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DNP-glyeylg1yeíne¡ ÐNP-glyeylg1ycy¿glycåne, ÐI{P-gtryey1e1yey'1glìfcy1-

gþci.:aee ÐNP-L-a1anyþlycylg1yeíne¡ Ði{P-L-leuey1g1yey1glycine, and DNP*

glycylglycyl-Ir-alanine r,rore prepared by condensi-ng lrfluoro-2r4-dJnitro-

benzene rrith the appmpriate peptider using trietlrylare5ne a"s the eondensÍng

agent" In additloR, the forrqer three coupound.s wêro, prepared þ using

sod.iue bicarbonate as the eond.ensi¡g agent" The optiøin conclitioas for the

reaetion r¿ere deterraÍned. for each eonpa:nd.

The ultraviolet Epeetra of the ÐNP-peptides, a,s well as that of ÐNP-

g,ilyeiaer were determi¡ed in sodir:n biea¡bonate solution and in glacÍal

acetic acid solutÍon, and the, nolar absorptiviti.es at the r,¡avelengths of

maæi.ar¡¡e absorbance were ca-lcrrlated. The effect of light on solutions of

ÐNP-gJycine, and the effect of a basic raedium oa. ÐNP-g1ycylg!¡ciner ÐIfP-

glyeylg1ycy1glycÍner aJld ÐNP-gl¡reylglycylglycylglyeine were also deter"ni.:aed."

A partial sepq.ration of a nixbure of the Dl{P-coaporrnds l¡as aehieved bq

Beaas of thi¡ layer ehronatography, using benzene-acetic ac5-d, and benzene-

aeetic acid-95/, ethanol d.evelopers. The mai¡ benzene-soluble Ímpurity pro-

d.uced. ín the reactíon of L-fluoro--2rd-diaitrobenzene with glycine, and wíth

the tbree glycyl peptid.es containi¡rg a var¡ring nu.uber of glycyl residues,

was separated by thin Layer chronatograpÌ'ry, ar¡å id.e¡itified by its infrared.

spectn:ao

The infrard spoctra of s]I the ÐNP-conpounds propared were d.etersi¡red..
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ISTRoÐUCr[OI¡

I,u. Lgl+5t Sanger (1) i¡trodueed. a:ner.r'ieeåualque to the probleu of

detel.ainíag the'sequeþe€ of asiao aeld. residues in proÈeins, Ife found.

Ètrat shakiøg the proteia with 1-fluoro*2r4-d.i.:sj.trobeezene (fOiW) is a

basie rs'ater-aleohol aeclÍ¡s resulted. i-p a aoad.easation betweea tbe FÐNB

esd any free aai¡o groups pres€at ia the proteirøo The free a.ei-uo groutr)g

r,rere then effectlveþ Iabelled" the proÈei.a sorrld then be hydrolyzed 
_to

yield.. a al-dure of ani-po ae¡ide aað. Z¡d-dÍæ,itropheuyl aøÍno, acåds (pfEf-

anieo eeids). Tlie Latter wÐre relatívely resistaÞt to hydrolysise and.

eould. be separated a¡ad: ídætlfíed, thereby establishiag the ideatity of,

those api-po aeid residues bearing filee aæi¡o groups íu ühe origÍ.rnaL pro-teÍia

moleeule"

the DNP-ani¡ao, asids ¡lrodueed by hydroþsflþr of. the: djsitropheny]ateil

proteix have beea studíe¿l extensively. lfotÍevêrr raueh loss atteatioe has

been given to the D}TP-peptfdes whieh are forsed whem hydrolysiE'of the

DNPsprotej¡ is sot carråed to eonpletioa.. frmger (2) prepared soneral

Ð$P-digreptid.es and.,dêtensined their ueJ-tiag poirots, neutrallzatiou eqr¡i--

vaLents, speaiflc rotationse eleetrophoretic beha,viorsr aad absor-ptlon

spectra" I¡a additiore, he. prepared and studÍed Dl{P-peptides wi-th a varying

äunber of glyeyl reEidueso 0f partieular i:rterest va,S,the f¡e.et that the

¡aolar absorp$ivity of ÐSP-gbrcylglyeylgJycylgþcåue j.n 0,2 M sodår¡e bí-
øarbonate solution was greater than that of DÏrïP-gry€ylglycylglyeitre in the

regíoe 550455 ny" Tr,ro possible explaxatíons lrere suggested f-or this ob-

se::qatioa" Sorne ímpurity wl¿ich absorbed radíatj.o¡s Ín the 35P-365 nlr rafige

may havæ baea present i.n the Ðl{P-tetrapeptÍ-cle, thereby Íaereasi:ag its ap-

parent nol¿r absorptiuitp or an Ínpurlty nay have been preseat ia the ÐNP-
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tripe¡rtide r¡hieh either ctld not atisorb'i¡ that range, or whíeh deereased

the nolar absorptivity for soae other ressoa. &Ltemaùívely¡ the eon*

fbmåtíoÞ of the, chaia of gltrey1 residues of the DNP-tr:ipeptide¡ onfíhar11y

eqteeted to be eúend.ed,, nay have been nod;ifi.ed, ia s,oae rnnner sueh as to

d.eerease, the noLar absorptívity of the eonporrnd"

The puqpose; of tbe present work was to prepare and purif,y the DI$P-

tripeptide and, DNP-tetrapeptide, a¡ê, to. rnea$tre: their uolar absorptivÍties

at the wa,veJ.ength of naxíaus absorba.aee. If ther results obtai¡ed sere i¡r

agreernent with those, obtai¡ed by Knrger, a¡å. attanFÈ hroìrld bE nade to d.is-

cover the reason for the dlifference 1n values" If the results T{ere, not ,

Ín egr.eener¡t witb those prevlously obtained, an eEplanatlon worrld be,sug-

gested for the di-sagreeaent between the values obtaiaed., by Knrger and, those

obtal¡red. in the present inwrsti-gatio:a" In addítfon, the Er.rthesis oS Eone

other ÐNP-tripeptides and ÐlÏP-gþeyþlycine, uas to have beeÞ carried out,

using the Bethods enployed by Knrger"
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I,IffiNAflINE SI}aUEE

Introductiø

^åai¡o acid. residues are the fund.anestal units of protein_polesules"

the two fulctÍonal groups coanon to all ernins acid.sr are the *-amÍrîo groul¡

e.r¡d the carboryl group.. ll¿is conmon featurei gíves the ani¡o aeids a Go&-

non seÈ of chenÍeal propertl€se ob.B: of r¿hieh is the ability to føm the

J.ong poI¡ranid.e cùal¡s tbat make up proteÍas. A peptide Ís an a¡eid.e fomed

by the conder¿sation of the. anino group of one a¡aino acíd nolec¡rJ.e a¡ad,, the

carbo:ryl group of another, and therefore eontaÍ¡rs' at least tlro asjno aeíd

residues. Peptides are lnteraediate i$ eonplexity betr,æeu a&jåo acids and

prote5as, They are frequently referted to as pol¡ryeptides if the nolecular

weíght is less than 101000, uhíle heavler nolecuJ.es are called protei-ns,

Pe¡rtÍd.es bave. been studid. priraariþ as a st,ep toward tbe und.erstae*

dSng of ¡lrote5.us, In onler to assìga a stnreture to a parbicular peptide,

it ås Ìxeeessat¡r to how which a.ni¡o aeid residues nake up the aoleeuLe,

their relatÍve anounts, a¡rd the sequence in r¡bich they oeeur i¡ the ehai¡.

The peptide chain i¡ its general fona nay be represented by the stnrc-

ture

Nfta-ürR1-co-ùffi -6ËR2-C0-NE-cHB3- o o, o o -c0-IùH-ü{Bþ-co0H

îwo t¡rpes of tørninaL anir¿o aeid. residugs &Te- present in a peptide nole-

eule, those, with a free ¿-aaino group¡ arld those, wlth a Íree carboryl

groupo In accorrlance with_a suggestioa by Sanger (3), ttre a.aino acid

resid.ue bearÍrtg the free ¿-a¡ai.no groì¡p is callect the N-terqÍaal residue,

and. that bearing the free cariboryl group ís ealled the C*ter¡mi¡al resÍdue.

TbE tenalnal residues d.i-ffer from the other residues 5n a peptid.e chaj¡ i-lr

that they eo¡rtai¡ free ot-a.mjno or free c¿rboqrl groups, and this díffereace
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has'provided a mea$s to their identification'

Metb,od.s of $-Teræl¡al Rosidue .A&alvsis

I4any of the proeedures enpLoyed for N-te::aj¡al residue analysis have

d.epead,ecl upon a reaction i:r r,ùich an aeylati:ag agent eoub'i¡ees with the N;

te¡mi¡al resi-due through a IÍ-nkage r¡hich 1g nore stable- to subsequent hy-

droJ¡rsÍs of the peptide cbai¡ than are the other linlcages in the chai-n"

ITre d.erivative for"raed in the reacÈion nust be separable and eapable of

identification. The dipolar ion character of the tenai¡aI ani¡o asid. is

destroyed by reactloa of the a.ujno group r¿Í-th the acylating agent, a¡d thw

the derivatíve is solrrble in non-po1ar solvents, unliJte; the renainf-ag asi¡o

aoids present j¡ the b¡drolysate. ?herefore the eonpouad. may be er,braqted

fro¡n the roaetion mixture a¡d. ld.entífied ehromatographicallyo

?he first attenpt at N-terri¡al residue analysis was by Fischer and

Abderhalcten (4) r who: eoupled p-naplrthalenesrrlfonyl chLorid,e r¡ith a peptid.e

presrrnecl to be g\ycyl"alani:re. 0n aeid lqyùro1ysis, the derivative yielded

p.*aphtha-leaesulfouylglycÍne, thus proving that glyedae r¡as the N-terni¡al

residue.

Abderh¿lden ar¡d Bludberg (5) use¿ 1-shLoro-2r4:dl¡itroberqzene (CÐIIB)

i-n a sodfi¡ra biearbonate. nedir:p üo prepare, a nusber of Ðl{P-amÍ¡o aei.ds.

Initfal attenpts to enploy this reagont fòr the identifieation of l{-tenai¡aL

residues ín a parbial bydroþsate of si-lk fibroj.a (6) r^rere unsuceessful, 
_

however, due to the presence of anhydrides Ín the hyilroþsate arrd to dif-

fículties in separating the productsn F\¡rbhe¡more, CÐl{B reacted, with a.ni¡o

groups in sodium biearbonate nedium only if heatede ar¡d. this caused sone
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hydrolysis of tlie protei.a"

the Erodem aspeets of this fielè began wåth the str¡dies of Sanger (1)

3a ]-:9l+5. fÐNB'lras the reagent chosen to reaet with the N-te¡mi:aal residues" 
,,,

ths ùinitrophenylatíon tecturique of lebetljrrg iiT-ternj¡aL ¡¡r,ireo aeíd. resídues

playeð: a eentral role'in the elueidatio¡ of the stnrcture of the peptÍd.e

elrafr¡s of l¡sulfnr aad has sj¡ce bscone,. a well-established procedure Ín

protein chemistryo The pr5x.ciple of the nethod, is sr¡marized by the oqua,*

tíoa
m

¡
/A-r.,,^ll ll ""2
V + NHz-c:ü-€o-Prot

I

Noe

FDI''IB

Protei¡a

NII-CIIR-'C0-prnt

I n01

J*un*

J-**

ll lì-*o,V
I

soz

DNP-proteÍn

NE;Cm-C00H
,

í{ \l-NOô + A¡Eino acídstl, il é'\z
I

N0^
¿,

Ð$P-ani.uo aeid
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wtrere rprot! r@presents the renai.Ttder of the proteín nolecula; ltre zuøcess

of this proeedure is based on the snootb, quantítative reaetios of FDNts'

wd.th the free ani¡o groups of the, proteÍn, a.Þd oÞ the stability of the ÐI{P'

a¡r.i¡o aciôÈ¡ to acldle or enz¡reatfc b5niroþsÍs.

Sangerl's orÍgÉaal procedure for s¡æthesiuing Dl{P-a.ni¡o aei.ds i¡volved.

shaking the a¡¿ino acid., r¡ith a trn¡o-foId excess of FÐNB a¡rd an equal weigbt

of sodíim bicartionate la 6ï,16 etha.nsl (by volræe) for two bours at, rooa tes-

peratureu Ihe ethanol r¡as removed. by vacurm distillation, and the excess

SDNB was exbracted. r,rith ether. Aefdíficatíon with h¡rdrochlorÍc acid pre-

eipitated, ùhe ÐNP-aei¡o acÍdo

I{íth ami¡o acid.s aloneo 3ÐNB combines not only with the free a¡ai¡o

groutr), but al-so with. the i¡eiao group of proU:oe, the pbeuolie: group of

t¡rrosine, and the sulfbydry,t group of crystei¡re". In its reeeti-æ witb pro-

teins, Ít sonbires aot only with the free ¡-anl¡o groups, but also r¡ith

the e -aaino group of Jysiae resÍdues. The_estiination of (-ÐNP-1ysi-ee,i.s,

a, protefa hydroJysate ind.Ícates, how nany é-om5ao groups are free.in the

íntact Þrotei¡.,

The pri^nary goal of the EÐNB method of analysis is the eluoidation

of the o€ell€lxco; of ani.l¡o acid resid.ues i¡. peptides and proteùrs. The pro-

tein is treated !¡îith IÐNB and..the resultÍng ÐI{P-protein b¡ni.rol¡øed," Cou-

pJete h¡drolysis produees ÐNP*ñ-teinninaL a¡¡Íno aeid.s (if present), various

ÐNP-substituted i¡tenaal residueso and. free: a¡ai¡ro acids" Parblal Ìrydroþsie

of the DNP-proteia gÍves rise. to a complen nsi-:rbure of free a¡aj¡o acids an¿
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peptides of various sizes, sose of r"¡hich s'i'11 have been dinitrophenylated.

the nix,bure nay be separated i¡to its eonstituent eonpor:nds, ar¿d. each con-

pound identifíed.

Schroederss r¡ork on J¡rsoz¡rne (?) íe an exaaple oÊ'the det'efial¡ation

of the sequeace of anj¡o aeid residues i& a peptíde chajn by neans of a

@onbtulation of N-temlnal residue aaalysÍs and partíal byd.rolysis; It had

been ebqr& (S) that the terr:ei¡aI a¡¡ino acid vras'3ysÍne, tr\¡r'Lherrore, DNP-

peptídes- which yielded cr€-di-Ðl{P-lysfne oae eonaplete bydroþsis aouLd, be

isolated frona partial bydroþsates of lysoz¡roe, These faetg zuggested tli¿t

the peptid,es were derived from the a.nj¡ro acid. end of the lysoz¡rne molecrrle.

