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Separatlon and identification of intaci peptidee in th'e form of

their 2r{-d.initrophenyl (D$P) dorivatives heg been etudieat, using thin
'layer chroaatography, Thin layer chromatography ha.s beøn found very

effectlve for thie purpose. Fifteen DNË-Ciipeptidee and. eix Dl{P-

tripeptid.ee were ueed for these studies. The r¡olar extinctj.on

coef f iciente of the above DNP-pr-.ptidee we¡re calculated.

The possibllity of uslng freezing point depression as a means of

calcul.ating the nolecular weighte of intact peptides (*" their Dt{P-

derivatives) has also been etudied., testing the nethod on five DltP-

d,lpeptid.es, three DNP-tripeptidee and, DNP-poly-L-valine. The

uethocl has been ehown suitable for dÍreet nolecular r+eight deternination

of the dipeptide and tripeptide d.erÍvatives to + 2l'" of the correct

value (frequently much closer) d,onn to 5 X IO-J nolal concentration,

repreaenting sonne 1.! X I0-4 mole of DNP-peptÍd.e hand1ed.. vihen applied

to a nixture of the test DNP-peptittes (repreoenting sone twenty a¡aino

ecld. resid,ues), the nolality of the solution was found. to be within

+ l.5t/. of the correct vaLue. The nethod. has been found. unsuitable

for èirect nolecular weight cletermlnat{-on of intact poLy-L-va1Íne ("o

DNP-poly-L-valine). fnstead.r the molecular welght of intact poly-

L-valine (ae DNP-Po1y-L-valine) was d.eternined apectrometrically (");

the DNP-poly-L-valine r*as then hydrolyeed conpletely, the DNP-L-valine

saa aeparated, and the nolecular weÍght of the orlginal polyner calculated

ind,lrectly (U) 'U¡l spectronetric'determination of the anount of DNP-

L-valine obtained., and (") from freezing point depression of a eolution

of the ttinftrophenylated hyd,rolysate. Regults fron (U) afffered. from

(") Uy one or more anino acid residues; ::esults from (c) were consistent
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uith those fron (a) to within about half sn a¡nino acid resid.ue.

Secause the DNP-peptides required for theee atud,les are not available

conroercially and have not been previously prepared, their preparation

had to be undertaken. Coupling the DNP-L-e¡nino acyl chlorid.es wlth

¡odiun selts of enino acide in agueoue rnediu¡¡¡ was found, unsuitable for

the conpoundg etudied (poor yield, poor quality), therefore alternative

meana of preparatlon were necessary. Hydrolysis of the eonespond.lng

ethyl eeters wag found gatisfactory. Three raethode of preparlng these

esterg were studied. Since the estera were also unknown compounds,

tt¡ei¡ preparation ancì. the preparation of varioue internediates (acid

chlorides, hydrazid,ea) required for their synthesis also had to be

undertaken.

Tbroughout the thesis, fndlvliluel anino acid,s and peptfd,es are

nentioned by thelr full nane, but 1n tablee and ln dleoussion,

abbrevfatlons are used for the anino acld. residues in narolng peptides

( i. e., glyolnc - gly, alanfne ! ala, valine - val, Ieucine = lêür

lsoleucillo = Ileu, phenylelanine - phe, tryptoplran - try ).
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Id.entification of N-terminal anino acide of proteins and. peptides

by reacticn of N-ter¡ainal ¿.amino groups and. other free ani.no groupg

wi th l--f tuoro -2, {-ð,Lni trobenzene (flxf ) was e lab oratett by Sanger ( f ) .

The dj.nltrophenylated. protein (DNP-protein) could then be hyd.rolyzecì.

in etrong acid to yieÌd a rnixture of amino acids and 2rd-d.initro-

phenylanino acide (nnf-enino acid.s). The latter r:ere rel.ati*¡eIy

registant to hytlrolysisr and could. be separated and identifiedt

therefore the N-ter¡ninal ar¿ino acid reeidues which bore the free

anino gtoup in the original protei-n molect:.Le could be id.entiffetl.

The DNP-amino acids produced by hydrolyeis of the DNP-proteln har¡e

been etud.ied extensive).y. Various Dl{P-amÍno acids have boen prepared

by many workers (f-5); the characteristics of those synthetic DNP-anino

aclde r+ere firet recorded in Ì910 by AbderhaLd.en and. Blumberg. A

nu¡nber of the optically active DNP-L-anino acids were prepared. for the

first time by Rao and Sober (6), Levy and Chung (Z) and !'raenkel-Conrat,

Ilarris e"nd Le'ry (g). However, much less attention has been given to

the DNP-peptldes which ere forned. either by partial hyd.rolysia of a

DNP-protein or by the d.irect dinitrophenylation of the partial hydro-

Iysates of proteins.

The purpose of the preeent work was to prepare and. purify eoroe

DNP-dipeptfdes and. DNP-tripeptides, in order to study the possibillty

of separating and ldentifying inta,ct peptides and of determining

¡nolecular r+eights of peptide fragnents in solution by freezin6ç polnt

d.epression principles. Ðirect dinitrophenyì.ation of the d.ipeptides

anti tripeptldea gave the d.esired DNP-peptides in fairly good quantity

e,nd. quelity, but the dipeptidee and tripeptides are much more expensive
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and. less readily available than the amino acid.s, therefore, other

u¡ethod.s are required to prepare the DNP-peptidee.

Ooupling of an anino acid in aqueous solution (niIdly basic ) vith

a Dl{P-L-aminoacy} uhlorjde has been usefu} (g) (equation I), but presented

d,ifficultiee Ín thie work. INP-L-vaIyI chloride, DtiP-L-leucy1

chloricte and. DNP-L-isoleucyl chloride were hydrolysed oxtensively,

giving poor yielda of DNP-peptide; DNP-L-phenylalany1 chloride wae

hydrolyeed so extenslvely that Ít could not be used for this nethod

of synthssis. Hydrolyeis of DNP-peptid.e ethyl esters r+as gubsequently

found to be & rnore suitable me&ns of obtaining the DNP-peptides.

Eq}ation I

R,

Hz ¡tlucooNa

l,'*o'

o2 R

l*octH

_-,NO" R R'

ozN@'íH ó' cot'' n lncooi\a + Nact

Three method.e of preparing the required DNP-peptide ethyl estere

were stud-iedr viz¡- (a) neacting the DNP-L-aminoacyl chloride with an

amino acid, ester in presence of atertiary base in a non-agueous

solvent (10) (equation 2); (U) The rnethod of Bossard, et aI (tf )

(equation ]); (") The carbod,ilnide nethod of Sheehan and llees (IZ, 1l)

(equation {). Method. (") could not be ueed for preparing the
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DNP-L-tryptophyl peptid.e egters, because attempted. conversion of

DNP-t-tryptophan to its chloride only reeulted. in tar formation.

Soesardte method (b) involves fornation of NrN-d.inrethyl chl,orofornlnidir-rn

chloride which Zaorel and. Arnold (l+) showed to be euitable for peptide

synthesÍ.e. It converts the DNP-L-amino acid to its chlorid,e ln

dinethylfornanide eolution, whlch 1s then added wíthout ieolation

to a dinathylfornanide solution of amino acid ester containing two

noles of tertiary base. Thie method was euitable for making the

ÐNP-L-tryptophyl eeters and also thoge r.rhich had been made by (.).

The carbod.ilnid.e nethod. (") of sheehan and Hees (te, 1]) has been ueed

frequently in peptide synthesis and. vras ueed. in this wo¡k to prepare

DNP-peptid.e eeters fron a Dl{P-erûino acid. or DNP-peptide and an a¡nino

acid ester in a non-aqueous solvent. ContamÍnation of a peptid.e by

dicyclohexyl urea, frequently most d.ifficult to remove and. províng to be

a conelderable obstacLe to purification of protluct has been reporteC

in the literature (15, 16), and. resolved. by using instead. Ì-cyolo-

hexyl-J-(2-norpholinoethyl)-carbodjlnid.e netho-p-toluenesuLfonate (16).

Such d.ifficulty was encountered. cnly in preparlng DNP-glycyt glycine

ethyl ester and lrNP-L-tryptoph.;r1 glycine etbyl ester, and fn preparing

the Dl{P-tripeptidee. In al.} other caaes the use of dicyclohexyl

carbocliinide as eondensing egent was s:-riteble; to prepare the two

DN!-dipepticle ethyl esters mentioned. and the Di.P-tripeptide estere, the

difficulty waa reeolved by using l-cyclohexyl-l-(Z-norpholJ-noethyl)-

carbod.iinide netho-p-toluenesulfonate ; no ed.vantage in

ite use was found when used to prepare thoee conpounds which were

prepared, satisfactcrily fro¡n d.icyclohexyl carbodiinide.
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Eecause the e.zlde coupling method. firet d.eveLoped by Curtius (!7-25)
hae often proved so satisfactory for peptid.e synthesis, preparation

of the DNP-tripeptide esters by this method. was attenpted.. uee of
this method required preparation of the appropriate DNp-dipeptfile

hydrazlde by hydrazinolysis of the correspond.ing Dl{P-rl.lpeptfde ethyl
este¡ 1n alcoholic solution. Sornetimes the eolution only neeCed to
stand a ehort tirue at rooa ternperature, in other cases 1onger reaction
tlnesr higher tenperatures and a large excess of hyd.rezine hyd.rate was

required,. The reactions can be expregsed. in ecluation (5).

Eqgåtj.on 5

RR,
órtcot¿rlr*,

I 
tyu

[ry'r"
couuéucoNHNH. + czHfu

F

HN02

ozF
írIrro* F

é, coNs 2 H2O

lP'
J uru[ucoo4s

+

Åoz| F R"
o¿vÇ)ñuéucoruuéucowuóucoocfs + HNs
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The Dl{P-dipeptid.e hyd,razid.ee were rathor insoluble, easi}y cryotal-
lizable compounds and very stable.

In ord,er to prepare the azid.ee, the correspond.ing hyclrazÍd.es we¡e

dissolved in a mixture of acetic acid and hyd.rochloríc acid.. After

cooling to about -10', the calculated. arnount of eod.iuu nit,-¡ite was

added. in the forn of a concentrated. aqueous solution. Conversion

of the hydrazid.es to the azid.es occurs al.nost instaneouely. The

acid eolutlon was diluted r"ith ice-water and the azide was extracted

vith etbyl acetatee the organie layer wae then washed. with lce-cold

eod.ium bÍcarbonate solution to remove the acid.s and. was dried prior

to the reaction with the a¡nino acid eeter. All operations had, to be

carried out in a rapid eequenee and. at low tenperatures.

The coupllng øtep followed inmed.iately the preparatÍon of the azide,

and. requír+'ô. 24-{B hours at 5'fo" coupling to be conpleted.

Sid.e reaction *rith the azide method. was observed, witlr, for¡oation of

urea <lerivatlvee durfng the coupling reactLon. lhie rnay be d.ue to a

Curtiug rearre,ngement of the azide to isocyanate, røhich r*'ould then

react with the added. anj-no component to forn the correspond.ing urea

derivatlvee (Zt, 26-28). fhe a,zlde coupling method was fountl to be

Iegs satisfaetoryfor preparing the DNP-tripeptid,e eeters. The

reactions can be expreesed in equation (6),

The free DNP-dipeptid.es were obtained. by alkaline hydroì.ysis of

the correeponding esters (29). The hydroì.ysis was carried. out with a enell

excess of aqueoua alkali in absoLute alcohol eolution for { to I hours

at roou temperature. The base was ad.ded. in small portione. Lor¡er

temperatures and longer reaciion tj,roes were required in eone cases.
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líethods of ìI-termijlel ¡esidue anal-ysis

As early as 1910, Abd.erhald.en anc Blumberg (2) used l-chloro-

2r{-d.init:'obenzene (Cfr:f3) in a soCiun bicarbonete rnediun to

prepare a nuç:be= of araino acic, derivatives.

qF
LUg

a2

'HCOOH + HCI

Subsequent attenpts to use CDt'iB for the id.entification of N-^,,er-

ninal anj.no ecld.s of a protein or peptid.e were unsuccessful'. rn

1923, Âbderhalden (lo¡ attenpted. to use cDt{B for the detection of

free anino groups in a partial bydrolysate of silk fibroin, but d,id

not neet with nuch aucceas, chiefly owing to the presence of anhy-

d-rides in the t'ydrorysate and, the d,ifficulties of separating the

prod,ucts. Furthermore, heat nes required to react

the CDNB vlth the amino groups in sod,tu¡o blcerbonete eolution, )

ceusing sorne hyd.rolyais of the protein. Sanser (r) :.n

1945 reprececl cDlrB by l-fluoro-2r{-dinitrobenzene (rlNl) which

reacted emoothly with proteins and. peptid.es at roout tenperature in
alcohol-agueous bicarbonate ¡rixture with ',he fornation of 2r{-d.ínitro-
phenyl (lÑf) deriv¿tives. The ctinitrophenylation of ìl-ter¡ninal

anino acid. resid.ues then played. a central role in the elucid.ation

of the structr¡re of the peptide chains of ir.surin, and. becane a

well-established, proced.ure in protein chenistry.

Sangerts nethccl for the id.entification and, esti¡nation of the

Irl-terni.nal resid,ue as applied to insulin consisted of three stages.

The.protein r¡as t,reated. with FÐN3, hycì.rolyzec, and tì:e ¡'esulting
coloured. coropound.s separated. chroraatographics.lly. Identification
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of these was based. on band, rates, and. vas confir¡ned by nixed.

chromatograns. secondly, knowing which Dl{x-d.erivatives were

presentr the anount of e¡¡ch corrld be assessed. with reasonable

accuracy by separating the fraction quanüitatively and. estinating
the naterial present colorÍmetrically, using the pure Dlïp-anino

acid as a standard. Thirdly, the r¡hole operatÍon r¡as camied
out'on a large ecale, so that the Dllp-anino acid.s could. be

lsolated and, satisfactorily characterized.

itlthough sangerts nethod. has been used. extensivety for the

N-terminar analysis of peptid.es and. proteins, four roajor factcrs
have created. epecial problens for many r.¡orkers. First, it was

found that on hydrolysing ihe Dì{p-protein, sorne Dt{r-a¡rino acid.s

are broken dovrn by hot hydrochl_oric acid., (faUte l), therefore,
correction factors had to be introd.uced for their instability,
and were bpsed on the recovery of these conpound.s after variorrs

period,s of hyd.rolysis.

Table I
A,pproxiioate breakdor+n of DNp-anino
acid on acíd hydrolysisx.

9onpoundst per cent break down

Bis-ÐliP-cys tine

DltP-gtycine

DNP-hydroxylroline

DNP-phenylalanine

DNP-proline

DNP-tryptophan

ÐNP- tyrosine

100

5o

5o

5o

,o

100

50
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* 16 hours vlth 12 S HCt at I05

{ .DüP-anino acid.e not included. are a}tered. to the erte nt of ZJt'

or lees und.er these conditions.

Second1y, noet of the DlíP-arnino acid.e lost the dipolar ion

character of the parent aroino acids d,ue to the li-eubetitution,

and, vere coluble in etherr hence ether extraction fron the protein

hyclrolyeate sae eatisfactory in theee cases. Eoweyer, aone

H-terninal enino acids euch es a¿-raono-ÐllP-arginine, ali-DlíP-histid.ine,

o{,-¡oono-DlíP-lysiner c{-mono-ÐNP-ornlthiner oü-nono-DNP-dia¡oinobutyric

ecid and. non N-te¡sinal amj.no acids sucb as f-aono-DlíP-lysine,

luidaåole-DliP-hi s tidine ( col ourtes s ) , O-ÐlfP- tyrosine ( c oI ourle s s ) ,

S-DNP-cye teine (colourteea ), f, -nono-DNP-orni thlne and, / -nono-DlfP-

dfanlno-¡utyrlc acid a¡e insol.uble in ether, renained in the equeous

layer, and ha¿l to bs extracted by sone suitable eolvent (i. c, Z-butanol/
ethyl acetste (f:f)

tb€ thid, facto¡ vae the effect of the reagent oa the various

groupa in the protein. trDl¡B reacteC not only vitb the free anlno

groups, but aleo rllth the ioino group of proline, the phenoì.ic

group of tyroslne, tbe eulfhyciryl group of cyeteine, and. tbe inid.-

azole group of histidine. The native protein generally eriste in

a coiled or folded ccnfornation, in vhich the free reactive groupe

on tbe oü- or ar-carbon ato¡os Eay be all or only partly exposed, to

tbe FDNB, varying with different proteins. Eonever, nhen the

proteÍn is fully denaturedr all the evailable groups tlill ¡eect

vith the reagent. -

Flnally, the fourth factor vaa the stability of the peptide

linkages d,uring the reaction betrreen proteln and. FDII3. ff the
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protein is not conpletely stable d.urlng the dinit::ophenylationr the
internal ¡onds open to yierd ner{ reactive enisr groups to the

reagent, and. hence together wÍth the true Ìi_te¡nina1 )líp_anino

acid, there wilr appear one or nore Ðì{p-aalno acid.s originating
from the points of breakage in the protein norecure. The

stoichiometr;r of the resurts obtained. ig often of herp in this
problem¡ for if very close to one residue of .l)ìÌ?-asino acid is
obtained. per more of protein, to6ether with only traces of othe¡
DNP-anino acid.e, it rnay assuned the peptid.e linkage is stable.
rfr Eowever, appreciable amou¡ts of two or tnore }llp-anino acids
êre obtained per nore of protein, the problen of ceci,iing r.¡hether

the results are vaLid and representative of t',ro or nore li-terninal
peptide chains in the noleeule, or whether they nay spring fron
secondary eeuses, could werl be difficult to solve.

Prepalation of INP-Anino Acid.s

The FDIÍB procedure has reguired. the use of reference etan¿ar¿s,

thé DNP-amino acid's d'erived. fron the protein have to bc conpared. with
the synthetic ÐNP-anino acid.s. Iiany workers used d.ifferent ne-r,hod.s

to prepare DNP-amino acid.s. Inasnnuch as pure L-anino acid.s rrere

not availabre in quantity before r95o¡ only DNp-ÐL-anino acid.s

have been prepared as reference standard.s. ïlowe.rer, the Dì{p-anino
acid's isolatec fron acidic or neutral digesis of proteins would. be

expected to be of the L-variety, and. it i-s better to prepare the

DNP-L-anino acid's as ¡eferenee stand.ard.; this not only elininates
d.oubt cn the chronatographi.e criteria cocparison, but also pernltg
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neasureBent of epecific rotation as another criterion of cornparison.

For these reasoDsr R.ao and Sober (6) prepared. a nu¡ober of opticall¡,
¿ictive DNP-L-amino acic.s by sangerrs liethod. The procedu¡e of
the nethod is desc,ribed as followss

They shook the anino acid. with FDIIB in the presence of a slight
excess of eod.iun bicarbonate fo¡ 2 to ) hours in Joid ethanol at
roo!¡ tenperature. (ft is reconmand.ed. that thÍs reaction as weII ag

all stages of the preparetion be carried, out. in the derk). The

alcohol t¡as rerìoved. at roon tenperature and the excess of FÐUB

extracted by shaking three ti¡aes r¡ith ether. The aqueous eolution
l¡es ¿cidified with 6 N hydrochloric acid, end the precipitated
DilP-anino acid. r¡ashed repeatly with snall quantities of ice-cooLed

vater,

One year later, Levy and, chung (7) 
"rrsgested. 

a nod.j.fied nethod

for preparing ÐNP-anino acid.s. They found. that several advantages

reeult fro¡¡ working in en equeous soLution et slightry erevated

temperature (+o) and by using only an equivalent amount of FDIIB,

a no=" rapid' reaction could. be achieved., ethanol evaporation an¿

ertraction of excess FDIIS could. be er.ininated,, a pure prod.uct

¡esulting with greater econony -of reegents. Their proced,ure is
described. below:

. The anlno acid' (fO n moleg) and. anhydrous sodiurn carbonate (Z gn.)
sere d,isaorved, in 40 nr. of weter at id, ¡'DNB (ro n noÌee) raa add.ed,

and the nixture vigorously agitated, the ternperature being naintained.

at {Oo. The snall d.rops of FÐìi3 in suspension dlsappeared. after rO-

!0 ninutos narking the end. of the reaction. The orange solution
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acldified with concentreted. hydrochloric ecid. (l rf) to pH 2,

precipitated DNP-amino acid washed, repeetry r¿itb smelr anounts

ice-cold water¡ and. wae recrystallized. by special aolvent mirtures.

Dinitrophenylation of an anino acid nixture

various nethod.s of dinitrophenyì.ating the anino acid. mixture

fron the protein hydrolysate have been d.escribed, The ¡eaction

can be canied out in either an agueous or an aqueous alcoholic
mediun.

coupling in aqueous ned.ium: Accord.ing to Levy et al (lr) end

later nodified by i{alrer¡fers (lz), the dly hydrolysate (2-5 me)

n¿s d.issolved. in 2 ¡nI cOr-free vater at room tenperature with

vigorous stirring. An eriquot (1.2 nl) was pipetted into a g¡¡a1l

reaction veesel equipped with e nagnetlc stirrer, r¿as dilutetl with

I'8 nl C0r-free waterr 0.L nI J.I N KCI nas added, end the golution was

heatett to {0+0.10. fhe pE r¡es nsintained, at 8.9 by the ad.dltion

of 0.2 N NaOE with vigoroua stirring. Âpproxinately o.1 nr FDNB

vas add,eù in e sna.Ll excesa in the absence of light, and, the pH

beld- at B.l for I0O ninutes by Eearrs of en autotitrator. fhè

reaction klneti.ce ccn be folloned by eutonetic recorù1ng of the

alkall uptake. After the reaction r¿as terninated, the excess FDNB

ya8 re!¡oved by extracting twioe ulth ! nl each of peroxid.e free
ether, and the vater goluble DliP-a¡ino acid.s extracted. repeate<ì.Iy

vith sec-butanol/ethyl acetate (I:I).

F¡aenkel-conrat and singer (ll) heve ¿lso described. a coupling

reaction in 5ií c¿rr:bonete buffer et pE !,J durirLg , hours at {0".
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lhe quantity of FDNB ras 1.5./tL pet 2 ng of a¡nino acids.

coupllng in alcohor solutlon: .Àccord.lng to Fraenker-conrat

and. singet (tr) and, Lucas et el (lq), the dry hydrolysis resid.ue

$-l ,ù ïas digsorved in ! e} water. This solution vas treated

vith 100 ng lIaECO, end, a eolution of loo ng FDNB in B nl ethenor.

The eingle-phase ¡oixture obtalned. nes alloved. to etancl for J hours

at roon tenpereture in darknees. The erceBa of FDNB was extracted.

sith ether after evaporetion of nogt of the al.cohol, then acidiflett
vfth concentrated hyd.rochloric acid. to pE 1-2, and extracted five
tinee vith peroride-free ether. The resi.dual aqueous phase wes

e¡tracted repeatedty with sec-butenol/ethyl acetete (f :t).
Blserte et aI (5r) carriecl out the reaction sith FDNB in an

aqueous alcoholle med.fun according to the folloving technique.

The hydrolyoete (fO ng) vas digsolvect ln ! n} of ctouble d.ietilleal

waterr ¡rhich vae brought to and. naintained at {0". The golution

wae acljustett to pH 9 with ß/L5 }IaOll and. 0.2 mr of tr'D$B wes ad.ded.,

tbe sorution was stirreal for 15 Binutes at loo r¿hire the pH waa

neinteined. at 9. Ten nl of absolute el.cohol were ad.ded and.

stirring was continued. for 90 mlnutes at {o'r the pE still. being

kept at J. .å,fter the reaction, the alcohol wee reuoved. by

evaporation in e current of coltl eir and. the exceaa of FÐNts

extracted. aeverel tines with peroride-free ether" The eolution

was ecid,ified. (r nr of concentrated. bydrochloric acid) and. ageiu

e¡trectecl r*ith peroxide-free eùher, then with ethyl ecetate.

Ehe residuer agueous phase was extracted ¡¡ith a alxture of equal

parts of ethyl acetate and. gec-butenol.
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Dinitrophenylation of free ar.rino acid.e in biolo6ical specimens
1s arso described by nanJ¡ vorkers. Ârnino acids in urine, b).ood.

and spern Here d.initrophenylated in alcohol solution with a

carbonate buffer at pH B.B for t hour at t¡Oo (l6-l g).

Dinitrop_henylation of a protein

Dinitrophenylation of a protein rras first d.escribed by Sanger (t).
coupling cou1d. be effected with native, denatured, or oxidized.....
proteins. The protein (0.5 sm) and, sodiun bicarbonate (0.5 s")
nere dissolved in I nl of water¡ to the solutlon r¡ere add.ed. I0 nI

of a 5ti (v/v) ethanol eoLution of FÐNB, and the nixture was agitated.

nechanically for 2 to J hours in the dark at roon tenperature. It
required a prolonged period of agitation (4e nours at 40", /2 houre

at 2Oo) and. repeated- ad.d.itions of sodium bicarbonate and FDUB for
fnsoluble proteins. Âfter conplete äinitrophenylationr the solution
vas acidifledr the precipitated DNP-protein ras centrifuged and. waehed

¡rith rreter, acetone and. ether.

'l,evy and. t i (r9) rrave d.esc¡lbed. a coupling reaction in ac¡ueous

oediun roaintained. at pH B by neans of an autotitrator. The protein
(o.e gm) was dissolved. rn ] nr of 0.1 ¡,f potassiun chlorid.e at {oo,
The pE wae ed.justed. and naintained at B by add.itÍon of 0.05 N KoB.

after tbe ed,dition of FDNB (o.r nt), the sorutlon was egftated

viiorouely for 2 hours. ,rfte¡ conplete dlnltrophenylation, the
gol'ution was acid,ified.¡ the precipitated. DNP-protein centrifuged. an¿

trashed with water, acetone and. ether.
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Accord'ing to Phillips (40), a, laore eatisfactory yield of terrninal
groupe is obtained. by ceÛying out the dinitrophenyletlon in a

solution mad.e fron potassiurn bicarbonate and. guanid.ine hyd.rochlorid.e.

the proteÍn was dissorved in a sorution of 6l.i guanidine (protein
concentration 20 ng/nL), nd to th:is soIid. potassiun bicarbonate

stined for 6 to 2Q hours

volumes of water. the

and weehed ¡rith **ier,

vae add'ed in a concentration of 10-1! ag/aL and. FINB in a concentra-

tion of O.O5-0.1 ral/nl. The ¡qixture vas

at 20", acid,ified. and diluted. vith tbree

preclpitated Dì{P-protein was centrlfuged.

acetone and ether.

Dinitrophenylation of a peptid.e

In practice the d.initrophenylation of e pepticie rnay be ca¡rieC

out in exactly the eane way as that of a protein. Ilowever, certe.in

nethod.s are especially suitable for this coupling reaction. ,

Accoriling to Sanger and Thornpson (+f ), substitution of triraethyl-
a¡aine for sod.ium bica:'bonate results in a d.iroinution of the ionieatÍon
of the ned.iun; moreover, this reagent can be convenientry reuoved

afterwards. The peptide (o.e¡note) ¡ras dissoryed in 0,ì. nl of l/
trinethylanine. a solution of r0/I of FDNB in 0.2 mr of ethanol

wae ad.dedr aftor 2 hours contactl e few drops of water and of the

trinethylenino soLution vere added. and the excese of FDI{B'ras r"uoved

by extraction three tises with ether. The solution was eveporated.

f¿ vacuu¡l to d,ryness

1o red'uce the foreation of d.initrophenolr Lockhart and Abraham

(+Z) replaced' trinetb¡rlanine by trinethyl ar:inoniun cerbonete and
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proceed.ed, es follove¡ the peptide (>o-t>o¡nÐ lras discolved ia o.1

nl l -5f¿ (¿/") tritrethyr annoniua c¿rbonate solution (pi{ 9.1), o.2
nl of a 5Á ete'cior soluti'on of ¡')ìíB ves ad.d.ed, and. the roixture alloyed
to stand in carknees for 2$ hours; the ethanol yaa evaporated fn
Yecuutrr the prod'uct treated. with 0.2{ n). trinethyl am"lonium carbonate

solution and. 1 nl ether, forloved by rnixin8 with a vibroni.xer,
centrifugÍns ln o¡cier to separate the liquid. phase, separation of
the ether (d,iecerd,) and evaporation of the êgueous solution in
YacËum to dryness.

Yeley (ql) suggeeted. a ¡uethod sooerhat sinilar to the foregolng yith
a buffor of trinothyJ.aeine-carbonete obtained by treataent or a g/ø

("/")solutiolr of trinethylamine r¡ith carbon Cloxide unt:l alkaline
to phenol red, but neutrar- to phenol¡:hthalein. uncer these cond.i-

tlons¡ the dlnítrophenylation vas conducted. at a stightry lover pE

than in the nethod of_ Lockhart end abrahen. A snelr enoun.,, of
d,lnitropb.enol Yee foreed..

Drring the eerly studÍes of chronaiograpbic separation of INp-

i¡nlno acid.s, 1t uaa neceasary to estabrish their id.entity by

teconversion of DIIP-¿nino acid.s to free anino acid.s. several
aetbod's t-ere d'eveloped,. uills (¿+) rirst brought about regeneration
by beating the DÌlP-d,erivatives in d.ilute sulfurlc acid. containing
bydro6en perorid,e; 2r4-d.initrophenol uas prod,uced, as a by-prod,uct.

