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Bleatronio change6 in nonconjugated egatems by the eubetituente are 

usually diecueeed in the terme of inductive 1 and hyperoonjugatlve effecte. 

However many examples have been cited which indicate that the polar effect8 

of remote eubetituenta can in Borne cases be tranemitted over very long diet- 

an088 2. Here we propoze a new general approach to the problem of au& 

“long-range” interaction, which ie a generalization of a previously diecuee- 

ed concept for the ethane system8 3r4. The higheet occupied MO’e of chair- 

cyclohexane (D3d symmetry) are a degenerate pair of Eg type. We give a simp- 

lified picture of one of them (I) and correeponding LUMO (II), considering 

X, snd X4 poeitione aa equatorial (thie pioture ie given aa in 5; for a bet- 

ter representation eee 6). These “rIbbonn orbitala 5 peraiat in other aix- 

membered rings including boat conformatione 597. 
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Let us eoneider now a model proceae of lncreaeing the X, eleotronegatl- 

vity (IV). The zubetitutlon of Ii, by an electronegative (EM) group X, we 

treat aa a perturbation. Thie prooeaa mixee together the filled and empty 

AIO’a of the unperturbed molecule *. The usual perturbation treatment of 

“frontier orbitala” I and II (taking Into account their symmetry and the 

aigna of the A0 ooefficiente) produoee polarized HO(s wherein the electron 

density In HOBO ia shifted from e-H4 to C4 (VI. way of doing thlm If3 repre- 

eented in the oohematio drawing I+11 - III (for analogous picture8 8ee, for 



example * 8). A change Of ed81 H4 - A0 ie 

becauee the oorreepondi~ A0 cosffioiente 

intaignificant in thie treatment 

8re 8ero. Thue, one may draw the 

following conclusione: (1) the shift of electron deneity coneidered must 

lead to the inhibition of C8rbenium ion generation at the 4-e-poeition; (2) 

e-X, IEeBJ-group hae to favour the introducing of the moat electrondonor group 

(or an electron pair as 8 limiting case) at the e-X4 pOSitiOn and Vice 

verea. =) 

/ 
f 
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Let Ue briefly diecuee the experimental data, which may eummariae ae 

follow : (A). The m-group at the e-Xl poeition create8 a great diffloulty 

for developing the positive charge (even partial) on C4. This oonolu8iOa 

could be supported by the data of eolvolyeie of tosylatea VI g (EN-groups 

deoreaee the rate) and the data of reduotioa of ketonee VII ” (EN-group in- 

ore880 the rate). This effeut probably operates in boat conformation aa it 

c8n be Been from the eolvolyraeo data of norbornane and 7-oxabioypelo[2,2,1]- 

heptane derivative8 “and from the unueual stability of 2,3-dicarbomethoxy- 

4-merouri-5-metho~-7-oxabioyol~[2,2,1]-hept8ne perohlorate 12. Furthermore, 

this effeot 8leo result8 in taharp decreaeing of the r8te of electrophilio 

addition to the substituted ayolohexenee of type VIII 12’ 13. (B). The fol- 

lowing oonaequences from the oonolu8ion (2) are eprfdeat : the factor conei- 

dered must be included in the etabili8ation (a) of tie-form of I: in 

“‘A referee kindly informed ua that the polarity at C4-X4 obtainet7is a ma- 

nifestation of a general alternation effeot in saturated 8y8tme l 
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IX Z X equilibrium (b) of diexial form XI in 

equilibrium, (c) of axial forms of ketona VII. A 

1089 

Ix--_ XI conformational 

large number of experiment- 

al facts oupporte these conclueiona 14915. An intereeting example ie con- 

nected with the predominance of the diaxial conformer in the conformational 

equilibrium of trane-XII (2 =S, X4=C1). A diecrepancy of about 1,5 ccaljmole 

hae been found between the experimental and the calculated aG values (the 

predominance of diaxial conformer ie about 1.3 ccal/mole 15). Wove1 conform- 

ational effecte could aleo be predicted from the conclusion (2). 

x4 
c 

zxo x*’ z-o- 

6 
X2/ 

A preference of the aria1 conformation for the noneubatituted compound8 

of type XII (X4=H) was aleo proved 16. It hae been suggested that the axial 

preference ia due to the attractive interactions between the axial aubatitu- 

ent and the carbone and the axial protone at the 3 and 5 poeitione. The 

Morse-like potential function haa an attractive region at theee dietaneee 16 . 