Schroeder dete:mj:red the nature of thiE,peptíd.e, and devised a hydroJybÍc_

proeedure which produced the Long ÐlüP-peptide fron ÐNP-Jrysozyuee thus per-

nítting detemjnatÍon of parb of the ani.ao acid sequence i¡r tha, protoin,

ÐNP-lysoz¡me was prepared. aeeord.i¡g to the nethod used by Sanger,

and the resultÍng ÐNP-proteÍ¡ t¡as ref}.¡xed for various le¡¡gÈhs of tí¡¡e fu¡

6 N hydroehloric acid" By varying the length of ttune of refl:xi:rg, the

exbent of hydnolysis sorLld be approxina'beþ regulated"

fhe hyd.rolysates r.rere exir:acted. wíth ether to reruove the DNP-epn¡lounds,

and. the ether e:iúracts r¡ere rrashed wlth r¿ater to reraove any free a,ui¡o

acid.s or peptides, Thø ether was evaporated ar¡d the residue separated

i¡rto its coaponents by adsorlgtioa chrouatography, Four ether-ssluble eon-

pounds ¡rere foìr¡rd to be present in the parbial b¡niroþsate; o(r(-di-DNP-

J.¡rsiner and the ÐNP-derivatives of a dipeptide, tripeptid.e, and tetrapep-

tide"

0nce, the DNP-peptides had been so¡lar"ated¡ it was ne@ssar¡r to d.eter-
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nl¡e their eÞnstitü€Bt n¡aìrao acids" lhis: was acconPlished by conplete

hydrolysis of ea,ch jndíviduaL DNP-peptide, follor,red by exbraetion of the

ÐNP-aaino acid. releasedr and dj-aitrophenylation of. the remaÍqi-ng free ryiro
aeids. The ÐNP-a¡ei¡o acld.s produced ú¡ere Éeparated. and identified etrro-_

uatographically. They eould. be estinated, quantitatively by speetrophoto-

netric &,eansr usÍng a solution of the dérivative i¡ L N b¡rdrochloric acid,

1É sodlrrn bicarbonate solution, or glacial aeet'ie aeid.. It lrae establiehed

tbat the N-telroina1 ami¡o aeid of each DNP-peptide wa^s lysÍne" fn additior¡

to lysine, the nost, strougly adsorbed D1üP-peptide on the chrornatograpbic

colum contained valine, phenylalanine, and gJ¡rcine" The second naost strong-

Ly adsorbed. eonpound eontsined valine and. phenylalanj.ne irr addition to

l¡rsÍne, and the least strongþ adsorbed compormd contaj¡ed only valine Ín

addition to 1ys5.ne" The sequence of ani¡ro aci.d residues jJl the peptid.e

suggested by this infonnation rÀras lysylvaJrylphenylalanylgþcÍ-ne. Jt r¡as

confirmed by hydrolyzing the i-rrdivlduåI DNP-peptides isolatect fron the srí-
giJâ41 parbial hydrolysate of ÐNP-lysoøJmeo Partial hydrolysis of the nost

strongþ adsorbed D{P-peptide, the ÐI{P-tetrapeptide, gave the other two

peptides and {r(*di-ÐNP-J¡¡sj¡,e. Ttre nexb ¡aost stroagly adsorbed. DNP-peptide

gave 8. dipeptíde and. o(r(-'di-ÐNP-1ysine" t'¡u gsnFles of dipeptide fros, the

parbial bydrolysat'e of the DNP-tripeptide and. fron the parbial hSrdroþsate

of Ðl{P-lysou;rae were identical, ltre id.entity of the constituent a¡nino acids

rdas basød. on a eonparison of the chromatographie behavior of the ÐNP-d.erå-

vatives with that of authentie Ðl{P-derivatÍves. That the ratio of the con-

stituent amj¡o acids ruas rrnity could read.iþ be seea fron a spectrophoto-

¡qetrie dete:ni¡ation, Thræ the sequenee of the for¡r a¡nl¡o acids i-u the pep-

tid.e lres established"



-9-

The ros.etíou of, a ¡rrote$a wi.th FÐN& to prod.uco a ÐI{P-proÈei¡ is oaly

ths first step in ths elucidatfse of the stirrctu"rs of the protein. f¡l or-

der to d.eter¡nÍne the a,nino acid. residues preseat and their reilatíva eaornts,

two techniques are used! chronatogrephy ani[.ultraviolet speetro¡ùrotonetry

res¡lecÈlvely.

*Sangerts origÍ.aal r¿ork on the.free srnino groups of í¡rsuli-Ìì (f) inofu-

ded aa attenpt to sep_arate the ÐNP-ani¡o aefds obtefaed. olr complete hyd.ro-

lysis of Èhe ÐIüP-proteia, He employed three chronatographie proceduresu-

Little suec€ss rras obtalned r,rith ad.sorption chronatographf¡ sÍnee d.eeon-

posltion of the eoraporrnds oseurred. on the rnagaesiu.m oride or aÏrnÍ¡a

colt¡¡sns usedo Glycine and Leucine derivatíves j¡ acicl solutíon oould be

separated on a soluÐrì of talc, and irl ether solution o¡l a caleius carbonato

coltlar¡. Parbitíon chronatography on filter paper was unsuecessfu-l due to

tailSng of the spots"

The oost successftrl separations were obtai¡ed r¿ith co}¡nn parbition

ehromatographyr using a stationary aqueous phase adsorbed on silica ge1,

and. a aoving organic phase" Ia sone c&ses, glycol or aqu€olts ethanol or

acetor¿e r¡as used as the statlonary phase¡ and. a non-polar solvent i-sr

equilibriun r¿ith i-t wae used as the novixg phase. such a system gave a

good. separatíon of sono-anuino aeid derivatives¡ but the B.g values of the

different eorapor:ad.s r¡aried r¿1th the batch of siliea gel or solveat used,

and w.i.th the distanøe travelled. dø'¡n the col¡nr¡. The Bg values j¡d.ieated. tbe

relatirre rates of nove¡aem.t of the differeat derivatives, but eould not be,

used aLone as1 a Hsans of ídeatiffcatíon unless a paraIløl etçeri.r:nent trere

rtn usi.:lg authentic d.eríva*r,iveso
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A f€ry yea,rs later, Blackbum (9) separated. sixàurcs of the, ÐiflP-a.si¡o

acíds on a col¡nn of siJ.ica 9oL, using eoncentrated phosphate buffers

j¡stead of r,¡ater as the statíonary phase. By varying the pI{, he found that

the rate of novenent of a ba¡rd of a given ÐNP-a,uino acid could be, varied

r¡Íthin r¡ide limÍts, the higlier pE givlng the s:Lø¡or rate. In generalr the.

best se¡larations oeeurred r,¡:i-th the naost alkall¡e buffersr although the rate

of noven¡eht decreasecl and taili¡g of the bands beca¡ae more pronoutrsed. ïn

praetice, a conpronise nust be, reached, betneets the dêsired separatíoa and

the opeecl of the ba¡d.

The advantage of usi.ag phosphate buffers rather thar¡ r¡ater as the

statíoaary phase ts that on a givea buffered column, no sígnificant varia*

tÍoa in ths rate of moveaent of the bæd of a given D$TP-a¡ajno acid. is

fouad bet$reen different batches of silÍca gel" Therefore tbe diffíotlty

Í:r preparing a suitable gel d.oes not aríse" By usiag one solvent in eon-

jrmetion r,rith columns buffered to differe¡rt pE values, the ntrnber of DNP-

a¡si:ro acids r¡hieh ean be separated. is greater than that r+ith an unbuffered

colunn usÍng the sarne solvent.

T¡Jhen the substanee used for supporbÍlg the stationary phase holds the

nore polar solvent preferentially, a satisfaetory separati.on of those con-

pounds raith pred.oninant,ly r,rater-solnble characteristics can be obta:i¡ed"

However, fl¡LL advantage carnot be talcen of s¡aall differences iJr parLition

coeffÍcients if these are jn the range which give Rg va^Lues greater than

0.5" lherefore, eonrpormd.s havi:rg siraÍls¡ parbition coofflcients ar¿d boing

pors soLuble in the organic p-hase are diffieult to separate. In order to

effect a separation of- such eon¡loi:nds, Par,tridge ar¡d Sl¡ai¡¡ (lO) ¿eveloped.
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a røvårge¿-phase techaique in whidr ther eomercial c*r1orj.uated, rrliber

tÀlloprEnel was used as a support fOr butasol, tbe organic sùationary phase"

By varying the plf, of the ¡rovíng phase, aa aqusotxs citrate-plosphate buffer,

the DNP-ani¡o aeids eould be satlsfactoriþ separated" Their recûvery, aE

esti¡oated by r:ttraviolet spectrophotonetrfr 
"¿s 

a']¡qost quaatitatíve" DNP-

tyrosíne and DNP- pbelrylalanÍne, which r¡ere not fi¡liry eluted fron the

column, and DttP-g\reine¡ which was par'üly d.eøomposed, were, the only deri-

vatives gíving rrnsatisfactory results.

Ðuri:ag the earþ stud.ies of chro¡natographlc separations of DNP-a.ni¡o

acids, when the techniques being investÍgated left nuch to be deslred,

several nethods of regenerati.ng the ani¡o acid fron the ÐNP-derivative wore

develo¡r-ed." MiLls (1t) brougtrrt aburt regeneratiott by heating the ÐNP-

d.erivative,in d.Ílute su3funi.e acid emt'n,lnítrg hydrogen peroæideo T:r ad-

dítion, ãrþ4inítrophenol was prod.uced" lhis eetbod r¡as aot r+eLL adapted

to the Ricro scale; a t$ore satfsfactory teehnique involved. heatíng the

conporrnd i-n a sealed tube r¡ith saturated baryba water" Althougb good.

resrr-Its r¡ere obtaj¡ed r-¡ith relatíve1y long-chaÌ:l arsino acidse the nethod

proved, r:nsatisfactory for regenerating glycine, seriner threoajne¡ and

asparbie acid fro¡n their ÐNP-derivatives, It was found tha,t either shorb-

cbain or long-chain a,aino aei-ds could be obtained by heating the DNP-deri-

vative r¡ith a¡¡¡aonia j¡ a sealeù tutie,, (fe) " The advar¿tage of eoaverbing

the ÐIlP-compormils to tlre a,ní:oo aeids i{as t'hat the chronatographic beha¡¡{or

of the acids r¡a$ ürell-l<riorn and rnorê: reliablE. than that of tbe DI{P-epa-

poræds" ilbr¿Ever, as further work with the Dl{P-derivatives progressed,

separations beca.¡ne beÈter ar¡d the regeneration of asino acitls became
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obsolete,

Green and Kay (f¡) Aesieed, a systenatie scheme for the qualitativ,e

se¡raration a:rd lderatiûieatioa of sixbeea ether-solubtre ÐilF-a¡aino asid's.

They used'a col¡:nn of silic:acid ¡dxed wi.th 0"5 parbs by wctgltt of Ceilite

to act as a filter aÍd. In most GåBese the sanple !üas'plaeed on the eolu¡rr

i-n an acetoae-ligroin nixbure. Str¡d.ùes using ligro5-n-acetic aeíd (94s0

as the developer indicated th"at cerbai:r groups of derivatlves had, si.nilar

adsorptíon affinities, and wer€ ssparable fron oae. a¿other" ïnd.ividual

sembors of each group r¡ere studied witb acet'ic acid-ace.tone and aeetie

acid-ethyl acotate d.eveJ-opers¡ h qüaieh tho ratio of the volune of aceiic

acåd to thai of the other conpoaeat r¡as varied jn ord.er to ,ùeters5¡e hcq¡

such våriations affected the relative adsoqptíon affi¡ities of the eompounds,

Fron stud.ies on the de,velopraent behavíor of the ether-soluble DNP-a¡ai¡o

acicls with a variety of d.evelopJ:ag solvents, a sehene Ìras devised for the

isolation anð idbntification of each derivatfve" Otrltr DNP-isoLeucine aad

DNP-leucine eould not be separated fron one a.nother. The best separation

of groups uas obtained by usfng ligroin-acetie, acid-aeetore (88e,8¡4) es

the deveLopero Each of the groups, couId. be furbher saalyzed by other deve-

lopers" Tentative ídeatification of zones lras nâde by conpar5ng the

d.evoJ.opnont behavior of the unþ.om with plots of ia,lsr¡n coapound.s under the

sane csrditions, The distanee flou the top of the, aolumn raas pl-otted

against the volume of developer used for each DNP-ami¡o aci-d, Sjnce the

derivatlves sholred great variation i.n beh¿vior wtth different d.evelopers,

the ide¡rtity of a zone r,¡hich behaved j¡ the sane way as a lsrq¡ea eonpouad,

sêth several differer'¡t developers r*as established lr,ith cpnsiderablc oertai.aty"
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ûae of the first chnonatographÍc,iravestígations of DNP-peptÍdes arose

as, a result of the studies nade or¿ the lysoz¡¡ne hydroJysates" thls study

showed that the separation of r¡ahorn p,eptides r{ould be, facilitated by a

ünøûedge of the ehronatographic behavior of løø'n DNP-peptides, Aecor-

dinglV, Scbroeiler and Hbnnen (14) chronetographed a va:riety of lnor'rn eo¡n-

pornds, arrd. were abLe to deduce sone geþerralizatÍoas t¡hich pemitted tÏ,te

predictlon of the'bebavíor of þom ÐÌ{P-peptiðes, and uhicir aided j¡ the

ide¡stífieation of tentativeJy identifíed coapor.unds by a conparison of

d.etemi:aed. and pred.ieted behavíor* Identification of an unlmor,rr could not

be naade on this basís alone, however. Using a col¡nn and. d.evelopers s¡'uila¡r

to that of Green and Kay, they foratd that no correlation existed betweeq

the behavíor of diesi-uliLar DNP-peptid.os and the lettglh of the poptide chain.

Dípeptide and. tripeptÍde derir¡atives did. not fal-[ ints disti-net groups.

Rather, a range of adsorptic¡n affj¡ities r¡asr sho¡n uithi¡ each group¡ soø@

DNP-dipeptidee being as strongþ adsorbed as DNP-tetrapeptídes. ÌlÌrile

chromatographie behavÍor r¡as r-rot eonditioned by the presence of a given

a,nino acid resfdue in a oerbaÍn posi"tlôn, sone correLation exlsted between

the relati-ve adsorptíon affi¡ity of s þ$lp*pept,ide and the type of c'onstitueat

ani.no acid residues. If the a.dsorptlon affi¡ities of the DNP-derivatives

of the asi¡o acids A, B, 0, Ð, ono Íraereased in that ond.er, then the ad-

sorption affi¡ities of the ÐNP-d.erivatives of the peptid.es XA, TB, N0, Ð,

. o o e or Al, BX, CN, Dl, , "., where X r^ras aay given amj¡o acid residue, also

j¡ereased in that ord.er, The arrangement of the a¡ai¡o acid residues could.

affect the behavior of the DNP-peptide" ThuEr whereas Ðl{P-alanylgþcine
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and ÐNP-gþcy1alanine,_eou1d not b€ separated. by an]r dereloper used, DNP-

glycylleueine anil DNP-leucylg3gcÍne uere readlly distinguishable. The

chrounatographie behavior of a ÐNP-peptide ¡uas found to be,r.slated. to that

of the ÐNP-denivatives of the constituent arairao acids of the peptÍde.

Sincc,Dl{P-g1yeÍno was nore strongly adsorbed thar¡ ÐNP-alanÍ¡e, Ít r,¡ould,

be ex¡rected, and. was iJr faot obsenred., that ÐNP-gl¡re"ylglyei¡ae r.ras ¡nore

strongþ ad.sorbed thaa ÐNP-alanylalani¡e" I\¡rtherrsoree the DNP-peptide ü¡Ërs

nore strongþ adsorbed t!¡a^r¡ tire ÐNP;d.erivative of any constituetst a¡aino

aeid..

In addition to colrrnn ehronatography, paper chrouatography h¿s beexr

used. exbensíveIy in the separatíon ar¡d ideatifícation of ÐNP-a.njao acidso

Early r,rorkers fot.m.d. difficulty in separatíng the eorapoundô, beeause of

tailing of the spots, Blackbu:m and Lorrther (f5) separateù DNP-aei¡o aqids

by one-di.naensiorlaL patr)er chronatographÍr usÍrg strips of paper soakêd ÍE

phtbaLate.buffer and dried at roon tenperature" Hhen terblary anyl- aleohol

lras used. as the developer, all ÐNP-a¡¡j¡o acid.s noved. as well-defi¡ed. spots.

