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~-Valence-bond theory is presented for a conasieddiradical mechaaism of lJdipolar cycloaddition 
reactions. Particular attention is given to the importance of “long-bow (or spin-paired dir&xl) structores for 
describina the electronic st~ctores of I.3diwler molecules. and the use of them to provide valence-bond 
&script&s of concerted l.3dipolar cyclokldi6ons. 

Fiistotte’ has recently provided a comparison of the 
step-wise diradical and concerted mechanisms of 1,3- 
dipolar cycloadditions, and has concluded that “the 
experimental facts for the field as a whole favor the 
diiical mechanism”. The contrary conclusion is held 
by Huisgen.’ In an earlier publication,’ an attempt was 
made to reconcile the conflicting points of view expres- 
sed previously by Huisgen’ and Firestone.’ A quantum 
mechanical justification was provided3 for the hypothesis 
that 1.3 dipolar cyc!oadditions could have both concerted 
and (spin-paired) diiical characteristics simul- 
taneously. The theory for Ref. 3 focussed attention on 
some aspects of valence-bond theory that have not been 
effectively considered by Firestone and Huisgen.2 These 
include the importance of “long-bond” structures for 
describing the electronic structure of the Iddipolar 
molecule, and the development of “increased-valence” in 
the transition state. It is therefore worthwhile here to 
restate and elaborate on the concerted diradical 
mechanism of 1Jdipolar cycloaddition. In doing so, 
particular attention will be given to the mechanism when 
Linnett-type6 structures are used to represent the elec- 
tronic structure of the IJ-dipole. Firestone” has used 
the Linnett structures to form the theoretical basis for 
his step-wise diradical mechanism. 

We shall use diaxomethane as an example of a 1,3- 
dipolar molecule. For it there are six (singlet-spin) 
valence-bond structures (l-6) that differ in the locations 
of four 2paclectrons amongst three 2pr atomic orbitals. 
The structures 1-3 obey the octet rule for the C and N 
atoms, whereas 4-6 involve a sextet rather than an octet 
of valence-shell electrons disposed around the kernel for 
one of these atoms. Structures 1 and 2 are the zwit- 
terionic structures, aud structure 3 is a “lon&ond” or 
spin-paired diradical structure. Because the “long-bond” 
between the C and terminal N atoms of 3 is formed by 
the overlap of singly-occupied atomic orbitals located on 
non-adjacent atoms, this bond is extremely weak; some 
workers2”’ choose not to indicate the presence of this 
weak bond in the valence structures, and write 3 as 3a. For 
the present purpose it is irrelevant which of 3 or 3a is used; 
the essential point to note is that each of them has opposed 
spins for the singly-occupied u orbit&, and therefore it is 
able to participate in resonance with the remaining strttc- 
tures. Structures 4 (in particular) and 5 are the I,3 dipolar 
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structures that Huisgen has implicated in his electronic 
mechanism for cycloaddition. 

The results of a number of valence-bond calculations 
indicate that 3 makes an important contribution to the 
ground-state resonance description of the electronic 
structtue of CHfi2. For valence-bond structures (I-S), 
Roso9 has calculated bond-eigenfunction coefficients of 
0.31, 0.23, 0.38, 0.05 and 0.10, and Hiberty and Le 
Forestier’ have c.aIculated weights of 0.16, 0.41, 0.28, 
0.04 and 0.01. The generalized valence-bond calculations 
of Walch and Goddard’ indicate that CHzN2 resembles 
more a diiical (i.e. 3) rather than a xwitterion. Al- 
though there may still be some uncertainty as to which is 
the most-important of these structures, it is clear that 3 
must be given rather more attention than what has been 
allowed for by Huisgen” 

Fiisto# has used the Linnett valence structure 7 to 
rep@utt .the electronic structure of C&N, (For illus- 
trative~only.formatchargesin7areassigned 
on t&e ussumption that bonding electrons eie shared 
eQt#ly by pairs of ad@zeut atoms.3 The wave-function 
fox7maybee~asalinearcombimuionofthe 
btutd+@&mct+ for strucUes 1, & 3 and 6, i.e. 7. 
mumanxu resonance between these latter four struc- 

&us.= Tk (spin-paired) diradical character of 7 is 
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made evident due to the presence of fractional odd- 
electron charges on the C and termiaal N atoms. 

