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I

Solutlono of compoundf! of qulnctuevalent vanadium 

(?v) in acid have been lmo%m to possess oxidising properties 

ever Binoo Celfotrom attempted to isolate metallic vanadium 

in 1330 « Bersolluo^ in his account of this work describes 

the reduction by alcohol of a dark red solution of impure 

vanadium osldes in concentrated sulphuric acid to * blue 

solution   The use of TY ao an oxidising agent has b.o\70Yer 

been vorj limited and confined largely to analytical 

pixrposes* A brief aoooimt of the hiotory of the various 

uses of ¥v as an oxidiBlug agent has been given by J*8*Xdttl 

!2he only kinetic study of ?v oxidations made until recently 

was that of Bobtololiy and (rlnsner^ who osdldlsed arseniouo 

oxldo, oxalic acid, formaldehyde* eaad ethenolin sulphurio 

acid solutions r?nd alr>o observed the effect of various 

inorganic anions and cations on the rate of reaction, fheir 

work vail be described more fully later*

Littler and ";aters^ have now surveyed the oxidation 

of various organic compounds by Tv and have mad© kinetic 

noasurasents on a nusbor of simple alcohols, fee tones and 

glycols. Polymerlsatiooi of acrylonitrile and reduction 

of mercuric chloride Here induced by nost O3ddations»



effects which were talcon to demonstrate the presence of 

free radicals in the 'reaction and hence of one-electron 

transfer steps in the oxidation processes* -These are 

necessary if Tv Is only reduced to Viv ; no evidence for 

Y*** in the oxidation nlstures has yet been found* For 

the oxidation of plnaool in sulphuric acid ecluti lie they 

deduced tho equation

* d ff*7
............. * fco inaoo (14- f

dt

where t£& ie an imdetorainod Itoction of acidity? the

observed rato increased sharply as the acidity was increased 

above l*OHt Pinacol we© clcavod quantitatively to acetone*

!2he oiddations of cyolohe^onone s^Jid of cyclop ontenone 

were foimd to be firot order re-tione with respect to both 

Vv and ketc/ne and an acid catalyst n effect was again fotmd* 

The rmteof o«Ldatio:3 in perchloric add solutions of constant 

ionic stro»{3th waa directly pro port ion al to acid concentrr-tion

iii sulphuric aoid solution the rote Increased nore 

rapidly wi% acid concentration* This was attributed to 

tho powerful asldlsinc properties of sulphate complexes of 

?v which are formed In sulphuric acid of high concentrations* 

found to retr»xd the oxidation of cyclop ontaaone,



in

«&t!ioiagh it was absorbed it bad no effect on 1&0 rate 

of the 0yoXoh«aKuaone oxidation* fh© product foiled from 

oyclohexanone was adipio acid ©ad from oyalopentanone the 

product© w$r® probably an ©gidmolecular mixture of

and formic aelda*

lohexanQl was also ceddiaed to adipio acrid ? but 

ore slowly than cyelohesh&one, ®o that the presence or 

absence of cyeXohexnnona a© an intex^edlate could not be 

shoisa. The kinetics of the reo^ction again were of first 

order in .subotate* ?T end acid concentration* - i-*Deutero* 

cyclohexano-X found to "be attacked more elot/ly than 

tho p3?otio compound Indicating C ** ^ bond brealdjag in the 

r&te^stenalnittg step* It was also shown by ultra-violet 

absorption spectra that the alcohol formed a ccoplex with 

the vanadium specie@* l?he following mochonlsia was•»•> **^*

proposed ' \.
. A-

1
H

BOB

2+

1
OH

• Oil

(7* Species) ' (V1* species)

fast

Further oxidation



Littler* Mallet and Vmtore have oxidised sone <*~ 

and found a first order rate dependence OB oubotmte and 

Tv* The acidity dependence was less consistent however* 

Glyocls containing only prininxy or secondary hydrosyl 

croups were oxidised like oyclohescanol with a first order 

dependence on acid* However glyeols with a tertiazy 

hydrors^rl {jroup, such ns cis &nd trcuiB 1« 2-dimothyl cyclo-
*

hes^ne l»2*diol end 2*aethylbut^joe 2*3~diol, like pinacolj 

were oxidised with both an acid Independent reaction and 

en acid catalysed reaction, the latter increasing more 

rapidly witli ncld oonoentratlon thnn would be the Ofise for

a first order reaction with inspect to hydrogen ion

Moreover, pinacol nisd 2-nethylbtttane 

oxidised much faeter than the othor £lyeole t 

plnaool reacting par*fciculrirly rapidly* Cyclic 010 

glycols were o:-dcll8ed fast or than the cor re open ding trons 

glycolB* She authors aiggc?sted tlmt the acid~lndepondent 

reaction is caused by YO-* while the protonated ion

« is responoible for the acid-dependant reaction* 
t ollovTing raechnnlBm was proposed for th-o aoid«dndependent

reaction



i
H H
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\ * 
H

The cyclic complex I inpOBoe Dtorio limitations on the 
typo of &iycGl whioh cao "be moc?t ror-Mly attacked* 
a radical H^C * OHt wliich io more stable than Rj!H - CH» 
can be fornod f then 0 - C fisoioa occurs ia x:5^e^er-rin 
a rer.ction of the typo wiiicli has bees proposed for tho

2~^ 
oxidation of cyolohoxsnol tsfhich rogtdres 7(CK)« as the
oxidising specieB* For this re-'-oon tcrtisxry glycolo behave 
dif.ferantly to prirarry n»^ oecondiiry glycolo Tdth respect 
to 7vt

In cmtrastjtho oxidation of glycolt? by a two - 
electron o^idiaiBg agent such as perlodate can proceed

a cyclic- intermediate ^liich depends only on otoric
t© arid not on the prceeace of a tertiary hydrosyl 

group*



OH

r 0,

«* 0

0

0

«• 0

R«C «» 0

OH

complex II aust 'hava a planar 3?iiig, vvhoreae that 

proposed for the Y7" oxidation I may bo puckered*



CHAP*BE

.i.jc To.n.jlm (v) v^ccios i^ci

(v) in aqueous solutions 10 anphotorie, 

the iBoeloctric point being at an acidity of about pi! *» 2*
c

Its oxidation potential is + 0«9 volts at pll * 1, 

increasine to over 1.3 volts in 10 1 aoid and decreasing 

to - 0*4 volte at pH •» 10«5» *hus Vv only possesses 

oxidising propertioe in ncid Bolutions*

fhe principal ?v apecioB present in dilute solutlono 

of mineral "'.old was at one time thouciiv to be VO^ » tout

it ie no\? generally abroad *'3*^ to be VO- 4"* 2ho

of hydration of tlaio cation is not certain, but entropy

monsor agents suggoat that tho ion is probably 70 g" aci« 

rather than V(OH), act«t In order to account for the
if

observed neidity dependence of the oxidation rate of 

various orgnalo compoimde, Llttler and ° aters^ Imva 

proposed that in sore concentrated acid aclutiono, the

nore ctrongly o^idisine cation V(cil)|+ is forned to a

enall e^tont* 3!lie visible aJ5d ultra violet spectra of

aqueous solutions of 7V do not change appreciably with 

increasing concentrations of perchloric acid (an aoid which 

ha© BO completing power towards VT). The spec tram
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have been expected to change if a different cation IB

formed to some extant at high acidity, but the absence of
2 + 

ouch a change does not preclude the existence of V(01I)« «

IB a vddo vns&oty of oaddationo at constoBt ioidc etrengtk* 

the rate of reaction of ?v hrrs boon foimcl to be directly 

proportional cither to the flrnt power of the hydrogen ion 

otmeanrtr*»tion , or to the acidity function h0 (see Chapter 4) 

If it v;ere the organic sub ot rate that was b^ing protonated 
rather than the ¥v species, oorao variation of the acidity 

dependence would liaTe bean aarpocted* Also the observed 

protonation occurs at acidities lower tlion thooo at vitiich 

alcohols sad ketonoe etc* are normally protonated to r^iy 

extent* 5?he eolv«mt ieotops effects in several VY o^id<* 

ationa h?»ve ciTerj ^ rp.tlo of iv*te ecu strata kQ
•

which le in acoordn*ic0 with the occuronoe of a
•Qjr.lllbrltan proton *»,tior» of a reacting rmocioa^, **nd ifl 

oonsisrtent ^ith a^i ionic eqitlllbriun

4-
TTA I Tt"*~ 3V —— ^-

theoretic?*! baRie of solvent isotope effects is

dnod later* )

West and Skoog^2 }^^o postulated the epociee YO in 

ng acid solution nn they found a second order dependence

on acidity in the fT oxidation of slyrserol in milr»hurlo 

acid soli2tion«5» Since they do not mention t/tiethor their
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Ionic strength wae kept constant, it io possible that

tbe reaction mey have followed h0 » tjhioh roughly parallels
" +loH in the region of low acidity* a&d that a positive
- J

0olt effect accelerated the reaction at higher acidities*

my case T^ oxidations la atilphurio acid ar© oonplioat-ad 

the praaanoo of 7T ** sulphate coapleseo* which give 

acid solution© a doop rod colour and posseem vety 

o:d.dii3ing properties* Yarious other inor 

are alao capable of Inereaelng the Intensity 

th© pale yellow colour of ?0g f "but the perchlcrate 

appar^atly Ima no ttKndency to complex with T** sad for 

thin i^ason reactioi^ idlnetlCB obtained in Bolutiona 

containing only perohlorate aalons are more readily 

Interpreted tton results obtained inf say> EKilphuzlc acid
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of,

deal of information about the mechanise! of 

a reaction can "be obtained froa an analysis of the 

products and from a detailed investigation of the icinetlcs 

of the r&aotloB under varying conditions of concentration 

of reactants, totapdrature^ prenmare etc** inveBti^ationQ 

of the catalytic effects* wti^thor positive or negative, 

of various added zaaterialBf such ae min-©ral acid and 

0el$ct*d inorgaaio Ion0» can of tan lead to concluaione 

a^o-ut the %te clatai^iBiBg step la a reaction* 5he type 

of salt effect ob0err©d may Hi"^e ^a® Indication of the

of an intea?modi«te complex or transition state t and

of tb© charge on suoh a speeie&*3  

a nwabor of other weapone widch can now be 

la attempting to elucidate reaction mechanisms and 

of th00e wliich are relevant to oxidation reactions are 

described here*

of..

m j|

Vferloun workers^4 havo attaapted to divide

Into two t^pes *» the- ao**caHed on«^»eloctrou and two-

electron oxldant0t according to the number of elaotrone
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transferred between oxldant and reductaait in the oxidation 
step*, Gno*electron transfers fros organic molecules often 
result in the formation of organic free radicals, but 
occasionally the radicals never got quite free fron the 
rtoetiBg complex before a srobsegue&t reaction occurs*

free radicals can be detected in o:dldo.tion nirrturee 
by various techniques* r£h0 polyaerieatlon of aorylonitzlle 
is aomeZly initiated in oi'tu by mixture o containing free

1*5
radicals f the polymer in insoluble in water .and precipitates 
0ut of solution* She nature of the initiating radical § 
is incorporated in tho end of ©aeh polymei*ic nolecralo, 
onn be iinreotisatod by infra red opectroseopy* Korouric 
Aalts -are reduced to the ncrctn'ouo state by many organic 
radicals3* * induced reductions of other materials are

obsenredf @tg« iron (111)- —— > Iron (ll)» Hot all
free radicals are reducing agents* For instance the 
radical EOOC*5n»COOK» derived from malonlo acid has two 
powerful eleotron ^itlidrawing groups and is an OEidisinc; 
-agent rather than a reducing agent1^* Radicals with the 
Odd electron on an osygen atom are sloo caldising agents 
mid ha,ve no effect on ciorcuric salts* Oxygen can often 
be absorbed in, reaotiong involiring free radicals, G«G« in 
the maaganos^ (111) oxidation of
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0

.4- _v/"

CM)*

kotone
0

0-OH * (chain reaction)

lu general oxidations by vanadium (T) show these 

three chsrsotoristio effects and f since ao vann^itaa (111)

feaa yet b©©n detected duriiag any ostdationsj reactions 

may be aoauciod to proceed tlirougli one**olQGtroii transfer
*(F • . rfr «••

la ttio thoof <Shronlo acid oxidation 

state eh$ag80 l)y more than 2 tmits a more 

sorlo0 of steps zsast occur ; those moy bQ all one-oleotrtm f 

a njbcturo of on-®*- a^d two- electron steps or all two*

©lectern steps aa far an the organic reactants are

for dleproportlouatioB of the intermediate Talency states 

of chroird'am nay occur*
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~ 7 01?

tmfortunately the Cr*v and crv specieo behave as reducing 
free radicals with respect to the thro-e tests mentioned 
above, so that the detection of intermediate or^^iiio
radical© IB cliff ioult1^* ^ornanc^itite ozidatione,
involve a valency c&s&g© of 5 tmito in acid solutions

> Lai are even moro
In g^ieral the following oxidaats appeeir to aot 

one-electron transfer roagants and are gives in order of 
decro-aslng reactivity (wliioh corrosponde closely to the 
order of their rectos potentials) i -•

(in acia} N ? Kn pyrophoephato

2?he following are t^o-olcotroB transfer

Pb(OAo) 4§ H 104§

are not given in any particular order 8in.ce 
osidativ© power of each reagent varies according to the 
substrate ueod t owing to the diversity of the different 
aecbaniens iavolvedt
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I cot ODD "Effects

There are three dff orent types of kinetic hydrogen 

isotopo effects! «*> A* pr^nary isotope effects 9 in t&hich 

a "bond to a hydro^m or deuterium atom Is Ixrolceni

B* 000011^11*7, .jL.ff.ot OT>O _ _ef ̂ oct g in t&ieh the loototdc ntone 

not directly involved is. the "breaking or forsation of 

but may act inductively! and C* solvent iootQi>0 

which include ell the effects of replacing Hgp by

B2C as the solvent, end which mey include, exasples of

primary and oecoBd^ry isotope effects*

A* yripro^ Isotope Bffecte*

fheoe elwaye give valuen for the ratio of the rate 
*

eonstsnt8 %Ao "> 1 said usually botwooa 1«5 raid 7»0'» 

!l?he effect arioes largely fron a difference in soro point 

* the energy in the C - II "bond in its lowest

level * a&d the oonse^uant change In activation 

cmorgy to pro-duco bond rupture* 2hie difference is related 

to the ratio of th© nassoe of the two isotopes snd ie 

greater in the case of hydrocen than for gny other elenont* 

5Jhe variation in the observed valuea of %Ar> i^ due to the 

nature of the transition state tfeieh ie forned T?ith the

Subncript refers to i&otopic forts.



15.

species and which will result in the c - II (c «* u) 

bond being stretched to a greater or smaller amount in 

different cases prior to the bone! actually breaking, 2he 

minimum value of a primary deuterium isotope effect in </2 
which is calculated froa the different mass of the J! and 

B atoms only21* .An allowance aust also be nade for BOB- 

classical penetration of the energy barrier {^tunnelling") , 
which is nor© lively to occur with hydrogen than v/ith 
deuterium rud which enhances the 

temperatures22*

For 0 * H and c «* I> bond® the maslmum values of 

without tunnelling have be©n calculated ae fol lowest**

* °C 0 25 100 200 300 500

In seclianictio ntiidiee the Importance of rate
cents of primary isotope effecto is that they show 

whether a particular X •> H bond is, or is not, broken 

IB the rate determining step of a reaction.

S* Seoondary

These are usually email and 1%AD say be positive 

or negative* the C •» D bond may Influence rociction rates
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(i) by it© greater inactive eleetrorwrelenslBg
(ii) by its effect OB -the overall vlbratloaal energy cud
tlm© on the entropy of the molecule2^ (iii) by its.
reduced ability to.slrMlie© the transition state by 
hypereon^ation26 (iv) but its hybridisation being changed 

in the transition at&te^?, and (v) by its reduced power of 

participating in non-classical carbcalua ion intermediates

C* Solvent .lBotQe ::if feota

most important effect io that on acid - base 
catalysis*' iiaay acid catalysed reactions proceed more 
rapidly in !?gO then la l^Ot 5his can be explained*^ 
thooe roaoticm0 aro those which inTOlve a rapid pro- 

a bett/cen the mibetrate and hydros^ ionj-

B

followed by a slow decomposition of 31! to products* 

latter ©tap will involve a (email) secondary isotope 

effect and po0oibly a primary isotope effect* neglecting 

the secondary isotope effect the rate will depend on the 

concentration of OH or 53% £he acid dissociation

of SH la HgO is ereater than that of SD in 

by a factor cliariging from 2»74 to 4*16 for acids t;ith pKa

*
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changing from 3 to 11» Values of pKa for the protonr-ted 

forms of substrates which are involved in the type of

reaction under consideration (etg* acetone), are mich 

lese than 2 aaad are c^i^^ally negative* Sh© factor 

^ npoAjj^ would consequently bo expected to be rather 

lees than 2t74* .ascporimoatal valueo arc usually about 

2f which substantiate the above theory of the origin of 

the solvent iootop© effect*
•;

some eases lai^ger values of ^D^o/^HpO ar@ o"53^03^^ 

to double protonatiou of the substrate* 

If the epeolos SB is a weak acid most of the substrate

ie present in the proteaaated fom and ^10 relative rates

of decomposition, of OH asd SD^ control the oboorvod isotope

©ff«ot which msy than be either poeitive or negative*

In tho case of base ~ catalysed raatioii^, cataljaed 

by Qlf (OD**)t the rate of reaction in .c>>Q is faster because 

the basic strength of O'JT is greater thai', that of Qif%

Itoder carefully COB trolled eoMitiorja, ^Iverit isotope 

effects can b© just as uneful in elucidating reaction 

mechanisms as primry isotope effects*

Othor^ ; TTse8_,_of. Iootppee ,,|.n u rocfirBifftic^.^t^dieg

It Is po5?Bible to prepare a wide variety of organic 

compound® containing inotopea carbon» nitrogen and
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14C 1% 130 aro ^aio UBUa£ lootopoe which have boon

they are available in the foms Ba^^GO^t K^CH» Ba^GO, 

and Hg^O for th© preparation of Icotopically

compounds t>y noxtaal chemical csetliods^* She 

effect on reaction kinetics of iootopio substitution of 

Cf H and 0 I'd much smaller than the effect of eubetltuting 

n with d@utoriiss and 10 of limited us© in

The principal use of carbon t 

(and other) isotopes is in following th© 

of a particular atom dwing a ch^ridcal .reaction* 

of the isotope in anj particular product of a 

reaction can b& determined vdth the use of a mass sspectro* 

moter* In the case of radioactive ieotopes such aa ^^Gf 

the dlotrlbutlon of the Isotope ©mong tho products cm be 

foimd bj meaeurec&nts of their radioactivity* Two examplG 

from the osldiatlon field are glTaa to illustrate this use 

Cf ieotopeo in elucidating reaction Becfoaalms*

Buaton and Shiner 5i o:dldl0ed plnacol v/lth ^80 

eubetituted periodic acid Hjl^O^* fhe reaction proceeds 

through an intextdediate complex of the form

x r ——— C$2 

0
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where tao oxygsn atoms a aad b may come from the glycol 

or froza the periodic acid* In the latter oaeo the acetone
18in tlie oxidation will be Xnrgaly (CEL)g C0* In 

fact it wa® found to ba almost entirely (CHj)g CH^Of 

0howing that the C ** 0 bonds of the glycol roaaia intact 

duriag complex formation* In the osidr.tion of ^SC

sut>Etitut@u Macetyl by ordinary periodic acid

13
^. 5 6

t C0, OH5 - ————————— > 2 CE^ COOK

in H2130

the acetic aoid, ubloh waa formed 9 coBtcitaad about
*} 0

of its o:cygen as ""W0 t aft or allowance had been made for. 

