


£poxicl«tiofi i s th« rtaetlon in whieh ethylsnie uns«tur«tien 

i t cofiv«rt«J directly to oxir«n« \rf ir««etion with peroxy «eid» 

eithec i>£«fozm«d os ^enexftted in situi 

y^ :sssz C \ • fCOgH ^ -C O • *iCOĵ  

This reaction wae discovered about I90ii by the riutsian 

Chemist, Prilesehajewf'*^ "Oxirane group^ i s the official 

"Chestical Abstracts" name for the three mefsbered hete;cocyclie 

ring shown above. This group* however, ie frecjfuently called 

thd epoxide group (more precisely 1,2 epoxide or o< •epoxide)} 

tlAis prosBpting ^wem, in whose laboratory considezable 

fundamental work on this reacti<M) was conducted (luring forties 

to coin the universally accepted word* «epoxidetion" for ^ e 

process* (The tens "Oxido group" i s frequently found in the 

older literature)* 

The inportance of epoxides as industrial chemical 

intemediates Is attesteci by the 1966 worldwide production 

capacity which was in excess of 5 bi l l ion lb/year?* The 

major uses of epoxidised oi ls and esters are as plasticiaers* 

stabilisers for polyvinyl chloride resinsf^*'^^ lipoxidited 

o i l s and esters ere incorporated into polyvinyl chloride 

syst«BS to inprove f lexibi l i ty , e last ic i ty , touglP^nets, and 
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iapazt ftUbllity to the nixtur* towards ho«t «nd light. 

Monomorle opoxy ostoxt aro offlciwit plastUizoxt and 

impart low ton^oxaturo f lexibi l i ty to polyvinyl ehlorido. 

Tho most ttxiking attsifauto of all epoxyastors, 

and tht main raatan fox thois wida industrial accaptanee, 

i s th« markad iiciijrovaroent thoy impart to tho light 

stability of plastieizad polyvinyl chlorido. Uma usoa 

for «$mxidit«d plasticizor«*fitabilis«rs and othox apoxidizod 

substancts ara oxptetad to incraast the dansand for thasa 

substances sharply, ^rociislng applications in the polymer 

field Ulkyds* polyesters* and epoxy resins) are among 

the more important developn.ent8* considerable activity in 

these fields occured betiveen 19:)0 and i9b0. t;;8iulsions of 

polyepoxides are reported to be of value as surface coatings 

and as additives for fabrics» pckpers* and leather to improve 

the shrink resistance, crease resistance, abrasion re^^istaoce, 

and wet strongthf^*^* 

ttpoxides are intemediates in the metaboliaa of 

axooietie hydrocarbon* , *" and accordingly »«y also be 

xeapentible for the oaztinogenic effect* of ••rtain aromatic 

hydro«*xbon*?^*^ The epoxy dicarboxylie a«i4 ahould be 

ef Mtential eoatt^ereial intereat because i t i* derived f roM 
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b«nitn« via low cost malcie «nhydrldt^ and btcauso i t 

can bt conv«rt«(i Into dlalkyl tin apoxy succinatea which 

art pl«&ticltts««tabili2«xt fox polyvinyl «hloxidt?^ 

aa wall aa into C7oa&«linkabl« epoxy containing fi ln 

foi^ng polyaiaidta. 

Organic «is wall a«̂  inorganic paracide art among tht 

ijiportant 4HP0xidizing agents, n raagentwiao review i s 

praeentad below. 

U) î u.i'KfaetiZOlC ACIp;* Peroxybenxoic acid i s important 

for preparing oxiranea not only hiatoricdl reasons but 

also because of i t s ready availability and efficiency* In 

several cases c^iantitative yields of oxir̂ înes are obtained 

and frequently i t i s well over 7^% , The reaction can be 

conducted in a wide variety of inert organic solvents, 

most eoniaonly benzene» chlorofom, methylene chloride,ethert 

dioxane» acetone and ethyl acetate. Heaction tiate i s 

frequently short* but i t stay vary considerably, depending 

OA the fiitai»er and nature of groups attached to the 

unsaturated linkag** Heaetien teisperature varies froM 0* 

te reoa tesiperature usually. The reagent i s especially 

useful f*r the laboratory epoxidatien of noii^velatile, water 

insoluble unsaturated oestpeunds that can not be satiafacterily 
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eonv«»t«di to th« exlx«n« by w«y of tho ehlosohydrlA os by 

•ntoxidatiofi. s^9m tabulatod tho compounds opoxidizod 

by poroxybonsolo add. 