This nethod sae::ot r¡ell acapted, to the nicro gcalei a aore

eetisfectory technique involvec heating tbe conpounri with satu¡ated

eraiiclr of anino acida _fro¡ their Ðllp-derivatives
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. baryta water in a sealed tube. All the comnor¡ occutring asino

-i scfdg were recovered, in this rey, ercept higtidine and cystine ,

of which very snall yields are obtained. -D}IP-arginine after
hyd'rolysle gives rise to several extraneous ninþd.ria-positive
eubstances, e.nd. the recovered threonine rraa also ecconpanied by an

artefact. Lowther ({J) noClfied, l{ilLs ¡aethotl by heating the

DllP-clerivativee with amnoni.a in a eealed tube, and. found. that a1l
emino acid'a yere recovered,, but the yierds were verJ¡ poor. rn
]gr9, 

.Liebold and' Braunitzer (+e¡ treated. the DNP-anrino acid.e r¡ith
hyd'riodic acid. at 1O0o and, recovered the f¡ee a¡¡ino acid,s in yield.g

up to 8@. Eowever, the hyd.r-oXyl groups of serine anC threonirre

¡tete renoved in thie reaction; frrrthernore, some a¡oino ecids
yere reoovered. ln ê poor yleld., and. tbe nethod ïas not euitabre

for DllP-peptid,er. Therefore, Fasotd and hls coworkere (47, 48)

legenerated. the free anino acids b,v hyd.rogenation. The hyd.rogen-

atlon'of the DNP-arnino acids and DllP-peptides was perforned in
glacial ecetió scid or nethanol using e larga exceas of the pletinun

oatalyst. The previously blocked enino groups were obtained Ín
the free forrn in yielCs up to )O/". DNP-methionine was spllt only

1 in the forr¡ of its sulfone, and. Ðllp-cysteine was split as the

eulfonic acid derivative. å very sinple nethod. res reconuend,ed

by l4acek (+g), in which the d.r,v sarople of Dlp-amlno acid,s nag

dissolved in anhydrous hydrazj.ne and heated for t hour at 60o,

the free emj.no acids yere recovered,

Tbe ad'vant,age of converting the ÐNP-compound.sto the e¡nlno acldg
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h'as that the chronatographlc behavlor of the acid.s

and. nore reliable than that of the ÐNP-conpounds.

further vork wlth the ÐNP-derivatíves progressed.,

better and the regeneration of anino acids becane

wagne11-known

However, as

separationg becane

unneceSgary.

Chronato&raphio ereparetion of DNP-derivativee

sangerrs original gork on the free anino groups of r.neurln (1)

lncluded an atte¡ipt to separate the DNP-arc,ino acids obtained on

conplete hyd,rolysia of the DNP-proteiu. He enployed three chronato-

graphic procedures. The separation of Dl{P-d.erivatives by ad.sorption

chrondtography was rioù very euccessful, since deconpositlon of the

compounds occurred on megnesiuo oxide or alunine colunns. The use

of partition chronatography on filter paper or starch ¡¡as not very

eatisfactoryr due to "tailiag" of the spots or band.s. The nost

guccessful separations yere obtained witt¡ column partitlon chromato-

6rephy using a stationary aqueous phaee aôeorbed on tbe silica gel

and a noving organic phase. l{ono amino acid. d.erivativea are welL

separatod by ueing grycol or aqueous ethanor or acetone as the

stationery phaeer e-nd a non-polar eol.vent ia equilibriu¡n wlth it

aa the ¡noving phase. However, the success of this method wae

highry dependent or¡ the batcb of eilice geL uged. rn an attenpt

to resorve this d,ifficuLty, Brackburn (50) an¿ Eid.drebrooke (51)

¡aod.iflecl the nethod by uaing concentrated. phoephate buffered colunns

of sillca geI. By varying pII, they found that the rate of movenent

of a band. of e given ÐlfP-a¡nino acid could be varied vithin rrid.e

llnitsr the higher pH giving the slower rate. No significant
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vsriation occurred in the ¡ate of novement of the band. of a given

DNP-anino acid between different batches of sirica gel, and. the

difficultry ln preparing a suitable ger d.id not arise. arso by

uaing a single solvent sith colurons buffered. to d.ifferent pH values,

the nunber of DNP-anj,no acid,e which can be separated is greater than

on the unbuffered column

Green and Kay (5e) aescribed a nethod. for the eeparation and

d'dentification of sixteen ether-soluble DllP-anino acids by ,'ed.Borption'l

cbro¡¡atography on silicic acid "Cellte". ÐNP-amino acids were rather

etrongly ad.sorbed. on prek'ashed. silicic acfd columns and forned, compect

zonea nhich noved. st a reasonable rate when d.eveloped l¡ith glacial

acetic acid in petroreu¡a ether (ligroin). This nethod had the

a.d.vantage of being much faster than the partition rnethod,s, and. fewer

oT¡ronatograns were required for the conplete resolutlon of a nixture.

Satisfactory re,sults were obtained. on different batches of silicic
ecid fron eeveral sources.

One of the first chromatographic inveetigations of D$P-peptidee

aroae aa a result of the studies nade on the partial hyd,rolysatee

of gelatin. Thie .etudy shoved that the separation of unknosn peptides

woulcl be greatly facilitated by a stud.y of the chronatographic

behavior of knor¡n DNP-peptid.eg. ¡\ccord.ing to schroeder et al. (5]),

56), a vari.ety of known DNP-peptid.es lrere chro¡natographed and èhey r*erc

eble to deduce Bome generalízations vhich permltted. tho prediction

of the chronatographic behavior of known DNP-peptÍd.es. Thig aid.ed

ln the ldentification of tentatively identified. .DNP-peptid.es through

the conpariaon of deternined and. predicted. behavior.



22-

In ad.dítion to the ¿bove raethods, a variety of other techniques

for the separation of ¡nixtures of DNP-anino acids have been ciescribeå

in the l-iterature. Paper chronatography has been used. extensively.

Early vorkere found difficulty in the separetion and. identification

of the conpounds because of tailing of the epots, but Blackburn and.

Lowther (5r) observed. that DIIP-anino acicls vere euccessfully eepareted

on b'¡ffered. one-d.inensional paper chromatograns. The paper is eoaked.

in phtharate buffer and d.rlerL at roou tenperature, compact spots

vithout "tailing" and posseesing characteristic rates (R¡values)

being foroed. in suitable solvents.

lnetead of ueing a phthalate buffer system, pairent and. WiIlÍamson

(56) separated. the DNP-amino acid.s on a sulfate-phthalete buffer

eystem. they found. that the separation of the ÐNP-as¡ino aclds was

eesentialì.y the aane aa with 1.5 Il phosphate buffer, but a nore

distinct spot wlth sharper boundaries uae obtained for moet of the

DNP-amino acids.

Tuo d.inensionsl paper chromatography enploying a 'rtoluene'r solvent

and l.J Þf phosphate buffer 1lJ, 58) is considered. the nost eatis.

factory for the separation of ether soluble ÐNP-anino .:cids -nornally

obtained. frorn proteins. The Dli!-a¡sino acid.g are aúbjected to aecqnaling

chronatography in the first direction with the toluene-pyrid.ine-

chloroethanol-0.8 H a¡amonia (Jzl-.Jzl¿1) mixture, and. descend.ing

chro¡oatography wÍth 1.5 M pE 6 phosphate in the second directÍon.

l{ost of the ether soluble }NP-anino ecide can be eeparated by this

¡nethcd, with the exceptÍon of d.icarborylic .DNP-anino acids (ntff-

aepartic acld, r.rllP-glutanic acid). Theee tvo derivatlves can be
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aeparated by neane of a second. chronatogran, ueing the ,rtoluene"

systen 1n the fj.rst dinension and a phosphate buffer of higher

concentration (2.}I'f) in the second. d.lmension. Hovever, the 'rtoluene"

solvent syeten has been criticized on two points. First, Ít ie

not convenient to uge ühis solvent in laboratories vhere either

nitrogen or colorinetric ninhydrin determination are being carried

out routinely. second.ly, the two phaee "toluene" eystem requires

geveral hours of equilibration before use and then the org.anic phase

used for the developroent of the chroaatogran is not etable.

Braunitzer (59) has replaced^ the toluene-pyridine-chloroethanol

mixture with the n-buty1 alcohol-O.1/o anmonÍa (f:f) syeten, and

achieved. eatisfactory resorution of all DNP-amino acids by two

d.i.nensional chromatography in conbination with 1.5 M phosphate.

Phillipc (+O) has also suggested a two dinensional procedure in

vhich 2-butaaol 9" tert-anyl alcohol or 2-nethyl butan-2-ol saturated.

vitb O.O5 !1 phthalate buffer of pE 6 is ueed in the first dinension,

and 1.1 !{ phoophate buffer of pH 6 is ueed in the seconL J.inenston.

In 19611 3renner et al (60) first introd.uced an lnproved ¡nethod

for tbe id,entiflcatfon of DNP-anino acid by application cf thin layer

chronatography using sillca G. They found, the water eoluble ÐNp-

aaino acid.g c,rn be chronatographed. ¡nost favorably with solvents which

consist of a nixture of an alcohol (n-propenol or n-butanol) anil

annonia solutj.on. The ether soluble DlíP-anino acids are separated.

by tzo d.i¡¡ensioner chrornatography on silice, G layer, the "toluene'?

solvent of Bieerte et al (57) teflg used in the firgt dimension, and.

tbe solvent syatemg of chloroforn, alcohol, glacial acetic acid. or
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benzene (toluene), pyricLine, glacial acetic aci<l in the second,

d,imension. Thie ¡cethod has consid,erabl.e advantages over paper

chronatography¡ giving excelLent sharpaees of separation, hÍgh

eensitivity and. greet speed..

since then, thin layer chromatography has beeone increasingly
popular for the rapid separation and idontification of Ðl{p-anino

acids. I¡¡stead of Silica ge1 G, several other ad.sorbents r+e¡e

used.. Flttkau et sI (61) used supergel rayers a.ntL lfunier et aI
(62, 6l) used cellulose layers, arÌ giving good. eeparation.

Recent}yr stud.ies have been pubrished deering with thin-rayer
cbro¡natography of ether-solubre DNp-compounds on polyanide. vlang

et al (64, 6,1) deacribed an excellent separ¿¡.tj-on of Jl Dl{p-anlno

acitl$ together with 2r{-dinitrophenol end. 2r{-dinitroani}Íne by

polyamitLe o:: by polyester fil¡n supported. polyarnid.e layer chronato-

graph;r. They found the potyanide Iayer, especially with the

polyester fi1¡n supported, gave less diffuse spots and better
separation than the Silica gel G.

Photosensitivity of DNP-coxnpounds

The lnstabtlity of Ðìlp-araino acids r+hen exposed. to light wae

first; pointed. out by sanger (66) and, Blackburn (lo), who found that
DsP-anino acld.s tended. to decompose if exposed to eunlight on the

colunn. Solutions of DNP-as¡ino acld.o in solvents such as chloroforn
aleo tend,ed to rleco¡rpose when exposed for long period.s to light,
particularly eunIlght. The solutions then gave rise to ad.d.itional

bande on the chronatogran. Mi1le Gl) Buggested. that during the
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course of the work, it ie necessary to protect the ÐliP-amino acids

from light at all stages of their preparation and. eeparati.on. Rao

and sober (6) reported that the yield.e of DNP-glutamic acid. and.

DNP-âspartic ecld were increased. if light were excludetl at all etagea

of preparation.

Photod.ecomposition of DNP-anino acids hag been studied by Âkabori

et ar (69)r who showed. that severar o{,-Ð}IP-amino acids in agueous

eolutioa wore deconposed by light at about the eane rater.but d.id.

not ldentify the prod.ucts. They found that f-Ðìlp-LysÍne was photo-

stable. Porrara and, von Korff (6!) using l+c-l"berled. DNp-amino

acider obeervod. that many of these conpounds in the solid state are

decart'oxylated undsr the influence of light and converted into the

correspond.ing Dl{P-alkylaminee .

RusseL (70-72) irrad.lated. a solution of DNp-L-leucine in dilute

sod.iun bÍcarbonate solution. 0n extracting the solution r¡ith ethyl

acetater he obtained. an unknown conlound vhich he later proved. to

be {-nltro-2-nit,rosoaniline. The ss,ne compound wae also obtaineel

f¡o¡s en irradiated solution of DN?-gluta¡ric acid; subseguent acídi-

fication and extraction of the aguecus phase furnished ]-formyl
propionic acid., isolated ín f oþ yield. as 2rd-d.initrophenyl hy<irezone.

Tbe reaction echeme is shown as belo'rr 
.,,

ooH

+ )cHcH|cwH+co2

lrradiation produced.

addition to {-nitro-

crycH2cooH I
Further work on

carbon d.ioxid.e and.

DNP-L-leucine sho'rod that

J-nethyl butyrald.eh¡rds 1t
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The reaction nay be shown as beIOHs

w$,liîi;lar&> *ör + ocHcH[#cH3 + co2

DtrP-L-leuelne vas rapldly decouposed. by Light et any pIIr {-nitro-

2-nltrosoaniline uas formed. only at pII 6 or above. The rate of

reaction 1n dllute solutlon was intlepend.ent of the concentration,

eo that the procese is an intranolecular oxitlatlon-reductlon

aooonpanying d.ecarboxylation.

The reectíon r*as found fairly general for DNP-d-amino acid.s,

althoug'h not all d.econposed in the sane rray. A large group forned

4-nitro-2-nitrogoaniline in high yie1d, some others gave a lower

yield of {-nltro-2-nitrosoaniline, together with other (unid.entlfied)

prod.ucts , and. a few decornposed wiühout formation of the nitros

coropound. The preseuce in the amino acict eid.e chain of a group

such as hydroxyl, sulfoxide, etc. pernits gid.e reaction, go the

usual prod.uct I'as formed to a snaLler extent cr not at all. SÍ¡ni}ar

conpounds, in which the anino group was not in the d¡pcsition or

the carboxyl group was not free, were relatively stable to light.

lltP-peptiâes are deconposed nuch nore slowly ihan 4¡DNP-amino acid.s.

l[he unidentified coinpound fro¡c the irra.diated DNP-amino acid.

colution was identified by Nead.le ¿¡,nd roL11tt (7t)raa a 2-subetituted-

6-nitro-benzinidazole-1-oxide. the fornation of this conpound. by

phototyeis at a suitable pH appears to be a general reection for

D}IP-o(,-anino acids r.rith an ol,-hyd.rogen atom. rhe reaction gchene
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is shown as below:

órcoo,
- coz,-RcHo

(r)

-cq, - ryo

\_----

I
OH

(rr) (rrr)

fn neutral aqueouo soluticn, they exist in the n-protonated form

(ff)r r¿hereas in ethanol and. e variety of other organic solvents,

they exist in the 0-protc¡¡ated. forn (III).

lleny ¿¡lllP-anino acids und.ergo photolysis in aqueoue solution

to give a nixture of nainly {-nitro-2-nitrosoaniline and. 2-gubstl-

tuted-6-nitro-benzinidazole-1-oxides are stable to further visible

irrad.iationr and. the {-nitro-2-nitrosoaniline elowly und.ergoes

eecondary photolytj.c reactions. rhe factors Hhich influence the

pboportions of the different prod.ucts formed by the photolysig of

DNP-amino acid.s have been inveetigated. fhe nature of the light

source is not criticar as long as the naÍn absorption bend. at ca

160 n¡ is activated. 'rhe tenpereture of the photolysis nixture

R

V

r
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has a sllght effec+" on the proportions of the prod.ucts, but the

main factor is the pE of the reaction nixture, the products

varying r¡ith pF in an Ìrnuaually cornplicated ¡oanner.



Exneri¡nental and Resultg
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Prenarati_on of startinß materiale

2 r4-Dlni trophegyl-L-a¡oino acid,g

lhese w6re requfred as stertlng naterials for converelon to acid,

chlorfd,es (9), for reaotlon witb N;tr-dinethyl chloroforni¡old,iun chlorid.e

ln Bossard.rs netbod. (ff), and for uee in Sheehanrs carbod.ilnid,e nethod

(IZ, I]), ar[d vere prepared by Levy and, Chungre (]) nodfficatlon of
Sanger's æthod. (f).

--r,NOt Ro/Q; + uJvtucooiao

NaHCO,

HCI

olrÇÑrfrrooH + Nact

labre 1. structurar fornulae of Ðìip-t-ani.no acide
,ruO* ¡or

o¡ö*tlcu(n)coou R qn@nurcu(n)coou R

E- -ffi 
cng-$nicu/-Glystne

å.lanine CE¡- Phenylalanine @ttr-
Valine curcn(cri)- tr.vptophan Op-tfa-

HLëucine crVB(curcHr-



Þfaterials:

¡-Ânino ecial

-to-

O.0l nole

O.Ol mole (1.86 gn.)

O.0r-0.1 nolc (2.58-8.6 gn.)

lCO nl.

121 nl,

5-10 n¡l.

FDNB

Socllun blcarbonate

ìlater

Ethanol (95/")

Bydroohlorlo eeid

Ir-tl¡'ino acid, a¡rd sodiu¡a bicarbonete Lrere dissolved in rater and

to thie ¡ras added e solution of FDI{B in ethanol. the nixtute yas

etirred, ¡nechanicarly f or tvo bours at too¡o tenperature. Tl¡e

solution vas evaporated ätt"oo. tanperature untir only a snalr

amount oi' solvont renai_ned. The reeid,ue was dissoLved in r+ater

and. the solution filtered to remove the insoluble substancea, then

aoldified with concentrated. hydrochloric acid. to pE 2, which precl-
pltated. a yellov solid,. The mixture vas refiigerated. ovelnight to
precipitate aclditional product. The cryetals wete filtered with

suctionr waehecl with ice weter to renove excess hydroGhloric acld.

a¡rd. dried, in & va,cuun Ceeiccato:.

the eruùa product Ðt[P-t-anino acid.s uere purifled by the

folloving nethods.

Foc DÌIP-g).y'olne and. DNP-t-a1anine, the crud.e prod.uct was diesolved

ln a snall anount of ethanol, rCater ad.ded untl1 the solution Just

tu¡aed oloudyr and then refrigerated overnight. The cryetals vere

flltered. vith auction, stored. for 2! hours in a vacuun desiccator,

ar¡d, beated. at lOOc to constant neight.

For DNP-L-ve.11ne, ÐNP-L-leucine, DIIP-L-Isoleucine and. DlIp-L-
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phenylalar1inç, the cmde prod.uct was d.iseolved. in a large volu¡¡e

of ecetor¡e and the solutio;'. irLed over e.nhridrous sod.iun sulfate.
After filtr¿tÍo:i, rhe sclution L'as ccncentråted. to ¡ sn¿ilL vc,Luae.

ån equal voLune of benzene w.ås aJied. to the acetone solution and

tbe DllP-L-a¡¡ino acid precipitated by adCing en exceas of petroleun

ether (b'p. ,o-l5o). The derivetive is årled in a current of alr,
d,iesolved. in ether and preci.oitated r¡ith pet:r.'oLeum ether. The

ether-petroleun ether proeeiures :l¿y be repeeteii. several times,

uqtil the ÐliP-L-anino acid. Cr¡:.s¡.ttlzes at a loy tenperr.tllre. The

crystale ltere filtered. r+ith suction, stored. f ot 24 irours in a vecuun

desiccator and heated at 100"r to constant weis3ht. (except for ÐNp-

L-leucine, shich was heateil at B0o to constant weight. )

9or ÐIIP-L-',r¡rptophe.n, it" crtrêe ¡roduct wes dissclveå ír. acetole,

ether added. until tþe solution just tu¡ned, cloudy, and than rcfriger-
ated overnight. The crystals were filtere,à uith sucticn, etored.

for 24 houls in a vecuuul desiccator, and. heated. at 1000 to constant

uelght.

ttght úas excluðed^ at aLl stages of prepe.ration and puríficetion.
A GalLenkaup neltfr:g point apparatus lras used, to delernine the

ueltf.ng point r.'hlch lias unco¡.¡ected,

Helting polnts and apecific rotetions tn 95/" ethanol vGre tha salne

as those reported in the literature. Tield and. nelting polnt of thc

protlucte are Eur¡marized in T¿ble 2, epecific rotations in 95/, ethanoL

rnð al¡o ln d'lncthyJ.fornanld,e and, glacial ecetlc aeld arc cuxnmarlzed.

ln Teble J, at are also tbe calcurated noLecular ¡otations.



Conpound

DliP-glyclne

ÐNP-I,-alanlne

nNP-L-valine

DlüP-L-teuclne

Ðì[P-L-ieoleuclne

DNP-t-phenylalanlne

DNP-L-tryptophan

i,iei.ght of
anlno acld,

(rnote )

o.01

0. oI

o.ol

0. 01

0.0L

0.01

0. 01

TleId
Table 2

and neltlng point of

l,tlelght:
of l'ÐNli

(nole )

0. oI

o.01

Cr.0I

().01

c)" 01

0.ol

0"ol

" *:_"lt

l{elght
of NaHC0a
(mota) q

o.100

0. I00

0" 075

0.0r0

o,o75

0" 100

,). (t50

DNP-L-anfno aclds

Crudc
yieltl

/"

94-98

92-97

st-b?

gz-9s

94-9e

94-96

95-9e

Crude
1,1. P .

oc

?oL-205

17r-L?5

Lto-Lr4

5r-65

112-111

r70-r75

22L-22'

h¡re
yield

/"

92-94

90-95

90-94

5e-6,

90-96

82-BB

92-95

Pure
I*f .P.

oc

20)-206

17B-t?9

Ltl-tr4

9B-99

rr.r-r14

L92-L9'

222-22'

t
fu
I
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Tebl.e J

specific rotations and ¡nolecur.ar rotatione of DNp-L-a¡rlno
acid.e tn 95iL ethanol, dinethylfornanid.e and, glacial acetic aciô

Corcpound

Dl{P-},-alanine

DtrP-L-valine

ÐNP-L-leucine

DNP-t-igoleucine

DNP-t-phenylalanine

D[P-L- tryptophan

0ptlcal rotation

The epeciffc rotatÍon @Jlt*"" determined. in I-4, eolution ín 951, ethanol,

d'fnethylfornanide and. glacial acetic acld on eanples previously dried.at
lOOo to constent ueight. The velues yere calculated. fron the we1l. known
relation ¡

Specific rotation @,Jf2

4, X. 1O0

1.c

lfhere c¿ris the observed rotation ln degrees.

I is the length of the porariueter tube in decineterg.

c fs the concentration os senpres (grans/too nl of solution).

t{olar rotation" (u]ft"euar to specific rotation " Vð:: murtipried by

the nolecular veigbt and, divlded by lO0.

The neasuremente ¡rere uad.e by using a Kern Pull Clrcle polarimeter

end. e tvo declneter tube.

Ethanol DinethyÞ

@Ê (-tï 'äii'.'t'ii
+r'l .5o +44 .6' -29 . 1o -7 4 .4'

aa-L2.4'-r5.L- -89.8'-254.4'

-2g.ot -8j.5' -7'l .B' -z.:.L.t'

-zr.r' -6j.1' -gr.9' -z}:>.L'

-87 .z' -zBB.g' -r2o .d -rg7 .6'

-286.f -rcrg.9' -21r. t -Taz.f

GIaciaI
acetic acid.

&lf .(u4]i

+L9.3o n49.2o

-26 .B' -75.9'

-4g. g' -r45 .40

-jo.4' -9o.4o

-97.d -rz:-,4o

-L96 .í -7 zB.4'
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à.4-Dl¡r¡itronhenyl-L-anino s,cid chlorid.ee

Tt¡ese were tequired for attempting preparation of DNP-ctipeptides (g)

and Dì{P-d.lpeptide ethyl esters. They b:ere prepared, by the rnethod of

Loudfoot and Kruger (g) and characterized by con'¡ersion to their anÍd.es,

enilid,es end, p-toluidides. The general reactions for the overall

reactl-on la ehawn ae below3

* soz + HCt

Mate¡ials:

0.005 nole

1.0 ¡al.

Dl{P-t-enino ecid and thionyì. chlorice we:le heaied und.er reÍj.ux
on Ê.r: oil bs-tÌ¡ at g00 until a clear sor.ution Has,>bteined (ro_lo
nÍnutes). The eorution wes then heated at Boo for an acditional
!o ni'utes, an.r iho excess Èhionyr chr.orid.e renoved. by vacuun
dlstirlation at JCô. lrxcept for nrlp-g].ycy1 chlorid.e, rod.-brcwn
llquitls vere forrrei, vhich nere use.l Íor the preparetion cf Düp_

a¡aino acid' der:ivatives l'ithout f.:r:her purifÍcÊ.,io,'. DHP-L-
tryptophan feirs to yierd the ecid chrc:^icre iue to d.es+_:-:sti.on of
DilF-L-tr;r¡:tophan in thionJ¡r cÌ,ro¡i-<ie even at a lor¡er teeperature.
Throughout the p=ep.rration, a car.ciua chrorid,e tube ryes eitached.
to -lhe condeneer in orde¡ to ezclud.e ¡noistr:re.

DliP-L-a¡nino acld

Thionyl chloride



-15-

The yield of the products ere sunnarized
Table 4

lleld. of DNP-t-amÍno ecid chlorides

in Table 4.

Yield. ("/")

9r-99

9B-99

9r-9e

97-99

95-9e

96-99

Coupound.

DltP-glycyl chloride

DNP-[-alanyl chlorld.e

DlÍP- L-valyl chlorl<ì.e

Dl{P-L-leueyl ch}orid.e

DNP-t-i soleucyl chlorid.e

Dt{P-t-phenylalanyl chloride

The acld chlorides fron DNP-L-valine, DNP-L-leucine, DNp-L-lsoleucjne,

and DNP-L-phenylalanine were converted to their anid,es, anÍIid.es and.

p-toLuidides as nas DtÍp-L-alanyl chlorid.e (g). yield.s, nelting point and

recrystallizing colvent for the emidee are listed. in Table j, for the

enilldes in labrc 6, and for the p-toruid.id,es in Table ?. specific
rotetfons and nolecular rotatlons of a}l these deriv¿tives ¡n 95/"

ethanol, dinethylfornenid.e, acetone and, glacial acetic acid. are listed.
in lable 8. ResuLts of the elenental analyses of these derivatives
(perforned b.y 0rganlc lllcroanaryees, l1ontrea]., ù¡ebec¡ Gerrer

Ieboratorlec, charleston, $eet virginia or chenal.ytlcs, Tenpe,

Arlzonia,) arc gumnerized. 1n Teb1e 9.

terizatlon of TINP-L-anino acid. chlorides
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Table 5

'yle.d and' nerting point of D'p-L-a¡aino acid aoidee

conpound ;i;i; fiii" íï:ï. il5:/" oc " -/"-- "äô'

DllP-L-vatyl amide 94_98 166_170 BB_g1 LTt_ITz
DNP-L-teucyt anid.e gz_g5 109-124 86_9o LzB_Izg
DNP-L-isoreucyr amide 9z_9e r75_t8o Bg_94 r8l_184
DilF-L-phenylal.an¿r1 anid.e 82_88 180_182 so-g4 181_IB2

Tabte 6

TieId, nelting point andrecrystellizing sorvent of Drip-L-emino acid aniridee

Crude Crude pure pure Sol.ventgConpound. yield. M:p. yield l,f .p. f or recrys .l" oc -fr ;c-

ÐNP-L-vaI anilicie g}_g4 2L6_2ZO S]_BB zzZ_ZzJ E_trI

DtfF-L-leu anitid.e 66_75 150_165 52_64 170_171 !1

DNP-t-Ileu aniÌide BB_gt 2OB_21O B4_BB 2IO_ZLL E_h/

DIÍP-t-phe anitid.e 77-84 zol_zoj 69_T8 206_20l E

?able 7

ïfeld, nelting point and.recrystelrlzing sorvent of ¡rÞ-l-"ri"o ecid, p_to'uÍdid,es

Crude Crude pure pure Solventecoopound yield, M;!. yie.r¿ ¡,Í.p. for recrys.fr "e " -%-- ;i^ '
DlfP-L-va1-p-totuidide g}_g, IBt_IB5 B4_A9 1BB_tB9 E_t{
Drfp-L-leu-p-toluid.ide go-gz 115-1rO s1-s6 LrL-rrz E_Lf
DINP-t-Iteu-p-toluid.ide gZ-g| 2OZ-2O4 eB-92 ZO!_ZO4 E_t{
DNP-t-phe-p-toluidide 78_86 2OL_zO]e 69_76 2or_ZO4 E

Mrere E-l{ - ethanol-water¡ E= ethanol.



Conpound

DNP-L-val anlile

DNP-L-vaL anlLidc

DNP- t-vaI -p- t oluidlclc

DNP-L-Leu anide

DNP-L-Ieu an1I1d.c

DNP- L- lcu-p- toluidlde

DI{P-t-Ileu amide

ÐNP-t-IIeu anillcle

D¡tP- L- IIsu-p- toluld;ide

DNP-L-phe anid.e

DNP-[-phc anilidc

DNP- L-phc -p- t oluididc

Table I
Speoiffo rotatfone and noleoular rotationgof Dl{P-[-e¡ofno acid, amfd.es, ani]ides and,p-toluld,ldes ín )Jy',o ethanoL, dimethylfornamid.e,
acotone and glaoial acetfc acid

95/"

klr
+85.1."

cthanoL

r'li
24O.2"

Dlrne thyl-
forrnamlde -^^kli tuli

+27.7' +'1L.2"

+108./ +)88.1'

+10!.d +)9L.Oo

+I2.6" +r7.r"

+J8. B' +295 .4"

+)2,t +)'s5.9'

+1? , f +)O.'1"

+10? .8" +{0I.{"

+I2O.d +)82.8"

-Lol.; -t4T.B"

-25.tj -94, j"

-27.O" -Lrt,5^

+80.0

+1]L.4"

+118.6"

+66,J"

+217.O"

+489.10

+458.1"

+L)8.2'

Àcgton¿.