oxeliange of ieotopes frotween the periodic acid and water* 

fhis result was takcso. a© evidence for a direct nuoleophille 

attack by |>oriodata OB the cart)onyl c^°^P rather than for 

reaction through a iiydrated form of the "hiacetyl*

Wiberg and Saegebarth^ oxldloed oleic ncld with 

substituted pemanganate* They found that the oxygen 

tlie roniatJUig glycol was largely ^S0 and took this to 

confirm a proposal that a cyclic intermediate was Involved 

in ta© oxidation J-
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\
Q

\/ 
C

\/
C*

_v \

C **

-f- l

/\ • /\
Hornet t.'e acidity ?uaetionP»

C _«*.. •P
/\

The properties of concentrated solutions of acids 
often deviate considerably froa what would "be predicted 
lay esrbrRpoltition fron more dilute solutions* This is 
particularly true for acids which are completely 
dissociated in dilute solutions* The "acidity" of the 
solution towards indicators incro&oeo much more rapidly 
than its concentration*

ond Deyrup introduced an rt acidity function 1' 
?/fiich is a neneure of tdti© tendency of a solution to 
protonate an uncharged teae B* fh@y defined a quantity 
h 0 by necno of the equation

[Bj
**

wliere ^g^ 10 tho thomodyn/aaic dinnociation constant 
of 3H the protcnated form of the base mid terns in 
square bracket© represent concentrations rather thua 
activities* !The logarith-ilc forn of this equation is
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HO «*
I n 7

Ho in now teraed the "Eaaaiiett acidity Function 

In yory dilute solution Mien activities ruad 

trations bee one identical

BH

so that h0 •* j~H j and Ho «* pH* la concentrated solutions 

!ic is greater t!waa JH J "by a factor ^iiicli my bo &D nuoh

a© 100* tte irnriation of Ilo.maj be ropreeented by 

activity coefficients in ocrortion

HO* *iog H + log—— ** ** ** (3)-f B1H

acidity function as defined by equation B (2) and 

(3) should be approximately Independent of the base used,

since values of ̂ : H'' for variona indicators will be
TBB —

nearly constant in dilute solutions of the indicator* Tills 

is bora out by such experimental data ae Is aTailf».ble^« 

for aqueous solutions of many acicle up to about 81! 

the acidity function is a well defined quantity and is 

approslriately iaUependent of the onion for several strong 

acids (o*g» HClf IIBr, H2S04 ,HC1 04); p.boTe a! diBorep 

occur between the values for these acids and havo boon 

attributed to differences In the degree of hydratioii of



the protons*

Tii© importance of the Ho function in reaction kinetics 
is in the nnture of the acidity dependence of acid catalysed 
reactions* Many reaction rat00 are accurately proportional 
to the concentration of fcydrogen IOHB, but a wide variety 
of reactions hpve been reported wliich follow lic InntcncU 
This dependence'on h0 is in m*jay caoon only approximate 
but it is clear that there muist be eon© significant 
difference in mechfsnisa between theco tvro claenee of acid 
catalyoed reaction in order to produce the observed acidity 
dependence*

37Sucker and Hr-jaaett considered that there are throe 
typos of acid catalysed reaction (i) the rnte determining 
sstep is a proton trnaofer as In enolination

(Ice tone)
OH. TT-r

-f-

KM
+

H20 IL - c - c **«H - o:
a I I N 

0 H 
I 

H

transition State (x)

H 

H (I^nol)
-f-OH,

p(li) the rate determining ste 
in ecoa other way than as a bnee

a water oolectile, 
this neciif^iiem for
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hydration of an olefin

io* +- 4-

t OHal ———^E^CH-CHgOH -f H

(iii) the rate determining step iiivolvee a epontaneous 
cleavage or other change of the conjugate acid of the 
substrate e»g» the following possible nechcsidem for 
hydrolyois of an aoetal

+

R H

\,

It 01\/
0

H

KQH

Of those three cases (i) and (ii) involve .an axtra 
nolecule of water in the transition estate whereas (iii) 
does notf

If general acid oatal^sio' can "be 0hot?n for a reaction 
it oust bo of type (i)* A reaction for which osoniun ion 
catnlysia only can be dcnonetrated in aqueous solution 

be of any of the throe typee*
Fnr n reaction of type (iii), if the rate determining

irlep i0 a flrat order roaotion of the conjugate acid O
th® 0ubDtrat© S



>?raaeition state x Products

tlie rmte io by

r +o RI * *« •* (4)

—

I «
II Ir1"^"1' I
L J ^ 3 J s Activity of water

!2ho rato ooaotaat It » r OH
L'

~ '

a (1)

&>

•f HP 4-*fc> f*1! **"T3TTo iili

It la act unroaoonablo to tlie activity
of the transition state £«••*• biA similar

ratio to tb&t of tlie Btilbotratc f« as J"t«*-»- doos toKJ In
this event the t©rp_fg io constmit njid the rate* Ic



become directly proportionel to the acidity function h
Such a rolatlcnfMp liae 1>€©a fotmd to hold for the noid 

d fcy&rolyais of sucrose and tSxe nitric
of

In the cane of the enolie^.tioii typo of .reaction (i) 
the rate e(|*ap..tion Is

%*

differs fi?os equation 4 "oy the tarn ^ Q »
£

for UI^
• — J

JSiM

] A ,

f j— 
v»i ^»-i» | 

_ . __ _ . ) 1 . J fc,'.»* * $b& rate conoyant Is r +~IOH» 
L ^ J

iic- tawmcdtioa etat0 X ccaataloB one aolecule of
la of water and a proton, th0 torn 

approximately oonstant la ishlch""



H J
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fc becomes directly proportional to hydrogen Ion
concentration [p% J* Ibis relationship wan found to 
hold over a rdde range of acid concentrations for tfee 
eaoll&vtion of

f to ousaarise HiEesaett*8 vieffOf acid catalysed
s in which a water molecule la Involved follow 
not Ii0t wlill© aoid oatnlyoed reactions la wiiteh a 

molecule is not imrolwd follow 1^ * 
Since tlile poetulatloB w^e made t many pa-pssrs hi?.re 
pt&li^ied ooth con£ixiain0 the hypothesis aad using 

It as & proved theory* tmt the hypothesis is really littto
tiian an mapirlcml ^laMonsMp and aliould not "be 

sn as definite proof of any p^rtistalar reaction 
In my case it only strictly applies to dilute agueoue 
solutlOBDt Recently some papers have appeared claiming 
that the 2&ckex^H&220tt hypotaeaifi^ is inadequate In 
certain iziataaoaa a^a that Boreas all reactione of type 
(ill) nbov@ should follow !%» some reactions of type (11) 

follow ho as well«
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IB order to provide some Bmeis for comparison of 

reaction kinetics of V^ osddatlcns witli other similar 
t a brief rwlew of some reasonably well authenticate

of ajdaatlon of organic compounds by inorganic 
ia a^xocus solutions is giv«a here*

oxidations imet proceed by a

reduction of the oteoiaat© ion^ aiuct a direct three 

©loetron tranafor cr^ — yCr^11 is impossible « 2he initial 

step ia -^11 6&B®& may be a one electron 'Cr^? — > Cr^" or 

two electron G 1̂*^ — ̂ Cr*^ pr0oe00t 2fbe intermediate Cr1"^ 

and 01* ape-eiea osmoot be isol&ted aBd it ia difficult to 

detect radical intennedidtos*
V"T

flie Or* x osldation of isopropyl alcohol is a reaction
which has teon studied ¥0^ widely but R single mechaaien

for eveB th© first stage of the reaction caimot he a^eed 

upon by the Te^loue worltero* It most lively that 

of a chronai* ester is iaa0 initial

H 0,^04 4- Sir* -i- Il0CiegK

Sucli eaters te^e in fact been Isolated*0 . 21105^ are un­ 

stable aad nay deoompoee eithor "by 'base catalysis (which



ie not

* 0 slow n A*
JkJU^*?~^r » 0 -f»

•»* (1)
or dlroetlj bgr a cyclic

-,-f-

0

x P'/ \
HO OH2

Vs. C » o -f (2)

A third meclimais:^ proposed^ dooe not Involve ester
but ia Inoonoiistant \dlth 1»e observed solvent

isotope effect*

n H - 0
c'

E
r-/ ) 4- 3oG 4-

»*

other is orddlsed nt onl
at f?hlch i0opropyl L-aachol is

§ *

.ff 
.i,

(3)

. B>

and it in

i,oct
to

, aro onldioed by Cr^1 in a s
aonohydric -alcohol s4?*^8 , but the ful'iy substituted
ncol in o^l^ifiscd by ^ different nocliaBlstj, tlio 

t@ of reaction boring of firot order tTith respect to III [
inc?t0a-(l of oeoond ordor* 5?ho reaction isv? G * C bond



fission and yields 2 moles of acetone

foliation of a cyclic eater has been proposed as the

initial step in this

- Oil 3*0 - 0 - CrCpH* '
•f HOCrO^ —————} OH 4- HgO tt (4)

E^O « OH R2C * OH

I
DM ^ "• %,/

C-rOj
* o

1

i
but this ool:ecie has not mot with oensral approval a0 

t io not ooncistent with tho oboorved solvent isotope 

* Porthcr ovidonoo for a cyclic nscb^aiism of

aorfc 10 providod by the fact t^t pinacol
*JU ether reacts at oaly 1500 of the rrtte of piaaaool*

ly the other is isoapablo of formiUig a cyclio 
such as It

Studies of chronic noid oztdattoii of alaoliyae 
concarood largely ^th bansald£hyae49t 50 ,51 

only giv© be^isoic a0id and ie incapable of fornlns 

or of giving c ** 0 bon^ ilGoloB* fXgaiO' there io or^moit 

a® to whether the roaetion proceedo through an ester nach
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aa tho half eet©r of bensjpJldobyda hydrate-%

PhCHO -f IT* facft >

Ph-CHOH -f -f

or ivtiatlior a oonoorted 
(3) oooure-''*11

E

H OH
I U
0 - Or OH

c
no

o
o -H

latter

4-

PbCTfQH

H

HICG ~ c 
I

OH

*t

HO

/

ri nov&aont aaala^:oiiB to

E -f ** (6)

/HO

ie aot ooii.eistent \vitih. tiie
oclveat isotop© effect-' S

wia© variety of ocsipO'UB-dG cocidisod by per 
ia wall toowni but tlie elucidation of a meciicuiiom for any
ooe oxidation, ie frustrated by the oosiplqas aaturo of
reaction, iJiaco tho cliango i,^^1 —— Ma2- 1 in acid



iovolveo t&e transfer &f 5" electrons* at least 3 

e suet bo Involved la all cases* probably more*

!Th© stage M"^—^Mn1 ^ tea been studied in eome 

detail in acid solutions by ;c£tttiQi*isad Vtaterer0 * l!^^°f : 

usiag a ciaaganic pyropboephate cosspleat-* 2hls reo^ont doew 

not awtadc moacbydi^lc alcohols, tmt substituted {flycolo aass 

oxidlsod with c ~ C tJoad fiaaiont "h© o^ddatlou' of

at constant pH smelly follow© at**

- -) 
.. w*h-,"*';,„*v~^./--* I

doposticlencd of tiate on acidity 10 complezr being 

in £oiru Added vin^l cyenide IB polymorieea aod iaorourlo 

are reduced ia oitii? so thnt a radical of iti@ type 

C(H Doaet b<5 prosmt* She presence of o^g^n has no 

effegt on the rate of reaction* *£!i@ Irinetics arc explained 

by acmsalnc thr.t one molecule of piiiacol replaces a pyro- 

pliosplmte ion in 12ic ttn111 ocmplex oad that the resulting 

coaploz

0

\H

,o * ro»ou
0

II J2

0
II

«"» J
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The oxidation of o^-4iyaroxy ^cids^ proceeds in a olnilar 

Etenner f the only difference "boii},; that mansanous salts 

retard the oxidation*

The decomposition has been represented o.&

00 r. 0

liCK - 0

GO,

E&HOH

fhe radloaLo rlCHOH, or f'og 5oH from pirsacol* %re rapidly 

osldlDod foirtlicr* Lactic , nallc and tartaric acicls ar0 

all o?d.diBed qiiantltatively to carbon cliozide, writer and 

0210 sole of forolc acid*
She oxidation of malorsic acld^^ also roceeds

a chelato com$\®y:* She first st&ge again Involves the 

of a fre© radical •CH(CCQH)g

-h H + 4- *CE(COOH)

s radical oaa readily bo oxidlood to tojrfcronic 

CHOH (COC'K)g ajid Btibeeciuoittlj to Garbon dioxide (2 aoloe) 

aaad forMc acid (1 mole), but unlike R&JOH etc it io alao 

art oxidising agent Itself f aad can oxidise other organic

coapound© including slnple alcohols which axe not
111* 3JU1B is but ono exa^pl^ of induced oxidation,



a phoaonsaonon which ie possible for one-electron oiddationo 
tet not for two**el0ctron O3da.atians* Cstygea also has a 
notable effect oa the reaction, as it attacks the inter* • 
mediate radiacl* In the presence of osygea the reaction

01%htly accelerated and complete oxidation to carbon 
occurs trith tho oonffiuaption of one molecule of

par noleculo of raalonic acldt

*CH(COCn) 2 0 CH(GO H) C02 4-

(OOCH)o i
t*

4-

oxidation of a iraMot^r of kotow OB bse 
e^d fotsnd to pz^oceed "by att^cfe on tho eaoUe 

form of the teetono* In partiotilax the initial rate of
osldation of 0^rcloh@saiione iiicroases with increasing & 
ooscentratioa to a limit ociual to tho rate of ©noliaation 
p©r oqtdvalent of o^idin^ ag<snt» The following echeme 

propooed by Drummond and Wa
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rlBg 0yst0m is then further degraded* 
Jjiiong the few poiraaneattata osddatioiri which have "been 

thoroughly investigated io that of oxalic -^cld* which is 
catalysed by I-^2"1" icma^* £h« laltlal attack has been 
ehown to "bo due to I'ja**"1" ions* which forts a complete with 
oxalato ^roupSf £034 not to I'JiOj Itself* fhe radical ion 
•302 which is formed iBtfcrnedip.tely, attacks l-^oj T^ry 
s^pidly and thle gives rise to the autooatalytio nature 
of the reaction* In the m*-^ oxidation of oxelic aoidf 
esxsess oxalate has the curious effect of cloereasiiig the
reaction rat&* l%ls anooaly ID attributed to the oxidation

-- 
occuring by the daco^poBltlon of the 3 species &(Cg

t ttie first of th®m reacting
fastest, but being &@crease<2 IB abuadauoe "by

(K7o%alatov f *
rorsenganat© oridation of arooatlc aldefcyd©'u 

boan asnlgned th^ following meobaiiien OB the basis of
ob&ervatioitta wliioh include gimoral acid catalysis and a 
7*l'old decrease of rate whan phCBO Io nubstituted for

4- f aat +"D'h^HA 4- Ursr^ ———-———^ •"^rTryrvrr -t_,rHL4-! v i j.53v' ^-__ ^ x Wuirvtl /



3S<

K H
fast I slow•••=h~c-<vrne* —— >. ^

OH OH C:T

Isctcpically labelled ossygon in the pern-angimate ie
-transferred to the orgaaie compound and can b© £oiund 
the bcmsoic acid* 3Jhe reaction is nore ooraples in. 
allrallae sclution^

*r w

,

is n QDnfiBied on0*»eleotrcm 

i its reactions involve free radical
It doee not attack monohyclrlo alcohols at low aolclities

*f ~^ "T

(of i^x •*••*•)« The oxidation of rJldofcyaes azsd ketosec tea 
"been studied and a neoiieniora Involving p:fior onolioation 
of tiio ketone Imo t>e©a maggestccl^0 * fho rate of roecticp 
ia of first order with respect to both ketoae mid Ce1*^ 
at low ooncentravions of oxitllciiag ^aat, but bocoiaes 
independent oi [_G^ j at higher conceatrationo t tho rate 
in soot cades appa?oachi»s tliat of esiolir-ation* However 
acetaldehyde and cyclohosanone are oKidinecl nt a mte 
tfeich is faster than the encll^R.tion 3*nte arid tliorefor© 
mist bo attacked in the caafooaaft ^orn» In other oaaee thl
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order of reactivity is &0CH*00<* RCHg*CO~ CHj ->C0~ * 
The following ochcsne has I>Q©B euggeeted for tho oxidation 
of acetone by shorter and

"*" * t3rw"\ A ' 4cii •"2 - > cH^c(cn)^gn2 -fir

"TP* 1 1P i. ,^.T — ^^'

Although this r0a6^^1? $&QB sono typioal
oxiclatiOB-o f it fails to induce Tin^l polyraarieation which 
10 a typical reaction of free radicals* It la believed 
that thin IB because ell radical products which are 
present aro oocaplesod to tho forrJ^cyoulde and do not
exist free. IB ths osddfition of sose eiisple ald.©l^d0s f 
k^tonos rmd nitro eo&potXDdss IB alfealitte solution r the 
initial rat^ of oxi^Satiorj ir. of first order trith reapect 
to 1>oth allcali (except in the oxidation of

to S'abstrat«» The viopeadence 021 
la sero order with icobutyr^l-dchyde, firot orcler dropping 
to soro ordar at high cone oat rr-ticoio for 3>-batpar*.l and 
diotl^l kDtcne, first order rising to second era or for 
acetone and nitrccthnn^t ejacl firet order throrc-cut for
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ethyl methyl lee t one» di-dsopropyl 

end 2HBltropr0pasid« o?he aldehydes «*& feetones must

react IB their enol fossa© &ad the following scheme has 

"been ouggootod fcy %eaImai3B and W

a » n 4- oir ——— » iT -hiio (i)
'%*

IT 4 If*(C2r)g ——— > complex ^ (po^ribty ravareible) (2)

> ———— > product -h 2 ?o(ow)^ (3)

22 ____ > ditior + 2 Pe(Cil}4- (4)

For iso-tfate»al (1) is elotmr than (2) f the rove

to other eoopounds* For n-*lmtanal a»d diath^l ketoa® (1)

and (2 ) may have ooiaparal^le rateo* For acetone and

nitroetheoie (2) nt^ reaoth e^ilibrlitm and (3) 'booone rat0

doterssining*
ald^ydo io not attaofced % F©( CH)g3g* and furfur

io on'iy &ttnc&dd veac-y slowly*

f «

10 another on©- electron ozlc&oing ac

reactive species Irs the hydro^yl radical fomed by direct

reaction of h$to)g$n percodLde with the ferrous ioti#

-I- IIO-OH ———— > P0 -f OIT 4- OH
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It tos boon su£308t6d tbat pinacol is

"the dimdical (Oi!} - u «» 0 -

0 0* *
.undergoes 0 - o bond fission to give acetone.
sygcoa cliraOiGai if5 ao ocdLdloinc aooat and does 

not zraauco (ligg)^4" ^ttlte^ otct Oilier glycols give 
dUrotones and only a ennll pro 037tio^ of fission prod-acts* 

