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The r-tas of cleaw» by jerioiic aclid of the two cirboneto-crrion
honig fa e lycarone uve besn invasticited by a netind wiion involves
errrying out the renctina in tuw ,ra2ssnce of 1lxrge e cezaes of Tl-glyser
058 and deteralnlag tue coucautrstinng of forada ncid and formaldehyde
irorucsde Tae rote of scission of tre bond betwaen O snd £2 hae beom
found to be rijroxiwitely five tiues grester than that of the clenwage

betreon (2 aud ¢3 ot 30% it 200 the rote of the foruer reaction waa

ohzervad to ke ne~rly tsn tiies gra.tar thsn that of the lattere



-“;:'ttaa @ @ o & o @ o @ * 8 & * @ 6 6 6 @ ° &« o ® o
e h g
ramabionls 6 @ &8 © @ o« o ® o 9 6 © &6 & e ® © ®w o @ o @

Irve;«ie~tion i ¢ ndnrd Curves of Formuloeiyde
Toncentrition ver:uz SUFOTUCBC® e e e s o o e s s e

;urit.‘, af tha 7‘-.1,-13.;'0-:‘030 @ ® o & 5 o 8 ® ¢ & & o o o
Fartacie Acld Cxllation of = Lycarose o o o o o o o

Caterndinitica of Clyocwrl ln b8 i eriouyte~i~iiycsraase
eanction Yixtura by - 1RP TArocaitrosrrLiy e e e e e

o
[
.
L]
L)
L)
L ]
[ ]
L ]
[ ]
[ )
L ]
L]
[ )
*
®
®
*
[ ]
L]
L ]
L]
.
-
L ]

19
12
17
18



F G I k) g |

The cleaw.s By reciocle acld of csrm=to=onirbon Brais detwesn cure
bon atans stich eirry sither oxy en atous (13 hydroxyl grouys or as care
boanyl grouys) or ».sino groups, ws first discoversd by £f~t-'.11=,;‘.r¢ad01 in
19°8, Since its dtascvery, tils recction hae found numerous nppuuuoh.
in guantit tive Amterainitions And 1t nee besn used extsasively and swo-
cessfuliy for investis~tiza of wirisus structursl rroblems of the sugars.
Zinoe t1.8 deveiojwant of thase zx;;,lisﬁtiona Lag bean recsnily revhwodz.
this tutrcustion will be 11xlted to di;cnnlon of toe kinetiocs msnd the
packoni 2 of the Valnyrade reaction,

™he first jrecize Xiuestic atudy of jsrindate oxid-tion wns earried
out an rinsesl (bacuse of 1ts s nveniantly mersured recction rate) by
irice ang !-.rol].}. Frice rad Kroll otserved timt tiils rexction follows
3tuzle ascond orser Kineties (firud order in jinkcol and first order inm
sariosante), They alad found that the vilae of the sacoud order constand
viries gre-tly witsa the pH of tha re.ction mixtn;'c. In £n acid medium
this rrte const ut way found $o be dlrectiy proportioncl %o the hydwogem
1on eonesate-tiony in b ele maiis 4t wig projortionsl to tae squere root
of tre Lyirexidie inn oconcerntration,

Irice and llnallu carried out si-dinr axperinants with etljlene glye
aol rnd glse £nd trouz-cyclohexsus Gigoolse Lo oemailex w.ristion ia
rrte 2ith pK weg Zound in tie revetion of perisante witii tigse substinnces.
fn the roid side, thevte cmstant fur ethylsna glyenl wis £o20und to be

ewpentinlly ince;endent of She ;K. ©a tis boslc side 1t wns rougily
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yrojportionsl to the hydrogan ion cunceatrstion, or the iaverse of the
hydroxide 1om ooncantrntion. ¥Vith respect to the cyaclohexens glyvols,
Frige nud Enell found that gjs-cyclokexsne glycol is exidized more
repidly twan s tie mimmr. To ex, atin tils observation they suge
geatad a bluaolecular inversion necianiza luvolving tle forumtion of &

eyclic disater of yariodic scid (Pqustion 1). Such an intermediate Mad

Yoty Yot %
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basn ;revisusly jroposed by (rlegee? win notad timt periodie xeid, like
lnad tatrnncetate, ehnuld 2et 2a & coorsinstion center. Formation eof
guch &n eutsr should procead wost readily when the $wo Lyiroxyl groupe
are giz. Tis idea of an interuvediate diaster krs ba-n genertlly aoe
on.ted by tha wnrikers in the flelid. |