É¿li' trl'
+45.5" +L27.9"

+11J.8'+dOJ.B'

+111.?" +416.0'

-67.5o

01ao1al
acotlo aold,_,n

[¿]Í' LUJã'

+I28.'1" +16r,5'

+2O).J" +729.ru

+20O.O" +744.8'

-22r.O'

+J8.Jo

+LOO.)"

+102. t"

+2).J'

+I05.?"

+10d.6'

-gB.2n

-2O.O"

+II7,5

+57r.5"

+r97.6'

+87 .4 "

+r95.6

+r89.5"

-r24.4^

-8J.1

+I20. Bo

+182. {'
+2IO.4j'

+120. Lo

+L?r.70

+195.0'

+25.9o

+)8.)"

+9L.6o

+r57,9"

+679.2"

+81 J.0'

+155.8'

+654.r'

+726.2"

+85.6o

+rgg.50

+]B!.1o-22.O" -92.r'

!
\¡l
-¡¡
I



Table 9

Results of the elenental analyees
of DNP-Ir-amino acitt anldes, anilicles and

Conrpound;. Formula Theory (/r)

DNP-L-val anide

DNP-L-vaI anllld.e

ÐNP- L-vaI -p- t oluld 1d.c

DNP-L-Ieu anLdo

DNP-L-Ieu anillôe

DNP- [- I eu-p- toluldidc

nNP-t-Il.er¡ anlde

DNP-L-Ileu anllld.e

DNP- L- Ileu-p- toluididc

DNP-t-phe anidc

DNP-t-phc anllldc

DNP- t-phe -p- t oluirl itte

CH
C1¡[7rN9Ç 46.81 5.00

CrlH¡9N905 56.98 ,.06

Q,,rHaN,lQç 58.06 5.4L

C¡2II76NqQ 48.65 5.44

Q¡giJL]laOç 57.90 5.4O

C¡1II2.Nr¡ 05 59 .06 5 .7 4

C¡¿H,¿N40ç 48.65 5 ,44

C¡gil¿fl10ç 57,9O 5,40

C,7tI1¡N4 05 59 .06 5 ,7 4

C,5IÍ,4N1 og 54.54 4,27

Cr¡Il,¡N40ç 62.06 4,46

C¿¡H2ôN,¡Oç 62.8r 4.80

p-toIuf ttld.ee

NC

rg,a, 46,79

L5.64 
'6 

,96

Lr,o5 57.9'

LB.9I 48.88

15.oo 58.60

14..50 ,9,45

IB.91 49.O7

I5.00 58.41

14,5O 59.28

L6,96 54.rt
Lr.7g 6r.46

Ir.1' 62,60

Found (/")

HN'

4.8' 19.60

4.94 15.40

5.ro 14,85

5.10 18.97

5 .47 L4.75

5.7' L4.71

5.5O lg.06

"). jQ L4.g2

5,5I 1'4.rT

4.14 15.8?

4.2' lJ.9l

4.67 Lr.54

I

@
I
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Prepargtion of DNP-ct:ipeptide _esterg

Three nethod,r of preparing DNp-d,ipeptid.e esters rrere enproyed,

each giving a aatisfactory regult.
(r) ny reecting DNp-L-anino ecid. chloridc with the ethyl ester

of thc pcrtincnt anino acia (lO).

(z) ¡v recoting DNp-L-anino acid vith the cthyl este¡ of thi
pcrtincnt anino acid ln the prcsence of Nrl{-dinethyl chloro-
forninldlun chloriae (lt).

(l) ¡v rcecting DNP-L-anino acid.'vith the ethyl erter of the

pertincnt enino acld. in ühc prerencê of NrN-dicycl.ohexyl-

oarbodiinide (12, 1r).

åcid chloride nethod.

DNP-L-anino ecid chloride was coupled nith the anino acid ethyl
eater in the presence of a tertiary beee (i.e. triethylanine). The

gencrer equation for the overalr reaction is ghoyn a¡ below:

Hclct + u¡vlucoocy, o (c/Ð!

o¡tuücooys + (gû¡r.ru
R,



'4o-

l{ateria}a:

DNP-L-anino aeid chlorid.e

L-Aoino acid ethyl ester hydrochloride

TrlethyLanine

Tetrahyd.rofuran

(or anhyd.rous ether )

O.0O2 noi.e

O.0O2 nole

O.O04 nole (0.404 gn. )

lO nl.
IO0 ¡nl.

L-Anino acid ester hydrochloride and triethyJ.anine were d.iasolved.

in Jo nI. of tctrahydrofuran (or 6o nt of ethcr); to this a solution
of DNP-L-anino acid chlo¡ide in 20 nl. of tetrahyd.rofuran (or d0 nr.
of ether) war addcd and the sorution stirred. for t6 to .24 hours at

roon tenperature in the absence of ì.ight. {fter the reaction was

conpletedr the solvent was evaporated at roon tenperature and the

reej.due extractcd with ethyl acetate (l x zj lrl.). The ethyl_ acetate

aorution vag washed successive).y with N Hcl (r x rl ml.), water

(z x z5 trl.), aatu¡ated t{aHCO, (r x 25 n1.) and. sater (z xzs nl.).
After drying the solution over anhydrous sodiun sulfate, the solvent

trat evaporated at ¡oon tenperature and the resid.ue yas purified by

recrystallized with appropriate eolvent¡.

The yieldr nertlng point, and the ¡olvents.of recrystallization
of the producta are sus¡narized in Table lO.

The speoific rotations and nolecular rotations of the above Dtrp-

dipeptÍde egters in 95?a cthanol, dirnethyrfornanide, aad. gracial
ecetlc ¿cid are gunnarized, in fetia II.



Conpound Crud.c Crud.e
yield M.P.y'" oc

DNP-ely-gly ethyl ectcr TB-8, 1I0-lB0

DNP-gly-L-1eu cthyt èrter . 86-90 101-112

DNP-gIy-L-phc athyl eeter 9L-95 L54-L56

DNP-L-aIa-L-phe ethyl estcr 88-92 I70-U4

DNP-L-v¿l-ety ethyl egter 76-S0 L6r-ú,

DNP-L-vaI-L-Ieu ethyl eater B9-9, If,-lf7

DNP-L-vat-L-phe ethyl e¡ter 90-94 L65-L66

DNP-L-Ieu-gly ethyl eatcr 82-85 B5-f02

DNP-L-Ieu-L-Ìeu ethyl ester BB-92 90-100

DNP-L-Ieu-L-phe ethyl estcr 89-94 Lr4-Lr6

DNP-L-Ileu-gly etiryl estcr 58-66 I62-L65

DNP-t-IIcu-L-leu ethyl egter 9L-94 L?9-L1L

DNP-L-Ilcu-L-phe etlryl estcr 86-89 L52-L5,

DNP-L-pho-gIy ethyl eater 77-BZ 110-IlO

DNP-L-pþo-L-Ieu ethyl ester BB-94 l.1O-1rO

DNP-ü-phe-L-phe cthyl ester 89-94 lBl-I85

Teble ro

Yield,; meltlng Point anil
recryetalltzlng eolvent of DNP-rlfpeptfde ethyl eetere

Pure Purc
yteld M.P.

1L oC

42-rO 2OL-2O2

7t-78 rr4-rr5

85-90 t57-L58

82-88 U8-t7g

67-72 L7r-L76

82-88 I20-I2t

8l-BB L7r-L72

52-56 LrL-Ltz

B5-gO r0g-II0

B2-9O L55'L16

,2-60 r70-171

BI-87 Lrr-rl4

T7-82 L55-L56

55-6q L57-Lrs

B4-BB T'5-L56

85-90 rB7-rBB

trlhere E - ethanolf E-I{ - ethanol-water¡ M-W - methanol,-water¡ P-irl - n-propanol-water.

Solvents
for recryr.

E

M-W

E

E

E-t'I

E-tl

E-tI

P-l¡l

E-i,I

E-l{

rt-tI

G-I{

E-\,f

E-II

E-ld

Itr- I.J

IÞ
P
I



Table tl
speclfro rotations end. nolecular rotatlong of Drfp_dfpeptldeethyL egters tn 95'Á ethanol, dimethyrro""**i¿e and glaolaL ecetic aoid

Conpound,

D[P-gIy-L-].cu cthyl e¡ter
DNP-gIy-L-phe cthyt estcr

DNP-L-eIa-L-phc ethyt e¡ter
DNP-L-vaI-gly ethyl e¡ter

DNP-L-val-L-lcu ethyl egtcr

DNP-L-vaI-L-phe ethyl e¡tcr
DNP-L-leu-gly cthyl e¡ter

DNP-L-1eu-L-1cu cthyt estcr

DNP-L-1eu-L-phe cthyl ecter

DNP-t-IIeu-gIy ethyl e¡ter
DNP-I,-ILeu-L-leu cthyl c¡ter
DNP-I-Ileu-L-phc cthyl c¡tcr
ÐNP-L-phe-gIy ethyl cster

DNP-L-phe-L-leu ethyl ectcr

DNP-t-phe-L-phe cthyl e¡tcr

)Jy', Etinanol-

s4': ("li'
-rr.9o -rzg.6'

. i;'
#',- f

{i:r Ilil:T f
rl i"i I
i'IË ir:l i

\ìù

\ ,ri.,..

Ð
11

,s
.Þ

ü
L3

+88,6o

+57 .Bn

+56,1'

+79.4'

+60. o 
o

+{L.20

+75.8o

+46.6n

Dlnethyl
fornanidc

É¿,1;t t*l;*
-lB. tn -Zo.oo

-9.6' -4o.oo

+62.5' +269.o"

+ri-.4o +lt!.fo
+16.2' +L5r.To

+ro.4' +l 19r4'

+2J.oo +g5.6o

+Ll,2o +Tj.4"

+L6 .60 +'l B.4o

+2I.Bo +BJ.!'

+26 .9o +144. Bo

+I9.ro +)Z.Lo

-6L.7' -256.90

-5g.7o -282.L'

+126.4o

+245.5n

+166.4o

+)OJ.6o

+267.Lo

+L94.70

+28! . B'

+2JO.)'

GlecieL
aoetio acfd.f¿l; aulå'

-zo.4o -7B.oo

-4 .5o - rB. ?o

+l.62.6o +699.go

+156.O' +574.6'

+12!.Oo +))O.60

+ll8.2o +54I.9o

+I{2.2' +54r.To

+I2B.f o +164.ro

+117.1o +51rr,)o

+L44.Oo +JJO.60

+12{.Bo +6Tz.a'

+11I.! o 
+526.go

+64.o' +266.5o

+'17 .6o +166.7o

+66.2o +jJ5.jo

-24.r' -lor.2 o

-4g.oo -21L.5'

,g .70 -ro2.4'

tÞ
f\)
t
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Modified ecid chloride ¡nethod

The NrN-d.lnethyr chroroforninÍdiun chrorid.e which is prepared.

fron dinathyr-fornamid.e and thionyl chrorid.c is reactcd. with
DlfP-L-a¡aino acid at -r' in dir¡ethyl-forma¡aid.e. y/ithout iaolation,
the acid chloride i¡ added. to the amino conponGnt in prercnce of
2 cquiverentg of basc. The general equationc for the overarl
rcaction a¡e ¡hovn ac bclorrr¡

otfT'r- ð-, + soct2

1r'

CI + Soz

J

NO^

q@,í,

þrqïh

@

R

óucoou

o/v + HCI

'r¡,[irooi(wà,r

--'-*Noo R R'

WQþrórcourlrroogru + 2 (r,rù^t :Hct
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MeteriaLc:

DIIP-L-aeino acid O.OOZ mole

L-anino acid ethyl eater hydrochrorid.e o.oo2 mol.e

Thionyl chlorid.d 0.002 nole (0. e1g gn. )
Dlnethylfornanlde 20 nI.
Trlethylamine 0.006 nolc (o.606 gn. )

tbfonyl ehloride wa¡ dlgsolved. in 10 ¡1. d.inethylformanid.e, the

¡orution kept at -r0o tot z houra, DNp-L-anino acid. ad.d,eti and. thc
mixture vaa cooled. at -Ioc for another 2 hours. A tolution of freshly
preparcd' L-anino aciù ethyl ester (prepared by stirring I equivalent
of the ecter hydrochloride and I equivalents of triethyranine in
diroethyrformanid.e) waa aclded,r the sixture kept at 5o for J2 houra

sith occessional ahaking, then etlrred. at roon tempcratura for
another 2{ houra. at the end, of the reactionr the sorution nag

dilutcd rith 5o ¡al. of water, aod extraeted. with cthyl acetate
(5 X e5n.). lbe organic layer wae waghed succescively with N EcI
(t x z5 nr.), vater (z x e5nrt.), aaturatcd NaHCO3 (5 xz5nt.) and,

vater (z x z5nt.). After drying the sorution over anhydrous

sod,iun sulfatcr the sorvent uaa evaporated at room tenpcr:aturc

end. the residue purified by recrystarlizing with eppropriate

¡o1vents.

Yicrd., nerting point anci solvents of recrystarrization of the

products arG sunrnarized in Table LZ.

Specific rotatione crd. nolecular rotatione of the above esters

Ln 95ii ethanor, dinethyrfornanide and. glaciaÌ acetic acid. arc

sunnarized in Tablc Ir.



Conpound

DNP-gIy-gty cthyl estcr
DNP-gly-L-Leu ethyl ester
DNP-gty-L-phc cthyl estcr
DNP-L-ala-L-pha ethyl ester
DNP-L-v.aI-g1y cthyl estcr
DNP-1,-vaI-L-1eu cthyl ester
DNP-L-val-!-phc cthyl eatcr
DNP-L-leu-gly ethyl egter
DNP-L-leu-L-Ieu ethyl ectcr
DNP-L-Ieu-L-phe cthyl e¡ter
DNP-L-Ileu-gIy ethyl ester
DNP-t-Ileu-L-leu ethyl ertcr
DNP-t-Ilcu-L-phe ethyl cster
DNP-!-phc-gly ethyl e¡ter
DNP-t-phe-L-leu ethyl cstcr
DNP-[-phc-L-phe ethyl ester
DNP-L-try-gly cthyl ester
Dl{P-L-try-L-leu ethyl ertcr
DNP-L-try-L-phe ethyl ectcr

Table L2

Yteld, nelting polnt encl
recryetalllzing solvent of DNP-dlpeptide eühyl

Crud.e
yieltl

/,

77-BO 2O2-2o5

77-84 1r2-r14
B7-go L52-L57

B5-BB L76-r7B

7B-B' L7L-L72

80-82 114-116

86-90 r7o-L72

72-76 Lfl-rrz
B2-85 r07-r08
B7-gL L11-Lr4

B1-B' L6g-r7O

T7-82 trO-lrr
8l-86 r52-Lr4
7r-74 Lzr-rr4
s1-86 rr].-Lt4
81-84 184-185

B5-8e rg5-rg8
B9-g' L?ï-L'O
75-79 226-210

Crud.e
!I.P.

Oa

Pure
yield,

/"

70-7'
7r-7 B

8r-87
BO-B'

7 1-78
7r-76
76-82

70-7'
76-Bo
B0-85

7 2-77

69-7'
7r-79
60-6,
74-80
7o-76

7r-Bo
78-86
67-72

es ters

Pure
lrl. P .

oc

20L-202

I14-r15
r 57- 158

I7B- I79
L75-r76
I 20-I21
L7r-t?2
L'T-I'2
I09-1r.0
L'5-L'6
170- r7 r
L"-L54
L55-Lr6
rtT -Lrg
Lr1-L56
Ì87-1BB

L96-r97
r17-ttB
23r-214

nfhcrc E - cthanol; ù-lrl - othanol-water¡ P-s,

Solvcnts
for recrya.

E

E-W

E

E

E-W

E-l,I

¡l-t{

P-l'J

E-hr

E-ì'/

E-hr

E-W

E-I.I

E-lir

E-W

E-til

E-l,l

E-W

A-W

- n-ProPanol-water¡ A-i,l - acetone-watcr.

' 
i'l'Þ,'\,1
.t



Table l.l

speolfio rotatfons and nolecular rotations of DNp-dlpeptide
ethyl eeterg Ln 957" ethanot, dinethylfornanfde and glaciai acetlo acld,

DNP-gIy-t-Ieu ethyl ester

DNP-gLy-L-phc cthyl cstcr

DNP-L-ela-L-phc ethyl egtcr

DNP-L-val gly cthyl catrr

DNP-L-va1-L-lcu cühyl catcr

DNP-L-val-L-phc ethyl eater

DNP-L-Icu-gly ethyl cstcr

DNP-L-1eu-L-Icu cthyl ccter

DNP-L-leu-L-phe cthyl ecter

DNP-t-Ilcu-gly ethyl eeter

DNP-t-Ileu-L-Icu cthyl crtcr
DNP-L-Ileu-L-phc ethyl eater

DNP-t-phe-gly ethyl ccter

DNP-L-phc-L-leu ethyl cater

DNP-t-phc-L-phe cthyl cctc¡

DNP-L-try-gty ethyl eater

DNP-I-t:ry-L-Icu cthyl estcr

DNP-L-try-L-phe ethyl. egter

conpound, Jþ Ethano'

t*ti (''ti
-5r.; -Lz9.zd

:;;:;,

+57 .ro
a+)J.8
o

+79.O
o+r9,5
ô

+4r.L
o

+75,7
a+{l .O

Dincthyl
fornamlde

t¿tb* (MlT

-18.4" -7O.4o

-9.60 -40.0'

+62.6o +269,4'

+JL .Jo +I 16 .0'+)?6,4b

+2!).2o

+16{. lo

+JOZ.Lo

+260.9o

+lp!. I'
o

+28).J

+251.Lc

Glaolal
acetlc acid

1",-Jr: t"lå'
-20,f -78,;"

-4,8' -2O.Oo

+L62.4' +699 .d
+156.Ou +574,6'

+162.4' +689,1'

-tO+II8.0 +54I.0

+I!2.J' +544.g'

+LZB.5o +56r.j'

+I17.0' +JJ2.8'

+I{{.0' +JJO.6'

+l25.In +6r'l .T'
oo+111.6 +527.t

+64.2o +267.jo
a+77.5- +566.2o

+66.4o +116,t'
60+47.O +21{.1

+61.5o +)2!.Bo

+B{.Io +A,JB.Bó

+16,4"

+JO.Jn

+2J.2o

+L7 .20

+l.6.5o

+22.0'

+26,60

+Lg.50

-6r.5o

-60. oo

-5g.r'

- 150.6'

-L7 4.to

+L54.r'

+L)8.)'

+96.4'

+75.4'

+J8.0'

+8{.1'

+L41.2o

+)2.Lo

-216.Lo

-2Br.5o

-ro]..4'

-68r.9'

-ggl .6o

-857 .40

o
-24.2

o

-48.5

a

- l0O. B

0

-229.2

Iå
o\
I

tLrr.,
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Carbodiinid.e nethod

thc tvo componenta, one containing a free carboxyl group (i.".
DIIP-L-auino acid) e¡d the otber a frea a¡oino group (i.e. L-enino

aold ethyl eeter) coupre d.irectry and, rapldly in high yleld on

treatmcnt vith llrtf-dicyclohexyl-carbcd.ii¡nid,c at room tamperature.

Thc glneral equations for the overall reaction are ¡hovn gs belov:

_rlvo^ R
uQþí'éucooHoz

ne over

F
ryNcH coo7u-O-N-c-r_.O

yç¡ilfrcouu{nccoc/ts + }r**/v'-O
l{ateriala:

DfP-L-anlno acid

L-.ånino ecicl etbyl eatcr hyörochlorid.e

lrfcthylaqine

f, ,f, | -Dlcyc I ohcryl cerb odi i¡qid e

' l¡hydrous ethcr

DEP-L-aniao acid. nea d.iasolved in !0 nr. anhydroua ether, and

to thl¡ e lolution of freshly preparcd, L-a¡¡lno ecld. cthyl egter in
rther (prepercd by etirrlng I equivalent of the ccter hyd.rochlorlde

vlth I equlvelcnt of tricthylanine in ethor) ras adclcdr folloved

+

j

0.002 uolc

0.002 nolc

O.OO2 ¡nole (0. zoegn. )

O.OO24 nolc (0.495Sr. )

l2l nl.
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by e solution of d'icyclohexyl-cârbod.iinide in Jo nL. ether. The
nixture was stimed' at rocn ternperature f ot 72 hou¡s in the absence
of light. ,rt the end, of the ¡eaction, the eorvent wea evaporated
at room tenparature and' the resid,ue nas extracted. with ethyt acetate
(' x z5^1'), and' the ethyl acetate sorution r¡aehed aucceasively with
!I ECl (t x z5nt.), r¡ater (z x z5øt.), eaturated, NaHC', (1 x z5^7,7
and" ¡sater (t x z5ø1.). .ê.fter d.rying over enhyd.rous god.iun suJ.fate,
the solvent ¡ras evaporated at roon tenperature, and. the regid.ue wae
purÍf-ied' by recrystarri zíng with appropriate solvents.

Purification of DNp-glycyl-glycine an. DNp-L-tryptophyl-grycrne was
rether ttifflcult d'ue to a large exce's of the d,icyclohexyr ure& preaent,
but this Has resolved, by using instead r-cyclohexyr-J-(2-norphorÍnoethyl)_
carbodiinid'e netho-p-toluenesul,fonateg yields up to fvfi vere obtained in
both cases.

Tield., nerting point and. sorvents of recrystalrization of the

products are aunsrerized in Table 14.
'specific rotations and. molecular rotetfons of the above estera in

)J'i" ethano]-, d'inethylfor¡oanid.e end glecial acetic acid, are sunnarized.

ln lable 15.

Anelytlca] regults for the ebove d.ipeptid.e esters are sunnarized in
llab1e 16.

PreÌalatfon of DNp-dipeptidee

.lrhree nethois of preparing DNp-d.lpeptides uere enproyecl:

(r) qyarolyzing the DIIP-dipeptid.e eeters with il aqueous eod.iun hydroricte
la !!/ cthanol.

(2) neaoting the -DsP-L-anino acid, chlorld.ea wlth the pertinent aaino
eciòs (g),

(5) neectlng the d.ipeptid.es d,irectty vith FDtiB.



Compound,a

Dl{P-glf-gly rthyl. catcr
DNP-gty-L-Ieu cthyl estcr
DNP-gly-L-pho cthyl cgtor
DNP-L-ale-L-phc cthyl cstcr
DNP-L-val-gIy ethyl catcr
DNP-L-val-L-Ìcu cthyl catcr
DNP-L-vaI-l-phc ethyl c¡tor
DNP-L-leu-gly cthy). e¡tcr
DNF-L-1eu-L-Ieu cthyl e¡tcr
DNP-L-leu-L-phe ethyt ester
ÐNP-t-Ileu-gly ethyl egter
DNP-L-Ileu-L-leu ethyl ester
DNP-t-Ileu-L-phe ethyl ester
DNP-L-phe-gly ethyl eeter
DNP-t-phe-L-leu ethyl ester
DNP-L-phe-L-phe ethyl. egter
DNP-t-try-gly ethyl ester
DNP-L-try-L-Ieu ethyl estor
DNP-I-try-L-phe ethyl ester

Table 14

ïteId, nelting point and
reoryetalLfzlng solvent of Di'Ip-dlpeptide ethyL esterg

Crud.a Crudc
yleld M.P.
"/" 'c

96-99 110-tgo

90-94 B0-I05

9B-10r. Lr4-r57
98-104 L4g-L55

106-r14 165-r70
I01-Ioe rt5-t20
115-r20 160-165

76-ry ro5-1ro
92-96 85-100

10r-r05 r24-L26

98-r02 r57-L5g
106-rr0 La4-L1O

r0r-107 147-r5r
9r-96 L25-L5o
8B-94 r20-L45

9r-99 lBr-184
1r5-t2r 85-r00
L25-LtO B0-t00

?B-85 220-2tO

Pure
yicld

/,

,5-42
7L-75
BB-92

90-9'
Bg-92

92-96

9r-96
56-60
80=85.

Bg-92

B0-84

74-az
65-72

52-6o
6z-66

B0-85

54-60
45-52
6T -72

where E = ethanor¡ E-1{- ethanor-waterl M- rnethanol¡ M-y/- methanor-natßr,
P-,{ - n-propr¿nol-wateÐ A-i,f B acetone-hrater.

Purc
M. P.

ôc

20L-202

r14-115

157- I 58

177-178

LT'.L75
rr9- r2r
L67 -169
rrL-rt2
108-110

Lt4-L56
166- 16B

T".L'4
L55-L56

L,7.T,B
r55-Lr6
I86.I.BB
L95-LgT

LtT -trg
2t5-2r4

Solvcntc
for reoryc.

E

M-il

E

E

E-W

E-W

E

P-l'I

E-W

E

E

E

E

E

E

E

D

M

¡,-hl

IÞ\c
t



conpound 'li;EthanolV4; t"li
DNP-gly-L-leu ethyl ester -rr.To -LZB.9o

Speofffo rotatlons and, nolecuLar rotatlethyl esters Ln gj/, ethanol, d.imetfryfforlnaÀi

DNP-gly-L-phe ethyl eeter

DNP-L-ale-t-phe ethyl egter

DNP-L-val-gly ethyL ester

DNP-L-vaI-L-leu ethyl ester

DNP-L-val-L-phe ethyl egter

DNP-L-Ieu-gly ethyl eetêr

DNP-L-leu-L-Ieu ethyl egter

DNP-L-Ieu-L-phe ethyl ester

DNP-L-Ileu-gly ethyl eeter

DNP-L-Ileu-L-l.eu ethyl eater

DNP-L-Ileu-L-phe ethyl eeter

DNP-[-phe-gly ethyt ester

DNP-L-phe-L-1eu ethyl eeter

DNP-t-phe-L-phe ethyl ester

DNP-L-try-gly ethyl ester

ÐNP-L-try-L-leu ethyl ester

DNP-I,-try-L-phe ethyl eeter

+Bp. Oo

+J8.2'

+16.8n

+7g.20

+59,8o
a

+Q,2.O

+76.5'
0

+47.L

ons of DNP-dipep
de and glacial a
Dlmethyl.
f or¡namide ..

[¿lå' (Ml¿Í

lB.6' -?r. r"
g.T' -4o,4'

+J2l .8

+247,oo

+168. 7'

+)O2,8"
,o

+262.2

+I!8, { 
c

o
+2)2,)

+ZJJ,6'

+62.2'

+]l, B'

tlde
oetic aeid

GIaclal
acetlc acld(d,)i - ("To'

-zo,z' -77.2'
a-4,6- -L9.2"

+L61.d +JOl.6'
.ao+155.6 +57 1.2-

+162.Bo +689.go

+llB. !n +545.ro

+I!2,2.o +545.7n

+L2).o" +¡,65,7'

+116.8' +55l-.go

+I45.5' +548,7'

+l ?5. g' +67 r,L"
a

+1I2. t' +52g .7o

+64,oo +266.5'

+7'l .2o +564,8'

+66,6o +rt|.r"
+{6 . Bt +2LJ.Lc

o+63.6- +rZ5,to

+Br.7o +456 .6o

+J6,2" *L5r.T'

+J0.0' +Lt|,j'
+25,5o +g7.5"

+L7 ,5' +76.7'

+16.50 +J8.0'

+2L.6t +82.6'

+26,6' +L!).Zn

+I9.6' +92 ,6"

-61.5o -256.o'

-60.zo -284,4'

-60.6o -ro7.oo

-151.20 -6gB.6o

+26f .f'
a

+117. 1

-24.5' -Loz.oo

-48.g' -21L.Lo

L74.9o -B94.To

Lr, ,o' -B j4 .7"

I\¡
I
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Results of the

Conpound

DNP-gLy-gIy ethyl eater

DNP-gIy-L-1eu ethyl ester

DNP-gty-L-phe ethyl eeter

DNP-L-al¿-l-ph€ ethyl eeter

DNP-L-v¿t-gly erÉhyl¡ eater

DNP-L-vaI-L-leu ethyl ester

DNP-L-va1-¡-phe ethyl ester

DNP-L-Ieu-gly ethyl ester

DNP-L-Ieu-L-1eu ethyl eeter

DNP-L-Ieu-L-phe ethyl egte¡

DNP-L-Ileu-gly ethyl ester

DNP-L-Ileu-L-}eu ethyl oster

DNP-t-Il"o-¡-phe ethyl ester

DNP-û-phe-gly ethyl eeter

DNP-L-phe-L-leu ethyl ester

DNP-L-phe-L-phe ethyl ester

DNP-L-try-gly ethyl ester

DNP-L-üry-L-1eu ethyl ee ter

DNP-L-try-t-phé ethyl ester

, fable 16

elemental analyses

For¡nuIa
Cr

Cfrq,fN¡r 01

c¡6H¡flç 07

C¡9H¡oNç 01

of DNP-d.tpeptfde

Theory (/").HN

crJltlNr o?