Lactio acid io oxiUieod to pynrvlc aold*

T .- ,..- ,.-» ^ r.i ^.
• «JO-. \_i. .... ^ •.>

.A. deal of attention tea bean focus seel on this 
WuioU is wolX Imowa £o;e it-a specific glyool 

fission reaction* Yarlc>u0 conflicting vi$v?n lisvo been 
1 about tlie soolianism of tho roaotiou, "but the 

soiieuo 33i0w' euem0 to liave "boon e/

4- Pt>(CAo)
x»Pb

\
-I-

-f p

i-u**» *,,„_«— .;»* 4.-v.,^*.,* ,^«,.t- r;*"} trAiT-."! ** *^ nl rtWAT* -̂ r>!**1ir>v^^ csr"t
j," Ua. iij, I if^i^f^ -j.Jt v VJj, w.i.-iv*^ Lj-«"*0f v^*' »*•»- 5*. fc3-i«V/*»VM. «.u v>V>rlJ>t. J.*^. feai.j.

i^Jrti^ift v\rt*!* «t t"5 T*1 '"- 1 tr A «•'» f« "OT*1 "I <* '' *il'f''- Y"i"*ROcl'f '^"Itf* W« G! •J*i',"AlfiT\-r^f^f-*f';:?ViV'iwsCJ iiU V 4»iJvv/.vVw I-, u^y t»,LA*>.j ^«*i vw4.ij,vv*J»£;vvv? \>tt»a jjj. w^/vliv'Ji

Ben Itlvlin and Waters*



Eg *> 0 <•> OH

OAO CH~
I
•'"*?*• /ft *AA

B*

EG ** 0 - •2

(B » Baea f 114 « neid)

7#

This reagent is al«o sspeoiflc for c;lycol fiosion, but 
tmllbo lead tetroccetato it crzinot oxidise trgns glyoole 
tsrith the bydroaiy s^o^tpa held ricifily 180° aprxt as
9tlO trana deoalin dlol* She mooha$i©a of the
miot invcliro a cyclic complect such as

0

E - Uii
.
4

•H

3« i;:ito ^

it- anoth& 

but It

wliicl:. secif icrf.^l attacks
not boep exr*;rdriOvl

ooa!i regents* Reaction figrdn oecure through r, cyclic
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which umst tove the fossa

BgC -* 0

ik^-J **• 0 
2 NH

«

o<-Glyeols give aldehydes or feetoB.ee on osdcUrfclonf sicyXoins

giro a eorbonyi compound and n corboxylic acid*

<2hes0 three glyool splitting roac"033^0 ar® typical 

tr/o*eloctron o±Ld

9,

The reaction of ferric sslto with acetoiii has bocm 

studied an.d Qhovaa to proceed "07 o. oorlos of oao-»oloctron 

steps with caaruon radical

«f! ifWtt * , . *)* +.
i ^yv r^7"» ***l?fif! f»T7 __M.uv<f .'iT? f^r* j»f p-*f^ fT* I •jji-kC. i t3f
I ^ A -*1' ^ *• ^S * ^ \ "*"""*» "'*s

CCL CO CO CI-U 4- ^" -f - -,

reaction induceo solynerisatioz) of notiiyl 

and io purtiolly uappi^ooood by o^:jGon*

2ao motayl aubotltutod ncotoin Gil* Q CH« (OH). 00 011% 

io not attacked by ti-;is roc^



Cocmlerod (tattle S

to

The o:£iar,tior»s of r.c©tol& aad {^Lucoso 137 alkaline 
solutions of cupric ealta eoraplexoo with picolirdc acid 
or citrio acid are preceded by on l&uuctioii period 
thereafter are substantially of sero order vritU' r 

Cu" J aad firet order with roepoct to ox'^^oaio 
induction period is clua to rftcrcduatioft by ctlorolved 

o^' tiio ouprouc ocapXosc vshich ic *orrjiOcl|
d by excluding o:^i;©n from the* cyst ecu 

cruet occnr through the oaa*»diol y^icu f oxiie a c 
cuprouc coaploo: ttet is easily attacked by cupric io-ss to 
give biacetyl mid £ ^cjuiVLJlasito o^ cuprouG

CHy-0-0"
CU'24-

. 0-0*

+- (cO
rC

center, in slnilrr to the forricytailde oidLdatlonB in 

that nil intermediate rndicnlo rcre oomplosod end cannot "be 
detected In the norsc^l



42,

of Cad&rtion ofomo

&ocher and hie colleagues have drawn attention to 

tiae fact that several secondary alcoholo ? particularly

of the tj^o R^G . CHR ;. CHf suffer onrt>oi>*carboB bond

HsBion TTlicn ozitlieed l?y chronic noid, in addition

oslclr.tion to the corrocoi^din fee ton©,

/*STT7*> 0 H^J OH H C1ID

They attrltatod thie aiionalj to tranaiont oscy cation foasa-
ation,

BS^OHOE

R ,00 .R 4 IF

njfT i T7

Hamton L0o nnd W kwc tlie
nore clooely in the oaoo of c< - 

ateoliol t7ixic^ yieldo ^euaaldel^de and -Waoityl alcohol
aa vroll P.S plvaloplaonoDO 110^0 .00 .Fh* Cleavac® yioMa 
up to 70^ were obtained t "but thin fieure wac eharply

«j "K i

deoronoed in the precseace of im*1 or oe^ iono miioh



intermediate ae soon aa it is formed* It wa

suggeet^d that the cloaYage was oa&sea by 

(formed fxom Or*^ -^ Or^) or poaslbly by a one electron 

process l>,y

or' 4- ?hon - GKS* ———> or 11-' -H Hioii~c::c*
i J \
OH • 0*

a, CH «*aiiu __v, ?h ciio + <T^ ^ \>tl-.,***«£I 3 
0*

V
1 * '" *J •" """O " " ^ " " '"1X

It tos rocontly "boon 8i:.o'^a "that "ulio cal

io l-^osr^ Uo cot*tain
i tllSul Grv "* ^'-t

i&otas poraaa^anate oodUntioa of 

aloouol ol^o Xo£iXlo to sosia olcjnra^Ot 4C;" of 

c products being re^xjrtod wi^b 34*'

while o^ «'c>-3myld5aiisjX alooaol ^ave 5£v 

the cast of tho prlaer^ alooliol 

,, clirossio acid oxidation laaa also "ba 

to give Bone "bonsaldolj^ae* ^lile nay bo due to a 

direct G - C bond c'io^ira^s ui tiio lulcoiiol oa:' f possibly f

O^CicicrtiOH "tiirOUtpi n '**'plAOil,yl8,CO"tBld©llJXl@f

It was therefore docidod to iavoBtir.ntG the tsroductQ
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ethyl alcohol by the I
¥

of tho oxidations of ^ ~t~"butyl^fe0»syl alcohol and
onO'Halectran orctdisisg

High yiolds of cleavage products woro obtained with 

"both alcohols* 3?hQ aon-^rolatilo products of osidatloa

of ^ ^KeBylcotbyl alooliol appeared to ooasdst oatiroly

of ^eBseldeliyde and Console ^eid| no ph^cyl^aootio acid 

DO deteotaa* l^or^iio acid was f owid aaoag tiio aore irolatile
intoproducts,* 2h0 products were -separate "by 

ethe-r and af tor apetaoTiug 'bor&clc acid wltli a

carbonate t 'till© r^iaiaiisg product© woro . {analysed 'fey 

liquid cloronatocpapljy* She "beasoio acid wa© isolated

on acidification of the sodium carbonate ©strict and tod

Mt?t* 121° which showed also tlie at

of other non Tola tile ^ciCs* Sho aqueous ticlution 

a atroag chrcnotropic aoicl test for tomto aci

I givea the yields of promote obtained 

of alcohol wore oxidised at 1CO°«

Eeaotioai fine 

(Hr)

0*7 4

0

0

detected (nole* 

IHOOOH
33
13

24

36

74
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U&der tha conditions of those roaoticns in 5*41!

Sulphuric acid, pure "benzol lohyd© wao found to bo osiclisei 
to bensoie sold to the extent of 2ft-*.- under aitro^on, or 

in air d'urlng 4 hours* S'^us the avoirs rebate are 
ictaat wita the theory that all the beacoie ocid 

arlr<o& i'roa cremation of bonsai Jehy&e* Ho roductloa of 7^ 
in 2*4^ sulplmric acid occaruvl during 3 Jar* in tho proaoaco 
of piicnylacotlc acidf tout o^idatior, of bcacyl alcohol to 
bi.,:. 'luolsyda wa© co^iplotc? in & few alnutoe* Do 

^pheajlcethjl alcohol to ntyrcaac coula not 
^otod after 3 h^* i^ 4*!^ smlplrurio acid e,t

2 rives tho yiolde of the v&rir<u8 prodii
benzyl

tdrod in the T v oxidation or owt-butyl -^ -.'vjl alcohol 
at 10C * \TI olefin ??aR found to bo famed by deb^drati 
of the alO'ibol in milphnric acicl* -Iliis v/as aosused to bo 
Ph CMei Cl^c^ wliich i«; roporteu by Tfirlous -uitliora^^ to 

foraed in similar oiroi^ar?tr»iiceo and zaurt "bo foraed b^r 
oanvmr3ceaoiJt* 2ho naterial ie oxidised by 
to to acotc^e. -jE5>criL:e^t no 4 in tails 2 was 
witli aloohol which liad "bee^ treated for 16 hr« 

100° T3ith 5M culpliuri^ ncid to concert it into the
tiiis It- not adlaiooa to
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tf 7% Acetophenon* which might be espectod a© the

first oxlfetlon product war- fcm&d to be rapidly and 

conpletely oiddis&d to "bensolc c>oi(i uafler Hie conditions 

used* She true oloavege yields in the ceddatlc-B are 

thus represented "by the yield of benssruldehyde together

Tilth a proportion of the yiold of bensotc nctd* ,?nd 

a jan2d.num of about

She oridntion of tjcushjrdrol "by ? wa0 found not to 
nnv bonsoic acid and th© onlj product which oould

detected waa benso-'-'-iienon© (dinitrorhenylhydraisone K*Pt*
sad ndxed M»rt» 235*257° )•

Tue pro<tttOts of oxluaticn of ̂  -phsnylccth/L alcohol
ore conni&tont either t/itli direct C «* G 'bond flnalon of
the alcohol, or wrlth oxidation tlircmgli the aldehyde, b^ the 

to be dincuasod Irter* In the cr.no of ex --W

bond fic
the

cati occur directl
that c?irbon«-C83?bon

other

nr@ eonrdntent with the

*/ 3̂
CHO

N/
T

».'ti

By e^ialogy witli tide, the aiiorsaloun chrorao a
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benzyl

of cTV^tmt^Cfsksg^. alcohol in quit©
•

to proceed 'bj a on©**el.ectron oxidation by Qr3^ 
OB p 4-3

• ,\ slagl© oxidation of o< **t^btttylbens3rl alcohol with 
eerie flulj&rvto ^*%s cozxtuctod nader sinilar conditions 'fco 
the ¥^ osid«ttionfj4 The nano products were obtaiiiodf Imt 
the ^as-limiid cteonatog^tso cjsve an -e^tra peafe whioli oould 
not "be identified tsith c^sr suspected prodt

69

V ^'3 | **;>:> i
OH

t-Butyl chloride (14%*) troo added in portions to
\m turnings (36g») ciad other (300^1 *) dried over 

phosphorus poatoxida* A crystal of iodine and a clrop of 
motb^l iodide were added to facilitate raaatioB* When tbs 
reaotioji Hnd subsided the nirturt T/fte refluxed OB a wntsr 
bath for ilor» 3onsalcieiifde (30g*) IB dry ether (50ciX*) 
than ndded iii portions and the cdxture waa left overaads 

complex formed wns docospoeed b^ a<MiBij ice (XOOg*) 
0one<ent;mt0d hydroolxloric acid (150ol») fhoofehor 

layer was soparatedf f,md to|>ethor y?itli further ether $



of the acmeou& in.yer wan unshed successively r/itti n,gn< 

eoditca carbonate solution» aqueous nocUins birmlphit© 
nator pjad finally oiled* After evaporation of the ether 
the r^oiauo wun dintilloa ?,t 1200*»14^°/30^35na* gelding 
50^* inpuro soli. 1 . cx-t-lTatyl^onn;^ r.lcoliol* Tho material 
was rodintilled at 5^-*60°/0*li3n* and -CYQ a praotionlly
C ="*!*? '*^*TT**J f^fSf* f*.'^-T *1 '7 rt " *«<i"? "•-•? »fli .-T- *^<««'i -.-» >4* **t PL.*.*^ ̂  ̂  . •«*'? O*? rt i"; ''"'I1* A OUib/l jt Cr ^.l. ̂ wiX J.vw>l^ i./.^ ..LwL. u U~ ;.*t3Ju i*i,*i;^, *.)O.L--Ju J,»**J-'--> J JT\t*3JLll^; ^O <fc.*««f*r

af'^or it iiad bwOii Iccpt lor a aoatl;* 'fills 23at^i*ial cn^e no 
positive tent for tectcnic sitbBt«noes wad was used in sos©
Ti^'A"^ "f r^"^ '•* ^T^T 'V"""^f^T**! T»rtf* "?-f» . 11V*"!'* "ft^<^ *-f»t*^v»'f«'4 4--'"i4'.'^ "ST'SBl f'*''*;?rtt j'^^'fl'f -'"ST'SffX _ 
W«- %*j»«fcju*«.jt*(;,w» ,7 ••>*»<*^ S*•».Aei** v/t** vkJ» w LJ— «j-,£v i..1 ^.. _.i VX W. •> v-.»» i;f \J '_**v <!. ..it,!. wJ»wji-l"O*

«V C/ JM i*. C^

"^•" r- f**"*ii "• rt T1- r" /'^r^';'!f^"}" -^T^r1.<**. *s r**"jv-.rt-r*^*?" f1* T»-T*-f%''"v<i^»''*'s«?>'f>:4 f%v< *w«t o
V&4.V W« LA«i.S> ^*WU.VtWirf ~.4.W»J t,i fc^ V? w £j,Ju Ci, U W <Jff* Vj^-««j«i St VJ»t/«.» •»v,*t"

O VtV»ii"". <"i"^fi ""?* \ r'\'-'}C*'"'t C^T1 fVr^nfl f* IT •»s1'«ir' <i'ri-rt •TfV^^ r*-r?tFi» *^ HfN*^/^4jit rtfj 4 ioit W-t.«.i.> VV/tj>«»» •-'-!«'«.* V^vj. >«>•!""• V*<(. tAV-V * * !."»*«• wS«.iAJL**cV !,.>•»* W. t''t i..iVv ;.i i Jtt v. '.>*-<• v«» WA*

at

___.y ~» -——————., j,*
tf

of pivaloyl cblorida wkich ii^d "been pr 
fron pivrlic n.cicl v/p,n kindly nu^pliacl by "T* ?'%' f"lial5b«

liri broaido preparocl ^ron bronobensone (X6*3b)
^ t ) in dry other (150ml*) wne

od during a period of 2j hrs* to a Dtir:^ed rolution 
of plvslo^rl dblorido (7»9{>) in ^ etlicr (2o;al.) f Milch 
had been cooler? in ?m ico-Dr.lt nirrfctirc to ^olot; 0?
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reaction aisture uao loft overnight and ffaa then decomposed 

with dilute hydrochloric acid to £,lvo the froe Hsotone which 

:rfcr&otod Into otherf T/nobod with a/iiieonoa:

agucouo sodium Msulplilto an. I rr-tar and then 

dried* &twer gvayQ^atia.i o^ "i/ao otliur 'oho residua t?a0 

Oictlllod nt 10'3-140°/40U^» r^Jd redistillcCl ^t G^ToVOtSi 
2hia product was eUrc:mto graphed CB G-rtido H alnnina and 

eve^'feuoily ^avo a product dlotilll&s at 7rv-72°/0«4inm| tlilo
OR

was q,vdto colourl^oc# Tip* s 1«31C (reported 1»^ 72

M*I5t o:r oxime 1G7° (reported 1C70 }*

(r.l •"!«), bcnnoyl chloride- (16«3nl»)

pyriuino (£4«4cp^i were aajcod cu»d left to oteaci for 24hr« 
iljlto oryotalo were dope Bi tod. Tho rilrture rr-r- treated with 

30 al* v/ator yliich cexti&od nu oil to DGpnratc* t?hlo oil •

vdLth acpooiio oodium carbon? ;,tc md *?^ter a^d was 

them Oriou oad diti^llaa ^ HG°/23 ran.; It had i$b » 1»4079* 
ihc Qst-or './rs,G foimd tc decoapOGO on a gao^Hcrold Ciironato- 

alr oclu-nn ^t 15C° r^nci co-Jtl-; not t>o ^en-'Ci^fblo for i^

o la the chro.;oi; tlio o'otrlned jfron the roducts
i' tUc alcouol
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nr

Clxlorobeosene (800g«) WHO atlrroci fee: 4 hr» on
ino wfvtosr t>at!i vrtth chswlc o:dclo (5Cg» 5 in 3*5 
te*lc acid ( 250:31* )• I'ho otilorotsmsonc ^n nop

tvith rartor t dried oir^r ealeius clilorlde ciacl distilled
fron a little eouiua cfirtjon^te at 131° •

column of AplG^o*i L sroasa (XOf w/w 
wna uood rdtU a Ii^drogmi llano xcnioatloi.i a 

^u.^ \;GD operated -at 15^°. UiUsr -tfecce cor*dittcaifi 
tho snteridn uood too!c up -5c 40 ndnuter; tc pao^ tteou^
tliQ colijnn, CA -Vbirt^l "bcnqjl rlcohol IDOIBG lr,nt to cone 
off* ISidccaiie &ad acetoplicmoua wore fcmad to l?o satlo* 
iTactor^ as stcude^d co^poimlo for estiiiatln^ - absolute r 
of roducts* r^aulte oMaiacd. y^ru oan#tcrte*w to

of rjorfor^iir^; nunititatlYO osldaV^.r^-r-irttfh—— - .**<*U»f * ,:.,..,,.-*«,«- -ir——*- «W—— W*fc^--- *w*^- - -vi***.^- .*-{*^-««*- *.«***•>{•*«* -WHf, -»J!**»-«f ̂ «»s»*'>WV

-uht iOcoliol (Generally 2s>)» diBaolirM in

solutions of azrxoniiia siotav^yn^dato in ^QU0oun eulphurlo
a 30C al* flael: whloli «afl cloood tlaaxu^li a mercery



trap around the atirrer* mad wuich wan hooted cm a boiling 

water bath* In mnny c^se-a the vianridiiia *m® present 5

reaction proooded to la-r^re a o!e*r "blue solution of 
re&j&ti&g Ejjbrture wan osrtrncted. witli ot~ior> froa

carbonate solution r&iova^ &»y berisoic acid 

bean foiled* SMiie o^citl t?ae pr©wl|sltnte-5 on actdlfio^toa

as isolated f».nd wedLgJiodi together tfitfe a snail

ma extracted with etfeor frots ttie acidified 

2he Gnin ethor or^rnot tz&s drisd wltli ma^ieslti 

ena ? alter oimporatioB. of moot of tho other t v?