Charaoteristic Bg values r,¡ere obtaÍned. for each conpound, but since. they

varied with the pH of the buffer, as weII as r¿ith the tenperaturen the

identity of a ÐNP-a.ajno acid. was never based on t,he R¡ value alone; a control

DNP-amlno acid was akays rul on the sa¡ao sheet as the ur¡lcnor&.,

It has been fourd that DNP-auj¡o acids run best on paper j¡ solvents

in which the nobile phase has a high water content (L5)" Ì{ater nay prevent

aseociation of the ÐNP-eonpound.s, r¡hich lead.s to tailing of the spotsu

The presonce of r¡ater keeps the spots conpaet, but Íf too aucb water be

pre$Êst, tbe Bg va,lues are, too large, a¡rd tho dd.ffersr¡cøs j¡n values bEc'ouo
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iasuf,ficíent for satisfactory soparatlø.

Once tbe eonstitueut aniao aeids of a peptide or probei-n have been

søparated a¡ad Ídentified,¡ the protrle'a r€maiEs of, detema:i¡i¡g theÍr re{tive
abu¡rd.ance. illtravÍolet speetrophotoøetry is the usr¡al ßeaas of quaati-

tatively estj¡CI¿ti¡g DIdP-anlno aeids" The ÐNP group largeþ d.etermi¡es the

absorption speatra of these conpomd.s" Molar absozptivities nay be ob-

tained by d.issolving the conpornd in sodiun bicarbonate solutlon or in

glaeial acetie acid¡ a¡d ueasuring the absorbance at the r.ravelength of

naxinr¡m absoqption, 36T eF or l/¡0 n¡respectively" At 360 æ¡r, the molar

absorptinity of the ÐNP group ln lfl ssdû:g bicar.bouate" solutlom, is ap-

pro).lnately 161000o The amount of subEtarrce recoveeed fron a ehrouato-

graphie co}¡mn uay be. esti-mated, by eonpanison r¡Íth a ealibratis¿ cur¡re

obtained. fro¡a bro¡sa concentrations of the compouad,

Bamaohaadra¡l (f6) døveiloped. a nethod. tor t'ho eoloripstrÍc deteminatioa

of ÐÎ{P-ani.ao groups" Treatuent of the DNP-co¡npound j¡ bicarbonate solution

r,rith sod.iu¡n borohyd.ride produeed. a brick red. color rùich could be used i¡
a çantitatlve estination of the nr¡nber of DNP groups i.a a dj-nitropholylateci

protein" Calibratio& surs,es were obtained by usi:ag graded. eoÏ¡eeÞtrations

of DNP-a¡uj¡o aeids, For coacentratíons ranging fros 0"01 to 0n05 ¡rnole/nle
&easuren¡ents nade to¡ith standarrl solutions of ÐNP-glycine ihd.ícated a pre-

cisíon of tZfi. ftrJng to the red. eolor of t!¡e pnoduet aad itE stability
und.er aeetylating eonditionsu ít ças assumed that the reduction produeed.

an a.zo eonpoimd r.ather tha¡e an a.ai¡o groupo

Ïs conneetion v¡ith the speetrophotonetric anal¡rsis, of ÐNP-eonpounds¡

it bad. þeen obseff'ed tbat tbe nolar absor-ptívíties fn aqueous bj-cartonate
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solatlons rüere bígher thaÞ thosø in glaeial aeetíc acid soluti.oarso, and th¿t

the &esiæuÞ absorìbancø in bicarbonate solutioa ocsurred at approxS-aately

360 ø¡a whi.le i-a aeetie aeíd it oecurred aþ 3l+O sW R¿saehandran ærd

Sastry (1?) usee these diffèrences to eva}r¿te aa approxiruate pS of the

earboryl group fron a currre relating absorbasee to pH.

The ÐNP-a¡ai¡o aeÍde were dissolved i-n a series of buffers whose pl

decreased fron aJ}aline values to aeidicr values untfL changes irr the spe€-

tra ceased, that is, untíI the Lorrrost absorbance at %Q øtt had been reached,

Measureuents of absorbances were aade at 360 nn¡r sinee at that wavelength,

sarked. differeneeE ín aolar absorptivities, (¡4r eråsted betr¿een the ionføecl

and unÍonized. forrs of the eompormdso Cu¡¡¡es r¡ere drsrura for each eonpound.t

relating absorbance to pH¡ 6nfl, poi-nts on the cui:ves nere ehos€rl correspoür-

ding to lr/Z a(.¡g, where A(¡U ruas the differsncè Ín nolar absorptivity between

the ionizecl and. unionized coapound" The pE correspoading to this point r,ras

take¡¡ as the BK of the carÕoqyI group (ntg" L) "

The s€nsitiuity of DNP-arg:i.nine to a ehange in hydrogee íon coacslr-

tration ín the: ¡ùl range 2 to J, at r¡bich the earÈouryl group usually tÍtrates,

warrasted the assunptio¡t that the cur¡res obtai¡ed. r¡sre due to the change

fron the anionie fora to the aeidler fo:m as, tbe pH decreased. Values of

the p3i obtalned. by the. spectrophotonetric nethod were i:r agreenent mlth

those aeasured poteatíoaotricalþ., Furbherm.ore, DNP-anj¡sethanoJ.¡ whieh

lrad ao carbcnryl group, shor,rcd no change ia nolar absorptÍvity with chauge

in pH"

Tbe speetrophotonetric netbod may be used to supplenent or replace

poteatioaetric d.ete¡rninat,ions of tho pK of ÐNP-a¡nino acidse which are
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Figurø 1" Spøctromøtrie titratisa e¿rry:øs of Dl{P-aej:lo aelds, A, Dt{P-{-

aainob.utyrrie acid; Br DNP-/-aminobub¡æie e,@idi C; D¡[F-f-amiaobutyrie aeid;

Dr DNP-.{-aej:aoleobutyríe aeid,; E, DNP-valine" .A,rrewg poiat to thø pK,

eorrøspondíng to tho pH, at, l,/Z t(*" Measurø¡aents were mad.e at 36Ð wlt"
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rather dfffícultr o¿ilßg to tho 1ow.solubÍLity of ÐIùP-a,nino acid.s Í¡ r¡ater"

Its use is restrieted¡ however, since the elieag" :¡ (u on going fron the

iæized to the uníonized fonas deerEases rapidly wÍth i¡creasiag separatioll

of, the chronophoy *d carboryl group (rrg.r) ". Thus it nay be used oaly

i¡ the case of o(-asino acid..derívativss,

lhe- FÐNB aethod. of N-terrni¡aa1 resídue analysis has the advantagos

that (1) eond.enE¿tion r¡Ítb the reagent is aLtroEt qrrantÍtative and relatlvely

free fron Eide reactions, and.(2) that the DNP-aüi:lo acíds produeed. ano

brÍght ye1lsr't¡ the latter factor being signifÍcant in their ehroøstogratr*ric

deteetion and spectrophot'onetrie esti¡¡ation. One of. the uajrt d.lsadvantagos

is that the ÐBP-anino acid. residues suffer d,estmction, r"rhieh uay i.n soae

ca9es be extensÍveo under the condi-tions of hyd.rolysis necsssar¡r to cleave

them from the ÐNP-peptídes or DNP-proteLÐs" Precise eorrection for the

d.estnrction is diffieult. å,lthough reproducible j-a a givelr ea,se, the exbent

of destnrsbioa is different with each proteÍ.n, aad, is generalS¡r greater

thas ttould. be expected for the free ÐNP-amj¡o acids under the sase þd.ro-
Lyziag eoad.itj-ons jn the abserrce of protein. Ëess vigorous hydroJ¡¡sis

coaditions are nequired for ÐNP-peptid.es ar¡d DNP-derivatives of snaller
proteinse and the use of nearly aahydrous acidlc nixûures r.esults j¡l Less

d.estn¡ction of tl¡e DNP-ani-ao acids. Ðestn¡etion can be prevented. i¡ sone

cases by first treating the Ðt{P-protei¡o with xa¡rth¡'drol" It had been ob-

se:ryed that DlflP-ami-ao aeÍds were parbially d.estrogred. by aeid hydrolysÍs

i¡ the prêEeÞee of the anlao aeÍd trgptophan, or the protei:1 J¡rsoz¡rrae,

t¡hickr co¡rtaÍns Lo"6î¿ tryptophan (rg), The destn¡,ctioa of (*DNp;1ysi-ee

and "{r(-di-DNP-1ysi.u.e obtai.sed from ÐNP-lysoz¡rno hydrol¡¡sates r¡as greatþ
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reduced. by treating the D$P-þsoz¡¡ae røi.th xpnthy,rdrol before lr¡rd.rolysls,

as deaor¿strated. by ÐicLrors av¿d Asp}:nd (r9). The l-eereased recoy,ery of

the ÐNP-lysines after xarethylatÍon of the DNP-protei¡ rrras lileþ due to

fo::nation of dixantþltr¡ptophan ín the j-ataet proteì:r, as ¿ndicated b¡,

the eharaeteristic purple eolor of that conpowrd i¡ the solutions. Ði-

xanthyltq¡ptophan was shor,nr to be non-destnrctive of ÐNP-alani¡e und.er

eonditions of protein h¡nirol¡'sis.

Sids reactions during dinitrophenylatíon are not a seri-ous problen,

but soveral are h:ot¡¡l to oecur, zr|-Ðiþitrophenol is fomed t,o sone exbent

j¡ the basic reaetion nediun, and r¡ill interfere r.¡ith the spectrophoto-

uetric estination of the DI{P-ani¡o aeids unless r@noved.. Ishervood ar¡d

Cruiekshank (20) separated. zr4-di$itrophenol from DNp-a.ni¡o acid.s by

troating then with strong sulfurj-e acid and. erbracti¡g the zr4.diåitrophenol

r¡ith benzene"

lnvestigations by Ee5Ïens, Heraar,rs, a¡ad van Velder¿ (21) st¡or^¡ed that

poI¡rmerization could occur, particularly in noleeules i-sr which the asi¡o,

and carbory'l groirpÉ ¡¡ere wid.eþ separated,, Si.:sce nost a¡aí¡o aeids of
i:lterest have, tlre a¡nino group on the c-carbon, the poI¡rmerization side

r€acti-oTl uras of little irnporbanco i¡sofar as a¡aino acåds ï¡ere eoncerned,

exeept in the case. of, ¿.¡-ani¡o acid.s, such as asparbic, aeid and glutamic

aeid r j-:r r.¡hich coilsid.ereble' amounts of ÐNP-pol¡naers r¡ere formed (ZA) .

T{itb peptid.es, ho^rever¡ the reaetion nay be of greater ooaceilßi reaction

of FÐNB with digþcylglycine produeed signífica¡rt arqounts of polyøer (Ze) 
"



-20-

lvfodif{eqti-oas o Ê_S aneerl e _Proc edurø.

Scv.eral modifícatious of Sa:egert's orlgj-llal roacÈion conditioÄs havo

beøn i¡rtroduced* 'sekroeder ay¿d Ïætotte.(23) eonducted. ar¡ inv,esti-gatiæ'

to. aseerbai-a,the eond.itions neesssalT for qrrantitative dinÍtrophenylatÍon

of a¡aino aeids and pepti-des" They for::ed that the proportions of reagents

r"lsed by Sanger diô not give qrraratitatÍve yields ofl thø Ðl{P-'derivatives.

$ubstítutioa of sod.år:¡a carbonate ûor eodj-r:m bicarbonate iø6lrored the ¡¡leId.se

but larger asor:nts of Zrl¡-dÍnítrophenol were produeed i:¡ the, aorø: bagíe

llediu&u Increasi¡g the reaction tine had littIe, effeet, nhiler aa ínerease

i¡ the asÍno acid eonsentration gave soaaeuhat better yields, lhey obse::ved

that yields were higher r¡hen the reagents wen@ presest j¡ lower eoneentra-

tlons, arnd suggested that when the reacti-on mlxbure was hoaogeneous, the

aetual coÊeentrations of reagents uere greater tha¡ when the mirbure ¡¡ag

heterogeneoug beeause thE sodiuxs bícarbonate had. noù salted out the FÐNB"

Less 2rl¡-d.initropheaol r¡as obtained fro¡a the honogeneous reaetion rsedium.

f,ev¡, and Ghimg (e4) achieved a naore rapid. reactior¡¡ snd eli-uinated.

the evaporation of ethanol a.nd. the exbraction of FÐNB with ether. They

carried out the reaction at 40o in aqueous sodir¿m carbonate solution, usí:og

an equa"l nunber of raoles of FDNB ¿urd nnlno aeidu Greater eontrol of the

reaction could be effeeted by naintaj¡i¡g the reaction nixbure at pH 9"0

through addition of 2 N sodir¡m hydroxide, tho rate of ad.dítion ildicating

the rate of reaction. Th.e a.ddition of base also strou¡ed that the reaction

resulted i¡ the eonsunption of the theoretieal two equivalents of base per

ar¡ino group reacted, provid.ed that the alkali needed to títrate the a,ni¡ro

acid fron its isoelectric poÌ.:nt to pH 9"0 r,¡as includ.ed. The tj¡se of reac-
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tion seld.o¡a exceeded one hour, except for eonplete substitution of the

i:sidazole group of histidÍ.ne, uhich required tuo moles of FDNB per mole

of ami¡o acid. The resulti:rg DNP-derivatives rüere ptrrer than thos@ pre-

pared. by foraer nethods.

A procedure which i¡volves tb.o use of tri¡oothylaraine rather than

sodltrn p"ica:ùonate as the eond.ensÍ¡g agent has been applied to the reaction

of protein fragment's with FDNB in orrler to avoid the subseqtent d.esaltirag

required príor to paper chrouatographye or to s'eparatíon on colr,¡syrs of io¡r

excharrge resi¡s "(25126), The triraethylarni.v¿e cen be removed. readil¡i in

!ry" Ït has been found. that the reaction of FDNB wj-th serj¡le or se4d-

residues i¡ the pres@nce of triethyla.mine (but aot sod:iu¡ß bicarbonate)

may lead to substít'ution not only on the a:njno group, but also on the þ-
d.ro:ryI group, to give ¡lr0-di-ÐNP-dori-vatÍves" (27) 

"

Pliot osensit iv,iLv of ÐNP-Copapoundg

ÐNP-a¡aino acíds have been knor,m to be light-sensitive for a nunJrer

of years {gt zg)" Rao and $ober (a9) reporbed that the yield.s of ÐNP-

glutanie acid. and. ÐNP-aspartio aeåd rlere increased. if light nere e¡(e]ud.ed.

at all stages of preparation. In general, nost operations wÍth ÐIrÏP-d.eri-

vatives can be carried out suceessfualy r¡nd.er subdued. laboratory lightjng
eoaditíons" I{owever, papot or colurnn chronatography of these eonporrnd.s

must be earríed out Í¡ the dark, si¡ce prolonged exposure to 3.ight r.ri-}l

result in deeonposition,

Pollara ar¡d Von Korff (30) showed through the use of rad.ioactÍvely-

labelled. compounds that sarnplos in the solid state r:nd.e:ruent photo-induced.
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d.ecarboxylation, yieldirrg the N-a1-ky1-2r/¡-dinitroanili¡e eorrespondÍng to

the original DNP-ani-¡lo acid.