U l ) M̂ Q̂PMQ̂ l̂fyHBVtfilC HilU «- aohmo^^*^ wao apparonUy 

tho f irst to show thot monopoxoxyphtholic acid U^A) i t 

(»]insuiaod by tho othylonic linkago« but Chakrdvorty and 

Levin^^ in 1942 woro tho f irst to isolate tho oxiranos. 

Sinco thon MPA hat had wido uso in the opoxldation of 

unsatuxatod cM8pounds» notably storols and othox poly cyclic 

coî >ounds, polyenes, and many natural products. £;poxidation 

w i ^ Ui'A i s conducted under the same general conditions 

and in the saoie solvents as with poroxybenxoic acid; 

Excellent yields of oxiranos oro uwally obtained* 

Mofioperoxyphthalie acid has two advantay^s over 

peroxyi*ensoic acid. First* when epoxidation requires a 

loot reaction tine, i t s 9reater stabil ity^^'^ i s an asset. 

$e«oiid» sinoo epoxidotion with MPA are often conducted in 

ohlorofoait in nAieli phthalio aoid (the reduetioii product 

of MPA) i s inoolttHU, phthalio aoid preoipitatet out and i s 

thut ufioble to eauso the unwanted ring oponinf coactiono. 

Tho epoxidation of unsaturated oo«poundo with 

phthalie anhydrido and hydrofon peroxide in boniofio at 



iBod«xat« t«np«r«tur«« (29-50®) (in situ 9«n«rati«n and 
35 

coniuaptioA of Vk'A) hat i>«en patented. Th« sam* pattnt 

also dateribtt tha uaa of tuecinle anhydzida* it2*cyelo-

haxanadicasboxylic acid anhydrido, and o< ,o< -dinethyl 

baniyl succinic anhydrida for in situ apoxidation. 

( i i i ) PeiOXY.C.„TIc /^IDi- i^eroxyacetic acid bus becona 

tha tmjst important apoxidation reagent during the last 

20 years for two main reasonsi first* i t s coRkrercial 

availability* low price* î̂ d ease of prsparation( second* 

the develofKrvent of mild* high speed reaction conditions 

for the prsi^ar^tion of a wide variety of oxiranes in high 

yield, ir'eroxyacetic acid has the adued «idvantages that 

i t can ba used in both aqueous and nonaqueous solvents*and 

in homogeneous and heterogeneous nedia* The or9anic 

solvents ^ a t are employed in epoxidations with peroxy* 

benteic acid are tiM eoramon ones. The solvents should 

however be inert under the reaction conditions and should be 

eaey to dispose off. 

Povoxyaeetie acid in acetic acid aolution woe then 

suootaafully applied^ to the apoxidation of a wide variety 

of loMg«eteain unsaturated ooMponnda (acida«a»fioostora* 

triflyceridos* alcohols). Swam* Billon* and Scanlan^^ 
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convtrt«d • strlet ol X-oIefins to th« corrtspondlng 

oxlsants In fair ylt ldt with dilut« Ubout IMl p«roxytfC«tiG 

acid in acetle «ieid solution. INi texminally unsaturated 

compounds hav« about 24 hrs. reaction tlmo* iriioroas non

terminal» isolated double bonds need only 2*4 hrs. 

tlv) iiSiOiLY l̂î JS-.'̂ Jta «• *'eroxyfoinic add i s unstable 

e/en at low t«tmperatures and in concentrated form i t i s a 

hazardous comi>ound* ?or this rea6.i>n i t i s rarely isolated 

and i t s use as an epoxldlzing reagent has bebn exclusi</ely 

in situ. 

The in sltu^jeneration of for^aic acid* a rat>id process 

requiring no added acid catalysts! attains eciuilibrium in 

less than 1 hr. e^en with relatively dilute 1304 hydrogen 

peroxide. In situ oxidation with peroxyformic acid is» 

therefore, and attractive procedure both for laboratory and 

for large scale work since the active oxygen of hydrogen 

peroxide ean be rapidly transferred to oxidizable substrates. 

