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Separation and identification of intact peptides in the form of
their 2,4-diaitropheny1 (DNP) derivatives has been studied, using thin
'lgyer chromatography. fhin layer chgomatography he.s been found very
effective for this purpoae. Fifteen DNP-dipeptides and six DNP-
tripeptides were used for these studies. The molar extinction
coefficients of the above DNP-peptides were calculated.

The possibility of using freezing point depression as a means of
calculating the molecular weights of intact peptides (as their DNP-
derivgtives) has also been studied, testing the method on five DNP-
dipeptides, three DNP-tripeptides and DNP-poly-L-valine. The
method has been shown suitable for direct molecular weight determination
of the dipeptide and tripeptide derivatives to + 2% of the correct
value (frequently much closer) down to 5 X 1.0"3 molal concentration,
representing some 1.5 X 10'4 mole of DNP-peptide handled.  When applied
to a mixture of the test DNP-peptides (representing some twenty amino
acid residues), the‘molality of the solution was found to be within
+ 1.5% of the correct value. The method has been found unsuitable
for direct molecular weight determination of intact poly-L-valine (as
DNP-poly-L-valine). Instead, the molecular weight of intact poly-
L-valine (as DNP-Poly-L-valine) was determined spectrometrically (a);
the DNP-poly-L-valine was then hydrolysed completely, the DNP-L-valine
was separated, and the molecular weight of the original polymer calculated
indirectl& (b) by spectrometric determination of the amount of DNP-
L-valine obtained, and (¢) from freezing point depression of a solution
of the dinitrophenylated hydrolysate. Results from (b) differed from

(a) by one or more amino acid residues; results from (c) were consistent



-iji-

with those from (a) to within about half an amino acid residue.

Because the DNP-peptides regquired for these studies are not available
commercially and have not been previously prepared, their preparation
had to be undertaken. Coupling the DNP-L-amino acyl chlorides with
sodium salts of amino acids in aqueous medium was found unsuitable for
the compounds studied (poor yield, poor quality), therefore alternative
means of preparation were necessary. Hydrolysis of the corresponding
ethyl esters was found satisfactory. Three methods of preparing these
esters were studied. Since the esters were also unknown compounds,
their preparation and the preparation of various intermediates (acid
chlorides, hydrazides) required for their synthesis also had to be
undertaken.

Throughout the thesis, individual amino acids and peptides are
mentioned by their full name, but in tables and in discussion,
abbreviations are used for the amino acid residues in naming peptides
' ( i.re., glycine = gly, alanine = ala, valine = val, 1leucine = leu,

isoleucine = Ileu, phenylalanine = phe, tryptophan = try ).
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Jdentification of N-terminal amino acidé of proteins and peptides
by reaction of K-terminal o~amino groups and other free amino groups
with l-fluoro-2,4-dinitrobenzene (FDNB) was elaborated by Sanger (1).
The dinitrophenylated protein (DNP-protein) could then be hydrolyzed
in strong acid to yield a mixture of amino acids and 2,4-dinitro- ﬂ
phenylamino acids (DNP-amino acids). The latter were relatively
registant to hydrolysis, and could be separated and identified,
therefore the N-terminal amino acid residues which bore the free
amino group in the original protein molecnle could be identified.

Trhe DNP-amino acids produced by hydrolysis of the DNP-protein have
been studied extensively. ' Various DNP-amino acids have been prepared
by many workers (1-5); the characteristics of those synthetic DNP-amino
acids were first recorded in 1910 by Abderhalden and Blumberg. A
number of the optically active DNP-L-amino acids were prepared for the
first time by Rao and Sober (6), Levy and Chung (7) and Fraenkel-Conrat,
Harris end Levy (8). However, much less attention has been given to
the DNP-peptides which are formed either by partial hydrolysis of a
DNP-protein or by the direct dinitrophenylation of the partial hydro-
lysates of proteins.

The purpose of the present work was to prepare and purify some
DNP-dipeptides and DNP-tripeptides, in order to study the possibility
of separating and identifying intact peptides and of determining
molecular weights of peptide fragments in solution by freezing point
dzpression principles. Direct dinitrophenylation of the dipeptides
and tripeptides gave the desired DNP-peptides in fairly good quantity

and quality, but the dipeptides and tripeptides are much more expensive
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and less readily available than the amino acids, therefore, other
methods are required to prepare the DNP-peptides.
Coupling of an amino acid in aqueous solution (mildly basic) with
a DNP-L-aminoacyl chloride has been useful (9) (equation 1), but presented
difficulties in this work. DNP-L-valyl chloride, DNP-L-leucyl
chlqride and DNP-L-isoleucyl chloride were hydrolysed extensively,
giviﬁg poor yields of DNP-peptide; DNP-L-phenylalanyl chloride was
hydrolysed so extensively that it could not be used for this method
of synthesis. Hydrolysis of DNP-peptide ethyl esters was subsequently

found to be a more suitable means of obtaining the DNP-peptides.

2 R ) R)
Q HéHcocl —+ HZNéHCOONa

\[/ NaZCO3
}
/\/02 R R

ON, iHérconHeHCOONs - NaCl

2

Three methods of preparing *the required DNP-peptide ethyl esters‘
were studied, viz:- (a) Reacting the DNP-L-aminoacyl chloride with an
amino acjd ester in presence of ater%iary'base in a non-agqueous
solvent (10) (equation 2); (b) The method of Bossard et al (11)
(equation 3); (c¢) The carbodiimide method of Sheehan and Hess (12, 13)

(equation 4). Method (a) could not be used for preparing the
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DNP-L-tryptophyl peptide esters, because aftempted conversion of
DNP-L-tryptophan to its chloride only resulted in tar formation.
Bossard's method (b) involves formation of N,N-dimethyl chloroformimidium
chloride which Zaoral and Arnold (14) showed to be suitable for peptide
synthesis. It converts the DNP-L-amino abid to its chloride in
dimethylformamide solution, which is then added without isolation

to a dimethylformamide solution of amino acid ester containing two
moles of tertiary base. This method was suitable for making the
DNP-L-tryptophyl esters and also those which had been made by (a).

