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Abesct The prqtarat~un and rcact~vc~y of pcrmaklc acid have been mvcsl~gaed. and IU u11hty as 

an orldwng agent has been demonsfrotcd 

ALTHOCW many organic pcractds arc well known and have been well characterized.’ 
no report of the preparation or utility of pcrmaletc acid has appeared in the literature. 

WC have found that solutton\ of pcrmalcic actd (I). prcparcd from maleic anhydrtdc 

and hydrogen pcroxtdc in an inert solvent, 

C,H,O, 4 H,O, -0 HOOC -CH= CH -CO,H 

provtdc a very convenient and occasionally superior means for the oxidation of 

(I) kctoncs to cstcrs (the Baeycr-Villigcr reaction) 

(2) negatively substituted and simple aruhncs to the corresponding aromatic nitro 

compounds. 

(3) ccrtam olcfins to epoxidcs. 
Prcvtously tt has been possible to efTcct most of thcsc oxtdations using ctthcr 

pracctrc. pcrbcnzoic. or pcrphthalic acid or the more recently dcvclopcd tritluoro- 

pcracctic acid.* However. all of the older methods suffer from disadvantages; 
trifluoropcracetic acrd must often bs used in a solvent system which is strongly buffered 

by morgaruc salts whtlc the other pcracids arc quite slow in some oxidations. The 
rate of pcrmalcic acid oxidattons is nearly as great a\ that oftrifluoropcraccttcacid.and 

pcrmalcic acid may bc u\cd tn a non-buticrcd system. A pcnnalctc acid solution m 

mcthylcne chlondc IS reasonably stable. dccomposmg to the extent of 5 per cent tn 6 

hours at amhtcnt tcmpcraturc\. 
The cnpcrtmcntal rcsultv have been summartrcd tn Tables I .3 along wtth the 

physical constant\ of the products obtained. In all case\. the constants obtained wcrc 

identical to those found In the Ittcraturc. Ths reactions wcrc carried out by stmply 
addtng a solution of the rcdctant to a solution of pcrm;llcic acid in mcthylcnc chlortdc 

held at the appropnatc tcmpcraturc. As the reaction proceeds. malcicactd prcctpitatcs 
from the solution and may bc rcmovcd by filtration when the oltdatton IS complctc. 
The product\ wcrc then tbolatcd by conventional mcanh 

While pcrmalctc acid ix not quite ac potent a pcrac’td as tnfluoropcraccttc acid, it IS 
a much stronger oxtdant than other laboratory pcractds. It also has the advantage of 
being eastly prcparcd and used without any tntcrmcdtatc transfers, and of having a 
reduction product which is m\oluhlc in the mcdta used. The solution of pcrmalcic acid 
contain\ only 20 mole per cent maletc actd a\ compared to the 60-70 molt per cent of 
free acids in the soluttons of normal pcractds prepared from anhydridcs and hydrogen 
pcronidc. No cxtcrnal buffering system was found ncccssary for the oxidations 
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descnbcd hcrc. The pcracid was prepared and used m solutton: when the concentra- 

tton of pcrmalctc acid excccdcd I& I5 per cent a second heavtcr layer appcarcd. This 
new layer contamcd a larger amount of pcracid than solvent, as shown by iodtmetric 

titratton. but formatton of thts layer did not intcrferc with oxidatton rcactiom if 

cfftcicnt stirnng was maintamcd. 

The greater acttvtty of pcrmalctc actd as compared to pcraccttc. performtc, or the 

aromatic pcracids i\ attrtbutcd to the lower hasicity and higher stabihty of the mono- 

anion of malctc acid comparcd to the other actd amons. The combtnation of low 
basictty and htgh stabtltty allows the clcctron-dcficicnt oxygen tn the transitton state 

to be transferred to the substrate at a loucr net energy cost. In the Bacycr-Vtlhgcr 

oxidatton an additmnal effect may be parttally responsible for the mcreascd activity of 
permalctc acid since it was previously shown that the ratc-dctcrminmg step of this 

oxidation is the actdcatalyred dccomposttton of the pcractd-kctonc complcx.s An 

examination of the molecular model shous that m the transition state the acidic 

hydrogen on the carboxyl group of prmalctc acid 1s in close proximity to the oxygen 

of the pcractd grouptng on vvhtch IS dcvclopmg a ncgattvc charge. 
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Thus autocatalysts will result m a transition state with a more favordblc entropy of 

activation for the pcrmaleic actd oxidatton as compared to other pcracids. 
Kerone oxidurion. The Bacycr-Vtlltgcr reaction (Table I) has been rcvtewcd’ and 

TABLf I OXlo~nu% Of KtTUufS To tslfU 

SUbllnIC 

_-- -_ 
Methyl lsobutyl hctonc 

Dusobutyl ketone 
cktnonc-2 
CyclobctanonZ 
htrone aatatc’ 
Benzophcnom 
hatophenonc 
Lhoxyknzo~n’ 

Twnc of 

fcactlon 

thr) 
-- -. 