Fomlo acid» however* It a considerably stronger acid 

then etetic acid and eeusee evening of the oxirane ring at • 

g«i«li faster rate (Thit faeile ring opening reaction can be 

used to edventege in the preparation of l»2»gly<elt in 

exeellent yields fron olefins). Therefore* reaction conditione 
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fox in situ •poxidatiofi with p«roxyfoxnie acid mutt b« 

dttigntd to xtduco tho ring optning whilo taking into 

aocount tnt fact that oxiranos niay foxm ooxo rapidly* 

with • volution of laoxo ho^t in a shortor timo. 

Tho f irs t succossful epoxidation with poroxyformic 

acid wat roportod by syort and Hickin bottom '̂̂  who isolatod 

an oxirdno in low yiold from diisobutylono (2»4»4*triiaethyl* 

l-pontono). uiisobutyleno was an unfortunato choico as i t 

was not known to tho original investigators* that diiso

butylono roaction i s an abnormal and a wholo ran^o of 

products i s obtiiiaodt of which tho oxirano i s a luinor one. 

#dso, r«kth«r laxgo voluotos of forodc acid wore omployed* a 

condition that i s not conducive to high-yield preparation. , 

of oxiranos. v.ith peroxybenioic acid» on tho othor^upto 

40A of the anticipated oxirane was obtained. 

The practicability of in situ epoxidation with per« 

oxyfomie acid was f irs t demonstrated by Niederhauser and 

Korolyt who used liaited aaeuntt of fomic ««id at the 

OKygen oerrier end* in SOMO eases* organio solvente at well 

te xedute ring opening. These invettigetore epoxidised 

•ethyl eleete* oe^ l oleete, propylene glyool dioleate* and 

soyabean o i l , and obtained fair yields of oxiranot. 



(v) PigftaXYTRIFLUORQ Îinc ACID <* Th« intredueUon of 

•n •ltetron*withdr«wln9 group Into tho o< •position of an 

Allphatlo p«soxy«eld ox into ^ e xing of «n «»omatie on* 

not only onhaneos tht olectrophilic charactox of the pox-

oxyacid but also pxovidoa a bottar leaving moleeulo in tha 

colloipae of tha tranbition stata. Tha xasult i s an anhancad 

rata of apoxidation* 

i\n axcallant illustration of tha aft act of such 

substitution on tha rata of apoxidation ia givan by paxoxy 

txifluoxoacatie acid, f ixst dascxibaa by uamont and Fexsia 
40 in 1953. <^aroxytxifluoxoacatie acid IG an extx^naly high 

Spaed oxidant and thaxaloxa has found tnost widespread use " 

v d ^ negittiva substitutad'^coapounda th^t undergo unusually 

slo«f apoxidation with tha uaual pexoxyacida (pexoxybenaoio, 

peroxyaeatia, and peroxymonoph^alie acida], 

Epaxidation with paroxytxifluoxoacatie acid must be 

conducted with particular care beeauae trifluoxoacetie acid, 

the reduftiofi pxoduct, ia a stronger aeid and readily reacts 

with the oxirane group. Therefore* i t i s not naeaasary to 

uae a buffer but the particular one ehosen ia ioiportant and 

piaye a daoinant role in certain caaea in deternining the 

yield of oxiranef^ Sodiu* carbonate and aodiuM bicarbonate, 

and diaodiiNi hydxogen phoaphate have been eaployed* Sodium 
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eftxbonfttt and bleasbonat* «xt tatlsfactory buff«r» in 

•poxldationt ivh«r« • wtak paroxyacid raacts mora rapidly 

with tha unaaturatad compoutida than with tha buffar* 

uiaodiuB hydxogan phthalata id prafarrad for tha unsatu* 

ratad eompounda that apoxidixa alowly bacduaa thia buffar 

i^ abla to nautraliza tha trifluoroacatic acid at rapidly 

m i t ia formad without mtikin^ tha raaction mlxtura so 

basic th^t the paroxyacid i s da&troya4 befora i t ia 

consumad* Undar appropriate conditions* excellant yiaXd 

i ^90;^) of oxir^nas can of tan be obt< îned with tarfoinal 

aad non tarminal olefins and with those containing electron* 

withdrawing substituants attachea to the double bond. 

