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THE recent communication of Woodward and Hoffmann' aroueed intereet 

of organic chemista. It reported that the eteric oouree involved 

in the ring-opehing reaction of come cyclic oleflne end also of the 

oyolisatlon of linear polyenea eeemed to follow an extremely simple 

rule in which the symmetry of the higheet occupied molecular orbital 

(HO) of the conjugated system ahould play an essential role. They 

defined the two eteric coureee, the conrotatory and the dierotatory 

once, and concluded that an open-chain eystem with 4nrelectrons 

should undergo conrotatory displacement, while a (4n+2) r-electron 

eyetem dierotatory oue in their ground state. The basic concept 

q eeme to originate from the idea that the symmetry of HO favors the 

former and the latter displacements through the overlap of orbital 

parts on opposite facea and on the e.ame face of the system, reepec- 

tively, eo as to effectuate the terminal bonding interaction. 

However, their explanation eeeme to leave room for come revieione, 
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eince to consider an overlap stabilization of one and the eame mole- 

cular orb$tal appears very strange from quantum-mechanical point of - 

view. The following will be of eervice to a more plsuelble expln- 

nation for the intereeting remark of Woodward and Hoffmann. 

The jmportance of the eymmetry of HO and LV (lowest vacant 

molecular orbital) In relation to the Diele-Alder reactivity between 

two planar conjugated moleoulee was already clearly pointed out by 

the present-author, baaed upon the frontier orbital concept’. In 

principle the eame ray of interpretation will be applicable aleo to 

the preeent problem. In thin connection It eeema more oonrsnient 

to diecuer the problem of ring-opening and ring-closure separately. 

(1). Stereoepecificity aseociated with the ring-opening of cyclic 

olefins. 

The model for 

preeent process ie 

A 

the mode of chemical interaction lnrolred in the 

represented by the following scheme. Consider 

conrotatory dierotatory 

a cyclic o:Lefin which consists of a linear conjugated part, r---t---a, 

having (k-2) carbon SpTorbitale. and two ap3 oarbon atoms, a and b, 

bonded to each other and to the two sp’ carbon atome, r and e, res- 

pectively. where k la the number of 7celeotron.e of the linear poly- 

l ne molecule to be produced by the ring-opening. We concentrate 

our attention only to the interaction between the two a-b bonding 
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electrons and (k-2) rrelectrons In r---t---s part. At the initial 

stage they have evidently no conjugation. According as the 

ring-cleavage begin to proceed, a-K-type conjugation will take place 

between the two “incipient” orbital8 appearing at the carbon atoms, 

a and b, and the conjugated part. As is seen in the illustration, 

there exist two rays of Interaction, in which the components, of the 

two incipient orbitals, perpendicular to the molecular plane are 

parallel and antiparallel to each other, corresponding to what are 

referred to aa conrotatory and disrotatory processes, respectively. 

The problem is concerned with the question as to rhlch of ths two 

nays of interaction mentioned above is favorable. The change in 

energy of the system,AP, may be calculable, for instance simply by 

a Hiickel MO (molecular orbital) perturbation treatment, if we regard 

the above mentioned T-like conjugation as a small perturbation. A 

most simple expression fords may be as follows: 

where 

co and &,’ : the energies of a-b bonding and antibonding 

orbitals which are denoted by x=ca~a+cb(pb and ~=c,‘~a+cb’~b, 

respectively, in which ‘p, and’pb are the carbon ep3 hybridieed or- 

bitals of the bond a-b. 

Ej : the energy 

is written as 

where la tth 2p7.C 

of jth MO of the (k-2)7’C-electron system which 

9 - .$ cl 9, 

atomic orbital. 
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% : the number of electrons occupying jth MO. 

A : the term which is involved in common in both conrotatory 

and dlsrotatory processes. 

ya and db : the “resonance” intergrals (although this terminolo- 

gy may be quaer for their positive value) between the two incipient 

orbital8 appearing at the carbon atoma, a and b, with the adjacent 

2pv orbital8 at the carbon atoms, r and I. 

