyl halide and the formation of a cyclic phosphinate
containing a tetracoordinate phosphorus atom107113;

o 0 ccl™
L /=€ _ 1=
(RO, P N—CH; |T - RCI+ RO—P N—CyHs
N AN
C—N C—N
Coty” CHy”

The amides of alkenyl- and alkynyl-phosphonous acids form
cyclic compounds only with nitrile amines without electron-
accepting substituents at the carbon atom. In all the remain-
ing cases the reaction stops at the stage involving the formation
of open-chain azomethylenephosphoranes!®!*  Heteroatomic
a,R-unsaturated compounds of tervalent phosphorus such iso-
cyanates of phosphorus acids and methyleneaminophosphines
can also enter into Huisgen's 1, 3-dipolar addition reactions
with 1,3-DS. The reaction with diphenylphosphinyl isocya-
nate also proceeds via the 1,3-DS "mixed dimerisation"
mechanism and stops at the stage involving the formation of
a cyclic ketoiminophosphorane!!®!1¢,  The isolation of this
product can be regarded as confirmation of the possibility of
the formation of cyclic methylenephosphoranes as intermedi-
ates also in the other cases described above:

(CeHg)s P—N=C=0 4 R—C=N—N—C;H; —

(0]
N—C
. N=C=0 7
~ @HY P T (GH P N—C,H
/C—: N—N—CsH; N
R C—N

Acyclic azomethylenephosphoranes are products of the
interaction of diphenylmethyleneaminophosphines with nitrile
imines:

N=C (CaHs)z
(CHy) e P
R>C—N:N—C5HE .

Cyclisation does not take place, apparently owing to the
steric hindrance in ring closure caused by the phenyl
groups*!’.

The choice of a 1,3-DS for reactions with «,8-unsaturated
phosphorus(1Il) compounds is limited by the high reducing
capacity of the latter. This factor rules out the possibility
of using oxygen-containing 1,3-DS such as nitrile oxides,
nitrones, etc. Together with nitrile imines, organic azides
can serve as 1,3-DS. The interaction of «,B-unsaturated
acetylenic phosphines with organic azides does not lead to
cyclic products. The initial dipolar ion (phosphatriazene) is
unstable and decomposes with liberation of nitrogen and the
formation of a phosphine imine with an unsaturated group at
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the phosphorus atom?®*®:

(CeHy)s P—C=C—R + N=N_N—R! -

C—C
7 G B N
C=C—R —
.
= (CgHy)s P 7. -
_R!
SN—N C=C—R

— (CoHn)aP<N Rt +Ns

The nucleophilic mechanism of the reaction of unsaturated
phosphorus(111) compounds with nitrile imines is also indi-
cated by the relative rate constants for the reactions of
different phosphorus-containing compounds with diphenyl-
nitrile imine. For example, (k,)re]l =0.56, 1.00, and 2.72 for
(C,H40),P—C=C—C¢H;, (C¢Hs),P-C=CH, and [(CH,),N1,P—C=
C—C(CH,), respectively'’*. The study of the dipole moments
and 'H NMR spectra of unsaturated phosphorus(IIl) deriva-
tives is also important for the understanding of the mecha-
nism of this reaction!®"2°,

In the case of 8,y-unsaturated phosphorus(IIl) compounds
the manifestation of 1,3-dipolar activity may be expected
when an active electrophile is present in the B-position:

N » X—Y=Z
RP—X—Y=Z + R'—C=N—N—C;H; - RPL —
R JC=N—-N-C;H,

-

X<~ [ xx( o ]
e RBSTTONN—CH, —A s [ RBSTTT NN i
R,P\C:N ON—Cely Rzp\c:n DN—GH; | &
B,y-Unsaturated phosphines (studied in relation to allyldi-
phenylphosphine)!°? isomerise in the reaction and the result-
ing phosphoniapyridazine is identical with the products of
the reaction of diphenylpropenylphosphine (an a,3-unsatu-
rated compound of tervalent phosphorus) with nitrile imines:

_ CH,—CH=CH,
(CyHy)s P~—CHy—CH=CH, -+ R—C=N—N-CoHy —~ (GH B * 7
R JC=N-N—CH,

CH
. CH=cH’