3 

3 

z 

3 

12 

2 

2 

2 

Roducl b.p. 

Hcryl acetate 

1 tu-Hydroxyoctanolc acid Iactonc 

Estronoktonc acct~tc 

Phcnyl bcfvoatc 

Phtnyl acct4tc 

Rcnryl bcnloatc 

Phcnyl phcnylacctatc 

i J2-54’ (10 mm) 

M-58’ (IO mm) 

73 74. fY mm) 

m.p 141 144’. 

m p. 6Y -70’ 

8Y~90‘(17mm) 

YlCtd 

(3 

-. - 

72 
n3 
71 
67’ 
40 
70 
70 

75 

l ilnkss othcw~u noted. ~C~CIIOI-IS wrc run I” mcthyknc chlordc rolullon al rcfh~r. vlth a 70 ptr Cal 
c.ctsr of pctrcd IO kCl0l-w. 

b An muparable ml%turc of ? I Iactonc ttari~ng ketone was formed I” nearly qurntltacwc amount 
YtclJ based on I R analywr [cl R llulsgcn and tl. 011. An6rs. Chum. 70. 3t2 (l956)l. 

’ SC capmnc”Ial VC,,O” for Jclallr 
4 A mtarurt. 75 per ctnt of the thcorcclcal amount. -as ~wlatcd conwrlm6 of 66 pr cenl knryl kn- 

zoate and I4 per CC~I of phcnjl phcnylrwtrtc by mfrarcd analyvr. 

* M 1, tlrrrthomc and W I> Fmmont. J AI-W <km Sur DO. 6396 fl930 
‘c’ H HaNal. 016 Rrurc Vol IX. 73 (1937) 
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has been shoun IO proceed well on simple ahphatic kctoncs with only one oxidant, 

trifluoropcracetic acrd. where buffcrmg of the solution was needed lo prcvcnt frans- 

cstcrrficatron of the product by the free trrfluoroacctrc acid. WC have found that 

pcrmalcic acid oxidircd all classes of kctoncs smoothly and easily IO the corresponding 
csIcrs. with no noticeable transcstcrification of products. A greater tendency toward 
selective migration IS noted using pcrmalcrc acid m contrast to trrfluoropcracctrc acrd. 

When dcsoxybcnroin was suhjcctcd IO the action of pcrmalcic acid. both posc~hlc 

products. bcnzyl bcnzoate and phenyl phcnylacctatc wcrc found, but in 3 7 I ratio 
as compared IO 3 nearly I I ratlo uhcn rrifluoropcraccric acid was used 3s oxidanr.’ 

The grc3tcr sclcc~~v~fy when pcrmalcic 3c1d IS used may bc aIIributcd IO the lower 

rcactrvrty of malcrc acd a5 a Icaving group when compared IO Irifluoroacctic 3cid. 

I ABLt 2 Ox1o*rrou Of AfItwATIC AWlhiS 
- . 

!iUbSlfdlC Producr mF YlCld r ‘J 
- -_. ._~ -- - - 

p-Nwoandmc* p-Dmwobcn~cnc 171 I73 u7 

2.4.6Tr,bromoanllcnc Z.j.bTrlbromonllrubcn,cnc 122 I24 90 

2-h’aphlh?lamlnc ?-hltronaphthdcnc 77-70 40 

l Reacc~ons run 10 CH,< I, at rctlur -8th a 3 I molar ~JIIO of pcrad IO l n~lmc 

The lower rc3ctivIIy nccessiIaIss that the migrsting group supply more driving force in 

the rcarrangcmcnt. pcnnitting 3 grcatcr sclcclion of Ihc group which migrates. 
Oxidatwn OJ aromatic aminrs. The oxidalion of aromatic ammcs to nitro com- 

pounds using pcroxyacids has been previously dcscribcd.eS’ Bccausc of Ihc cxpcri- 

mentally simple tcchniqucs, pcrmaleic ad may serve IO supplement and extend this 
reaction (T3blc 21. The oxidation of 2-naphihylamme to 2-nitronaphthalcne usmg 

peracids has not been rcprtcd; when Irifluoropcracetic acid was used as oxidant. 

