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ANODIC SYNTHESIS OF BUTENOLIDES FROM PETHYLENIC ESTERS 

DOUBLE CYCLKZATION IN THE PRESENCE OF OLEFINS 
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sMttnWy:Anodtcoxt&tlonof~ethyradc~*xdBhrtaroWes2* 
InlbepreurrC of I-pbeoyi-I-propene or a,&disubstituted i&none8 a 
doublecydkattontake8p&etoykldmaecompkxbutmolidm 

The anodic ryntbat of Aa-@ butenolidca (Z(SH)-it~anma) has been previously described by Torii’o 

gmup1’3. The method wan bened on oxkiative dcu~&xylath of carboxylactonea or 0xkIation of fhic acids. 

nKformaHaaoftbt~ringrma~benchievcdbyel~ ical oxidation of y-cthyienic acids in 

acetonitrile or dicblorometlume4. In methanol, comp&ve methoxylatton of the rldedndt~ cannot be avoid&. A large 

number of chemiad methods of eyntb&a of A%% but-lid= have aLw been do&&d 69. 

An anodic one-step syntbcsis of butenolider hue not been reported ao far. In thin paper we first describe the 

direct formation of Aa*% butcnolfdes from %,y ethylenic esten. We aIs report on anodfadly induced [4+2] 

cyclosdditions involviq @ethyknic esters and oleflnic partnera such aa I-phu&l-pmpcne or detivatfvea of indenona. 

Unsaturated esters 1 were pqxued by a clruial sequence involving a Rcfonnataky reaction followed by 

dehydration of the resulting p-hydroxy esters. Mixhues of Z+F! bomem 1 were usad for clectrolyses (Scheme 1, 

Tablel). 
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mixture of 
diarteraoiromera 1 

~C~C~~~ (see exp&maW) led to the forma&m of butumlida 2 in 20 to 83 % yield (Scheme 
2, Table 2). The use of carefully dried BtqN’BF,’ (0.2 mokr) in mcthylcne chloride clearly suppresuea further 

n!wttonofthcGcdalblebond. 
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TAmA 1 - Physlcal constants of , l tbylnls astars us& as wbstntas tr rdfc famatlm of butwlfdea 

“c.0 - 1720 1.0-1.42 (m, 6H, 2 CH3) 

1.33 YC.C - 1590 

TAne2 - Rawltr or Modlc daCtro1ys.s for capmad 1 

. 
#ill lsolltad 1salrt. I.K. Il. n. R. 

UYKY Electricity l lectmlyslr Ylrld 

casrqtlol 

product I . . p . .C 
In Klr ,-1 In cDc13 PWYS 

14 

'%H6 cH3 - 1740 2.10 (t. CH3, 5J 1.6 Hz) 

l 1.9 Y - 

3 F.W1 

a 

vc.0 

20 124 5.00 (q, CH2. 5J 1.6 Hz) . 

0 
VC.C 1646 

7.40 (I, 5H mm.) 

21 

C6"5 CHj UC.0 1750 1.37 1.5 v (d. lb + CH3). 2.03 (s. CH3) 

- 
n O 

70 68 
12 l 2) 2 f.K1 

ll3c 0 
y,.c 1650 5.30 (q. CH). 7.36 (5H rrame) 

2b 

4lbo-c6n4 CH3 
1.4 (d, CH3), 2.03 (s. Cll3) 

1C 
l 1.3 v - 

n VC.0 1750 
34 103 3.83 (I, OCH3). 5.23 (4. CH) 

(K l 2) 2 f.M-t 
H$ O O 

"C.C 16W 
5.86 rnd 7.23 (4H rrom.) 

2c 

w5 C"3 2.13 (d, CH3. 5J - 1.6 HZ) 
le + 1.5 v "C.0 1730 

a3 90 6.16 (q. 1H. 5J - 1.8 HZ) 

(E + 2) 2 F.W1 
"W I00 7.23 and 7.30 (2s. lOH, Ar) 
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When the anodic otideioo of k and J,!J WM effected in the praence of I-phenyl-lpropene or 

2,3-dMmtitutcd indmoaca Q) tn methylme chlo&le, two caaca~tive nactfons took place ht the electrolytic cell. A 

14+2f q&addition leading to a new &cthyienic utcr4 k fotiowed by an oxidativc cyclizathm yielding polycyclic 

butenolidu 1. (!Wane 3, Table 3). Yields am mther low. The ntructure of & waft confirmed by X-my diffraction 

analysts:wenotetbatthetaontc~Lstnendopadtfon(FlgunI~. 

SCHEME 3 
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b 
FIGURE : Pcqoctive view of the moluuler W of jg 

‘Ibe pzqoacd me&eniam invohx~ the formation of an ellflc &on by the qucnce ahown in Schane 4. In 

the absence of any nuclwpbilc, a cyclization could take place followed by en eliminetion of R%H upon work-up. 