— (CoHy): P<C _ G, B CH,
R/ 5 i CH
- _ —— (CH, B SN-CH, —
/CHz »C——=N
CH,—CH R’

— @HYB T ON-CH
S

Hc /CH,
H,—CH
(CaHeyN-HCI + o CHy—CH =
CHN (CBHf’)aP\c N ON—CqH, [ CI
R/

The isomerisation can occur either in the stage involving
the formation of the intermediate dipolar ion or in the inter-
mediate formed as a result of the attack by the nitrogen atom
on the B-position of the multiple bond; this is followed by
the transfer of a proton from the methylene group. The first
pathway is apparently preferred, since the positively charged
phosphorus atom facilitates the isomerisation of the allyl
group'?’. In addition, it has been established that methyl-
allyldiphenylphosphine reacts with C-acetyl-N-phenylnitrile
imine to form azomethylenephosphorane as the product of the
isomerisation of the phosphorane formed in the first stage®®?:

CH,
+ =c{
(CoHg)a P—CHy—C—CH, + CH{CO—C=N—N—CyHy — (CoHy)aP CH;
| C—N=N—C¢H; .

CH,
s CH,c0”

' ther in the presence of the chloride ion.
' in the B-position of the multiple bond are alkyl, cyclopentyl,
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When nitrile imines react with ethoxycarbonylmethyldi-
phenylphosphine, the ethoxycarbonyl group is not involved
in the reaction. Evidently the abstraction of a methylene
proton and the substitution of the ethoxy-group, without
which a stable product cannot be formed, is impossible in
this case. The reaction stops at the stage involving the
formation of azomethylenephosphorane!??:

o] o}
i - I
(CoHig) P—CHy— C—OC;Hg - R—C=N—N—CgHs — (CsHy)s P—CHy—C—OCsHj
i
R—é—N:N—QH, ;
R=COCH,. or COOCH, »

Only mixed anhydrides of dialkylphosphorus and carboxylic
acids (diethyl acetyl phosphite and diethyl benzoy! phosphite)
react with nitrile imines, where the carbon atom of the car-
bonyl group is involved in the reaction in addition to the
phosphorus atom. As a result of the rearrangement, the
final reaction products are acyclic phosphonates

o
(CH;0)s P—O—C—R -+ R! 6= N_N_CyHy —
9 0 R—C—0
e (CHORP—C— N—II\X—C,H,
h
R=CHj or CgH;; R!=COCHj, or COOC,H,

il
(CHs0)s P—0—C—R
R!'C=N—N—CH;

R

Mixed anhydrides of dialkylphosphorous and carboxylic acids
react via a similar mechanism with methyl iodide!?®, alde-
hydes, and ketones!?%"12¢,

a,B-Acetylenic phosphines can also participate in simple
dimerisation reactions via the 3 + 3 = 6 mechanism. Deriva-
tives of 1,1,4,4-tetraphenyl-1, 4~-diphosphiniacyclohexa-2, 5-
diene are formed from alkynyldiphenylphosphines in glacial
acetic acid in the presence of HBr.27??® According to the
authors, the initial phosphine is protonated at the phos-
phorus atom in the first stage of the reaction, as a result of
which the B-carbon atom of the multiple bond becomes more
electrophilic owing to the strong conjugation of the 3d orbit-
als of phosphorus with the m-electrons of the triple bond.
A second phosphine molecule with a localised unshared elec-
tron pair attacks the B-carbon atom of the first phosphine
molecule with subsequent cyclisation and formation of a
diphosphonium salt!%0:131;

(GHy)y P—C=C--R + HX — [(CeH;,)n‘lE’——CEC—R > (CsHg)s P—CH=C—R] X~ —

H
/R
CH==C
— /
+GHIWP—C=CR | (C,H,),P \E (CeHg)e | X~ B
R—C=C
_ R _
CH:C/
+/ N\
—— | (CeHy)oP P (CHp): | 2X™
C—=CH
R”

The mode of this reaction, which proceeds in a protic solvent,
can depend on the nature of the halide involved in it. The
strongest nucleophile (the iodide ion) prevents cyclisation
and the competing reaction involving the formation of
B-iodovinylphosphine takes place; in the presence of the
bromide ion, which is less nucleophilic than the iodide ion,
cyclisation proceeds more readily. It is facilitated still fur-
If the substituents
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or cyclohexyl, then heating of the cyclic salts can lead to
irreversible isomerisation, showing that the degree of stabil-
isation of the system as a result of the m-electronic inter-
action with the phosphorus atom is low!2%!%!, For example,
with R = cyclohexyl, the isomerisation proceeds as follows:

0T T

I—C—=CH}( N C_CHE
@HY P SPCHYs | 2K —— | @H P DB (GHY [2X- .
= HE—C

>
-

UL

It is noteworthy that the study of the electrochemistry of
derivatives of 1,4-diphosphosphoniacyclohexa-2,5-diene led
to the discovery of a new class of radical-cations®?:3%3,

Phosphorus-containing m-systems, like the classical 1,3-DS,

can react with compounds containing activated multiple bonds
(dipolarophiles) via the 3 + 2 = 5 mechanism. The five-

membered heterocycles formed in these reactions are unstable.

in some cases. For this reason, the products of their inter-
action with other substances have been isolated.

The interaction of vinylphosphines with activated olefins
leads to the formation of five-membered ylids, apparently
with the intermediate formation of dipolar ions!®*. When the
reaction is carried out in the presence of aldehydes, the
five-membered ylid undergoes the Wittig reaction with forma-
tion of the corresponding phosphine oxide!*5:

C(R)— CH,

(CeHy) s P—C R) = etGitor =

CH, -+ CHy=CHR! 2 (CoHy) P

E(R)—/CHz _RiCHO
CH,—CH
R
Diphenylphosphine reacts with the dimethyl ester of
acetylenedicarboxylic acid to form a cyelic compound which
can rearrange to a tautomer having the ylid structure: on

interaction with water, both ylids decompose with formation
of phosphine oxides!®®:

2 (CHy)a 13< - (C,,H,),}T—CH,——CH—CH,—C:CH—RZ )

|
R? R

CH—CH,

(CeHy)s P—CH—CHj + H,CO00C—C=C—COOCH; — (C¢Hy)s P{ | -
H,COOC—C——C—COOCH,
. /CHQ—CH
— > (C6H5)2 HOH
H;CO0C—C——C~COOCH,—— (C,Hg),P—CH,—CH:(i‘,—CH,—COO('Hs
|
] - 0 COOCH,
H,C00C
|
—HOH , (CeHy)y P——C—C—CH,CH; .
I |
o COOCH,

When triphenylphosphine interacts with dehydrobenzene,

biphenylenephenylphosphine is formed as one of the products.

A betaine is apparently formed as an intermediate with sub-
sequent cyclisation and elimination of benzene!®”:

HgC, CoHp, HyCe CoHs
AN /\ ANV VAN
(eemars V(L —
N\ N g N
H,,C. c oHy CeHs
/j/ \/\ o A \/
U=
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Phosphorus-containing dipolar m-systems with multiple
heterobonds can also undergo the 3 + 2 = 5 cycloaddition
reactions., Methyleneaminophosphines!?® react with deriva-
tives of acrylic, crotonic, and cinnamic acids and a,B-unsatu-
rated ketones to form five-membered addition products via
the 2 + 3 = 5 mechanism??®%*? and the intermediate formation
of the betaine is also postulated:

N=CR} N—CR!
RP—N=CR+ RI—CH=CH-—R® - R * ~RP{ | '
HC--CH HC—CH

R \ps R/ \Rs
OCH,, or CgHy R'=C.H;: R?=H, CH;, or CHy;
R?--COOCH,, or COCHs .

R:==CH,,

If R! = OAlk, then the cyclic product is converted with
elimination of the alcohol, forming a more stable product!*®:
N—C (OAlk N—C—OAlk
@, pd | OMO2__anon iy, p?
N N
HC—CH HC—C
R2/ \Rs R‘z/ \Rs

The dimethyl ester of acetylenedicarboxylic acid reacts
with methyleneaminophosphines to form a cyclic iminophos-
phorane:

N—C (CsHs),

(CH,); P—N=C (CsHy)s -+ HyCO,C—C=C—COCH, — (CHy), p<c !