If we use 3 alone to represent the electrouic st~ctute 
of CRZNZ than a concerted cycloaddition mechanism 
may easily be devise&* namely that of 8+-i). If the 
2pa-atomic orbitals of the reactants arc designaM as y, 
a. b, c aud d (as in 8, the (sketch) wave-fuuction 
for 9 may be ew Bee appdixj Bd (1[1,= 
By-d’ - y’%- X~-u8~~-c0 - b’c-1. In thin wve 
function,aand~erettrespinwave-htnctioas,awi~y 
and b electrons of R&N* arc respectively spin-paired (in 
a HcitIcr-London sense) with the d aad c ciectrous of 
the olciin to form CC and NC u-bonds between the 
r&ants. For the wcEscparatcd reactants, a similar 
wave function is % = I(yV - yW’)(u’a~)(c”d* - 
Pd-)( for whiih spin-pairin occurs witbio ibe reactants. 
The linear combination Y = C!,Y, +,CzYS may therefore 
be con!&ucted3*‘o to describe the approach of the reac- 
tants, with IC,} 4jCd and IC,l + ICzJ respcctivdy near tba 
commencement and completion of the cycloaddition. For 
this description it is not obvious why Rrcstone’ shot&i 
~~~O~Y~~(~~~~)~f~~ 
~~n~r~~~~~~~~t~ 
(19). 

If 7 is used to represent the electronic stnu%re of 
C&N& then the above des&iption will still be r&vant 
except for the replacement of (a’%@) by (Ip”,&,- 
&!&) in the two wave-functions. (Tbc ey. * y + ko 
and Jbs=b+k’a are CN and NN bond& molecular 
orbitals, which arc singly occupied in 7). The cycload- 
dition mechanism of 11 + I2 +9 may then be coustructcd 

structure 9. Fistone has not taken account of the 
pos&ility that “incrcascd-valence” may occur in the 
transition state, and Huism has rejected tbc possibility 
that spin-pa&l diradical structutes may make important 
contributions to tbc ground-state resonance description 
of a “1JdipolaP moicculc. 

~~~~~~~f~CH~~~0~ 
~l~n~~~~~a~~ 
~b~~~~~ class of molec!+ is %w&eno * 

* tlmrcby ~~~ the ~~ 
compoaents of the vatcnc&ond descriptions for these 
molocuics. For all neutral “lsdipdar” mokcuks, there 
exists a “‘tong-bo~@ stcuctu~ (for example, 3) witb xcro 
formal charges on all atoms. An appeal to the elec- 
troneatrality princiilc sujjgests that such structures can 
make an important contribution to the ground-state 
resonaace description of the electronic stiucbuc. Tbe 
results of a number of valence-bond studiis from 
diflerent labom&&s7~*‘a support &is bypotllesis. 

Huisgca has commeated* that “tbc rate ratio of r IP 
between the reMions M-b15 (concertad cyclorevcrsion 
5+3+2) and S-*17 (f~ of a ~~yk~) at 
-19T ilh@Mcs the energetic advaatagc of the a@1 
anion bond system over the tot&bond trimerhyklle spe- 
cies”. We disagne. Huisg~ tms coaceded (see Ref. 12 of 
bis paper) that the ally1 auion bond system of 15 can 
bavediradiicbaractcr,andthisismadeevideIltinthc 
Linnett structum 18. As a consequence of electroa &lo- 
calization from the ncgativoly-cbsr@ C atom of 14. this 
type of electron distriiutiou can also be -ted from 
14, as is shti in ‘%rcascd-valrna” structure 19. This 
leads to a weakening of the CP; bonds of 14 relative to 
thoseof16.Weascribethcinr~intateforH~lSas 
d~toa~~~to~~~~i~c~~ 
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of18,mthcrthaatothcg~~crstabilityofthedytanio11 
bond system. 

Firestone’ and Hukgd agree that the formation of 
o~~h~~~l~~s~~ 
oxides and nitrik hnines to aryl acctykned3 proceeds by 
means of a two-step mechanic for these reactions. 
F~cstone’s two-step dii ecu seems to be 
ekctronkdly vi&k. 
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CoaJJu& of s4 wawfmlction 
~S=O~~~~Q,~Q*~y~~t~~ 

~~ each of tbc SpatlId orbital ~~~~~S 
~(~)d~)u(~~(4~5~(4) + yWt2M3M4lMd~6) by the 
S = 0 spm wave-fun&on (a(1)8(2)- B(i)a(2))(~(3g(4) - 
~~(~XutS~~~-~(~(6)} and tbco ~~~~ The 
Sister detcrminaotai wave fuaxtiora of tbc text arc thereby 
obtained in which y’dc is cquivaknt to y(i)a(i)d(j)@(j) etc. A 
simii procedure may also be used to cons- S 30 wave 
fuoctions when 0(3)17(4) is rcpiacod by #,,,(3)#&4) in the spatial 
~~ 

The Q, and Qz wave-functions may be expanded to give the 
following hear combinations of Slata determinanti: 

F~~f~~~~~y*~,c~~~e 
bran&kg d&mm I4b indicates that there are two Se0 spio 
e$cnfunctioos, and the above expressioos for Q, and Tz cor- 
nspood to a (noIMrthogomd) set of these functions.‘s 