Russell (3f) irra¿iated. a solution of D}TP-leuci¡e in dilute sodii¡n

bicarbonate eolutionn fu exbracti¡g the solutj.on r,rith ethyl acetate, he

obtai¡ed an unlsxoltix conpound r¿bieh he later proved. to be .{-nitro-2-nitroso-

ar¿iline (32) " this sa¡ae corapound vras aJ.so obtai¡ed. from an irradiated

solution of DNP-glutaraic aeid, $ubsequent acidifieatíon arid exüraction of
the aqueous phase ¡ryneildeð 3-foræylpropionic aeid, isolated as its Zrt+-dí-

nitrophenylhydrazorlee the photolysis reaction therefore appeared to be an

i:rt ra.rolecuLar oxidati on-redüct ion acgoitrIrånying d e earboxylation e

c00H
I

00H-ciÏ2-c%-c0oH, + cûz

3-fo:mylpropior:,ic

acid

the eharacteristíc absoqption spectnim of,4-nitro-2-nitrosoaniline ¡ças also

obsetryed i¡ the irradiated solutio¿r.s of a nunber of other ÐNp-¿-a¡ai¡o acids,

but no ehaEge was obse¿tred for those conpounds such as €-DNp-lysiae, jJ3

r,rhích the DNP-substituent r+as not located on an d-ani¡o gro[po

Furbher r,rork on ÐNP-leucjne shor"red that irradiation prod.ueed. earbon

dioxide and !'æethylbutyraldehyde i-ä addítion to lç*tihro-2-nitrosoaniljne"

IÌH-CH- Ctf 
2 - CH2 -C 00If

t( )ì-Noz
v

I

Noz

ÐIlP-gluta;aic aqid

.b{ ,

NHr

{t \l-No
L\ -/J +\;/

I

Noe

/e-tlitro-

2-nitroso-

anili¡e
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OOOH TIT;I I'
rr{-cH-c,Ez-crf -cr{3

rAr-mo¿V
I

NCIe

ÐNP-leueihe

NH^
l¿

,4..-ttO
lÍ)l+v

l
Noz

/¡-aitro-

2-nitroso-

anili¡ne

ocH-tH2-cH-0tÍ3 c0z

J-aethyl-

butyrald.ebyd.e

ïbh{
---------+

Thus the reduction of the 2-nitro group was aecoapanied by oxidation of

the a¡oi¡o aeid. residue at the 4-earbon, as had beea obserrred with ÐNP-

glutanic acid rrnder the same cond.itions. ÐNP-leucj¡e was deconposed.

rapidþ by light at any pif, but {-nitro-2-nitrosoaniline r+as forned only

in solutíons havi.:eg a pJI greater tha¡r 6" the reaetion r¿as found to be

fairly general for ÐNP-d-asino acids, although not all gave the saae pro-

duct. The presence of hyd.ro4yle sulfoxide, et,co groups i¡ the amj¡o acid

side ehajn pemitted side reaetions, so that the usual product r,¡as forned

to a lesser extent, or not at all. Similar conpound.s, i.rr whieh the carboryl

grorlp r¡as not both free and in the.{-positíon with respect to the DNP-.

a,nj-¡ro group, were relat,ively stable t"o light" DNP-peptides whleh r¡ere

studíed deconnposed ¡auch nore slotüly than ÐNP-¿-a¡uj-no acids"
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nPERII'ffiqTAt ÅI'lB AESütm

Preparat ion o!_ÐlEiÊLvci¡S

The preparatíon of Ðl{P-g1yeine, although not originally intend.ed to

be a¡r i-ntegral part of the present work, rrâs necessary in orrler to obtaín

a sanple: f,or the,deteruj¡ration of the infrared spoctnrn and. the molar ab-

sorptivity. Tbe::e9ore, its preparation was studied j¡ a nanner similar to

that ofl the DNP-peptides,

The nrethod of synthesis enployed i:ecorporated the suggestíons of

several !trorkers. Tn accorrC.anee wÍth Leqy and Chung (Zü, an equal n¡,¡¡eber

of moles of ÏÐNB and glycine llere reacted" The reaction vessel was r,rapped.

in paper durùtg the actual reaction period, and the eonpor:nd r,ras erçosed.

to st¡bdued laboratory lfgbt only uÌren necessaryu irr onler to keep photo-

induced decomposition to a n:ini-øun., The weight of sodÍr.æ biearbonate used

was varied, iå order to diseover whether sueh variations affeeted the yield

of ÐNP-glycine" Althougb most preparations !¡ere camied out at roon tem-

perature, the reactioa rnixbure !ûas nai:rtai¡red. at /*go during threo ntns, as

suggested by tevy and Chr:ng {24) "

The reaction may be summarized by the equ.etion

F
I

f( lì-NoeL\/J +

I

Noz

FÐNB

NH,-trb-400l[a+

Glyeine (sodÍua salt)

l'*'*



l{E-üf2-coO-lf a+

o-*,

.¿- Na+c1-

Noz

ÐNP-glycine

l4eterials;

FÐI{B 1.00 gu (0.00539 mole)

SlycÍne O"lhOA^ ry (O"Oo53g mole)

Sodii¡a bicarbonate 3.9 g$ or 2"1 ry

Ethanol 40 !ûL

hlater 45 sL or 85 nl
Hyd.roehlori-c acid /r nl or I roI

FÐIVB r¡as dissoJ.vedl. iJl 9..5f" eÈhanol and. ad.ded. to e solution of gþciae

and sodiun biearbonate in water. The reaction vessel r,ras wrapped in paper

a¡rd. the mfurbure was etÍrred for two hours" The, ethanol was rcrooved by

vacuur. distillation fro¡n a r¡ater bathn the temporature of whieh was mai.n-

taÍned at /ñ lo lv39 " ÐistÍllatÍon was continued until the pressure of the

s¡rstera had. d.ecreased to 25 to 30 nmr as i-r¡d.icated by &, sanoaeter" DNP-

glyeine was preeipitated. by addirrg eoaeontrated hyd.rochloric acid to the

residuÐ.l solution; ovenright refrigeration enzured eonplete cr¡rstallizaÈior¿

-2þ

+ t{a+tr
I
Noz

I*'
NH-c%-coOH

o-*,
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of the product. It was filterecl with suctiono washed r¡lth ice: r,¡ater to

repove excess hyd,rochlorie acid, and dried at roon tonperat'ure. llashi¡g

r¡ith benz€¡36; rê¡goved any unreacted FÐNB' as well ag any 2r4-di-r¿itrophenol

produeed duri¡g the reaction period.. The produet r¡as driod. ovemight in

the iraeuun desiscator, or for one hour at 1000 before weígh5rag the cn¡d-e

¡rie1d" In orller to obtai¡ pure DNP-glyeine, the eonpound was clissolved'

in a ninÍ.nus amount of glacial acetic acid (approxÍmately 325 Ñ/gø) ¡

filteredo diluted with ice r¡ater nntil the total Yolr¡ne was six ti¡nes the

vol:¡le of aeetic acfd, solutíon, and refrigorated. ovenrigbtn It r'¡as fiJ.-

tered uith suetíon and. driod. for two hours at 1000' The brigþt yeLloûr

solid obtai¡ed nelted. at ?05-?û5.52 Literature, Lg3 (L3), 205" {5)t

ZfÉ;e þ3)" The yields of enrd.e product obtaíned by the variouE ¡¡ethods of

preparatioþ., as well as the fi¡e1 purífied yíelds¡ are suruaarized i¡r Tebl-e 1"

A GaLlenkanp },lelting Poi-nt Apparatus was used to determine the M.P. (r:neorrected.)

TABLE 1

Nuaber of

Preparatious

Tleigþt of

uanco3 (sn)

Tenperature Gr,r¡de Y'Íeld:

(rÉ)

Cnrdø M"P. Rrre Ïield
(r8)

l+

2

t

7"!
?o

'1,'u].;

Roo¡a

Roon

4qå}

72-79

S3-S6

85-93

2A3-2Ol+,5

2p3-205

2O3-2O5

57+,8

7Ð-73

72-?9

PreparatÍon of D$P-Glycylg1ycta'e (DNP-Oielycine)

ÐM*diglyeine was propared. by reacting equimolar qua.r.rtåties of IDNB

a¡rd diglyci¡e jn a basíc nedir¡n. In one series of pre¡larations¡ sodit¡m
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biearbonatø sersod as the, eomdensing agent- the duratÍon and temperature

of the reaetion were naried i-E ord.er to dletermj¡e r¡hieh eonditíons pro-

duced the highest yield of ÐNP-diglyeiae" fn apotlqer series of prepara-

ti-ons, the esndensirag agent r:sed r+as triethylauÍne; the reactlon period.

and. ternperature, were fixedr agd the a¡rount of base r¿as variedo

Melhod I
lhe preparation of ÐNP-d1g1ycÍne ís givon by the equati.ora

F

Q--" + NHZ-CIIZ-C0-NE-CIL-C001{a+

Ðiglycine (sodium salt)

| '*.e
ffi H*r Hz-CO-ITÍI-Cnf soolÌ J

-Noe
+ I$a*F-

Noa

I

I Hcl
I

T{H-cnä -co4TH-CH2- C00H

rAr-*o^
V--' + $a+cf

¡

soe

ÐNP-d:ig1yc5-ne

I

Noz

FDNB
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MateriaLss

Q"lfl @ (o"oo25 ¡ao1e)

o.33 æ (0,0025 nole)

3;3 w
15 naL

35 pL

/+ n]-

FÐNB ruas d.iEeolved in gjfr ethanol and added to a solution of d-iglycÍne

and sodiue bicarbonato Ln uater.. tho reaetion vessel was urapped. in paper

to ninimize photo-decomposition, and the uixbure was s,tirred vJ.gorously,

folLor¡ed o*y rcaonal of ethanol by vacuun distitlation fro¡n a water batir"

the bath temperature uas mai¡tained at 40 to l+3o, dfstlllation r¡as stopped.

r^¡hen the preÉsur@ had. deereased to appro:rinately 25 m¡a" ÐNP-diglycj¡e rms

precipitated by aeidifyiag the residual solrrtion r,rith co¡lcentrated hydro-

chloric acid; ovenaight refrigeration ensured. eomqllete crystalliEation of
the enepormd" The product i¡as filtered. r*ith suctic,n, washed r.rith ice wator

to renove excess hydrochloric aeid, ar¡d.. d.ried. at roora tenperature" Zrlr
Ðinitrophe¡rol and aÞy unreacted EÐNB ïrere reËroved by roashing r¡ith benzeueo

The product r,¡ae dried ovenaight j¡ the vacuuxl deEiccator, or for one-half

hour at 80o. RecrystaAlization was earried. out by dissolving the coapoqnil

in glaeial acetíc aeid (approxiuateþ aj */g), filtering to renove aay

insoluble rnat,erial, dÍluti.ng wi-th ice r+ater until the. total volume was sevea

to nfne tines that of the acetie aeíd. solution, a¡rd refrigeratÍng ovemight"

fire prod'uet was filtered, then dried at roon temperature for several hours,

and- at 80o for oRe hour' The yields of D}TP-digþeÍ-ne obtained- by this

EÐNB

Ðig1yci.aø

Sodiun bicarüonate

SbhaaoL

Idater

Ifydrochlorie acid
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@ethod are, given in Table 2 (a)"

Method 2

A stock solutj-on of tr'ÐNB t¡as prepared. by dissolvj¡g FÐNB (I"5/þ

gB) is 95fi el"hanol (50 al) " A stoek solution of triettryla.ni.ne r^ras propared.

by add5.ng triethylanine (1.20 gnr) to d,istì]led. ruater (fOO ¡c1)" In the

follcwing list of aaterials, the number of equivaLentE of base per eqrivalent

of rlpþpûfdø'; i' i;s, given f¡ braekets follcnring the volune of triethylaeine

solutfon us6d..

Materials¡;

trÐNB solution

Ðfglycine

Triethylamine solutíou

Hydrochlorie acid

3 Bl (o.ooo4$ nole)

0"64 gp (o"ooo48 ¡aoIe)

4,0 El (l), 8"1 ul (z), lz.L m.l

1nl
(¡)

trÐNB solution was addod to diglyci¡¡e d.íesolved i¡ the aqueous tri-
ethylaø5.ne solutio¡r. The, nix,ture r¡as stirred at roon tenperature for three

hotrrsr care being taken to proteet tbe reaetion vessel frors strong ligLrt.

The excess trietþlaaj¡:e t,ras re&oved by vaøuura diEtillation fron a r¡ater

bath at 4l- to {,1o, diseontiauÍng the d.ístlllation r,rhen the pressure had.

decreased to 25 an. ÐNP-diglycj¡e l¡as preeipitated by aeidifling the re-

sidi¡s,l solutioüx r¡ith esacentrated h¡nlroehlorie aeid and refrigerati:ag ovef,-

nlgþt. The product r+as filtered r¡Íth suetion, r¡ashed. with ice water, and

dried. at roo¡a temperature" Arry unreacted FD$B was reuoved by washi:rg roith

benzeneo the DNP-diglycfie was dried for one-halî hour at 80o before

weighing" The produet was reerystallízed as ouÈli¡ed in l4othod 1. The

yield.s obtai¡ed are sumnarized jn Table 2 (b).
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TåBLE 2 (a)

Pr'øparatfon of Ð{NP-Diglvci¿e usÍag SodÏr.ä BieartorÀate aß CmdensÍ}E Aseùnt

TABüE 2 (b)

PreparaLi.on of ÐNP;Ði€Lyei.ae using Triethv:Lani-Ðe as Condeusiåe Aeent

Susber of

Freparations

Rsacti.op

TiEe, (ifr)

Tepperature Cnrde lieLd
d
lo

Cnrd.e M"P. Pure Yield

î[

)

l+

3

2

2

t+

2

l"

Roos

Rooa

LO',.L

4q51

36-5Ð

55-%

2:00-202

2.Aù"?O2

lgg_?ßt

20c-.2aI

L6-23

29-4A

l{l+45

5&

Nunber of

Preparations

Equiv" of (crH5)jNl

Eqrriv. of pepti-de

Orr¡d.e fieLd
d
Ía

0nrde M.3. Pure lield.
olp

3

3

3

1

2

3

29-39

7ZrV6

2f¿-243

20]--2;43

?oa-203

23=9.t

584t
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llie purifisd Ð$P-diglycf:ae was a yellor.r-orangc solidr neltiag at

2O]..5-4Q2.5o"

Asalvsis

(a) nee eoapor:nd was driød, for one-"haLf hour at 80o before

aaalysis.

For¡sd; C, 36'.2t+fri * l+,36%; N, !6"6M.

Galculated. for DNP-diglyci-ne dihydratør Cfd:,uN4093 Cr 35"97:f,E \Tt lr.?J;î69

N, ].:6"?,61¿"

(¡) tUe conpound was drÍed for oae hour at 1000 before anaþsís;

Found.a, Ct 39.8llli fr, 3,9M; Ne 18.86Ø,

cal-er¡J.ated for DNP-diglyeiøer ctflt.N¿qr' ca l+o"4goi Ht 3,38Øi N, L&,79%"

the existønce of a hyd,rate lsas based on the folloraing obserrratíoa"

Hhea a sa,npLe of ÐlüP-d.iglyciae which had boea dried at 80o for one-half

hour was pLaced j¡ the neltÍr:rg poi:at apparatus (preheateC to 1900) e raoistrue

eond.e¡rged oa the upper part of tlre ¡nelti¡g point tube, t{hon a saraple l¡hich

had been dried for one-lEalf hour at 1000 l¡as treated i-n a síBilar rÀÉy, no

moisture eondensed. on the upper parb of the melting point tr¡be, Fur'üheinnore,

the saaple took on a d.eeper orange eoIor, and. became aore bríttle afber

dryi:lg at the higher tenperaturep suggestfng that some ehange h.ad taken

p1ace"

DNP-triglyci¡e r.ras prepared by a method sirailar to that used for ÐNP-

diglycfute, ?wo series of preparations were earried. out, one using soditrm

bicarbonate as the condensi¡g agent, a.nd another usirg triethylami:re,
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For the preparation of Ði$P.triglycjne and n]l subsequent DNP-peptides in

this ínvestigatíon, a stock solution of IÐNB i¡ ethanol was prepared by

dissolving FDNB (I.53 ge) in 951, etinartol (50 rel)" The solution was added

d.irectly to a solution of the peptide j¡ aqueolln sodiue bicarbonate or

triethylanjåeo Tlris proeedure was Þore conveaient' than weighing the trÐIIB

required. for each preparation, and it e¡labled greater reprodueibility of

the quantities of reagents uged. Honever, it was necessary to use the FDNB

solu',,ion ürithix a fer¡ d.ays of its preparat,ion; decreased. yields of i;he DNP-

coapounds r¡ere obtaiaed by using older solutions. ïn the series of reactions

in r¡hieh triethylani¡e ruas used as the cond.ensing agent, a stock solutiotl

of the base was prepared by dissolving triethylaral-ne (1.20 gn) in didilled

uator'(fO0 nf)" The pcptide was then dissolved i¡ the desired volixte of

t riethylarnine solution "

Method I
The preparation of ÐlVP-triglryeÍne l¡volves the conder¡sation of

FDNB and triglye5ne;
ñ
.P
I

/1-( ll-No^t\ 1l <,

\l'
I

i\I0^
¿,

FÐ¡IB

+ NH2-ÛH2-CO-NH-6H2-C0-¡[H-GI2-C001üJ

Triglycile (sod.irxr salt)

f 
**.n,

tTH-cH^- co-NI{-cH^ -c 0 -NII-cH^- c0 01[ Jt¿á.4

fÔì=0,V
I

Noz

+
NaF
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I 
r.t

t

I"faterialss

IÞNB solutioa

Triglycùe

Soditm bicarbonate

I{ater

Hydroehlorie acid.