H,C0,¢7  \CO,CH,

Dialkyl and alkylene phosphoromonoisocyanatidites also
react via the 3 + 2 = 5 1,3-dipolar cycloaddition mechanism
with carbonyl compounds activated by electron-accepting
substituents «,R-unsaturated phosphorus(III) compounds
with an unshared electron pair at the phosphorus atom func-
tioning as the 1,3-DS. In cases where the dipolarophiles are
the esters of a-ketocarboxylic acids and o,B-diketocarboxylic
acids or o-diketones, the reaction begins with nucleophilic
attack by the phosphorus atom on the carbon atom of the
carbonyl group with formation of a dipolar ion, which rapidly
isomerises to the thermodynamically more stable ion with
P-0O—-C bonds. The latter is stabilised with formation of a
five-membered ring as a result of the attack by the carbanion
on the carbon atom of the isocyanate group. The final reac-
tion product is obtained after subsequent N-alkylation***™*3;

. R (RO); P—N=C—0
(RO), B—N=C—-0 4 C-0 = | =
20c” RI—C_O
|
COR?
S R
(RO), PN=C=0 o |
\ = i N—C=0
= O—C_COR® — (RC)yP <N O RO-b( |
Rl 0—C—COR2 0—%C0R2
R R

Alkylene phosphoroisocyanatidites form bicyclic addition

products*3:144;
0 o N—cmo
VAN B
K P—NCO+ R!—C (0;—COR? — \p< |
No” O— (%—COR2 .
R

If the dipolarophiles are the nitriles of a-ketocarboxylic
acids, the final stage of the reaction is not only N-alkylation,
but also O-alkylation and a mixture of two products is

formed#5:146;
R
-0 N=C—OR
R_o_p/ | and R—0-P{" |
e §oX
N e

R=R!=Alk; R'=CN or P(0)(OR); .
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The ethyl ester of a phosphorodi-isocyanatidic acid reacts
with carbonyl-containing compounds via a mechanism common
to such reactions, but the second isocyanate group also
participates in the stabilisation process!*’:

N=C=0 N=C=0 C,H;—N—C=0
+ N/
C,H,0— —_— C7H5O—T—N—?=O _— ozﬁ\—N—c=0 .
N |
N=C==0 o} /C\ o /C\
0—C R' COR’ R' COR?
N e
R COR

The intermediate dipolar ions can be stabilised not only via
transalkylation but also via a pathway involving the formation
of cyclic phosphine imines. The reaction between diethyl
phosphoroisocyanatidite and aldehydes®*® and between iso-
cyanatodiphenylphosphine and the bis-(N, N-diethylamide)-
of phosphoroisocyanatidic acid, on the one hand, and ethyl
pyruvate, on the other, also proceeds via this pathway**?:

o RJF——N:C:O
RyPNCO -+ H,CCOCO,CoH; — _
Ep + '3’ z~211p HSCAC__O .
|
CO.C,H,
. R,P—N—C=0
R,P—N=C=0 | |
- — % 0—C—COCH;
— O-T-coGH, b,

CH;,
R=C¢Hs or (C;Hg): N

Isocyanatodiphenylphosphine reacts as a 1,3-DS with a
dipolarophile such as dimethyl acetylenedicarboxylate with
formation of a five-membered heterocycle, which being
unstable, decomposes with formation of phosphine oxide. The
reaction apparently proceeds via a stage involving the forma-
tion of a dipolar ion'%°;

(CeHg)a B—N=C—0 + H,C0,C—C=C—CO,CH; -
+ N=C—0 N—C=0
-~ GHLP - (CsHa)zp<C l

HCOC” NCOCH,  HCOC” NCOCH,

+HOH
—

CO,CH, R
— (GeHg)s P—C=C——c¢
o NNH, .
O COfCH,

The data presented show that formally o,B-unsaturated
compounds of phosphorus(III) do not differ in type of reac-
tivity from classical 1,3-DS.

IV. SULPHUR-CONTAINING 7-SYSTEMS

In many cases ethylenic and acetylenic compounds of
sulphur and its analogues (selenium and tellurium) combine
with 1,3-DS as dipolarophiles via the multiple bond!*?,
although the presence of vacant 3d orbitals in the sulphur
atom influences the mode of the 1,3-dipolar cycloaddition®®.
For example, the interaction of diazomethane with ethoxy-
acetylene and ethylthioacetylene leads to products of different
structure, which makes it possible to postulate the possibility
of the stabilisation of the carbanion formed initially by (d-p)
m-conjugation, which determines the mode of addition in the
case of a sulphur-containing compound:

—— —OCH,
HC=COGH, -+ CHyN, -~ HN I
N
T SCaHs
HC=CSC;H,; + CHaN; - “ N
g/

5
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However, the multiple bond nevertheless remains the reaction
centre.