The carbodiimide method (c¢) of Sheehan and Hese (12, 13) has been used
frequently in peptide synthesis and was used in this work to prepare
DNP-peptide esters from a DNP-amino acid or DNP-peptide and an amino
acid ester in a non-aqueous solvent. Contamination of a peptide by
dicyclohexyl urea, frequently most difficult to remove and proving to be
& conemiderable obstacle to purification of product has been reported

in the literature (15, 16), and resolved by using instead l-cyclo-
hexyl-3-(2-morpholinoethyl)-carbodiimide metho-p-toluenesulfonate (16).
Such difficulty was encountered only in preparing DNP-glycyl glycine
ethyl ester and PNP-L-tryptophyl glycine ethyl ester, and in preparing
the DRP-tripeptides. In all other cases the use of dicyclohexyl
carbodiimide a3 condensing agent was suiteble; to prepare the two
DNP-dipePtide ethyl esters mentioned and the DIP-tripeptide esters, the
difficulty was resolved by using l-cyclohexyl-B-(2—morpholinoethy1)-
carbodiimide metho-p-toluenesulfonate; no advantage in

its use was found when used to prepare those compounds which were

prepared satisfactcrily from dicyclohexyl carbodiimide.
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Equation 2

VO, R o
OZN@NHéHCO o F %NéHCOOCZ/-é
J)(%@BN
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o HHCoOH

NO, R R

U ,
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Becauée the azide coupling method first developed by Curtius (27-25)"
has qften proved so satisfactory for peptide synthesis, preparation
of the DNP-tripeptide esters by this method was attenpted. Use of
this method required preparation of the appropriate DNP-dipeptide
hydrazide by hydrazinolysis of the corresponding DNP-dipeptide ethyl
ester in alcoholic solution. Sometimes the solution only needed to
stand a short time at room temperature, in other cases longer reaction
times, higher temperatures and a large excess of hydrazine hydrate was

required.  The reactions can be expressed in equation (5).

Bquation 5

or

0 O HéHQO/vHEHCUO%

/—gNNf‘/2 .
| O,R R
(% HéHCONHéHCONHNH

2 T %H5OH

HN 02

4

0 R
ON- 2Hé:‘—/CON/H’C(HCON
2 ; 3 +

. 2 h"20
/ENC(HCOO%H
O R
0 NH(%HCONHC[HCON/-/C(HCOOCH + HN,

J
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The DNP-dipeptide hydrazides were rathei inscluble, easily crystal-
lizable compourds and very stable.

In order to prepare the azides, the corresponding hydrazides were
dissolved in a mixture of acetic acid and hydrochloric acid. After
cooling to about -105, the calculated amount of sodium nitrite was
added in the form of a concentrated aqueous solution. Conversion
of the hydrazides to the azides occurs almost instaneously. The
acid solution was diluted with ice-water and the azide was extracted
with ethyl acetate, the organic layer was then washed with ice-cold
sodium bicarbonate solution to remove the acids and was dried prior
to the reaction with the amino acid ester. All operations had to be
carried out in a rapid sequence and at low temperatures.

The coupling step followed immediately the preparation of the azide,
and required 24-48 hours at §:for coupling to be completed.

Side reaction with the azide method was observed, with formation of
urea derivatives during the coupling reaction. This may be due to =2
Curtius rearrangement of the azide to isocyanate, which would then
react with the added amino component to form the corresponding urea
derivatives (21, 26-28). The szide coupling method was found to be
less satisfactoryfor preparing the DNP-tripeptide esters. The
reactions can be expressed in equation (6).

The free DNP-dipeptides were obtained by alkaline hydrolysis of
the corresponding esters (29), The hydrolysis was carried out with a small
excess of aqueous alkali in absolute alcohol solution for 4 to 8 hours
at room temperature. The base was added in small portions. Lower

temperatures and longer reaction times wers required in some cases.
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Equation 6

OF  Fp oo
% NHCKHCONHCZHC—N=N=N

F 7
oZNHéHCO/ch HC-N

\

-
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héNéHCOO%H
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‘Methods of N-terminal residue analysis

As early as 1910, Abderhalden and Blumberg (2) used l-chlord-.A
2,4-dinitrovenzens (CDUR) in a sodiunm bicartonate medium to
prepare a number of amino acid derivatives. |

NO OzR'

R
2
% ] + :‘-éNéHCOOH —_— OZN \ HCHCOOH + HCI

Subsequent attempts to use CDNE for the identification of N-ier-
minal aminc acids of a’pfotein or peptide were unsuccessfuls In
1923, Abderhalden (30) attempted to use CDNB for the detection of
free amino groups in a partial hydrolysafe of silk fibroin, but did
not meet with much succeés, chiefly owihg to the presence of anhy-

drides in thes hydrolysate and the difficulties of separating the

products. Furthermore, heat was required to react
the CDNB with the amino groups in sodium bicarbonate solution, ?
causing some hydrolysis of the protein. Sanger (1) in

1945 replaced CDNB by 1l-fluoro-2,4-dinitrobenzene (FDNB) which
reacted smoothly with proteins and peptides at room temperature in

élcohol-aqueous bicarbonate mixture with the formation of 2,4-dinitro-

phenyl (DNP) derivatives. The dinitrophenylation of N-terminal
amino acid residues thén played a central role in the elucidation
of the structure of the peptide chains of insulin, and became a
well-established procedﬁre in protein chemistry.

Sanger's methcd for the.identification and estimation of the
N-terminal residue as applied to imsulin consisied of three stages.
The.protein was itreated with FDNB, hydrélyzéd, and the resulting

coloured compounds separated chromatographically. Identification
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of these was based on band rates, and was confirmed by mixed
chromatograms. Secondly, knowing which DNP-derivatives were
present, the amount of each could be assessed with reasonable
acduracy by separating the fraction quantitatively and estinéting
the material bresent colorimetrically, using the pufe D¥P-amino
acid as a standard. Thirdly, the whole operation was carried
out-on a large scale, so that the DNP-amino acids could be
isolated and satisfactorily characterized.

Although Sanger's method has been used extensively for the
N-terminal analysis of peptides and proteins, four majof factors
have created special problems for many workers., First, it was
found that on hydrolysing the DNP-protein, some DNF-amino acids
are ‘broken down by hot hydrochloric acid, (Table 1), therefore,
corréétion factors had to be introduced for their instability,
and were based on the recovery of these compounds after various
periods df hydrolysis.

| Table 1

Approximate breakdown of DNP-amino
acid on acid hydrolysisx.

Comgounds? Per cent break dowﬁ

Bis-DNP-cystine ' 100
DNP-glycine - 50
DNP-hydroxydroline : ; 50
DNP-ﬁhenylalanine 50
DNP-proline - L : 50
DNP—tfyptophan - ‘ 100

DNP-tyrosine o 50
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* 16 hours with 12 N HCl at 105
] DﬁP-aminb acids not included are altered to the extent of 25%
or less under these conditions.
Secondly, most of the DNP-amino acids lost‘the dipolar ion
character of the parent amino acids due to the N-substitution,
and were soluble in ether, hence ether extraction from the protein

hydrolysate was satisfactory in these cases. However, some

H-terminal emino acids such as Jd-moro-DKP-arginine, di—DNP-histidine,
od-mono-DNP-lysine, o/-mono-DNP-ornithine, oo-mono-DNP-diaminobutyric
&cid and non N-terminal am%Fo acids such as ¢-mono-DNP-lysine,
imidazole-DNP-histidine 6colour1ess), 0-DNP-tyrosine (colourless),
S-DNP-cysteine (colourless), §-mono-DNP-ornithine and ¥y -mono-DNP-

diaminobutyric acid are insoluble in ether, remained in the aqueous

layer, and had to be extracted by some suitable solvent (i. e. 2-butanol/

ethyl acetate (1:1).
The third factcr was the effect of the reagent on the various

groups in the protein., FDNB reacted not only with the free amino
groﬁps, but also with the imino group of proline, the phenolic
group of tyrosine, the sulfhydryl group of cysteine, and the imid-
azole group of histidine. The native protein generally exists in
& coiled or folded ccnformation, in which the ffee reactive groups
on fhegﬂ- or W-carbon atoms may be all or only partly exposed to
the FDNB, varying with different proteins. However, when the
protein is fully denatured, all the available groups will react
with the reagent.