Na+cl-

10 ¡nl (O"Oot6t eole)

0"305 gn (o.oot61 pole)

2.10 g¡a

30 rd].

3wL

l{H-cH2-c0iqrr-cH2-co-NE-ci{24 00H

lÔì-*o^\r' 4'

I

Noe

ÐI$P-triglycine

trÞNB solution r¡as added to a solution of triglyc:ïne and ædfuta bi-

earbonate j¡ wat,er" The reaetÍon vessel lras $rrapped ín paper, ar¿d the

solution was stirred. Etha¡rol was re&oved by vaeuwa distíllatio¡r froa a

water bath maintainedr at 37 to dOo, the distillatj-on being contl¡ued until

the pressure had. d.eereased to 20 t,o 25',am" The residual solu'bion lras

aeidifi.ed wj-th eoncentrated hyrdrochloric aeid. and. refrigerated. ovenaight"

The bnight ye11or,r solid. which preeipitated was filtered r,ri.th suation, washedr

røith ice, water to remove excess hyd.rochlorie aci-d, and d.ried. at roo¡q tem-

perature" 2rl+.ði-Tlitroþhenol and arry r¡nreaeted IÐNB hrere then renoved by

r'rashing with benzene., the conpound. r¿as dried overnight in the vacuulr d.esí-

ccator before weighing"

T\,ro raethods of recrystallization were enployed in the purifi'cation

of ÐNP-triglyci:re. In the first nethod, the cnrd.e produet r¡as dissolved
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in gffi ethanol, filtered to ¡emove any insolubler nateriale then d.iluted

r¡ith ar¿ equal voluse of cold raater, and. aLls$red. to evaporate, at roon ten-

perature" The iai¡urities, whieh appeared. as a dark red ring on the upperl

portion of the evaporatÍ:ng dish, could be removede leavÍ-ag the purer pro-

duet on the sldes and bottoa of the d.Ísh" The procedure was repeated as

ofbe¡r as necessary in orrler to obtain a eonstant nqeltÍng point,

A second, and qore satisf,actory nethod of purification, j¡volved re-

crystallization froe glacia1 acetic acid and rrater, The cnld.e product vras

dissolved in glaeial acetie acid (approximateJy 200 mVgø), filtered to

renova any lnsoluble materiale diluted. with ice l¡ater until the total

nolune wae fivø to ai¡e tines that of the aeetie. acid solution, then re*

frigerated for two hours. lbe bright yellow product wae oollected on a

filter ar¡d dried at 1000 for one,hour" The solid aelted at 29lv-4¿05o" The

y,åelds of ÐNP-triglyci:re obtai¡ed by this. sethod., are Lísted i-n Tabls 3; (a) 
"

Mêthgl!-z

Trietþlaai¡e was enployed as the cond.ensihg agent. In the

followlng list of aaterial,s, the nu¡eber of equivaleuts of base per equi-

valent of peptid.e is given"

Materialssr

FÐNBr soluti.on

Triglycine

Triethylanine

ïIydroebloric acicl

5 el (o."ooost noLe)

0".15.Ê, gn (o"ooo81 raole)

Il 7" or 3 equùva-lents

1-2 n1

5ÐI{Bi solution uas added. to a solution of triglycÍ¡e i¡ aqueous tri-

etþlan,i-ae", The nixture !¡as Etimed for eíx hourse after whiel¡ ti.ne any
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TågLE 3 (a)

Sreparatíon of ÐI'IP-Trfelvei-Ee uslxe Sod.iuÞ Bicarbonate as Condeasi-ng AgeTit

TÁBT,E 3 (b)

Preparation of ÐNP-lrielycÍne usi¡g lriethvlasÍne as -tondsnsing:llggqÞ

Nrr¡qber of

Preparations

Reactiæ.

Ti-@e (Hr)

Tenperature Cnrds YLeld

/"

Cnrd.e I'Í"P., ft¡re Yield

ft

l*

t2

24

¿*

12

Rooæ

Roos

Room

l,,o-lr].

/þo-l+L

2L-22

5s:53

6e4;7

ß4t
554;8

L99-202

198-2Ð0

L98-2ð1

198-200

r93-200

18-1?

l*3i-¿+6

52-53

5e53

5c-59

Nu¡nber of

Preparations

Equiv" (czn j) iÍ/
Equiv. peptid,e,

Tenp. Cnrde Tield

/ø

Cnrd.e M.P, trure'.lleild.

dp

),

3

?

6

¿

2

3.

2

Rooø

Roop

Roos

4e1

l&-49

6,11i8

76-8.t

6æ0

2Ð2-243

282-2A3

Lgg-zoL

292-2^!,14,

37-lu3

58-Ð

6{;-70

524ß
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6xeêss triethryla.ml¡¿e r¡as removed by vacurrn distillation fro¡a a water bath

nairrtained at 40 to lr5o. the produet r¡as preeipítated by acidifþi:rg the

rosidr¡al solutíon with: coacætrated. hyitrochJ.oric aej-d.r and refrigeratÍng

ove:might. The product r¡as col-lected on a suct,ion filtorr washed. with ice

r¡ater and dried at room teaperaturo" ExeeEs EDNB r,¡as renoved by washlng

with bonzene. The produet was d.rÍed. overnight i-n the vacuu¡n desi.ccatorr or

at 8@ for one-balf hour before r,reåghing, It r¡as recx¡rstallj-zed. ae out-

lined i¡ Metliod 1" The yields of DNP-trig3ycíne obtafned by this nethod

arê sumËrarized ín lable 3 (b) 
"

Anal:r,sis

The eompor.md r¡as dried for one hour at 10@ before analysis"

Formds; G? /+O":|Lî{í H¡ 3"88Ø; Nr !9"87îí,

Cal-er¡1ated.' for DNP-triglyeÌne, C12H:_fl¡0gt Cs l+O'5?ll; 11, 3r69f"; Nt L9"721¿.

Sethod 1

ÐNP-tetrag'lycino nay bo prepared accorrcling to the eqmtíon

.E
I

+ Me-üL-ct*{'Ilf-cH2-c0iün-s}Þ-C0-NE-Ci{A-C0oR[a+

Tetraglycine (sod,iun salt)

Na+F-

( ll-Nor
t\ JlV

I

%
tu¡¡B

f 

-**
IE-cr{z-c o-.}üH-cr{a-s o-IdH-cHa-c o-.ÀTE-cHa-c00-lüa+

,^ì..-It /l N0^\z<'+
fr0,
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1*,

o-*,
ÐNP-tetraglycjrle

FDNBI solution

Tetraglycine

$odiu¡s bi-carbonate

Water

Hydroehlorie acid.

Na*cf

5 nl (o.ooo8L nole)

0"198 g@ (0"00081 aole)

1"05 grn

15 nI

2E].

N $-CIIZ4 0-¿,TH-C% -C O-NH-üH2- C0J{H-CIIZ - C 00H

soe

Materials¡

FÐ$TB solution was added to a eolution of tetragJrycjne and sodiun bí-

earbonate in r¿ater. the nixbnre was stirred u¡ad.or Eubdued lightj¡g con-

ditions in orråer to nininize photo-decomposition. The ethanol was re¡aoved

by vaøuum distillation from a water batb nraintained, at 38 to 4@, Distil-

1atíon was eontl-nued. until the pressure of the syste¡r had been reduced. to

20 to 25 w* the produet uas precipitated by acidifying tho residual

solutior¿ with eoncentrated. hydrochS-oríc acid¡ and. refrigerating it over-

night, It l¿as filtered r¿Í.th suction, washed with iee r.iater to renove erccess

h¡¡drochloric aeid, and. d.ried at room temporature. zr4-Ðinitrophenol and

any unreaeted FDNB were reËtoved by washi.:ng r,Éth benzene. Tire product rrlas

dried overnight i¡ the vacnr¡rn desiccator, or at 80o for one-half hour before
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weighj$g.

D}üP-tetraglyci-ne was purified by dissolvj¡g the so1íd i¡ a pinimt¡n

a&ount of hot r,rater (85o), filtering out any i¡so1nble nateri-al, and eooli:rg

the solution in an ice bath. the bright yellow solid was filtered a¡rd

dried for one hour at 1000; it urelted at 225-226o" Ttre yields obtai¡ed

by this nethod. are flrnaarized. in Table 4 (a)"

Frethgd 2

Triethylarnj¡ro was enrployed as the condensi¡g agento In the

following list of materials, the number of equivalents of base per equi-

valent of peptide ís given,

Piaterialsa

trÐNB solution

Tetraglyeine

lriethylani.:ae

Hydrochloris acid

3 al (o*00Ð11Êi4 mole)

0,J.19 ga (o"ooo484 mole)

J-r::¡^orlequivalênts

2nI
FÐNB,solutíon r¡as added to a solution of tetragþcj¡e: i¡ aqueous tri-

etltylaiainee and., the mixture was stirced. for síx hours. Any excess tri-

eihyi.amine $ras removed by vaeuun distillation from a water bath nai¡tai:red

at ,40 lo 42o,. Ðl{P-tetraglycino r¡as isolated and purified by the proceduue

ouf,li.ned in iviethd¡ù, 1" The yiellds obtained by this nethod are given i:r Table

4 (b).

Ahalvsis-

The eoupound nas dried for one. hour at 100o before analysis.

Found: Çs 39.O].:i¿g Ht l+"Ðfi; N ]:9"2216"

Calcul"ated for DNP-teiragtrycine nonoliydrate, C.4l{fde0for C, 39"ú5$i
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TABI,E 4 G)

P{gPar"ation of ÐNP;TetraElyei¡e usi¡e Sodil¡r Bicarlionate aq Condenslag Ageùlt'

Nuntier of

Preparations

Reactíon

TiEe (Hr)

Teaperature Crude Yield

þ

Crr¡de M.F.. P¡¡re Yield.

d
le

l+

3

l*

12

24

t.

T2

Rooxa

Roos

Boon

¿ot 1

4131

t3-L7

25-t&

l+o'49

l&-lvY

5r-59

?;Ð8-2132

222-223

222-22t{

2]t8-2L9,

222-223

220-223

2A2=Ælçe

213-2r9

r¿L^36

34¿#.

37-4ß

37-4'3

TABüE 4 (b)

Prepsration of DNP-letra4vefne usixs Trietbvlamiäe as Colrdensirs ÀÊent

Nrmber of

Preparations

Equiv. (ciÃ¡.).f/

Equ:iv" poptide

lemp. Crude Tíeld

d
lo

Cnrd.e luf,P. hrre Yield.

dp

3

2

3

J

1

3

Rooe

&ooa

Rooa

4q:l

LO+z

38

66-14

5L-56

73*7t+

50*59

2J2-216,

?25

212-2tÊ?

222=?¿71+

2øg-2r5

224-223

L98-205,

¿to-4ft3

n-¡.2

tþ843

Vf 4*0

62-6,9

36*tr3
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It, 4.22fiç N t9"53É.

fhe presence of a b5nårate uas suggested. by the fact that, when IINP-

tetraglyc,jne raas place in the ineltJng poÍnt apparatus (preheated to L90o)r

noisture cond.ensed., on the upper parb of the eelti¡g poínt tuber ev,en after

the coøpor¡nd had been dried at 1000 for one hour"

Pre¡aret :Lgn_g[ Ð{P-L-41glylglycylelycine

The preparation of ÐllP-I-alanylglycylglycÍne nay be srls¡aarized by tho

esuatione'

ñ
.r
I

Q--u
i'rè rma-öu-coér¡i-cHz-corüH-c%-coorof1c2il5)3

+ (crnul;urfn-

I
Noz

FÐNB t-å,1ffiy1g'1¡rey1gþcine ( trietliylaømoniuæ salt )

f 
t',-nf

T*,
NH-CH-€ 0-Nrr4irb-co4üifF6}r2-000-Nnf ( c¡r5 ) 3

Jfr¡-rro,\r'
I

Noz

I

I 
Hcl

Y
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ft
l{g-61I 

*C 0-NH=0H2..C o-NH-6112-C 008

rñ-*o^t\/t 4v+
I

*on'

Ð$P-[-a1any1 glyeylglye in e

MaterÍa1ss:

FDNB eolution

t-A1ar,ry1 glycyl glycine

Triefhyl.aníne

Hydroehloric aei-d

{c¡nr)rnufuf

5 ul (0.000S1 aole)

o.L6lv gr:a (o",Ooo81 mo.Lo)

2" 3u or /¿ equivaleats

1ml

hAlanylglfcylglyeine raas ùissolved i:c triethylanine solution and tho

IÐFB solution was added, The reaction vessel r.ras vrrapped in paper and the

ni.dure i¡as stirred for si.x: hours, at tho ønd. of rshich tirue, eny exee6s'

triethylauine r¡as renoved. by vacuun distlllation fron a r¡ater bath nai¡r-

tained at l& to l+3o", The dtistil-lation vraE contjnued irntiL. the ¡lressure of

the syste¡n had deereased to 25, to 30 sn, Ibe residual solut j-on was aeidi-

fied with eoncentrated h¡d.roehlorÍe, aeid a¡ld refrígerated oveneight, The

product was filtered wíth-, suction, r¡ashed with ice r¡ater to remove excess

Ïr¡nåroch}orie acidn and dríed at roon temperature" It +¡as ¡¡ashed l¡åth be¡r-

zer.re to reslovo aJsy unreaeted EDNB, then d.ried f,ór one-half horr at 80o

before r,reighing" R¡rifieati.an of the e¡rrde produet was by recrystallization

fron acetic aeíd and r¡ater. It was dissolved 1n glaoial aeetie acid, fi-t-
tereû to rer¿ove any inso}:ble i:npurities, diluted rrith ice r¡ater rr¡rtil the

total voluae was siir típes thet' of the acøtic acid., soluticul,, ther, refrÍge-
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rated. overrtigbt. More than one recrysta-llization was necsEsary irr orrd.or

to obtain a eoneta¡¡t nelting poilrt. UltÌ-mateþ, a yellør;.orange solid.

nelting aL }lt498o r,ras' obtai¡ed. The ¡¡íelde, of ÐNP-Ealanylglycylglycine

obtained. ê1ie" sufrìEtâ.rized. in Tablc. 5"

Analvsie

The coepor:nd r*as dried. at l00o for or¡e hour before analysíso

Founds:: t, /J.,"95î{i Il, h.6l+fli tl, 1ß;6918"

CalcuLated for DNP-[-alanylelyeylg]yeinør C13\flS0er C, /Q.,28ft; H, 4.@fr;

N, Lg"WoÃ.

