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THE predominance of mooallod m addition to olofine i# l xporlmea- 

tally roll establlahed. Varioum inlrtanooa are afforded In both . 

ionic and radical noncyolic addltionr. An nnoquirocal aocount for 

thlo fact, horerer, aeemm to hare not yet baen &ran'. It appoara 

to me uaoful to apply the l frontier oleotron" concept to dinoaealng 

problems of thin sort*. In thla theory every aotual ohomical in- 

teraction ia amaumod to take much a pathway to ooour that thoroby the 

charge-tranefor interaction (in hoterolytic lnteractionm) or tha 

electron-exohango intoraotion (in homolytio intoraotiona) may bo fa- 

cilitated l o pomalblo. Acoordlngly the tranrition atato might bo 

apacified aa an eloetronio atlite In which, in heterolytio intorao- 

tiona. the higheat occuplod molecular orbital (HO) of one component 

and the loreat vacant molecular orbital (LV) of the other oome to 

play the momt significant role, wharoaa in homolytlo lntoraotionm the 

half oooupied molecular orbital rorka in their plaoa3. Thereforo, 
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the intramolecular electron diotribution of these particular molecu- 

lar orbital6 would govern the orientation of reaction through the 

conjugation stabilization at the transition state. while the direo- 

tion of ertenaion of theee particular orbital8 would designate the 

spatial direction of approach in mutual attack*. When we apply the 

theory to the problem of addition reaction, the former provide8 the 

position of both the primary and the secondary attacks in acyclic 

additione4’5, and the latter will supply the knowledge on the aterio 

oourae Involved in these processes. 

With a view to explaining the trane addition I adopt the follow- 

ing model. The attacking epeoies Is denoted by XY. The oompo- 

nent of primary attack, X, is supposed to approach a conjugated 
l * 

olefin molecule having k ?‘C electrons toward its terminal carbon 

from the direction perpendicular to the plane of molecule, as is il- 

lustrated in the figure. In adopting simply the Elickel molecular 

orbital treatment. re only take intc account as the baeie atomic or- 

bitals an interacting orbital, qx, at the attacking oomponent, X. 

* By the consideration of the direction of orbital extension we are 

automatxcally able to avoid getting into erroneous points of view 

like, for instance, the opinion of Bader & a. (A. R. Bader, B. 

P. Buckl.ey, F. Leavitt, M. Szwarc, J. Am. Chem. Sot. 2, 5621 - 

(1957)) in which the direction of approach of methyl radical in 

additions to olefinr wae assigned to be along the carbon-carbon 

double bond axis. 

+C An unaubatituted conjugated olefin has the maximum frontier 

electron denalty at the terminal oarbon4. 



No.28 

and a 2px atomic orbital at each carbon atom. 

between X and the carbon, a, map be repreeented 

gral, B,a* 

2@9 

The interaction 

by a reeonance inte- 

The ueual eeculsr equation for determining orbital energiee of the 

whole system will be obtained as 

A(E)= 
&x-E #? 0 ---- 0 0 xa 

B 
xa 

W-E p ---- 0 0 

---- 0 P =_E 0 0 
_---_______-___________--_--- 

0 0 0 __-- K-E P 
0 =-+-’ _-__ 

where E, c& cd, and p are the one-electron orbital energy, the 

coulomb Integrals of fx and the carbon 2p7C orbital, and the reeo- 

nance integral of the 7t bond, respectively. The jth molecular 

orbital is expreseed by 

yj_c ( 3 1 +I +c( j) +.+cij ) f#~~+----- 
x x a (2) 

where qa. pb, etc. are the 2p7t atomic orbitale at carbons a, b, 

etc. Here I take the eign of basis atomic orbitele ae follows: 
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In l ~ldltion to l aoh R atomlo orbital ~4 ham to ooneldor the 

carbon 2m atomlo orbitale whioh will partioipate In forming after- 

r8rde l n rrp3 hybrldisod orbital at the porltion of attack. Than 

we will hare no#atire j&Bd &a l e umual. 10 a?. able to aeeumo 

that 9, II.e orIgInally oooupiod by sore, one, and two elootrone, cor- 

roeponding reep,eotlvely to l lootroph$lic, radical, and nucloophilio 

primary attaoke. The eooondary attack of tbo eeoond Component, T, 

will oorreepondingly be nuoloophilio, radical, 8Bd l leotrophilio. 

The "frontier orbital", deolgnated ae PO, la thrreforo (2n+2)-th 

molecular orbital for the eyetern of k=4n+2, rhilo (2n+l)-th molecular 

orbital for ti4n. A eimplo algobraio manipulation eaeily leade to 

the following theorem:* 

~y)C!ro)<O, CiyO)C6po)>O, Cp)Cp)<O, and l o forth. 

. . . . . (3) 

This elgnifiee that in the frontier orbltal the ooeffioiente hare 

alternately definite signa rhioh revere8 alternately. If 10 endor 

C, with the plue elgn, than the wave function of thie partioular 
l * 

aolocular orbital will be oharaoterlsrd by the following fiyro: 

l 

l * 

To prove thie theorem it ia recommended to employ l q.(S) of 

K. Fukul, C. Ilagata, T. Tonesara, H. Kato, K. Yorokuma, J. Chem, 

a& 287 (1959). 

The ooeffioionte Ca, Cc, Ce, eto. have no deflnito l ign and 

relatively emall abeolate raluee provided eFO lies near to d. 

Aa le easily l een, if += o( and pIa- p, we hare Ca=Co=Ce=--- 

--=O; and Cb--I, Cd-+I, Cf=-1. and l o forth. 
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x+ 0 

The 2s orbital at oarbon atom a wet hato the plue l ign in ardor to 

bo overlapped by the atomio orbital, 9x, in the bonding molecular 

orbltale of the olefinic chain, giving rice in turn to the plue l ign 

of the 2e orbltale at carbone b, d. f, and eo forth by ray of the 

chain of ap’ elgma bonde. Hence the hybrldised orbital to appear 

at the poaltionn of attack in caer of bonding muet hare the following 

direation of oxtension: 

The result l vidontly ehowe that 

1) 1.2~Addition ~111 take plaoo by a trane q eohanir* 
.’ 

ii) 1 ,I-Addition till take place by a &g l oohanim, 

and 50 on. The oonslusion 1~ rory l uccinot. It im hopod to 

+t Hoeoja and Nagakura (Proprint of Sm~omium on Moloaular Struoturq, 

Jauan. 1962, p. 48 (in Japanese)) ooneidorod the partloipation of 

oarbon 30 orbital caueing the deformation of LV duo to the ap- 

proach of a point plue chareo. They obtained an LV which ox- 

tended to the direction m to the location of the point oharm. 
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compare this result with duly projected experiments which may act aa 

examples of 1,4- or more distant addition reactions. 

The author is grateful to Dr. Eiroshl Kato for his helpful dis- 

cuasions. 
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