C vi) BfChloroperoxvbenioic Acidt- ©-chloroperoxybenioic 

acid, f irst prepared and characterized by Lynch and 

rausacker^ in X9&a, became commercially available in 1962?^*^ 

The coomercial product i s about dS% pure; the parent carboxylic 

acid* ai»chlorebensoic acid, i s the wain in^(>urity. A 99^ * pure 

peroxyacid can be readily obtained by washing the comfflercial 

grade with aqkieous phosphate butfesT' Technical data 

(phyaUal aad chemical propertiea» stability) and epoxidation 

proeeduiee are preaenteo in a bulletin. 

ii»eiilereperoxybenioic acid i s a stable peroxyacid, 

soluble in a variety of conuaen organic eel vents. The rate of 
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«poxld«tlon of untaturat*d compounds with this ptroxyacld 

i t atvoral times that of p«»>xybonzoi6 acitr^* and i t of 

graat advantaga in some catat* atpacially whaza isomaci-

zatlons must ba avoided (for example, epoxidation of 
47 

**uewaz* bansane }. although m-chloxopai:oxybenzoic acid 

hat not received imich attention yet as an oxidisingi a^ent. 

the higher rate of epoxidation, eocunercial availabilityt 

and good stability suggest inoxe widespiread use of this 

peroxyacid for epoxidation and other oxidation reactions. 

Qi-Chloroperoxybenzoic acid was f irst used by Lynch 

and iPaueacker for the epoxidation of trans-stilbene.Glnce 

their inteze&t wat primarily in the kinetics and thextuo-

<fynamic parameters of epoxidation* they did not isolate the 

oxirane (a known eosn^ound). Similarly •Schwartz and 

aiumbergs showed that solvents they do not show hydrogen 

bonding with the peroxyacid give the highett epoxidation 

rates, chlorinated solvents*notably ehlorofoxm, methylene 

chloride, i,2»diehloroethane, and chlorinatea bensenes-are 

best. A large reduction in rate (hundred fold) i s experi

enced when t-butyl alcohol i s the solvent. 

(vii) trJUlUftgtiftHYfefmffili MHl' P*nitroperoxybentoic acid, 

f irst reported by Medvedev and Blokĥ *̂  in 1933 but characteri-

l id sosie ao years later by Overberger and Cunaiinst^ i s another 



sapid •poxldatlon rtagtnt. Tht nltiro group It strongly 

•l«ctroifwithdrawing group* and l t» tubetitution into tho 

ring of an aroiaatie p«rojtyaeid eubttaatially anhaneoa tho 

•loctrophilie eharactor of tho poroxyaci^* Tho p-nitro 

group i s moro offoetivo than chlorino; p-nitroperoxyb«nxoio 

^ i d i s 3 to 23 timoo taoro roactivo than p^roxybonaioic 

acid, •**** whoroas m-chloroporoxybonzoic ac^d i« only 
44 4ft 

slightly moro roactivo* ' This jroatly enhanced reactivity, 

coupled with outstanding stabil ity, ' often makes p-nitro-

peroxybenzoie acid the reagent of choice for olefins that 

epoxidize tlov.'ly* Furthermore, the low solubility of 

p-nitrobenxoic acid, the reduction product, effectively 

removes i t from the reaction mediun, thus minimizing oxirune 

ring opening. The high reactivity and low solubility of 

p*nitroperoxybenxoic acid, however, limit the choice of 

solvent that can be used for oxidations. The solvents of 

choice are chlorofora, ether, etherochloroform, and tetra-

hydxofuran. /vromatie solvents should generally be avoided, 

espeeielly those containing eleetron*donating grou|i«» «• 

they undergo facile ring attack?^ 
44 

Lyneh and pausacker were the f i r s t to use p*nitro* 

perexybensoio acid in epoxidation studies (kinetios}, but 

they did not isolate the oxiranes. vilkas"^ not only coa«>orod 
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th« rat«f of •poxldation of unsaturated coffpound* with 

p*nitrop«xoxybtnsolc And ptroxybensoie acldt but h« was 

alto tha f irs t to laolata tha oxiranaa in MVXAI caaas. 

with organic paraeidt» o< ̂  p -unsaturatad aldahydas, 

katonas* aeida» and astara raact axtrasualy slowly as 

axpactod?^ Î or thasa substratas hydrogan peroxida i s a 

battar choica. Soma of tha aavantagas of hydrogen paroxida 

in coiamarcl^l apoxiddtion ara tha followlngs» 

(a 

(b 

(c 

(d 

( • 

(f 

(9 
(h 

i i 
(J 

High raaction off iciancy 

High yialds* 

High raaction specificity. 

iiasy product i»ol«tion 

Minifliun byproducts. 