Finally, the fourth factor was the stability of the peptide

linxages during the reaction between protein and FDNB. If the
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protein is not completely stable duringvthe dinitrophenylation, the
internal bonds open to yield new reactive amins groups to the |
'reagent, and hence together with the true N-terminal DONP-aniro
acid, there will appear one or more DNP-aminc acids originating
from the points of breakaée in {the protein molecule. The
stoichiometry of the results obtained is often of help in this
problem, for if very close to one residue of DNP-amino acid is
obtained per mole of protein, together with only traces of other
DNP-amino acids, it may assumed the peptide linkage is stable.
If, However, appreciable amounts of two or more DNP-aminc acids .
are obtained per mole of protein, the problem of deciding whether
the results are valid and representative of t#o or more N-terminzal
peptide chains in the molecule, or whether they may sprihg from

secondary causes, could well be difficult to solve.

Preparation of INP-Amino Acids

The FDNB procedure has required the use of reference ;tandards;
the DNP-amino acids derived from the protein have to be compared with
the synthétig DNP-amino acids. Many workers used differént methods
to prepare DNP-amino acids., Inasmuch as pure L-amino acids were
not available in guantity before 1950, only DNP-DL-amino acids
" have been prepared as reference standards.‘ AHowever, the DNP-amino
aéids isolated from acidic or neutral digests of profeiné would be
expected to be of the L-variety, and it is better to prepareAthe
DNP-L-amino acids as reference standard; fhis not only eliminate§

doubt on the chromatographic criteria comparison, but also permits
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measurement of specific rotation as another criterion of comparison.
_For these reasons, Rao and Sober (6) prepared a number of opticelly
active DNP-L-amino acids by Sanger's method. The procedure of

the method is descrited as follows: |

They shook ths amino acid with FDNB in the preéénce of a slight
excess of sodium bicarbonate for 2 to 5 hours in 50% ethanol at
room temperature. (it is recommanded that this reaction as well as
all stages of the preparation be carried out in the dark). The
alcohol was removed at room temperature and the excess of fDNB
extracted by shaking three times with ethér. The aqueous solution
wes acidified with 6 X hydrocﬁloric acid, and the precipitated
DNP-aQino acid washed repeatly with small quantities of ice-cooled
water, |

One year later, Levy and Chung (7) suggested a modified method
for preparing DNP-amino acids. They found that several advantages
result from working in an equeous solution et sligﬁtly elevated
‘temperature (403 and by using only an equivalent amount of FDNB,

& more rapid reaction could be achieved, ethanol evaporation and
extraction of excess FDNB could be eliminated, a pure p;oduct
?esulting with greater economy of reaéents. Their procedure is
described below:

The amino acid (10 m moles) and anhydrous sodium carbonate (2 gm.)
were dissolved in 40 ml. of water at 46’, FDNB (10 m moles) was added,
and thé mixture vigorously-agitated, the temﬁerature being maintained
at 400. The small drops of FDNB in suspension disappeared after 30-

90 minutes marking the end of the reaction. The orange solution
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was acidified with concentrated hydrochloric acid (3 ml) to pH 2,
the precipitated DNP-amino acid washed repeatly with small amounts

of ice-cold water, and was recrystallized by special solvent mixtures.

Dinitrophenylation of an anino acid mixture

Various methods of dinitrophenylating the amino acid ~mixture
fron the protein hydrolysaté have been described, The reaction
cen be carried out in either an aqueous or an aqueous alconolic
medium. |

Couplingbin aqueous medium:  According to Levy et al (31) and
later modified by Wallenfels (32), the dry hydrolysate (2-5 mg)
wvas dissolved in 2 ml COZ-free water at room temperature with
vigorous stirring. An aliquot (1.2 ml) was pipetted into a small
reaction vessel equipped with & magnetic stirrer, was diluted with
1.8 ml coz-free water, 0.1 ml 3.1 N KC1l was added, and the solution was
heated to 4Q10.1°. The pH was maintained at 8.9 by the addition
of 0.2 N NaOE with vigorous stirring. Approximately 0.1 ml FDNB
was added in a small excess in the absence of light, and the pH
held at 8.9 for 100 minutes by means of an autotitrator. The
reaction kinetics can be followed by automatic recording of the
alkali ubtake. After the reaction was terminated, the excess FDNB

was removéd by extracting twice with 5 ml each of peroxide free

ether, and the water soluble DiP-amino acids extracted repeatedly
with sec-butanol/ethyl acetate (1:1).
Fraenkel-Conrat and Singer (33) have also @escribed a coupling

reaction in 5% carbonste buffer at pH 9.3 during 3 hours at 40°,
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The quantity of FDNB was 1.5 Ul per 2 mg of amino acids,

Coupling—in alcohol solution: According to Praenkel-Conrat
and Singer (33) and Lucas et al (34), the dry hydrolysis residue
(5-5 mg) was dissolved in 5 ml water. This solution was treated
with 100 mg HaBCO3 and a solution of 100 mg FDNB in 8 ml ethanol.
The single-phase mixture obtained was allowed to stand for 3 hours
at room temperature in darkness. The excess of FDNB was extracted
with ether after evaporation of most of the alcohol, then acidified
with concentrated hydrochloric acid to pH 1-2, and extracted five
times with peroxide-free ether. The residual aqueous phase was
extracfed repeatedly with sec-butanol/ethyl acetate (1:1).

Biserte et al (35) carried out the reaction with FDNB in an
aqueous alcoholic medium according to the following technigue.
The hydrolysate (10 mg) was dissolved in 5 ml of double distilled
water, which was brought to and maintained at 406. The solution
wag adjusted to pH 9 with H/15 NaOH and 0.2 ml of FDNB was added,
the solution was stirred for 15 minutes at 4d’while the pH was
maintained at 9. Ten ml of absolute alcohol were added and
stirring was continued for 90 minutes at 4OC, the pH still being
kept at 9. After the reaction, the alcohol was removed by
evaporation in a current of cold air and the excess of FDNB
extracted several times with peroxide-free ether, The solution
was acidified (1 ml of concéntrated hydrochloric acid) and again
extracted with peroxide-free ether, then with ethyl acetate.
The residual aqueous phase was extracted withba mixture of equal

parts of ethyl acetate and sec-butanol.
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Dinitrophenylation of free amino acids in biological specimens

is also described by many workers. Amino acids in urine, blood
and sperm were dinitrophenylated in alcohol solution with a -

carbonate buffer at pH 8.8 for 1 hour at 40°(36-38).

