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We are investigating the possibility that an E2H-E2C spectrum of transition state 

structures, 11, which lie between the extreme structures I and III, can help to explain all 

existing observations on bimoleoular elimination (B2) reactions (l-4). 
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It seems likely that an E2 reaction of a particular subetrate with RO-, e.g. aoetate. 

pnitrophemxide (OAr-) or ethoxide, E2H-like #an the corresponding E2 

reaction with halide or mercaptide ions (RS-1, under the same conditions. The RO- species are 

basic towards hvdroqen than are Hal- or as'. (Table 2 and reference 5). whereae 

RO- species are only slightly more nucleophilic towards carbon than are halide ions and are 

often less C- nucleophilic than IS- (cf. Table 2). Reactions of different substrates with a 

particular base are expected to beccme more E2H-like as the acidity at R-hydrogen increaees. 

Rates of E2H reactions should obey the Br&sted relationship and correlate with 

H-basioity, whereas rates of E2C reactions should correlate with C- nucleophilicity (1). Most 

E2 reactions exhibit bahaviour between these extremes. Structure I has the partial double bond 

less developed than in the E2C transition state, III, and rates of E2H reactions will depend on 

the acidity of the substrate at the D-hydrogen, i.e. on the electronic effect of substituents at 

C$. Cm the other hand, there is very little negative charge at C8 in the E2C transition state, 

111, so that rates of E2C reactions do not respond to changes in acidib at B-hydrogen. Thus 

the free energy of the E2C transition state is not necessarily lowered by eleotron-withdrawing 
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subatituentm, although, beoaumo of intuaotiom with the well-developed double bond in the 

tramition state, as' ia decreased by qroupm like methyl, phenyl and CO2M (6). A rtorio 

faotor rhould also be coneidored when evaluating l bmtituont effects at CB in an E2C reaotion. 

Ilon-bonding intoraotiona between bulky groups at C# decreaao an hybridisation at CB changea 

fnm Sp' In reaotant to well advanoed Sp2 in thm transition atate, 80 that r&want of 

hydrogen by any other mdmtitlunt should uort an aoaelerating effect on the E2C reaction. 

Rato conmtanta (k' 6' rrec-'1 for fomation of the Baytzeff olefln by an E2 m 

l lirinatlon are in Tablu 1 and 2. Analyrrie by rpo atied that this una>9!i% of the initial 

elimination prodwt and that ocmpetitloz by Hofmznn elimination and by aim-elimination, a6 well - 

a8 elimination from mb8titution producta, acoounta for leas than 6% of the olefiru. Theme 

intere&lw minor reaationa (6) will not be disouwed here. The solvolyaia in aaetono 

oontaining exoom 2,6-lutldine (1) uaa alwaya C: 1% of the zlowest E2 reaction. 

Valuw of LB , for reactions of a series of sub8tratee of inoreasing acidity, increase 

m& more uhen the bani is aaetate rather than chloride ion in aoetone (Table 1). The rate 

difference log kB(QXc)/kE(Cl) ia very mwh greater for elimination from errrthrmzethyl-2,2- 

dibmmbutanoate, which haa l lootron-withdrawing Br and C02Ma B-s~tituentr, than for 

elimination frm 2-brcmo-S-uthylbutane, which ha6 tuc electron-donating methyl substituents 

at (3. Aa eqwot& the differeme is due to a strong increase in the rate of the acetate 

(mwe Wi-like) reaation rather than to any mbstantial change in the rate of the chloride 

reaation. 

Tao reactiona of 2-brcm+S-aethylbutane (Table 1) are zme.E22Clike than those of the 

more aoidio &-2,2-dibrambutane, as ohcwn by the closer aorrespondence between Alto kE with 

th formu mtetrate and Alog ks for related S$ reactions (1). 