ovcroaidation occured with formation of phcnolic products. If pcrmalcic acid is used 

a 40 per cent yield of 2-nrtronaphthalcnc is obtained. UnsubsIiIuIcd and negatively 

substituted anihncs quickly and cas~ly yicldcd the corrcspndmg nitrocompounds in 
high yield. whrlc arnlmes wrth strongly titron donating groups wcrc themsclvcs 

ovcroxidrzcd to phenohc products by pcrmalclc acid. 
Eposidu~ion. The olcfirnc hnk m the pcrmalcrc acid molecule is not subject to 

attack by the reagent Itself. Internal olcfins such as 9-nonadccene or I-methylcyclo- 
hcxcnc reacted cxtrcmcly rapidly with pcrmalcic acid at 0” but no oxiranc could bc 

isolated. lnstcad only products whrch can be dcrrvcd from an acid-catalyzed attack on 

the intcrmediatc cpoxide such as ketones or dml monomalcates wcrc Isolated. No 

search for buffering conditions to prcvcnt this facile ring-opening was made. If the 

double bond IC dcactrvated by being m a tcrmmal posnron or by conlugation cpoxrda- 

tion was possrblc with no buffer system (Tahlc 3). Thus at 0” octcne-I yielded octcnc-I 
oxide In 80 per cent ylcld, whrle at 25’ only a 40 per cent yield was obtamcd along with 
a large amount of JIOI monoestcr. Methyl a-methyl glycidatc could bc prcparcd in 
74 per cent yield by cpxidation of methyl mcthacrylatc. It should bc noted that the 
oxidation of dcactrvatcd olcfins with pcracctrc acid prcparcd by air oxidation of 

’ M F Hawthorne. W I) Emmonr and K S Mddlum. J Amrr <'hrm Sor 00. h3V.I (IP9l) 
’ J D’AnranJ A Knclp. lkr f%rrh Chrm CIJ 40, IIU~IPI~). F P Grunrpan lndurtr Eqq Ckm. 

SQ.847 (1947). I- Bamhcrgcrud k Txhtrmcr. Ikr DISC-J). (‘hem brr 32. 1673 (11901. W I) Lnglcy. 
01~ Srnrh 22.44 (I’U:] 
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TMILL 3 Emumno\ OF OL~HM 

Suktntc I Roduct bP ’ Ylcld ( l .) 
_ _ _‘_ - __ -_ --- --- 

Dcterle- I’.’ Ocicncl 0x1& JI-544:(10mm) 80 
Methyl nwhacrylx~c’ Methyl x-mcthylglycIdxlc I SO’(l6mm) 74 

tthyl acrylarc’ tthtl glycrdatc ; 60.62 (171nr1-1) 33 

Drallyl sulfoxIde’ ’ Dlallyl rulfonc 88 90‘(04mm) 87 

l All ICICIIO~ run I” mclhylcnc chlordc wllh 50 per ~“1 CUVS\ prcakd 

’ Run al 0 
l Run l t tcnur 
4 Atisch of pcrwd oaurrd on the S- -0 ralhcr than 1hc olcfin~c lint 

acctaldehydc has rcccntly been dcscr~hcd. ” Whllc this 15 an cxccllcnt proccdurc the 
prcparatmn of this XCIIC acid-free pcracetic acid rcqulrcc spcclal facllltlcs not normally 

avallablc.e 
LXPFRIMENTAL 

All rcacIwn~ ucrc carried out In axnIIally sImIlar lashIon and lypIc.al crampla arc given. The 

usual safety prcuu~1or-s rcgardmg USC of highly cnnccnwJlcd hydrogen pcrux&” should bc rigor- 

0lL\ly obscr*ed Mcthylcnc chlwdc url% obIrIncd from Merck and Co . YO per cent hydrogen 

perox& ~1s purchscd from Ihc HufTxlo LltwrochemIcal CC). 