Dinitrophenylation of a protein

Dinitrophenylation of a-protein was first describéd by Sanger (1).
Coupling could bte effected with native, denatured or oxidized -- --
proteins.  The protein (0.5 gm) and sodium bicarbonate (0.5 gm)
were dissolved in 5 ml of waterj to the solution were added 10 ml
of a 5% (V/V) ethanol solution of FDNB, and the nmixture was agitated
mechanically for 2 to 3 hours in the dark at room temperature. It
reqdireé a prolonged period of agitation (48 hours at 40°, 72 houfs
at 20°) and repeated additions of sodium bicarbonate and FDNB for
insoluble proteins. After complete dinitrophenylation, the solution
was acidified, the precipitated DRP~protein was centrifuged and washed
with water, acetone and ether.

Levy and Li (39) have described a coupling reaction in aqueoﬁs '
medium maintained at pH 8 by means of'an autotitrator. lThe protein
(0.2 gn) was dissolved in 3 ml of 0.1 M potassium chloride at 400.

‘The pH was adjusted and maintained at 8 by addition of 0.05 N KOH.
After the addition of FDNB (0.1 ml), the solution was agitated
viéorously for 2 hours. After complete dinitrophenylation, the
solutioh was acidified, the precipitated DNP-protein centrifuged and

washed with water, acetone and ethér.
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According to Phillips (40), a nmore satisfactory yield of terminal

groups is obtained by carrying out the dinitrophenylation in a
solution made from potassium bicarbonate agd guanidine hydrochloride.
The protein was dissolved in a solution of 6 ¥ guanidiﬁe (protein
_concentration 20 mg/ml), and to this solid potassium bicarbonate
_was added in a concentration of 10-15 mg/ml and FDNB in a concentra-
tion of 0.05-0.1 ml/ml. The mixture was stirred forv6 to 24 hours

at 20°, acidified and diluted with three voiumes of water. The |
précipitated DNP-protein was centrifuged and washed with waﬁer,

acetone and ether.

Dinitrophenylation of a peptide

"In practice the dinitrophenylation of & peptide may be carried
out in exactly_the sane way as that of a protein. However, certain
methoas are especially suitable for this coupling reaction.
Accofding‘£o Sanger and Thompson (41), substitution of trimethyle
amine for sodium bicarbonate results in & diminution of the ionisation
of the medium; moreover, this reagent can be conveniently—removed
afterwards. The peptide (0.2 umole) %as dissolved in 0.1 ml of 1%
trimethylamine. 4 sﬁlution of 10 #1 of FDNB in 0.2 ml of ethanol
- was added, efter 2 hours contact, & few drops of water and of the
trimethylamine solution wére added and the excessAof FDNB';as removed
by extraction three times with ether. The solution was evaporated
it vacﬁum to dryness; |

To reduce the formation of dinitrophenol, LOckhart and Abraham

(42) replaced trimethylanine by tricethyl ammonium carbonsate and
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proceeded as foliowss‘ The reptide (SO-ISO/Lg) was dissolved in 0,1
-l 2.5% (g/v) triceihyl ammonium carbonate solution (pH 9.3), 0.2
ml of a 55 elec2ol solution of FDNB was added, and the mixture allowed
to stand in darkness for 2% hours; the ethanol was evaporated in
vecuur, the product treated with 0.24 ml trimethyl ammonium carbonate
solution and 1 ml ether, followed by mixing with a vibromixer,
centrifuging in order to separate the liquid phase, separation of
the ether (diecard) and evaporation of the aqueocus éolution in
vacuum to dryness.

Waley (43) suggested a method somewhat simil#r to the foregoing with
& buffer 6f trimethylamine‘bé}boﬁate obtained by treatment of a 6%
.(v/v)solution of trimethylamine with carbon dioxide until alkaline
to phenol red, but reutral to phenolrhthalein. bUnder these condi-
- tions, the dinitrophenylation was conductedbat a slightly lower pH
then in the method of Lockhart and Abraham. A small amount of |

dinitrophenol was formed.

Regeneraticn of amino acids fronm their DHP-derivatives

During the eerly studies of chromatographic separation of DNP-
amino acids, it was necessary to establish their identity by
reconversion of DNP-amino acids to free amino acids. Seve:al
methods were developed. Mills (44) first brought about regeneration
by heating the DHP-derivatives in dilute sulfuric acid cdntaining
hydrégen peroxide; 2,4-dinitrophenol was produced as a by-product.
This method was not well adapted t§ the micro ;cale; a more

satisfectory technique involved heating the conmpound with saturated
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baryta water in & sealed tube. All the conmon occurring amino
acids were recovered in this way, except histidine and cystine,
 of which very small yields are obtained. DNP-arginine after
hydrolysis gives rise to several extraneous ninhydrin-positive
substances, snd the recovered threonine was also accompanied by an
artefact. Lowther (45) modified‘Mills nethod by heating the
DNP-derivatives with amnonia in & sealed tube, and found that all
emino acids were recovered, bﬁt the yields were very poor. In
1959, Liebold and Braunitzer (46) treated the DNP-smino acids with
hydri;dic acid at 100’ and recovered the free amino acids in yields
up to 80%. Howevér, the_hydbeyl groﬁps of serine and threonine
were removed in this reaction; furthermore, some amino acids

were recovered in a poor yield, and the method was not suitable

~ for DN?-peptidea. Therefore, Fasold and his coworkers (47, 48)
‘regeﬁerated the free amino acids by hydrogenation. The hydrogen-
ation.of tﬂe DNP-amino acids and DNP-peptides was performed in
glacial acetig¢ scid or methanol using a large excess of the rlatinun
catalyst. The previously blocked amino groups were obtained in
the free form in'yields uﬁ to 90%. DNP-methidnine’was split only
'.in ihe form of its sulfone, and DNP-cystein; was split as the
sulfonic acid derivétive; A very simple method wes recommended
by Macek (49), in which the dry sample of DNP-amino acids vas
dissolved in anhydrous hydrazine and heafed for 1 hour at 80’,

the freé anino acids were recovered.

The advantage of converting the DNP-compoundéto the amino acids
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was that the chromatographic behavior of the acids was well-known

and more reliable than that of the DNP-compounds. However, as
further work with the DNP-derivatives progressed, separations became

better and the regeneration of amino acids became unnecessary.

Chromatographic separstion of DNP-derivatives

Sanger's original work on the free amino groups of insulin (1)
included an attempt $0 separate the DNP-amino acids obtained on
complete hydrolysis of the DNP-protein. He employed threé chromato-
graphic procedures, The separation of DNP-derivatives by adsorption
chromdtography was not very successful, since decomposition of the
compounds occurred on magnesium oxide or alumina columns. The use
of partition chromatography on filter paper or starch was not very
satisfactory, due to "tailing" of the spots or bands. The most
successful separations were obtained with column partition chromato-
graphy using a stationary aqueous phase adsorbed on the silica gel
end a moving organic phase. Mono amino acid derivatives are well
separated by using glycol or agueous ethanol or acetone as the
stationary phase, and a non-polar solvent in equilibrium with it
as the moving phase. However, the success of this method was
highly dependent on the batech of silicea gel used. In an attempt
to resolve thie difficulty, Blackburn (50) and Middlebrooke (51)
modified the method by using concentrated phosphate buffered columns
of silica gel. By varying pH, they found that the rate of movement
of a band of a given DNP-amino acid could be varied within wide

limits, the higher pH giving the slower rate. No significant
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variation occurred in the rate of movement of the band of a given
DNP-amino acid between different batches of silica gel, and the
difficultly in preparing a suitable gel did mot arise. Also by
using a single solvent with columns buffered to different pH values,
the number of DNP-amino acids which can be separated is greater than
on the unbuffered column.