The reactions of compounds containing sulphur next to a
multiple bond, which proceed via the 1,3-dipolar addition
mechanism, have been described in recent years. The reac-
tion of acetylene with sulphur and carbon disulphides, yields,
together with other compounds, the isomeric 1,3-dithiole-2-
thione (IV) and 1,2-dithiole-3-thione (V).!%? The analogous
reaction in the presence of perfluoro-2-yne yields 1, 3-bis-
(trifluoromethyl)thiophen (VI):15%15%

CH—CH CH—S CH—S$
| | Ii | I |
s S CH S CH C—CF,
N/ N¢/ Ne¢”
I Il
S S (':F, .
(V) W) (VD)

The reaction apparently proceeds with formation of a primary
thiolation product. The interaction of acetylenes with sul-
phur and carbon disulphide in polar solvents probably pro-
ceeds via the same mechanism with formation of 1,3-dithiole-
2-thiones!**72%7_ If one begins with sodium acetylide,
sulphur, and carbon disulphide, then derivatives of 1, 3-di-
thiole-2-thiones are formed in the presence of a proton-
donating solvent even at room temperature®® %% The forma-
tion of the product of the thiolation of sodium acetylide is
most probably an intermediate stage!®®:

s R—C S
RoC=CNat S R_C=C_sNat = B doga
s/
R
R-G—s$ Ne—s
I
> G Ce=s_PXe? w |
Ns/ o N/ Ns

Products of analogous structure are formed also by
selenium and tellurium which are sulphur analogues!®62,
In the presence of carbon disulphide in a proton-donating
solvent, when the product obtained by treating sodium
acetylide with selenium is acted upon by carbon disulphide in
a proton-donating solvent. 1-thia-3-selenole-2-thione is

formed!®® and is stabilised by resonance, like its sulphur
analogue:
i
Se cs,. RG 8 —S
B—C=C—Na =23 R—C=C—SeNa —> il | -« (+)/k
3CCN HC C S- e .
N /N N
Se

The use of phenyl isothiocyanate and phenyl isoseleno-
cyanate as heterocumulenes in this type of reaction does not
alter its mechanism®®*:

'
H,C;—C=C—X~ -+ HyC—N=C=v 2 y,c,”’ ( >=N-CsHs 5
X
X, Y=S,0r Se .

Acetylenic thiolates and selenolates also react with dimethyl-
acetylenedicarboxylate via the 1, 3-dipolar cycloaddition
mechanism with formation of derivatives of thiophen- or
selenophen-dicarboxylic acids®571¢¢;

H,CCN, pK;>18
HyCa—C=C—X~ + H,C00C~C=C—COOCH ~—mm— 2>

1-1,ca“—cooc1{d
~ |

\x/—COOCH;

1,3-Dithiole-2-thiones have been obtained not only from
terminal acetylenes with intermediate formation of thiolates
but also from compounds having a doubly substituted triple
bond. When the amidines of phenylpropiolic acid interact
with sulphur or selenium in the presence of a tertiary amine,
derivatives of 1,3-dithiole-2-thiones are produced!®’. A

X =38, or Se -«
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sulphur-containing 1,3-DS is apparently formed in the first
stage and then reacts with the dipolarophile (carbon disul-
phide):

R S, R—N M
AN RN M -
N M NS \ V4
A g
C
| X" ﬁ >—s
C X, C
T I —|  HG—CS
§ P R-N M
CeHy L HGy A N
| Y, CoHs
¢ ¢
£
Hsce/ \X/ \ N
R—N7 \M

>
7/ }
X =S, orSe; M=-—N

N/

If phenyl isocyanate or phenyl isothiocyanate is introduced
into the reaction mixture instead of carbon disulphide, the
sulphur-containing 1,3-DS dimerises, apparently owing to
the lower reactivity of the multiple bond of the heterocumu-
lene.

