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in 1966 one of UE end FOdOZW auggeeted that the eubstitutioa of a t-bu- 

tyleulfonyl group for 81% 8lkyl group by the 8etiOn Of alkyllithium on t-butyl 

phenyl eulfone proceedz through the intermediate form8tion of 3-lithium4,2- 

dehydrobenzene (3-LI-DEB).1 Further experim8ntal etudiez 2-4 provided data in 

8greement dth thie hypotheeie. For ex8mpl0, HeW which 08n only met&ate 

t-butyl phony1 eulfone ortho to the eulfonyl group, forme 2,6-dilithiotoluene 

- the adduct of yeLi and 3-Li-DHB - by combined aotion with n-BuLl.3 

The eimilsr parsllel addition Of 8 weak nuCleoPhil0 i8 obeerved 8t low 

temperatures and in more polsr solvent8, when ortho-lithiophenyl t-butyl 8L& 

fone perf'ormz the role of nucleophile.4 

The experimental d8t8 obtained now indio8te that the 1,2-bond of 3-Li-DHB, 

the participation of which in the reaction ie rather probable, iz apparently 

different from that of dehydrobenzene (DHB) iteelf. One 8hould note the high 

selectivity of nucleophillc sddltion, which ie 8lw8y0 8t position 2. In oont- 

rset to DHB all our attempt8 to isolate Diele-Alder adduct. with LI-DHB were 

un8uocesful. TO explain the80 peculiaritie8 quantum-chemical oalculatione On 

Li-DHB were neceeaary. 

DHB (I), itz 3- and 4-Li-derivative8 (II 8nd IV) and anions (III,~), 

formed by LI-DHB ionization, were oalculsted ueing the INDO method' with the 

geometrical parameter8 obtained by Ha8elbsch6 for DHB (C2V): rC,C2=1.256 4, 

rC2C3-l.344 sz , rC3C4=l.399 8, C~C3d30°, CG?~=106~, C%&5=124' end rCH- 

1.084 8. We aeeumed that the ring geometry wae not changed 88 a result of the 

eubetltution of a hydrogen for 8 lithium atom (rCLi=2.1 4 ) and the ionlza- 

tion of Li-DHB on anion foraation (1II.V). 

The singlet and triplet etatee of DHB and ite derivative8 were calculated. 
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The results are given in Table 1 and the full charges on the carbon dana Qi 

- in molecular diagrame (echeme 1). 

Scheme 1. 
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Table 1 

I II III IV V 

l$(a.u.) -43.6838 -43.2928 -42.6930 -43.3223 -42.7u9 

%(a.u.) -43.5679 -43.2113 -42.6493 -43.2105 -42.6378 

dSqT(a*ue) 0.1159 0.0815 0.0437 0.1118 0.0741 

j%P) 0.291 5.601 3.753 6.126 3.716 

A,Q==/01-Q,/ 0.0 0.112 0.283 0.020 0.076 

AB one can eee from the data, the calculated value of the singlet-trip- 

let aplitting, AQE~_~, is 0.1159 8.u. (72.7 kcal/mole) for I and smaller 

(a factor of 1.4-2.6) for its lithium derivatives and anions. The ground 

etatee of eyeteme I-v are therefore singlets and the poeeibilitg of their 

reacting via triplet states can be neglected for the cases considered here. 

In the light of the charge distributions in I-V we can consider the 

behavior of these compounda toward6 polar addition to the dehydro bond, ad 

compare the tendency to reactione of this type for the noncharged compowde 
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I, II and IV. azzuming a potential barrier of eiailar zhape the aotivation 

energy for the formation of activated ~mplexez Of type VI will be determined 

by the polarization of the charge6 oa the dehyb bond z1 

&I/Qi-Q2/, i.e. az zeen from Table 1, the folIoring x / 

eequence in the t endenoy to polar addition can be pro- 

posed: II>~V>I. clearly the eeleotivity of addition 
0 

%__, 

I 1 
\ TLi 

ale0 depends on AQ and follorz the mm8 8equenoeb The VI 

experimental dzta for I and II are in agreement with thio conclusion. In fact, 

both in the case of II and its 5-substituted derivatives, the product8 of the 

reaction with alkyllithium are single izomera - 2.6~dilithio-1-alkylbenzenee. 

Let uz conzlder the dependen- of rate Of ~mpetitive addition of variouz 

nuoleophilez upon eolvent polarity. We have suppoeed that the latter determi- 

nez the degree of Ionization of the lithium compound: 

II _ III(V)_ + Li+ 

In fact , az seen from Table 1, &$I*> crQII, znd thiz rstmlte in the greater 

reactivity of III, in comparison dth 11, towards polar addition, and its lo- 

wer zelettlvity with rezpeot to variouz nucleophiles. 
a In fact, in the aore 

polar THF the lithium derivative of a zulfone Cen Play the role of a nueleo- 

phile similar to alkylllthium. 

It lz aeon from a comparizoo of the charge distributions in II(II1) and 

Iv(v) that special effeote result from the preeenoe of a lithium atom in the 

3-poeition. The presence of Ll in the 4-Position iPflUePCe6 the charge diztri- 

bution of the dehydro bond and &ES4 to a lemer extent, and therefore the 

propertiee of IV(V) are expected to be similar to those of I, but not to II 

(III). The same conclueion cau be derived from OalOulatione on DHB-derivativea 

with en electron-aoceptor eubztituent, the W02-grOUp.7 

It should be emphaeized that in the C-8 of polar addition we assumed that 

the reaction proceeds through the intermediate complex VI. However, from the 

charge diztribution data (echeme 1) we Cannot rule out the initial addition 

of lithium cation to II. or to III, followed by attack by nuoleophile, In thie 

caee the reaction rate ie determined by the negative charge on the dehydro 

bond and, ae seen from echeme 1, the eequence of activity towards polar addi- 

tion (II>IV>I) iz the same a6 in the case of a cyclic traneition complex 

euoh az VI. 
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For nonpolar additions, in partioular for Diels-Alder reaotion8, the re- 

veree situation will apparently be obeerved, i.e. I>IV>II. This ie oauoed 

by the increased irregularity of the ohwge distribution end by the decreased 

eleotrophilie properties of the Cl-C2 bond in this serie8. It is well under- 

stood that in the preeence of strong nucl8ophilee in the reaotion sphere, the 

competition between polar and non-polar addition will be shifted in favour of 

the former, in agreement with our experaeatal data. 

Thue, our reeulte are completely in accord with the Li-DFIR intermediate 

reaotion meohanism, but not rule Out other PO88ible mechanisms for this reao- 

tion. 
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Supponiug that 111 hae in fact got C2V symmetry (Cl=C3, etc.), this 

would lead to au iucreaee in aQ, and 60 the qualitative picture would 

be unaltered. 