Green and Kay (52) described a method for the separation and

ddentification of sixteen ether-soluble DNP-amino acids by "adsorption"

chromatography on silicic acid "Celite". DNP-amino acids were rather

strongly adsorbed on prewashed silicic acid columns and formed compact

zones.which moved &t a reasonable rate when developed with glacial

acetic acid in petroleum ether (ligroin). This method had the

advantage of being much faster than the partition methods, and fewer
chromatograms were required for the complete resolution of a mixture.

Satisfactory results were obtained on different batches of silicic

acid from several sources.

One of the first chromatographic investigations of DNP-peptides

arose as a resplt of the studies made on the partial hydrolysates

of gelatin. This study showed that the separation of unknown peptides

would be greatly facilitated by a study of the chromatographic

behavior of known DNP-peptides. According to Schroeder et al (55,

56), e variety of known DNP-peptides were chromatographed and they were

able to deduce some generalizations which permitted the prediction

of the chromatographic behavior of known DNP-peptides. This aided

in the identification of tentativeiy identified DNP-peptides through

the comparison of determined and predicted behavior.
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In addition to the above methods, a variety of other - techniques

for the separation of mixtures of DNP-amino acids have been described
in the literature. Paper chromatography has been used extensively.
Early workers found difficulty in the separation and identification

of the compounds because of tailing of the spots, but Blackburn and
Lowther.(SS) observed that DNP-amino acids were successfully separated
on buffered one-dimensional paper chromatograms. The paper is soaked
in phthalate buffer and dried at room temperature, compact spots
without "tailing"” and possessing characteristic rates (R;values)

being formed in suitsable solvents.

lnétead of using a phthalate buffer system, rairent and Williamson
(56) separated the DNP-amino acids on a sulfate-phthalete buffer
system. They found that the separation of the DNP-amino acids was
essentially the same as with 1.5 M phosphate tuffer, but a more
distinct spot with sharper boundaries was obtained for most of the
DNP-amino acids.

Two dimensional paper chromatography employing a "toluene" solvent
and 1.5 M phosphate buffer (57, 58) is considered the most satis-
factory for the separation of ether soluble DNP-amino acids-normally
obtained from proteins. The DNF-amino acids are subjected to ascending
chromatography in the first direction with the toluene-pyridine-
chloroethanol-0.8 M ammonia (5:1.5:3:3) mixture, and descending
chromatography with 1.5 M pH 6 phosphate in the second direction.

Most of the ether soluble DNP-amino acids can be separated by this
method, with the exception of dicarboxylic DNP-amino acids (DNP-

aspartic acid, uNP-glutamic acid). These two derivatives can be
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separated by means of a second chromatogram, using the "toluene"
system in fhe first dimension and a phosphate buffer of higher
concentration (2.5M) in the second dimensiocn. However, the "toluene"
solvent system has been criticized on two points. Pirst, it is
not convenient to use this solvent in laboratories where either
nitrogen or colorimetric ninhydrin determination are being carried
out routinely. Secondly, the two phase '"itoluene" system requires
several hours of equilibration before use and then the organic phase
used for the development of the chromatogram is not stable.
Braunitzer (59) has replaced the toluene-pyridine-chloroethanol
mixture with the n-butyl alcohol-0.1% ammonia (1:1) system, and
achieved satisfactory resolution of all DNP-amino acids by two
dimensional chromatography in combination with 1.5 M phosphate.
Phillips (40) has also suggested a two dimensional proceduwre in
which 2-butanol or tert-amyl alcohol or 2-methyl butan-2-0l saturated
with 0.05 M phthalate buffer of pH 6 is used in the first dimension,
and 1.5 M phosphate buffer of pH 6 is used in the seconi iimension.
In 1961, Brenner et al (60) first introduced an improved method
for the identificstion of DNP-amino acid by application of thin layer
chromatography using Silica G. They found the water soluble DNP-
amino acids can be chromatographed most favorably with solvents which
consist of a mixture of an alcohol (n-propanol or n-butanol) and
ammonia solution. The ether soluble DNP-amino acids are separated
by two dimensional chromatography on Silice G layer, the "toluene™
solvent of Biserte et al (57) beibg used in the first dimension, and

the solvent systems of chloroform, alcohol, glacial acetic acid or
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benzene (toluene), pyridine, glacial acetic acid in the second

dimension. This method has considerable advantages over paper
chromatography, giving excellent sharpmess of separation, high
sensitivity and greet speed.

~ Since then, thin layer chromatography has become increasingly
popular for the rapid separation and iderntification of DNP-amino
acids. Instead of Silica gel G, several other adsorbents were
’ used. Fittkau et g1 (61) used Supergel layers and Munie? et al
(62, 63) used cellulose layers, all giving good separation.,
Recently, studies have been published dealing with thin-layer
chrométography of ether-soluble DNP-compounds on polyamide. Wang
et al (64, 65) described an excellent separation of 31 DNP-amino
acids together with 2,4-dinitrophencl and 2,4-dinitroaniline by
polysamide or by polyester film supported polyamide layer chromato-
graphy. They found the polyamide layer, especially with the
polyester film supported, gave less diffuse spots and better

separation than the Silica gel G.

Photosensitivity of DNP-compounds

The instability of DNP-anmino #cids when exposed to light was
first pointed out by Sanger (66) and Blackburn (50), who found that
DRP-amino acids tended to decompose if exposed to sunlight on the
colqmn. Solutions of DNP-amino acids in solvents such as chloroform
also tended to decompose when exposed for long periods to light,
particularly sunlight. The solutions then gave rise to additional

bands on the chromatogram. Mills (67) suggested that during the




25-

course of the work, it is necessary to protect the DNKP-amino acids
from light at all stages of their preparation and separation. Rao
and Sober (6) reported that the yields of DNP-glutamic acid and
DNP-aspartic acid were increased if light were excluded at all stages
of preparation.

Photodecomposition of DNP-amino acids has been studied by Akabori
et al (68), who showed that several o~DNP-amino acids in aqueous
solution were decomposed by light at about the sane rate, but did
not identify the products. They found that ¢-DNP-lysine was photo-
stable. Pollara and von Korff (69) using Mc-1abelled DNP-amino
acids; observed that many of these compounds in the solid state are
decarboxylated under the influence of light and converted into the
corresponding DHP-alkylamines.

Russel (70-72) irradiated a solution of DNP-L-leucine in dilute
sodium bicarbonate solution. On extracting the solution with ethyl
acetate, he obtained an unknown compound which he later proved to

be 4-nitro-2-nitroscaniline. The same compound was also obtained
from an irradiated solution of DNP-glutamic acid; subsequent acidi-
fication and extraction of the aquecus phase furnished 3-formyl
propionic acid, isolated in 70% yield as 2,4-dinitrophenyl hydrazone.

