
Tetrahedron Letters No. 11, PPO 881-884, 1970. Pergamon Press. Printed in Great Britain. 

TKE I~lECBABI3l OF TRE CHLORIDE ION-PRCRWl'ED 

OF DD'T AND RINGSUBS'l'ITUTED ANALOCUES 

D. J. Mclennan and R. J. Wang 

Department of Chemistry, University of Auokland, 

DEHYDROCPXORINATION 

IN ACETOBE 

Auckland, New Zealand. 

(Received in KK 22 January 1970; accepted for publication 29 January 1970) 

Some controversy has arisen regarding the mechanism of bimolecular elimination reactions 

promoted by halide ions in dipolar aprotic solvents and by thiolate anions, both of which are 

weakly basic towards hydrogen (in the thennodgnamio sense) but are strong carbon nucleophiles 

(in the kinetic sense). 
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One view is that such eliminations proceed through the same type of 

do normal E2 reactions promoted by conventionally strong bases,' while 

covalent attachment of the nucleophile to Cdas well as to the 
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Uith one important exception, 
Id evidence that has hitherto been cited in favour of either 

the E2H or E2C mechanisms appears to be ambiguous to some extent, and is capable of being rsa- 

sonably explained in terms of the alternative hypothesis. For instance, the fact that the SN2 

reactivities of a series of halide and thiolate ions towards cyclohexyl tosylate parallel their 

elimination reactivities towards this substrate has been interpreted in term8 of the Sh2 and 

olefin-forming transition states being similar, with the latter necessarily having E2C charao- 

ter.2c Bowever, the reactivities of the strong bases Cm-, CMe- and CH- in their undoubted S2H 

reaction with 2-phenethyl bromide also parallel their SB2 reactivities (but do not correlate with 

their hydrogen basicities).lf 

The principal source of the ambiguities is that substrates which readily eliminate with 

halide ions in dipolar aprotic solvents are secondary and tertiary halides and arenesulfonates, 

which, when E2R conditions are employed (strong base), pass throu& a paenecarbonlum transition 

state (III).la Thus a similar pattern of results would be expected for either II or III as the 
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transition state, namely Saytseff orientation, 

uents,2e low Hara0ett e constant,3 

2a little sensitivity to acidifyingg-substit- 

low deuterium isotope effoot4 and solvent effects exempli- 

fying "loose " transition states with much negative charge residing on B and X. 26 A good case 

oan be made for the transition states of halide-promoted eliminations of substrates so far 

studied being E2R and having somewhat more paenecarbonium character than the corresponding ones 

formed under undisputed E2B conditions. This would account for several notable differences in 

behaviour and is intelligible in view of the relative strengths of Hal....H and RO....H bonds.la 

DDT (VI; R = Cl) is dehydrochlorinated under E2H oonditions (OEt-/CtOI!) clearly via a paene- 

oarbanion transition state (IV).5'6 Exploratory work has shown that dehydrochlorination oocurs 

when n-Bu NC1 
4 

in acetone containing 2,6-lutidine is used as the reagent, and that the kinetics 

ars second-order. 7 Thus it is the only substrate known so far that undergoes E2R elimination 

through a paeneoarbanion transition state and also undergoes halide-promoted elimination. 

!Je have obtained the Hammett 
e 
constant for the reaction series: 

(~-Rc~H~)~CHCC~~ ,-> (PRC~H~)~C=CC~~ + ucl 

VI 

and kinetic results are shown in the Table. A plot of log k2 e 2uis linear (correlation 

TABLE: The (~-RC~B~)~CBCC~~/U-BU~NC~ Reactiona in Acetone Containing 2,4,bCollidineb at 65o.' 

R- ble H Cl Br No2 

1% 
(litre mole-' seo.-')d 7.62 15.0 83.8 113 1430 

aThe requisite olefinic produot has been isolated in good yield for R 0 Cl. bfiollJ has 

no effect on k 
2' 'Analysis by acid-base titration using a Radiometer automatic titrator. Potent- 

iometrio titration for Cl- gave concordant results. 