.“!ukaé reinvsatiznted the jerindnte-sthylens glycol resetion some-
wh>4 later nn3 found thut the kinetice of $his resction mast de ene
1l1ninad by sither of txo mectianie.st (1) the first order desnupesisien
of the periodate-glycnl omi)lsx se the rmis deteruining etep, or {2)
dir-ot oxid~tlon of the glycol by jariodnte (first order aach ia periodate
and in glyenl) 4n whigh formxtion of an wnprodustive periodate-glyoel
cr:ylex 43 a raversible side resction. Furtheracrs, Jucs found thms
ths rate of thils rerction 1s parrly inigrenlsut of hyirogen 1lom congels
tration in tue }I rengs of 3 to 7. Im ordsr to explain the adsence of
6 da =ncency of r=te on pH unisr thsve canditions, Duxe later rcf-rnd’

9 2 sugpoestion of thsrs‘ th tne effact that Lyirogea lon cutulysis im
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this rnea 1s oilgat by dearsralilg tm*.if:huna of P.'jms to tae renctive
tiacles, !!“I‘SE.

In an efiort §n nbserve the effact of methyl substitution on the
rectisn rote sand $0 underatind the unusurl effect of hyirogen ifoa in
tha juriolrnte=-inncol re:ction, Tuxs snd Bulgrin’ enrried out a kineiie
inveat! mtion of the jericints oxidetion of etiylene giyool, jrojylene
Fiyerl, zem- and lavoebutrisne glycels, trimeihylethyiene glywol and
;inmgole Tk end Rul rin found thit all of tiese substances, exaos;t
;inseol, Yehaved wi iirrly to ethylmne giyeol, watch {8 tc s~y that the
d:ta wvarm in accordnnce withy the following ex;.recstons

rsrid slow

1’\2 * plyer)l == cycllo fnutenaclate —» praducts (2)
Por tha pinienl rexctinn, 'mae and Wulgrin mamsisd thnd the oxidation
jrocesdis thronzh A erciie interuwiiate, Vowaver, in this Instance, the
rote deterzining eter fo the formation 0 the cnjlex dDestwesn tha glyaol
£nd poricasntes 7This slowmeas of onm lax farmmtion woy attridbuted to
steric hiaapance By tha four setiyl grou;s which force the hyiroxyl
£rouys cut of a fovornble orientation for cooriination with ;eriodute,

" perininte oxtdntion of crarbohyiretes 19 seline a siiple reno-
tica on Boeount of the yolyfunationa ity of Shaeea subsitunoes wiiok mmy
vArsit the oguurrence of both acu.etitive ard gonsasutive renctions.
Yance, (rogrsess to A com_ late uniarstanding of thesze oxidations kas
bren grow And scaewhat 11.aited.

Inveeti stisn of the nechani s of the jerindnie ozxidstion of curbo-

hyir-tes hua beeu beis ared Dy the ripld rotes of anny 04 these reagtions.



»
Thus, chrhtonung fouad that 13 was nearly Lupoesidle to measure the
rates of the initial stryes of several aldose~periocdate reccticns--=even

et low teuparatures and o ncantrations—-ty following the changes in pere

{odnte sitars. As fur as 1% is known such rates have never bean aocur-

Btely determined,
In spite of the rapidity with whigh jeriodate cleaves some Bonds
in earbolydrates, there are oftan siow phasss in the cow,lebe oxidatien

of thase sudstnnces. FKFor exnyle, this behuvior has bdesn noted for the

10,11 1

pariodic scid oxidntions of i~;lucose and D-xylose ~, Both of which

are quite slow in their finml stages. lFowever, thase slew stejs 40 anod
involve direct rexctions boatwesn periocdie scid and She wmbstrate, W,

instend, thay result from the siowness of the Lydirolysis of intermediate

products foraed in she initial oxidations. %thus, Schopf and 3?11612

found thet tie rate deteruining step in tie lnst Inrt of the reaction
of D-glucose with ;eriodzta fs the hydrolysis of 2-0=forsyleD=glycerces
(Zourtion 4) which is farned in the saission of ths bonds bBetwsen Cl and
€2, 2 and C3, and C3 and 4 (Uquation 3). sSchopf mnd #ild firaly
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Ri=() HiaQ
0 slow
KCuO=CK + F..eo———> BOX ¢ EQOH (L)
{acidie
CHp0H conditions) CH_,0H8

egtublishad tiils frct By isolation of 2-0-=foruyl=N=glycarose from D=
gluocosampariodie ncid resation nlxsures,