•dfcy^o w.^:a rer.io7e^. fcon tbo other extract T/ith 

n bioitlptxito eo'lution. ri-ytClo;'!ienono t^aa Idcaatifiod 

ill tliQ 3?o©i^iltio ?***3 its o^rltie M#i?tt s&sA HixcKl l^#!Pt* KS5**1C 

^•bo tu^oTo siothcxa of o^idatloo wee slsjo s»-3opted for 

other m^.tnrrlfil(3 inooluble or o^ly eli.^htly rsoln^lo is 

?)tor* Sho u^o of a >-n0e""ecl flask QBeKlad nitrogen to

toubblod tteotif^s tli0 sp^otiai sjrst^J if rocmire-cl 

volatile matorifile forned doriag oaidatiou to 1)0 -lrg»^n -off'
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rlcoliol to ...&a. .plof in

alcohol (2&«} f clioaolvec In eliloro'baas
ly stirrou ^"° V *... > .±^. 5£ sulpmzric acid

f 'WWJ .\ t~ ,»• ..,.-»»

t':«t tlic ^icoho'l ln.<l t>c<m con.letel ocnvorte*?. Into

• 4- A*-.* .r"^t«tf*\ T« ** 4" rt «M»T •* "•

c end ^?*rc no iirfrr;, red abriorpti^';. in the
of »OH end ?CO groups » Xa pru*tlou.lar

An acid solution of
•f T'J ^- JU-i '-:

^^'^p— ,»»-•,.-- '•«*4.^M't.v-

-. -^tc':,: jollo*7 pscalpi-Betc wiUli -viiQ

tdt-i anticntlc acotoiao 2*





HAFT^. 4

of tone .gVyHdrosgr *ciM . n&d of ..rinacol

55 
Leveeley and Waters have studied the oxidation of

simple o^-iiydroxy acide with manganic pyrophosphate* 

They found that Inctic, tartaric and malic acids' arc 

gradually oxidised to carbon dioxide and fortdLc acidf 

no formaldehyde is formed* A study of the reaction kinetics 

showed that th© oscidatione fit a rate equation of the 

form

•.-I'fily\f\'~?^f f\ fv"1 rli vj.,-.i o.^y BrWiu^

at constant pH* !rhe rate of reaction was reduced by a 

factor approaching 0*5 in the presence of vinyl cyanide 

li^iich is polytaorieacl» ^he rate wp.e also rotardod by 

menganouo Ion0* Mercuric salts tjere reduced to the 

mercurouo state in Bitu; o^ygaB had no effect on the 

rate* Theee obsorvaticns indicate a mechanism 

free radicals, as is to b@ ospected i^hen a one-electron 

o^dLdising agent is used*

The kinetic© were similar to those f sund "by l)rumrjond 

and Vaterp53 for the oaddaticn of pinecol to acetone by
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pyrophosphate, with the exception of the manganous 

ion effect which wee not observed in the pinned oiddntion* 

fhe reaction Is catalysed "by *cld biit the effect IB son©* 

«hat complex; a graph of rate constant plotted against 

hydrogen ion concentration is elgmoid In form* She radicals 

forssed' are most lllcoly »CM©o OH» since oxygen radicals

m.ch as r.e^C «* C i*e0 would pro'ba.'bly not reduce mercuric 
-j ,
0* OH 

salts* The following reaction scheme ims t

C - 0

K«2 0*0,

, 0 - K>*QH

\
/ .

H

2
C «* 0

C - OH

A similar ocheiae for tho oxidation of «<-»hydroxy aoide^ is?**

CO - 0. CO.
slow

BOB - 0

_v "

\
BOHOH*

H III Fast
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Ho satisfactory explanation of the msng&nous ion effect 

was proposed* ' •

Sons® work has also been done in imror.tigntlng the . 

oxidation of lactic acid by chromic acid^* This work 

only showed that the main products are acetoldeoydo and 

carbon diosdde and that the kinetics of th© reaction nre 

complex} rnanganous ions rcere found to Increase the rate 

of reaction somewhat*

fhe cr^ oxidations of pinacol and of its moaomothyl 

ethar have been studied mor© carefully* fhese wero 

described in Chapter 2*7148*51^ a© most satisfactor 

explanation of the results obtained so far has been that 

a© the Initial step IB both cases an eater la formed 

between the substrate and chromic aoid» but nob all authors 

are yet in agre^sant on this point*

IB irieT? of the incomplete understanding of th© 

of the oxidations described above it was considered that 

a study of the kinetics of th© oxidation of some simple 

.oC~hydro3:y acids, end of pliiacol and pinacol eonoiaothyl
Tfother by the one-electron oxidising agent V % might lead 

to a cle-.rer understanding of this type of reaction, end 

might provide a useful comparison with the T^ o^ddations 

of simple alcohol B and glycoln which were described in 

Chapter 1*



57
The three c^-hydroxy aoids lactic acidf malic acid t 

mandelic acid were found to be oxidised rapidly at 25°C 
according to the equation

H CHQHtCQOH H- 2 Y? —————> RCHO +-HgO 4- COg + 2

The aldehyde products were thereafter orJLdiBe:! irore 
gradually* Both lactic acid and malic acid yielded 
acotaldebydc rctiile nondelic acid gave t>en3p,ldehyde« The 
<Xr substituted hydrozy acid o<-hydroxyisobutyric acid 
oonsuned only 2 equivalents of T^ snd yielded acetone*

Kinetic measurements were carried out in nixtures 
of porcliloric acid and sodium perehlorato of constant 
ionic strength and c^re sutanarioed in the adicluing tables*

Tables 3 (a) - (e) show that the reaction 10 of first 

order with respect to the hydrexy acids at both 1*0 1ST find 

3*0 U acid* Tables 4 (a) «* (c) show that lactic f malic 

and nandelic acids have an acid catalysed oxidation which 

can be expressed as

Hate « k 4- ah o

w is the appropriate value of the Hanmctt acidity 
function. This t:;t>e of acidity dependence was suggested 

for the V^ oddation of pinacol by Lit tier mid v.'atere 

did not keep the ionic etrangth of their solutions constant



Q:tldr,tioi of

order v&t rejec
(a) Lao-tic acid IB 1*0 H^perohlorio acldf Ionic strength,

S * 3*1 M

(II) 0*110 0*219 0*274 0.329 0*384 0*439 

fc (IC^cccT1 ) 1*13 2*62 3*27 4*03 4*73

[void] 10.8 11.1 12.2 12*3 12*3 12.0 

Tootle acid In 3*0 n-*pere>:loric aoidf ionic"* e*
S

(H) O.OS6 0.161 0*240 0*320 0*400

3*77 7*60 11*1 15.8 19,0- 

47.1 47*5 46*3 49.4 47t5
(c) Malic acid la 1.0 H*porohlorlo aoldf no added salt* 

Xtydroxy^ftcid (IT) O.C78 0.156 G.233 0*311 0*333 

k (lO^aeoI1 ) 1*05 2*17 3*30 4*53 5*60 

lO4^/ [koid] 13.3 13*9 14*2 14*6 14.4

(d) ralic acid in 3*0 H*-porolilo3?io acidf no added 

Eydroasy-aoid (K) 0*073 0*156 0*233 0.311 C*' 

fe (Kf^oeeT1 ) 4*22 10*0 14*4 19*5 24*0 

10%:/ JACld] 54*1 C4*l 61*8 62.7 61.7

(e) cK^-^drozylaolnityrio acid in 1*0 H**perciilorle acid|
ionic ofeongt;!!.* 0 •* 3*1 M*

(II) 0.096 0.121 0.145 0.193 0*241

k (lOfioc.^) 0*628 0*753 0*925 1.27 1*57

104*/ p,cidj 6*51 6*25 6.40 6*58 6*51
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Mr OD d once of oxidation rate on noidltyj.

ionic strength c »

(a) Lac

HC104

0*5
1*0

1.5
2,0

2*5

3*0
4.0

Calc.

tic acid (0*136U) 

12.9 2*42 2,37

23*2

47.9
69.2

100*0

138

. 232

k * 1.

(c) litmdelic a

HC10, 
(II) 4

o*5
0.7
1*0

1.4
1*8

2.2

2,6

Calc,

ho
12.9
19*0
28*2

42*7

60*3

79.4
105
k » 49

3,30 3*77
5*3 5.56

7.3 7*50

10,5 10.3
13*3 13,8

25.7 26.9 '

240,091*0

Cid (0*151M)

Pound Calc*

57.0 56*9
60*8 60*6

67,5 66*2

75*5 75*1
33*3 85* B

93*2 97*5 .

109 113
,0 -hO*6llh

5*1 Ml rl< enrp* » 25°

(t>) Malic acid (0*194M)

IIC10 k( KT^oect1 ) 
(I;)- 4 &0 found Gala*

0*5 12*9 3*17 3*11

1*0

1.3

2.C

3*4
3.8
4*6

Calc

23*

60.

105
186
246

427

* k -

(d) Tinacol

HC10,
fTT\ ^
\ ̂  }

0.5
1*0

1.3

2,6 ,

3.4
4.2

(5.0

Calc

ho
12.
**o
CO.

ec*
105
186

324

539
* It «

2 4*53 4.77

3 8.03 3.3

13.5 13.1

21*2 21.0

23,3 28*5

51*7 43*2

1.740. 109110

(0*125^) ,

Fotuad Oalo.

9 43.5 43.3

2 51*7 43.1

3 55*7 56.2
70*3 67.6

87.3 33*1

112 123

165±10 191 )

41.0 +C.2531u



used sulphuric acid which Itself forms coraplexee tdth

Table 4(d) shows that plnacol behavea similarly to 

the hydroxy aoida in its reaction with T^ r\ad confirms tho 

viov;s of Lit tier raid Waters*

The rate conntaats given were all obtained from a flrat 

order plot of the aiBapper-rrmcG of ¥^» ntraitfat . linee 

wer© obtain oa for at le^.st 35^ of the reaction in all 

The ovorall kinetic equation la therefore

et _ -

¥In contract to this, the IdUietlcs of the V o:d.dation

of plnacol monomethyl ether have "bees f otmd to follow the 

rate equation

Is has a nuch onaller vnltte than that for tho hydro^y 

acid osldations, . She dopendonce of the rate of 

on tho acid concentration 10 aliowi In Table 

rates were kindly moamirod by J*0#I»lttler who used,a 

^USaicaa" ultra violet o-pectrophotometor to follow 

Increase In ir concentration "



tloA.flf T?im^ jri o0 .,

HC104 (I) 1«0 1*8 2* 6 3*4 4«2 5*0 

k (lo"4ae0iT1 ) (1*52) 3*53 4*3 6*31 7*73 9*55 

IG^/ [V] (1*52) 1.96 1*85 ltS6 1*85 1*91

Weighted neoa values k «• (1.63 ± 0*02) ae 1G~3*

Bone of these kinetic aeastiremc&ts giv© any 0vi.den0e 

for initial coaplex formation tjeti?eoa i^ paid aab^trata suoh 

ao 10 found in oxidations of bydrosy acids ate* Ijy maBgmolo

pyrophoepliate* Sbis le not ettr^risii3g t eiB.o0 the o^dclation 

of cyclohoxanol by T » In which ooeples: foinnatlon ie 

involved t ctio?i0 ao deviation from first order kln^tlae with 

respect to the alcohol » j&other difference bat^teoii

oni Iln oxidation 5 of liydrosy adds is that tho

ion was found to have BO significant effect OB 

the s?ete of tli® Vv oxidation* It ie pooslblo that the 

manganic pyrophoeplmta solution contained a certain amount 

of 1%F* foz-aed by disproportionatitm of Fn111 into im2-* and 

and that the off oot of adding oanganous ions was to 

the aso-unt of £ln^ and hanco partly to eli 

oxidation "by this opeclest

fhe T^" oxidations of oyoloh03£saol and of tbose
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wfcdch are attached • at 0 «* I! boada^ havo boon 

fou&d to be linearly depe&dimt on laydrosen Ion concentration*
and not on t&e Harriett function h0 » For tho aleo&ol 
oxidation it has been cmggoetod^ that ttus reactive

a structure (1) in vyhteh -both a noBoh^rdtlo alcobol •
a ls^dra,t@d proton &re o-o*orcliisatecl to

70 cation.

IUCHOH 4-70 * 4- H-O"1" > EAC \"J ——— > Products2
G_^ —— -on 

I i 
H OH

(X)

However io the oadldation of both t)inaool and t&e
•A

adds tho complexes (11) autl (111) which 

0 ** C flsEioB f need not ccotaln as oztra water

noleoule, for the protonated structure (111) pootnlatod for
4-

the ecdd, catalysed reaction COB be "built from VOg f a 

substrate molecule, and a proton*
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0

«• nV

II

H

tfy 
A

V

0

OH

Products

H.

*» f)

H

0

OTT

\

'Oil

If 1MB is soj Hasaott's
the differing kinetic

(?^ outlined in Chapter 2)

tlie rate of 1&e aeid*»
adds rjad of plnaoyl f ollotfe

of

of

id [ll^O J 
escpl^lii 

oidLdnticn. of o< -
rather sad

Hie rate of o:ddatios of pinaool monocioth^l
follows HV0 and not ho , for *Mio latt-er woiilci foxm a 

of t^rpe IT (of* 1)*

•^«
H 

1
0*-» 

II

- OH

Conparieon of tables 3n v?itli end c h 3d shows
that -uho pooitive ionic f feet io
in tills typo oa' This aocorda \vitli
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that the reacting species in the .-^old-dependent reaction is 

a doubly charged cation III*

It seems lilcely then that the reversible formation 

of ooBpiexes II and IV precedes the rate^eterminlngf 

concerted electron redistribution which, In converting 

van&diuiu (¥) into vanadium (IV), of foots C - C fiseion 

giving radicals Ji2G(OH)* or aoC(QMe)*, which are then 

rapidly oxidised further•

The acidity dependence of tho o^-hydroxyioo'outyric acid 

oxidation, however, is intenaedinte between these two 

cases as is seen from Graph 1»J although it tend;-? towards 

hQ depcndoxice at iii<£h -..'.cidities there is a much closer 

dependences on [llaC4] at lower aci'-litiee than wiiili the other 

hydroxy acids. It is possible that a reaction of the 

follo'vviag type can oco^or In addition to the normal cyclic 

comtslox decoini)osltioiit

OH
' '\jl2f T"1?

r» si p • p. — u «« r*t? fn 4- v* *
U <**v*TvT » ^*i ^^O ' »

This would have a linear dependence on hydro(jon 

oonoentration using the Hcuanett theory* This explen^tlon 

cannot oasily be reconciled with the comparative nlovmoss 

of the reaction and the case IB boot loft as an anozanly at
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preoQat.

fhe theory of formation of soluble complete s 

the c*-hydroxy acid and ¥ is supported by the observation 

that, though the gradual acidification of aqueous ammonium 

metavanadate with solutions of lactic, malic, noetic and 

Slonochloroacetic aoide lends in all canes to th© separation 

Of a brovm precipitate (TgC,. polymer) , the letter Is easily 

soluble in an excess of each of the hydroxy -r?.cide but is 

not dissolved by further aqueous acetic or monochloro^cetic 

acids, though the latter has a pKa ainilnr to thane of the 

hydroxy acids,

MatoriqlB

Lactic A.cid» BDH t*AnaLaH H grade » 

t Malic \cid« Ilecryst^lliBed from ethyl acetnt© to lOPt.1280.

d: I5.pandel.ic . Add* Eecryetallised froo bensoue to i;pt.H3°» 
H0cry8tnlli00d from w.*.tor as the hesahy "rate

sucked dry at the pump*

rprchloric ...... cid» B;tl "^BlaH*1 grade perchloric acid was

used to nafee up stock solution s of Vv * For other purpooeB 

Harrln{cton * c 60$ percliloric acid was used.

godiun. Perchlorate* Hopkina and Williams "rocrystallioed" 

grade t



64*

B»l)*H* "&nala*itt grade* (93? pure)
Culph&te« 3*3*H* "

was freed from my traces of oxygon by "bubbling
twice through w&sh bottles containing acid solutions of 
chronous sulphate in contact with sine snalganif and then
through concentrated sulphuric acid*

n of <^HM

C»0 «Cif/H2S04 —— ̂ CCI^o C(OH)CH c *f( CH^C ( OH) 0001!

(a) yre"nr:rr,tion of "

B*:o*K* "AnQlai-t" (P?ad0 acetone (58g* 1 mole) was added 
to potassium cyanide (62gt 1 mole) in 20^ Cic* water In a 
1 1* >aeclce<i flaalcf 30^ Sulphuric acia (^53g*) was added 
dropwise during 1 hr» with constant taeohanical Btirriag* 
fho temperature waa kept balo^v* 20° by adding ice from tine 
to time* ('Biis addition of ice also keeps the solution 
tkLi ejoough to stir, since potassium liydi'ogai milphate is 
precipitated tliirin^ the reaction)* The solution 'was 
extracted \7ith othor (3 s 100 c»o«), raid the other extract 
was dried over fafigneelttm eulphate* After evaporation of 
othor, the product wes distilled end the fraction of B*Pt*

oollected, tlold 43* 5g* (51;"), "but nore
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material was obtained by further other extraction*

(b) Gpiiverfol/^ -0/ .M^^s ..v^^^i** to pc^ffi:!;^^^ 
70

ne cyanhydrln (4%5g*) wee left for ttooo days tztth 

250 c*c. concentrated hydrochloric &cid* f'one of the 

l^jrdrogen chloride war. then evaporated asacl ccfter cooling the 

©oliiticci,, eon© anMiiuri c'alorido wlilch had ocpanated iTas 
filtered off* ContlnuouB ether ostnvotior* for 24 to* .rcnw 

39*0{;-:« of oc-.hydroaQriso'butyric r.cid (7% yield)* The pxx>duot 

wan rooryr/tallisel from petroloun atlxer (B#Pt* 60^*30°}* 

« 79°* ?ou30dt C, 46,27f H, 7,?!5*
for 15| H f

values of h0 cited in table 2 wore obtainod

Paul and Long'B review-^* and rofer to mixtures of po3?o!iloric 

aoid and codium p&rc Derate of ionic otreagth 8 » 6*

Values for S » 5»1 are not available tmt ohouia "bo directly 

proportional to those given, except pOBBibl^r in 5*0 1,1 

perchloric aoiJ to which no sodium porchlorate lind "ba^i; addad»

Solutions of the bydrosy aeidB and of perchloric acid
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were standardised by titration against H* sodium bydrord.de 

solution* which was itself standardised by titratioii against 

stimdard potaaaiian hydrogen phthalate solution*

Sodltmi perchlorrvte rcns used as an 811 nolution in 

distilled water. 10 O.o* portions of this solution uere 

carefully evaporated in a crucible covered by n watch glftsc 

and dried to coBrt^nt v;elght in order to cheel: the strength 

of the solution* A» 8&T solution wae foimd to have a dairity 

of l*6056*/o»o»