Stoichiometric u&a of peroxide. 

'Oisance of metallic or inorganic contamination 

/^plication to aqueoua and non aqueoua ay sterna. 

/^plication to hcMDogeneoua and heterogeneoua systetss. 

nacovesy of organic acids for reuse i f desired. 

Hydrogen peroxide nay act either as an oxidising agent 

•r aa a replacing agent* In both acid end basic solutione i t 
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i t « powtvful oxidising «g«nt (b«tt«r than iodat«» hypo-

bjTonitc* or I«ad dioxidt)* Xt« reducing action i» gvnoxally 

confined to acid solution in twhich i t ie a elijhtly bottor 

roducor than ironCZX) but not qaita GO good as iodida. Tha 

oxygan«oxygen singlo bond i s one of tha waakest covalant 

bonds ''.n'ywnt i t i s easily broken or alternatively converted 

into the more stable oxygen molecule (whose bond i s suitable 

described as « **one-and-two halves** bond). 

The oxidation «ind reduction potentials of hydrogen 

peroxide are &uch that i t should be able to oxidize i t se l f , 

that i s , i t i s "thermodynaniically unstable^ (However*oxidation 

poteitials te l l us nothing about the speed of reactions> î nd 

unstable situations can survive for years If the systems 

are not twapered with)* The proces» of self oxidation 

(s<Nae tisMis Galled disproportlonation or dimutation) i s 

coBsnon in inorganic chemistry* especially among the less 

usual transition elementss i t i s notable in the case of 

hydrogen peroxide because of the longevity of the unstable 

species. Hydrogen peroxide reduces substances which readily 

give mp oxygen, such as potassiua peroianganate and bleachinn 

powder. Conpounds of noble metals are B^ SO reduced by 

hydrogen peroxide, thus i t deposits gold from gold salt 

solutions, reduces silver oxide to silver, and oiercuxy oxide 

to mercuxy. 
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Th« ehtmleal reactions with hycUrog«n p«roxidt fal l 

into fivt typ«ti 

X, Tht hy<iro9«n poroxidt i t dtcomposcd and tha saeond 

eotnpound i t raduead* for axampla* with parmanyanata 

both substances ax% si .ultanaoysly reducad* and tha 

resulting oxygan eoffias from bo^ tha parcianganata and 

tha paroxida, 

2. Tha hydrogen paroxida i s decomposed and the second 

c(%npound i s oxidized by tha oxyjen derived £r©« the 

peroxide* a& vt^s the c«»e with ozoae. î ulphur dioxide, 

for instdncOt change into sulphuric acid etc* 

3« C@rtain acids fozra special adaition products with the 

hydrojen peroxide, thus sulphuric acid <aives per* 

sulphuric acidi skolybdic acid ?•* molybdic acid* and 

chroaiie acid perchromic acid etc, 

4» Certain bases nay react by double deconposltion 

whexiriby the one part of ^ e hydrogen of the peroxide 

i s replaeed by a metal. In this eaae the hydrogen 

peroxide has the character of an acid. 

