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Improved electrochemical epoxidation of cholesterol and avarol
dimethy] ether”
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Eledrockemical epoxidation of dholesiaal and pyancd dimchyl ciber with bromsde
an heeremnalitar was performal, and dls s cchancem deicussinl. The iwiluence of ik sodvenlt,

the enedivior concontratiore nnd ddTerent eloctrolytic tochamquos o yield of he producis aas
examaied. Under optimal conditmns, The wiglil ol the chileaeral epomides (342,60 and Jﬂ, El:ﬂ
was BN, and of The comeipiending epoxides of the aveml dimetiyl cther 72%

Koy wordy: hecprochemical epaxidation, choleterol, avarcd dimethyl cther.

Epoxides are very useful intermedintes for various chemical transformations.! They
have been widely wsed in syntheses of natural products as well as in industrial processes, so
thut nmernus methods for teeir preparation have been developed. -

Indinect elecirochemical epoxidation of plefing using halogen anions as heleromedia-
tars is @ well known procedure ¥ We wish to mzpert here our complementary study
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comcernied with e nature and sidvontages of this relatively simple, cheéap and podentinlly
el process, We outline below examples ofthe electrochemical epoxidation of two nstural
products: cholestern] 1 and avaral dimethy] ether 2 {Scheme 1),

RESULTS AMD INSCUSSION

Flectrochemical epoxidation of chodesteno! was perfoormed in a mixfure of an organic
golvent and wealer by the presence of sodinm bromide. We investigated ihe influence of the
composttion of the mixture, e comeentration of the mediator and different chectrolyviie ech-
piguics on tee viclds and distribation of the products; The resulis are presented in Toble 1
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The first siep the mdires! electrochiemical IETH.'A.'PL‘iI:'i'I'.“iI:I: 1 e gnodic sxidation ol
the mediptor (bromide ion) 1o melecolir bromise. Rapid disproportionation of bromine in
the presenes ol water aflords romide jon and hypohromous neid " The latter eleclophilis
species dilTuses ol the solufion ond adds to the deable bond by the Adg? mechonism. The
resulting bromohyvderm enderooes a fast otmmemolecolie Sp2 subshitabon reaction (ollowed
by deprotonation of the ntermediale oxdonium cation’ {Seheme 21 The majority of our
clectrochamical epaidations was perfommed in the presenee of an equimoler wnoom (o
armall excess) o e muodistor with respect to tee olelin, Theorclically, the reaction cyele
reguires only o catalyiic amount of the mediolos but g large fraction of bromine is oflectively
“trapped” inthe three consecutive reactions, which are much slower than the elictrochemical
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process), ilso ball of the oxidized bromide, after duproportionation i returned bo the anods
and sonwe of G hypobromogs acid dissocisles and ts oses 1l clectrophilic chamcier, A
coringn mimeun of the geseried hy'pobromite b oxidized mio romaie
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The presemce of water in the electrolyte i necessmry Tor the disproportipnation of
miolecular bromime and the generation of the electrophilic agent, In the absence ol waler only
mommnation takes place. Toe much water resulls in the substraie being insoloble, and the
vields are reduced. Best vields (B0 were obtaned i the mixire of acetonitrle and waler
af the composition 2.6 1 {viv),

The vieldi of the epokide strongly depend on e ratin of spdinm bromide and waler [Fig.
L} The vields of the eposide varied from 12% (Chigir v waeer = 0,26 M) 10 B0 (Cxiatir vx v
= (008 M under similar ienetion conditions. The compasition of the solvent mixbms is not
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responsible for this phenomenon (Table 1, experiments 3 and 4} In the presence of a logh
concentrtion of bromade son, anchc oxidatson produccs o tanse amourt of molccular bromine
which diffises and reacts with the olefin o affoed the dibromide.” Tn the presence of o low
concentruizen of beomide with respect to waler, mestly bypobromite Jdiffuses into the selution,

Change of organic solvent (MeCHN, DME, acetone or TMF), reaction iemperalures
i From 0 1o 250 ), or siode material {phitimim and graphoie ) did not sigmificantly infuence
the reaction yields, It is very mberesting that the ratio of the stereolzomenc cpoxides s | 2 1,
as determined by polarimetry, a resolt Ut remains 10 be clarified.