2ke vanadate solution for kinetic osldation worlc was 

propcrcd "by dissolving 6*0g» oamoniusi netavanadat© in 100 c»c« 

boilinc dirtillod vrntor* The hot solution was slowly poured 

into the calculated quantity of cold perchloric acid tdth 

stirring to prevent precipitation of vanadius pentoxlde* 

Car© was tol^ea to prevent the tenpornture of the acid solution 

rising above 50° oinco this leads to decomposition of the 

solution and precipitation of vaaadlun p@nto2d.de. -{!he 

solution wao nade tip to 250 etc* to produce an 0*21,1 solution 

of T^« Solutions of Y7 for titration and upte&e 

esporiacnte v;ere prepsrod in eulphurio aoid and were found 

to have great stability• They did not deteriorate to smy 

detectable orrtent la several months. Standardisation Txas

effected by titration against ferrous isnmoniusi oulphato 

solution tTliicli itoelf was otandardlead againot potaosiun



67,

solution

Procedure*

A typical reaction nixtur© had an Initial volume of 

100 c*o» sade up vdth 25 c«c» of Q*ZJl vv solution and 
measured volunes of organic substrate solution and sodium 

perclilorate solution w,-.iic.u Boxvod to adjust the ionic

strength to the required value* Additional perchloric 

acid and dirtilled water were added aa necessary* 10 C#c« 

portions of the mixture were witMram in. a pipette at 

suitablo intervale of time and were added to 5 c»c» portions 

of 0*1 If ferrous a&aoaiun sulphate to quendh tho reaction • 

S!he mi:cto?e was diluted to about 25 0*0* t&th distilled 

water and 5 c«c. o.f ortJiophoephoric aoid \mn added together 

v/ith 2 drops of barium iiiphcnylamiiie aulplxonato solution 

(0*3e* 3Ja 100 c.c* a^ueoue solution}* tUhie solution was 

then titrated a^aincit 0*1 II ?^ solution in sulphuric acid 

from a nicroburotte until a permanent blue colour appeared* 

Straight line graphs were obtained by plotting !o&@ 

(concentration of V1^) against time t. First order rate 

donsiantG k^ v/ere oalculnted from the olope of these 

graphs ,



tote « ~g &^ ki (—

***

*** I- T J m ^ ^ + constant.
••<*ev~*iK*aiiti>*-t*ir. 4*?»««-**a

o^li!atloBS w®r© porf oraed IB a 250 ca& conical 
corlced, snd imcredd 1» a tlaea^mootat m^lntaiBod 

at 25° °»^° ^ SOSBS of a tolumo-dorcui reulator*

nitrogoa was first pas cod into a wi^ali "bottle 
containing all the components of theseaotioB mixture 

Vv f and than into the reaction itself # 
ed in a 250 o»e* 3*tioolc x^Dimd "bottom " 

flask* 33xe nitro^6Xi escaped from the flaafe through, a 
ooustrioted pieoa of rubt>or 1robe to piwtiot air 

third nock of the flaol: was usod for 
uurisg porlode ifata this nodlc had to 

for such purpooOBf nitrogen wns nllowod to "bubble nore 

throu^ti the reaction
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A Btcndord solution of 0*2 I anmo&iiim 

1 M sulphuric aoid (200 c.c*) was sised with 5 or 10 o»e* 

of the standard hydros^ aoid solution leaving at least 

50$ exoeoB Tv than would be required for conplcte oxidation* 

The mirture TOB left in a tbemorrtat at 25°* At 

intervale of 24 lir. or leoo 10 c.c* portiono woro removed 

und titrated ao do^erlbod a"bove* The nucibor of noles of 

V used per mole of organic oubstrate was calculated from 

the oriflincsl aad final strongths of the reaction znlrture« 

In saa© eaBOB the ni:ctnro was finally heated on a boiling 

water bath for a f ow hours to ensure ooiaplotion of the 

reaction, but this procedure reeiilts in volcitilination of 

low boiling intermediates ouch ae acetaldeUyde, fonsaldeb^de

etc.
U She nnxinun Qucmtltle^ of V absorbed per nole of

hydrosy acid v?eroi lactic acid 4t6 raolee, malic ncid 4*0 

noles, mrjadelic acid 2»9 nolec, o^^dros^solmtjrio aoid 

2»0 aoloo.

hc JJjLfQCt of . IlrxtnePQUG I.

mlr.tur<3& of similar ooantitution to those 

described abovo were n*>de up to include n^Dgeiaoiis sulptote
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in sufficient a&oimt to give 0*05 or Q«1Q I! solutions* 
!Hieoo reactions ware compared TTith reactions containing 

negaesiun sulphate in similar guantltlfte instead of 

iBanganous sulphate, the other ooopoaoats? being identical* 
In all cases tho reaction rates of stellar nolutiona 

containing tlio two salts were found to be within 2$ of 
each otbor»

I rpduo t D. . off .. lQ'Q oti or>

\/ao fouad to bo convcmieiit for

s solid derivatives of volatile aldehydio or ketoiilc 
products of oxidation* A solution of ^isoniisn oetavenadate 

in eralphxiric acid \vas stirrod IB a ilaflfc wiiloh was heated 

on a water bath* Vapours from above the solution wnere 

ouclced out tlirou^i a neclt of tho flask and bubbled alov/ly 

through G r;ash "bottle trap oontainiiic the neoeaoary reegent 
oolutioii ouch as dinodone or 2#4 dtoltrop!iQnylhy;lrafl!ino« 
^ho organic substrate wau then introduced into thcj V^ 
solution and a precipitate eooa formed in the bubbler if 
a corboiiyl product w-aa formed. Uhe derivative wae re* 

erystalllr-je^. to eon«t*>nt nclting poir.t.

30th lactic acid azid malic aeld gave a dlnedone 

of lu»Pt« 139° £m^ ^is:^^ t5*rt» with tho a
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hydo derivative 139°*

Maadelie aoid gavo feense&dehyde which had a character­ 

istic mell and a 2*4 diaitropheaylhytoaa^e of ?:*r-t*235° 

which wao not depresood by atetrturo with the derivative 

authortio b0D2aldehydo»
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0s@3,ie ' &cdd 10 ono of the ai&ple@t of organic
;t)ut-. its osldatioB by various reageats hat suan^ complied, tics

!?he pemfin^aaat* oxidation of omlie aeid^-flhioh 1© 

catalyood by ncmganous ioas and roterdod "by e^oeae
cssslato, tme desorlbod In cliaptar 2* •

Ster^ 'investigated the ebrotoio acid aad»dation, of 

acid &&d fcnmi tlaat eltbougli 'lie addition of Bulphorlo
increased tho rat« of relation at first, abwe aboirfe 0«^ M 
rmlphuric ^eid tho effect of further addition of aoid was

to docreaeo the rate of
Bohtelfilcy and Gli^aar have inireetigated the osidation

of oasalle eelt Ijy vanaditaa (?) ID various »iKQr®X aoide
bavo reported that tho roaotioB hae a nogatiire aoid
in th<5 range O*3*5 1^ aoid* At atxmt 3*5 M &aid the rate of

passe© tb3?ou0& a saleliaim and the add ' 
positive at greater aoicliti.ee than tliio* 'Sto*
tfit ^^ TWT

osldation wes of firot order ^itli ro^pect to ?v
twit wae of approadjaatel^ jjiaeoad order irdth icepoot to oacalic

aoid conoentratioii la •eolutione of various concentrations of

mxlphurlo ajGld. It was fcund ttfet iMnganoue ions
the roection, tho half life of the rea-oticm Mitig
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proportional to «, — Lf-» * This effect was aloo found
[MB* J

by iDbaa? in 1&e 0a^l cadda-tici* of oicalio acid*

darner also found that fferrie salts decreased the 

rat© of the reaction* IB a dso&ened fla&c the half life 

t*&0 rouglily proportional to jfe^4] * tet in mm'li^it the 

rtaotloa mo aooeloratod in tlio preeenco of fordo io»e* 

photochoaical deoonposition of f@rrio ^soXattt to give 

lone* (trhieh t^idlj reduce oaddismj agents) is wcrll
qo

taovsa aacL has ^e^ studied in some detail t>y Home * 

Sinco both tli© negative aeid eataly ai0 and the

order with reepeet to o^alio acid atmeared to be
•** -*- -4-

o^itetioae "by V^ it waa decided to 

the T^ c^idatios of oxalic aoid in more detail* 

result st ^fiiiali accord v*lt!i th© account giveu tjy 

and Glasnert ^iow that the usxaaoal femturee of the 

reaotioB are due to the f<&oation of a series of ® 

between vauadixm (?) and o^alio acidf the stabiliti^a of 

which a^o pH

etoicheicoe^y of the overall reaotion accords 

t-h© equation

°4 » 2 V 4
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2hl» has also been reported by West and Steoog^^ and "by 
&orette aad (Jaudefroy8*-* It was not possible to adduce 

any ®&p®rii«ital 07id©Boe of the tra&slant foimatloB of 
organic radicals or radical-dons nuch ae H CgO 
or *C02*% since this osidation. of o%alie aclf! t 
1&o0e effocted "by m^e^islo ealt^^j 01? "by Fenton^a 
do-OS not prosoto tlio ettaln roaotion "between oxalic acid and 
nereurio chloride or the poXymerit^tlon of Tin^l cyaaida* 
Howwoz* tbifc laolt of widease of radical forma-ticm doe© 
not aoceocHixlly indicate tbnt a S^eloctroa oaldation, ouch

2 H 4" f- 2 00 2

4- fa0t

10 iBYOlve&f tlae oxalic acid radical ney bo oxldiaed 00
YV thnt its independent end.et0nee eennot 'fe© 
by the teote aentioned at>ore*

oridatioBS of oxalic r.eid "by vanaditoa (?) were 
all carried out i» solutions is which osaldc acid was 
preset in large ©ssctss over csidant» end t?er© all foimd 

to follow otriot first order feineticn tjlth respect to the 
for at least 33$ of tbe roscticn* 
gcaeral trend of the rmte of oridntioji in the 

preoaac© of perchloric acid istio^n in Graph 2# Graph 3
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shows tlie relationship between the rate of oxidation 

t&e initial concentratioB -of the ox&lto acid in solutions 

zaa&e up f roa amcaoBiiim met&vwmdat© vdth BO added mineral 

acid* whilst th@ ewrr^is- of Crraph 4 show corresponding 

tt&tds of -oxidation iii the presence of 0*5? 1*0 a&3 1*45 M 

po^rolxlorlc acid rcspoctivolyt G-rap!i 5 shoOT tliat 

roanltn plotted' in

reaction having esoond orClor Iticetios tfitii reapeet 
total oxalic aoid oonomtr^tiony ©Bpaciailjr at 

values and aerve to es^laln how Bobtelo'kj and 
to thoir conclusion!* mentioned, abovot

6 stows that,, to itit absence of mineral n,cld» 

oblate oau r©plac^ o^slic ncid* and also *Hiat 

the ftdditlori of 0*10 M perdhlorlc acid tes v«»y little 

effect oa th^ oxidation rate* fable 7, hotrflver> eho&g how 

Inr^cr aaotmts of peroihlorlo aoicl dearoae© thu 

ate \^t^i an -^000© of omli© aold is preeoot* 

It ie oloar ftrota G-i^ph 3 that in- the pH ^ag© 1*2 

a cooplas of venaditM (?) islth j£O nolceulos of omlio 

acid suet bo reacting ^itli a tliia^cl aoleerulo of o^lic acid 

boforo an^ vamdiua (If) ie formed* but the pot^tloootrlo 

titnation of oxalic acid with, alkali in th© pr®s<me© of 

aHCTiOniuci metavasmclato (0mph 6} ahows that the 

fonaation of foots no si^ifiogmt pH oban&Q In thia 

Graph 7 sho\7g a ediail^r titration using only half the
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of vtsaadlra u»«d to obtain Graph 6 f it is apparent that 
0oetiQirs(;5) and (4) of the curro© of these srapfce 
dependent on tho prGsonoQ of a^saoaiiua £0t&vr&c£&tot 
interpretation of those ctmrae i8 only pcsaible if it is 
assumed that a eosple^ coatcdbaiu^ oeo moloeuXd of 
oad two molecules of o^^alic acid is prooent initially* 
u^a of sodi'un orthoraimdato inotoad of the anraoaira celt 
rosultod IB a docroae© in tho lentil of section (4) of 
the? 0112^08 from 2 to 1 mjuivalQBte of elferll por
Of TT *

Graph 4 indicates that the Yanadiim (V)-* oxalic 
complex^ fo»3<5d IB neutral Boltiticn, broaTss dowa 
to othor conploxea as 1^10 acddl% of tho-nedlwi is 
©n.cl finally Sablo 3 indicates that t»t high acidity (4*S 
the reaction approaohos oiae of first order with roapeot to 
oscallc acid ennaoa st low cono^atrations of the lattor* AS

2 ohoro, tlie osidntion thoa beoones an acid oataljfiod
a0 v?ould b€ esr>ectod froo a rtaotion
tfcan
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Heaction or4®3*JgJ1& respect,, to. Oxalic A-Qid in 

4.2 & Perchloric Acid at

[VTJ » 0*05 M*t Ionic strength » 5*1

Acid] (M) 0*024 0*049 0*075 0*097 0.122

1Q3 x k ~ k/HC2»I7 2*29 2*42 2.60 2.71

it- excis

It w,s Bhom in Chapter 4 that the formation of a 

cyclic transition complex (e*g* I) favours the movement of 

an electron to a positively charged vanr-ditca centre during 

the oxidation of hydresy acids cmd certain glycola "by 

vanadium (V)

H
1

a - js - c OH , o * c —— o
x"\ v . '•--. v \ ''""X^X Vy •'"~"x'^\

0 ». C ^ 0 V "' OH 0 a C -^-i 0 

I II

Consequently for oxalic acid oxidation a complex which can 

undergo electron transfer reactions is more likely to contain 

the cyclic group II rather than a linear group

HO ~ CO - CO - V - III 

in tibich thore is no etructurat aBBietnnce to 1- electron
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How at acidities above 4 II the oxidation of oxalic 

acid appears to be a reaction of normal t^po, itO» of first 

order with respect to both [H J and {oxalic aoiclj , tinder 

the00 condition it is rational to oonoider that the active 

estidaut is the uncompleted ion T(OH)| and to write the 

equilibria

4- H2 Co 0,
2-f

0 <» CO ** COOK 
1
H

H

HO

or
0 * CO

-f-

HO 0-00

doulsly charsod caMos IT* (a) or (b) muot b© foraed to 

a slight esrteat ooly aasd ?^.ll tmdergo the l-*olectroa

H
HO

W)'

0 - CO

- CO

BO

HO

-f
r

0
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to a compound of vanadium (IT) Slaving a botmd radical,

*CO~OH $hieh would very easily roduco nnd&ey ion of 

AS the acidity is lowered the cation IT* boiag a 

acid tKnild lose a proton giving a 0Qmpl$3€ T

,0 — CO -h

HO 0 -

cm rise fce foanaad "fe^r eomtotaatloa of ossalie

ead the abundoatly pr^s^ut ion ¥0% * r/lnoe T024" is

a fe^blo oodds&tf T con b^ re.gardoa. aa a stable

again the e^uiliteitaa oonat^t K^j wliich ooct

tte^ be mall at toydrocm ion. 

over 1*0

However at Ic^ier soldi ties th© l^rcb^s^l groups sf T

with a fur13b.or molecule o,f oacalic acid, mdf sine© 

**C00H cproup is eloetrophiliCf VI would ^© loaa stable 

than T and ma^r decompose ss dbatm* 

00 * 0 OH HO * 00 ^o CO -• 0 ,0 * CO*COOH
"

* -f
47'

/\
CO - C OH GOOH C0"-0' OH

TI
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Uador conditions* in \ihich both

0o that th© decoopordtion of TI could appear to be roughly

of ooeosid order with respect to crcalio acid* lore

, the Iti&etlo© of the slow decoinpotdtior* oX the 

71 would accord frith the experimental data 0i«

in &

the acidity drops still farmer osalic add wotild 
begin to ioaioe, nad li?.:0wis<3 T,vould ?Ij the latter woult 

thon give aa elootrically neutral complex VII or in XI in 
which •{&© 01oct3?oa &ttrr,oting properties of the 

atom \gonld be very small*

CO - 0 /OHv/tr
00 - 0

\
0

4- E

00 - 0 '0 -CO -CGO' 00 *» 0

711 Till

temloncy of tbio complex: to loeo ornlic acid would alao 
aa the envlrog&esit beconea aoro notitralt

it may combine with yet nnother oolcoolo of os@3,ic acid.

HO * CO %*z GO * 0 O-C(W300H00 - 0 /OH
\+/ 

V

CO » 0 0-COCOO

^r

COOH CO - \
IX
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toaph 3 shows that a oomplsjc of fosmila (HgC20.)g«7v

oid.di©©r of osalio acid so that it aay be concluded 

thut a cyclic tertiary complex 0uoh a© II easily 

to a compound of vajmdiiio (IV}# This is rational since 

iinlii:® VIII » necessarily had a positively charged
atoo at its centre*

Oxidation of osalic acid Isy V^ does not oomar at pH 

values E^ov0 about 3t 2h© potcmtiometrio titrations • 

(Srapto 6 and ?) indicate tlmt the dissociation ooaetant 

of VII 10 of the same ordor as that of osalio aoldy 

that iii the pH reglot* 2 ** 6 another ooinplo^ ( o#g* x) 

which ooDenaaoti two oqtiiiraloiita of alleali la 

to free oseilat** OgO^** and taotavaaadate, ?0« § 

whioh ar© preeeat at the e^tdvalonco point &* S'his
(pa2?t 3 of tha oxxjnr©} ocm "be repreeaatod a©

«* CO * 00 <* 0 0 ** 00 *• CO - 0.X + ^
iu this pH i^ngo there is no reduction of 

(V) 13io oomplex I aftifit 1>o stable to reduction ' 

"by o-zalat© enio^n* fhO' four oootions of the potmtlociotrio
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titratlon curve in Graph 6 tlma

** H2 °2 °4 4

t mi + 3oi - > x + 2 H2o

2* 2 H Cg Oj +2 OH* > 2 C2 D|~ 4- 2 HgO

3» X + 2 OS* > 2 C 0 of* 4- TO* 4 H00——— — 0**

OH* c >

EH* 4- Crf* ————> HE« -f HO
l£

A wti^od astoimt of B«BtH ^

mate-rial wa0 dieeolved iit diatillod water*

of t&@ aolutlcm was e&ec&od by tltratloa against standard

Other naterialfl used wei*© aa deecadbod is Chapter 4

Hethoa of rollQV7iac...Ee^ti.Q^^.t. 2Mo was basioally aa
iBiiMiiai'X^iM* I'nnni r m -iTnirniiT-Tr-- ^>we*iu«iiM**>M»«**M*"^M<' --•**i^>«*^<»*r *"*<"*>" *fc.>iM>it^ii>..iiMi>a>^''*'.i)tnin<liip* V

dts^lbad IB Chapter 4t A layer of pgraf £in oil w^a 

cm top of tlio water in the thermostat in order to reduce 

losa "by evaporation at the higher testperaturoa re«|ttirod 

by th© r^eaotios (40° or 50°) » so that a reliable oonotent 

head de?ioe was



She analytical procedure Involved titrating T in the 

presence of ferric oasalate foasaed la qpenchlng portions

of the reaction al&ture with farroua amcnltcs m&ph&te* 

Such solutions or© unstable in. strong light as i&o ferric
is fiiotoolieel0all;f deoonmosM to the £e«oti®

tr
and temliatol^f reducos more ? * 3&ls reaction ocoars "%

in the &o&3a& llglit of the laboratory t
the c|u0aclxed eoltitio^e t^ere to be kept for mora than a 

t>e£osN» l^iag tltrat-edf they were stored in a 
*©r© they wore found to be stable for several 