The reaction gcheme is shown as below:
O

QN DNHCHCH CH.coor Avs ¢ :

Further work on DNP-L-leucine showed that irradiation produced

- carbon dioxide and 3-methyl butyraldehyde in addition to 4-nitro-
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2-nitrosoaniline. The reaction may be shown as below:

| OgN HC*§CH5 > op hé + OCHC HC/—/ + 00

DRP-L-leucine was rapidly decomposed by light at any pH, 4-nitro-
2-nitrosoaniline was formed only at pH 6 or above. The rate of
reaction in dilute solution was independent of the concent;ation,
so that the process is an intramolecular oxidation-reduction
accompanying decarboxylation.

Thé reaction was found fairly general for DNP-o-amino acids,
although not all decomposed in the same way. A large group formed
4-nitro-2-nitrosoaniline in high yield, some others gave a lower
yield of 4-nitro-2-nitrosocaniline, together with other (unidentified)
products, and a few decomposed without formation of the nitros
compound. The presence in the amino aci& side chain of a group
such as hydroxyl, sulfoxide, etc. permits side reaction, so the
usual product was formed to a smaller extent or not at all. Similar
compounds, in which the amino group was not in the o/-position or
the carboxyl group was not free, were relatively stable to light.
DNP-peptides are decomposed much more slowly than of~DNP-amino acids.

The unidertified compound from the irradiated DNP-amino acid
solution was identified by Neadle and rollitt (73),as a 2-substituted-
6-nitro-benzimidazole-l-oxide. The formation of this compound by
photolysis at a suitable pH appearé to be a éeneral regction for

DNP-o-amino acids with an J~hydrogen atom. the reaction scheme
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is shown as below:
) O

R
Z
hv
HEHCOOH > 0
% @ e =Co,,-RoH6 2 g:

(13
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&

In neutral agueous solution, they exist in the n-protonated form
(I1), whereas in ethanol and a variety of other organic solvents,
they exist in the O-protonated form (III).

Many ~UNP-amino acids undergo photolysis in aqueous solution
to give a mixture of mainly 4-nitro-2-nitrosocaniline and 2-substi-
tuted-6-nitro-benzimidazole-l-oxides are stable to further visible
irradiation, and the 4-nitro-2-nitroscaniline slowly undergoes
secondary photolytic reactions. The factors which influence the
proportions of the different products formed by the photolysis of
DNP-amino acids have been investigated. The nature of the light
source is not critical as long as the main absorption bend at ca

360 gy.is activated. the temperature of the photolysis mixture
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has a slight effect on the proportions of the products, but the
main factor is the PH of the reaction mixture, the products

varying with pH in an unusually complicated manner,




Experimental and Results
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Preparation of starting materials

2,4-Dinitrophenyl-L-amino acids

These were required as starting materials for conversion to acid
chlorides (9), for reaction with N,N-dimethyl chloroformimidium chloride
in Bossard's method (11), and for use in Sheehan's carbodiimide method

(12, 13), and were prepared by Levy and Chung's (7) modification of

Sanger's method (1),

/V02 R
A Fo+ HZNAHcooe/va@

NaHCO
3
NO, R
O 26 e &
HCHCOONa  + NaF
HCy
@)
2 éR |
ON HCHCOOH 4 NaC/l
Table 1. Structural formul#e of DNP-L-amino acids
NOx «O-;

O&N@NHCH(R)COOH R olN@-NHCH(R)COOH R
Glysine o H- Isoleucine ' CQ?QPH(CQ)—
AAlanine CH;- Phenylalanine @CH,_'
Valine CH, CH(CH)- tryptophan O

A H

Léucine CHEH (CH,)CH,-
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Materials:

L-Amino acid 0.01 mole

FDNB ' ' 0.01 mole (1.86 gm.)

"Sodium bicarbonate 0.03-0.1 mole (2.58-8.6 gm.)
Water ' 1CO ml.

Ethanol (95%) 125 ml,

Bydrochloric ecid 3-;0 rl.

L-Apino acid and sodium bicarbonate were dissolved in water and
to this was added a solution of FDNB in ethanol. The mixture was
stirred mechanically for two hours at Toom temperature. The
solution was evaporated ét\room tamperature until only a small
amount oi solvent remeined. The residue was dissolved in water
and the solvtion filtered to remove the insoluble substances, then
acidified with concentrated hydrochloric acid to pE 2, which preci-
pitﬁted a yellow =zolid, The mixture was refrigerated overnight to
precipitate additional product. The crystals were filtered with
suction, washed with ice water to remove excess hydrochloric acid
and dried in a vacuum desiccatox.

The crude product DNP-L-amino acids were purified by the
following methods.

For DNP-glycine and DNP-L-alsnine, the crude product was dissolved
in a emsll amount of ethanol, wWater added until the solution just
turged cloudy, and then refrigerated overnight. The crystals were
filtered with suction, stored for 24 hours in a vacuum desiccator,
and heated at 100° to constant weight.

For DNP-L-valine, DNP-L-leucine, DNP-L-isoleucine and DNP-L-
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Phenylalaning, the crude product wés dissolved in a large volume
of acetcne and the solution dried over anhydrous sodium Sulfate.
After filtretion, the solution was ccncentrated to 1 snall volure.
- An equal volure éf benzene was sdcded to the acetcne solution aﬁd
the DNP-L-amino acid precipitated by a2dding an axcess of petroleum
ether (b.p. 30-75°). The derivative is dried in & current of air,
dissolved in ether and precipitated with petroleum ether.. The
ether-petroleum ether proceduras nay be repeated several times, ,‘
until the DKP-L-amino acid crystallizes &t a low temperiture.. The
¢rystals were filitered with suctiog, stored for 24 hours in a vecuun
desiccator and heated at.100*~to constant weight. (except for DNP-
L-leucine, which was heafed at 80° to constant weight.)

For DiP-L-%tryptophan, éhe crude product was dissolved ir acetore,
ether added until the solution just turned cloudy, and then refriger-
ated overnight. The cfystals were filtered with sucticn, storéd
for 24 hours in s vecuunm desiccator, and heated at 100° to constant
veighf. | |

Light was excluced at all stages of preperation and purification.

A Gallenkamp reltirng point z2pparatus was used to determiﬁe the
'melting'point which was unco:redted. |

Melting points and specific rotations in 95% ethanol were the same
a8 those reported in the literature. Yield and melting point of the
products are summarized in Table 2, specific rotations in 95% ethanol
and also in dimethylformamide and glacial acetic acid are summarized

in Table 3, as are also the calculated molecular rotations.