Extremely reactive compounds are formed on decomposition
of 1,2,3-thiadiazoles. Photolysis of derivatives of 1,2,3-
thiadiazoles proceeds with evolution of nitrogen and the
formation of dithiafulvenes!®®, It has been suggested®® that,
when a nitrogen molecule is split off, a thioketocarbene is
formed as an intermediate and can then be converted into a
thioketen as a result of a rearrangement analogous to the
Wolff rearrangement. The reaction probably proceeds sub-
sequently via the 1,3-dipolar cycloaddition mechanism: the
thioketocarbene (1,3-DS) reacts with the thioketen (dipolaro-
phile) via the 3 + 2 = 5 mechanism:

HyC—C——N HgC;—C+ HyCe—C
| [ i —— | - HyC—C=C=S
R-C N N R—C R—C |
s/ 7 \s- \s R
HyCy—C* HCew S
TR 4 -~ N CaHly
R—c\ C=C—C,H, y &
s R N R
R:=CiHs; or H .

If R = C.H;, the competing dimerisation reaction of the
1,3-DS (thioketocarbene) can proceed via the 3 + 3 = 6
mechanism with formation of dithiacyclohexadiene'®®:

Hscs/\s/\caﬂs

It is noteworthy that the products of cycloaddition via the
3 + 2 = 5 mechanism (the dithiafulvenes) are also obtained
from acetylenic thiolates and selenolates®®”*165:265 anqg the
lower the pKy of the solvent the higher the yield of the
dithiafulvenes.

The aromatic thioketocarbenes formed on thermolysis of
benzothiazoles dimerise with formation of thianthrene!”?;

(e (U -C 00T

N/ N NS NAsAY

Thioketocarbenes dimerise so readily that, even when the
reaction is carried out in dipolarophiles (used as solvents)
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such as diethyl fumarate, o-naphthyl isocyanate, or benzo-
nitrile, the products of addition via the 2 + 3 = 5 mechanism
are not obtained; the product of the 3 + 3 = 6 reaction is
formed exclusively?'’!, Only certain compounds containing
the C=S double bond combine with thioketocarbene relatively
smoothly. Carbon disulphide reacts via both one and two
multiple bonds, while phenyl isothiocyanate forms 2-phenyl-
imino-1, 3-benzodithiole!”?*:

AV ANAUSNVY AN
(o= (1 >

' A \S/H\//l ‘\/H\S/ e

The decomposition of unsubstituted 1,2, 3-thiadiazole in
carbon disulphide at 200 °C yields only 0.2% of 1,3-dithiole-
2-thione'’, while the reaction with perfluorobut-2-yne leads
to the formation of 2,3-bis(trifluoromethyl)thiophen; the
reaction involving 5-methyl-1,2, 3-thiadiazole proceeds analo-
gously!®3,

It has been shown recently that alkenethiolates are
also capable of behaving as 1,3-DS and of reacting with
dipolarophiles (carbon disulphide) via the 3 + 2 = 5 cyclisa-
tion mechanism®’* and with other 1,3-DS (nitrile oxides,

172,173

nitrile imines) via the 3 + 3 = 6 cyclisation mechanism!’%:
H,C\_,NHCOCH, HC\_NHCOCH,~  H,CCOHN
¢ ” HyC—|—s
I
c TS AN | =S
R/ N\s—cs
R/ \s- g R’ \S/
_H,C\_/NHCOCH, H,CCOHN o
AbanT ~ -
s | T |
H,C. NHCOCH, R - ,
C\C/ - A!Ar R/\Sv/\Ar;
I —_—
C Ar
R \s- - G\ NHCOCH, H,CCONH |
Ar—EuN—NAr . H > /N\
R/ \SC=N—TNAr 1, T
L |
A R NS Nar

Numerous studies published recently have been devoted to
yet another form of sulphur-containing m-systems capable of
undergoing 1, 3-dipolar cycloaddition reactions. It has been
shown!7¢:177 that 1,2-dithiole-3-thiones react with activated
acetylenes via the 3 + 2 = 5 cyclisation mechanism!’%177, The
nucleophilic properties of the exocyclic sulphur atom in such
compounds are based on the stability of the quasi-aromatic
dithiole ring system, by virtue of which the unshared elec-
tron pair is localised at the thione sulphur atom and the
system as a whole is a kind of 1,3-DS:

S——sS S——s sS——gs*
- +) <> l
AR . < B AN
R S R S R S”
R R? R’

Apart from 1,2-dithiole-3-thiones, their isoelectronic
analogues can enter into similar reactions and all these com-
pounds can be represented by the general formula

wW—-=X
/|\Z /ky '

The examples investigated are summarised in Table 1.
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Table 1 shows that the ring system can include both sul-
phur and nitrogen and in the latter case the electron density
in the ring increases, which enhances the nucleophilic prop-
erties of the exocyclic atom and hence the 1,3-dipolar activity.
1,2,4-Dithiazole-3-thiones react more vigorously with acti-
vated acetylenes than 1,2-dithiole-3-thiones.