However one may put forward a new alternative explanation. The conformation 

of XII (X4=H) with an equatorial Z-0 bond should have a relatively large po- 

eitive charge on e-R4, aa compare with the conformation with an axial ZPO 

bond. Thue, the destabilization of the equatorial conformation of the com- 

pound6 XII may be connected with the contribution of non-favourable dipolar 

etructure (the etructure XIII in terms of the reeonance theory). 

IP this work we have attempted to suggest novel simple concept drawn 

from the frontier orbital interactions. The Nlong-rangen electronic effects 

and some conformational peouliaritiee may be "build inn into the shape of 

the delocalised MO embracing the whole molecule of the cyclic compound. 

1. 

2. 

Reference8 

Q.Bhrenaon, Prone. Phm. Ora. Chem., 1974, 195, L.Y.Stock, J. Chem.Educ. 

s, 400 (1972). C.L.Liotta, W.P.Fiaher, G.H.Gresno, B.L.Joyner, J. Am. 

Cbem. Sot., j&, 4891 (1972). Y.J.S.Dewar, H.Griedale, J. Am. Ghem. Soo., 

8& 3539 (1962) and references therein. 

E.L.Eliel, lT.L.Allinger, S.L.Angyal, G.A.Morriaon, Wonformational ana- 



lOgo lb. 13 

lysls", John Wiley tit8rSei. Pabl., W.Y., L., sy&8y, 1965, Chapter 5-9. 

3. G.Baddeley, Tetrahedron Left., 1973, 1645 

4. N.S.Zefirov, Zhh., II, 1131 (1974) 

5. R.Hoffman, P.D.M0118re, E.Helbronner, J. Am. Chem. Sot., 92, 4860 (1973) 

6. W.JOr~8I.XSen,. L.Salem. “!&8 Orgaaic &8miat'e book of orbit81en, AC8d. 

&888, N.Y., L., 1973 

7. R.Hoffman, J. Cbem. Pose., 2, 1397 (1963) 

8. J.P.Lowe, J. Am. Chem. Sot., 42, 301 (1971); ibid. 94, 60, 3718 (1972) 

9. H.Kwart, T.Takeshit.8, J.Am. Chem. Soo., 3, 1161 (1964) 

10. H.Knart, T.Takeshita, J. Am.Chem.Socr., 3, 2833 (1962). J.L.&&eoe, 

H.Floree, H.Kwart, J. Am. Chem. Sot., a, 2826 (1972) 

11. J.Bereon, R.Swidler, J. Am. Chem. Sot., 76, 4057 (1954). N.S.Zefirov, 

R.S.Filatova, Yu.K.Yur*ev, Zw, 3J, 2234 (1967). 

B.S.Zefirov, R.S.Filatova, Yu.K.Yur'ev, Zhur. Obehch. Khim., 2, 840 

(1961) 
12. W.S.Zefirov, V.R.Chhekulaeva, A.I.Beloeerov, Tetrahedron, a, 1997 (1969) 

13. H.Kwart, Rddiller, J.Am.Chem.Soc., E& 4552 (1961). C.P.Kugatova-Sche- 

mjakina, G.H.Wikolaev, W.M.Andreev, Tetrahedron, 2, 2721, 2987 (1967). 

H.S.Zefirov, V.N.ChekulaeV8, W.D.Antonova, L.G.Gurvich, Dokl. Akad.W8uk 

m, B, 567 (1970). 

14. G.wooa, E.P.Woo, M.H.Miekow, Canad. J. Cbem. , 41, 429 (1969). R.D.Sto- 

low, T.W.Giants, Chem. Commun, I=, 528 

15. G.Wood, C.C.Barker, A.lUig8Iw38Z.b Canaa.J.Chem., 2, 3329 (1973). 

R.D.Stolow, D.J.Lewie, P.A.D'Angelo, Tetrahedron, 2_6, 5831 (1970). 

R.J.Abraham, Z.L.Roeeetti, J. Cbem. Sot., Perkia II, w, 582 

16. J.B.Lambert, C.E.Mixen, D.H.Johnson, J. Am. Cbem. SOC., 2, 4634 (1973) 

17. I.A.Pople, &Gordon, J. Am. Chem. Soa., a, 4253 (1967); W.I.Hehre, LA- 

Pople, J. Am.Chem.Soc., 92, 2191 (1970); R.Hoffia& J. Chem. Pose. 2, 

1397 (1963). 