Information about the relative rotes of periodate exidation of the
bonds batwean €} nnd 02, and batwesn C? mnd C3 of ketosss have been
avrilable from tlhs tine of the first £ ;lications of the ialaprade ree
notion t9 these wubstences. Jor exwsle, tie eonswiytion of 4,85 moles
of purisdste, instexd of 5.0 roles, by 1 mle of fructose eleaarly in-
dioztes slint the rute of alanwvnge of the C; .52 bond exceeds thnt of
scissinn of tre (2-23 Boande If tie rotes of these cleavuges were equal,
the consuuption of jerioints per mole of fructose would be 4.5 moles,
since giyaolio mnoid foruwsd by oxidution of the C2-23 dond (Zjuation §)

i3 nat Aattacked Dy reriocdate as any siznificant rate,

0 ']mann
=0 o0 BK
+ +
HNOR —_— > H ")=O (5)
HCOOH 0R
I
BOOH ¥COCH
| |
GHEGH Cﬂaﬂﬁ

Yavertisless, thase duta from ketose oxidations yroviie oniy qual-

1t:tive knowledze of the relative rutes of the periocinte oxid:tion of
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the 417 fareut kindte of Bonlas witila e rbolyirstes. I8 is anly very re-
oant’y th t enme prozrass Lis bean msie in the guantitutive determinae
tin of the.e efleutn, f?':u‘istnnaenq ¢ rrisdi out sn investig:tion of the
relr.tive rrtag of cia~vre of tne 340 ¢ irbin-to—corbdin duls in Ulw
glyssrace by a Sacinious which tnwulved 12rge rotios of the eonceatration
of "I~ lycerose 3 that of jerioile seid. Christensen exierienced some
i fricaity 4n obtuining rairstucible resultoe—u):arantly becauss of ime
sufficlently r+)13 wixing of tha resctonts. Notxitastsniing this, his
data 1ndiented th=t, =t 25%, ths cla~wsge of the (1-C2 bond 1s apyroxe
frmtely five tlaes ng £i:3t ne thzt of the C2-13 bond (for intiat We
Zlycerons),

ragenily, suhwrﬁn heig ¢.rried out & sinilar lnvastigﬁ.tion in
wliich larze oexessses of grlactitol (Qulcitol) mnd munnitol vere oxidized
wish periaiite, “clwapk'g srieriasnts iniicote yrafsrsatizl oxidatiom
of trras-sliysal grouys, mince tue m:lactitod oxldntion afforded priscie
5ally A tetrose (Gquntion 6). wharery tie sannitol recotion gove mnialy

£lycersas (Pnustisan 1),

7 ’.2(‘ H (|3 lié,a ]
Ko ¥ox=0
+ )
|
R D11 AN | E3R
or + I |
Y Ci" 1Y VM wWcH

CFpNH SEO% CHpNR
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The pregent inveatis ticn wa an atte.t 30 extend the work of

Ciristenaan on the U~glysorowe-parisdic scid reaction.
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Asrratuse A Pecicnn wndal B spectro;hotometar squlyped with
Corax cells was uzed for opticnl deanslty wewsursnsats. A line-opere

uted Beg.cian pH meter was ussd for nll scid-bise titritions,

Cheinrls, Tue Uleglycerous e, 1oysed in thaie exzerinants wns
either yraparad according to the “Orgmnic Syntheues }rocm‘.urc“m or wng
a Mutritional Pincheniosls (Corproration product, %he parioniic acid was
a produet of the 4. Yraderiak S:ith Chaidcal Coe.. Z2dlum dlcarbonate,
nonium acesste, jotassium $04ide, arssnious n2id and woalum ac-tate
were all o.p. @grnde. The hyiroglwn:lne hyirooilariie mnd mcatyincatone

ware Baastnan Founk baat grade,

Freprr-tion of St¢-nd-yd furves of Foweiddatyie Concentration varsus

Abanrhonce. The jrocedure ussd to ceternine forrmldetyde wae the one
daveloped by ura.shm. Pasublinad hexamstiyylena tetramine was hydrolyzad