She rates of the direct o^iiatloiie of omlio acdcl 

wore not e&aotoa by the «soluoloa of Xi£tit* 
was doscaistratecl by repeating acme e^orle^rrta. in 

ed flasls* Btsctioii alao prowjaod at tiia .asuttt retto If 
tmdes* aitrog^^ Instead of in • alrt • 
a^sscmltm oaalate ©olutlon was added to some of 

roaotiosa solutions a \tiita precipitate
it^Londf eepeeially

pcwohlonite ooi*e beiaog used* 5!to solid tms 

and vfium heatod ^<^ a spatula melted at firat#
ond t3wm solidified to a tfhlte tsljloh ipsnre a 

goldcw yollow fl^ae* fliia white nao# reacted 

to lltmue and coBgo red papern and liberated a 

with dilute smptarlo acidf it wae saiet likely 
qarbonate,, She osKlisiBal ©olid orystalB gaire an aqueous
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.solution of pi! about **> and liberated cnrbon diordUio f
solution » Acid solution?: of it t?ore not

Ycoloured and did not therefore contain say 7 * It VTQ
concluded tliat th£ jaaioriol V;OK radius hy^^u^ 
v;!ileh liox a relatively low solubility in T?rter« 
Of tliie rolntivo insolubility it t?nn not possible to '
iiwoctloete t.he of foot of added o^alnte on the rate of 
reaction as thorou^iily an i^ao intejade

4* J'V'.'

rato of o:adntia* of 1±;o acid Is se^i^xble* A
ll L-.otor one

ted oalc£i&l olootrodo iii 'tlao titraticaa %raoaol|
50 0*0 * of solution ^as proacnt initially aaci 1 II sodium 
I:?ydi'o:d.da DOluti^ was run in frco a lyurotta in i 0*0* 
(or &ora) portioao, tho pll of the polution 'baliic noasrurod 

eaoh addition of
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IB zttedily attached by ooat 
tat only In a few easts ban its o^l^atloa 
in assy detail* S&eee oxld&tloiis ba divided 
two ela0s@0f (a) those ttsleti produce 
fiB-aioa to @ire acetaldela^dQ
tliat initially Slw diao.etytf ^hioli oa^ff or ma^ aot f be 
osdldiaed further to aettio aold* Into tilt 

the tsro^leotToa lool split

to giT0 at loaat a 99^ ^ieM of 
into 61ado (b) oomo o^ld&tiona by air, i^csi (13.1),
(111) ?*jad aUsaltoo aolutioao of ooppai? {11} 
fh© fact tSbat aoetoin readily
be r@a0abo3rQd in. any kinetic studies of it© reactions* 

isolated diao©%l in bic& yield ±nm th0 bleenu
(111) oxl.aatioii of aoetolxt is glacial ao-etio aold*^"/* 

3hoiaa»t £»uML and ayoater obtmiuad the following
e<itmtio& ^or tha Pe^3- oaddatlon of aoetoin in 

aold oclatloa0«
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fhey also found that the reaction initiates the

of methyl raethaerylate and that tho rate 

was reduced iu the presence of osgrgonj these observations 

indicate the presence of free radicals. It v/a0 proposed 

that the fer2.dc ion broke ttit 0 - K bond of the tCHCH 

ae the first stage of the reaction *

•f F© a&» 4- H 4"

CHjCOtCOCSj +-

!2he acid dependence was token to show that the species 

tfeCK^+aq* reacts faster than Fe-^aq,** <r&e methyl substituted

acetoia (CIl*)^ COE*CO CIU was not attacked by Pe^*» It </ •• ^*
icj cloar that this corspouad cannot ta&e part in a reaction 

of type (b) above*

Marshall and Waters^' have osdLdisod aoetoin with 

oorsplexed copper (11) oalts in alkaline solution* Shis 

work was described In Chapter 2* They also proposed that 

th© C - H bond of the tCHOH group wao broken initiallyf 

but in alkaline oolutione this is a fast base catalyaed
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reaction* fhcy therefore proposed that the enolate anion I 

so fomd, gave a chelatsd complex ^sith copper (1) as th© 

rat® determining step*

CH 0"

~C- OH

~ C * 0

CH« * C * 0\

XI

fho complex II ia then o^ddiaed fej

Although scetoi^i itself can be obtained ia optically 

active forma, the cuol

~ 0 * OH

«. 0 » OH

III

from it, ha© ao ,: as^metrio cantre and cannot possess 

optical aotivitjy* It ha© beeu obs^rvod^ that solutions

Of optically siotive acatoiii only lose tkelr optical acitiTit 

ia i&o presaiice of allrali, this ctiowa that tiie enol III is 

not foraecl in acid solutions*

Both acetOdln tiod saotUyl aootoin ar© s^adil^r osidiaed "by
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in acid solutions* It was decided therefore to 

investigate these reactions in come detail and to eoo if 

there xmfl any almllsrlty between tho Iclnotics of the

o:ddatlcn© and of tlione of either simple alcohols or simple 

ketonoc*

E® grats a&d

The oxidations of both aootcin and nethyl aoetoin t?ore 

foxsnd to follow strict first ordor kiBoties with respect 

to V7 for at least 39# of tho roaotloa* tabl©B 9 and 10 

show that the reaction is also of first order with reepect 

to each of the hydroasy vetones* The acidity dependences of 

the rates of the two oxidations ^;ore dlGGteHar however*

g. Oxidation of &eetoln by V7. Reaction order with

respect to Aoetoin* 

Enactions in 1»OM perchloric acids ionic strcmgth «»

0*042 0*059 0«C84 0*101 0.134 0*163

1.25 1*68 2.53 3*00 4.22 5*83

29»3 2S*5 30.7 29.7 31.4 34.7
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10* Oxidation of Mlydrosy 3~m0thyl 2-butaiiG23e*

Enaction order with respect to Hydros Ketone* 

Reaction in 1*0 M perchloric acid* ionic
strength «* 3*1 K 1 2enp* «* 25°

Ketonejf") 0.0405 0*034 0*081 0*135

(sec-1 ) 0*259 0*361 0*527 0.927
j/ [Hydro^y KetonoJ 6*4 6*7 6*5 6*33

Graph S(s-) shov/a that the seetoin oxidation is entirely

acid dependent* She rate of reaction is appi-osdUaately 

proportional to tlie Haanott acidity function hQ * Graph

in a plot of loeio (3?a*to) again €?t HO (» - lo%0 ho

sliould "be a straight line of unit slope for a strict 
dep«adonce or- 1^* It was not ponsible to une an ionic 

strength above 5*1 Is .for the reaction and two linoe aro 
givoii in t^tirh 8 (b) using values of H0 (token from Paul 
and Long's Revi&w^) for xai2ctm*6s of perchloric acid and 
sodium psrohlorato. of ionic strength 6 M t and for porohloric 

acid i3olui;ionB without ssdsra Bait added , rospoctivoly* It 

will "he saon that the former plot haa a slope very nc^^ly 

oa*oal to unity*

2?he BOidity dopeudence of the methyl acetoin oxidation is 
in graph 9 (a) (ionic strength « 5*1 M)* fho ro^ction has 
both BB. acid dopezidoiit component ancl an acid independent

The p,cid dependent ocssponent is plotted
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ag&inot values of Ho for iM solutioaa of 

acid and aoditsa t>oro!ilorat© is graph ^ (b)
10 nearly a straight Its© of tmit elopo*

Aoetoin rapidly COUSU&GB 4*0 o^ulvalunts of V1^ In its 
oxidation* Partly ozidieod reaction ratete*a0 t?ea?o aot-ed to

of -diaootyl^ Imt thio oatsrlal ia 
more rapidly ttes ao0toifi «m$ it wao not p

to isolate diac-etyl feam t3i« reaction mi:-;turos* Her waa it 
poaolblo to obtain cui^ erridesicQ for other osrlxm^i coeipouDd0» 

as e&otd&dhyde in tho reaotion product o*
10 osidio-ed by Y at a csuch alow^? rate t&aa 'aootoiji is
o^idisod, and it ean&ot therofCKro "be ma iat©raodiat« 
tiio roactioru $hia mloB out ^10 possibility of roa 
path (a) abovef reaction path (b) is ertdeatl^ tho ona 

d by tuo y^ osdldation of

-ClIOHt CO CHj ^ 00tDO

i aoctcia only ooaowmee 2«0 eguiwJlsnts of
its 02d.da.tion and rmst xmdergd diroot 0*0 bond

C(OH)«CO GB —— — —— > (OH) 00 + CHCO OH

Isinetics of ^,0 notbyl- aootoin caddn^ton are oinilar



to thoeo described in Chapter 4 for the hytoossy acidn and 
for pinacol* A abaction mochardsra oJjaiXor to that propose 
for tlie Isytoosy aoida oa& be written for this o:d.datioiu~

OH, <-•'/OH •OH

-f H <-

0

Add ir.de

o

v
0 m 0

4- 

- ft » 0 -

roaotioa

0

v

CBjOOOH t 2?IY CRjCOOH

Bscsctl^ tlifs cjomo £o?gimaats oaii be applied in favgor 
of tM0 ncchasdsEi ttot wore usod in cbapt-or 4 wlicm the 

of tlie oxidation of la^tlrosgr acids raao being
$h03MJ 8O-3D0 to bo BO roaoan to <teib:t t!mtf if 

the aeohsiiiam propoe&d fox* th0 liydrosy aoicl osldaticm is 
oorreot, thoa tlie above ncgh&aiaai opor01?0s in the 
of thi.s Isy-artxsy Isotoae,- with oonplosos IT end T



acid dependence of the aeetoin oxidation* ho\7cnrerf 
different from any yet observed in a T^ os&datian* The 

absence Of 021 acid independent reaction indicates that ?0^ 
is incapable of osidioi»£j aoetoin nnd tbr.t only V(OH)| 10 
activtu If the oxidation of aeetoin to dlaeot;?! preceded 
as a atrait$htforv?nj?d ?^-*alcohol osidfition, tl^ rate of 
reaction would have been expected to aepead on tlio first 
power of ths hydzt)0ers ios ooBcen.trfi.tion instead of <m h^* 
It la possible to draw a ohelatad complox of ¥((M)^ oud 
tlie enol..- Ill of ecetoin* t3felo-h will deooopose to ^ 

aa ebomi*

H
0-0

fr OE CIU - C -» 0'

0% - c OH -0*0

"2 *» f^n•^^ v/W

CKj -0*0 - CO

it has been ehotm, as nontioned ^ovo, that 
t!io rate of onolisatiau of aoetotn (to give III) in acid 
solutions Is nogliglbla. There i$ no reaoon why the presence 
of Vv in the oolution ohould alter tliio eta to of affairs,
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and ia order to fern a couples ouch as ?I the C •» II bond 

of the tCHOH group oust bo broken ia eorae way*

She most likely complex to be formed between 7(OH)i* 

and aeetoln ia

0-0 .OH

H' I Y YXI
/ ^ \C m cr OH

complex ia analogous to that proposed for the acid 
dependent osldatioa of methyl acetoiii T, but it woiild bs 
o:ddio0d to aootaldohydo and acetic acid by 0 - C fission 
end not to diacotyl by C - H fission*

It has been assumed BO fnr that the T^ atom too a 
co-ordination nunsbor of 4> tho liganda being carrEuaged tetra«- 
hedrally rxouad the vaaadiim aton. Evidence for this is 
email and io based nainly on tho fact that for other elenexxts 
tho co-ordination number toncUs to fall as the Taloncy state 
rises, Y11 and 712* 1 Dpeclcs are nornolly 6**oo-ordinated f

^ conpo'UBds o^o often a sd^rfcure of 4 end 6*co*-ordinat;od
0!ho VO?* onion hoTrevor is knosm to be

hedrally fo^ranged islth a 1M) bonu lon^th of 1.36 « In
in islaich compouad the vanadiian atom is nere positively 

f thiB dietmico is reduced to 1«56 A° itO* rather
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longer thaa C - 0 or 0 «•» G bonds* It is possible to write 

complex 711 in such a way that the H atom of the G ~ H bond 

which imifit bo broltm ill the oxidation, is sufficiently nea 

oae of the hydimyl groups on the T^ atom to give the 

necessary hydrogen bonding for an alcohol "type of 

to occur* Xhis complex ¥111, which haa a structure of 

similar shape to that of camphor* uses acetoin as a 

tridentate ligand*

CH
I 
0

o
0

H

6 ~ H

OH Till

If the yV atom ?/er0 octahodrally coordinated,, complex: IX

would yofcult which might bo slightly leoe strained then

2lie dlfferoiic© betwccsoa 7III mid coeples: 1 istich would 

be^ozpscted for an ordinary rCLcchol type of osddation
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H

H **« 0'
X

CH*» **' C/

0

0-——V - OHr
H20

is that X contains SB estra molecule of water, which is 

not present in THI* The SucfceavHazamett hypothesis 

regarding reactions waich depend on ho (so© chapter 2) 

satisfactorily explain the acidity dependence of the aeetotn 

oxidation If it is asouiaed that complex VIII (or IX) can 

readily "be itemed*

Apart from being capable of undergoing a normal alcohol 

type of oxidation , the complex Till is analogous to the 

transition state wloich ha© recently been proposed^ for

the of the oxidation of cyclohezanoae by
2+

a

reaction which proceeds "by direct attack of V(OH)^ OB the

ketone rather than on ite ©nolle forms-

-I- T(OH)

aim
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Cttploz XI f liT *e X> also contains one molecule of water 

more than Till or IX (The ketone oxidatior, depends oa 

and act on h0)t fh© deconpositios of complex Till may 

thus be regarded as both &n alcohol oxidation and a ketoo* 

oxidation at the tine*

CB

C

6

CH.I '
cc?

n
I
OH

0-1!
CB<

\

Intermediate

I!
0

GH

4-

OHcr CO.COCK. IT

oonplex radical SI I con have a mesomerio

' °
OHj ** G 0

GH, 0
y ~7 T

fhls will certainly favour the reaction eaergetically oad 

may v/ell account for the ease of osldatton of acetoia.
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It remains to account for the apparent inability of 

the ion ToJ~to attack acetoin* It should firet bo noticed

that the situation ie corsprjpable with that of the equat 

of tha glycolo 2*3 butane diol (the reduced form of acctoin) 

and 2 methyl 2*3 "butane diol (the reduced fora of methyl

acetoin) * Only tho lather of these is oxidised by 7V in
*5

on aoid independent reaction t Secondly* the acid dependent

Oxidation of acetoin is much faster than that of methyl

and the possibility that the cinrv© of graph 7 (a) 

a snail positive intercept on the rat© axis at sero 

y cannot be eliminated » It is not possible to peri'orm

osldations in tho complete obcseae© of mineral RCido t ae •

is precipitated* If such an. intercept does exist the 

aoid indepaadent oxidation of acotoin could have a rate of 
as nucli aa 10^> of the rate of the 03d.dation of methyl acetoia • 

2?he faoter oxidation of ncthyl acetoin is then readily 

esplainod by the inctact5.ve electrcn releasing effect of the 

ertra methyl group which enables electrons to be transferred 

nore readily to the singly charged V^" atom in oonples: XTf 

und fecilitate^ the reaction*

An inveotlcatiot? vms? also made into the effect of 

changing tho solvent fron HgO to 'Dg0 ^ ̂ne cnso of the 

acetoin oxidation* In 0«38 "' solutiono of sulphuric acid, 

the mean of the results of several experiments showed -that
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1U3 reaction procadod fajater i& heavy water "by a 'factor of 

1«3* ?or -aa aol<l catalysed reaction a solvent iootopo

effect l£,} Q/lcg ^ of about 2 is to be os^octocl* Elds loaves
2 '2 

au icotcr>a ^ffoct &.< nA^ A of about 1*5 to bo accciaatod'
j.I AW* j;MU

for fcy oono oti*or aoaaio* 2his ratio is too csaall for a

iaotopc atfoot a-ad nust "bo accoiintod for aa a 

axy isotope effect* The only ouol forra of ncetoin 

con fcr^i ia neutral or acid 0olutio::c is CHj CKOH.C(on).t 

CE2* ^lio opccioe £023203 fcy ?*.oavins acetoln^ln heavy 

wa«©r v/ili thoroforo be CHj CHOH* 00 O'D^ and it nuot "be 

the offoct of tho 0^5 group ^?hicri produce a the eeoondajry 

isotope effect ooasoorwodt S&o effoot ot ropl^cisg a GH« 

group oi tho radical oonplex SI I by 03)^ would bo to reduce 

the ratd of for^atioii of tho spooias slightly* 2hls would 

result In a deoroa&o 1~^ the rate of the cr/orall rcaotioa 

\?oul£ account for the o"bservGd o©co::dary iootopo of foot*

prodact ( B«.D*H*) t^ao v* 

\-rith ether to rouovs diaootyl as-," wao Ero

dry at tlio pmap, l^hc rQQultiiis white ci'yctals of like d&aor

oa rapid haating at 125°. /aialyoic of the 

yoisndi O f 54*C?| 1I# 9.16, Cjdc* for C H 

0* 54.59? H, 9
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A standard solution of the material was made up Irj 

dissolving m weired axao;arfc of the solid in distilled

?£doh ted previously ^oen "belle i! out and satumtod 

nitrogen* $be oolution was always Itept undsr an

of nitrogen la order to prevent aerial oslcl** 

ation to diacetyl

(a). GgHg + laSHa ? ^ HO = C^a -I-

OHa0x0003 OH« r
-f C1COC1 - ————— ^^0 - C=CE

CK<

4

(t>) OH« OH CH* OH

0 - CrCH -f HgO ————— >' 0 - 00*0% '

(a) pr^i^jmtioa pf

Sodiun (17i &*» 5 nole) wao added in snail pieces during 

to* to 750 c*o* liquid aaaouia contained in all. 3- 

aeclsed round bottom flask fittod mth a acclxanlcal otirror, 

Once the reaction bad started nitrogen t?as bubbled through 

the eolution. After otirring for a further 1& hr» acetylone 

was Wbbled through the mtefeurQ in place of nitrogen.
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acetylene was panned through nn arrr-amtUB consisting of 

a mercury safety valve, on empty Dreociiol bottle coolod in 
a nisture of solid carbon dioxide and nothanol* a uroochel 
bottlo containing sulphuric acid and a third* reversed * 
Droschol bottla, before entering the roactioi: nyetem* 
fitet two bottles v;ere intended to absorb any acetone 

should splash out of the acetylene cylinder* 2he acetylene 

waa passed for U hr* at a rate of 1 1» a nlnuto* The rato 
of flow v-;aB thon cut doro aoraewhat mid 3*v.;»H* "/jialaE 
acetorie (4^!- c*> 5 nolo») wao added dropt7i??o during 1 to* 
while the flaslc r/ao surrounded by a nothaiiol/solid carbon 
dicid.dc cooling batli. Aft or a further 4 hr« Btlrrlng, 45 £• 
solid t>zaaoniua ciiiorldo v»aa added and the reaction mi^ture 
wa0 left overnight for moat of the r^ionla to ovapo?^to« 
3QO CtC. i;thor uao added to extract tho earbinol f crrned and 
v/as docaiited tlirongh a filter* The rocddual danp nolid was 

treated v?ith \7ater eM acidified with nuXphorio acid* An 
oily layer which separated was attracted into other and 
combined vrith the first otfeer eztrp.ct* ? s oBt of the ether 
V7aD dlntillod to arlvo off roni&ial antnonla nnd the rcnainirg 

oaterlal was dried over anhydrous potr.nr?iisD carbonate after 
©dfiiac ^ono frooli other* After removal of ether, tho 

product dlotllled at 101-102°, Yield * 39.0 g 
1.421 (reported92 1.4211).
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Dimethyl othyrayl carbinol (40 g.) was added gradually 

to 125 c»c* water, 10 c.c* eulphuric acid and 2 g* yellow 

mercuric oxide in a 250 c«c. round bottomed flask. The 

mixture was stean diotillod and the distillate was saturated 

with sodiun chloride to separate the product* 2?he product 

was extracted into ether, dried oTer magnesium sulphate and' 

fractionally distilled. Yield of material of B. Ft* 136-133° 

was 19.4 g» n D = 1.4150 (reported^ l«415ojl A eerdcarboJSOBe 

was prepared and recryst alii sad from ethaiiol to -J« Pt* 164° 

(reportod^^ 164°)» A material of molting point 210 was ateo 

obtained fron the noraicerbasone uhic'i gave an enalyaiG close 

to that required by the conpound

OH3) * H

CO

«!iich would be formed by dehydration of the senicnrbasonc. 