Table 1. Sulphur-containing 1,3-DS.
Compound References Compound References
REN] 5—-§
|| |
7/ \I/ \S 176—200 / \|/ N\N— 184, 189
1,2-Diothiole-3-thione 3-Imino-1,2-dithiole
IS—S, 180; 184—186, 189, ‘S'—Sl 180, 208
N\ 195, 199, 201205 '
\N/ \S / \N/ \\‘N—
1,2,4-Dithiazole-3-thione 3-Imino-1,2,4-dithiazole
\N—-§ “N—s
| i 206—208 | | 206
28 AN
Isothnamle—S thione S-Iminoisothiazole
S—N
| | 208
/ \I/ \S
Isothiazole-3-thione

The reaction proceeds in some cases with dissociation of the

S—S bond and in others with rupture of the S—N bond, which,

incidentally, does not alter its essential features. Instead of
the exocyeclic sulphur atom, the system may contain an exo-
cyclic nitrogen atom; such a system is also a 1,3-DS and a
partly ionised structure can be formulated for it as well:

Such systems could be considered in the section devoted to
nitrogen-containing m-systems, but, relative to the thio-
lethione systems, the 1,3-dipolar activity of iminothioles is
particularly clear-cut.

The initial 1: 1 product of the 1,3-dipolar cycloaddition
can react in many instances with yet another molecule of
the dipolarophile with formation of spirans (1,4-addition):

R R
s—( N
+ m -8 {
\/\s/\w \/_/\S:“
R R

Such spirans can be obtained with almost all the systems
investigated77,18%185,167,191,204 " byt in some cases the 1,3-
dipolar cycloaddition products could not be isolated, since
the subsequent reaction was rapid!®*2°¢,

1, 2-Dithiole-3-thiones and their analog’ues participate only
via their C=8 double bond in reactions with classical 1,3-DS
(benzonitrile oxide and diphenylnitrile imines); in other
words, sulphur-containing heterocycles behave in this reac-
tion as dipolarophiles?°®:2197213  The products formed initially
react subsequently in a way which depends on the nature of
the initial substances. For example, the reaction involving
1, 2-dithiole-3-thione and diphenylnitrile imine proceeds via
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the following mechanism?!%:213;

S—s S—s
+ —
| l + HyCa— C=N—N—CHg —~ l | S—C—CiHy -
RN s Rl/\‘/\N_ﬂ,
|
R? R* ¢n,
S S—C—CH,
I
RV \I/\N/
]
R CoH,

Sometimes the reaction involving addition to the C=S bond
(1,2-addition) takes place also with substituted acetylenes’®”
181,204 totracyanoethylene?!”, and diphenylketen?®'®; likewise
one should note that, under the influence of certain reagents,
the 1,3-cycloaddition products can rearrange to 1,2-addition
productsi78193:220,

Apart from 1,2-dithiole-3-thiones and their analogues, 1,3-
dithiolan-2-thione systems and other compounds isoelectronic
with them can undergo reactions via the 1, 3-dipolar cyclo-
addition mechanism. During the reaction, ethylenic hydro-
carbons or other unsaturated compounds are split off. For
example, the reaction of 1,3-dithiolan-2-thiones proceeds as
follows:

Rl

| R
—s C CHs s—/
'y +m-0 + 1 |
N/ Ng ? CH, s/ N\g/ \Re

R!

The compounds investigated are listed in Table 2.