44.r7 4.r'
50.62 5,85

54 .81 4 ,84

55.8r 
',L'

48. 91 5 .47

5r,76 6 .6'

57 .61 5.7L

,o.62 5.85

,4,78 6.90

58.47 5.97

50,62 5.8'

,4.7I 6 .gO

58.46 5.97

54.80 4.84

58,46 5.97

6L.65 
',L7

55 .r8 4.65

58.70 5,7L

6t.65 4,99

c,rH"Nç 01

C¡9H¡Nç 07

C¿1H¡¿N¡ 01

c¡¿H¡fl101

ethyl esterg

Found ("þ)
c' tt

I7, T7

L4.7 2

L5.46

Lr,o2

I5.2r

Lr.20

L2.22

t4,72

12.78

It .96

14.7 2

L2,78

11 .96

rr.46

1I .86

1r.06

L'.'B

rr.6g

I2 .84

C¡oH3oNç 01

c¡3rþN,¡ 01

c,6H2f{ç01

CfoiI¡J¡r0?

44,rt

50.26

54,4'

,r,69

49.06

51.87

,7,7r

50. 15

54.86

5A.68

50,44

54. B0

58.29

55.26

58.41

6r.84

,5.70

58.59

61.. BI

c2¡tt4tl+07

4,19

5.78

4 .81

5. I5

5.L4

6.zj

5,46

,.TL

6.Bz

5,85

5.6'

6.64

5. 81

4.89 ,

6.15

5.O4

4.48

5.)2

4.87

c¡1ll¡Nç 07

N

17.16

L4,6'

Lr.rI
12,89

15. l1

lr.r4
1.2,20

14 .71

I2. B1

t1.6,

L4,7 
'

12.86

11.89

Ir.14

Il.BI
tl.0t
L5 

^)4

Ir,72

l2 .80

c1¡H¡¡Nç 07

c4ll2¿N j01

%tH¿tNf0?

cf4Nç01

Cgll¿t'15 07

I
vr
l-J
I
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Alkelin" hydroly"is n"thod'

sixteen DNP-d.ipeptides were prepared. by the hydroJ.ysis of the
corresponding ethyt ester in 95|zL ethanor with N agueous sod,iun

hyd.roxide. For most of the DNP-cipeptide estersr the hydrorysÍs
j.s carried. out in ethanor vith a small excess of alkali for 4 to
I hours at roon ternperature, but for sonc esterse they recluired.

24 to 48 houre at oo c. The generar equations for the overalÌ

reaction are shown as below:o2F F¿l i
H C H C)N H CH CO)C/-[ t ¡taOH

ü

J

HCI

O.OOL nole

1.2 ¡¡l .

ZO nI.
wag d.iesolved. in ZO nI. ethanol, and,

enall portions. The solution was

for{toBhoure

24 to {B hours. After the reaction

-!o, 
R

olvQþuóucoNHóHcooH + Nact

Materials:

DNP-dipepticle esters

¡f HaoH

)J"þ øthanol

DNP-áipeptid.e ethy). ester

to this N NaOH was added in
gtirred at roon ternperature

or in an ice-water bath for
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wa8 conpletetl, ("" judged by fornation of a clear golution on eddÍtion
of a d'rop of this solution to a large excecs of water. ) the solution
waa d.iluted with l0 mr. of vater, 5 nt. saturated NaHCO3 aalded, and

Yashed twlcc nith 25 nI. cthyl acetate. The aqueouer layer wae then

acitlified nith conccntratecl hydrochroric acid. to pH 2, and. the ÐNp-

dipeptid,e va6 extrected with ethyr acetate (l x 25 nr.). Thc

organi-c rayer nas waahed. with water (z x z5 Er.), and, dricd. over

anhyd,roug eod.iun ¡urfate. The golvent ¡rag evaporated. at room

tenperature and. the rcsid^ue purified. by recrystarlizatÍon fron
cthanol-water.

Rcection tines'and tenpcraturea, togethe¡ ylth yleld an¿ netting
point of prod.ucta are eunmarized in Table LZ.

Specific rotations and. molecular rotations of the above DNP-d1-

pcptid.es Ln 95% ethanol, d.inethylfor¡uamid.e and. glacial acetlc acid.

are Bummarized ln lab1e LB.

Acid chlorld.e nethod.

Bccausc DNP-L-tryptophan d.oec not yield. the acid chloridc and. thc

DNP-t-phenylalanyl chlorid.e onty produced, the hyd.rolysis product, only

tcn DNP-dipeptideE werc prepared. by reacting the Dt{p-t-anino acid.

chloritle with the t-arolno acid, in sod.j.um carbonate ned.ium, fo1loved.

by acidification with hyd.rochloric aoid.. Ihe general equations for
the overall reaction are ghown as beloy:
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Table 17

Reactlon tine, temperature, yleld

Conpound

and melting point of Dl{P-clipeptid,ee

Time
(t t)

B

24

24

48

24

24

48

24

4

B

4

4

I

4

4

I

roo!¡

0

0

.0

0

0

0

0

roour

room

roon

roon

roon

roou¡

room

room

Crud.e
iield

$")

e2-B'

75-Bo

8r-e8

90-92

75-80

7e-82

80-82

8I-84

90-94

92-98

72-8O

76-eo

82-88

B0-85

82-86

86-92

Crucle
l{. P.

(oc)

2O5-zLO

208-2L'

L99-zo].

1 50-151

1r5-140

L25-t4o

Uo-r75

108- 1I0

L9g-2O2

r65-16B

r60-16,

r65-L7'

22O-225

12r-tro

2L7-22O

Pure
yield

(r;)

72-76

6a-72

70-74

BO-84

72-76

75-78

6r-tz

72-74

86-88

86-go

66-70

70-7'

58-64

72-76

72-77

80-84

Pure
MrP.
("c)

2t4-2L5

226-?27

L46-t47

206-2O7

158-159

L46-r47

147-148

18I- 182

116-r17

206-2O7

r7o-17 I
L67 -L6B

I99-2oO

227 -228

T27-T2B

22r-224

Tenp.
('c )

DIIP-- L- ala- L-phe

Ðl{P-t-val-91;r

DNP-t-vaI-L-1eu

DNP-L-val-L-phe

DNP-L-1eu-gly

DNP-L-leu-L-Ieu

DFP-L-leu-L-ple

DlfP-L-Iteu-gIy

DHP-t-Ileu-L- Ieu

DNP-û-Ileu-L-phe

DNP-L-phe-gly

DNP-t-phe-L-Ieu

DNP-t-phe-L-phe

DNP-L-try-gIJ¡

Dl{P-t-try-D-Ieu

DNP-t-tæy-L-phe
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Tab1e 18

specific rotatlons and uoLecular rotations of ÐNp-dipeptides
ín 954 ethanol, dimethylfornanide and glacial acetlc acÍd

conpound .':1, 
ttn":"1. i:ï:liå"- , *:lî:tålru ,.L¿Jo [uJ o [¿]t (nli w7; (Ml;.

D$P-L-ala-L-phe +g7.6" +r92.7" +80,6o *5Z4.jo +L59.5o +641.8'

DNP-L-val-gly +10I.Bo +146.4' *4O.5o +IJJ.B" +167.í +J6).O"

Dl{P-L-vaI-L-1eu +68,9' +ZlJ.lo +JO.2o +I!!.0" +146.8'+!BI.!Ó

DNP-L-var-t-phe +60.f +262.L" +i4.7'+2r5.1 +l{{.1'+620.zo
DlfP-t-leu-gly +85 .7' *1lO5 .7o +JZ.O' +lI J. ]' +l!0.0' +J)L.J'

DNP-L-leu-L-Ieu *7O.4' +288.!' +)5.7o +L46.5' +I{J.O' +J86.)'

DNP-û-teu-L-þhe +55.f +244.9' +rA.4o +l?O.?' +LZ|.To +J6f,6o

DNP-t-Ileu-gly +BL.Jt +288.lo +Zl.Bo +JB.Jo +l!1.0' +rt|.O'
D¡IP-t-IIeu-L-leu *64.5o *264.7o +)J.B' +L46.9" +Ij9.)o +57L.7o

DrP-t-rreu-L-phe +JL.{' +22B.Qo +!2.2" +rBJr6o +118.5' +JZ6,7o

DNP-[-phe-gly -tz.o' -Lz4.to -67 .7" -262.g' +!8.0o +22J.2"

DNP-[-phe-L-1eu -22.6" -I0o.4a -12z.ro -zrz.4o +fo.6o +)L1.gc

DilP-t-phe-L-phe -26.4n -!26.5o -5).o' -2rr.6' +69.g' +rt4.jo

DNP-L-try-gly -Lzo.j -514.I' -206.9" -ag4.t' +j!.4' +ZL9.7o

Dl{P-L-try-L-leu -I5l.oo -7ro.L" -242.f -IIZ0' +84.j' +4o7.6'

ÐNP-û-try-t-phe -74.jo -384.5' -zol,r' -lo42o +i4.9''. +r8o.d



-56-

R,

nlrl, ê(Ð
CO0Na

N2c0t

RR,
órcouuéucogui+ Nad

HCI

óucouuðucpou * uæt

J
RR

Materiale ¡

DilP-L-a¡olno acid chloride

L-L¡olno acid

Soèfun carbonate

Uater

Benzene

0.002 nole

0.002 nole

' 0.02 nole (z.lz gn.)

50 nl.
20 mI.

L-Anino ecid and, eodiun carbonate nere dissolved. in yater and, to

thig nas elowly added a solution of DNP-L-a¡oino acld chlorid.e in.

benzene over a tno bour period. vith constant stirring at room temper-

ature d 4Oo. . The eolution nee stirred. for anotber 6 to 12 houre at

the sane tenperature, then transferred to a, separatory funner and

alloved. to stand tno houre for separatlon of the layers. The loyer

aqueous layer Yas reu¡oved and acidifled r¿lth 4 nl, of concentrated,

R

lrror, +
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hydrochloric aeid, which precipitated. atr orange colored. golid or

oil. The DNP-dipeptide !¡as extracted with ethyl acetate (1 x z5nt.)

and the organic phase vaehed vith ice water. after d,rying over

anhyd.rous sodj.un sulfater. the solvent nas evaporated. at room tenper-

aturer the residue vashed with ! mr. of ether and recrystallized.

fron ethanol-water.

The reection tÍmes end temperatures together with the yield and.

nerting pofnt of the prod,ucts are sunnari.zed in Tabre 19.

gabl= _]-2

Reection tine, temperature, yield end nelùing point of Dlip-dipeptides

Compound

DNP-L-ala-L-phe

DNP-L-val-ely

ÐNP-L-vaI-t-1eu

DNP-L-va1-L-phe

DNP-L-1eu-g1y

DlÍP-L-1eu-L-Leu

Ðl{P-L-l.eu-L-phe

DtÍP-t-Il.eu-gIy

DIIP-L-IIeu-L-Ieu

DNP-t- IIeu-L-phe

Tine Tenp. Crude
-vi e Id.(r,".) ('c) -(lL)

Crud.e Pure
H. P. yield
('c ) (/")

L2 ¡.

16

16

16

20

20

20

I4

I4

L4

roog¡

roo!¡

roou¡

room

40

40

4O

40

4o

40

74-80

50-58

6o-66

65-72

45-52

48-r5

50-55

,o-56

72-78

80-85

r97-200

r85- 2r0

1r5-rro

160-1go

lIB- 140

9O-L2'

I20-140

155- 170

B5-100

lBB-194

60-66

40-44

5L-54

58-62

20-25

t2-16

58-42

,5-40

4B-52

55-60

Pure
M.P.
(oc)

2L4-2t5

226-227

L46-L47

206-2O7

L58-159

L46-r47

148-14g

lBl- ree

r 16- 117

206-207
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Specific rotations and nolecuLar rotbtions of the above DNp-

dipeptides ln plfá ethanol, dinethylformanid.e, and glacial acetlc
acid are surlrnarized in ,Iable ZO.

Table 20

Specific rotations and. nolecular
in 951, ethanol, d.inethylfornamide

)J/" EtlnanoJ:
Conpound.

(-ri

Dl{P-t-e}a-L-phe +!8.0" +rg4.;
DNP-L-vaI-g1y +102.0o +r4T.L"

ÐNP-L-val-L-leu +68.5o +27L.5o

Dl{P-L-val-L-phe +6L.Zo +261.4"

ÐÌIP-L-Ìeu-Bly +BJ.J' +5O2.9o

DNP-L-leu-L-Leu +Jl,l" +Z)L.8"

Ðl{P-L-Ieu-L-phe +JJ .Oo +244. j'
DNP-L-Ileu-gIy +81.20 +ZBB.7o

DtrP-t-Ileu-L-Leu +64.5o +264,7o

DNP-L-IIeu-L-phe +52.O" +ZJL.L"

rotatione of ÐNP-d.ipeptides
and glacial acetic acid

Ðinethyl Glacial
fororamide_.,., acetic ¿cid ",Q',; Ul; @1; ('U@Å;

+BO.6o +124,,

+{1.0' +Lrg,5'

+5O.4o +199. eo

+54.5' +2J!, ,6"

+r2.to +114.4"

+r5 .6t +I{6 .IÓ

+J).O' +L7r.r"

+2J.Jo +97.4o

+J6 .L' +ld8.2o

+!?.2o +18?.6"

+L59.{ +64j.d

.rto'r.0, 

..::î.:"'

+144.d +619.g"

+IJO,6" +rtr.6"

+L42.5" +584.g"

+I27.í +J6B.J"

+1!1.0" +5]5.O"

+1d0.1" +r7r.O"

+118.8'+J28.0"

Di.nltrophenylatlon ¡ne thotl

Du'e to llnited avaiLability of, dipepticles, only eight Dl{p-dipeptid.es

Yere prepared by this nethod,. The ttipeptld,e vra,a stirred. wÍth orr" 
''

equivarent of sod.lun bicarbonate in 6lli ethanor (by volune) fo¡ two

hours at room teropereture. The general equetions for the overall
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reaction are shown es belows

-N0" 
R R'

qr@>rlrroruéucoo"¡,Ê+ NaF + cq+ H2o

HCI

c00H + 
^hct

J
R,

-Noz R H

Materials:

Dipeptid.e

FDNB

Sod.iun bfcarbonate

Hater

Ethanol

Dlpeptitle and sodiun bicarbonate were dissolved ln water and. to

this rras added a solution of FDHB in ethanol. The nixture was

etirred. nechanically for two hours at roon temperature in the absence

of light¡ then ooncentrated to renove ethanol by vacuurn dietillation
obelor {o¡ the residue was dissolved in Hater and. acidified with

concentrated' hydrochloric acid. to pE 2, which precipttetetl an orange

f 
uuncos

O.001 nole

0.001 nole

0.01 ¡oole (0.84 gn.)

20 nl.

J0 ml.
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torid. .The crystals were filtered. with suctlon, washed with ice
¡¡ater to remove exceas hyd.rochloric aeid and. d.ried. in a vacuun

deeiccator.

The crude product wae purlfied. by recryetallizing from ethanol_
waler.

Yiel'd and melting polnt of the products are sutrnerized in Table ?I.

Íable 2I

?leLd and nelting point of DNP-ctipeptitles

Conpound,

DNP-L-ala-L-phe

DNP-L-vaI-L-1eu

Ðl'P-L-vs1-L-phe

DIP-L-1eu-g]y

DNP-L-Leu-L-1eu

DNP-I,-Ieu-L-phe I

DNP-L-phe-L-1eu

ÐNP-t-phe-L-phe2

Crude
yield

(%)

7B-82

B8-gO

7r-77

80-85

85-Bg

7r-7B

62-6e

78-85

Crude
M.P.
("c )

2O7-2IO

140-14,

2OI-2A4

149-15r

140-145

74-82

Lr5-L65

r85-r90

Pure
yleld

("þ)

59-62

6e-7 z

55-60

6L-64

65-to

50-r2

47 -50

40-45

Pure
M.P.
('c )

2L4-2L'

L46-L47

206-2O7

158-L5g

L46-r47

147;14 B

t67-L6B

L99-200

I = DNP-L-1eu-L-phe nas purified, by first recrystallizing. from ethanol-
vater, then acetlc acid,-satet.

2 - Tlre Dinitrophenylation of L-phe-L-phe requires 2{ hours at roorn

tenperature and' repeated addition of god.iun bicarbonate and FÐllB.
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Specific roöations and. nolecular rotations
d'ipeptides Ln 95-?; etì¡anor, d,inethylfornanid.e,

of the above Dl.¡p-

and glacial acetic
acid are eun:na¡:ized, in T¿ble ZZ,

Teb1e 2?

Specifie rotations and, nolecularin 957" ethanol, d.inethylforma¡oide

Compound,
)Jþ Etbarc)

v,t t-rf
Dl{P-L-a}a-L:.phe +97.j, +rgZ.)
DIIP-L-vaI-L-leu +69 ,Oo +ZT r. jo

Ðl{P-L-vaI-L-phe +6!.zo +26r.4"

DNP- t- leu-gl-y +86 . C' +rO4 .7o

ÐtiP-L-leu-L-Ieu +lO.6o +ZB!.Bo

DNP-I-leu-L-ph e +55.4o +246.2"

DNP-L-phe-L-leu -zZ.Z' _ge.?'

ÐtfP-l-phe-L-phe _26 . j' _1.26. Bo

Anelytloal results for the above DNP-dipeptide:r are suu¡t¡arízed. in
Teble 2J.

Preperation of DNP-dioeotlde hvdrazidee

A connon epproech to the syntheeis of an N-protecüed anino acid, or
peptid'e hydrezide bss been the hyd,razinolysis of a suiteble ester, roethyl

end, ethyr eeters belng nost preferred (74, 7r). rn the folrowing
preparatÍonsr the hyd.razinolysig of tbe DNP-dipeptid.e ethyl egters was

nornally oeEied, out in alcohollc sol.utlon. In rnost caseE¡ it waa

gufficlent for the alcoholic solution to stand for a ghort tirne ¡yith

rotations of DNp-dipeptÍdes
and. glacial_ acetic acid.

Dinethyl Glacial
- f,g"r,=reiôe-r., aeetic ac
V;lYL'-=*'[,i1';, "¿äù" ""ilol,]

+8A.J' +rz¡.,9 *160. Oo +643,8"

+!0,0' +1!8,2 +146.5" +!g0./o
*r4.2" +2),),Jo +ltr/¡.8" +62J,3.

+J2.8" +116,2o +I)C,J" +5rr.3,
+)6.Io +1{S.2" +142.9. +JB6.J.

+rB.ro +IJ1.lo +IZf,O" +564.j"

-5l.Bo -zJo,zo +7o.7" +JIQ.2.

-rr.z" -254,5" +69.2o +rr:..r'
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Table 2t

elenental anaLyses of DNP-d.ipeptides

Conpound

DNP-L-aIa-t-phe

DNP-L-va1-gly

DNP-L-va1-L-Ieu

DNP-t-val-t-phe

DNP-L-1eu-gly

Ð$P-L-1eu-L-1eu

Dl{P-L-teu-L-phe

DNP-L-Ileu-gly

Dt¡P-t-Ileu-L- leu

DI{P-L-Ileu-L-phe

DNP-t-phe-gIy

DNP-t-phe-L-Ieu

DNP-t-phe-L-phe

DNP-L-try-gIy

DNP-t-try-L-1eu

DNP-L-try-L-phe

Theory (/")
CEN

,r.71 4 .rL Lr.gt

45 . BB 4.7 4 L6 .46

5L51 6.10 14.I,

5i.8L r.t, It.o2

47 .46 
' 
,r2 15.81

52.67 6.18 Lt.65

56 .7 5 5 .44 t2.6I

47 ,46 5.L2 15. Br

52.67 6.tB Lt.65

56.75 5.44 12.6r

,2.r8 4.1' 14.4'

,6.7' 5.44 ]-2.6L

60.2, 4.61 rr.Tt

5r.4o 4.ol L6.tg

57 .L4 5.2I t4.49

6o.54 4.48 rt.5t

Found (fL)
cHu

5r.97 4.74 14.19

46.r4 . 4.74 t6.27

51.80 6.r7 l.4.24

5r.72 5.18 1J.18

47.66 5.to L5152

52.43 6.IB Lr.54

57 .I5 5 .75 12. B0

47 .56 5.O' 15,45

52.L8 6.12 :.r.24

56,r5 5.15 12.71

52.29 4.t5 14.44

56.84 5.65 ]..2.16

60.tl 4.4j 11,59

5r.54 
'.8' 

16,14

57.21 5.Og 14.O5

,9.68 4.49 Lt.55

Fornula

crtH,SNí.0?

ApE¡6NçO7

crltt¿/[ ot

c¡HrrNç 07

c,fl,¡Nç 07

c¡¡Hr6Nç 01

crf E1È¡r 0?

C¡çt¡¡ I{1O1

C¡¡ H4Nç 07

cuEtÐçol

c¡1H,¿Iùa 07

C,H1rf'fy 0rl

CrÍIï2tNr 0?

c,rHrlNf 0?

cß815N5 0?

clúH$N' o?



hyd.rezine hydrate. A large excesa of hyttrazlne hydrate vag required. in
all ceseg. The general equation for the overall reactlon fs shovn as

belovr y'r/O" n R'

qr@;rt, co tv n lu cooc71s + rt¡u u u¡ uro
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%F R,

Materials:

0.001 rnole

o.02 mole (1.00 gm.)

1l n)..

-u 

óucouuórcot,uNHz + c/1sort

Dl{P-äipeptide es te r

Hydrazine hydrate

Absolute alcohol

DìlP-itipeptÍde ester was dissolved ín I) nI. hot absolute alcohol,

hydrazine hyd.rate added., the solution refluxed for 15 ¡ninutes and

then allowed. to stand. at roon teurperature for J d.ays in the absence

of light. After refrigeration for a few heursr the crystals of the

hydrazide rà'ere filiered off and ¡*ashed with a small amount of cold,

ethanoL

The crude product was purified by recrystallizing witt¡ ethanoÌ or

e thanol-water.

Tleld, neltlng point and the solvents of recrystallization of the

products are su¡rmarized 1n Table 24.

Speclfic rotations and ¡aolecular rotatlons of the above hydrazid.es

in dirqethylforuanid.e and. glaciel acetic acld, are sunnarized. in Table Zj,
Ânelytlccl recults for the above byclrezides are sumnarLzeil in Table 26.



Compound

DNP-gly-gly hydraz,ide
DNP-gly-L-leu hyd,raztdc
DNP-gIy-L-phe hydraztde
DNP-I,-aLa-L-phe hydrazid,e
DNP-L-val-ely hyd.razid,e

DNP-L-val-L-leu hydrazide
DNP-L-val-L-phe hydrazide
DNP- L- le u-gly hydrazÍd.e
DNP-L-1eu-L-leu hydrazide
DNP- L-leu-L-phe hydiaziile
DNP-t-I teu-g1y hyd.razidc
ÐNP-t-Ileu-L-Ieu hydrazide
DNP-t-IIeu-L-phe hydrezide
DNP-t-phe -gly hydrazid.e
DNP-L-phe-L-leu hydrazlde
DNP-L-pire-L-phe hydrazid e
DNP-L- try-gly hydrazide
DNP-L-try-L-leu hydrazlde

Table 24

YieId, neLting pofnt and,
reorystarrlzlng solvent of ÐNp-dlpeptide hyd,razid,es

Crude
yie ld.

("/")

T5-77

76-80

9r-97
95-97

9r-9'
91-9'
96-98
B4-87

9r-95
94-96

90-92

94-96

96-98
B'-86

94-96
95-96

90-92

92-94

Crude
M.P.
("c )

2L2-2L'
2O2-2O5

2I9-222
2rr-2r,
2Og-zLL

24r-246
248-25O

L92-Lg'
2L)-2L6

208- 2 10

196-L97

2t7 -2rg
226-228

r85-t97
zLg-22L

245-247

2o9-ztt
229-2rr

Pure
yfeld

(yÐ

6B-7L

7 2-76

90-92

92-94
B5-BB

e9-92

9r-95
B0-82

BB-90

90-95
B7-BB

9r-9'
94-96
BT.8'

90-9'
92-94
86-sg

BB-90

rdhere E - €thanol¡ E-H o ethanoL-water.

Pure
M.P.
('c )

22L-222

205-206

226-228

2r4-216
2I0-21 I
245-246

249-25O

Lgr-r96
zLB-zlg
210-21 I
L9B-Lgg

219-240

226-228

r86-rs7
22I-222
25r-25'
21I-2L2
257 -2rB

Solvents
for recrys.

E

E-W

E

E

E

tl

E

E-l{

5-1,/

E

E_1,./

E-hl

E

E-l,I

E

E

E

E

I
o\
-Þ
I
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lable 25

specific rotatlons and. molecurar rotetions ofDIÍP-dipeptid'e hydrazid.es in d.inethylforna¡nid.e and glaoial ecetic acid,

Conpound

DNP-gIy-L-}ei¡ hydrázide

DNP-gly-L-phe hyd.razid^e

Df,P-L-&Ia- L-phe hyd.razld.e

Dl{P-L-val-ely hydrazide

DNP-L-va}-1,- leu hydrazide

ÐNP-L-vat- L-phe hydrazid.e

DNP-I-leu-gly hydrazid e

DNP-L-Leu-L- leu hyd,razid.e

DNP-L-1eu-L-phe hydrazide

DNP-L-f leu-gly hydrazid.e

DNP-L- Ileu-L- leu hydrazld.e

DNP-L-rleu-L-phe hyd razide

DNP-[-phe-gly hydrazid,e

DlfP-t-phe-L-leu hyttrazid.e

D[P-t-phe-L-phe hydrazide

DNP-L- try-gly hydrazide

DNP-I,- try-L-Ieu hyd,razide

Dime thyL
fornanide -.

@'Ji-*--ioolå'
-26.zo -96.5o

-L7.4" -?o.oo
ô+76.r- +1L6.9"

+7).5o +260.4o

+4r.O" +IB!,,fo

+1,6.7o +L6j.f

+1!. 2o +7O.7o

+2J,f +106,5o

+29.7o +L)6,2"

+J6.Bo +LJJ.6"

+IB.2o +77 .r"

+2B.Oo +L28.!o

-76.8o -ro9.o'

-67.oo -?o7.zo

-j7.go -2a5.2'

-2O7 .5o -g]r.go

-ror.6' -t51Oo

GlaciaI
acetic acid
L¿üf luli

-J0.1- -l10. g'

+11.6" +46.7o

+2o7.)o +861.2o

+!)o.6o +675.4o

+166.4" +6a1.o"

+LJ1.8o +5B5.Bo

+!2B.Jo +47r.5o

+L2J,6o +5rr.f
+L55.6o +62!.7"

+186.7o +6a8.7"

+149.8o +6j5.go

+I!8.Jo +727,6o

+60,1o +2{l.go

+10!.0o +48L.4'

+81. !o +4O1.40

+r7 .4Ò +165. lo

+82.2o +!O).Oo



Results of the

Conpound,

DNP-gly-g1y hydreztde
DNP-gty-L- leu hydrazlde
DNP-gly-t-phe hydrazÍde
DNP-L-ala-t-phe hydrazide
DNP-L-val-gly hydrazid.e
ÐNP-L-val-L-leu hydrazld.e
üNP-L-val-L-phe hyd.razid.e

DNP-L-leu-gly hydrazide
DNP-L-1eu-L-1eu hydrazide
DNP-L-1eu-r,-phe hydrezide
DNP-L-Ileu-gly hydrazid.e
UNP-ü-Ileu-L-Ieu hydrazid.e
DNP-t-IIeu-L-phe hydrazide
DNP-t-phe- gly hydrazide
DNP-t-phe-L-1eu hydrazid.e
DNP-[-phe -r,-phe hydraz ide
DNP-L-try-Bly hydrazid.e
DI,¡P-t - try-L-Ieu hydrazide

elenentaL enalyses of DNP-d,lpeptlde hydrazld.ee

Formula

C¡6{2N6 0(

C¡çH2ot{6, 06

C,7H,6N6 0¿,

C,¡ H¿olI6 0¿,

QIH6I'16 O,

Cr'¡826N5 O6

CroHt¡l'le 0e

C,4H¿ol{6 06

C6 H4N6 06,

Q¡H4N¿ 0¿,

C¡¿¡H1¡N6 0¡'

C¡¡H2gN6 0¿

Cr¡ H16l{6 05

C¡r¡116N6 0¿,

C¡¡il26N6 O¿,

C2qHzçNg 06

C¡9H¡9N10ó

lab,Ie 26

c

,8.46
45.65

,o.7 4
,L,92
44.06

49,75

54.05
45.65

50.91

55.01

45,65

,0.9,
55.0t
50.7 4

55.01

58,51

5L.82

55.r'

Theory ("/")
HN

1.87,

5.47

4,5r
4.84
5.L2
6,19

5.44

5.47
6.65

5.72

5.47
6.6j
5.72

4.5L
5.7 2

4.gL

4,L2
5.47

26.92 ,8,8'
22,82 45.69
20.Bg 50.78
20.18 52.16
2r.7I 45.86
20.48 49.7O
lB. gI 54 .L5
22.82 4r.gI
19.80 50.81
18.1, 55.2O
22,82 45.7O
19. B0 51. 15

rB.r, 54.87
20,89 ,o.5,
rB.r, 54.9g
L7 .OT 58,21
21..80 5L.74
t g .71 55 .69

Found ("/")
II

,,75 26 ,86

5.r2 22.8L

4.49 2L.2O

4.97 20,47

4.95 24,O'
6.rL zo.6T

5.r4 18.77

,.47 2t.OB

6.95 Lg.96

5.45 18. lB

, .46 22.7 
'6.48 L9.64

5.62 18.4g

4.rL 2L.O5

5.72 L9.26

4.5L 16.84

4.18 2L.Bg

5.26 19.88cr3H¿1N1 06

I
o\
o\
I
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Tso nethods of preparing DNp-tripeptide eeters were e'proyed.
(f ) ¡y converting DNP-d.ipeptid.e hyd.razfde to azid.e with nltroue

aoid, and ¡ieacting the azide with the ethyl eeter of the
pertinent amino acid.