~01l_7~0.03% 

d~l@-0.02M; &.Bu4NCg-0.011.1; 

Kean of two or more runs. 

coefficient = 0.992; standard deviation = 0.13) and the econstant is 1.23. !+a contend that this 
value is too high to allow for the operation of an 7'?C mechanism, and argues in favour of an 32H 

transition state. 

An E2C transition state resembles an SN2 transition state except that in the fonror a little 

cp- H bond loosening has occurred, althou:;h littlee-carbanionic character is visualised. 2e The 

(3 value for the S$ series ArCH2CH2C1/I- in acetone8 is 0.59, and those for the ArC~,CH20Ts/O~t'- 

SB2 series are 0.67 (IGtOEI) and 0.53 (t-BuCll).g One vould expect e for Z?C reactions of p-aryl- 

ethyl compounds to be somewhat higher than this, but hardly around twice 3s &reat. 

Cur g value is significantly smaller than ?hat found for the DM'52R dehydrochlorination 

~JSI.W OEt-/%0x5 (2.46 at 40.2', extrapolatin;: to approximately 2.27 at 65') but this is to be 

expected in viaw of the difference in basic strengths of the hydrogen nucleophiles. The trans- 

ition state for the chloride-promoted dehydr~chlorination of DDT thus appears to be ZH, and 

closer to "central" than is that for the OEt-/::tOII reaction. 
la 

Z+- I! Rnd Cd- Cl bond-breaking 

will have made roughly equal pm,-nte but there must still be a si@ficant negative charge 
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density at CF. In faot,eis larger than that obsenred for the clearly MH reaotion of 

ArCR2CMe2C1 with CMe-/MeCH.lo SR2-like interaction between the nuoleophile and C, of DDB will 

be energetioally disoouraged by the other halogens on d1 and even the extremely strong oarbon 

nucleophile, PhS-, does not undergo SE2 reaotion with DIYL6 

A second important pieoe of evideme In favour of the E2H me&a&em is that 

(pC1C6H4)2CHCHC12 (DDD) is not visibly dehydrochlorinated using r1-&~1pCl in aoetone undsr 

conditions where DDT is at least 5t@ deoomposed. This is intelligible in terms of an E2H 

process, in whioh&halogens accelerate, le9 5 but not in terms of an E2C meohanlsm involving 

important SE2-like interaotions, since&halogens retard SR2 reactions. 11 

Although these conclusions cannot be directly extended to other reaotions for whloh ths 

E2C mechanism has been postulated, we believe that if halide ions in dipolar aprotic solvents 

are sufficiently strong hydrogen nuoleophiles to promote an E2H reaation in whioh Co-H bond- 

breaking is a significant eost factor, then there is no compelling need to disoard the E2H 

mechanism when Co-H bond-breaking is not an important aotivating prooess, as in III. In 

oases where paeneosrbonium transition states are favourable, nuoleophiles suoh as RS- and 

halide ions in dipolar aplotio solvents often promote more facile elimination than do oonventlon- 

ally strong bases in protio solvents. The low desolvatlon energies in these systems appear to 

be an important factor, while thermodynsmio basiclty must be largely irrelevant because of the 

small degree of B....H bond formation. Using a different approaoh to ours, Rok end Bunnett 
have provided evidence against the E2C mechanism in cases where paeneoarbonium transition state8 

are likely to be involved. ld 

It has been stated that MC transition states have a well-developed double bond.*' 

Ralvely VisualisinC the bonditq situation at Co(in such a transition state as involving ap2 

hybridisation with 4 electrons in a p-type orbital for the B....C....X moiety, it in d.lffioult 

to see how overlap between this iwiplent *type orbital end the inolpient p-orbital at Ce 

oontaining the best part of 2 electrons, to fono a partial%bond oould ooour. l2 AoharSe- 

separated transition state such as V would overcome this dlfflculty, but all the available 

evidence, including that presented here, lndioatee that negative oharge density on C( IO 

low relative to that found under R2H conditions, whereas this oannot be the came in V. 

We thank Professor J. F. Bunt&t, University of California, Es&a CIUS, for helpful 

correspondence. 
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