The equations of such a kind are easily obtained by .a perturba- 

tton method presented by the present author’s group3, and a similar 

equation was already used in the discussion of Diels-Alder reactions2. 

in which both 1, and db were equal and negative. In the present 

case, however, da and db would become to have their sign in such 

.s manner that it may favor the minimization of energy requirement 

of the total system, resulting in either one of the two steric 

coursee. As is clearly understood from the illustration, their 

positive and negative values correspond to conrotatory and 

disrotatory courses, respectively. 

For the sake of simplicity, Eq. (1) is reduced to the following 

form by taking into account most contributing terms oniy: 

(a) For the case of the ground state It-electron system: 

(b) For the Case of the first excited state x-electron system: 
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where the super- and subscript HO and LV signify the highest occu- 

pied and the lowest vacant MO’s in the ground state. In view of 

the nunerical relation4 among MC, EL,. Eo and EO’, f the first terms 

in the parentheses of Ecs. (2) and (3) seem to be more important than 

the second ones. 

On investigating Eos. (3) and (4), we reach at once the follor- 

ing conclusion: In order that dE may be minimiaed, 

(a). In the case of ground state: 

(i). For k=4n: 1s and Y b should have opposite signs since Ct°Ca’ 

and Ci°Cb’, and, Ck’Ca and Ck’Cb, have the opposite signs, 

leading to the conrotatory course; 

(ii). For k=4n+2: 8, and 3 b should have the same sign since 

C$CC,’ and Ci’Cb’, and, C$“Ca and Ck’Cb, have the same sign . 

leading to the diarotatorg course. 

(b). In the case of excited state: 

(i). For k=4n: ya jb and should have the same sign since C$‘Ca’ 

and CbvCb’. and, Cg°Ca and Ctf’Cb, have the same sign, lead- 

ing to the disrotatory course; 

(ii). For k=4n+2: ya yb and should have opposite signs since 

C$vCa’ and Cf;‘Cb’ , and, C!‘Ca and Ci’Cb, have opposite signs, 

leading to the conrotatory course. 

(2). Stereospecificity associated with the ring-closure of linear 

polyenes. 

It seems to me more acceptable to adopt, for the problem of 

cyclisation, a different nay of interpretation from what has been 

given for the reverse process mentioned above, since in this case the 

explanation of experimental facts is extremely simple and evident if 
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we employ .:ho well-known relation’ that the mode of energy change 

accompanying the bonding between the two termini of a linear polyene 

having k Torbitals is opposite to each other In the 

and k=4n+2 a The formulation is very easy since in 

have 

cases of k=4n 

this case we 

where Ca and Ci are the coefficients of 2~7~ atomic orbitals at the 

carbon atoms, a and b, respectively, of jth MO of the k R-orbital 

ayetea; d in th8 reeonance integral of the pu’-type conjugation 

between the tro 711 orbitals at the terminal carbons. In order that 

d E Is emall as poseible, y should be negative when $?C&Jd is 

positive while it should be positive when the latter is negative. 

Phhe quantity, Pabls q C& io of the same form as what is known as 
J 

the bond order, although the meaning la not competely the same. It 

is easily oancluded, therefore, that: 

(a). In the ca8e of ground state: 

(I). For k=4n: P ab ie negative so that yis positive, resulting 

in the conrotaton process; 

(Ii). For k=4p*2: Pab is positive so that d is negative, result- 

ing in the dierotatorr process. 

(b). In the case of excited atate: 

(I). For k=4n: P,b is positive so that d is negative, resulting 

in the disrotatoa process; 

(Ii). Par k=4n+2: Pab is negative so that Iis positive, result- 

ing In the oonrotatoz procoos. 

All of the conclusions are completely the same as that of 



No.24 2015 

Woodward and Eoffmann, in agreement with experimental results 80 far 

obtained. Also the preeent method of interpretation lead8 to the 

eame predictions ae theirs, although their standpoint ie quite differ- 

ent from nine. 

Finally I hare to mention that come reservationa ehould be made 

with reepect to the limit of applicability of such a theoretical 

result, since the "ateric* circumstances among the four groupetA, B, 

C, and D, attached to the terminal oarbona, a and b, muet be always 

influential. 
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