Table 2. Nitrogen- and sulphur-containing 1,3-DS.
Compound Sg{ir:pgf\;nds References
S CH, 177, 180, 191, 201, 217, 218
I
g/ \g CH,
1,3-Dithiolan-2-thione
N—S N 181, 201, 203
I | Il
1,3,4-Dithiazole-2-thione
S CH, 217
Il
Ny o \S CH,
1,3-Oxathiolan-2-thione
N g
NN~ I 199, 218
Il | C
s/ N\s/ \g R—8"
1,3,4-Thiadiazole-2-thione
TS CH, 199, 219
Il
ANV \N_ CHy
2-Imino-1,3-dithiolan

In some cases the product formed initially can combine with
a further two molecules of the acetylenic hydrocarbon with

formation of a spiran?'®, for example:
Rﬁ
N—N--R* | s N—7 R
_ _7 N/ SCN
| g +am—c=CRI-R \*—/\s__H_ (R
Rls/\s/ R3 RIA
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There exist also other examples of the 1,3-dipolar activity
of sulphur-contaning m-systems. Complexes of phosphines
with carbon disulphide, which have been known for a very
long time, can react with acetylenic hydrocarbons via a
mechanism which can be regarded as 1, 3-dipolar cyclo-
addition.

Propiolic and acetylenedicarboxylic acids react with the
complex (C,Hy), > CS, to form a dipolar ion??*’222, The
authors suggest that the reaction proceeds via a concerted
single-stage addition and that a dipolar complex with a posi-
tive charge on the phosphorus atom and a negative charge on
the CS, group can be regarded as the 1,3-DS in the given
reaction; in the limiting case one can postulate the presence
of the C=S double bond and a negative charge on the second
sulphur atom.

The reaction between (C,Hg);P ~ CS, and substituted acety-
lenes in the presence of aldehydes??®*??*, leading to the for-
mation of dithiafulvene derivatives, proceeds via an analo-
gous mechanism:

S
R—U=C—COH -+ (c.ug),E—-c{'— —
Ns

R CO,H R COH
R—C=CCO,H \c=(‘/ \c—c
A ;
7 \S . S/ \S g/ \S
S\/ \c/ N
|
(C{Hg);P* (CHy):P (G4Hq)yPT
R CO, CO,H
\N_ /" N
C==C, C=—C
/ \ woon, / \ .
S\\ e NS
G CH
€Hp” DH '

R=H; or CO,CH;

The authors suggest that the intermediate reacts with the
aldehyde to form the product of the Wittig reaction:

i /S—C—R
RC=CR + (C,Hy); PCS, —~ (C‘.HB)SP:C\ i -~
S—C—R
_ S—C—R
<> (CiHy)s f)—c< i
S—C—R

Jﬁ(—”ﬁ + (C;Ha); PO + ArCH:C<S T
S—C—R .

It is known that acetylenic hydrocarbons react with carbon
disulphide to form tetrathiafulvenes?22:223:2237230 " Ag g rule,
this type of reaction takes place in the presence of tertiary
phosphines. The formation of fulvenes can be accounted for
if one postulates the existence of an intermediate phosphorane,
which reacts with carbon disulphide to form a 1,3-dipolar
compound??®22%, The subsequent interaction with a second
acetylene molecule gives rise to the final product:

R
1
RaP ot
R—C=C—-R + CS,~*» R—C=C—R + RpP—CS, —> I}'—Fa; Sy
R

NG
N /S RC=CR BS SR
— oo —— ] |
R7 S S R 8 57 Nm

The following reaction probably proceeds via a similar
mechanism??%22%;

The study of reactions in which unsaturated systems con-
taining a heteroatom with an unshared electron pair in the
a-position, which are capable of reacting as 1,3-DS, made it
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possible to formulate new principles for the structure of
1,3-DS.23! Apparently any system Z—X=Y and Z-X=Y,
where Z is an element having an unshared electron pair and
X and Y are elements capable of forming m-bonds, can behave
as a 1,3-DS.2% The 1,3-dipolar activity of compounds of this
type is determined in each individual case by the nature of
the elements Z, X, and Y. _

Anions of the type Z—X=Y or Z—X=Y should be more active
1,3-DS, although it is then necessary to add a proton donor
to the reaction mass in order to stabilise the anion formed as
a result of cyclisation.

The proposed principle for the construction of 1,3-DS can
be extended also to the usual Huisgen 1,3-DS. The analogy
is particularly clear when the formulae of these 1,3-DS are
written as those of carbenoid structures®®!,
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