Thr prtparatmn 01 trohur~l actmt / ram nwth,l rcohu~vl krronr TV an ~cc-cold s~~rrcd wlutwn of 

I I 6 g t0 34 molt) of 90 per ant hydrogen pcroxIdc rnd I _(o ml of mcthylcnc chlortdc u&t ~ddcd In 

one haulsh 3Y ? g (0 4 mole) of freshI! crwhed malc~ ;rnh!drlJc When the major pwwn of the 
malc~c anhydrIde had rcrswd. Ihc wlurwn uas heated 10 rcflux and 20 g (0 ? mole) of methyl wbutyl 

kclonc was added In an equal ~olumc of mcrh)lcnc chlorldc When rhc theorcwrl amount of pcracld 

had druppcarcd. at dcccrmIncd by wdimclrIc IIIr;IIIon of allquol% the wlutwn ~a% cooled. and the 

malefic acid rcmovcd hy filtrrIIcvI The tilIraM UAS w.I,hcd (UICC uIth 100~~ of IO”.wd~um carbonate 

solulwn. once ulth IoOcc of IO’. w&urn hw_allilc wlullon. dnd IwIcc uIth 100~~ of a Murxrcd 

sodrum chlorldc wlutltm. rnd drIcd owr magncvum wlfa~c Dwlllatwn through J short VIgrcau: 

column yIelded after rcmobrl of \ol~cnt. 16 7 g (72 “_ ) of Iwbu~yl JCCUIC. b p I I5 116. rr1’ I 3908 

Z.J.(r-lrrhru,nlonr/r~,hm:mr 1 II J rcflu\mg pcracI’d \oluIwn prcpxrcd from ? 4 g t0 I mole) of YO 

per ccn( hydrogen pcroxldc. I? 3 g (0 I?5 mule) of rn&lc anhydrldc and 70 ml of mcth!lcnc chlorldc 

ua added a wlulwn of 6 6 g f0 02 mole) of ?.J.~Irrhromc~~nIlInt and Ihc wluIlon U.I\ heated aI 

rcflux for I hr After a uorhup IdcnlIc~l 10 rhrl dcwlbed rbovc. the s&cm us rcmobccd to ylcld 

6 5 g (Uo”.) tlf ?.J.~r(rlbrc~rn~~nltr~~n/cnc. m p 122 I?4 

Ortmr. I 0 rdr Tc) J pcracId \~~luIlcv J( 0 prcprrJ from IO ? g (0 3 mole) of YO”. hydrogen 

pcrc~xIdc. 37 3 g (0 31 mule) ‘If m&Is anh\drrJc and I50 ml uf nwth~lcnc chlor&. USI added J 

mIxIurc of 22 4 g (0 2 mole) ‘II oc~cnc-I I” in equal \~rlumc of mcthylcnc chlorldc The IhcorcIItiI 
amounl of pcracticl had dluppcarcd afIcr I ti hr: and Ihc mIxturc ua% uorhcd up a< UIUAI IC) gIrc 

20 4 g (Ml”,) of twcnc-I orIdc. b p JI W I IO mm) n:: I 4150 

~_srronolactront actlaIr To a rcflutlng pcr.IcId \~~lutIon. prcprrcd from I 36 g (40 mm) of Uo’. 

hydrogen pcrox&. 4 Y g (50 mm) of malclr anh>JrIJc. and IO ml 61f mcth)lcnc chlorldc UdS added 

3 I? g (IO mm) of -1ronc JCCU(C ,n ! ml of mcthylcnc chl~wldc. and Ihc wluIwn rcfluwd c)bcrnIght 

The prcclpllaIeJ malc~z acrd u.15 rcmobcd by tillraII<m. and Ihc tilrralc urthcd ulth IOcr each of 

IO’, vdlum hvdroxIdc. IO”. so&urn carborwtc. IO’, <t*IIurn hwlfi~c. and uturrlcd %~~dIurn chlowlc 

wlu~Ion Afrcr dr)mg over magnawm sulfalc. Ihc ml\cnt ua\ rcmobcd Jnd Ihe rcddI%h %olrd *a\ 

chromrtugrrphcd on 35 g of caIIon1c alumina. grade I (Wcrlm) LlutIon wIlh I!0 ml of bcwcnc 

yIelded I g of rccovcrcd <larIIng mrtcrl.il. m p I IH I?U . further clurwn uIIh 600 ml of cthcr gaw 

900 mg (Jo’,) of c\lr~mc~lacIonc accI.11~. m p 142 I+( (1~~~ 145) P&wgc of WOrnI of methanol 

through the ccllumn rcmo\cd I 0 g of arn‘w-phcws red maIcrlaI. whcec lnfrarcd rpcswum shoucd 

hands JIIrlhucahlc ICY a qutnoId.rypc sIrucIurc. po<\lhl> arwng from a11ack of rhc pcrrcld on Ihc A 

rmg 
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