Alternatively, tmcca of weter in the enolyte could lead to a y-h@oxy-aterwbld~ would q&e to 2. It is notable that 

when R* ia a phcnyl group, the yield of 2 ia much higher. ‘IMa ptobebly rwulta from the greater atabiliaation of the 

ellylic cation. 
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Apoolblo~fortbs~Intbe~ofmoloeoic~brbownhScbcw5.Itwu 

experimentally at&shed that the olefln 9 wo more readily 0xMked than the urrrtpmted ester which thcrcfon 

bchavesinthc~r.Ibeo~~~ocarrinthroertsp.Th6~~k~ [4+2ladtWonofthctypc 

alteadydcscrlbcdbytuintbrcaseofptuelyafalytkryrtcmr l”.~totheh&htemkeyofadxmembefcdring 

radical to undergo a w and tbcteforc a fhrtbcr orbiation proccao ane may obauvc a two-eleuron oxidation 

affording, in a occond phase, the fotmatkm of a new ~cthyktic cater (which can be isolated when electnxxklations 

are conducted in acetonitrile aa solvent). The last phase of the process should, of count, proceed according to the 

already given Scheme 4. 

It ~toshowthatIuchanaatoa~beexhndedtootherryrtemr~lngadoublebondbtoan 

electron-withdrawing gmup. A “ooe pot” ekztmcbm kal restion can- a [4+2] cyclomddltian catalyzed by a one 

electron tnutsfcr, and an oxidation of the ao created double bond is of interest and we are motivated to focus work in 

that ditection in order to genendize arch ptcmxsca. 
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14 + 21 
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phase with 
formatIon of 
butenolide 

SCHEME 5 

m~wemehaia orI(Br,onaPerldPElmerinshumentmodel1320,the1HNMRspectra 
on a JEOL PhtX 60 SI (60 MHZ) or BRUKI!R WB 250 (250 MHz). 

Highresuhttionmamspcctmwcmtuxndal 
on an automatic Enmf-Noniua CAD4 diffractometer 

MAT 3 I l(7ocv). CQatal data were collcctcd 
de dillktion” of the University of Kcnncs. 

Mdting points arc UIICOIICCIUI (Rckhczt-Kokr hot-stage qqmtmua) 

The mixture of diastercoiaomem of 6-hydroxy &en was heated ttt tohtatc (100 ml) cutmining 1 g of 
ptolucne sulfuttic acid for 2 IKlun. 
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B-#hylenlc esten obtained wem purl&d band ld), E tmd 2 &omen uh, Ir and W were 8cpan1led with 
SIO column chromatography using cyclohexane-ethyl acetate (9tYlO) as elucnta. Physical constants of 1 arc given in 
thc+abtc 1. 

Ethyl 2-methyl-3-phatyl-3-butcnoate la, 72 % yield, c&t& mh 204 

Ethyl 2-mcthyl-3-pha@3-pmteooateIh, 80 % yield, Cl&& t&z 218 

Ethyl 2-methyl-3-(4-methoxyphatyl~pcntenwtte& 70 % yield, Ct&& mh 248 

Ethyl 2-ethyl-3-phcnyl-3-b ld. 70 % yield, Cl&& mh 218 

Ethyl 3,4-diphenyl-2-mcthy1-3-phenyl-3-butencate~ 92 %, C!t&& t& 280 

Tmns-6 - mcthylstyrcne is a &tuner&l product (Aldrich) 

Indalones 1 were obtained accordiig to 1itctaturc 11. 

Controlled potcntlal macme1e&olyscs were perfonncd with a potentioatat (PRT 40-1X Tacusscl) and a 
current integrator (mode1 IG5 Tacusscl). 

Pwve elcctrolyscs were carried out in a three compartment H cell with 2.10m3 mole of 1 ( or 1+3) in 50 
ml of anolytc. 

A 0.2 moku solution of BuflgFd in methylene cbodde was used as elcctrolytc. The working dcctr~e 
(anodc)wasaplatinumshcct (arra: 16an )andcathodcagtaphiterod. 

Oxidatiot~ were performed under J potcntic&atic control ; the nfenncc electrode was the AdAg+ 0.01 M 
system . 

Tables 2 and 3 give the total clect&ity consumption. 
Tbc reaction mixture was pudtlcd by SiOz dtmmatogmphy (elucnt : Cyclobcxant ‘IO-Ethyl acetate 30). 
Elcctmoxidatlons were carried out on the mixture of E and Z iscnncta for lb, lc and le cstcrs, but the yields 

of the reactions were the same what isomers wcm tnv&d separately. 
3-methyl+phcnyl-2(5H)-furanone & CttHt& t&z 174 ; chb compound was prepared bcfon : see 

rcfcfcnce 12. 
3,S-dimethyl-4-phtnyl-2(~~~0~~ : Cl$il&t a& 188 

3,5-dime(hyl-4_(4-methoxyphenyl)-2(5H)-franone~: C13Hl403 t&z 218 

4,5-diphcnyl-3-methyl-2(5H)-fu~one k : Ct7Ht& n&z 250 

Butenolide & Q$It& mh 290 

Butmolide B CuHltt03 nv+z 330 

Butcnolidc & OH& mh 392 

Butcnolide a C&H& m/z 406 
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