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ABSTRACT. Several examples which Illustrate the contrastlng and complementary aspects of. 
electroreductlve cycllzation and MIRC reactions are presented. A brief mecharustic 
d.rscussion of the electrochenucal reaction is given and two examples of the use of 
an electrochenncally generated base are provided. 

We report the contrasting and complementary behavior of w-bromoalkyl~denemalonates (L) 

when sublected to hydride (L-Selectride) mtlated rrng closure (a MIRC reactron’) and elec- 

trochermcally mtlated closure. Thus, while the former leads to the usual closure lnvolvvlg 

the u-carbon atom of the enolatel, the electrochenncal counterpart of the reaction, termed 

electroreductlve cycllzatlon (ERC), affords a ring cJlth one carbon atom fewer m the e; --- --- 
that is, closure occurs from the 8, rather than from the a-carbon atom.2 Generalized expres- 

sums for these transfonnatlons are illustrated below. 

a-CLOSURE 
caBrCT-$ (CH2),CH=C(C02R) 2 - (1) 

MIRC 

The electrochenucal reactions were conducted at a constant potential (-1.8SV vs. SCE) 111 

a -fled H-cell3 ussmg a EAS SP-2 power supply, a mercury pool cathode, a platinum for1 anode, 

freshly dried mE as the solvent, and n-Bu$JBr (0.16 N) as the supporting electrolyte Workup 

1 

was lnltlated when the current had dropped to about 5% of the r.nztlal value. The Selectride 

runs were conducted at O°C (wrth 2J or at reflux (with 32 r.n THF. lcyd 

Several examples are illustrated 111 Table I. It is of partxular rnterest to note that 

the electrochenucal process provides a srmple and efficient route to the cyclobutane ring sys- 

tem, thereby suggesting that the reactlon may serve as one of a llrmted number of satlsfac- 

tory methods whxh can be utilized for the constructxon of four membered rings Thx POSSl- 

blllty 1s presently the basis of a more detailed mvvestlgatlon. 

Cyclic voltarmnetry studies using the compounds listed III Table II illustrate that (a) 

potential the reduction red for the !5RC reaction 1s considerably more sitlve (ca. 0.3 
!I An account of thx work was presented by S.N. at the 1981 Pacific Conference on Chennstry 

& Spectroscopy, Anaheun, Callforrua, October, 1981 
§ Fellow of the Alfred P Sloan Foundation. 
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TABLE I 

STARTING MMERIAL REACTION WI’IH 

Br (CI$) 3CH=C(CG2a3) 2 Ll(@_l)3BH, THF, o”c 

(2) 

65 

(2) -1.85 v (SCE), IMP, 

n-Bu4NBr, rOOm temp. 

(cop31 2 65-80 

Br WI21 4CH=C (cO2cH3) 2 LL(~-Bu)3BH, TT-IP, reflux 

(2) 

a2% 0’ - -co2cH3 45 

(2) -1.85 V (SCE), IMF, 

@ll4NBr, room temp. 0-w (CC2cH3)2 60 

than that required for the reduction of n-butyl bronude, thereby suggesting that the electro- 

chemical reaction does not begm by an initial carbon-bromde bond cleavage, (b) the replace- 

ment of one of the C4 hydrogen atoms of butyl bromide with a malomc ester unit to afford 4 has 

no effect on the reduction potential, z., the reduction of 4 takes place at the same poten- 

tial as that for n-butyl bromide; (c) the reduction of an alkylidenemalonate which is not w- 

brom substituted (e.p., 21 leads to an anodic shift in the reduction potential of ~a. O.lV 

relative to butyl bromide and 4 However, the observed potential is still not shifted suffi- 

ciently to account for the fact that the reduction potential for substrates 2 and 2 is -1.85V 

CCMIOUND 

n-BuBr 

&02C) 2WQ-I2) 4Br (51 

W,C) 2C=CIm2) 2Ch3 (2) 

tiC2C) 2C=CWCI-12) 3Br (2, 

(Me020 2C=CWH2)4Br @) 

TABLE II 

OBSERVED FEEUCTION IWTENTIAL (V vs. SCE) 

-2.18a 

-2.18 

<-2.00b 

-1.85 

-1.85 

a. See also Lambert, F., 
and ref. therein. 

Kobayashi, K. J. Am. Chem. Sot., l9& 82, 5324-5328 

b. No reduction curve was observed, only catholyte discharge. 
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Revmusly, m coqunction mth detailed studies of the electrohydrocyclizaticm (EIHC) of 

blsactlvated olefms, Ekaizer and coworkers argued that the observation of an anodx shxft m 

the reductmn potential for a blsactlvated olefin (6J when compared with a smple nrmoactlvated 

system, was mlxative of a “concerted reduction-cyclization durmg the transfer of the first 

electron m the potential-detemunmg step.” 4-6 tile more defvlltive sties are clearly 3n 

order, one could perkups lntexpret the present fmdlngs m a slrmlar way. 

EWG-CPU-I-Z-CH=CX-EWG (6_) 

EWG = electron-mthdrawmg group 

For the systems presently mder mvestlgatmn, coulometry shows that the reductive cycllza- 

tion occurs as an overall two electron process. however, the precise tmung of events is not 

yet hmin. The voltametry results, as well as analogy mth the suggestion of Balzer and co- 

workers, suggests ths poseibitity of a ccmcerted one electron transfer and rrng closure step. 

Alternatively, of course, a one or a two electron transfer prior to rr.ng closure would lead 

to the formation of a radrcal anton or a d~anzon (most likely formed by dxproportionation of 

the radacal anum rather than by dnect electron transfer).7 

In addltlon to the electrochemrcal reductive cycllzatlon discussed above, we have brxefly 

lnvestlgated the posslblllty of utlllzrng electrogenerated bases (EGB)* to llutlate ring form- 

mg reactions of w-haloalkylmalonates. Thus, for example, the reaction of malonate 4 with the 

trxhloromethyl anxon generated by reductive cleavage of carbon tetrachlorxle (-0.8V vs. SCE), - 
led to the formatxm of 84% of ~a. a one-to-one mrxture of the desired ring closed product 

along wrth the product resulting from $2 drsplacenwmt (note eq. 2). The S$ d.tsplacement 

product was avoided by using the radxal anron of azobenzene as the base rnstead of -CC13. As 

illustrated 111 eq. 3, thus method was used efficiently to produce both dunethylcyclopentyl- and 

cyclohexylmalonates. 
STEhJ!@S 

-0.8 V (SCE) +4 
ccl4 

n_WINBr 
A 

- 4 ’ Q + c13w-y 4CNCO2CH312 (2) 

I CO2M3 (44%) 

-1.5 v (SCE) 
-h-L 

n-Bu4NBr, CMF 

8 
n-l-(i-i+ 

oc CO2og 
-‘c02CH3 

@O%l (3) 

(82%) 
as substrate] 
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Further studies are xn progress and till be reported m due course. 
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