. Table 2 .
Yield and melting point of DNP-L-amino acids

comontwmmoacle Bl GG, N IR mme e
(mole) (mole) (mola) i 7 %: °C yi%ld M:‘g.
DNP-glyci\ne 0.01 0.01 0.100 94-98 201-205 92-94 205-206 - ,
DNP-L-alanine 0.01 0.01 0.100 92-97  173-175  90-95 178-179 \"G
DNP-L-valine 0.01 0.01 0,075 93.97 130-134 ~ 90-94 133-134
DNP-L-leucine 0.01 0,01 0,030 92-95  53.65 58-65 98-99
DNP-L-isoleucine 0.01 0,01 0,075 94-98  112-113 90-96 113-114
DNP-L-phenylalanine 0.01 0.01 0,100 94-96 170-175 82-88 162-193
DNP-L-tryptophan 0,01 0,01 04050 95-98  221-223% 92-95 222-223
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Table 3

Specific rotations and molecular rotations of DNP-L-amino
acide in 95% ethanol, dimethylformamide and glacial acetic acid

Ethanol Dimethyl- Glacial
formamide acetic acid

Conpound y 22 , 2 Y :
R O P 5 o S 73 R o

DNP-L-alanine +17.5° +44.6  =29.3° -74.4° #19.3° +49.2°
DNP-L-valine -12.4" -35.1"  -89.8" -254.4 -26.8" -75.9
DNP-L-leucine -28,0° -83.3  -77.8 -231.% -48.9' -145.4°
DNP-L-isoleucine -21.3% -63.3" -95.9° -285.1 -30.4" -90.4°

o

i P 9 [ 4 Q
DNP-L-phenylalanine -87.2. -288.9 -120.0 -397.6 -97.0 -321.4

: . . °
DRP-L-tryptophan -286.5-1059.9 ~-211.2 -782.1? -196.7 -728.4°

Optical rotation

The specific rotation &dfwas determined in l-&% solution in 95% ethanol,

dimethylformamide and glacial acetic acid on samples previously dried at

100° to constant weight. The values were calculated from the well known

relation:
« X 100

Specific rotation [} = :
lec
~ Where o{is the observed rotation in degrees.

1 is the length of the polarimeter tube in decimeters.

¢ is the concentration os samples (grams/100 ml of solution).

) N
Molar rotations U@E equal to specific rotations @ngmultiplied by

the molecular weight and divided by 100.

The measurements were made by using a Kern Full Circle polarimeter

and & two decimeter tube.
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2,4-Dimitrophenyl-L-amino acid chlorides

These were required for attempting preparation of DNP-dipeptides (9)
and DiWP-dipeptide ethyl esters. They were prepared by the method of
Loudfoot and Kruger (9) and characterized by conversion to their amides,

anilides and p-toluidides. The general reactions for the overall

reaction is shewn as below:

N02 R
| 02 NHéHCOOH I SOCI,

QR

ON HCHCOCI  + SO, + Hel

Materials:
DNP-L-amino acid 0.005 mole
Thionyl chloride 10 ml.
bNP-L—amino acid and thionyi‘chloride were heated under reflux
on ar oil bath at 80° until a clear solution was obtained (10-30
minutes). The solution wes then heated at 80° for an édditional
90 minutes, ani %ths excess thionyl chloride removed by vacuun
distillation at SC°. Except for DEP-zlycyi chloride, red-brcwn
liquids were forred, which were used Zor the Preparaetion of DNP.
amino acid dsrivatives without furirer purificetion, DHP-L-
- tryptophan fails to yield the acid chloride cue to destruction of
- DNP-L-trystophan in thionyl chloride even at a lower temﬁerature.
Throughout thre preparation, a celcium chloride tube wes aitached

to -the condenser in order to exclude moisture.
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The yield of the products are summarized in Table 4.
: Table 4 )

Yield of DNP-L-amino acid chlorides

Compound Yield (%)
DNP-glycyl chloride 95-99
DNP-L-alanyl chloride 98-99
DHP-L-valyl chloride 95-98
DNP-L-leueyl chloride 97-99
DNP-L-isoleucyl chloride 95-98
DNP-L-phenylalanyl chloride 96-99 ey

Characterization of DNP-L-amino acid chlorides

The acid chlorides from DNP-L-valine, DNP-L-leucine, DNP-L-isoleucine,
and DNP-L-phenylalanine were converted to their amides, anilides and
‘p-toluidides as was DNP-L-elanyl chloride (9). Yields, melting point and
. recrystallizing solvent for the amides are listed in Table 5y for the
anilides in Table 6, and for the p—toluidi§es in Table 7. Specific
rotations and molecular rotations of all these derivatives in 95%
ethanol, dimethylformamide, acetone and glacial acetic acid are listed
in Table 8, Results of the elemental analyses of these derivatives
(performed by Organic Microanalyses, Montreal, Quebec; Geller

Laboratories, Charleston, West Virginia or Chemalytics, Tempe,

Arizonia.) are summarized in Table 9.
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Pure
Yield
%
88-93
86-90

89-94

Table 5
‘Yield and melting point of DNP-L-amino acid amides

Crude Crude

Compound yield MBP‘

c
DNP-L-valyl amide 94-98 166-170
DNP-L-leucyl amide 92-95 109-124
DNP-L-isoleucyl amide 92-96 175-180
DNP-L-phenylalanyl amide 82-88 180-182

Table 6

Yield, melting point and

recrystallizing solvent of DNP-L-amino acid

. Crude Crude
Compound yield M.P.
% °c
DNP-L-val anilide 90-94 216-220
DRP-L-leu anilide 66-75 150-165
DNP-L-Ileu anilide 88-93 208-210
DNP-L-phe anilide 77-84 203-205
Table 7

Yield, melting point and
recrystallizing solvent of DNP-L-amino

Crude
Compound yield

o

/!)
DNP-L-val-p-toluidide 90-93
DNP-L-leu-p-toluidide 90-932
DNP-L-Ileu-p-toluidide 92-95

DNP-L-phe-p-toluidide 78-86

Where E-W = ethanol-water;

Crude
M.P.
°c
181-185
115-130
202-204

201-203

E= ethanol.

Pure

yield
8%2.88
52-64
84-88

69-78

acid p-toluidides

Pure
yield
g
84-89
81-86
88-92

69-76

80-84

anilides

222-223
170-171
210-211

206-207

Pure

M.P.

°c
188-189
131-132
203~-204

203-204

Pure
MBP’
C
171-172
128-129
183-184

181-182

Solvents
for recrys.

