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Keto-enol tautotnerization effectively converts a (rehttively electton-poor) carbonyl acceptor into a 

(correspondingly electron-rich) olefinic donor1 and such an utnpohmg allows the conventional nucleophilic 
additions at the carbonyl center (e.g. Grignard tea&on) to be replaced by elecaophilic substitutions at the c&carbon 

(e.g. brotninadon) of ketones, akiehydes, etc. 2 For synthetic purposes, the deliberate transformation of enols to the 

cotrcsponding ethers circutnvents the kinetics problem associated with their substitution lability.3 Among these 

derivatives, trhnethylsilyl (ThlS) and related congeners have found broad synthetic applicability.4 Especially 
noteworthy are the facile a-substitution of enol silyl ethers with N-btomosuccinimi de, nitronium and diazonium 

salts. chlcranil and DDQ, silver oxide, tetrani~thane, ceric ammonium nitrate, etc.5 The wide diversity of such 

reagents. mat include cationic and neutral elecuophiles as well as strong and weak l-elecuon oxidants, raises the 

questianastowhethaaunifiedmchanisbicformuladonpaFainstoenolsilyletbasaselcctrwdarops6 sincethe 

enagetics -on for any electron-transfer pathway mquires a quantitative assessment of the elecmnt-donor 
progenies of en01 silyl ethers, we now report three u&pet&m measures of ekcaon detachmnt andhowtbeyvsry 
WiththCsttWtmeofthecnolsilylCth% 

The visual indication that en01 silyl ethers ate elecuon donors derive from the vivid charge-transfer colors 

that are observed when they are exposed to various quiuoncs. For example, au intense purple cokxation daveroped 

in solution of cyclohexanone en01 silyl ether 5 in dichloroax&n e immediately upon the addition of chlotanil. 

Similarly, the other substituted en01 silyl ethers in Table I and chloranil afforded brightly colored solutions of 

varyingshadesofred,bhteandgreen. ~quantitatve~~oftbccolorc~gesisillustrattdinFi~1Aby 
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Figure 1: (A) Charge-mm&r absorption spectra of EDA complcxcs of the euol silyl ethers 3 ,5 and 8 
and chloranil in dichl~ e at 25 Oc. (B) tiw-energy portion of the photoclcctron spectra of en01 
silyl ethers 3,5 and 8. (c) cyclic vol tammograms of en01 ~ilyl ethers 3,s and 8 (O.OlM) in 
dicblo~~metbane contahCng 0.3 M electrolyte CIBAH) at a Scan rate of v = 200 mV s-1 at 25 Oc. 

the systematic qxctxal shifts of the new eleca-oaic absorption bands derived from the cyclohexenyl, methyl- 

cyclohexenyl and dihydtonaphtbaknyl analogues 3.5 and 8, respectively. INote that neither cblomnil no2 the en01 

silyl ethers alone absorbs beyond 400 run.1 These well-resolved, but featurekss absorption bands ax characrcristic 

of weak intermokuIar EDA complexes in which the cokxs daive fkm the ektmuic transition bvm in eq. 1.7 

EDAComplex 

Fu&xmox, the charge trau~fer abxxbance (A& grew monotorkaUy ~itb innemental additions of euol ~ilyl ether 

(TMSE) to a solution of chloraail (CA) according to the linear (spectmphotometric) relation&tip of Ben& and 
-braad: WsE] / & =&c+ + WA fcT [-j-l, from which tk vakS of aDA Wttt nadily extracted.8 

ThestnrctrnalvariarionsofthecTtransitionenergy(hvcT~andthcformationconstant(KEDA)ofthe1:1chlaranil 

FDA cxnnplexes witb difkeut cnol ~ilyl ethers ore collectedin Table L9 



8579 

Table L Ionizatkm Potentials (IF) and Anodic potentials (Ed for Various Enol Derivatives. The EDA 

3 R=H,n=l 

4 R==H, n=2 

5 R=Me,n=l 

7 R=OMe 

8 m”- 7.5 1.10 590 1.0 I.5 

8.3 1.50 469 1.1 9 

8.3’ 1.33 466 2.1 10 

8.4 1.41 460 1.1 11 
8.3. 1.50 468 1.5 
7.9 1.14 524 1.0 12 

13 

7.8 1.30 538 3.7 7.P 1.02 600 b 14 

__ 
R=H 

R-N% 

0 OMe 

OAC 

7.7 1.26 566 

9.7 b c 

8.4 1.36 450 

8.8 1.79 c 

moMe 7.6 1.10 606 

wok 8.0 1.48 492 

0.8 

b 

1.3 

b 

0.9 

2.3 

a Edmated fmm Fig. 2. b. Not meanned. c. No mew chargemnsfa band obscmcd in UV-vis absmption qnxmm. 

hvm = IP - EA - 0,10 where the electroll aflinity (EA) of tbe chlomlil acceptor and tbe ekctfostatic interaction 

(a))uftheCTion@ineq. laze consmnt in comidering the series of dated EDA cmplexes.~~ 

Tire adiabatic measure of the donor pmperiy of enol silyl ethers was obtained by linear sweep voltammetq at 

a platinum electrode in dichloromethane containing teaa-n-butylammonium bexatluorophosphate as the supporting 

electrolyte. Thus a well-deik~ed auodic wave was observed in the initial positive-scan cyclic voltammogram of 3 at 

v = 200 mV s-1 (Figure lC), but no cathodic wave was observed even at enhanced scan rates. However, the 

irreversible anodic peak potentials (Q ) shifted negative in the order 3,5 and 8 in accord with the trend in the 

7.40 7.70 a.00 

IP WI 

lqgure2.ColTelaIionoftheionizalionpotentials~ofvarious extol silyl etkzs with thecharge- 
~sferoansitionenergy(hv~)ofdreirEDAcamplexeswith~indichbsanahpnc 



ionixtttion potentials. Such a dinxt correlation indicates that the kinetic factors affaxing I+ LIZ rathex constant for the 

series of related silyl enol ethers.lz As such, we consider the anodic peak potentials in Table I to be indicative of the 

donor pqertics of the enol silyl ethers in solution. [Note that methyl and trlmethylsllyl ethers are of comparable 

donor strengths, whilst corresponding enol acetates am much weaker electmndonors (see Table l)]. 

We have thus clearly demonstrated that enol siIy1 ethers are excellent electron-donors and from an energetics 

consideration, an electron-transfer mechanism shoukl be feasible when electron-rich enol silyl ethers are tmabed with 

various oxidants and electrophiles. Fmt&mxwe. the oxidative substitution reactions should be particulatily efficient 

in the light of the facile cleavage of the labile G-Si bond in the cation tad&l of the enol silyl ether (TMSE+) to allow 

effective competition with the energy-wasting back electron transfer. l3 The quantitative relationship between the 

donor strengths of a graded series of enol silyl ethers and their reactivity in electropbilic (oxidative) substitution is 

being explored.14 
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