A standard solution of the hydroxy Itetone was made up 

in the r^ne way aa that ue^d in the cace of acetoln*
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for n

was b-noically the ss&e as that described in

Clispter 4- for tlie hydrorj acid oxiclatioiin* Come difficulty 

was experienced at first ia ob service the end point of the 

titretioij* It appeared that- there wao a tendency for t?ie 

indicator to oxidise acetoia idiicli was present in excess ia 

eclution. It was found that a good end point cculcl still 

be, obtained if oao ox two ostra dropc of indicator were adde 

not\r the end of the titration and if the phosphoric n.cid 

concentration was kopt oloco to that nentioned in Chapter 4* 

IB view of the ready oxidation of acatcin hy eirt some 

of the preliminary rooictiono were pez*f orned under 

in tha nannor previously describe!* Ho\7evQr the 

rates wore vd.thin 1 or & of those of reactions performed ia 

air and it v/.ne not cosaslderod v/orthxvhile to do the other 

reactions under nitro^oa*

in ne?vy V'ator» Doutcrirjn o:d.d© was obtained in

.^ mirtty froo llorske Hydro • "he reaction involving honvy 

v/ator as eolvent and thooe iicing li^it water as a comparison 

were followed by measuring the increase in the vcmndium (IV) 

abeorption at 750 rat in a "tTnieaB*1 UI 500 epeetrophotonctor* 

2 MQ# quarts cellp wcra uned ? arid the tenpcraturo T?as 

nain tained at 25° ± Q*i° by memie of mi AdldLns tlicrniOBtatted
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cell holder* Reaction solutions were aade up by using an 

nAgla!t nlcroactor syringe, the organic substrate being 

added last* 2he mixture was shades thoroughly at rooa 

temperature to obtain Uonogeneity arid was then quickly 

transferred to the quarts cell by meeus of a second syringe* 

Two to three cimitos wore usually required for the z±btture 

to reach the teaporr.ture of the themostr:.t«

The Tenadimn (7) solution ^iich was used for the 

oxidations in hoavy water r/ae pr-epared from solid ajamonlum 

mctavnnadate, heavy water and concentrated sulpimric acid 

5 the final watsr was therefore 98.3^ I^CU She

eolution was found to lose 5 - 10^- of its strength 

being measured out as it attacked the rrteel needle ot 

the syringe *

The aoetc/in solution was m^de up by dissolving the ool 

in heavy water wliich had "been e^,turated with nitre-can* l?he 

solution r»mB kept under nitrogen In a serum capped teat tube 

for 3 dayn iii order to allow any exchange of iiydrogei with 

deut-sriun to occur.
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.Acti.on of ';:

Some proposed aechnniezas of ozidatieri of aldehydes 

by various reagents were described in Chapter 2* It trill

be s00n from theee thr.t each proposed mechanics} is

cliff orent in none respect froo the others,, goad it

noot imlUiely that all of them can be entirely c^r

In the ease of th© ohromiun (TI) oxidation which has boon

studied by more tlian 0110 group of workers there is still-

controversy ae to whioh macttanien fits the esrper

beat*

is B(^ae slnilari.ty, ho?;eirer t between the 

isms of 02d.datioB8 of alclehjrden by the cne-cleotron 

events ?e(OH)|* » Oo1^, tm111 and by the froo radical 

'OH(SC^T) 2f sach of wliioli 13 rar-ortod to attack the enolio 

fora of the aldehyde » or the violate onion* For some 

Diaplo aldehydes a&d It ©tones the a?ate of oxidation by 

these reagents approaches a limit and becoaos independent 

of the eonceirfcration of osidant* v&ere enolicatlon rates 

have l50<si meaeured, tho rato of formation of the relevant 

eaol ir cloeely sisd-lar to the rate of oxidation* ^he 

products of .these ona-electron oxidations t fro thooo that
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would be expected if the osddnnt attacked the o^ pcoitior 

of the aldehyde. The initial product is of the type 

R * CHOH * CHG, which undergoco C~C bond fission on 

further oil elation. Aldehydes ouch as bensaldehydef 

formaldehyde £ujd forfurrldehyde, which crxmot enolieo 

normally, are either attacked very alowty, or net at nil, 

by thoseroasentD*

A different n^euBnlso was proposed by 3&tfn ot a 

for the cobalt (III) oxidation of ocetaldehyd©, in 

it T/aa suggested that thie powerful 0110*0!ectroii reagent 

ostractod a hyorogon aton to givo tho radical CIIj C0« 

T7liich loadG ovontually to acetic acid* Ho attaolr at the

carbon sit or? occur B« 

A aoohanico lias rocoatly booii propcoed, by J*Cttdttl

tho oxidation of eyo'ichescnoae by ono~electroa osidaato* 

was briof!t.y montioned in Chapter 6, It was itound thd; 

coriua (IV) attacks the Icetoao at a rate faster thort the 

ratu of enolication, tmd suet bo r.ttacl:ing the cycloho^ono^e 

in Its kotonic form* Solvent isotope effecto aa^geot that 

Vanadium (V) aad atoieaiier;e (III) (unconple^ed. and in r^cid 

solution) alao attack the icctoae directly .rather than ito 

oiiol* Lit tier proposed that a complex v.'as horned between 

the osdldant and the ketoao, and that thie decoupoeed by 

& cyclic Glectroai nove lent izrvolving an adjacent C-H bond;
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for the oxidation

0
XX

OH 

OH

0 X X

€ » 0

CHOH

at en

i could

OH bond le
apply to aldoliyren when etteo

d© are readily oxidised by V ?nd . 

utufflciestly soluble in water for their oxidation B to "be 

isvertlEfcted In aqueous eolutiont! et 25°* Aoctaldelxyde 

was not used ea it Is act attacked by V^ at 25° sM it 

ees froci solution) ?,t tomperaturee greater tliasa 

It was therefore decided to ex&nlne the 03d.«3-atlon

in aoiae detpi.1 dotermiae mother or not

osiclatior ooctirrod through the enol y c^nd if i>ot, whether 

there we,B any eiiiilority to tfee kotc»e oxidation*

_Kpjgulte

The three aldehydes which were o:-CR£iiued ocnstoncd 

readily et 2£°« In 1 !2 sulphuric r.eid the mt?.sarima 

of Y^ reduced "by 1 mole of aldehyde mer©



107

3.9 ciolQs, iWbutyraLuehyde 3»1 noloo, iso-butyraiaehyao 

2*7 ruolas* la all oaaoe aa insoluble material, prosiinably 

a pclyrser, T?as formed to r, certain extent* 2Ms probably 

accounts for the loiv consumption of Y^ "by lao-butyraldehyde 

which was shovm to be o-dtdiscd to acetone and f orcdo acid, 
proditctc r/blch r-rc unroactivc toucrds Yv nt 215° cJid v/liich

4«C ogxdvalonts for ccnpleto forr,iationt 2huo 
n is

(o%) 2ciuciic • 2/ > (o%)nC(oR).Gno-— >(c?He) 0o«o -f-ncoon
**^ '•»**•• *

A sooLl anoimt of on iialdoatifiod acid product of empirical 

forcmla O^li^^O^ v/oo also obtained frca the isfjo-butyraldoh^d 
osidatioa* Tho absorption of 4 oquivalaato of V^ by

dchytio is sufficient for osd. elation to acetcCldehyap
omic acid, vAiile a^Tratyreldohydo recruires 8 eqtdvalaA 

of V^ for o^dvlation to 1 oolo of aootaLdehydo and 2 coles 
©f formic aoid* Other cni-bo^ylic ocido ciuch EG propionic 
acid or butyric acid cannot bo foaaiod laternodiately as 
thooo are not attacked by T^ undor the conditions used. 

Clearly tho osidatioBn IJJVOITG nttacl: at the c< C-H group 

of all thrse aldohydee«
S!hc praclpitatiorj of insolublQ polyaer occnred to 

extent in all tho ozidations v/hioh were followed titri- 

metriopllyf "but fortunately the ^olynor did not appear
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Immediately on joizlng tbo rcactanto f mid for 

and tt-fcutyrVldebyd0 £ood firct order plots were obtained 

for 50;' of tlie disappearance of T^ after a ohort initial 

Induction period. Aftor tills the rate of reaction tended

to fall off from a first order reaction to & certain o:ctont 

depending OB the conditions used. In the case of iso~ 

tjutyraldobyde , hosswer, the rnto of lisap^esraBce of Tv 

w?.s indeijondent of tUe concentration of T^ and the roaotioa 

proceeded at a oonotaat rato for over 90;:' of tiie reaction 

if the polymer was not formed to on uppreeiable extent* 

Soino reactions -vorc carried cut "onier nitrogen* "but•~r w ,

thooe procoodeO at the apxae rate as. reactions performed 

ts&der Dimilar conditions irs air* Polyaer war: stlf.l foroea 

in the reactions under niuror;eii, laut did iK>t appear ^ja th© 

BolutiorB which did not contain ?^ ? tfnleh wero used for 

presaturn.tiiin the nitrogen * It appeared that the T^
oiiD Initiated polyiaerl ration, poenibly throi\rjh the 

ntioii of free radical intermediates t 
2a"ble II showi? ttet the Initial rate of oxidation of

^rraldehydo io noar'ly proportional to the cone nitration 

of aldoliycle* T-he 10:' drop in the value of the rate conntpnt 

i^j r^ry email for p.. 5-fold Incroaao in the concentration 

of aldehyae. A much nore narlcod tendency for tlio first 

order rate constant to fall wna no tod for the other two
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aldehydes arid ID clearly eliovm In the fifth. colunns 

Of TfO/Les 12(a)~(dj*

In tho oxidation of othonol "by cerium (IV) Ardon'^^ 

noticed r. oteHrx effect uaeia the alcohol concentration israe 

ohooged* Littler^ slso found thie effect la tLo cerluEi (I?) 

o^iiiatlon of cyclohoxaiiol* . Artlon o^cpLaiiied tils 

the b€xsis of tiiu exteracsive formation of B

in tao procoirfc eaoe, if A » aldebyde [fvj «* coii

Of mieoiuplazod V l̂ f y^ «« oonceaatratloii of tcfel V v' •«- i ^

A ^ -> Conplex — — ̂  Products

of orl Cation * -~]j|J ^ "2

low
L • . _J _ --V-

fflf1'% 1>N«M«vf^»»t<t*.A I *""> ••k*n*s"l "* - ' "J -1— *'" I *> l^1 2 I* I * rX I * IJjiiG3?GTw4.G uOnp.Lu- v - f"^ - n f - / ^ **••» I *'j? I *' i_|

therefore
at

a_ -i- b where r, and b ere consteufcs*
[A]

Wheau tbo ccaiceatoitioiJ of complex Is ^ery small, b vrill alco 

be eraoll ^Jd vico versa*
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A £Trrrh of TT-TS against -w-r tihould them give a

t lino of ftlopo r,* The final columns? of 
Sables 12 (a) (c) rnd (d) show thot tbio relationship holds 
well for propionoldGhyde at l*o il acid mid for n-butyx>* 
aldehyde crt? 1.0 and 3tO fc: acid, but trible 12 (b) ehowa

that for propionaldoi'jycie in '3*0 U acid the rolr.tionohip 

only holds at lot; aLdehydo conoontrntionsi*

2he ddponuencoe of the rates of oxidation of the thrive 

aldehydes on acidity are also eonoisftiat ccsnplox. Graph 10 
allows the g^ierai i'rend of the initial raters of reaction 

of "Jiho throa aldehydes at constr^t ioaio strength (5*1 i-")§ 
All throe curvoe tend to r-traisht lincc paociSG thror^i 
the origin at low acidities (0*5 - 2*5 i:) f "but ponitiTO 
deviations fron this line oeciir at higher aciditioB* The 
results do not fit the Has^nett acidity function !&$ KiLace 

the portions of the curvoa at low addition follow hydrogen 
iaa c^icciitratiort toe clcno'ly. iTbo rato of oxidation of

r -*-l2 
propionaldehyde is nearly proportional to 111 J ae can be
seen fron Graph 11.

Graph 12 shows the acidity dopon-aonoe of tlie initial 

rate of reaction of iso-'sutyr&ldeijyae vritii u«05 U solutions 

of vsnadiuc, (\r), iodiao and "brcrdne. ?ho rater of the 
iodlno and brosino reactions cire not ntrictly independont
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Of halogea ooaoantratioB because th@ reaction of iodine 

ttith an enol i® a reversible process and both reactions 

involve Done oxidation of the aldehyde as well o,3 addition 

to the double bond. The oxidation reaction is of first

order with respect to halogen concentration ? \/tiile the 

addition reaction ID of sero order* $ho three curves are 

accurately parallel above ItO M acid eonceritratio»t and if 

it is? aesuried that the rate of oxidation by the halogens 

ie independent of acid cone&ntratlon in t32is ran^e, then 

it foXlowa ths»..t Itie raoo.dium (Y) oxidation occuro at the 

0€?ne rate as the iodise .and "brociine addition to the onol»

i« corjclttpive evidence that the vanr.dltin (Y) IB attack-* 

the onol form of the aldehyde, ?aid that the acid

d ©noliocttion of the nldehjrdo in the rnte deter-* 

otep in the orictatloD. Tfe.e B^i^ht deviation of the 

rate of ren.ctlon/px>idity otmr e» fron linearity at hi^ier 

aoiditioe is not inconsistent with onoliBatioa of tho aide**

hy<?.o# fhe ^oid depeoadence of the mte of enoliration of
•• ™f$ 

'aoetophenone which was mea^i^ed "by Znoker cind HcsoEiett '

only shotted an accurate proportionality to add concontraticn 

at low r.ciditics*
A» attempt v/ae nndo to men.0ure the rates of anoli

of the other it?o sldeliyden "by their reactions t/lth bromine 

and iodine. IB the can© of the iodine reaction the
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equilibrium was too ouch In favour of the aldehyde to 

facilitate accurate neasuresiento of the rate of reaction. 

Bromine again gave a conoiderablo cnount of oxidation

reaction, "but it v?ao possible to pcrfom a rou&a analysis 

Of the graph of cc&cantx&tion of "bromine agoiast tine into 

ito first and soro order compoaento in orociLao concentration* 

$*&ing tho sero order component as tlio rate of caolination 

it was found that this was 4 to 5 tiaos as lar^e as the 

rate of -the vaiJadiiim oxidation for both aldehydes for 0«C5 M 

solution of 7^« iTlila value mfc riot appreciably altered 

"by oiaaaslnG "^e acidity of the solution frou 1*0 M to 3»0 te*

fnblc .lit c^idntior} of loo-btLtyraldGli^ae with Tanadii^n (V)

Depeadeace of sero order rate con ot ants on aldeliyde 

' concentration at 25°0? 1*0 K perchloric acid, Ionic I 
» 3*1 J?

(t!) (luoles V^jceo^t litre-1 )

0*088 0.84 3«5

0,176 1.63 9*5

0.220 1*95 3*9

0*440 3*75 3*5
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g&blc 12 Onidation of propionaldahydo and n-but^rra 

TTltii v&nacliur, (?) Depandei:oo of rnta of 

reaction on aldehyde concentration.

4- b I-lrot order mto oonst«ats

(a) Propicnaldehydes 1*0 W perchloric ^.cidj Ionic stroagtli

0
C.06S

C.104 

C.130 

C.176

C *^ O KV 
« £»*_^

C.264

0.352

0*4^

1

14*43 
9*62 
7.25

3.25

2.S4

4*60

7 ^ oc? .•LO

4.55 9 
3.79 10*60

2?.

11*50

13*00
15*08

25°C.

1

29.7

21.4

15.3
12 • 6°

»t*^V 9 ^•^•Lr

10%-,

/«"•» «f»

45*1
47.3
44. S

42.0

1 r ja.I. 1 / Ct

1*37
1.35
1*75
1,77
1.80

r» 70 ^7 T
S.>»(W ^ I . ^

7.69
.7

36*9 

34.3

1*30

1.87
1.79 
1*80
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(!>) rropdomlaehydaj 3*CE percnlcric acid, Ionic

3*1 II f Tenp.* 25°C.

__ V [Aldehyde] [£iaeh-ae] (when b « 
1.5GX10 5)

0*069 

0*104 

0*138 

0*176 

0*264 

0.352

9*62

7*25 17.0

2C * 2 

3*79 28*7 

2*34

10*15

7.30
5.33

4.95
3.48

142

132

123

115

109

0*597

0*593

0*604

0*607

0*522

2^73 104 0*433

(c) n-3utyralaehyac; 1»OM perchloric acid, Ionic etrenrth

3*1 l'lf 2emp*» 25 C

10

( "! " \ ' ~i I— tK f> '• "Mf* 
i'v'!. / J/.UU.S,

0*083

0*131

€.175

0*219

11.4

7.63

5*71

4*57

3.50
4.92

6*33

7*42

23*6

20.3

15.3

13.5

39.3

37*5
36.2

33*9

2.24

2*27

2.24

2,29

h
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(d) afr-Tfotyraldel^daj 2*0 Li perchloric acid, Ionic
* 3*1 r»

1*003003)
0*003 11*4 9*33 10*7 106 0*850

0*131 7*63 13*2 7*53 lea 0*363

0*175 5*71 17*1 5*85 97*7 0*849

0.219 4*57 20 f3 4*92 _ 92*7 0*338

n of t

mte aquation for olio oxitfrvtion of

« The

independent of Y 7 * Tlies© Iclnetice aro thoco that would

'be espootad for tho ©noliBaticm of the aldehyde. A,s far

ae can b© dot orniiiied t the rato of osldatlon in the sams

as the rate o£ onoll nation and it is clear that the 02d.dation

ox i^o-^but^ralucix/de Is ocataliic "b/ at^acfi-c of 70 0 on the
A &

l at a rate fastor tlitu the rate of enoliaation* It 

uali%@ly that ?(OH}| io the maia oxidising agent t 

since tliio would only "bo present to a sma'-l extesnt in 

0olutioiJf! of low acidity and oould not "be ospected to 

react with all the miol as soon as it IB fomed* fhe 

absence 02 aay isobutyric acid in the products is consintont
V" 

with the view that V attacks the aaol fora of the
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aldehyde*

£tlow acidities the o'beervecl rate o^nrvtlon for the 
03dd$vfclon of "both

r

toi*i] (?. -f [~/J.do^/,,c] )"**1 lioo already bear; oisplaiaed in 

terr-3 of complo;: formation bc^ean 7V niia 'uho aldehyde. 

2Iio coaplox t3bl3h eveaitunlly decomposes to prodticto auet 

contain a hydrc-jjoc Ion ae well .-is a nolecvJ.3 of aldol^rde 

cud c, VQg"^ icn, but this protonation n^ occur either 

directly oa the VoJ ~ aldehyde coiiplex or p.^fcnrio^oly Oil 

the TO g" ion 5 {.;ii?l;iG V(OE)^ as tli^ conplezlag npeoias.
o^.