% Hydrogen peroxide unites sdth many organic and inroganie 

salts such in the way of water of crystallisation, and i t 

la then called hydrogen peroxide of crystallixation,e.g«• 
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SoluUont of hyd709«n p«xoxldt m not vtxy stablt 

and r««dily dftcompos* into oxy^n and wfttssi 

"2^2 " ^2^ • ^ O2 4 23.47 Keals. Similar i s th« oasa with 

anhydrous paroxicto. Subatancat darivad froir living organism, 

and eharactarisad by a spacifie action in dacoiapo&ing of 

hydrogan paroxida ara callad eatalasas. Such catalasas ara 

fmind* for axampla, in blood and in mucous manribrana. Tha 

catalasas balong to a class of so-catlad farmants or anzymas, 

Thara ara ratter unstabla compounds, occurring only in 

tninimal coneantration* play in organisms a rola »iuilar to 

that of catalysts in tha rast of ct^mistxy. In addition to 

cttalase thara i s anothar fanaants paroxidasa, nMch acts 

specifically with hydrogen paroxida. This has thtt property 

of activating of hydrogen peroxide* so that in the presence 

of oxidixable materials i t gives up one oxygen ato« to the 

later. In the absence of such oxidixable substances hydrogen 

peroxide i s not decomposed by pezoxidase. 

Dakifi*^ studied the oxidation of the anmoniuis salts 

of saturated fatty aeids with hydrogen peroxide. The aeheme 

of oxidation iss 

CM ĵCOOH - > CH^O • COj + Ĥ Oj CH^O 

CH^OOH • » HCOOi — » cOj • H^a Lower aeids are »ore 

readily exidisad* beeauae fatty aeida and aldehydes are fomed 
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slmuluntoutly Iri le«er acldtt Kupp t t il* xeporttd that 

In th« prtsane* of small quantities of an Fa salt NaHCÔ  

staets with hydrogan paroxldc to foxn formle add and HCKO 

with avalutioA of gas. Halnax^ invastlgatad tha kinetics 

of tha xaacUon UK̂CHQ + Ĥ Og ^ CH^QH • HjO. 

a^rnx 8t air carxiad out the oxidation of unsaturatad 

fatty acids with hydrogen paroxldt and with paroxybenxoic 

acid* tinolenic acid vdth hydrojen î axoxida ylalds pxockicts 

closaly resaisbling tho;>e obtained by alar oxidation* but 

tsdth paroxybanzoic acid i t reacts with hydrogen peroxide 

witli a disappearance of al l double bonds and a decrease in 

i t s l*m. The ethyl ester of linolenlc acid reacts with 

hydrogen peroxide only in the presence of perbensoic acid. 

n study of the oxidation of some dicarboxylic acida by 

hydrogen peroxide in the presence of certain eatalysta was 

carried out by Walton at al. Hatcher et al. studied 

oxidation of SOBM dibasic adds , aalonle, tartaric,succinic 

and sal ic acids with hydrogen peroxide. The ratea of 

reaetiofi indicate the ceaparability of saturated aaids having 

the aasM nusiber of earbon ateoie* the constancy of none* 

hydroxy!lietion in i t s velocity influence and the diverse 

effacte of Ĥ  The aodt of oxidation suggests in each case 
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a eoaplAx through which <to«oBipotitiofi occurs. Th« •!f«cts 

of g«an«trlc«l isoiMritm and •thyl«nic linkag* art wall 

narkad* I t ia condudad that oxidizability la dua to two 

or mora of tha following thraa faetorai 

Suaeaptlblllty to oxidation of tha ozganle compound, 

raactlvlty of hydrogan paroxlda to tha kind of atructura 

praaantaa to i t and ionic condition of tha madlua, 

(v i l l ) Hlkallna Hydrogan ^aroxlda«Nltrllas(t*aroxvcctrboxlmldlc 

Aclda) j * Tha raactlon of nltrilea with alkalina 

hydrogvn paroxlda i s an afflclent, high apa&d raactlon for 

praparlng ih9 carxaspondlng auldas in axceXXant yields. 

Thla raactlon waa dlacovarad in about ianA and la somatifflaa 
59 X9f9xx%d to as tha aadaltzawskl raactlon. 