A3 reccmnended Dy ﬁachydv-nla

in ordar to prapara a formaldahyde solue
tinn of known eoncentration. The staniard curve was ernastructad frow
five-pnint rlots aceerdinz to the following rrocedures Tha re:gand

wns prepared by disenlving 2 gran forsmls weishts of acsonium acetste,
0.05 mnle of a3etio actd, and N.02 role of Aacetylac-etone in watsy and
dilutinz tha solutinn $0 ® wolude of 1 litar. Five 1lililitare of t:is
ren,cant and 5 miliilitars of A solution (of Jmown concentratinn) containe

in: not mare then 8 miorosrnns of formnldehyde rer zilliliter were rixed

and nllovad ta atand for % hours &% room $aer-ture. "ra AbsoTdince
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wsa than me~vured ¢t L2 wililrisrone apeinst & blank which was wede wp
by wixing equnl voiwdes 0f reageant and w:ter m§ the scune tize that the

solutisn of forsslidalhyde &and rengent were uixed,

Turity of e “I-tlycernses Tha purity of the ll~glycarozs was

checked by oxlintion witi ;erisdic ncide "me miiliiiter of 0.2 M glyocere
o8 w3 added to )5 uilliliters of 0.0k8T ¥ perioldic acid. Tuls reac
ticn wmixtare wns ailowsd to -t«fxd for four hours at roow temparaturs

atd was tlhen nautrnlized with exuess sodium bicarbonste. To this nix-
ture wag edled 2 williliters of 5 percent potazsiua 1cdide. This was
followed ia ecisteiy By the mddition 6f 10.00 milliliters of C.13 R
scélwa ersanite. After 1% :uinutes, the sxcess sodiwa arienite was
titrntad with 00222 ¥ 1oding %o a ataprch end point. Tue pariodute

ernmcy tion w8 G percent of tie thenraticsl a.nunt for giyoarose,

Fargsiig 2044 Dridation of GeTlycerose, Tone osnuentration of per.

indie Acid waa kept oonetant in al) of thess axyeriimsnts But the ratio
of the inltinl glycerose eoncantr:tian o thét of yerindia rcid was
vorisd from 1.25 to 10.0, The c:louinstsd swunt of Di-glyceffose was
plesad ian tie cutsr saction of a specisd wixing veeasl znd dissolved

in 20 wiiillitecn of water. Vive milliliters of C.4 ¥ pariodie noid
e plnoed in the cantral ssction, Tids nixing vsassl wag mide by fix.
ing & gines tubs 3 centiieters ui;a ia the center of a 190-nmililliter
srlenceyer flreXe. By ;luciag the Jieglijcerosa and jarlodate eolutlim

in the ser~r.te sections, 1% wis ioe:lble $0 brian; t:hem into ejuilidriua
witi: b8 trerometad vafsre slxing and $) aciieve neicly Instantanacus

ixing by simking the fleaig,
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The twa solutions wera k3pt in tne torrmostst for 1 bour before
nixin:, in orinr %0 sllow for wonoserizodion of the erystzlline eycll‘
dlmer, wiich is inoniable of re-cting witu periodis nclide On standing
in aguacus solution $ha diner dissocizties iatd tie BONYAeYeeti] thoush
not e lekslz. 2tar niving the solutions, tus resction vessel was
nlloved $2 renin in the thermnost:d fo;' oae-balf hour before earrying
out tis enalyses,

The forwldebyde concentrrtions in thess mixtures were determined
by the }E».shlﬁ method. The fornic rcld was determined by titration of
the re-ction nixtura xith sodium hydroxide for totzl rcidity (using the
1ire-o, ar.ted Mecicaun 3! neter to Ceteraine the end joint) and by sube
trecting the knmown equivslent of indie acid from the tossl mcidity.

In orier to indlonte the affact of teer:turs on tha relativs rate

of oxidetion of tlu two bonis the sime exparirents were repeated ;t 20° ¢C.

Paperniation of glyawl ia e rarlolrte-'Lellysersse “a ctlon

Yirture by inper Carvvtooamylge  Teenty uiliiliters of 0,25 ¥ Die

glyceross sclutim weg wized #r;ddiy with 5 williliters of 0.4 ¥ pere
f1o0.ilc scid solutinone Thia recction wmixture w.s allared to stand for
one~-h.1lf hour %0 shsure cx letioa of ths reaotion. An excass of
atancirrd arasnite sodium solution and 2 niliillitars of % jervent rov:.e=
slua fo-ide solution were tham sdded S0 thls Dixture, After 15 minutes,
0.5 grea of hyaroxysinelas vyirounlewids aud 1 gram of sodlum ncstate
woars r.lded and Lie resuiting ~ixture w's sllowed to stand for 4 nours.