However it soozas xuili^o'ly that Y(OH)^ is formed in5
Buffici^.-it opiantity to ^ive onou^Ii oonplois to ?,ooount for 

tiie ooDonrad kiiietico* xhe mo^t li'^e'^y reaction aohsces

-I-

Coasploz -k H*" eoy^ protonated ooapleg 3ng' > Product B

- 
Cosanles 4 I. f ZZZH^ Prouonatod aonplex • ' * > Prodacts

he ot)D-rv3d l^iiratics do not show t/hothor the fd
c in it^ nor -'-\1 for^ 03? ED an onol* Gincc tho
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i;j in cg.v.ili'briuffl vdth tho aldehyde It n;,iy replace

lc in the r&ovc DCliomo without altering the 

expected ruction Mnetieri. ' -Ithotigb. an oxidation through 

the onol would account for the observed C - 0 bond flesionf 

direct p.ttfvol: on tUe aldehyde nay al^c give the a1>£sorved 

uct^ if Littlor'c in, chniiiPn for 'the cridEtiOii of 

T9" cm o^mte e.t-

_ - CH it OH - GHO .fr H CBOE»C!iG 

H> ^ " -

H
HO nciio -i- HOOOH

Ho\/evor the IciuetioB of the aldeliy&o ordldation aro not 'the 

Bdinc as those of tUc fcetono o-duation OJKI it would 'be 

wise to Bay that tlia above maoliaPiaG IB no more than a 

possibility iii this oaee»

AO iriitirl Induction period WR.O noted In za&ay reactions 

especially in thooe whoro a liicii ooncontrp-tion of alaehyds 

waB proooat* In 0-ach conditions tUe EesiLitin f«aoijnt of Y^* 

would be preoeut in "fche stable complex. An erccsnination of 

the roEro-ltG in 'joble 12 sliowo that the moadjcam enoimt of 

Y^ r^aoved as a coraplex isidcr tho conditionB used was o.bout 

proplonaldehyde road 14^ with n-butyrelclehyde*
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If tlio coaplox is forced immediately on mixing the 

cldehyde xvith 7T there should be ro initial Induction 

period to the reactions te.it i:f tho complex in fomod

"between VO^ and the anol fom of t!i^ nldehylo them the
r •»

initial rate of reaction would depend on the rf.t© nt 

which 311 e<rtiilibriun rno-ant of conplerc ecu* be formed in 

solution raid an induction period would "bo observed for the 

main reaction* Since the rate* of enolir^tybion of propion- 

aldehyde rnd n^but^rxldehyds ^.re about live tinoa ae 

eroat as tho initial rates of the Yv oxidation - imdor tha 

conditions uneu.? thD t:lne thfron to fern stiff iei^t enol to 

rcxiovo 25f of the T^ from solution woiilc be about 15^ of 

tho half life of tho oxidation raactioi) » If tho enol 

if? involved the induction periods of tho oxi^.a-Jrloi'ie should 

then "be of thio order. Tho otneawod induction periods 

crccord Trlth thie predicted vnlue r;id thus givs reason to 

"believe tho.t the oonplcx id formed "between TOp and the 

enolic fora of the r^.l dehydc o* Ho'-vovor the posai'bilitv o^ 

clow complex formation between ^ me! the aldehyde in its 

fors aunt not "be ruled out,

The comoles cost 11 'rely to be fcn.ied between 702

the ©nol form of tho aldehyde n is ii - CH - 01! - 0 -
OH

order to account fur tl:e obrjervcjd idUiotics it nuot be

tiil-ted that thin npecios in st^le, but will \mdorgo
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reaction upon protonatiom-*

R - OH » CH jo ~ ———> - - H ~ OHO

H *»

ECHO + HCOOH

aechanism nust be regarded only as a possibility^ la 

any caae It does not account for the observed dependence 

rate on acidity at high acid concentrations*

Caae difference between the structures of aldehydes 

ketones euch as cyclohexanone Is in their respective 

o of hydrationt This m^y have sons effect xtpon tlie

g power of the carbonyl group and OB the rate of 

oxidation of these compounds* Cyolohe&anone 10 l^xgely 

ushydratocl in. aqueous solutions ? but the following figures 

0re given by Kereld^ for the degroe of hydration of

acetaldehyde 6^f propioaaldchyde 59$» n-butyr- 

5R^t iso-butyraldehyde 48^* Bell siid Clunlo^^ 

store recently measured itie degree of hydration of 

acetaldelxyde said obtained a figure of 58% which in a 

llttlo loen than Hereld's value* It seems lively then 

that Ilorold's fi^izree for the other aldehydes are correct 

to within about 155% Tlius it is possible that a couples
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E CIIO.

Bio much greater dependence of reaction rate OB 

acidity above 3*0 U acid concentrations Is difficult to 

explain, but it Dooms likely that ttiic la due to the 

appearance of a second reactions supplementing the reaction 

which occurn in solutions of lor; acidity, if tho 

observed dependence of the rate of tho propicnaldehyds 

oaddptlon on hydrogen ion concentration ia really of 

second order* thoii It IB a feature vMch bas not been 

obgsorvod before in a ?^ osldatlon* A convincing 

explanation of tills observation tiust await further wotk 

GO alcehyde and ketoae oadLdations "both by Vv raid by 

other

ldehydo was 8ha!:on trf.th a little

f©n:cats sulphate noliition to ra^ove peroxides; it was then

with water raid dried over magsQBiun 

material was carefully fractionatod under

end the main fraction wao rod! stilled under nitrogen at



122*

and Iso-'outyraXuetorde* fhQ$Q v/ere

purified la the same way as propionslilehy'le* B* Pts* f 

»-butyraldehyde 73°» ioo~butyraLdoliyele 62°*

.Solutions of /&dehy(leB« These were prepared by 

dissolving weighed amounts of en.ch aldehyde iii distilled 

water which, hod previously baou toiled out and saturated 

with nitrogen* The solutions wore thon made up to a 

volume • She standard flcusks is wiiioh those solutions f» 

prepared were flushed with nitrorjoaa "both before use and 

after oaoli occasion oii wtilch tno flask was opened later* 

fhe strengths of the solutions were chocked occasionally 

by measuring -Uie rate of a standard ¥v oxidation of the 

aldehyde* She rate of reaction was iinohs-nged if ilie 

aldehyde solution retained its original strength* Solutions 

of i0o~butyralcleliyd0 ehowod a ali^xt tendency to lose their 

original strength! freeh solutions of iso-butyralde!iyde 

were therefore aado up f^oo tiae to 

of .Following

s was the eas© ao that described in Chapter 4» 

trouble was esperloncod in detecting the end point 

of the titratica* 2iiio tiaa due to reduction of t&o 

indicator by the excess aldctoydo trhich was prenont in Uio 

titration M.3cturc-c, ^Iio trouble T?a0 overoori© by adopting 

the precautions described In chapter 6*
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measure the onouat of YT required to oxidise oach aldehyde 

completely, were carried out as de-escribed la Chapter 4* 

of

Bach aldehyde v/aa oxidised with a aueponsion of 

vanadium (V) oxide In 3 li ~ 5 L sulpixuzdc acid as described 

in Chapter 4* £he reaction D were performed at 25° to 

oLnlcdoe the volatilioation of otarting mterialoi reaction 

was complete in a few houre* Tiw reaction nl:;tur© T?aB 

then fractionated tmtil about a quarter of the total 

volume had diatilled*

fiie dimedoBe derivative of ace told ehyde (Mt Ptt and
o^

laised K»Pt» 139 ) T/ao obtained from the lowest boiling

fraction of the propionaldehtrde and n-tmtyraldeh^de 
oxidation tairtiareot In the loo^butyraldeh^ae oxidation 

a {jreat deal of the pol^cie3?ic ntatorlal wae formed unless 

the aldehyde wae added gradually to the Y^* Acetone was 

identified as its 2,4 dinitrophenjrU^rdrasone (M«Ft* and 

nlsed K*Pt# 126°) from the ieo^butyraldehyd© oxidation* 

Forolc acid waB detected by t&e oensltive clironotropic

acid teat in fractions boiling at 100° fron all three 

aldehyde oxidations*

Coutiraiouo other extraction of t&e reoidue of the 

oxidation mixtures yielded a little r.cid material t
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was found to bo largely fomic acid* However

amounts of a white crystalline solid wez*e obtained from

the lDo~butyraldehyde oxidation * This material gave 

reactions characteristic of a carbor^llc acid. After 
rocryotallioation from water it load lUPt. 221°*

.*

Found! C» 60^75$ Hf 8*905 0981403 requires C, 60»75|

..of. the I

solutions of bronine in oodiisa bromide 
of iodine in noditsn iodide were uoed for measuring rates 
of enoliaation* Halogens were of B*D*H« wAnalaiin Grade*
The reactions wer^ followed in corlred conical fla0l:s at

o Vin a similar manner to that in ^iiich the T oxidations
followed* The reaction ri±rbiiroD liad an initial

of ICC etc* csad 10 c#o» oil quote v;ere \7ithdravai at 
suitable intervals and ru-i into nodiun bicarbonate 
solution to neutralise the aoidf ond ctop the roaotioa* 
For the broaine reactions, sodiuc iodide ^aa pJLoo present 
in the <3ueno2iin& oolutioa to liberate roi aaount of iodine 
«Kjiaimleiit to the anotrnt of bromine preomit* She froe 
ioiline urts oot5jciatod by titrstion n^iinot ntanclard sodiun
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reaction of brooine with the throe aldehydes io 
not strictly of sero order tnth reopect ^° brocdao 
coiio^tratioii* but also inclndes a first order Dictation 
re&ction* A rough estimate of the rate of the srero order 
reaction waa obtained as follows and WEB t*&83 to be the 
rate of molitmtiOB*

A. 63?erh tiaa plotted for each nm of the concentration 
of brocdne in tho reaction ni::ture n^ainst tiae* faug^nts 
t^re dravm to i^xo resulting cur^e at '^10 bcjginainc of 
tlio reaction nad at 30^ of the reaction ao sliomi la G-raph 
13» 2bc difference iii nlopco 02° thooo liiieo tlioai 
represent£3 V5 of tlio initial 3mto of the firot order 
reaction* 2ho rate of the sero ox^lor roaotioB can "bo 
oaXoulatod by sixtyteio^^s ono quarter of this difference 
froa the alope of the tangent at SOf^ of the reaction* She 

rx> obtained i70,a checked by Qaaeiirin^ the slope© of
st otaer rx>l»to on tlio eurvo (BE^T at 60$ 

of tho roaction)«
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Inn Pointo twwe measured in esplllazy tubes
nounted adjacent to a theroonetor in on electrically 
heated apparatus fitted with a r&ooerfcat to vaE-y tlia 
rate of boating* tC2ia apparatus \7a^ 'calibrated by

teltlno points of various oteidard oi>eolnoiio 
to tine*

E@d S"DOOtre* wero recorded on a £
136 ^Inffcacora' 1 opootropliotoaotor uai^g

woro oas^riod out "by tho i
analytical depcartaent of tlie Dyson pesrlne
under tlio otqpeacviaion of Br0« weillor and r;timies*

SUosriostat* A lapsed Isheasoostat T?O.S uoed for reactions 
at teoporaturos abow 25°* Sbe t«r.pesrn.ttire me controlled
to £0*1° by 00000 of a spiral twlucne-ooroury regulator 
0co&octG<l 12xroti£^i a 2:*01ay bort to the hor,tin{; olemc^its 
of the tiioroostat* 'Ilie water i:i tlio tLiozsaootat was covoro;! 

,tli o layer of paraffin oil %> niflinise cwapor&tlon» A
i" tticrDoetat t?ao uood for vfoifc at 25°* 

•sms not lag&ed and •Sie oil layer t?as 
at tills toaporatrurc*
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n -- .1 "-\'.r 
.."•• A i

(?) only possess©?! osdLdioiag properties in 

aoid oolutiono* The main species preoeest in theoe 

coa&Ltions is the cation YO "but this is rotoncited to

•a aaall extent to giTO the nore powerfully
+V(OH)
\3otfe is tliie laborrxtory fans shotm that 

(?) is a on©~©lactroa osddising agent and io 

reduced by orgsmle oocxpoisndD to vaxndliun (IT) only* Ho 

(III) has yet l>oon detected in aoy of those 

reaction B wldle tti© procionce of froo rr^diorln, 

ar© ueimlly aB©ooip,t©d with one^eleciron osldationo, 

has Iscou domonotrated in may vanatUw (V) 02d.dation0 of

So ostond the imowledge of thoea oaddatioao a zmntocr 

of aloohole t c< «4iytiro3sy aoide^ acyloin.s and aldohyd^B, 

and also pinaool aad oxalic aoid tave "boon o^ldieed by acid 

solution n of vena&iua (¥)• She producto of those oaddations 

liaTO t>een inveotisftted and in nraiy oaoes a detailed 

gation of the idjiotica of the reactions 1ms boon made.



(ii)

1* cx-t~ButylcbGnsyl alcohol r&CHQH* 0(0113) 3 was 
ehotm to bo oxidised initially to bonsaldehyae ?dth direct 
carton-carbon "bond fission, She yield of pivalophonone 

CO.O(CHj) 5; ^ioh if? not 02-d.dlsed under the conditions 
wae only about I0~15v% £hio diroot carbon-carbon 

bond fission has? boon noted previously in the oxidation 
of various secondary alcohols with chroraluEia C r̂ ) and 
&a&£sneo0 (?Il)f but in gm^ral the yield of fiooion producte"^ ^^ ^c •**

i© nach EBialler with theee roa^Qnto* The folloTdng neohcniaD 
ie proposed for the fi&Bton reaction in the vanadinti (V) 
oxidation*

•w

£h*cnoH<,cCcii^ ———> Ph cnfi»c(cn5)3 —> ih CHO -»- 0(0113)5

H2°

COH.

2-rhonylcetbyl alcohol was at00 found to bo 
d by Vanaditan (T) with carbon-carbon bosid fission* 

BonzaXdehyd* ^ras the nain product of the ro&ction*

etio acid. Which is not oxidised by vanadiua (Y) 

not found in the reaction products*

3* She oxidations of the <X-hydro:$r acids lactic 
acid, malic acid* oanaelic acid pud o<-hydroxy iso-butyrie



(iii)

acid, rind also of ptnacol» ware found to follow the 
rate equation

*»d [yTJ _ k kvll substrate] (1 + a ho) — • » JL J

?#iere a is a constant and h^ is the Harasett acidity function, 
She acid independent reaction auet be due to VO^" while 
tho acid dependent reaction must be due to V(OH)|» The 
above expression contrasts vdth that obtained for the 
oxidation of pinacol monomethyl etheri-

a k I V etherdt

Shla has no ncid independent term end is the Bam© ae the 
expressioi) obtained for the oxidation of cyclohexanol* 
Apparently plnaool monoaiethyl ether is oxidised a© on
alcoholt-

^' ~ - ^, H OH

CR»0 - C(CH«)2 "* 0(CHt=)p ^-»p ^> ^ <> |v
G -r*i V - OH —— > Products

OH

The zaochaBiaa of oxidation of the hydroxy acids is 
to be
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- 0 .OH

~ Q OH

Acid Independent 
Reaction

4- 
C02

for pinacol

f,

'A ••

~x" 0'

,OH

OH

- 0 - V

f
* 0

4-

- 0 OH

A\ ;' /^X 
^ 0 CH2

Acid .Dependent Reaction II

H2C * 0

H2<
.X /

3 - 0 OH
\v /

--. .. v
', :'. ~/^\

R n ^ V n, t? A oO "• 0 llov

III

Couples I containo a molecule of water vliich is not preoont
in II or III and tliie fact has been used to explain the 
difference in the observed acidity dependences of the two 
reactions, She products of the osdLdationc? were ohown to be
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lactic acid -

malic acid 

nandclic acid

ioo~butyric 
acid

pinacol

_v -f carbon dioxide

_v/

ben^aldeliyde ± 
acetone -f-

Acetone
fhese products are cons-detent with the above mechanisms* 

4* In two respects the oxidation of oxalic acid is 

•uniaue a^ong vanadltra (?) oxidations which have been 

investigated BO far; firstly oxidation cei^ occur in the 

complete abnenoe of mineral acidj secondly at acid 

concentrations below abcmt 3«5 M f the addition of mineral 

acid decr&a&ea the rate of oxidation* 2he kinetics of the 

osldation were foisid to be eome\"hat complex and have been 

interpreted by postulating that a series of oonplexes is 

formed between the roactante* It wan t&iovm that a complex of 

formula (R* C 00,,) 0* Tv is formed in 1tio absence of mineral2 d 4 2
aoid# fhe main reaction at low acidities is probably 

assisted by the formation of a cyclic chelrvte structure

CC ~ 0

CO ~ 0'

co o + (to - o -
•\f

C0 2 4-
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3* Aoetoln uas found to bo oxidised "by vanadium 

according to the rat®equation

cl
at

the oxidation of 3~hydrosy~3~nethyl 2-butanone (methyl 

aoetoln) wae found to have the rate equation •

k jiietliyl aoetoinl f VY ] (1 -f a ^ j L _i -
_L W —*

E ethyl aootoin craot therefore be ozidieed IB a similar 

manner to th© hydrozy acids givla^ acetone and acetic acid 

as pa^oducts*

,^ 0, /H SaC - 0 OH' - + •' '-"
H C » 0 0 H C » 0 OH

products products

Aoetoln waa fotiB.d to be cxldieed to dlacetyl initially*

In order to accmmt accurately for the observed oxidation 

Icinotlcs it has been necessary to postulate a vanadiun (V)

complex contsduin^ acctoin as a triacetate ligand. The 

following nechanlsm is ©uggeated for the
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CHi

•» 0

0

H

0 - H
V"

OH

CH<

fct - C
0

VY CHv.CC* COCK**

0
• OH,

OH

snu in tao discussion it is explained that this

±B oguivalent to as oxidation of acotoir* both SB a ketone

as aa alcohol* 

6* £hrce aldebydee, propioncJLdchydo,

iso-butyraldehyde wore oxicieed by vanadium $0 

foimd to *ondorgo cctrboa-c&r'bon bond f iseion rather 

tc be osidisGd to the corresponding onrboxylic acids*

CHj CH2 CIIO

CHj CHj CHg CEO

CH OHO

4 V 1

3

CHj CHO + HCOOH

CH^ CHO 4- 2 IIGCCH

3 CC 4- HCOOH

She kinetice of the ioo-butyrfuldebyde O3d.dp.tlon followed 

rate cquatlozi

-a VVJ 
at

[aldehyde 11 H
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The rate of oxidation wae independent of the concentration 

of oxidising agent and was equal to the rate of eoollo&tion 

of the aldehyde* fhe aldol^cle is therefore oridloed in 

ito enolie forcu

• 2*or propioaialdeli^de atid jv»butyrol<iehyde tlie rate

equation T;EB found to

k [vvJ[

at low acid concentrationo, "but tho rate increased nor© 

rapidly at high acid ooncentratio-BS than this equation 

wcruld indicate* "SChe rnte of enolioation of theae two 

aldeb^dee was found to be faster than the rate of o:d.dation 

and elthou^b, th® reaction liinetics are eoriOintent f/ith a 

reaction of tlie aldeiT^de in its enolic form, they camiot 

confirm this definitely* Tsrious possilsle mochmiems for 

the reaction have been discussed*