Preparat ion o f ,ÐI{P-L-Ijeue.vlelycylgl,ycj-ne

lbe preparation of. ÐNP-L-l.eucylgl-yry1gl.yeÍne nay be sumarized by Èhe

equatione

fH(crr3)2

O-*or, *
I

Noe

FÐNB t-leueylglyeylglye:nø (triethyJxnnonirra salt)

l "*t*
T*(tÐu
i%

¡uri,cn- co-rui+ur ì o+nr-cþ-co o-n¡lt dc ru r) u

lÔì=0.VÉ,.
I
so¿

inä
wE-bn-co-Nnþsn¿-o0-Nr{-ei{á-c0oIq¡l*(cztl)3

+ (crur)4mfr
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J 

-,,

y(.r¡1.
CIT^l'

NH-GH-C0-NII-0H2-C0-NÏ{4%-C 008

,'Ât-or",ll ll t'vc

V
I

*oe

Ð$P-L-løucylglycylgJycÍne

MatørÍalse:

Ðl{B solution

L-J.eucylg1yeyJ. glycf n e

Tríethylami^nø

E¡rdrochloric acid

L-f, eueylgþcyþlyci¡e r¡as d.iE solved in t rietlrylaø jne solution, trÐNB'

eolutÍon l¡as addedr the reactíon vesse3. Ì,¡as wrapped l¡ pap6r to reduee, photo-

deeonposition, and. the nixbure lras stlrrod for gíx. hours. Exeeee tri-
etþlaeine lrasr rosovod þ vaeuua distill,ation fron a r,rater bath naintained.

et líO to /¡1o" The product was precåpitated by addÍtion of concentrated

hyilroehlori.e aeid and ov-enrigbt refrigeratíono It was filterod wiith zuction,

washed zuccessively wlth iee:water and benzene, d.ríed. for one-half hotrr at

80o, arid. weighed.

DNP-Ii-leucylglycylgþcine r{as recrTrstallized. by dissolvÍng t}re solid

in a nriui¡aun amouRt of" glaeial aeetíc acid., filter^i-ugr ffid di}$ing with

+ (c2r5)¡rvn"cr-

1"5 BI (o"oogz4 mole)

0"059 gm (o"oooa/¡ nole)

?, 3., or { eçrivalents

1 ¡al
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icø l¡atør until the total voh¡ps lras oight ti-nes that of the aeetie aeid

Eo]'rtÍæ.. It r.ras fliltered inr¡ediatøly aad drÍsd. at 80o fòr oae-half hour.

The purified eoapound Has a bright yøllor,r solid nølting at L83,5-181+.5o"

The yields obtai-Ìrod ars'listed i¡ Table 6¡

.Analyeis

The conpound r¡as d.ried at 1000 for one hour before arealysis"

For:ndg. Ct l+î.OLl[i Ht 5.1ßî6; N, l-:6.?ßoÅ"

CalenJ¿ted for Ðl{P-I*leuey1g1ycy1g1yc5-ne raono?r¡rdr"atur C16Ez3$ 
50gz 

co 4l*"75Í6;

H, 5.4Q16; t{, 16"31ø.

Prenarrat ion of DtüP-GlvcvlElvc:¡1-L-a-Lanine

lkre preparation of ÐI{P-glyey.1gltyeyl-t-alani-ne is sunnarized by the

equ,a,tioBg

F
I

rôì-*o^
\r' 1+

I

Noe

5ÐNB GlycyþIycyl-IoaLasine (triøtfytamsonir.s salt)

J,r.*u,y

+ (crn )rrvir"r-

IFr
N%-ffie{ O-t{SF,tE2-CO-ns-Cn4 oolrH+ ( C2E5) 

3
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| ,,,'.
Y

i%
lIH-CTiz -C 0-NE-6TI2-CO-¡{F-CS;C00H

fÔ-*0"\r'
I

*oe

DNP-glryeSitglyeyl-L-alan inø

MatarÍa1.se

EDNgr solutÍoül

GlyeyL gþeyl-L-alan in ø

Triethylanine

F¡rdroc&lorie aaid

Glycylglyc,yJ.-t-a1anj:ae $as dissolved l¡ triøtLrylanÍnø eolutÍonr and

the EÐISB solution r¡ae added¡ The, reaction vessel lras ræappød, in papcr,

ar¡d. the ¡uix,bure stirred. for' si-x hours. .Any eæøse triethylami:re. wss; r€-
povød b¡r vactrun distillatiom," lhc arude produeù lüas recovêred l¡ a. nnr¡ner

identieal to that, uEed i-n pnapar5-ng Ðl{P-1,-leucylg1ycy1g1yejÅeo It tæs;

puríûled tly reergstal]ízatioa fron hot r¡ater (g¡"), The yelIw prffiet
selted. ab 273.þ2I5o. Tha ¡Ée1ds of Lepr.r,e Ð1',TP-glyeyJ.glycyl-I-alepj.ae

obtalaed.. ¿¡p, givøu itr Tablø 7. The yiølds of grure: proðuet eould not bæ

obtaÍnedr s'l¡ee tbø avai]s*rle supplies of the peptid@'r,rore e*austed durirag

the prelíruinary work, the results of r,rhieh are gÍven in Tab1e 7" Tise d.id

aot perrait the onlering of new snrp¡rlies with ¡uhich to eonplete the inves¡.

tigatíon"

+ (cy¡)¡rr+cr-

1"9 B1 (o,ooo3L aole)

Q"úz gæ (0"00031 æo1ø)

2, 3t øT l* øqrívaleats

1 ml-
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Ana^lveis,

For¡eds Ce 4L.99i4 Ht /+,13/o; N, !8"76f,"

Cs,lct¡Iøted for ÐlüP-glyeylglyeyl-I-a1ani-ner Ct \f¡O*t C'e /Q,.281[i \ l*"A9%;

Ne L8./7,fi"

TÂBT,E 5

Preppration of ÐNP-t-Àla yls1noylglvcine

Nunber of

Preparations

Equiv" (czfr¡') f/
Equiv. peptide

?eap. Crude Yield

d
lo

Cnrd.e M..P. ftrre Yfeld

d
lo

¿ç

3

2

3

2'

3

lþ

2

Roon

Roon

Room

4qg1

30-35

l,,l-/+9

40

32-34

t9r-t94

r85-rg2

t65-L96,

t4o-r92

t92-t9t+

19-22

25-30

20-?J
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TABI,E 6.

Preparation of ÐNP-L-IeucylEl vctlsiyci¡e

.TABI,E 
7

Pqeparat ion of Ð$P-ÊLvcvle+Eerp1-E-al+a¡rilgg

Nunber of

Preparations

Equiv" (czï,,) 
3N/

Equiv, peptide

Tenp. Crude Yield

d
lo

Cnrde M"P" Pure Yield

ø
lo

¿

)
5

4

?

?

Roon

Room

Roo¡a

lrW

trw

/,ß;-5O

62-ó,4

/þ3-M

4.9

OJ

171-178,

179-183

181-185

]-79-L82,

183-185

n7-t82

185-187

2942

50-5r

28-37

3L

50

Nu¡sben'of

Preparations:

Equlv" (crwr) 
r1/

Equiv. pepÈide

Tenpo Cnrde fie¡-d

î¿

Cnrde itf.P.

z

¿.

1

I
1

z

lþ

2

3

Room

Roou

Roon

&w
41å1

56*59

6;t-7r

/+5

58

6s

208-¿10

2þ9-2Ir

2ú|A.Og

208-210

?o9-2IO
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Thi¡ layer Chroaatosrapbv

llhin layer ehroaatography r¡as used i-n ar¿ attenapt to separate a ai¡rture

of sevea ÐNP-coupounds Ínto its indiuidual eon¡roneutsc Iä adðition, it
ruas ærployed i¡ a¡a investigati-oa of the benr¿ne-eo}¡ble i-øpuríties wlli-eh

r¡ere forsed. durÍng the reaet'ion of IÐNF with gþeine ar¿d. with the three:

peptidee coatainj-ng a varyiag nwùer of glyeyJ. residues. Several d.evelopers

were tested in ord.er to find one i¡ r¡hieb the sa¡aples raoved asr well-d.effned

Epots trlth $xitabLe F., values"

.&pparatue

Ttte. apparatus used in at1 thi:e layer ehnomatography studies was

that cor¡tai¡ed j.:r the l4a1Ii¡ckrodt Chror:ra-Kit supplied by Maltinckrodt

Ohenieal lforks, St, touiso Mo. It eonsisted of six Slr x $lt x. lo/$tt glass

platesr and ttro a}¡¡aL¡ri¡s sheets r¡bieh could be, assembled to fom a rack

on which the plates were plaeed. durÍag developnent of the clarowatogra.a.

Thc sorbent, one pound of $flieARW ff.C-?C¡'¡ wâs eowposed of approxi.:mateþ

80Ø active' bydrated sj.lica of controltred particle si-se, 14î6 calcir¡n $d.fate

binder, aj,Id 6fi inorganie phosphor nrtricl¡ fluoreseed wh:ite under ?flr} L
ultraviolet radiation" A ro11 of pressure'g,ensitive, filane¡rt tape r,ms supplied

to e¡¡able the preparation of sorbent. layers of uniforr thichress. The tape,

0"51f rsid.e ar¡d. 0,251 0,002 en tlliek, was printed in 25,5 aw repetitive
porbions, 20 cn of r¡hicb contained. j¡dexmarks at 0.5 and I.0 cs interwals,

æd 5"5 em of ruhieh contained no prJating, It l¡as eontaj¡ed. in a tape-d.is-

penser with a sharp cuttJng edge to ensure that the er,rd of the strip of tape

was cut smoothly; Five aicropipettes, eaeh of 5 ¡rl eapacity, and an appli-
cator bulIh, r'rere used in the applícation. of sa.nples to the layer,
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A polypropyleae boat lras srrpplied to contai¡ the developi-ng solvent"

SUqLf : qe&¿94_o f _S olvent Ê,

(a) genzene lÍas purified by shaking the organic liqu,i.d (f fiter)
zuceessively with porbions of eoneentrated sulûric acia (J.00 mJ.) r¡nt,il

free of thíophener then r*ith water untÍl the r¡ashings u@re neutral to litøuso.

Tire water was re¡Ðo\red by shaking the benzene r,ríth anlaydrous calcíu¡s chlo-

rider follo¡od by reflLuxing for slx hours over sodium aetaLo The benzene

was distilledr the jnitial and. final 50 É1 of distill,ate beÍng discarded,

aad the dry solvent was stored over sodirxl. It was distilled. just prior

to usen

(O) çfacial acetie acid r,ras purlfied by the, nethoct of Vogel (glu).

Approxi.aately 600 gra of A.&,, glacial aeetio. acid was par.tly frozen, anð the

liquid uas decantedo The solid (3OO gm) was nelted., ni:red. with A.R. poÈasr

sium pemanganate" (6'g*)r and dist:illed fron a round.-botton flask fitted.

with a fraetionatÍng colurør, The f¡raetlon boiling at 11515 to 116'./10 r.¡as

collEcteðr parbly frozen, and the Iíquid d.ecanted, Ttre solid was mELted.

and fractionally d.isti3-led¡ the fraction boilÍng at 115.8 to AL6"So being

collected. a¡rd stored in a gLass-sboppered. flasko Precauùlons uere taken

to preveat the Íngress of nolsture durÍng the fraetional distilLatíon.
(c)- Ottranol r¡as prepared by distillße 95l ethanol (ZOO ¡nf) fron

a round*otton flask fitted rrith a fraetionatÍng co}¡¡¡no the j¡itlaL 25 pI

of the distill¿te were rejeeÈed-, and. the middle fraetion (ffO mf¡ ¡¡as eol-

1æted, leavJng the residual 2í81 irr the flask, This proeedure uas re-

peated onee j¡t order to obtain 95î6 et'lnanol used j:a the chronatograph.ie

døveloÞer,
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Prenaration of the Plates

the gLass plates r.rere cLea¡ned by treat¡cent with sulfuric acid-

potassiuø dichronate cleaning solution, rinsed thoroughþ r.rítb distiJ-led.

water, and dried" It was inperative, that all greas@, and. dirb be :rEuoved

fro¡q the glass surface; othe'n¡ise, t'he sorbent layer r¡ou1d nob adhere

Properl¡r.

The tape ræs trin¡ned earofu115r to the zero i¡dea nark" A strip vlas

puJled. off and cut precisely at, the 20 cn mark, then plaeed along one edge

of the glass p1ate, eare being talen to plaeø the zenå¡ ind.exr point ercaetly

at the bottoa edge of tbe glass, The 5"5,eø section of unprinted. tape røas

eut off a¡rd saved, Another 20 cr¿ soctlou of tape r¡as affixed i¡ the same

fashíon to the parallel edge of the glass plate"

In order to prepare the sorbent layer, d.istiAled water (fe ¡¿) ræs

addsd to the aetive hydrated sillca (6 g*) and. shsken vigororsþ for 15 to

25 seeonds l¡ a stoppered Erlenneyer flLask. l?le resulting slurry was poured

aeross oure r.mtaped. edge of the plate frone tape to tape, A glass rod l¡as

placed, aeross the plate wtth the ends restíng on tlr.e tape. The slurrT was

levelLed by novlng the rod snoothþ in a dírection parallel to the taped

ed.ges of tbe plate, r¡hi1e pressi.:ng firuly on botb eadso A smoot'hr unifom

layer: 0.25 w. thick was obtainsd, The plate lras air-d.ried. until the layer

had set. Before placing the plate in the oven for activation, the tape I,ras

split lengthwise a¡d. the inner half reraoved fron the plato¡ leaving a gap

of approximateþ /l*tt fetween the remai:ring tape a.nd the sorbent layer" In

thi.s waye solvent contact with tbe tape during development of the, ehronato-

grarr uas eli:a1nated,



-5t-

A cover plate rdas prepared by splittiag tr¡o 20-cs lengtbs of tape:

leng3h,rise, and applyiåg double thickoesses (O,50 m) to two opposite'

ed.gøs of a glass plate. The plate was tunaed over, ar¡d a¡rother 20-cn strip

of tape r,aas applied along one edge at ríght angles to the first strips.

The plate uas used both as a spottÍng tenplate and as a d.eveS.oping cha¡aber

cov@r. for spott'ed. plates.