£t the snd of tidis tice, tiis mixture wes saturnted with sodium ohlofide



1
and extruatad vith ei;ht 3)-anilliliter jortions of etiyl etaer. The
coabinaed extrrcts :ere dried osvarnigzit over anlyirous sodiwm sul fate.
The ether wrs tisn ranvsd under vacwua in order to avold overhauting
the residuse T.@ rosidue w:.e dissnlved in 0.2 miiifliter of water and
a faw drors of the sclution were rlaced on & strip of “hataan Xo. )
filtar pryer. 7is solvant used for japer ¢hromRto rulhy whs WAL
sturated nehe; tinnle AZtar nllowin: the solvent %o riss for 18 hnmrs,
tie striy wie dried in the sir and syrayed with a § jercents eolusion of
nickelous ehlerids. Un esosing tha resulting domp chromatograam %o
ax.onia ges, tha nickeloua Zlyoxime Cnajlex &) ssred as & yellow szot.
Trig cirowntogrma wos ¢chaored witih annther wiich wie prepared ia the
srim wuy frow & known seluti~n of slyoxnl. The yositions of the spots

on tle chromatograns froa the knowa and uninown nizturse weres identical.
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4
Aa '-'.'nrutnman'; not2d, the ra-ction of perioaic mcid withk D= lycere

osn in the ;ri.ance of excess giycarose {Lqu:tina 8) §{s onyndle of giving

¥ 3
_—> HCQEH + CE‘!ZO

3t H, BV GLOH
_.I._ / d [

YRk | (s)
¥yl LELN 4 )4:1 g

130

2 FN.LH

inforutinn nhout tim roetes of sciasion of the tro curbrneto=-curbon donds
in tidz2 subatrate, ‘“'awever, in thls systma S$hers ars four rinciial pro-
ducta, formie neld, forinidenyde, giycolanldlehy:a anil slyox=l, in additiom
to iadia »cld and unretcted glycarnse. Such # wixture obviously recuires
five inda enlent sunlyticsl met'ywyis for deteruining 1ts coujosition.
The farmsie ncid produced 1s deter=inmable dy titration ¢f the ranction
nixture for $otnl scidity =nd by subivzoting the knowa sculvient of
foddo mcid frvm tals $atnle Tae faruldelyse concsntrntion ean be
wateured with high perclizion by 4he XKush procad\u‘els. But, ~t the present,
tiere sre no airsct natiinis for tue Anteraination of glysxnl, glycolaldew
hyie nnd Sieglycernse in sach nixturesz, Hansa, the cniy lete snalysis of
thln aystum omdd nnt be esnioyal Ior detaruining the virious oxidation
retes,.

Vavarthaless, the detsrminatinn of forilie scid and formaldahyie

ciaantyastinns wars useful In detaruining ths relntive rates of oxidution



1)
of thes bonis in g.yceroze. “hen the reiction of glyceross wita jeriodie
rcld gnes o eny.lation, tiie r=tio of the coincentr:tion of forale acid

iroducael to $2.t of farucllehyde 1s ecuzl to 2 (.qustion 9)e Om the

HQ
CFE ¢ 2 10, —> 21300 ¢ L0 ¢ 2 Ing (9)
svgon

othar hani, if, by nidinz excess glycerass, the reaction osn be restricted
to the oxination of intact glycerose nolecuiss oniy, the ratio of formie
feid to forrualdehyds Boonues tie retio of the rrte of scission of the
8)-27 bond to thit of the Dond between i2 and C3 (kg & k). Obviously,
this rrtio nay be greeter tnrn, less than, or equal %o 2.

In tke presant exyeriments, on imoreasing the ratio of Di-glycerese
to pariodic roild in the oxidetion mixtures, the rmtios of fornie acid %o
forwldehyie n; . rouched a 1initing value equal nesrly to 4 & 10° (?uble I)
and n; roxistely ecunl t2 10 st 20° (Tedle II)e Thls means th:$ im
gilycerose the oxidrtion of the dnnd betwezn the aldehyde group sand the
seoondary c~rbon is abnut four $imes fxater than eleawvnge of the bond
betresn tis ssconirry carbhn and the rirsry esrbon. Thke Lresence of
unoxliiized glyoxal in such resction wixtures wis esafirmued by eonverting
t:is sudst:nce %0 its dloxie and {ientifyinz this derivative By paper
chirommbosrn; hye

It 13 worth noting thet fncrsining the tay er:ture of tha glyceroue-
rarinidioc acld rexction mixture produces a grsater increise in the rate

of the slowar resction. %nis behavior wis expected, sinoe, if the
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mifect of Inocmrsing the 7mtio of $ue Initizl Concentr-tion of
V= ilyterose $0 tuut of ferlodie Acid st 209
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0,003 n.a De0748 n.01972
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DR Nel1H N.0672 0.037L8
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for clacvnge of e C2=C1 Bond, the rete of the latter resction should
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