There in a subatantlal increaae in the rate of the E2Clike reaction of chloride ion in 

aoetonc when the &kmbstituentr are ohanged fram twc hydrogens in 2-branopropane to either tm 

eleotron-dozatlw methyl group in 2-bromo-3-methylbutane or to the electron-withdrawing 

bromine and C0214e groupa in erythrmthyl-t,d-dibramobutanoate. This "Saytzeff' submtituent 

effect (6) is clearly not related to the aoldity of the auk&rate, but may be an example of 

eteria aooeleration and or stabilization of the developing double bond, as antiaipated above. 

The rate data in Table 2 for reactions of cyalohmyl brmlde and ais-1,2_dibrclmDcyclo- - 

hexane show much the mme trends. An acidifyi- bromine mabstituent, which is &and $- to 
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the leaving group, ha8 a such greater effect on the rate of the more E2Blike reactiona of OEt- 

In ethanol and of cut' and QRr- in acetone than it has on the rates of the more E2Clike 

reactions of Cl- and pnitrothiophenoxide (SAr-) in acetone. Axide ion mhoua intermediate 

behariour. A rough Bronsted correlation between log kE and tia emergea for E2 reactiona of &- 

1,2-dibromcyclohexane, if a Bri;Mted coefficient of ca. 0.3 can be accepted, but the more 

E2C-like reaations of cyclohenyl bromide give no indication of a Br8nsted correlation, nor ia 

there a satisfactory correlation between log kE and log ks (1). The E2 reaotions of cyclohe~l 

bromide are less ELK-like than those of cyclohexyl tosylate (1). 
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TABLE1 

Rates (1~ kja of SN2 and E2 Reactions of RR'CH-(Xi(Br).CH3 with B- 

to give RR'CHXH(B)GH3 and RR'C=CHGH3 in AoetonP at S&C. 

R R' NBU Clb NBu,Q40b log k(ORo)/k(Cl) Reaation 

H H -2.P -1.7O +1.0 V 

cH3 CH3 -3.32 -2.89 M.43 %I2 

H H <-4.7O (-3.P E2 

cH3 % -3.31 -1.97 +1.34 E2 

Q13 Brd -3.Bd -O.sdef +3.0 E2 

C02Me Br* -2.1ioe +3.00e*f +6.40 E2 

(a) k in M-l SW.-~ (b) Acetone containing 0.05M 2,6-lutidlne, NeU4Cl at O.OSsW, NBu40\a 
at OJXCM. (c) No propene (detection limit cl%) warn detwted by v.p.c. in the product8 of 

these SN2 reaotionn. (d) d.13.3-dibromobutane gave>951 t-brcmo-m-a-butane as the 

elimination product. There haa been no statistical correction of log k for the two 

equivalent brominea. (e) erythrwthyl-2.3-dibrombutanoate (arotonate) gave>9gL ethyl- 

2-br-is-but-2-enoate. - (f) Rate oonatanta extrapolated from nrasuraenta at larer 

temperaturea. 
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T@LE 2 

Ratw of SR2 (ks 6' eec-' ) and U” Reactions of cis-2-R-bromooyclohexane - 

in AcetonP at 76.4OC 

R NBu4c1 NBu4SAra 
NBu4Ns 

NBu4QRr' NBu4aRc NaOEtd 

H log ks -3.60 -3.03 -2.21 -3.93 -2.00 -5.14 

A log ks 0.00 MO.47 +1.29 -0.43 a.62 -1.64 

H log kE -3.27 -3.34 -2.04 -3.14 -2.01 -2.98 

Alog kE 0.00 -0.07 +0.43 +4X13 +1.26 +O.as 

Br log kE -2.04 -2.23 -1.60 -1.04 +0.14 -0.70 

Alog kE 0.00 +0.61 +1.34 +I.80 +2.9a +2.14 

A pKa (HB-HCl)' 0.0 1.9 5.1 8 9 

(a) lhe E2 product i6 >99% 1-R-cyclohexene by v.p.o. (b) Acetone contained 

0.06M 2,6 lutidine, elegtrolytes were at 0.05 2 O.O%M. (a) Ar is 4-nitrophenyl. 

(d) In ethanol, unpublished work hy D. Lloyd. (e) Reference 6. 
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