The sorbent layer was aetivaÈed by placing the plate, in the oven for

ono hour aS the dCIsir@d teraperature" In order to spot the sanples on the

coated plate, the cover plate was plaeed on the eoated. plato, resting tape

against tape Jn orrler to avoid d.ísturbi¡rg the sor¡bent layer" The saaples

to be chroraatographed were dissolved j¡ a suitable solvent and applied. on

a fi:te paralJel to, and at least 2 en fronr the edge of the coated plate'

In adctition, a margin of at least 2 cn was nai¡tai¡red betr¡øen any spot and

a taped edge. The sanples were applied to the coated plate by means of a

5 ¡.r1 nieropipette, .A,pproxiøat@lif 2 ¡.r1 uas applied at onco, a'l'lsx¡j¡g tjss

for solvent evaporation betr,¡een gr¡ccessive applications, i¡ onler to keep

the spot size soalL"

åfter the spots had been appliedr the eover plate sra.s adjusted rurtil

it Just covered the spots. The plates were taped together at both edgos

near the top r,'rith shor'b unprjnted pieees of tape" lbe tape at the bottop

edge of the eoated plate was peeled alaay and. bent back over the ed.ge of the

cover platc" Ilh.printed tape applied at this poJnt helä the peeled, portion

away from the solvent, û addition to holdùg tbe plates together. The

tape at both the edges of the eoated and cover pl-ates fi¡nctioned as a gasket,

sealing the cha¡rbe?.so that it could be saturated by a small volurae of the
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dev.eloping solvent,

The ct¿roaatograrË was de¡¡eloped. by fillíng the so]-vent boat to a d.epth

of about L en uith th,e appropríate solventr and placing the plate earefully

i¡ the solvent" The eha¡aber lras rested against the aï¡Þinun raek provided

for that tr)urposeo The solvent was allor.¡ed to move up throrgb the layer to

a height of 10 to 15 cn. The eha¡aber was renerved fron the solvent boat,

the eover plate renoved, the position of the solvent narked.r alld the solvent

al-ler¡ed. to ovaporate" The distances poved by the saøples lrere ßeamrîedr and

their R* values calculated"

the preceediag raethod r¡as used r¡l,ren the developÍng solvetrt cot¡sisted

of only one lÍquid" In aost of the investigatíons, bouever, a sixbure of

two or three liquids was oaployed. as a devel.oper¡ æd a slígiltþ nodifíed

proeedure lras adopted." For mlxed-solvent systemse it was necessar¡r that

the atmosphere of the developíng ehanber be presaturated r¡ith the solventt

in order that the eonposítion of the developer dÍ.d not ehange due to rapid

evaporation of the nore volatile eoaponønt¡ as it roge throtrgh the sorbent

1ayer. For tbis purpose, a eoated. plate rrras prepar€d in tl¡e usual fashion,

aud activated at 60o for one hour, The tape thiebaegs at the ed,ge of the

coated co\rer plate uas built up to 1 nm by ad.di-ag three ad.ditional. VQt'

tr.ide strips of tape. The eoated. cover plate was plaeed on the beneh top

r¡ith one end slightþ elevated, and thoroughly saturated with the developÍng

solvent by pour5ag approxi-nratel-y 10 nl aeross the elevated. end. Ttre spot-

ted plate üTas covers¿ ißned.íately r¡ith the saturated aoated covetr platen

arrd the ehromatogram üas d.eveloped as erçlained pr,eviousþ¡ ercept that the

cov€n platee rather than the s,potted plate, was plaeed. torard the ali¡nÍmm
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rackr j¡ order to allow the course of spot rnovenent to be fo3*lor,rcd"

Tlri¡ Laver Chrosat oErapby of Ben zene-,S ollrbl-e ÏEpurities- jlodugeè

duri¡e Di¡itrophenvlatÍon i¡ a Bicarbonate Þfedíu¡a

The ÐM-derÍvatives of glyeine and. throe pepti.d.es eantainJ:rg a

varying nu¡dber of gJyeyl resid,ues lrsre precipitated fro¡q the aÇueous so-

dír¡n bicarbonate medir¡a by acfdifying with concentrated hydrochloric acid."

Tbe cornpounds were filterd r¿ith suetion, washed rrith iee water to rer*ove

excess hydrocblorie acid, a¡rd dried at roonû teaperature. Benze¡re-gol¡ble

inpurÍties were removed by uashÍng !¡"itb benzerre, ltre r¿ashjngs ltere con-

centrated. by allowing the benzene to evaporate partíalJy at rooa tenperature¡

and the solutions were applied to the ehromatographic plate i¡ aæounts suf-

fieient to produce. distj¡et yellor,r spots (Z to ln r.^f) " Hhear ar¡ adsorbent 
_

layer of Q"25 r¿ra thieli¡ress !,ras activated. aL 6Qç for tbree hours and. d.eve-

loped. with a benzene-acetic aeid njxture (98a2), the benzene washings ob-

tai¡ed from ÐI[P-g\rc5ne were shor,¡r to contaj¡ two yeIlow conpoundsr one

haviag * Bf value of 0./¡0, and the other hav5.:rg * Rf value of 0"03" The

washÍngs fron DNP-trigþei.:oe and ÐI{P-tetraglycíne also contai¡ed two yell-orot

eonpound.s, oae having m B+ value of 0"/¡0r and tho otherr 0,,L0, t¡híLe the

washings fro¡n ÐNP{.iglycine contaj¡ed onþ one ¡re1Low eonpound, the R,

value being 0./+0. ?he faster novi:rg conpourd cbtai¡ed. froa ÐNP-glycÍne

produeed a less i¡rtense spot than the slo¡,rer.povÍng coupound, but i¡ the

cases of ÐIdP-triglyeÍne and. ÐNP-tetraglyeine, the faster moving conpound.

was ¡nore pronounced." tr\:rbher earperimentsa iTr t¡hich the ÐNP-coupornd.s 5t

95f, ethattol solution were spotted. to the plate and developed. u:rder the sane

couditions, shøæd that the nore irtenseþ colored coøpound found j¡l the
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bienzene wastrjrgs of DNP-glyci-Ee i,rras probablry ÐIfP-glyei:ee itselfe sj¡ee the

R, value obtai¡ed l¡as 0,03" The slourer noving spots found in the nashirrgs

of ÐNP-trigþcine and ÐNP-tetraglycÍ:re were definitely not the ÐÎ{P-peptides¡

si¡ee the latter remained at the origi:r under the d,eveloping conditíons

ernplqred. The spots rsere not identified.

Preparatíve thisr 1¿y6r chrosatography reas enployed jn isolatÍ:rg the

eoapøund. which had an R, value of 0./*Or and r¡hich appeared as a¡r Í^apurity

i¡ aLL the ÐNP-conpounds prepared. by usilg sd.iue bicarbor,nte as a conden-

sing agent. A layer of sorbent 1 m. thick üas prepared by uaixing ttre

activated silica (:O *¡ r,rith r,¡ater (5f n.].) accordi¡g to the uethod of

Honegger (5il, and spreadi:rg the slurry on the plate i¡ the usual Ea;nnero

In orråer to achieve the required thíclaess, f.our layers of tape, rather than

oaþ one, r¡ere affixed to the edges of the plate. The plate was activated

at 6@ for t¡¡o hours, and. the benzene solutj-on of the irqFurities r"¡as applied.

j¡r a narrov¡ bavid by means of a clean glass tube dral¡a out to a fi¡e capil-

J.ary. By using a thicker layer of ad.sorbent, and by applying the sa,nple

as a band rather than as a spot, a sufficient amount of the impurity could.

be separated for identÍfieation" The chropatograrÞ was developed with a

benzene-acetie acid lnfurture (98s2), Three band.s were obtained, the nost

j¡tense havÍag * Bf value of approxi-nately 0n40, the next, øueh less i.n-

tense band.r having * Rf value of approxinaaÈeJry 0.10, and a third very r.reak

band, prevlously r:ndetected, havÍ-ng an Rf value of approxi-nately 0.03. Each

band r¡as seraped from the plate and eluted r,rith beRzeReo Only the nost i.¡s-

tense band yielded enough conpound for identifieation" The pale yellonr

solid recovered had a nelting point of 103.5-L08"afber recrystallization
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fron hot qratetro lts i¡frared speetrue was taken and eompared to that of

?.,lþ-d:l;it,ropheno1, since that coapoi¡nd was trnrom to be' produeed i¡ the re&c-

tj-on of F9t[B r¡ith asj¡o acids" The spectxa wsre id.entical, proning that

2rl+-dlnitrophenol was tho maj¡ benzene-soluble inpurity producd durilg

diaitrophenylatíon of ths peptides studied under the conditions enployed."

Tbe appearance of zr4-di-BitrophenoJ- in a soditrn bicarbonate uediun

contaj-ni.ng ÐNB r.¡as not dependent on the preseace of the a¡si-no aeid or pep-

tide. !,ll¡en !ÐSIB, 95ií ethanol, sodiun bicarbonate, and wâter were reaeted

f,or two days il the sarne proporbÍons as those us,ed in the preparation of

the ÐNP-eonpound.s, a conpound was produced r¿hich cordd be exbracted j¡to

benzene froa the acidified reaetion m:i-xbure, and. r¡hich hed an Rg value iden-

tical to that of tbe most i¡tense spot obtai¡ed. frors tbe benze¡re washÍngs

of DNP-trigJycine arld DNP-tetraglycfne, when the saaaples were chroaato-

graphed rxrd.er identieal condütions" Tberofore, ?rlþdinÍtrophenol was pro-

d.ueed in the basic aediu¡â in the absence of any amino acid. or peptide"

Obher investi-gations r¿ith the benzene-soluble inpurities produced

duriag the synthEsis of ÐNP-trlglycine and ÐNP-tetraglycine shqnred that,

using bonzene as the developer, tailing of tLre spots l¡as mueh less pro-

nounced on activated plates tha¡a on plates whieh were onþ alr-dried. By

using a beazene-acetie acid. æixbure (98s4) as the developing solvent,

tailing r"ras reduced on an aird.ried plate and vj-rbualJy eli-rairrated on an

activated. plate"

Tbe identity of two sa.aples of zr4*diritrophenol could not be estab-

lisheil on the basis of R, values alone, u¡rless approximately the sa.ne

anount of the coupound were spotted i-n eaeh ease. If the amor¡ntg of con-
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pound spotted to the plate were very differentn the sa.uaple prosent is the

higher cpncer¿tration showed a larger B, value tha¡c that preseret ln the

saaller ar¡ountn

Separation of ÐtdP-Pep-bides bv This l;aver Ghropstographv

Eaeh of the DNP-coæpotmds preparsd. r,ras dtssolved i-n 95f" et]nanol.

and. spotted to a plate r¡hÍch ha.d been activated at 60o for one hour. An

attenpt to develop the chrouatogra¡r with a benzene-aeetic acid solvent

(lS:Z¡ j:rdicated. that a aucb nore polar developer worrld. be requlredr sinee

only Dl'TP-glyeine noved. frona the orig5no alrd its &,, r"ras only 0"02n The use

of a benzene-acetj-c acid mixbrrre {2*3) moved all the sa.nnples except ÐNP-

tetraglycj¡e from the origia, but only ÐNP-gJrycÍne had separated conpløtely

fros the other six connpounds. By using a mixbure of benzene and aeetic acid'

lfOaa), ÐNP-giycine and DNP-diglycj¡re could be separated from eaeh other and'

fron ÐNP-triglycine and DNP-tetragþciae, but the DÏfP-tripeptid.e and Dl{P-

tetrapeptid.e could not be separated from one ar¿other' ÐNP-L-leucy1g1yeyl-

gþcine eould be separated fron all the other compounds, except DNP-di-

glyci.lre and ÐNP-gþcylg1ycyl-IÞalanirre" ÐNP-I;alany1g1ycylglyci¡e eould. be

separated, fron ÐNP-glycine, IINP-t-leucylglyeylgþciner and ÐNP-tetragl¡rcine"

ÐNP-L-1eucy1g1ycy1g1yci.roe cor1d. be separated frons ÐNP-g1ycy1gþey1-t-411-

nine snd ÐNP-diglycine by using benzene-acetíc acid (2¡t) as the devolo-

pÍng solvent; hcnnrever, tlte spots begal to shc¡r,r soi:se tailÍng as the pro-

portion of acetic aaid was i¡creased'

The ti¡o d.evelopi.ng solvents which produced the most satisfactory sepa^r-

ations were benzene-aeetic acid, (l"tg). arrd benzene-acetic aeid-951â ethanol

(ZOe6zZ), The separations achieved are shot"¡n i-:a Fígures 2 and 3. The
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sjJçbure of DNP-glyci¡e and the, tbree p!'lf-peptides eontai¡ing a va:ryring nuø-

ber of gi-yeyl residues t¡as readÍþ separated jnto its eonstituent eonpounds

by eitber d-eveloper. Dl'¡P-L-1eucy1g1¡rcylglyefne separated fron the other_

sÍx eonpornds r¡hea the ßi:rbure was d.eveloped. r¿ith either solvent. ÐNP-t-

alanylglycylglycine could not bE separated. frono ÐNP-d.iglycine or DNP-glyøyl-

glycyl-t-alanine by eÍther developer¡ but eaeh of these uas reedily sepa-

rated from Ðl{p-trÍg1rycine, ÐIfP-tetr,aglycá:aer æd ÐNP-glyeine whe¡E deveLoped

by either solvent" the Rg values obtained. for the Índividually spotted'

ÐNp-cospor:nds are llsted in Table g (a) and Table I (b) 
"
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TABLE g.

Bf VAIImS 0F ÐNP-€0I4PoüI[DS

(a) Benzene-AcetÍc ¿cið (7;3) Ðeveloper

(b) Benzene-Aeetic eeíd-951t Sthanol (Zø¡6*) Ðeveloper

Conpound

Ð$F-glycine I O*!,þ,
I

ÐlfP-digþeirae I OgZ

DlrÏP-trigþcine I O"r,

agP-tetraglycine I o"ro
I
I

Ðt{P*I"-a1any1g1¡rcyåglyeine I O.Zg
I

ÐNP-Irleuaylglycylglycine I Oô5-l
ÐI$P-g1yey1g1ycy1-I-alanine I g"Z7

Coapøuad, Ê'"f
ÐNP-glycine

ÐNP-diglycine

ÐNP-triglycine

ÐSiP-teiraglycilø

DNP-I-a1aay1glyey1 glyc ine

ÐNP-IÞleucyL glycyl glyc i:l'e

ÐNP- g1ycylglycyl-&-a1ar¡ Í¡ e

0"41

0,20

0.10

0a02

0"18

o"27

0"16



-59-

III
c
o

û
cc

AB'CÐEFCHIJ

Figuro 2, ThÍn I-ayer ehroestogzeptty of DNP-eompornrds us5:eg benzene-aeetie

aeid (?¡a3l as developer, Ae DNP-giyei::e; B, Ð¡IP-dÍelyciae; C, DlüF-trígly-

elre¡ Ð, DNP-tetraglyelneg Es a pix,bure of Ae Bi C, Di Fu DNP-[-a1any1-

glyeylglyelne; G, DtüP-L-leueyle1yey1g1yeíne; Iiu ÐNP-gþcylg1ycy1-L-alanine;

I, a mixbure of F, G, and. Hg Jn a mfxture of A, Bt C, Ðt F, Gr and Ïf.
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Figrrre 3. ThÍn Jayer ehromatography of DNP-compormds uslng benzene-acetie

aeid-95fr ethanol as developer" A, DNP-g1yci:oe; B' DNP-diglyefne; Ca DNP-

triglyeÍneí Ds ÐNP-tetraglycine; Ee a aJ:rbure of A, B, tr and Di F, DNP-I-

alaraylglycylgJrycfne; G, ÐNP*L-leucy1gþcylglycine; Hu DNP-g1yey1g1ycy1-tr-ala-

niae; Ie a afxbure of Fo G, and Ii; Jr a øfx,üure of A, Ð¡ C¡ D¡ Fr Go and EL



-61-

IÏltrgr:þ1e!__;Ep e ct rophot oset rv

Á, Becban Mode1 ÐK reeording spectrophotoaeter attaehed. to a Brom

recorder, and quarLz cel-Ls of 1 ee path lengÈh r,ære enployed i¡ the ultra-

v,i-olet studies of all the ÐNP-eompor:nds prepared. the uJ.travislet speetn:n

of each coupor:nd was deterrai¡ed in 0,2 M sodit¡E bicarbonate solution and.

i-n glacial acetic aeid. solutÍon'