(Z) ¡V reeotlng DlÍP-d'ipeptid.e wlth the ethyl ester of the pertlnent
amlno aoid in the presence of 1-cyclohex¡,f_J(2_norpholfnoethyl)_
ea¡sb od.i i¡nid,e me th o-p- t oluene su lf ona te,

Fron the dipeptide hydrazfde

The azide fornation was canied 1n the nlxture of acetic acid. and.
hyd'rochlorio acld. Upon ad.dition of sod,lun nitrite at low ternperature,
the azfde separates ae an oll, and was extracted. r+ith ethyl acetate.
The nixture wes dried over anhyd.rous sod.iuro sulfate prior to the reaction
with the amino acld ester. The general equatÍone for the overall
reaction are shown as bel.ow:

_{/oz R R'
gu{)iuóucot uóucouuun, + t\,t¿Ìvoz + HCt

I
a2n R,

éucouuóucory + zryo * Nact

l"å'oocrs
R,F

couuóucouuóucooc/1s + HNs
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llateriale ¡

DliP-d.lpeptid,e hyd.razid e

L-A¡nino acid ethyJ. ester hyd.rochloride

Triethylanlnc

il ÌÍaN0,

GleciaÌ acotic acid.

6 f nyarochloric ecid.

Anhyd.rous eth¡r

O.001 ¡noLe

0.O01 nole

O.001 nole (0.101 gn. )

I nI.

20 nl.

5 nr.

IO0 nl.
DlÍP-d'ipeptide hydrazide nas diegolveè in 20 ml. glacial acetic acid,

to this 5 nl. of 6 II hydrochlorlc acid rlas add.ed, and the solution was

oooled. to -5oin an ice-eart bath. wlth cooling and stirring, the

sodiun nitrite soluti.on 'ras ad.ded slowly and tested. constantly with
starch-ioclide Paper, until HN02 nas present. The mixture was etirred
for another 5 nÍnutee at -5o, d.iluted. wÍth ice-water, and. extracted.

vltb ice-cold. ether. The ether layer wae quickly washed. with ice-
sater (z x z5nL.¡, fi [aHCOg Q x z5 n1.), ice-water (z xz5nt ) end.

rapidly dried over anhydroue sodiun sulfate. The dry ethyl acetate

eolution vas ad.ded, to an ethereal solution of the L-anino acid. ethyl
ester.(prepared by etirring the ester hydrochloride sith triethyla¡nine
1n anhycliroue eth,er f or JO rrinutes. ) Af ter keepf ng at ,o fo¡ 6 d.ays

witb occaslonal shaking, the eolution was filtered.¡ and. the resld.ue

uashed wlth !O n}. of ether, The veshed, liquid was cornbined with

the flltrate, and. eveporated at roon tennperature to drynees. The

crud.e product vas purlfled by recryetaLlizing with ethanol-yater.

Ïield. and nelting point of the products are su¡nnarized in Table 2/,
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lable 27

Tield and rneltin6 point of DNP-tripeptide etbyl esters

Crud.e Crude pure
Corr¡round yÍeld Ì{.p. .yfeld.Gs) iti; "i:rt

DNP-L-ela-L-phe-e-1y ethyl ester |2?-|,e 189-195 45-48

Dl{P-L-va}-L-leu-L-phe ethyl ester 56-60 ZL6-Z2Z !,}_5j

DNP-Ir-IIeu-L-phe-L-Ieu ethyt ester 6j-72 1?S-IBÌ 60_64

Speciflc rotatione and nolecular rotetione of

fornamid.e and, glacial acatic acid. are su¡omarized

the

in

Pure
M.P.
('c )

20L-202

225-227

r84-185

eeters in d.inethyl-

Table 28.

Glacial.
ecetic acid .n

W1'; ["li
oo+1BI.J +BBJ.B

+14I.4" +808.1o
oo

+I27 .7 +747 .9

Table 28

speclfic rotatior¡s anct nolecular rotations of Ðlfp-tripeptideethyr estere in di¡aethylfo=nanirle and. gracial acetic àci¿

Conpound. DinethyJ.

ffi"'"'i*l;
DNP-L-ala-L-phe-gly ethyl ester +60.Oo +Z)Z.Jo

DlfP-L-va1-L-1eu-t-phe ethyl ester +)2.8o +IB7.5o

.DlÍP-t-Ileu-t-phe-L-Leu ethyl ester +Z!.Bo +I\J.2o

Carbod.iinlde nethoil

DìiP-ciipeptid'es rere coupred. nith anino acid, esterg in a orre step,

tooa tenperature reaction using Ì-cycloheryl-J(-Z-rnorpholinoethyl )-
carbod.ij.nlde rnetho-p-totuenesulfonate ss the cond,ensing agent. The

desired, DNP-tripeptide esters uere forned in high ylerd.s. The

general equations for the overarr reaction are shoyn as beloy:
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H'
+

+

Q***,,#MJ, z'

is

I

wcHCaovts

}**offiQ,"

where Z

Materials:

DNP-dipeptide

I¡-anino ecid ethyl ester hyd,rochlorlde

Triethylanlne

l-Cyc lohexyl- J- ( - 2-norpholinoe thyl ) -csrbotliinj-de me tho-p- toluenesulf onate

Te trahyclrofuran

Dichloro:¡e thane

0.002 ¡oo1e

O.002 nole

O.002 nole

0.002{ nole

10 nl.

40 r¡1.

(0.202 gn.)

(t.ot5 gra. )

NqF' R, R',

q,ÕN [r, o r, é, *, r, ir roo r¡,,
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-utiP-dipeptide was dissolved. in 10 mI. tetrahyttrofuran, and. to this
a solution of freshly prepared. L-amino acid. ethyl eeter in d.Íchloro-

nethane (prepared. by stirrÍng I equlvalent of the hyd.rochloride with

I equivaLent of triethylarnine in 20 nl. d,ichloronethane) was ad.d.ed.,

followed by a sol.ution of ì.-cycrohexyl- J ( -2-morpholinoethyl )-carbo-
diinid.e oetho-p-tolueneeulfonate in 20 ¡ol. d.ichloromethane. lhe

nixture nag stirred aÈ rootr tenperature for !6 hours in the absence

of light. After the reaction ras conpleted., the solvent was evaporated

et roon temperature and the resid.ue extracted with ethyl acetate ( I
X 2)n1.). The ethyl acetate solution lras vashed successively nith
N Ecl, (5 x e5nt.), uater (J x 2!ur.), eaturated. tfaHco3 ( r x 2Jnr,)

and. water (, xz5,n1.). Àfter ¡trying over anhyd.rous sod.iun surfate,
the eolvent w88 evaporated at rooa tenperature, and. the residue was

purifled. by recrystallizing vith appropria.te solvents.
Ïieldr nelting point and the eolvents of recrystallization of ilre

products are sunnarized in îeble 29.- Tab1e 29

recrystarrizins "lîili; äfffi:rff;:;rîi: ethyr esters

conpoun. ;i:i; ,i:Ë:" ;i:i. ;5: sorv.(f') ("c) ("iù ('c)
DNP-L-ala-L-phe-sly Et 80-85 r9r-L97 72-76 zoL-zoz Dr{F-w

Dt{P-L-vaI-L-1eu-L-phe Et ?5-SO ZZO-ZZZ 62-T0 Zz5-227 E

DNP-r-Ileu-r-phe-L-Ieu Et 76-82 L74-L77 6g_7, 1s4_IB5 .E_r.r

vlhere Et = ethyl eeter¡ Dlf¡'-d = clinethylfornanid,e-water; E - ethanof t

E-l{ - ethanol-wster.
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Speciflc rotations and nolecular rotations of the above esters in
dlnethylforqamide and glacial acetic acid &ra sunearÍzed, in fabIe J0.

Table ]0
-$peblfic rotationg and ¡oorecurar rotations of DNp-tripeptideethyl esters in di¡retrryiiã"r.m1d.e and graclar acetic acid.

Dinethyl Glacial
ace-tic acid(4,1f t"l;

Conpound

&fo""'ii:l'
DNP-L-a1a-L-phe-gly Et +60.6" +Zg5.4o +IBI.5 +gB4.Bo

ÐNP-t-va1-¡,-leu-L-phe Et +rt.o" +rBB.6o +l{1.0o +806.0o

uttP-L-Iteu-L-phe-L-leu Et +24 .7o +I44.7o +L27 .6" +7 47 .ro

'v/here Et = ethyl ester.

å'nalyticar results for the above DNp-tripeptide ethyr estere are

aunmarized. 1n Table Jl.
Tab1e ]1

, 
Results of the 'þlenental anaryses of ÐNp-tripeptid.é ethyr esters

Conpound Fornula ,rheory (/,) Found ("i")
.cHt{cEN

I Cz¿E¿¡¡[r O¡ 54.20 5 .L7 L4 .r7 54 .Oj 5 .I, L4 . j6

II cr¡H31Nr 0e 58 ,B' 6 ,5t L2 .25 58 .84 6 .7 B L2 .44

III CrjEfiN'og 59.47 6.7L 1t.96 5g,rg 6.72 tL.gz

ldbere r - DNP-L-alanyL-r,-phenylaranyJ.-gryclne ethyl ester;

rr - DNP-t-valyl-L-reucyl-L-phenyraranfne ethyl ester;

fII - DlÍP-L-isoleucyl-L-phenylalanyl-t -Ieucine ethyl egter.
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Preparetion of DNP-trlpeptid.ej

Two nethodg of preparing Dl{p-tripeptides vere emproyed.

(f) nyarolyzlng the DNP-tripeptid.e este¡s rrith N agueous sodium

hytlroride in !!/á ethanol.

(2) Beacting the tripeptid.es directly wtth FÐ¡IB.

Alkellne hydrol.ysis nethod.

The hydrolysis was carried. out in etbanol sith a snalÌ enount excess

of alkali for 2{ h'ours at roo¡n tenperature. The general equation for
the overall reection ere shoun es bel.ow:

J%FFR,
gQþrénrorr[rro¡tnóucccys + NaoH

Åoz F R' R"

TQþi, å, co u n éu c o u n [n c o a.u f + Wp H

I Hct
.l,
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Materials ¡

DNP-tripeptide ethyl eeter

951É atb.ano]-

lÍ [aOH

0.001 nole

20 nI.

1.2 nf .

DNP-tripeptitle ester wae diseolved. in 20 nI. elhanol; to this N l{agg

wae add,ed in snall portions and. the solution etirred. at roou tenperature

îoc 24 hours in the abgence of light. At the end of the reaction,
the eolution rras diluted with !0 rnl. of water, 5 nl. gaturated. NaHC03

added, and, the sorution washed twice with zJ nL. ethyl acetete. The

equeous layer was then acidified with concentrated hytirochloric sci¿

to pil 2r and the DN.P-trip:ptide was extracted. thrice wj-th 2J nL ethyl
ecef,sts. the organic la;'s¡ was washed, tvrice with 25 nr. of water,

and d'ried over anhyd,rous sod.iun sutfate. rhe eolvent was evaporated.

at room tenperature and the resid,ue purífied by the following nethods.

For DNP-t-aranyl-r,-phenylalanyr-gryciner' the crude prod,uct wae

d'lssolved' in 10 nl. of acetone, filtered, water added to the fiLtrate
until the eorution j'ust turn eroudy, and. the nixture refrigerated
overnight. The crystals were collected, by ffltering wfth suction,

drled' 1n a vacuun d.esiccetor and recryetalLized. froa t-butanol-water
1n the sa¡ne manner to obtain a pure prod.uct.

For DÎ{P-L-va1yl-L-leucyl-L-phenylalanlne, the crude product was ffret
recrystallized. fro¡ ethanol-water, then from t-butanol-water to obta,in

a pure product.

For DNP-L-isoLeucyi-L-1eucyI-L-phenylalanine, the crucl,e prod,uct was

firet recrystaLlfzed fron ethanol.-water, then froa t-butanol-water to
obtain a pure product.



Conpound.

Ðl{P-t-aIa-L-phe-gIy

D[P- L-va1 - L- leu- L-phe

D¡ÍP-L- II eu- L-phe -L- I eu
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Ïte1d and nelting point of the prod.ucts are suîmarized. 1n Tab1e ,2.
fabte 12

YieLd and nelting polnt of -Dt{p-tripeptídes

Crutle
yield

(/")

52-16

,8-66

6j-7o

Crud.e
l,f. P .
(oc)

2Og-2r2

180-192

L9L-225

Pure
yield

(%)

40-45

48-52

,8-62

Pure
M.P.
('c )

224-225

2Or-2O4

2r2-?rt

Speciflc rotations and molecular rotationg of the above DNp-tripep-

tldes in d'iroethylfornamide, and glacial acetic ¿cid. are sunnarized ln
Table JJ. Table Jl

specific rotationg and, morecurar rotations ofD¡IP-tripeptides 1n d.inethyrfornanide 
""¿ eiÀ"iri-"c"tic acid.

conpounrr -iå*:lTå"-", ""31î:':lru .,(¿lï t"li lJlå'- ---i"lf
D$P-L-ala-L-phe-gly +67.2" +]r(¡g.7o +I!0.I" +g7r.4o

DfP-t-var-L-1eu-L-phe +i4.1" +lB!.{o +1J6.oo +g4B.0o

DtrP-[-I1eu-L-phe-L-Ieu +26.6' +I{g.Jo +lJO.6" +72g,Zc

Ilinitrophenylation ne thod

Âccord.ing to the ¡aethod euproyed by saager end, Thonson (cr¡, the
trlpeptld.e weg reecteð with FDIIB ln triethylanine. The general
cquatl'one for tlrc overall reaction are ehorn ee bero¡r¡
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N

+

@
NHCI

I
NA

o116, I r, o * l* o r ri),, o o, @ù

0.00I ¡aole

0.001,no1e (0.1e6 gn.)

0.00, moLe (0.101 gm.)

5 nl.

-{'tq f F R,
wO)",öucouuóucouu j'ucoon 

ñu (¿u)+ h,,\ . @ èt @,lQrà{r;
Hc/

FI'R"
ryu & ro r, é r, o, n [, c o E u@u (%L

[þ+Y

üaterials:

Tripeptide

FDNB

Trlethyla¡nine

Ethanol

Ïh'e tripeptide was dissolved. ln J0 nI . I/o tríethylanine (prepareit

by dissorving o.] gm. triethyramine in J0 nL. water) and. to this
vas added a eolution of FÐliB in r0 mr. ethanor. The nixture was

etlrred for sir hours at roou temperature in tho absenoe of light,
and. the excesa triethylanine removed. by vacuu¡a dletillation fron
a wate¡ bath nainteined. at {0o, conti.nuing the distl}}ation until
the preasure of the syeten had. d,ecrease to 2!-J0 nm. The reeldual

solution rrae acidified vith concentrated hydrochloric acid to pH 2
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and' tefrigerated overnight. The protluct was filtered. ylth suction,

waehed' with icc-vater to reoove excess hydrochloric acid anct dried. ín
a vacuru¡ degiccator.

The crude prod.uct vas purified by recryetallizing from ethanol-

water.

Tierd end merting of the products are summarized. in Table J4.
TabIe J4

ï1ald and ¡nelting point of DNp_tripeptid.ee

Conpouncl

ÐSP-I-vs1-gty-gly

lrllP-L-1eu-gly-gl.y

Dl{P-l-phe-gIy-gIy

Conpound

DllP-L-veI-gly-gIy

Dl{P-l-Ieu-gly-gIy

DNP-r,-phe-gly-gly

+JO.2o +L9g.5

+24 .7" +101 .6"

-54.6o -24r,2"

Crud.e
yield

(fb)

72-78

65-'to

55-62

Crud,e
M.P.
("c)

2O2-2O4

lB5-1fJ8

204-206

Pure
yieLd

("Á)

66-7o

52-56

46-50

Pure
M.P.
("c)

207 -208

IB9-190

zLr-2I4

. Specifj.c rotat:ons ¿ind ¡nolccular rotations of the above_)UIl-

tripeptid.ee 1a dinethylfornamide and glacial acetÍc acid. are summarized.

1n Table Jl,

Dinethyl

rotations of
glacial acetlc acfd,

clacial.

ffiål'" ""'t"ll.
+lJz[ . Oo +69I.4"

+!!2.6o +!BB.6o

+!J.Bo +I!!. Ì'

^fornanicle ..L¿-Y to'lï

Analytical resulte for the above DllP-tripeptld.es are sumnarized in
Table J6.

Table )5
Specific rotations and. nolecularDtÍP-trlpeptideS in dinethylfornanid.e and



Courpound

DNP-L-ala-l-pho-6Iy

DNP-l-val -I¡- t eu-f,-phe

DNP-I,-I leu-L-phe -L- leu

DNP- L-va1-gIy-gJ.y

.DNP-L-Ieu-gly-gty

DNP-t-phe -érl.y-gly

Table lj
Resulte of the elemental analyses

Formula

0¡$sN5 09

C¡6H33N5 09

c,dr3¡lls 0r

c

,2.29

57 ,4'

58. t6

4r,14

46,72

5L.24

C¡sII4Ny 0g

lheory ("/")
H

4,6r

6.Lz

6.r,

4,82

,.L'

4,ro

of ÐNP-tripeptfdes

0¡61f2¡N¡ 0g

c,lII'?Nf O'

N

Lr.25

12. BB

L2.56

L7.6t

17,o2

L5,7 
'

c

52.64

57.74

58.64

45,86

46,97

5I.14

Founrt (/ù
HN

4,7L 15.16

5,92 Lr,02

6.74 12.51

4.BB 17. 87

5.18 16 .76

4.r, 16.17

I

-¡co
I
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Thin layer chromatography

Thin layer chro¡natography lras canied. out on a Mallinckrod.t Chrona-

Klt, with Silic ÅR (TLC-TOF) as ad.sorbent. rour solvent systems were

ueec for cLeveloping, and. gave good. separations on most of the prepared

D$P-peptid.es and their correspond.ing esters. onry o.l to o,Jp,g or
nateriaL rraa required on each individ.ual conpound., after d.eveloping,

ae little as 0.1¡e eiving a yellow spot that is eagiLy visibte by

transnltted' daylight, therefore no sprayed reagent nas required. for
d.etection.

Purification of Solvents

(r¡ Benzrn. Has purified. by shaking the organic liquid (r riter)
euccessively with portlons of concentrated sulfuric acid (too nt. )

until free of thiophene, then nÍth water until the washings were

neutral to litnug. The natex was removed. by shaking the benzene

vith anhyd'roue calciun chJ.oride, followed. by refluring for eix hours

over aodiun metal. The benzene was d.istilledr the initial. and final
50 nI. of distillate being d.iscard.ed, and the dry solvent was stored.

ovet eod.ium, It rrae distilled just prior to use.

(e) notuene was purified. by the method. sinilar to those used for
benzene. The toluene (f fiter) wae successivel.y ehaken with portions

of concentrated sulfuric acid. (I00 nI.) until free of eulfur inpuritles,
then with vrater untir the washinge were neutral to litnûg. The

organic layer was d'¡ied over phosphorus pentoxide ancl then fractionally
distilled. The portion d.istilling betneen IlOoantl LlIo was coLlected.

and. stored in a glass stoppered fLesk.

(1) eracrar ecetlc acid was purified by the nethod. of voger (76).
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Apprórimately 600 gn. of coronercial glacial acetic acid. was partially

frozen and about JOO ml. of liquid. removed,. The reeÍd.ue wae rnelted

end nixed with 6 g^. of potassium pernanganate and. fractionally
d.istilled. The portion d.istilling between rrS.goand. 116.Bo at Z58 nn

was collectedr partially frozen, and about balf of the e.cid d.iscard.ed

aa Ìiquid. the solid wag melted and. fractionally distilledr the

portion d.istilling between l16.2oand, ILT.2obeing coLlected and. stor:ed

in a glass stoppered flask. Precautions were taken to prevent the

ingress of rooisture durlng the fractional dlstillation.

(4) pyrf¿lne nas purifled by etanding over freshly fusad potassiuu

hydroxlde for 2d hours and ùhen fractlonally distilled.. îhe portlon

dietltring between r1!aand rl6onas colrected and. etored.

(5) Chloroform (conteined, O.75/" ethanoÌ) was purifled by distilling
twice through a short coluon.

(6) ucttranol nas purified. by distilling twice through a ehort

colunn.

(?) Benzyl aLcohol wae purified. by fractional d.istirration at

reduced preseure vith the exclusion of air.

Procedure for thln layer chrooatography

å' plate vith e eoooth, uniforn layer o.2! nn thick nas prcpared,

and, activated at Sooor 100"1n the osen for 2 houre. The eanpl.ee to

be chronatographed were dissorved. 1n ecetone and applied on a rlne
paralle1 to ¿nd. at least 2 om fron the ectge of the coated p1ate.

The sampleg were applled to the coated plete þ neans of a 5¡ül nicro-
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plpette. Approxlnetely 2 þL vas apprled at once, aLlowing tine for
solvent evaporatlon between successive appliûations, so that the epot

size 1s kept snall. After the epots had been applied¡ the chro¡nato-

Sram was d.eveloped vertieally ln a seturated. chanber. The solvent

wes allowcd to nove r¡p through ihe layer to a height of l0 to l! co,

the posÍtion of the eolvent narked, and. the eolvent alloued to evapor-

ated.. The distances moved by the sanples were E¡easured.r end their R¡

values calculated.

Thln layer chronetogrephy of DlIP-dipeptide esters

.ONP-dipeptide esters were j chro¡natographed with chloroforn: nethanol

rglacial acetic \95¿5:l) and toluene:pyridfne:glec{al acetÍc acid qB0:

10:l) es solvente. The R4-values¡ are listed. 1n Teble 16a. The distance

travell.ed by the ind.ividual DNP-tilpeptide estere, DNP-L-anino acids and.

in tlre nlxture is ehown ln Flg I-{.
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labIe 16a

100 x Rr-varues of DNP-dipeptfde esters and DNp-L-enino

acids sith one-d.lnensional, eecending chromatography on

sllicaR gtc-7cF rayer. sorvent aystens (A) chloroforn:
nethanol:glacial acetic acict (l>15:I) aad. (g) toluene:

p¡midine:glacial acetic acid (AO:tO:I) vere used,.

Conpound

DNP-gly-gly ethyl ester
Ðl{P-glycine
Dl{P-gly-L-1eu ethyì. eete¡
ll{P-L- tryptophan
ÐNP-L-try-gly ethyl ester
UNP-gly-L-phe ethyl ester
.¡llÍP-¡-val-ely ethyl ester
DNP-t-phe-gly ethyì. ester
ullP-L-.¡.Ieu-gLy ethyl ester
Dt{P-L-1eu-gly ethyl ester
DNP-L-try-L-phe ethyl ester
lllP-t -try-L-leu ethyL ester
ul{r-¡,-Ieucine
Dlür-L-va1-L-phe ethyl eeter
rrNP-L-veL-L-1eu ethyl ester
Dì{P-t-Ieu-L-phe ethyl ester
Dtl.P-L-. valine
DNP-l-leu-L-Ieu ethyl ester
U$P-r,-phe-L-leu ethyl ester
ul{P-L-phe-f,-phe ethyl eeter
ÐNP-¡-fLeu-L-phe ethyl egter
DlfP- J,-ph eny I al an lne
sNP-L-Ileu-t¿-1eu ethyl ester
ÐNP-t-lsoleucine

DNP-¡-ala-f,-phe cthyl ester

100 X R¡
A ,B

25.O 9.5
29.5 7.4
,o.2 ,g .B

,1.O 5.0
51.0 22.2

1t.l 16.6
,2.L ,2,5
,r.o 5r,7
,4,O 40. r
,4.L 49 .6

,7 .5 42,5
,8.2 42,5

55 .o ,1. B

,6., 6t.8
,7 .2 6l. g

5g. o 62.7

59., L9,4
60. B 62,7
6, "o 6t.5
6r,o 6r.5
6r.j 6z.9
q., lr.5
66 .z 62.9
67.7 2B.o

60. B 5g.g
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Figure

A

f.
BCDEFCEIJKLI,f
Thin layer chro¡natography of DNp-conpound.s using chloroform

¡methanol:glaciaI acetic acid. (95:5:1) as developer. where

-å, = DNP-glycyl-glycine ethyl ester¡ B - DNp-glycine;

C - D[P-glycyl-L-leucine ethyl esteri Ð o Dllp_glycyl_t_

phenylalanine ethyt eeteri E - Dt{p-L-phenyral.anyl-glycine

othyl ester; F = DlfP-L-leucyl-glycine ethyl ester;

O - DllP-L-Ieucine; E = D}IP-L-leucyÌ-L-phenylalanine ethyl
cster; I-DlIP-L-leucyl-L-leuclne ethyl eeter; J= D[p_

L-phenyì'alanyl-L-leuclne ethyl esterí K - DNp-L-phenyl-

alanyl-L-phenylalanine ethyl eeteri L = Dt{p-t-phenylalanine;

H - I nixture of Ar3rCrDrErFrGrHrIrJrK, and L.
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11 I
Solvent

Solvent head (aoh'ent front) r5.? "".

^ 
o Ât*OÕK

O-J.ôr
Q 0+H
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o
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9e
do'l
F{l
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o
d
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q.
O)
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d
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^

ôâ ^A

Thin layer ch¡onatography of ÐNp-conpound.e using chroroforn
¡ncthanor:gLaciar acetic acid (95:5:l) as deveroper. .v{here

A - Dl{P-t-tryptophani B = DNp-t-tryptophyr-grycine ethyl
ester; C - DNP-L-valy1-glycine ethyl ester; D= DNP_L_

fsoleucyl-gLycine ethyl ester; E = ÐNp-L-tryptophyl-L_

phenylalanine ethyl ester; F - Dt{p-L-tryptophyl-t-reucine

cthyl ester; G = Dì{P-L-valyt-L-pheny}alanineEÉ, t = DNP_I,-

velyl-r,-leucine ethyl esteri I = Dlfp-L-valine; J = Dlfp-L_

aranyl-L-phenyral-anine ethyr eeter; ¡ç - ÐNp-L-ieoleu.cyt-L-

phenylalanine ethyl esteri L - Dilp-t-isoleucyl-L-Ieucine

cthyl. eeter; M * .DNP-L-ieoleueine; l{ = 8 nixture of ArB,

C¡DrErFrGrHrIrJrKrL, and. l.f.

ãÔ Ô P*F

*ä
A ¡,+B

Figure

A

2.
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MA
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BC

Thin layer chronatography of ÐNP-conpounti.s using toluenc:

pyridine:glacial acetic acid (OO:tO:J.) ae d,eveloper. 'lfhere

Â - DlÍP-glycinei B = DÌIP-glycyl-glycine ethyl esteri C =

DltP-t-phenylalanine; Ð - Dtip-L-IeucÍne; E = Dl{p-L_phenyl_

alanyl-glycine ethyl esteri F = Dt[p-glycyl.-L-phenylalanine

ethyl ester; G - DNp-g1ycy}-L-leucine ethyl estert H =

ÐNP-L-leucyl-glycine ethyl estert f = DNp-t-phenylalanyl_

L-phenylelanine ethyl ester; ¡ = DNp-L-phenyraranyl-L-

lcuclne ethyl egtert K = DlfP-L-teucyJ.-L-leucine ethyl
cster; L - DNP-t-ì-eucyr-L-phenyrar.anine ethyr ester¡
!l = I nixture of ArBrCrÐrErFrGrIIrfrJrK, and L.

front )
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BcúÉt'öÉ IJKTMÉ
thin Ìaye¡ chro¡aatography of Dì{p-conpound.e using toruene:
pyrid'ine:glaciar acetic acid. (eo:ro:t) as d.e,¡eroper. where

Â- DNP-tryptophan; B = DNp-t-varinei c * Dìfp-L-tryptcphyì.-
glyclne ethyr esteri D= ÐNp-L-Ísoleucinei E- Ðr[p-[-varyr-
glycine ethyl esteri F = D$p-L-isoleucyl.,g!.yclne ethyl
esteri G - ÐNP-L-tryptophyr-L-phenyralanine ethyr ester;
E = .Dl{P-L-tryptophyl-t-teucine ethyl ester; I - DNP-L-

alanyl-L-phenylalanine ethyl ester¡ J = Drlp-L-vary1-L-

leucine ethyl esterí K = DNp-L-valy1-L-phenylalanine ethyl
ester; L- DllP-L-isoleucyr-L-r-eucine ethyl ester; M = DNp-

L-leoreucyl-L-phenyraranine ethyr eeter; r{ - a nrxture of
ArBrcrÐrEr!.rerH, IrJrKrL and Èf.
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Thin layer chronatography of DNp-dipeptides

DNP-dipeptid.ea vrere chror¡atographed with toluene:pyricl.ine:glaclal

ocetic acid (ao:to:t¡, benzene:gracial acetic acid. (zoz5) and, chro:ro-

form:benzyl alcohol:glacial acetic acid (97t22L1 as solvents. The

R¿-valuea Bre Lieted in Table 17.