When etectralbyses was performed in a divided cell (with a glass [t diaphisgm) yiebds
were an fhe mvernge. 1% higher (Table L experiment 7). [n these cases, e mixiune was
supplemnenied wiih (01 M etrnetiylammoniem perchiosate ( TEAT) s a supporting clectro-
Ivie o reduce the resistinee of the medivm, so tht side reactions on e counter electinde
were mumim e,

Paring the elecirobysis ihere oz several side reacfinns (e, ovidation ol hvpobeomiies i
brcsrbes, oxiclatesn of sccondiry mhoohols e b 5o that cumen) efficiency 5 i e range of
25-3 3% We poticed (hat under higher currend densities = 50- 1 mAom ™) fhens wene smaller
arncdails of sade products genenited, because of shamer clectrovsis time, Howewer, & higher
current density can induce bocal overheating in e aren of te working electrode, and canse both
thie thermal degradation of the peacuct and the fvoring of alternative reaction pathways.'*

Epoxidation of olefing typrcally regoines 6-7 Fromol L. NaBrwhile tor the oxidation
nl'm:damm!_ml aleohol cholestancl, 27 Fmol ™" were used under identical reaction condi-
(ETAT T

Fposidation ol avarol dimethyl edher 2 v performed inder eondrolled postential
conditions (9% v SCE)L moorder o prevend possible side reactions In the presence of
priethoelammime (1, ] e as oy external Base, the vield inensmsed Fom 56% 0 T2%,

EAFERIMENTAL

Aomral dumcthyl cter was propared by (b nwmi rl.'u-mdl.u'-.'." Actonitnle aml indbviamme wene
purilied in 1ke sl wiy I Tt mathylamamoniune. perchlonde [ TEAP was prepassl by dvop v addition
ol perthlorsy pdad (1% o0 gdcgea) im0 19 wgudotis solubion of teredthylaisivien. hroisbls, TEAP
separaied s @ whete pracipiats s eeryviadliced teowimas. Frosn vl amd desd w103 70 P e
Feihiiis.

A TN el THPCT A e e i T woenfliciazs a8 @ viveadant currel amd a potonficsdal galviims g
EGEd PAR 173 Tor symihescsal @ ooiwsbant. potantis

A platsan eylindical goave wous wasd de the werlimy eleciiode, i plateiey gauss an ibe omnter
clottrde mnil sabwraicl calnimd chabeade | BUE 1oen relemse plectrisde e tho propumbve clodtralysis ok a
constant potgatinl. A& platin Fodl was the working alearods and” S the couner ulociood: lor senfhcse
Al comstant curreed, DHapiragooes were suskod i cononbisied milng neid nnd mosed in water

They cedlls wegr comical, nml thesr walgmes s betvwoes 15 10 F mil

Falanmore measurements were perfisemed onoo Corl Zeiss Jone Polnma & poedarangier
Genevo! froreiive

Chalesternl 4L 1 g U206 pamal Fand sodium broockde: (I0I2E g, 020 monend) were added ego an
aceganiirile; wmer nuxegre 20 0 1 vivh Elocimdysis was perfenmod in the undivided ¢l with = piatinam
anapdeand graphais s the pounter ciiviody, ander el corrad conditions 7= 100mAGn i The reacdon
i wis electmelyeed oot TLL indicaiod U abseee ol sbari iy ikl al. &owitiralos] agquomes sislution
il rl,'llllHE"lll i 1w Feesi mddond andl the alelunmg was enimcled will mughylone chlorado, washel with
anbuizbad sidiiim skt salibinn ainl drsd (NS00 The argamie snbvem was evapsamted under raduced
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progsnne mnd the esulling aily rebdee woi purified by oalann chomaography (silice-gel, toduene: ethyl
poctate, 9 0 | wivl, Followed by vosttallizaion (aecione: wier, B8 0 12 wiv)in affard the product ag colorless
cryitaly, rdewtificd by pobdished data.
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