A stock solution of the conpound Éras prepered by dissolrj¡g the sam¡rle

(approxiraately 0.015 gq) ix the solvent (50 Ë1)o Two solutions suitable

for strrdy of the speetrum were prepared by dilutJng two li n1 a1iquots of

the stock solution with volunes of solvent suffici-ent to reduce tbe con-

centration of the DNP-conpound to approximately 3 x IO-5 and 6 x' 10-5 res-

peeiívely" Tbe transmittarrce of the less eoncentrated solution uaÉ i¡ the

30 to t+O% range at 34ß to 360 n¡.r, and that of the nore eoneentrated solutíon

was fn a si¡aiLar ra.nge at 260 to 2?0 m¡,r" It v¡as desirable to arrange the

concentrations to values r¡hich would give nÍnimuø trans@:i-ttanees between

3Oiâ and. $A%t since the per cent relative analysis error Éer lS photonetric

erroø ís a @i-niæuå af 3W" trar¡snittâråGêe

The r,¡avele¡rgths at whict¡ the absorlption ma>cim&, \sa¡{, oe¿trred were

det,emj¡ed for each coøporrnd in eodium bicarbouate solution a¡¡d i¡ glacíal

acetic acid solution, and the aolar absorptlvity, (gr at those navelengths,

was ealculated. The results of the d.etelsi.Ðations are summarized i¡ Table

9 and Table 10"

The ser¿sitlvity of ÐSP-aui¡o acids to light 1s well hor¿n (9t 28, 29t

31, 32). A study of the ÐI{P-peptides contai¡ing a varyi.rog Ruaber of gþcyI

resi-dues ¡¡as rndertaken i¡ order to deterui:re their behavior under the
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(a) ¡totar .Absorptivity of ÐNP-Conrpor:nds in 0"2 þ{ Sodiue Bicar¡bonate

Solution j¡ the Reage 350 to 360 mU

Conpound. x *o (au) (* at \o,
DNP-glycine

DNP-diglycine

ÐNP-triglycine

ÐNP-tetraglyeine

Ð$lP-Lø1anyl glycyþlycÍne

ÐN P-I-leucylglyeyl glyc ine

ÐNP-glycyl glycyl*t-alan jne

360

354

352

35L

353

352,

352

1?rooo

18r2oo

15r800

16r100

19ûao

1?rooo

16rooo

(U) Uofar .åbsorptluity of ÐÌfP-Conpounds i¡r Glacial .A,cetic ÀcÍd Solution

i¡ the, Range 335 Lo 345 w¡t

Coapor¡nd. x** (nu) (uo at \*u*

ÐlÍP-glyoine

ÐNP-digþcine

ÐNP-triglycÍne

DNP-tetraglycÍne

Ðl{P-t-alæty1 gIycyl glyc in e

ÐIïP-t-leueylg1yeylglyc in e

DNP- glyey1 g 1ycyl-Iralan j¡ e

338

ttY

3t&

3¿&

339

338

3l+o

L5r7OQ

17r3_oo

l.ly?690

L5e50A

18r800

16r7oo

15r8oO
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TABTE 10

(a) t'iotar Absorptivity of DNP-Compounds jil 0,2 I,I Sod.ir¡n Bicarbonate

Solution jn the Range 260 to 270 øV

Conapound x *"* (nH) ( 
r'r "t \o

ÐNP-g1yci.ne

ÐI{P-diglyci:re

ÐNP-triglycine

ÐNP-tetraglyci:re

ÐNP-L-alanylglycylglycine

ÐIdP-L-leucylg1ycyl glyc in e

DNP-glycyl glycyl-L-alan i¡ e

265

265

26¿v

265

26t+

265

26t+

8700

9800

85oo

8900

10r 500

9000

8700

(U) Uofar Absorptinity of DN}-Gompound.s i¡ Glaeial Acetie Aoid Solution

in the Range 255 to 265 wlr

Coar¡ou¡ad À *u* (nr) (oa at \o
Ðl{P-glycáne

ÐNP-dig.lyci:ae'

DNP-triglycihe,

ÐNP-tetraglycÍrte

Dt'ïP -L-alanyl glycyl gþc ile
ÐtûF-Ieleucylglycylglyc i.:ne

DlüP-gtrycyl g"lycyl-I-al arr j¡e

2(;o

NíT

260

260

26;a

26]-

26Ð

9200

9iooo

8000

8600

lor600

8600

8600
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j¡fluenee of liglrt' The four solutions of each corapound, as r¡elI as those

of DNP-glyciJrer. r,rhich were prepared for the neasurenent of nolar absolp-

tiwities were enployed il 'bhe j¡vestigation. 0f the two soluti-onsj of eaeh

coulpound i:r glacial acetic acid, one ï¡as stored. i¡ dari$ess¡ and the. other

was allowed to sta¡d j¡ the laboratory, unprotected froa the lighto The

two solutÍons of each conpound in sodir.¡n bica$onate solution r¡ere treated.

j-n an identical noanner., llee speetrun of each solution r"las deteruj¡eed.

periodÍcally i:r ord.er to detect arry changes r¡hich oecurred,o.

pgp;glycí:re wes stable over a períod of several weeks i¡ both aeetic

acÍd solution and. sodiu¡¿ bica¡bonate solutiono if the solutions pro-

tected fron 1íghtn ldhen the sodir¡s bíearbonate solution of Ðl{P-glyai.ne nas

eryosed to 1ight, a gradual ehange fn the absorptåon speotnra occurred. The

original- absorbance, na>cínum oecurrfng aL 36Ð n¡r shifüeå slowþ to a lower

wavelength and deereased. i:r irrtensity. After five r¡eekse the naxim¡n had

Ehifbed to 352 wv" ?he seeondary roaxiuun which occrrrred. at 26h ø¡r Ín a

freshly prepared soluticur, had shifted. to 287 ag a¡rd. j¡rereased. slightly irr

i:rtensity afber fÍve weekg" ÐI{P-glycine in glacial acetíe acid also shor'red.

a sensitivÍty to light.. the absorbance ma¡si¡nr:n occurring art Ð9'm¡r Í-n the

froshþ prepared solution had shifted to 352 øgand d,eereased considerably

j¡ i¡otensity afber five r^reeks" l?re changeE, j¡ the spectnrn of ÐSP-glycine

in each solrrtion are sl¡ow:r in Fig. d and Fig. 5"

ÐIdP-digJ.yc5nee ÐNP-triglyclne, and DNP-tetraglycl¡e ín glaeial acetic

acid solutioa r,¡ere relativeþ stable over a period of fLve-'weeks, whether

the solut'ioa r¡as exposed to light or stored. i¡ d.arkness" The absorbaÞee

aa:ciu:us of ÐNP-díglyei-ne, whieh oecurred et 339 EHe shoüred, a ve{f stright

d.ecrEase in i¡rte¡rsity, while the absorbanee of DNP-trlglycine and Ðl{P-teÈra-
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gly,otue bad. increased s15-ghtly'at r+avelengths shorüer than i00 n¡,u

The speetra of the three DNP-peptides stuù1ed changed. radically when

the conpound.s !¡ere dissolved i¡ sodíum bicarbonate solution. The &ange

was Índepeadeat of the lightÍng conditions to which the solution was exposed"

The aTjsorbanee naxisus occurring ù 35O ta 355 BF ln the freshly prepared

Eolution was replaeed by a maxinun of. sssewhat greater Sntensity at ?95 wt¿,

The change was eomplete, i:sr two to th¡ee v.reeks" tr\¡rther.more, the reaetion

rate r¡as strongly dependent on ttre pII of the, solution" It r¡as folløued by

periodie ueasurener¡ts of the absorÐar¡ce at 295 ml+ since it r¡as at this lrave-

lengËh that the greatest clrange r^¡as obsenred" It ruas obsenred. thatr whereas

the reactÍon required. two to three treeks to reach eoepLetion iix 0"2 M eo-

dir¡¡a bicarbor,¿ate solution, havÍng a pif of approximately 8"/¡, only a slígbt

chaage occurred afùer two hours i.a a solution of pII lJ.¡ and. the reaction

was virtually couplete i¡ four hourso Ïlhen the pE r,ras i¡ereaeed to lZ5

reaction was conplete in fifteeR rÂi$utes" Studies wÍth identical solutÍons

stored j¡ the dark yielded íd.mtícal results. The reaction therefore Er-

peargj to be d.epend.ent on the pll of the solution rather than on exposure to

light. th,e ehange in the absorbunce cume is sho'urn in Fig. 6"

i,eidifieation of the yeJ-low sodiu¡r bicarbonate solutíons of each of 
-the,

three ÐNP-peptides, after the change i¡ their spectra had reached. corapJ.e-

tion, resulted i¡ a colorlless solution" In the acidic medir:ø, the absor-

bance @a¡ei-BuÞ had been shifbed to 280 a¡r, and. the absorbance at {00 m¡r uas,

virbually elÍ-æinated, The shape of the absorba¡¡c€ sr¡rîre i¡ bpth the basic

and acidic nedia was essentially the sar¿e"
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Igf"ared Êqec'Lra

A l{ujoJ- eu1l of each ÐNP-eompound. was prepared, ørd lts l¡frared

spectnlm r,¡as taken". In addÍtion, the identity of the naí¡ benzene-solxrble

inpurity prdueed i¡ the preparatior¿ of DNP-ùigLyeine, ÐNP-triglyciner and.

ÐNP-tetraglyeine Í:a sodium bi-carbonate ned.ium was established by comparÍ-ng

ite i-rùfrared spectnrm with that of 2r4:-dini-trophenol" A. Perkín-Elmer

I'Îode1 21 Infrared Spectrophotonetero fitted rrlth eodíuno chloride windows,

r¡as used to obtain all ínfrared spectran fhe speetra are showr in Figs 7 to

L¿*"
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The infrared spectrrun of ÐNP-g1yeÍne

Figgre 7'
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Figure 8"

lhe jnfrared speetrun of ÐNP-&i-glycÍne,
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Figure trO,

lhe ínfrared. specÈrum of DNP-teiraglycÍae.
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The j¡frared spectnrm of DNP-la-lanylglycylgJ¡rcíne,

Figure LL,
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Figure 1?"

The jnfrared specbn n of ÐNP-L-leucy1g¡1ycy1g\rcine"
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Figure 13"

lhe j.¡rfrared spectnin of ÐNP-gl.ycy1glyey.,l¡Ieal.ani¡e,
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A, the infrared speetrun CIf ?eídinitrophenoli Bo the j:rfrared
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DTSCUSSTON OF RffiT'TTS

ÐNP-glyc ine e ÐNP-diglyeine, ÐNP-t riglyei:re ¡ and. DNP-tetraglyeine we.Te

prepared by condensing the asj¡o acid. or peptide wíth SÐNB j.:r a sodiun bi-

carùonate sedius" Fron studies on these coupounds; it is apparent that tl¡e

use of slightly elev,ated teaperatures during the reaction period is benefieiale

si¡ce a auch shorter period of tine is reqrired to obtai¡ a given yield of

the compound if the reaetion mixture ÍE l¡arlaed than if ít is allor,red to re¡aaj-n

at, roon tonpe:iature" Iong reaction periods at elevated temperatures are to

be aveíd.ed, however, 9i-nce the meltÍng point of the enrde product decreasest

and additional recr"¡rstal l lzations may be necessarãfi to obtajn ttre pure coe-

pound"

TrÍæetbylamine has been used as a condensing aelnt (Zf, Z6:), but, íts

use has beer¡ eonfined prinaarily to producing the ÐNP-eompounds in mÍ-crogram

quantities. The use of triethyla^øÍne, a sligbtly pore basic eorapound. than

tr3raetbyla,nine, was applied. to the synthesi-s of the ÐIIP-peptides containing

a irarying nr¡nber of glycyl residues" ÐNP-diglyeine r,ras most satisfactorÍIy

prepared by using two or three equivalents of base per eqtrivalent of peptidet

ar¡d. reacting the ¡ci:tbure, for three hours at room tenperature. The optS-nun

yields of ÐIfP-triglyeine uere obtai¡ed W reacti-ag FÐITB and the peptíde, at

room tenperature in a nedirrs containing three equivaLents of base per eqri-

valent of peptide" By ernployi¡g a slightly elevated. teraperature and ti¡o

equivalents of base, a slightly purer product eould be separated- fron the

reaction BÍJ(bürê;¡ but the yields were somewhat lowero ÐNP*tetraglyci:re was

nost satisfaetorily prepared. i¡ a med.lun contai¡ing two equivalents of base

per equivalent of peptide and naintaj¡ed at l¡0o" The use of a larger a¡aount

of base resulted i¡ considerably decreased yields, For aLl three peptides,
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the use of triethylalqine as condensing agent i-uproved the yields of i;he DI{P-

conpound.s orrer those obtaÍned by usirrg sodiu.ü bi-carbonate as the eond'ensing

agent, the improvement i:rcreasj¡B wi-th the jncreasÍng length of the peptide

ehain"

Tire suecessful use of triethylanine as a condensi:rg agent in the reaction

of FDIIB with the above-nentioned. peptides proqtted lts use i¡ the synthesis

of ÐNP-L-al"a¡rylglycylglyeine, ÐNP-L-1eucy1gJrycy1g1ycine, and ÐNP-g]ycyl-

g1ycyl-L-a1ani¡e. The nost favorable yields of DNP-L-alanylgl¡¡cylglycine

r¡ere obtained by usi.ng three equivalents of base per lquivalent of peptid'e,

anrd reacting the reagents at, roon tenperati:.re' ÐNP-L-leucy1g1ycy1gþei.ne_

was prepared. by enploying three equivatents of base per equivalent of pep-

tide,y and nai-ntainilg the react,ion ¡nixbure eÍther at 
-rooa 

tenperature or

at 40o" PrelÍa5-:rary stud.ies uith ÐNP-g1ycy1g1ycy1-I*alanjne i¡dieate that

t'hree eggivalents of base will give the nost satisfactory yields of the pro-

duct. The tenperature may be elevated, altbo4h this is not neesssa¡Tro

For all three conporrnds, the use of exeess triethylaminee that ís, nore than

three equivalents per equivalent of peptide¡ was detripental to ths ça1ity

of the crrrd.e conporrnd, and. therefore to the flna-l yield.

ÐNP-triglycíne and ÐNP-tetraglycine have been prepared and purified,

a¡d theír solar absorptívities i-n 0.2 M sodir¡.u bj.carbonate solution have been

d.eterui¡ed at the wavelength of maxj¡u¡n absorp'Lion" Contrar¡r to the findings

of Knrger (A), tne molar absorptivity of ÐNP-tetraglycÍne is not signifi-

cærtþ d.ifferent fros that of Ð1ûP*triglyei:re" The values obtaj¡ed. in the

present iavestigation are both appreciably greater than those obtained' by

Knrgero fÌre saæp1es enployed in the previous i¡vestigation were i-npure,
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the neltjng point of ÐNP-trigJ¡cine being slightly 1ower, and that of ÐNP-

tetraglyeine being appreciably 1or.rer, than those obtai¡ed. jn the present work.

The fact that the nola¡ absorptívities obtai¡ed previously r+ere Ior,¡er than

those preseatly obtai¡ed suggests that the solutions nay have been aJ-lowed

to stand for sone tine before their nolar absorptivities were measured."

It r¿as obsenred. that the absorbanee al 35O nÉ decreased if the solutions were

allowed to staad. for any length of time.

lhin layer chror¿atography of the ÐIrÏP-conpounds preprared. indicates that',

irnd.er the cond.itíons employed,u ÐNP-dÍgJrycÍne harl an Rg velue very símilar

to that of ÐNP-L-a1anylgþcylglycine and to that of ÐNP-glycylelycyL-I*

alar,ri¡e. Furbherraoren the R* value of DÌüP-&-1eucyþ1ycy1glycine ltas greater

thær that of ÐI$P-diglycíne" Therefore, there 1s no Etrict relationship

betr¡een the number of s,nfno acid residues in the corapound and th.e Rg va.lue

obtai¡ed,
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