Table J7
1I00 X R¡l-values of DNP-dipeptides rrith one dlnensional,

ascending chronatography on SllfcAR TLC-ZCF 1ayer

Solvents (ll toluene:pyridine:glacial acetic acj.d. (eO:tO:t),

(l) Uenzene:glaciaI aeetic acid. \2OtJ)¡ and (C) chloroforn:

benzyl alcohol:gIacÍaI acetic acid (97¿Z:I) were used.

Compound

DNP-L-aIa-L-phe
ulÍP-L-va1-gly
ÐNP-j,-val - L- l eu

DNP-L-val-L-phe
UNP-L-Ieu-gly
Dl{P-L-1eu- l,-1eu
¡rlfP-L-1eu-ll-phe

UNP-L-Ileu-gly
¡¡NP-L-Iteu-L-1eu
rrNP-t-Ileu-I,-phe
DNP-t-phe-gly
UNP-t -phe-t,-Ieu
DNP-L-phe-L-phe

DNP-1,-try-g1y

DN.r-L-try-L- Ieu

DttP-t,-try-L-phe

A2

,l.g
22.O

92r7

7t.7
56.6
r00.0
82,'
,5,o
97,6
84.7

24,4

95.'
65,2

4.9
6I. o

50.1

IOO X Rr
n5 't

,9.4
L6.'
BO.0

74.2
27.O

100.0

94,O
20. L

100. o

90,'
28.6

94.O

92.8

7.2
49.4
62.7

c1

,2.L
L9.5
gl.6
64,2
28.5

r00.0
89.7

26.9

94.8
88.2

24,2

92.7
6e.,
I0.,
42.8
,7.'

I- 
\1, - nlgration d.ietance of the sanple,/nigration dÍetance of

DNP-¡,-1eucy1-1,-Ieucine r .
2 nttp-r-1eucy1-L-leucine traveLl.ed. g,2 crn. ag standard,.¡/DNP-L-reucyl-L-leucine travelled B.! cn. as gtsndarè.
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Pigure ,. Thin rayer chromatography of .DNp-dipeptirres using toruene:
pyrid'ine:glaciar acetÍc acid. (eo:ro:t) as d.evero.er. ./here

A - DNP-I-tryptophyl- g).ycine¡ B = DNp-L-valyl-glycine¡

ü = DIIP-tryptophyr-L-phenyrar.anine; D = DNP-L-reucyr-gì.ycine

.E - DNP-L-tryptophyl-L-leucinei F = D$p_L-valyl_t_phenyÌ_

alaninei G = Dltp-L-Ieucyl-L-phenylalanine; H = DNp_t_valyl_

L-leucine; I = Dlùp-L-Ieucyl-L-l.eucine; J = A mixture of
ArBrCrDrErFrOrH and, I.

D*P-t-l'eucyr-L-reucine treverr.ed, 8.2 c¡0. as stand.ard..
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Figure 6.

0
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0'

0'.'
Qr2

t

Thin layer chronatography of DNp-dipeptides using

toluene:pyridine:glacial acetic acid. (eO:fO:t) ae

d.eveloper. Where A = Dl{p-L-phenylalany}-glycine;

B - DNP-L-a1any1-L-phenylalanine; C = Dllp-l,-

i.soleucyl-glycine; D - DNP-L-phenyLatanyl-L-

phenylalaninei E = DNp-L-isoleucyl-L-phenyl-

alaninei F = DNP-t-phenyì,alanyl-L-leucine;

0 = DlIP-L-ieoleucyl-L-leucinei H = DNp-L-leucyl-

L-Ieucine; I - a nixture of ArBrCrDrErFrG, and E.

D$P-L-leucyl-L-leueine travelled. 8,2 cnr 8s standard.
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I
Sol.vent

Figure J. Thin layer chronatography of Dl{p-dipeptides using

benzene:glacial acetic acid. (ZOz5) as d.eveloper.

l{here A= DNp-L-tryptophyl-glycine; B = DNp_L_velyl-

glycinei C = DNP-L-1eucy1-glycinei D = DNp-t-

tryptophyl-L-leucine; E = DNp_L_tryptophyJ__I,-

phenylalaninei F = Dt{P-L-valyl-L-phenylalanine;

G = DNP-L-valyl-L-leuclne; E = Dl{p_L-Leucyl_L_

phenylalanÍnei I = DNp-L-Ieu.cyl-L_J.eucinei J =

a mixture of ArBrCrDrErFrGrH and f ,

0

0

0

$'
ôs

F+G

ñ
.l!¡

D

,

2

C¿

E

DüP-L-1eucy1-L-leuclne travelled 8.t cn. ag standard.
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Figure B. Th,in rayer chronatography of DNp-dipeptides using
benzene:glacial acetic acid. (ZOzl) as d.eveloper.

l./here A = .DNp-L-isoleucyl-glycine; B = DNp_L_

phenylaì.any}-glycine; C = DNp_L_aIenyI_1,_phenyl-

aleninet D = DNp_L_isoleucyL-L-phenylalanine;

E - DNp-L-phenylalanyl-L-phenylalanÍnei F o DNp_

L-phenylalanyl-],-Leucinei G = DNp-L_ieoleucyl._L_

leucinei H = ÐNp_L_leucyl_L_leucinef f = a
nlxture of ArBrCrDrErFrG and. H.
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Dl{P-&-leucy}-L-leucine travelled I,l cn. as standard.
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t
Solvent

Figure t. Thin layer chromatography of .DlÍp-dipeptid.es using

chloroform:benzyl alcohol:gleoial acetic acid. (g7,

2:t) as developer. .Ihere A = Dl{p-L-tryptophy}-

glycinei B = DNP-L-valyl-glycine; C = Dl{p-L-

leucyl-glycinei D - Dl{P-1,-tryptophy}-L-¡henyl-

aLaninei E = DNP-L-tryptophyl-L-Ieucine¡ p =

DltP-L-valyl-L-phenylalanine; G = DNp-L-vaIyl-L-

leucinei H = DNP-t-leucyl-L-phenylalanine; f =

DilP-L-Ieucyl-L-leucinei J = e, uixture of ArBrC,

DrErFrGrH and. I.
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DIP-L-leucyL-L-Ieucine traveLled B.) cu, as etandard,.
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Figure I0. Thin la.;'s¡ chronatography of lNP-tlipeptides using

chloroforn:benzyl alcohoÌ:g1acia1 acetic acid.

()lz2zl) as developer. ulhere A = DNP-L-phenyl-

alsnyl-glycine¡ B = DNP-L-isoleucyl-gl,vcine;

C = .DÌIP-L-a1any1-L-phenylalaninei D = DNP-I-

phenylalanyt-L-phenylalanine; E = DfiP-L-lsoleucyl-

L-phenylalanine; F - ONP-L-pheny1alanyl-L-leucine;

G ,- DNP-L-isoleucyÌ-L-leucine; H = DNP-L-1eucy1-L-

leucine¡ I - a mixtu¡€ of ArBr0rDrErFrG and. H.

DtrP-L-}eucyl-L-leucluetravel}ed8.'0I[r88standard.
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fhl-n laycr chrongtograthy of DNP-trlpeptlctes +nd their_estgrg

DNP-tripeptides and their esterg were chronatographed with toluene

:pyrid,ine:gracial acetic acid (80:J.0:1); chloroforrn:me.thanol:glacla1

acetic acid (95rrrt) and chloroform:benzyl alcohol:61acia1 acetic acid

()lz2zl) as sol'¡ents. The R¿-values are listed. in Teble 1,B. The

distance travelled by the individr¡aI DNP-tripeptide and their esterg

and in the nixturg 1s shown in Fig. 11-15.

'Iable ]B
ì

100 X R¿--values of DNP-tripeptide antl their eetere with one

dlmensÍonal, ascending chromatography on SilicAIt TtC-ZGF layer.

Solvent aysteme (A) toLuene:pyrid.ine:glacial acetic acid. (AO:

10rl); (3) chloroforrn:methanol :glacial aceti.c acid. ()Jz)zJ.)

and (C) cblorof orn:benzyl alcohol:glacial acetic aciC (97 tZ t¡

were used.

Compound ^ 100.X Rr-
a2 --;2" 'b 

c1

DNP-L-vaJ--g1y-gIy I.0 L7.6 5.0
DNP-L-1eu-gIy-gIy ,.O 24.2 12.0
DlÍP-L-phe-gly-gly 2.O 21.2 e. O

DNP-L-ala-L-phe-g1y ,.5 ,1.8 Z2.O

DNP-L-vaI-t-leu-L-pþe tO.O 48.5 58.0
D¡IP-t-Iteu-L-phe-L-Ieu 54.O 5L.6 72.O
DNP-L-aIa-L-phe-gIy ethyl ester 61.0 ,7.6 6r.0
Dl{P-L-val-L-1eu-L-phe ethyl ester 96.O 100.0 95.O
DNP-t-IIeu-L-phe-L-1eu ethyl ester 100.0 100.ö LOO.0

I' n3= nigration d.istance of the sampJ.e/nLgration d.istance of
DNP-L-isoleucyl-t-phenylalanyl-L-Ieucine ethyl ester.

2 - DNP-L-lsoleucyl-L-phenylalanyl-L-leucine ethyl ester travelled
6.6cm. ag gtandard.

J - DltP-L-Ileu-L-phe-L-Ieu ethyl ester travelled. 10 cn. as standard,.
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Figure 11. fhin rayer ch¡o¡¡atography of DNp-tripeptid.es ancl
their egters using toruene:pyrid.ine:graciar acetic
acicr (eo:ro:r) as d.evel.per. tlhere Â - DNp-L-va1,yr.-
glycyl-glycine i B = Dl{p-L_phenylaLanyl_gì.ycyl_g}ycine ;
C - DNP-L-Leucyt-gly:¡r1-glycinei D = DNp_L_aLanyl_L-
phenylalanyl-glycine; !l = Ðl{p_L_valyl_L_ì.eueyI_L_
phenylaraninei F = DNp-L-isoreucyr-L-phenyraranyl-L-
leucinei G - DNp_L_alanyl_L_phenylalanyl_glycine
€thyr ester; E - DNp-L-va'yl-L-reucyl-L-phenylaranine
ethyl ester; I = .DNp-L-isoleucyl_L_phenylalanyl_L_
leucine ethyl esteri J = a mixture of ArBrCrDrEr!.rGrt
and I.

Ðt{P-L-isoleucyr-L-phenyraranyr-L-reucine, ethyr ester traverred. 
i,

6.6 cn. as etand.ard,. ;'
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l'lgure 12. Thin rayer chronatography of DNp-tripeptid.es and. their
ethyr esters ueíng chl0roforn:nethanol:glacial acetic
ecÍd (95t51) as developerr Hhere A = DNp-L_vaIyI_L_
glycyr-g].ycine; B = DNp-t-phenyraranyr-glycyl-grycine;
C = DNP-L-Ieucyl-glycyl_glycinei D = DNp_L_al_anyI_L_
phenylalanyl- glyc ine ; E = DNP-L-valyl-L-leucyl-L-
phenylaleninei F = DNP-L-ieoleucyl_L_phenylalanyl_L_

O
o

o
B

G

E+F

D
c
A+B

Ieucine;
ethyl ester;

G

H

= DNP-L-aIanyl -L-phenyla lanyl-glyc ine
= DIùP-L-valyl -L- 1eucy1 - !-phenylalanine

ethyl ester; I * DlIp-L-ieoleucyl_L_phenylaJ.anyt_L_
leucÍne ethyl ester; J = I rnixture of ArBrCrDrErFrGrH
and I.

DITIP- L- is oleucyr- L-phenyralanyl- L- reuc ine e thy J. e eter trave 1 led.

6.6 Çm. as standard..
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Figure 1]' ThÍn layer chronatography of Dirp-tripeptides and. their
ethyr. eBter.using chrorofora:benzyr. alcohor :graciaJ_
ecetic acid (9712:l) as developer. Where A = Dl{p_L_
velyl-glycyl-glycinei B = DNp_L_phenylalanyl_glycyl-
glycine; C = Ðl{p-L-leucyl-glycyl_glycinei D = DNp_
L-aIanyI-L-phenyJ.alanyl_glycinei ll = DNp-L_vely1_t_
leucyl-L-phenylalanine; F = DNp-L_alanyl_L_phenyÌ-
elanyl-glycine ethyl esteri G = DNp_L_ieoleucyl_L_
phenylalanyl-L-leucinei H = DNp-L_valyI_L_lerrcyl_L_
phenylalanine ethyl esteri I = DNp_L_isoleucyl_L_
phenylaì.anyl-L-reucine ethyr esteri J = a nixture
of ArBrCrÐrErFrGrH and I.
DNP-t-isoleucyl-L-phenylalanyl-L-leucine ethyr ester travelred
lO cn. as standard.,
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UIt:raviole t Sr'ec tronetry

A PÏE UNIC¡'M Mode} SP BO0 spectrophotoneter and. q.uartz celle of
I c¡n' path length were enployed 1n the ultraviolet stud.ies of aII
the DNP-compounds prepared.. Tho urtravioret spectrun of each

coutpound. was det,ernined ín 951, ethanol sorution, glacial acetic
acid solutlon and in !/i godiun bicarbonate solution. A c.¡ncentration

of 'l ,5 X fO-5 nolar wag used f or a1l samples.

The wavelengths of marimum absorption, Àr"*, were d,eternined.

for each cornpound and. the rnorar absorptivlty, €ta, at those Have-

rengths was carcurated.. The resurts of the determinations are

sunroarized in TabIe 19-48.

fabls ]9
Abeorption maxirna and. nolar absorbaney of
DNP-L-amir¡o acid anides tn 95?r ethanol solution.

Molar Absorptivity
Conpound

D$P-L-valyÌ-anide

D$P-L-valy1-eniIÍde

Dl{P- L-vaIyl -p- to luÍd id e

Dl{P-L-leucyl anièe

DNP-L-leucyl anilide

DNP- L- leucyl-p- toluid.ide

DNP-L-isoleucyl anid,e

Dl{P-L-isoleucyl anilide

Àr"* f r"*(y)
54r

,4t

,4L

,40

,40

t40

14L

,41

r9070

Le95o

L97 to

r7870

I8270

lBtr0

l84oo

19470

205ro

uB70

t947o

181r0

Àr"*
ful,,)
258

2r9

246

2r7

240

244

258

?-4O

244

254

240

24;

f^^r.

109r0

24OOO

2-6000

Lo9ro

2r500

26000

Lo9to

247Oo

267OO

109ro

24000

2440O

DltP-L-ieoleucyl-p-toluidide t4I
DlfP-!-phenylalanyl amide ,42

DNP-!-phenylalanyl anilide t4Z

DNP- L-phenylalanyl - p- t oluid id e ]{ 2

llhere Àr"* - '¡aveLength of naximum absorption;
coefficient (nolar absorbanoy).t*= - !ûolecuLar extinction



Conpountl

DNP-gly-gly ethyl eeter

D$P-gIy-L-leu cthyl ester

DNP-gIy-L-phe ethyl ester

DNP-L-a1a-L-phe ethyl eeter

ÐNP-L-vaI-gly ethyl ester

DIIP-L-ve.1-L-1eu ethyl ester

DNP-L-vaL-L-phe ethyl ester

ÐNP-L-leu-gly ethyl ester

DNP-L-l.eu-L-1eu ethyl ester

DlÍP-L-1eu-L-phe ethyl ester

DIIP-t-Ileu-gly ethyl eeter

DfP-t-Ileu-L-leu ethyl ester

DlfP-hIleu-L-phe ethyl ester

DNP-t-phe-gly ethyl ester

DNP-L-phe-L-1eu ethyl ester

DNP-t-phe-J,-phe ethyl ester

DNP-L-try-gly ethyl ester

DNP-L-try-L-leu ethyl ester

DtrP-L-try-l-pbe ethyl ester

-99-

Table 40

Abeorption maxina and

D[P-dipeptide etbyl esters

,45

144

14'

14t

,44

,45

545

,4t

,42

,45

,45

14,

,45

,45

,4'
54'

,47
29o

zra
290

546
29o

molar absorbancy of

ín 95# ethanol solution.

Holar abaorptivity
À**
(T¡d

2^r'

u400

16900

1640O

17r00

u500

18000

16400

r6500

17200

1.6600

17500

16800

r7000

16800

167oo

18800

u000
7400

17r00
7800

16600
7600

Ào"*
(r/L)

258

217

218

258

259

259

2r9

256

256

2rB

258

258

2rg

258

2r8

258

265

265

265

f**
I0000

l04oo

8400

10400

g2oo

9000

BBOO

10000

10500

8200

9roo

8600

BBOO

gB00

9100

1040o

Ir2OO

lr5oo

I )100
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Table 4I

.Absorption maxiraa and ¡nolar absorbancy of

DNP-dipeptid.e etbyl eeters in graclar acetic acid eorution.

Holar absorptivity
Conpound.

Dl[P-gly-gly et]ryl ester

D$P-gly-L-leu ethyl eeter

DNP-gIy-L-phe ethyl ester

DNP-L-aIa-L-phe ethyl ester

DNP-L-va1-S1y ethyl ester

Dl{P-L-val-L-1eu ethyl ester

DSP-L-val-L-phe ethyl ester

DllP-L-1eu-gly ethyl egter

Dl{P-L-leu-L-1eu ethyl ester

Dl{P-L-Ieu-L-phe ethyl ester

DlfP-L-Ileu-gly ethyl este¡

D$P-t-Ileu-I-Ieu. ethyl ester

DIIP-t-Ileu-L-phe eth.vL ester

DNP-!-phe-gly ethyl ester

DNP-!-phe-L-1eu ethyÌ ester

DNP-t-phe-L-phe ethyL e¡ter

DNP-L-try-gty ethyl ester

Dl{P-L-try-L-1eu ethyl ester

DlfP-L-try-L-phe ethyl ester

Àt"*
@/'ù

,r7

tt7

,17

,17

,17

"B
tt7

,)6

516

,16

517

,r7

"B
tr6

,56

1r6

,19
288

t19
288

5t9
288

t .,t

18670

ßr50

r.6ooo

16BOO

L65to

L65ro

L6670

L6rto

16000

L627o

17070

I8550

I707o

L627O

L627O

176oo

u070
8800

r7600
9067

16800
8800

\*"*
þP)
26L

26L

262

26L

262

262

262

262

262

262

262

262

262

262

262

262

264

264

264

f^r*

r1470

lo4oo

10400

10400

g6o0

g6oo

9870

9870

9rro

g6oo

101r0

r0670

101r0

96oo

g6oo

10Ir0

L4950

LSrro

t4677
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Table 42

å,beorption naxima and r-olar absorbancy of

Dl{P-d.ipept1d.ee ín 95/" ethanol solution.

Conpound

DNP-L-ala-L-phe

DNP-L-va1-gly

DüP-L-va1-L-1eu

D[P-t-va1-L-phe

Dl[P-L-leu-gly

Dl{P-L-1eu-L-leu

Dl{P-L-1eu-L-phe

DNP-t-Ileu-gly

Dl{P-t-Ileu-L- Ieu

DNP-t-Ileu-L-phe

DNP-I,-phe-gly

DNP-[-phe-L-1eu

DNP-L-phe-L-phe

DlüP-L-try-gry

DNP-t-try-L-1eu

DIIP-L-try-L-phe

Àt"*
(*/,.)

,42

t42

t4?

t4,

,40

t40

,47

t42

t42

542

,42

,42

,42

,46
288

,46
288

,44
288

MoIar

Ç^^*

18000

L7 2OO

r.760o

L7470

L7 2OO

L7r10

L7470

1840O

1s67o

18400

r707o

I8270

ú5ro

uB70
BBOO

16I l0
867o

16800
8800

absorptivity
À t"*

(^/^)

259

260

260

260

260

260

259

219

2r9

?r9

2rg

259

219

26'

265

265

{^"*

r.0270

g60o

g6oo

97ro

96o0

9600

9870

I0llo
1O1t0

I0rr0

9870

10150

9470

14400

Lr470

14lro
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Table ,4J

Abeorption naxima and. nolar absorbancy of

DNP-dipeptides in glacial acetic acid eolution.

Conpound.

DIIP-L-aIa-L-phe

DltP-L-vaI-gly

DNP-L-va1-L-1eu

DNP-L-va1-L-phe

DNP-L-leu-gly

DNP-L-Ieu-L-1eu

DNP-L-1eu-l-phe

DNP-L-Ileu-gly

DNP-t- Ileu-L- Ieu

DNP-t-I Ieu-L-phe

DSP-L-phe-gly

DNP-L-phe-L-leu

DNP-t-phe-L-phe

Dl{P-L-try-gIy

DNP-L-try-L-Ieu

DNP-L-try-L-phe

Molar absorptivity
nax )pax

(^/ù
Àt"*
çrP

,r7

,r7

1r7

,17

1r6

,t6

fi6
,r8

,t9

,,8

,)6

,r7

1r7

,40
287

,40
287

,r8
287

L7470

L7 ,to
L627o

t6670

16400

LT rro

u070

r7070

L65ro

r.6400

16000

r6800

1627o

164C)0
8800

r5870
867o

L7lro
8800

262

262

262

262

26I

26t

262

26t

26L

262

26L

26L

26t

264

264

264

€^^,

Logto

r0670

10rr0

r01r0

101r0

10400

LO266

10400

rolt0

101r0

I01r0

10400

10rr0

r45to

L467o

15070
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îable 44

Abeorption naxiula and. nolar absorbancy of

ÐlfP-d.ipeptid.es in Qjto sodium l¡icarbonate solution.

Conpound.

DNP-L-aIa-L-phe

DNP-L-va1-gly

DNP-L-vaI-L-1eu

DNP-L-va1-L-phe

ÐNP-L-1eu-gIy

DNP-L-leu-L-1eu

DlÍP-L-1eu-L-phe

DNP-L-Ileu-gIy

DNP-t- Ileu-L-leu

Ð!¡P- t-I1"¡¡-¡,-phe

DI{P-t-phe-gIy

DI{P-L-phe-L-1eu

DNP-L-phe-L-phe

DUP-L-try-gly

DNP-L-try-L-1eu

D[P-L-t¡y-L-phe

max

llolar
fn"t

rBr.r0

rTrro

LTtro

17600

I8270

18000

tTrro

u870

171ro

r84oo

r.7070

18000

1640o

rBrr0

17600

18270

ebeorptivity
Àtt*
(ry.)

264

265

264

26'

264

264

265

265

265

265

264

264

264

268

268

268

(gt¿)

,49

tro

,50

,5t

,49

,49

)ro

,,7

t5L

,rt
,5L

,49

t50

,r2

,52

152

10400

97ro

97ro

9tro

10000

101r0

9600

9370

g6oo

10400

9470

l0rro

g6oo

15200

14800

L5750
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lable 4q

Abeorption naxLma and. nolar absorbancy of

DNP-dipepticì.e hJ'drazid.es in glacial acetic acld. golution.

Molar absorptivity
Conpound

DNP-gIy-gly hyd.rezide

DNP-gly-L-1eu hydrazitle

Dl{P-gIy-L-phe hyd,razid e

DNP-L-e1a-L-phe hyeirazide

DNP-L-val-gly hydrazide

DNP-L-val-L-1eu hydrazid,e

Ðl{P-L-val-L-phe bydrazide

DNP-L-Leu-gly hydrazide

.DNP-L- leu-L- leu hydraz ide

DlfP-L-Leu-L-phe hydraz ide

DI'IP-t-Ileu-g1y hydrazide

DÌ{P-L-Ileu-L- }cu hyd:razid e

Ð$P-L- Ileu- L-phe hyd.razld.e

ÐHP- t-ph€ -gly hyd.raz ide

DFP-L-pha-L-1eu \rd.razid,e

DtrP-t-phc -L-phe hydrazide

DNP-L- try-gly hydraz ide

DSP-L-try-L-Ieu hydrazide

@ru)

,17

,'B

,40 ,

t17

t5B

,r8

,r8

116

,16

,16

,,8

,r9

,r7

,r7

,r7

,,8

,40
288

,40
288

n8x c
c¡nax

1667o

L627o

L667o

16400

16S00

165to

I6BO0

L5470

16270

1627O

r7600

L65ro

L6'JO

LrTro

1667o

L6510

r6000
BSro

I7200
8000

Àt**
('lL)

258

258

257

258

217

258

258

259

219

258

256

256

257

2r7

256

257

26r

262

fr"*

L227O

r24O0

t627O

t227O

L7470

]2000

L227O

r1470

12000

l2rt0

17870

16000

12000

12800

L227O

1627O

18800

16000
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Tab1e 46

rtbeorption maxina and ¡ooLar absorbancy of

Dl{P-tripeptides and their esters ín 95"þ ethanoL soÌution.

Conpound

ÐNP-L-eIa-L-phe-gly ethyl ester

Ðt{P-t-Ileu-t-phe-L-leu e thyl ester

DNP-L-vaI-L-leu-L-phe ethyl ester

DNP-L-a1a-L-phe-gly

ÐNP- L-vaI - L- leu- L-phe

Dl¡P-I,- ILeu-L-phe -1,- leu

DSP-L-va1-gly-gIy

DüP-'L-Ieu-gly-gly

DNP-t-phe-gIy-gIy

Àr"*
@lL)

,40

,42

,42

t42

,42

54r

,40

,40

,42

MoIar

f^"*

19200

L77r0

17600

r8670

rg05c

lBBOO

1Bgl0

L9750

u070

abeorptivi ty
Àr** Ç^^*

(^/ù 
v

258 11470

257 12000

2r8 10670

259 11070

2r8 Lrrro

259 109ro

259 11200

2r9 11870

258 10400
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Tabl.e 47

Âbeorption :¡axirna end. molar abgorbancy of

DNP-trlpeptid.es and their esters in glacial acetic acid. eolution.

Conpound

DNP-L-al.a-L-phe-gly ethyl ester ,rA 16400 26L IO2ZO

DNP-L-vaI-L-leu-L-phe eth¡'l ester ltï L7A7O 262 l01r0

DNP-t-IIeu-L-phe-L-1eu ethyt ester tr} l,6910 26I 10220

Molar a.bsorptivity
Àr*¡ €** Àr"* fr**(y) @)

DNP-L-ala-L-phe-gly

DNP- L-va1 -L- leu- L-phe

DIIP- t- I leu-L-phe - L- leu

DllP-L-vaI-gly-gIy

DNP-L-Leu-gly-g1y

ÐNP-L-phe-gly-gly

Compound.

DNP-L-ala-L-phe-gly

Dl{P- I,-vaI - L- leu- L-phe

DNP-t-I leu-L-phe - L- leu

DNP-L-va1-gty-gly

DNP-L-leu-gly-gly

DNP-t-phe-g1y-gly

,t7 Ì6400 26I to]lo

,r9 L667O 26L 10270

,rg L69to 260 10400

,rB u200 262 10400

trT L75ro 26r Lorto

,tB 1720c 261 10400

lllolar absorptivity
À*** f*"* lr"* lr"*
(^/u) (^r")

[able 48

Absorption maxina and nolar ebsorbancJ' of

DNP-tripeptides in 4/, sodiun bicarbonate eolution.

t'o t6gto ?_6, 97ro

,5o r85l0 265 89ro

t,o 1s670 ?.65 1o40o

)5O 18800 255 10670

,49 17600 ?6, 9B7o

,49 16910 264 92oo
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Infrared spectronetry

the infrared. spectra of the above conpound.s were exanined. using

the nuLÌ technigue in the region 5ooo to 625 cn-l, nhere the nulrs
were prepared by grinding about 2 to ! ng. of the eorid nith a drop

of nujol (a high boiling petroreun fraction). A perkin-Elner

Mode} 700 Infrared, Spectrophotoneter, fitted, with eorllum chlorid,e

windowsr wag used to obtained. alr infrared spectra. The spectra

are shown in Spectrum I to 74.



Discussion
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DNP-L-aminoacyl chlorides

all the ecid. chlorÍdes prepared in this and. previoua,¡ork (9) are

llquld' except Dl{P-glycyl chlorid.e. They nere obtained in apparently

excellent yield. of sufficient purity to uee d,irectly in the ooupling

reaction. Àttenpte to prepare DNP-L-tryptophyl chloride by the sar¡e

nethod only reaulted in tar for¡nation.
\

DlfP-dipeptide ethyL esters

Acid chloride coupli l4th L-a¡aino acid. eeters in te ofuran

or anhydrous ether

Very goocl yielda were obtained in

as the condenslng agent. The method

the DNP-L-tryptophyl peptid,e egters.