Although tha raactlon haa baan wldaly uaadi i t s 

••chaniaiR and ataichloaatry wara not known until 1953» whan 

wlbarg^ daaonatratad that tha rata of tha raactlon of 

banianltrila with alkallna hydrogan paroxltfa ahowad a f lrat 

axda« dapaiidanaa on tha aonaantratlon of nltrl la , hydrogan 

paroxlda, and tha hydraxy Ion. Purthar bansonltrlla oxlda 

waa ahawn not ta ba an Intamadlata, and fran oxygan-lS 

atudlaa i t waa da«onatratad that tha oxygon Intraducad into 

tha nltrila aaita fraai tht hydrogan paroxlda and not froM watar 
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or th« liydxoxy ion. £l«ctzon»wlthdr«wiiig gxoupt in tht 

aromatic ring e«ut«d • marktd rate •nhancamant, a raault 

obstrvad In othar nuelaophllie raaetiona on tha carbon 

aton of tha nitrila group. Tha stolchlomatry of tha 

raaction waa ahown to ba as followaj 
0 

Proia thata raaulto ulharg concXudad that ^ a first 

8tap in the reaction la aduition of tha hydroperoxide anion 

^H«JD to the nitrile group, followed by a f̂ tst reaction of 

tha addition produott the highly reactive peroxycarboximidic 

acid, «dth a second molecule of hydrogen peroxide* thus 

accounting for the products and atoiehioaetry aa followa: 

H . C ; N . H 0 ; " * * ^ " ^ " ^ " ? > R - C - N 

I 
O • OH 

A»C • N • H * OH 
I 
0 • OH 

H2O 

fast 

R-C • N-H ^ ^ li - C • NHa * O^^H^O 
\ — . • • • i i l i l i l I. •;» 

0 • OH 0 
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^^•roxycarboxlraidie aeldt hav* not been ieolattdt 

thty az« untt«bl«» highly reactiv* ifit«rmediat«ft and* as 

alxtady thown, oxldiza hydrogen «3«roxid«. i'aynt* Darning 

and Villlians^'^*^^ hava ehown» ho«Mivax, that i f a mora 

affactlva raducing agant» such as an olefin, i s presantaU 

in thB sytt«ii» raactlon of paroxycariaoximidic acida with 

hydroyan paroxida i s largely aliminatad ( l i t t l e or no 

oxygen i s avolvad) and the olefin i s apoxidlKed instead^ 
NH 0 

0 

By operating in this way only one mole of hydrogen 

peroxide i s eonsuaed per nole of the olefinlc compound and 

the overall stoichiometry becomes as follows! 

) G ZZSZ C<^ • H - C - N • HjjOj 

OH 

C — c : • H • C - NH, • Ĥ O 
\ / ^ ^ 

0 

Since the rate detersiining step in this reaction i s 

the additian of the hydroperoxide anion to the n i u i l e . 
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dlff«rtntly tubttltutcd oXtfins. such at i*htxtn« and 

2»ii«thyl«2*buUn«t •poxldltt at tha sama rata. Thia la In 

contxaat to tha zataa of tha saactlon of athylanlc eosipoiinda 

with pasoxyacida* which i t highly depandant on tha dagarae of 

subatitution at tha doubla bond. 

o< • 1̂  •unaaturatad nitrilaa axa not apoxidizad by 

organic paroxy<icida owing to tha rata-diminiahing affact 

of tha alaetron*withdrawing nitrila group* Tha alkalina 

hydrogan paroxida ayatam just daecribad* howavari ia wall 

suitad to tha apoxldation of thasa nitrilast as tha nitri la 

group in tha molaeula to ba oxidized aarvea aa tha oxygon 

carriar without requiring additional nitri la to b^ added. 

Tha apoxidation i s intramolecularf tha doubla ia converted 

to the oxirane and the nitr i le group to the amideT'" 

Perh^a tha moat striking example of *n intramolecular 

apoxidation of an c< • P> • unsaturated ni tr i le i s the 

preparation of glycidanide, a novel epoxyamide• in 6 -̂70% 

yield froM acrylonitrile with m equi»olar quantity of 
63 

hydroffen peroxide. The reaction proeeeda via the intra-

aalofular rearrangement of the noniaolable peroxyacrylimidic 

Mid» aa fellowai 

PH 7-7.» 

I 
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L 

7 
0 

0 

CH 

C - N - H • ^ H^C — CH - G • NH^ 

^ \ / 11 ^ 
0^ 0 

Thtt double bond in pejcoxyacryllmidic <*cld, no longo? 

strongly polariztd by th« •lectron-withdxawing nltri lo 

^oupt ivould bo oxpoetod to be more xoceptive to electro-

phlllc atteck than the double bond of acrylonltrlle, 

especially if the attack were Intraatolocular. 