¡aoet casea uslng triethylanine

could not be used for preparing

Methoil of 'åaotal and Arnold

Feilure to obtain ÐNP-L-tryptophyr chl.orid.e by the sane Beans ag

the other acial chlorldes was resorved by ueing this alternati.ve
-uethoilr ln which thionyl chloritte end, diuethylforuanide oombine

to forn NrN-d,lnethylchloroformi¡nitiíun chlo¡icle rhich in turn converts

the DÌ{P-L-anino acid to its chloride, the ratter coupring with the

L-amino acíd. ester 1n presence of trlethylami.ne in d.inethylformanid.e.

rn conparing thls nethod wfth the previoue one, it seen that (¿,) the

ÐNP-L-tryptophyr dipeptide esterg rl€re obtained, and. in good, yield;
(fi) in the fen caseg vhere the yleld had been low fron the previous

couplÍng nethod, considerable lnprovenent in yield. by thfo ¡nodification
vae achieved; (iff ) although alI the other Dtlp-peptld.e estere

obtained. in very Éíood. yield by the first nethod. were also obtained.
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in goocl ylerd by thie raodification, nevertheless the

ratter nethod Here somewhat lower than by the forner.
,-ield s by this

Carbodiinlde nethod

Dicycloheryl carbodiinide vas satiefactory ae condensing agent

fn preparing the DNP-d.ipeptide esters, most of the products being

obtained, ln very good yield and quality. Little or no d.ifficurty
d.ue to contaminating ltrN'-d,icycloherylurea vas encountered in
purlficationr although this has frequently been reported. in the

llterature in eynthesising other peptid.e derivatives (r5r.t6),
fn the fev Ínetances vhe¡e this nas encountered., the d.Ífficulty

uaa resolved by using J.-cycl.ohexyl-J-(Z-aorpholinoethyl)-carbod.iinid.e

netho-p-toluene eulfoaate insteart of NrNr -d.icyclohexyl carbodiimlde.
Although use of tbis condenslng agent requires a longer reaction
tiner yield's were congid.erably iaproved,. Bo edvantage in the use

of thig reagent'was-gained. vhen used for naking those esters prepared. in
setisfactory yfeld and. quality by neans of dicycloheryl ca::bocliinlde.

A DNP-alipeptide ester prepared, by aay one of those nethods had the

sape ¡¡elting point and specific rotation as nhen prepared. by the other
nethoås.

D[P-tlipeptide hydrazides

E¡ceIlent yields Ysre obtained, although the byd.razinolyeis is time

consuoing.

Dl{P-tripeptide ethyl esters

coupling a DNP-d.lpeptlile uith an anino acid. ethyl ester by the
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calboalllnide nethod gave nuch better yields end. nuch greater ease of
purif icat i on nhen 1-cycl ohexyl - J- ( 2-norpholf noe thyl ) -carb od i imi¿e

netho-p-toruene surfonate Has used. as condensing agent instead. of
d'icyclohexyl carbodiinid.e. This ed.aptation of the carbodiinicle method.

gave nuch better yield's than the azid.e coupling ¡aethod vhich geve only
falr yielde.

DIIP-Feptid.e¡ :

Diaitrophenyration of free peptid,es glves reasonabry good yieJ.der 
,,

but the free peptides are usually not readil.y available fron comrnerciar

sources. Coupling of e Dl{P-auinoacyl chlorid,e with an amino ecid in
aqueous solution (basio) ves ratber unsatisfactory in thie stud.y, giving
poor yield'e d'ue to extensive hyclrolysie of the acid chloride. Hy¿rolysis :

of the DNP-pepticle ethyl ester gave lauch better resul.ts in terns of 
:

yleld of DNP-dlpeptides, but substantlally louer yields of DNp-tripeptid^es.

Thin layer chronato&rapb{

Frae DlfP-dipeptideg

D[P-L-enlno aoidg in thie stud,y rare easily resoved, by extracting
the D[P-dcrlvativee vlth ether. The renafning ÐNp-peptidee yere
separated by thrn rayer chroaatography. yfhen the ah¡onatogre¡a
le d'eveloped' vith tor.uene:pyrid,inergracler acetlc acicl (oorto:r),
DtP-t-try-gry t¡avers e !'ueh shorter digtanoe than the other
DfP-iltpeptldes, and DNp-L-leu-L-reu trave]e fu¡tber than the rest,
bence theae tvo derivativea can be separated. fron tbe renalnd.er.
0n careful exaqination of tbe positlons of the re¡oelning DFp-

dipeptidee, tvo velr defined' gsoups can be reoognizcd on the chronatogren.



_11r_

Grouo I DNp-t-phe-gry, DNp-L-var-gry, DNp-L-ara-L-phe, D!{p-t-try-L-phe,
DIIP-&-Ileu-gly, DNp-L- Ieu-gly.

o¡oup 2 Dt¡P-t-try-L-J.eu, DNp-L-phe-L-phe, DNp-L-var.-L-phe,

DrP-t-rleu-L-phe, DFp-t-phe-L-reu, DNp-L-rleu-L-le*,
DllP-!- leu- L-phe , DI{p- L-vaI- t_ Ieu .

on e chromatogram deveroped by benzene:glacial acetic acid.

(zoz5), DNP-L-val-gly travels the shor'uest d.istance of thls group.

The longeet distance was travelred by Dìfp-L-try-t-phe, the nearest
after thet being ÐNp-L-ara-L-phe. The locetion of DNp-t-phe_gly

1g ldentÍce1 with that of DNp-L-reu-g1y, but they ere separated

by toluene:pyridine:glaciar acetlc acid. (eo:to:t). The poeitions
of DlfP-L-Ileu-gIy and DNP-L-vaI-gly ere also so cloee ae to require
the toluene:pyrid'ine:glacial acetic acid. syste¡r for their separation.

(orr-l-try-t-leu + D.rÏp-L-phe-L-phe + DNp-t-var.-L-phe ) and,

(oHr-rrreu-L-phe + DNp-L-phe-L-).eu + DNp-L-rteu-L-leu + DNp-t-

rreu-L-phe + DNP-L-va1-L-teu), occupy posltions on a chronatogran

d.eveloped by toluene:pyrid.ine:glacial acetlc acid (eorto:t), guch

that they cen be olaseÍfiett in tso well. defined sub-Broups. The

Ìocations of DNp-L-try-L-leu, DNp-L-phe-L-phe entt Dl{p-L_val_L_phe

on a chronatogran developed. by benzene:glaciar acetic acid (zoz1)

are quite d.lstinct fron one another. Benzene:glaciel acetic acid,

(ZO¿r) ceuses the renaÍnd.er of the second eub-group to nove further
than DNP-L-va1-L-reu. The toluene:pyrid.ine:glaciar acetic acid

developer causea DNP-L-rleu-L-phe ancl DNp-t-reu-!-phe to move the
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tatre dlstance, eo they wourd, forn one apot if both present

(apot A). DNP-L-phe-L-leu and. DNp-L-rleu-L-reu vere found. to

colncld,e (epot ts) after use of this d.eveloper.

rf in any etudy the location of a spct correspond,ed. to spot a,

the only vay to d.eternlne its cornposition without nod.ifying the

c-ternlnal carboryl group vould be to extract, hydroryse, and

d.eternine vhether the hydrolyeate contalned. DNP-L-Ileu or DNP-L-]eu

(or both). Alternatively, if the ÐNP-dipeptlde carboxyl func+-ion

courd, bc read.ily nod.ifled, the positions taken up by the nerr

DllP-d'ipeptide derlvatives could be so different es to leeve no

doubt about the conpogitiàn of thc originar spot A, rn this
regard.r it ahould be noted. that the looatione of DNP-L-Iì.eu-L-þhe

ethyl ester end' Ðl{P-L-leu-L-phe ethyl ester on a chronatogran developed.

. by chloroforn¡nethanol:graciar acetic acld,(gjr;-:1) are very far apart.

Sinilarlyr conposition of spot B vithout nodffying the C-terminal

oarboxyl functlon vould require hydroLysls to tletermine lf either

or both of DSP-L-phe and DNP-L-Ileu !Íere present..{s in the caee of spot A,

nod,iflcetion of spot B carboxyl functlon might give a ready means

of ascerteinlng the coapositlon of spot B (Dt{p-t-phe-L-leu ethyl

cster and, Dl{P-L-rleu-L-reu ethyl eeter take up verJr different
posltiont on a chro¡qetogram developed by the satre solvent nixture

as ebove).

Frec Dl{P-tripepticle g

DUP-L-val-gly-gLy, DlfP-L-phe-g1y-gly, Dttp-I¡-Ieu-g1y-gty and

DNP-L-ara-L-phe-gry hard,ly trever at arl froa the bese-line shen

toluene:pyrlllne ¡ graclar acetlc ecltt (80:lo:1) ia ugcd to d.everop
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the chroraatogran, not even as far as DNp-L-try-grïr hence at reast t

a partlal screening of dlpeptide and tripeptide fragments is possible
in the forn of their DNP-de¡ivatives, These four ÐNp-tripeptides

íer€ later eeparated fron one another by uslng chloroforn:benzyl :

alcohol:glacial acetic acid (97:Zzt¡ as deveJ_oper.

with the toluene :pyridlne:glacial acetic acid (80:ì.0:I) developer,

DNP-L-ve'1-L-leu-L-phe anit DNp-L-rleu-L-phe-L-reu travelred. nuch 
.

furtherr occupying positions on the chronatogran oloee to thoge 
l

occupled by DsP-r-Ìeu-gry and. the Dl{p-g1y-t-phe:Dt{p-t-try-L-1eu:

DIIP-L-va1-L-phe groupi tse of chloroform:benzyl alcohol:glecial
acetfc ¡cid (9712:1) ea doveloper ehifts DNp-L-val-L-}eu-L-phe to
e positÍon on the chrooatogren very d,ifferent fron that occupicd by

the L-Ieu-gly and L-fleu-gly d.erivativee, and ehlfts

D¡¡P-t-Ileu-L-phe-L-leu to a position very far fron any

eorresponding to any of ÐNP-L-val-t-phe, DNp-L-try-L-1eu

or DðP-L-phe-L-phe.

tl+"raviclei ebecrcticn s=ectre

A¡ ind'icated in Part B, nol.ecular nclght calculatlon for DNp-peptides,

beeed upon the ueua] assulaed averege velue of 16000 for t"= G6), givec ::

a result eone LO-ZV/L loner thaa the correct value. This asguned value

fo" 0r". vould also introduce error inte any colorinetric d.ctcrninetion

of thc a¡oount of any given Dtsp-peptid.c prcgent. 
:.:

Since cvcry DUP-pcptide hes been ghown to have Ítg own spcclfic value

fo" 0r**, it follor¡s that once the DNP-peptid.ee fron e glvcn source have 
j

boen ceperated and ldentlfÍed, calcuLatlon of the aroount of each, and

of tbelr anouatc reletive to one another, nuat utllige the correct value'
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of Ê---- for each given conpound,.v&8x

Tbe epecüre for the tryptophan-containlng DNP-peptid,ea in g1acia1

acetic scld er ln ethanol algo give valuable ed.d.itlonal infornation
ooncerning LnJr spot on a chronatogran corrosponding to a tryptophan_

contafning peptitle, due to the acldittonal. peak at 2Bg n¿¿. pregence

or ebsence of tryptophan vould, be ehovn according to the nature of
the curve ln thfe region, and if preeent the anount could be assessed

fron the 9-^-- value. If the result were dlfferent fron ùhe totalqEAX

DlùP naterler, some DNP-peptid.e naterial lacklng tryptophan nouLd be

preeent.

Infrared, absorption epectra

![he absorptlon frequencles found are those ¡rhich yould be assÍgned

aa follovs:

Carbonyl group

carbonyr ctretching of esters or carboryri.c acid,s at 1740 cn-l
reglon, the latter apparently nonomeric.

Ester group
't

12{o cn-', ctrong band,, ester c-o-c group esynuetric vibration,
and IO{0 ct-I, cnall band, ester C-O-C group synmetric vlbratlon '

('¡7, 78).

secondary enino group attached to a dlnltrophenyr group 
,,

[-E ctretching at J4oo.n-1, c-t{ stretching at L)Jo-,1}05 cn-',(77)

^â,nlde srouD

Seconclary a¡nlclc (anide éiroup of peptide 1Ínkagel

[-E atretohing at ]JOO cm-l, C-O stretching at 1660 cn-l,
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. t{-H bend,ing at r55o cr-1, c-N stretching at Lzgo 
"r-1.

Prinary amid.g tvo free t{-E stretchlng band.s at J!00 end

,4oo "r-1. ( ll)
litro aroun

Two band.a, asynmetric stretching at l!J0 cm-I, and. the synroetric

¡lod'e at L15O ct-Ì, the latter having greater intenslty because

of p-anino group. (?7-eo)

The frequencieg and their assignnents provid.e strong ad¿itional

confirmation of structure of the DilP-peptÍcles, DIP-peptid.e eeters, and.

the DNP-amfno acyl auides, anÍIid.es, p-tolui<ì.iclee. Because ar1 the

spectra are so very ginilar they cennot be used to d.istinguish any one

member from another.
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![be depression of the freezing point of a solvent has been ueed

vith consid.erable success for d.eter¡oination of the noleculsr velghts

of nany organic compounds. Consequentl.y¡ procedures are d.escribeat

ln deteil 1n nanJr physical and. chenical manuals. (l-5)
Generalry, tenperature change is rneagured. elther by a Becknann

differentiar thernoneter (6), caribreted. thernocouple (z), a

reaistance thernoneter (e) or e thernistor (g). fhe present work

useè a thernistor to deternine the f¡eezLng pofnt depreesfon of
glaclel acetic acid. solutiona, and. hence the nolecular weight of the

solute (i.e., DllP-peptldeo).
\

Freezing polnt depresaion and, concentratlon of solution are related.

Ln accordance vlth equation (t)

nr^z a
AÍ-- - ---g-t AH, u+1000/\

RT2
aT¡ - ^to d{l 

=' AE rooo

equatton (t)

vbere aT, is the freezln¿¡ point depreeslon, To is the freezing point

of pure solYent, a8 its solar heat of fusion, llO its ¡lolecular weight

and' ¡¡ the ¡rolelity of the solutlon. fn very ttilute aolutions, n is
negliglbre conpared. to looo/ua, ancl the rel-ation beco¡nes

equetion (2)

vhere K, is a constant of the solvent, defined by

Kf"

I
}1. RTAOÃf = 

-

- l000aE
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when a, thermistor of high resistanee is used to meegure this
relatively cualÌ tenperature change, the chang¿in resistance becones

essentlally proportional to tenperature change. Qver a tenperature

intervel of several degreee the ther¡lietor ¡esistanse can be expressed,

qulte aecurately by

.,1
ln- =

r
o

I1
B (--- ) =lrl t

tlo

AT-
B(J")

T-
o

equation (l)

equatlon ({ )

equatlon (l)

where r le the resistance of the thernÍstor at T, ro the resistance

at To and, B a constant of the thernistor.

Subetituting for oT" in terns of the tbernistor resÍstance in
equatlon (Z) gfvee

r
ln- r

o

RStlIA

1000Á H

Equati.on (¿) is the resi.r.rr""-"oncentration relation found most

oonvenlent for uee of the theraistor as tenperatrrr€-seDBitive elenent

in the preaent vork.

Greater ease in calculating solute ¡olecular veights f¡on freezing
point deprecsion can be achieved by rer¡riting equetion (4 ) ""

%-
He RBiïÀ , !

-. 
.'-.. ,t:l,n_

w¡ ôE 
"o

vhere Ì1, is the nolecurar neight of soJ.ute, Lln the weight of solute,

and lf' the veight of solvent.

The object of this part of the preaent work was to d.eternine the

feeeibility of calculatÍng molecular veighte of peptide fraglents by

freezing poiut depression principlee, fron their Dl{P-d.erivatives, and.
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to find' the ec¡uivelent noì.ality of solutions containing nixtures of
Dl{P-peptides as an approximate guide to the nunber of peptld.e fragmente

present. Recognizing the need. for adequate solubirity of pepticte

d'erivative in a eolvent of ad.equate freezing point depression constant,
these etud-ies uere undertaken, utilising the ther¡nietor as temperature-

sensitive element. Recognizing also that a pepttde or protein frorn

natural sources nay only be available in lf¡aited quantfty, and that
peptfde chaln length ie likely to inpose lÍ¡aits on solubillty, it was

inportant to esoertain the Iowest concentration for ryhich accurate

veLues could be obtaineL since this r¿ould. repteeent the emallest

ectual velgbt of ¡naterial on which theee stud.ies could. be ¡aad,e.

The thermistor constent B nas calcursteti by tuo uethods, (") uy

deternining the resistance at certain d,efinite tenperaturea neasured.

by a Becknann therr¡o¡aeter and (U) Uy find.ing the resletance of glacial
aaetic acid solutions of benzoic acid. of known concentretions ( three

separate runs oa 18 solutions of different concentration) ¡ both

uethods gave the sane value for B.
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rn addition to the techniques of gel flttration chromatography

(IOr 1I) and gel electrophoresis (fZ-14) so often used. for separating

and d.eternining nolecular weights of proteins and peptides, calcuÌation
fron d.lrect neasurênent of osnotic preseure (15, 16) and. calculation

fron spectroacopic d.ata on ÐìtP-d.erivatives (r7-zr) nave received

attentionr and attenpts have been nade to use s¡ass spectra \22, 2t)
to calculate peptid.e nolecular weights.

The osnotic pressure nethod can be ueed for the deternination of

noreouler waighte of lese then 1.5 x Lo6. Eouever, 1t is d.rfficurt

to prepare seniperneabre nembranes vhich sourd pernit passege of

solvent ancl. hold back uacromolecules of nolecular veight below JOOOO.

Furthernore, it is difficult to estinate accurately the degree of

perneabillty of the nenbrene to a given protein and the dependenoe

of the rste of perneation of the soleculea through the ¡nenbrane

(for noleculec of øolecular reight below the limit lndicated) on the

molecular rveight (24). ÂIthough the eluipnent required. for osnornetry

is sltopler eccurate d.eterininations are difficult. In order to avoid,

bacterial deconposition of the protein, the d.eterninations must be

nade at }ow tenperaturee and over short periods of tine. Legs then

0.1 nI of solution is ¡eo-uired. per Eeasurement, and. the result extrernely

accurate.

r¿surin had J-ong been regard,ed as having a molecular weight of

epproxinately 48000 in concentrated, solutÍons, I20OO in dilute eolutions

8nd 6000 in non-aquecus solution. FollowÍ-ng Sangerrs (f7) aemonstr¿tion

that insulin contains tno pepiide chalns, ulth N-terninal glycine and

l{-ternlnal phenylaLenine as the only l{-terninal anino acids in the
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Eoleculen dinitrophenylation end eubsequent calculations based on

absorption d.ata in the 550 to 560 vyL range with a molecuLar extinction

coefficient ln the range of 15000-16000, led to a revised. value of

6450 ae the corect order of negnituCe for the nolecular weight,

iletailed knovled.ge of the exect a¡aino acid. Bequence of the two chaine

Ieading to a value of 5711 as the actual nolecular weight of a single

insurin norecure (e5). From the vaLue obtained, the spectroscopic

nethod will give the ¡nolecular weight of DNP-protein with an €rror

close to + LU/".

The appllcatÍon of spectroecopic nethodS to deternine the molecular

r*elghts of soae protelns were reported by Craig, (fa-ef). By using

a noleeular extlnction coefflcient of 14500 and. ¡oeagurlng the nole.r

absorbance of the DNP-proteins at ,5O y, a value of 1J00, calculated.

1142 for grenicid.in S (fe); a value of LJJJ, calcuì.ated. 12J0 for
tyrocitllne A (fg); e value of 1.470, calculated 1411 for Bacitracin A

(ZO) ana a value of IJ40, calculated. 1420 for Baoitracin B (Zt) were

obtained; thege values gave an error slose to ! Lfl".

Kauerllng et al (Ze) ena Aplin et a1 (2]) attenpted. to use the

trass spectra to calcrrlate peptid.e nolecular velghts. Inportant

obeerveti-ons ¡rere (a) tne ¡nethod appeared, satisfactory for dipeptide

but not alnays satisfaetory for tripeptid.es (vapor preÉ¡Bure too low)¡

(U) sone peptide d.erivatlveg H€re prepared. to obtain oompounds of

gome nhat higher vapor pressure (i.e. ethoxycarbonyl peptide nethyl

eeter, acetyì.-peptide methyl ester, DNF-peptid.e rnethyl ester, etc.);
(.) the petbod. was only of borderline suitability for tripeptide eeter

nolecular veighta and, r¡ot at ell suitable for longer chains when the
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amlno functlon vas dinitrophenylated., since sone DNP-tripeptide esterg
gtlll. have Èoo low a vapor pressuret (d.) no d.Ífficulty was encountered.

when the ethoxycerbonyl and acetyl groups rrere used. for tripeptid.e

esters and. even longer chalns could. be used, rvith this ae the aufno

nodifying g¡oup.

Ternperature treasured either by Beckrnann d.ifferential. therraometer,

celÍbrated ther¡nocouple or reeistance thernoneter were wld.ely used, an¿

d'ifferent devicesr H€!€ deseribed by rna,ny lrorkers in ord.er to neaeure the
freezing point depression and. determine the nolecular weights.

IIse of the ttrernisto¡ to neasure the freezing point d.epression,

especielly at low ternperaturesr d.ial not recelve too much attenticn before
1945, ln I)!,), zeftert and. Hor¡qats (26) reported. the results obtained
in the application of the thermistor for the accurate determination of
freezing polnts over 8,n, extend.ed renge at low teraperature, this was

further investigated by Muller and, Stolten (27), who etated. that high
resistance ther¡nistors are adnirably suited. for d,ifferentiaL ternperature

neasurenents of a high ord,er of sensitivity and precision. By using
the thermÍstor to d'eter¡nine the freezing point d,epreseion of solvents, they
found the nagnitud'e of the signal produced by thernietors pernits
anaryticaL d.ate¡ninations erith a precision exceed,ing ly'o.

Use of a thernistor as the tenperatute aensitive elenent in an

automatic recording systen was firet deecribed by Johneon and Kraua (za¡,
who deternined' the freezíng point d.epressions of aqueous uranyl fluoricl.e
sol.utions.

rn rp!6, Mc Multan and. corbett (9) aeseribed an apparatus for the

ailaptation of theruietors to accurate measurenent of freezing point
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depression without the use of elaborate or expensive equipnent. They

pointed out that neae¡ure¡ûent can be roade by neans of a thernistor witir

an uncertainty less than that obtainable with the conventional Becknann

ther¡ooaeter technÍques. a few yeere later, ÌIeunayer (zg) employed.

ieothermal distillation with tvo thermÍstors, and. deternined the

¡noLecular weights up to Jl00 vith a relative error of less than Ty'.

rn 1961, tfileon et aL (10) ueea a simpre apparatue for routine

molecular weight deterninations, they found that a highly sensitlve

thernistor nethod. for nolecular weight deternination with water, benzene,

Irz!-d,ioxane, carbon tetrachloride, ethyl acetate and. chroroforn as

eolvente gave the average deviation fron theory of elightly Less than

Ltþ. Letton et al (lt ¡ in 196) described. an apparatus for routine

deterninationr with reasonable accuracy, of noleeul-ar weights of sone

known conpound 1n tha.ran8e of 1!0-600, using.a few ni)-lfgrane of

naterial Ín a very dilute sol,ution of benzene, dioxan and nltrobenzene.



Experipental and Resulte
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A¡paratua

TÌle apperetus (fig f ar¡d 2) is essentialì.y the sane as that used.

by Mc ÌluIlan anù Corbett (g). The ifbeatstone bràd.ge circuÍt ueed

in theee experinents is shown in Fig. L. The brid.ge circuit incLud.ed.

three 1.! volt d'ry cells in paraì.leI, with a 5oo ohn resistor in geries

aa the current source, a Jay-galvanoneter for the d,etector, two I00O-

ohm standard resistors for the fj.xed. arns and, two decade boxes (1-,
l0-r 100-r LooO- ohm stepe) in paraltel for the variable resistance.

Thernigtor

Irigure 1. l{heatstone bridge circuit.
llÌ¡ere v: three r.! volt d.ry cerls; s, and. sr: singre-pore,

siagle-throw switch; Rl¡ l00o ohn stand.arrl resistori Rr:

50o ohn cerbon resistor, 
^r: 

decad.e resistance box (1-, l0-,
loo-, looo- ohe eteps); G: garvanoneter, Jay rnst¡unents.

the cryonetric cerr and. thermistor assembly are shown in Fig. z.
lhe cryometric celr enployed. ¡ras of all-glass construction, an..air
jacket surround.s the eanpr.e cha'ber and. can be evacuated. to provicte
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beùter insuration. The therrnistor, which is attached throu8h a
Itlheatetone bridge eircuit to.a galvanoneter is pLaced. in a thin wall
glass tube, and tho botton inch of this tube wes fil1ed with petroleun
ether for betten ther¡na} contact with the system. l'he soLution in
the eanpre chamber ie etimed magnetically with a Teflon-covered.

etining bar and the cooring bath is about 50 below the free zíng
point of the pure solvent. .

1o lJheatstone bridge circuit

Yacuun t
connecti

Freezing point cell.
I{here A: B mn thick air jacket; B: sanple chanber with a

d.ia¡reter 55nn; C: /nn glass; D: Thernietor, carba}oy D-I02;
E: eolvent¡ F¡ Petroleun ether; G: lefloa-coverec stirring
bar¡ H: constant tenperature water bath.

Flgure 2.
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Callbation of tlrermistor

A. Ì'rom Bcekmann differential thermoraeteE

This need' be d.one only over a narron range (l-ro0) uelow the freezíng
point of the solvent. A Beckmann differential thernoneter rras set to
give a read.ing at the freezing point of the solvent. The thernietor,
r¡hich was placed in a thin gLass tube containing petroleun ether, an¿

the Seck¡nann thernoneter were inserted into the sample chanber of the

cryonetric celLr e,t the botton of rrhich ie a snall Telfon-coated.

nagnetic bar, and a vorune of sorvent (i.e. glaciar acetic acid )

euffióient to cover the thernistor and. the buLb of the ther¡aorneter.

The cryonetric eeII r¡as placed Í¡to the cooling bath whÍch wes well
circulated and already prepared and a,d.jueted. to give a tenperature of
not nore than robero,, the freezing point of the solvent. The bath

rests just above the surface of a rapid. rotatory Eagnet nhich is
ewitched on, and efter a conyenient tine, the alr.jacket of the cerr was
evacuated,, readings on the Becknann therno¡oeter were teken at J0 geconde

intervals simuLtaneously with the read.inge of the resistance in ohns,

untir the eorvent was about o.ro below its normar freezing poÍ.nt.

A ninute crystal of solvent rag add.ed by neans of a long hand.led spoon

fron the top of the cell to induce crystallization, ancl the tenperature

rose to the freezing point, which was then record,ed. fron both the

Becknann ther¡qoneter and the thermistor.

Th,e apparatrrs was eareful.Ìy renoved fron the cooring bathr the

lneulating jecket opened. and. the eolvent warmed. at roon tenperature

vith stirring until the crystals sere nelted,. About 50 mjlligrar1s
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of a soLid. (1.o. benzoic acid.) r¡ere ad.ded by rueans of the spoon, an¿

the freezing point deter¡nined. as before. This ad.dition and. freezíng

sere repeated. a further four tines. Fro¡o the relations between the

reeistance of the thernistor and. the change Ín temperature, He can

calculate B the constant of the thernistor.

fn thls experinent, glacial acetic aeid. r+as ueed. as the solvent,

and benzoic acid used. as the solute, and. the conetant B wae ol¡tained.

fro¡n the ec¡uation (l)

rTT
- - -.. f r 

-/

-o ATf

The ¡resul-te are shown in Table I.

equation (])

Table I

r

(ohms)

L46g.O'

L482.r5

1501 
" 
25

l52g.IO

L556.95

L537.92

r

('r)
2e9,555

289.r55

28).O75

2BA.67O

288.270

287.84O

oTf

('r)
o"225

o.425

0.705

1.110

1"510

L.94o

î1
o

lxro4 ¡

B.'97

8.r85

8,r77

9.165

8,r54

8. 
'/,I

B

lxro'¡
1.779

,,780

,.78?

,.784

,.776

1,782

Calibration of the thernistor by

Beckmann d.ifferential thermometer

1414.22 ohms. To - 289.78 oK.

I
h-

r
lxro-2¡

L.Ot526

1.91590

,.18284

5.O2Og7

6.8259L

8.79rr1

¿y9.=].J80
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B. From a known concentratÍon of sample.

In the calibration of a thermistor, it is not necessary to use the

Beckoann thermoneter. Fron the reLationg between the concentration

antl the ratio of the resistance r at the freezlng point of a given

solution to the reeistance ro for the pure solvent at the start of

the measurenent, lt is e&sy to caleulate the thermistor constant by

equation (+).

1000 aH r
B=_ln_ _ equatlon (+)

ffiAt 3o

For glacial acetic acid, where ôE = 2.801 X IOtoK cahote-1(52
the id.ear gas constant and. is equal to 1.98? car. oK-1ro1"-1¡

norecular weight of glacial acetic acid, and, ie equar to 60,o52;

the nunber of mo]')s of eolute per 1000 grams of solvent.

Proced,ure

); Rls

MO is the

¡n ie

A known veight of graciar acetic acid (J0 grans ) was pface¿. in the

eenple chamber anù a Telfon coated nagnetic bar was on the botto¡o of

the chamber. The ther¡ai-etor was elipped intc the thin glass tube,

which fits into the cryonetric celL.' . The cryonetrÍc ceII was placed.

ln tlle cooling bath and the resistance at the freezing potnt of the

eolvent '*as deternined as d.escribed above. Then, the apparatus uas

oarefuLly ¡eEroved fro¡o the cooLing bath, the soLvent was ìrarme¿ as

d.escribed above ¡ r5-1o milligran of pure benzoic acid praced. Ín a

spoon and' weighed. ecculateiy on a mlcrobalance¡ the spoon carefully
introduced. via the top of the ce}l and. lte content emptie¿ into the

eolvent by rotating the spoon, which was withd,rawn careful-ry and

reweighed. The resistance at the freezÍng point of the solution
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was then d.eternlned,' ae before. The ad.d.ition and. freezing were repeated.

a further four times and the constant B was then calculated. fro¡n the

above equatlon. The results are shown 1n TabLe 2.

îable 2

Calibration of the therqistor by

known concentration of sanple.

o

(ohns)

t455.05

1454.88

r4r4,gg

-2nXlO-

(rcotes )

c.52
1.06

2,ro
,.o5
4.22
5.58

o.6,
1.17
2.O9

,.22
4.1,
5.14

r

(olrns )

L456.27

L457.r'
r45g.96
1462.22

L464.gg

!468.rt

1456.4O

L4r7.62
1459.BO

L462.4O

L464.60

1467.t7

L456.L7

1457.6'
L45g.86

1462.7'
L464.9'
L467.L4

o

(xro-5¡

0.8181

I .70J0

,.t68e
4.9156
6. BoB2

8.9492

L,0442

1'BBl5

,,r760
5.Lrr5
6,6ja7
8.548'

0.80r8
I. B12B

,,14t'
,.tLgz
'5. ooe4

8.1159

Total

B XlO,

,.7 86

,.77,+
,.768
,.786
,,790
,.767

Ave.= r.778

,,774
,.778
,.795
,.76L
,.787
1.760

Ave.=J.'lJ6

1.776
,.9o2
,,774
,,775
,.76'
t.77L

Ave.=5.777
ave.-5.777

r
ln-'r

0.50
r.12
2.08

,.rr
4.25
5. r8
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Ðeternination of Molecular weight

A, For ÐiP-peptid.ee

th,E nolecuLar weight of eight of those previoue prepared. Dl{P-peptidee

uere d.et.ernined, by freezing poi.nt depression nethod. The proced.ure

vss carried. out eractly as the methotl B for tl¡e calJbratlon of the

thernistorr uai.ng glacial acetic ecid as the solvent and. LJNP-peptid.es

as the solutc. Five coneecutive ad.ditions of weighed sanple were qe.de

to the solvent and. the above procedu:re was repeated. after each addition.

'Ihe ¡nolec¡lar reight of those Dl{P-peptidee were calcu}ated. from equation

(5 ), and a neaeured value of B of ).777 X lO' d.egrees obtained ae

deecribed. abovc was used.

MB=

ir"(en. )

W- RBI-í.

--å- o- /u¡, aE

I
ln 

- 
equation (i)

r
o

the resul-ts are shown in rable ,,
lable ]

!{olecular veight determinations of Ð}fP-peptíd.es

by freezing point d.epression method..

Coupound.

Dl{P-L- leu- L- 1eu

ro = 1461'1, oh¡ng

WA - J0.6BB! gn.

o.0619

o.Lt29

o.2427

o.rB2B

o.4986

c.629r

r (ohns )

t462.rL

L46r.57

t465.62

t468.24

I47 0.28

L472.66

1èx1e- 1r
o

o.Bo7t

1.6685

1.0685

4.e54'

6.2427

7.8602

Molecular weight
Theor. Found. Ûrcofl,

4LO.44 4I4,72 +1,04

4L7 .rl +1.6'l

4L4.4, +O.97

4Lr,L6 +0.66

418.46 +I.95

4l9.rt +2.I'l

.â,ve.=4L6.21; +l.dI
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Table J (Continued)

Coupouncl,

DNP-L-aIa-L-phe

t o=IA,)2.18 ohne

rrÍÂ- ,0.I}JB gn.

DllP-t-ra1-L-leu

ro=Ì418.64 oÌ¡ns

Wn= 5C.O226 gne

DNP-t-phe-gly

to=L456.44 ohns

l{n- ]O.JZTO gn,

wr(sn. )

o.or76

0. lu,
o.2146

o.r6t2

o.4755

o.604B

0. 07t4

0.1248

o.2rr5

o.t6tg

),4662

0.5910

o.0642

0. lr05

o.2416

o.16B,

o.47tt

o.5964

r(chns)

r45t.ro

L4r4.40

l'456.59

L4rB.97

146L.2B

L46r.6L

1460.0,

1461.10

146r.24

L465,67

L4(.7,64

L47 O.2'

L457.70

1458.97

146 1 .21

146r.7,

146r.72

146B.0O

1P¡1s-)r
o

o.77 to

r.r276

t.cr22

4.6648

6.2469

7.8401

o.95?.5

1.6851

,.T487

4 ,8080

6.r5lz

7.9144

o.8648

L.7156

,,269a

4.9929

6.r5L5

7.9058

Molecular weight
Theor. !'ound Etrofl"

4O2.17 
'gB.tB 

-O.gg

4O9.45 +I.76

412,55 +2.51

4L2,87 +2.6I

.405. BB +0. 87

4IL.r4 +2.2)

Ave . =408 "41 ; +l_ . !0

596.4L 4OL,46 +L.2J

,86.64 +0.06

4OO,56 +1.01

4O5.54 +2 ,2j

4Or.B9 +2.r9

,99.92 +O.86

Ave.-4O1.64i +I.J2

,88.r5 ,91.10 +0.71

,9'),LO +I.99

,92.47 +I.06

,85.96 -O.62

592.4O +1,0{

,97.4L +2,r,

¡a¿.=5j2.J7 i +1.09
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lgble J (Continuecl ì

i,I"(srn. ) t(ohrns)
Conpound

DNP-L-fIeu-L-phe
to=f.452'BB ohme

lfn- Sl.lJOl¡ gm.

Di{P-L-a}a-L-phe -
sly
t o=L46o,72 oltne

ICA= 

'.1 

.!8)6 gm,

DNP-L-va1 -L-Leu-
L-phe

t o-].461 .r5 oh¡o¡

WA= ,1.9665 ga,

DnP- t- Ileu-L-phe
-L-1eu

=1455.1! ohns

= )2.2lld gn.

tnr xto-Jr
o

0. Bt84

L,57 49

t.orB2
4.4707

,.9155
7.ror5

o,7596
L.rr2,
1.0486
4.767r
6.2717
8.0186

c,8575
L.5617

,.0228
4.6158
6.o976

7.6L79

o.7 4L7

r.1662
2.9498

4.5815
6.r4r5
T,7BO9

r
o

H¡

o. o740

o.L57 4

o.2579
o.1972

o.rrg9
O.6'tO7

o. 066t

o.lr2,
o.2646
o.4L22
o. 5418

o.687g

0.0910

o.1.695

o.126t
o.4874

o.6107
c.8202

0.0819
o,L5t9
o.1297
o.510J

o.6876
o.8766

L454.LO

L455.r7
1457.J'
ra19.r9
1461.50

t46t.55

146r.8'
L462,96

L465.18

t467.TO

i469.gL
L47?.48

1454,60

L465.62

L467.76

1470. 10

I472.28
r474,52

t4r6.67
l-457.58

L4rg.89
1462,28

L464.56

L466.96

Molecrrlar weight
Theor. Found, E=zorÍiu

444.46 446.46 +0.45

441,80 -0.60
44r.62 -0.19
449,9I +I.25
445.07 +0.14

. 451.18 +1.51
Ave .=446 .)4 i -O.42

4r9.4, 460.t7 +0.20

4r5,40 -0.87
4r7 ,79 -O,16

456.O8 -O,7'
455.6' -0.82
452.49 -1.51

ga¿.=!J6.)Oi -0.68

54r.59 5r9.22 -0.8C

545.22 +0.)0

542.6' -C.18

542.O2 -O.29

516.76 -L,26
54L,r5 -O.r7

Ave ,=54L.21 -O,4,

557.62 55r.r9 -1.15
,62.29 +O,84

5r7.9L +0.O5

555.49 -O,t9
,58.67 +0.19

562,1> +o.Bl
¡ys.=JJl ,)Bi +0.06
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B. For the nixture of DllP-peptides

The nean nolecular weight of the ¡nixture of etght DNP-peptÍdes was

d.eterninedr the proced,ure was the same as described above. The

reeistance at the freezing point of pure glacial acetic acid. was :

neasu¡ed¡theno.00lno1eofeachDNP-peptideswereed'tied'together

to the glacial acetic acid, the resistance at the freezing point of

the solution wae rneasured. again, and the nolecular weight was calculated..

Threè separate runs on the mixtures were nade, the results of the

u¡€an nolecurar welght d,eterminations are shcnn in labre {. ,

Table 4

!,lean noleeular welght of DNP-peptictes

¡nixture by freezing poÍnt method.

Run r-(ohps) wn(er. ) Wr(en. ) "(obns) Mean mol.ecular weight E-co' ' '{'- Theor. Found. n"l"ø x1õ-2

L 1456,68 t2.2BO5 0.5815 L466,21 4rO.Jr 44r.24 -L.r7 4.06

2 L45r.tO 
'O.tg47 

O,r4r9 1464,57 4rO.3' 416.t5 +L,2J t,g'
1 t4r?.29 tO.75t2 O.5r4O 1466.6' 45O.1' 45r,tT +0.6s 

',97Ave.¿450.!l;+0.I]; r.99

l{here n - the equivalent nol.ality of Dl{P-peptides in the mixture found. 
,

by ühe freezing point depression qethod,. i
.

.È.-For Dl{P-poly-L-valine 
:'

The nolecular wefght of poly-L-valine or its DNP-derivative wae not

known. fn the present stud.ies, we ettenpted. to use freezing point 
¡

depression nethod. to deter¡nlne this nolecular weight. Ilnfortunately, 'i

ÐNP-poly-L-valine does not dissolve in glaciaÌ acetic acid, and. a

suitable solvent could not be found for the molecular weight

d.eter¡nination. An indlrect nethod was uaed., DNP-poly-L-valine uaa
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hyd.rolyzed. by concentrated hydrochloric acid., and the tryitrclysate

dinitrophenylated. with ¡'DNB. The product was then used for Eolecu1ar

weight determination by freezing point depreseion method.

(I) Preparatlon of DNP-poly-L-veline

Crystaltine poly-L-valinel (0.5 gran) and I gran sodÍum bicarbonate

were d.Lssoh'ed. in l-0 nl.. of water, 20 rnl. ethanol. and.0.5 nl. FDIIB ad.d.ed,

end. the mlxture stirred nechanically for two hours at room temperature.

The Dl'lP-poly-L-valine which had. precipitated as an insoLuble yel1ow

powder wag centrifuged down ancl washed. with uater, ethanol and ether,

then dried under vacuuno The yierd of the product wae 0.{B grarn.

With a SP" 800 spectrophotometer, the ultraviolet absorption of

DNP-poly-L-v¿line in )6y', sulîuric acid. et J1B W lras Eieesured,

using the Beer-Larabert equation A = abc, where A = absorbance; b = the

ceLl length - I cm. i e = the concentration of the solution; e, e

nolecular extinction coefficient2 - 16O00. The ¡nol.ecular weight

of DNP-poly-L-vaLine was obtained as f o:Ll.ows ¡

DNP-pol-y-l-vali¡¡e (fO nitligram) zas d.Íesolved in IOO mI. ot )6/"

sulfuric acid and the ultraviolet absorption of the solution af )JB ay

waa Eeasured, a value of 0.)J2 fot the absorbance v¡as obteined-. Fron

the above equation, a value of !,95 X lO-5 l,l *"" obtained for the

concentration of the solution, therefore, the nolecular welght of

DNP-po1y-L-valine ie equal to O.L/5.g5 X L0-5 = 1680.

(e) Uyarolysis of the DNP-poly-L-valine

Dl{P-po1y-L-valine (100 mil}igraro) and 10 nl. 12 lf hydrochloric ecid.

úere heated. in a seaLed evacuated. tube for 16 hours at IO!o. After

I ,"ot l{utritional Blocheuicals Corporation, molecular weight LOOO-5000.
2 Ar, *rr"tago value of ÐNP-L-ver-sly (L65ro), DNp-t-val-t-reu (r5goo),

DNP-L-vaì--L-phe (f:7Oo) and. DNP-L-va1-L-Ieu-L-phe (f6f1O) found. in
97'/" auJ.furic ecid, solution.

i.¡i
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cool.lngr it was extr¿cted three tines rith 25 nI. ether, The ether

extract wes evaporated to d.rynese in vacuo and, the )NP-L-vaLine was

purified by preparative thín-layer chronatography. The ad,sorbent

used was SlIicAR TLC-JGFr the layer was 2 nm., and the sanple r+as applied

in a narrow band, and deveJ.oped. in the solvent (chlorof ornr/nethanù./

glacetlc acetic acid.t )JzJz]-), Ai'ter developing, the ad.sorl:ent

containing the d.esired. component was scraped. fron the glasa p1ate,

and, extr¿cted thrice with ether, the solvent evaporated., and. the

resid.ue used for ultreviolet abaorption Beasurenent.

The anount of .DNP-L-va1íne obtained from hydroì.ysis vras estineted.

spectroscoplcally, DNP-L-vaLine was d.issolved in I0O ml. glacial
acetic acid.r and.1O r¡1. of the resulting solution was diluted. to 100 ml.

ì{ith a spectrophot.ometer, the ul',ravioret abeorption at JJg m¡*was

neasured.. By using the above equation and. a neaslrrecì. vaLue of 17200

for the molecul¿r extinction coefficlentr the concentratjon of DNP-L-

valine in glacial acetic acid. solution r¿es calculated, therefore t¡e
molecular r+eight of DttrP-poì-y-L-valine. The results are ghovn in
Teble ,.

Due to the instability of DltP-L-veline during hyilrolysÍs, a survey

vas nad.e of the ratee of breakd.own of this conpounc. A standard

eolution wag made of DNP-L-v¿Line in 12 N hydrochloric acid., and some

poly-L-val1ne was ad.ded in case the rate of breakdown rsag lnfluenced.

by the presence of h¡rd¡qlytic procLucts of the peptide, and the:aixture
wae heatecì. at 105ô in a seaLed tube for the required. tine. The

hydrolyoate rras extractetl and purified. as previously deecribed. The

anount of Dl{P-L-valine recoveled was rneasured. spectroecopÍcally,
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and it was found that SBoþ of DNP-L-r¡aIine renained unchanged. after the

hydrol¡'sis. Thie comection factor was used to calcula.te the anount

of DNP-L-valine obt'rined after the hydlro).¡'s1. of Dl{P-po).¡r-¡-rr*Iine.

ta¡f "_!
li[o]ecular weight of DNP-poly-L-valine

obtairred. by spectroscopic nethocl.

Run c'Ë--r_
(xro-) ) (xro-) )

t, l.lolecuLar weÍght
fxio-5 '' DNP-poly- poly-L-
\---- ' L-valine valine

I
22

,

17200

u 200

17200

o.9,

o.96

o. g1

5.4L

5.r8

5.29

5.41

,.58

,.29

6,r4 L627 ,5'
6,r4 L576 "66

6 .01 166, ,5o

Ave . =162 Z,5o;

I46L.4)

14 10, 56

1497.2O

14î)6,40

l,Ihere a =noleeularextinction coefficienti A = absorbance;

c - qoncentratioa of DNP-L-valine in glacial acetic acid

nr= total amount of Dl{P-L-valine;

nr= total emount of DNP-L-valine after correction = n, I
molecular ueight of poly-L-valine o molecular weight of

e olu.ti on ;

loo/e8;
DNP-poly-

The þctrolyeate after extrac,tion with ether wae d.iluted with 20 nI.

of water¡ the solvent was distilled under red,uced pressure at 60o, and to the

reeidue was add.ed I0 mI. of water and. O.B gram of sod.iura bicarbonate.

the nixture t¡as etirred at roon tenperature for I ninutes, and 0.2 gram

of fluorod.initrobenzene in 20 nl. ethanol was ad.d.ed,. The solution was

stirred two hours at roon temperature in the absence of light. After

the reaction was conpletedr the alcohol was renoverl by vaouum ctistllLation

L-vallne - L66.I0
(1) linitrophenylation of DIIP-poIy-L-valine
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at 40o , and' the exceas of fluorod.initrobenzene was extracted thrice
with 2O ¡nl. of ether. The solution was acidified with concentrated.

hydrochloric acid to pH 2, and the DNP-L-val.ine extractecl thrice with

2J n]-o ether. lhe ether solution:rag washed. r.'ith water and. d.ried.

over anhyd.roua sodiura sulfate. The solvent nas evaporated to d.rynesd

under vacuum, and the resid.ue was purified by the preparative thin
layer cÌ¿ronatography raethod used abcve. The yelrow crystals of

DNP-L-valine were used. for freezing point d.epression d.eterrninations.

(+) oq!"rrnlnation of freezing point d.epressj.on of the dinitro-
'phenylated products.

The resistance of J0 gtans (accurately weighed) of glacial acetic

acid at the freezing point wae measured. by the nethod, as deecribed

ebovei to thie DNP-L-valine obtained. fron dinitrophenylation of the

hyclrolysate was add.ed., and. the resietance at the freezing point of

the solution was aeasured again. FroD the freezing point depregsion,

the nus¡ber of ¡no1es of DIIP-L-valine present wag calculated

fron equation (10)r and the ¡nolecular weight of Dl.lP-poly-L-valine was

calculated. as follove:

The etructurel formula of DNP-poly-L-veline is

þ'z ?ft
DtÍP-$HcÉc 0- ( t{Hcrrc 0- )y0H

The nuuber of ¡ooleg of Dt{P-poì.y-L-valine in 100 ni}Iigrarn is equa}

to

AIeo
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ulhere I¡ = nunber of moles of DNP-L-val-ine r m , tOftOOO¡

x = Eolecular weight of DNP-poLy-L-valine;

thc noLecular welght of DI{p-NHCE(Crnr)COOtt = 2Bi.1Z

and -t{ECu(Clrr7)c0- = gg.Lr.

Frou equation (a) and (b),

28.152
XE

o.L-99. Ì5NB

The results are ghown in Table 6.

Tab1e 6

Holeculer nelght of poly-L-valine

obtainod. by freezing point depression method..

Bun to r B !¡ NR Molecular ireight
(ohroe ) (ohns ) lxro, ) (xro-2) (xrõ-¿ ) lNp-pory- poty-L-

sole nole L-valine valine

1 1458.L8 1464.80 5,777 2"8t7 8.4' L745.66 ]17g.56

2 l.460.2L L466.77 
'.777 

2.788 8.164 1657.81 14gI.71

5 L46OÕ1- 1466.94 
',777 

2.BOg 8.427 t72I.26 Ir5r,L6:,
Ave.=1708.24i L542.L4

-iihere In 1464 .Bo/I45B.tB - 4.rzg6t X lO-5, .

lt Ll,66.T7h46o.zL - 4.48244 x to-} i
t¡ L466,gq/vøo,JJ - 4.51616 X Lo-r.
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A very einple apparatus has been adapted to routine molecular

wetght deternination of peptid.e fragments (fron freezing point d.ata

for thelr DNP-d.erivatives), glving results of reasonabLe accuracy.

The thernistor Ís a very einple device to uge ¿e the tennperature-

aensitive element in cryosccpy, requirlng very little attention or

manipulation. Over a teuperature range of approxinateLy 2"C¡ the

resÍstence-tenperature behavlor of the thermistor is d.eecrfbed by

an equation involvlng only one constant, and over a period. of several

¡nonths the calibration renained unchanged. Calibration by d.frect

neasurenent of ther¡nistor resistance end. of temperature (neasured.

by a Becknann thermorneter) at the freezing polnt of glacial acetic

acid gave a value of ,.78 X 10' d.egrees for B, and. callbration of

resistance with solutions of benzoio acid. at different concentrations

1n glacial acetic acid. (ttrree eeparate runs were nad.e, each ínuolving

elx differe¡t conoentrations ) gave a welghted. average value of
7

,.777 X 1O/ degrees for B.

GIaciaI acetic acid. is a good solvent for DNP-dipeptid.es and

Dl{P-tripeptidec, has a fairly large freezing point depression constant,

and the solutions appear to obey Raoultrs Law in d.ilute solutlon.

The resietance of pure solvent at its freezing poin+, and of the '.' .

solutions at their reBpective freezing points were neasured to

+ 0.0I ohm, and tbe tenperature coefficient of resietance of golvent

et its freezing point was !{ ohns per tC, inclicatlng the precision

of the d,ata to be of the order of O.OOOzoe or better.

the consisteney of the results obtained would. aeem to indicate

that the molecular eeights of DNP-peptid.es can be determined by thic
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Eethod to r¡lthin + 1.5þ of the correct value, d,own to a concentration

of 5 X I0-1 nolal yith the apparatus d.eecribed, ueing only 1.5 X IO-4

moLe of ¡oaterial. Tbis repreeents the loreet order of rnagnitude of

concentration for which rel-iabIe results Here obtained, but constructlon

of a cryonetrtc cel.l with nano¡rer cross section wou1d. oernit the

handling of snaller volumes of solution, hence the exanination of

eiilt sneller quantitJ.es of solute, and a thernisto¡ of greater

resiatance-tenperature coefficient vould. be helpful j.n the etudy of

still nore dilute solutlons. The availability of a ce1l. capable of

hantlling snaller volumes of solution together vith a thernÍstor of

greater reeistance-concentration sensitivity would enable very snall

quantities of naterial to furnish resuLts of reasonable &ccurac,v.

bllren conpared. vith the spectrosooplc calculation of nolecular

veights, uaing the assuned. averege value of I6OOO for å**, the reeulte

obtained epectroacopicalì.y for the hïP-dipeptidee and DNP-trlpepticles

are 1n general 10 to Zfii lover than the correct value; in general,

epectroecopioally determined. ¡oolecular weights reported. in the lite¡ature
for peptide¡ and proteina heve been regarded. ae having ! LVi, accurscy,

requiring use of other related, informetlon to obtain the correct vaÌue.

If the ld.entity of a peptid.e is knovn and, the auount below the Linit
r¡hich can be used. for cryoscopic etud.y, the oorrect value of f,** for

that co¡npound ¡oust be used for itg quantitative estiuation. If it
fa unk¡oown (hence t "* 

is unknonn) and the anount ie vithin the range

uhich oan be uced for cryonetrlc study, ite nolecuLer weight could

probabLy be calculated nore eccurately by this aclaptation of freezing

polnt depreacion principles than from spectroscoplc data.
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Tbe average of all value of ft*= taturated. in fables 42 to 44 antt

46 to 48 for the free DNp-peptidea studied. are L7849 ín 95'/" ethanol,
16sr5 in glacial acetic acid and l//! L ln llL sodium bicarbonate

colution respectively. Recalculation of DNp-peptide norecular

velghts after rounding off these ooeffioients to 18000, lJO00 anct

18000 respectiveJ-y gives uoleoular weights of aocuraoy ranging fron
+ 4/" tn 95/" ethanol , ! z,rjT; ín graciar acetic aciit and. + z.gl?i rr.
{/ sodiun bicerbonate solutlon. The nolecular weight of a. DNp-peptide

fragnent could probably be caleulated therefore to ! j/" of the correct
value by using the assuned to"* o"rue for the solvent uged, if the

id.entity were unknown and. the anount too snall for cryoscoplc study.

Wt¡en oonpared. vith attenpts to deterrnine pepticle ¡aolecular welghts

fron the nacs cpectra of the DNP-derivatives (22), results of reasonable

eccutacy nere obtained. Cr¡ros.rtically for the DNp-trlpeptides without
any difficultyr even though the carboryl group was free. This compares

favourably with the dffflculties encountered. with DNP-trÍpeptidee in
nass spectra atudies, even when the carboxyl group l¡as nodified.

the Di'lP-tripeptides exanined. in this ¡rork appeared. to dissolve lnore

elorly in glaoial acetic acid, than did the other DNP-courpound.s, and, alL
Dl{P-peptid'e esters apparentty dissolved in thig solvent more raplC.Iy

than any free DNP-peptide. arthough DNp-peptÍd.es appear capable of
giving relatively rnore concentrated. eoÌutions in tertiery butyl alcohol,
lt wag glacfal aeetic acid r¡hich was found. nost euitable as solvent for
the cryoscopic etud,iee. These obeervatlons j-ndicate that nolecular

velght d'eterninatlons on longer peptide chains (as Dl{p-derivatives)

would require nod,iflcatlon of the carboxyr group, elso, if dinitro-
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pbenylation were chosen to reod.lfX f-anino functÍon.

The freezír,g point depreeeion d.ata obtained. fron the ¡nlxture of

DNP-peptides in glaclal acetic ecid lnd.icate that no natter what

interaction nay occur betseen the solutes, no conpllcatlon exists 1n

calculating the equivalent nolality of the'nixture in glacial'acetlo acid

eolution. Thie findingr together with the observation tbat all

peptidea nentioned in this study can eventually be separated froin one

enotherr iclentlfied and estirnated, ind,icates that conglderable insight

into the structure of a large peptide could be gained. if e ¡¡ixture of

this type resulted fro¡o fragnentation of the large peptide. Further

etudy involving the fragmentation of a large peptide into such s

nlxture and eramlning the nixture by conbined cryoscopic and thln layer

chromatography stud.ies vould be neceseary to teet thig decluction to

its fullest extent, and gubstantiaÌ confirnation was affordetl by the

stud.ies involving DNP-poly-L-vaIine.

The nolecular veight of poly-L-vallne (as DUP-poly-L-valine) could

not be deteruined d.irectly fron freezing point depression data,

Dl{P-poly-L-valine being inso}ubIe ln acetic acid (presunably ttue to

peptide chain length), so the direct deternination with the chain still

lntect r*as ned.e spectroscopically after d.initrophenyletion, giving

a uol.ecular neight of 1514 for poly-L-val.ine. The chain would.

therefore seen to posseos sorxe 1! anino acid regiduee; lf the resulù

were acourate to ¡ 5it, it rroulcl sti}l be correct to }ese than one

emino acid. regid,ue. 'Ihen the DìIP-peptide vas hyd.rolysed and. the

F-ternlnal DNP-[-valine eetinated spectroscopically, the ¡aolecular

reight of poly-L-valine (after conecting for possibte breakCown
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of derivative) wae cercuLated. to be in the 1400 to l!00 range; the

indlrect epectroscopic carcuratlon gives lJ to 15 as the number of

auino acid resid.ues,

Renoval of the DlfP-L-valine frorn the hydrolysete, dinitrophenylation 
:

of the renaind.er, and. carcul.ation of the number of DNP-L-varine

residuesintbe1atterbythecryoscopicnethod1ed.toanest1mate

of 14 anino acids; this together with r¡hat had. been previousl.y renoved 
:

Save 1! aa the total number of anlno acitl resid.ues in the ooly-L-va1ine, :',

and a carculated everege moJ.ecular welght or L542. although thls 
,

sryoscopic calculation wae ind.irect, the regult is ¡nuch nore closely

eonsistent nith the varue of I5l4 noted. in the previous paragraph.

Apparently roolecular weight of a larger peptide can be calculated more

accurately by the freezing point depression method. (even though it

hestobedone1ndirectIy)thanbytheind'1rectspectroscopiccaIcuIation
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Peptlde fragments can be separated and identified. as tbeir
Dl{P-derivatlves by thin layer chronatography; their quantitative

estinetion by spectroscoplc ¡neana requires ¿rn accurate knowled.ge

of their respective valuee of fr"* 1n the solvent used 
,

vlhen molecuLar weight can be d.eternined directly, by cryoecopic

neens, using the DNP-clerivatives, the ¡aethod is at least as

sat1efactoryasspectroscopiccaIcu1ation,ifnotbetter.rt1a

certainly easier to d.eternine tripeptid.e nolecular weights with .

reasonable accuracy froo the -DNP-<ì.erivatives by the oryoscoplc nethod i
than to atud.y their ltass spectra, because the vapour pressure problens

eacountered ln the latter study d.o not present any problen ln the

cryoscopic study. l{hen cryoscopic calculation of nolecular weight

has to be nad.e ind.lrectly on a large fragraent¡ the resul.t is nore :ì

congigtent with a d.irect spectroscopic calculation than is an inciirect

apectroscoplc calculatlon.

Ind.lreot calculation of molecul.ar weight fron cryoscoplc atud.y of 
l

e nixture of dinitrophenylated fregmentation prod.ucts, fn conjunctlon

rith thei¡ separation and id.entificatlon by thfn. Iayer chromatography
...:

afforda a very sinple and rapid, meane of gaining at least a partiar ì

:

lnsight lnto the etructure of a peptlde chain.

Thin layer chronatography also affords at leagt a partial screening

of peptid.es (as Dl{P-derivatlves) accorcting to chafn length. 
i

Separatlon and ictentlficatlon of peptlde fraguenta (as suitable ','

derlvat1vee)oontainingsidecha1na1cohoIic,sidechainp}renoIicand

aide chein baslc groups should be studied,t BoE¡e preliminary etudy waa

nade of a peptiCe containing slile chain carboxyt function in eerlier
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rork (g).

Tbe cryonetrlc ce11 and ther¡olstor should be notllfteil to permit

nolecular velght d.eteruinatlon on ¡ouch snaller quantities of pepticte

end thig nethod teeted on a polypepticte gubetantlally lerger than a

trlpeptider follosed by eelecttve fragmeatatlon to ascertain its
sequence (at leaet in part) fron conbined cr1roscopic antl chronatogrephlc

etuôy.
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