E-W
M

E-W

Solvents
for recrys,
E-w
B-W
E-W

E




Compound

DNP-L-val amide
DNP-L-val anilide
DNP-L-val-p-toluidide
DNP-L-leu amide
DNP-L~leu anilide
DNP-L-leu-p-toluidide
DNP-L-Ileu amide
DNP-L-Ileu anilide
DNP-L-Ileu-p-toluidide
DNP-L-phe amide
DNP~L-phe anilide

DNP-L-phe-p-toluidide

Table 8

Spgoifio rotations and molecular rotations
of DNP-L-amino acid amides, anilides and

p-toluidides in 95% ethanol, dimethylformamide,
acetone and glacial acetic acid

95% ethanol

+80.0
+131.4°
+118.6°

+66.9°

Dimethyl~ Acetone Glacial

formamide

o5

27,7

+108.%
+105.0°
+12.6

+78.8

° 492,Y

+17.1
+107.8
+120.8

-105.3

T A [Mff W

+71.2°  +45.3  +127.9° +128.7°

+388.1 +113.8 +407.8° +203.5°

+391.0° +111.7° +416.0  +200.0°
+37.3  +38.3° +113.5 +120.8
+293.4° +100.3° +373.5 +182.4
+355.9  +102.9 +397.6 +210.4°
+50.7°  +29.5 +87.4° +120.1
+401.4° +105.7 +393.6 +175.7
+382.8 +104.6  +389.5" +195.0
-347.8" -98.2° -324.4" +25.9°
-94.3" -20.0" -83.1 +98.3°

<113,5 <22.0° =92.5 4+91.6°

acetic acid

i
+363.3
+729.3°
+744.8°
+357.9"
+679.2°
+813,0°
+355.8°
+654.3°
+726.2°
+85.6o
+399.5°
+385.1




of DNP-L-amino acid amides, anilides and p-toluidides

Compound

DNP~L-val amide
DNP-L-val anilide
DNP-L-val~-p-toluidide
DNP-L-leu amide
DNP~L-leu anilide
DNP-L-leu-p-toluidide
DNP-L-Ileu amide
DNP-L-Ileu anilide
DNP-L-Ileu~-p-toluidide
DNP~-L-phe amide
'DNP-L;phe anilide

DNP-L-phe-p-toluidide

Table 9

Results of the elemental analyses

Formula

Cy Hy Ny O
CyqligN, O
CigHp Ny O
Cyaty, Ny O
CigHp 4 Og
C,gH, Ny O
Cp By N4 Og
Cyg ool O¢
CoHyliy Os
Ol N, O¢
G BNy Oc

Cyay, N4 Og

Theory (%)

c
46.81
56.98
58.06
48.65
5T7.90
59.06
48.65
57.90
59.06

54 .54
62.06

62.85

i
5.00
5.06
5.41
5,44
5.40
5.74
5444
5.40
5.74

4.27

4.46
4.80

N
19.85
15.64
15.05
18.91
15.00
14.50
18.91

15.00

14.50

16.96
13.79
13.33

Found (%) |

c
46.79
56.96
5795
48.88
58.60
59.45
49.07
58.41
59.28

54.33
61.46
62.60

i
4.83
4.94
5.30
5.30
5.47
5.73

N
19.60
15.40
14.85
18.97
14.75
14.73
19.06
14.92
14.37
16.87
13.91
13.54

-gg-



Preparation of DNP-dipeptide esters

Three methods of preparing DNP-dipeptide esters were employed,

each giving a satisfactory result.

(1) By reacting DNP-L-amino acid chloride with the ethyl ester
of the pertinent amino acid (10).

(2) By reacting DNP-L-amino acid with the ethyl ester of the
pertinent amino acid in the presence of N,N-dimethyl chloro-
formimidium chloride (11).

(3) By reacting DNP-L-amino acid ‘with the ethyl ester of the
pertinent amino acid in the presence of N,N-dicyclohexyl-
carbodiimide (12, 13).

Acid chloride method

DNP-L-amino ecid chloride was coupled with the amino acid ethyl
ester in the presence of a tertiary base (i.e. triethylamine). The

general equation_for the overall reaction is shown as below:
/
Q %ffh’COC/ + fyvgfcoocﬁ + (G
\ , 5 53

2F 7
HCHCONHCHCOOCYH, + (GAN-HCr
3
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Materials:

DNP-L-amino acid chloride 0.002 mole

L-Amino acid ethyl ester hydrochloride 0.002 mole
Priethylamine 0.004 mole (0.404 gm.)
Tetrahydrofuran ' 50 ml.

(or anhydrous ether ) 100 ml.

L-Amino acid ester hydrochloride and triethylamine were dissolved
in 30 ml. of tetrahydrofuran (or 60 mi of ether); to this a solution
of DNP-L-amino acid chloride in 20 ml. of tetrahydrofuran (or 40 ml.
of ether) was added and the solution stirred for 16 t0 .24 hours at
room temperature in the absence of light. After the reaction was
completed, the solvent was evaporated at room temperature and the
residue extracted with ethyl acetate (3 X 25;m1.).- The ethyl acetate
solution was washed successively with N HC1 (1 X 35 ml.), water
(2 X 25 ml.), saturated NaHCO, (3 X 25 ml.) and water (2 X25 ml.).
“After drying the solution over anhydrous sodium sulfate, the solvent
was evaporated at room temperature and the residue was purified by
recrystallized with appropriate solvents. |

The yield, melting point, and the solventsof recrystallization
of tﬁe products are summarized in Table 10.

The specific rotations and molecular rotations of the above DNP-
dipeptide esters in 95% ethanol, dimethylformamnide, amd glacial

acetic acid are summarized in Table 11.




Table 10

Yield, melting point and
recrystallizing solvent of DNP-dipeptide ethyl esters

Compound Crude  Crude Pure Pure Solvents
yield M.P. yield M.P. for recrys.
% °c % °c
DNP-gly-gly ethyl ester .- 78-83% 110-180 42-50 201-202 B
DNP-gly-L-leu ethyl ester . 86-90 101-112 73-78 114-115 M-W
DNP-gly-L-phe ethyl ester 91-95 154-156 85-90 157-158 E
DNP-L-ala-L-phe ethyl ester 88-92 170-174 82-88 178-179 E
DNP-L-val-gly ethyl ester 76-80 163-165 . 67-72 175-176 B-w
DNP-L-val-L-leu ethyl ester 89-93 113-117 82-88 120-121 B-W
DNP-L-val-L-phe ethyl ester 90-94 165-166 81-88 171-172 | E-w ‘
DNP-L-leu-gly ethyl ester 82-85 85-102 52=-56 131-132 P-W "i:
DNP-L~leu-L-leu ethyl ester 88-92 90-100 85-90 109-110 E-w
DNP-L-leu-L~phe ethyl ester 89-94 134-13%6 82-90 1352136 B-W
DNP-L-Ileu-gly ethyl ester 58-66 162-165 52-60 170-171 B-W
DNP-L-Ileu-L-leu ethyl ester 91-94 129-131 81-87 133-13%4 B-W
DNP~L~Ileu-L-phe ethyl ester 86-89 152-153% 77-82 155-156 BaW
DNP-L-phe-gly ethyl ester 77-82 110-13%0 55-64 137-138 | BeW
DNP-L-phe-L-leu ethyl ester 88-94 110-130 84-88 135-13%6 E-W
DNP-L-phe-L-phe ethyl ester 89-94 183-185 83-90 187-188 B-W

t

Where E = ethanol; E-W = ethanol-water; M-W = methanol-water; P-W = n-propanol-water.




Table 11

Specific rotations and molecular rotations of DNP-dipeptide
ethyl esters in 95% ethanol, dimethylformamide end glacial acetic acid

95% fthanol ?i:§Z§¥;e aegtggi:iid
e el @l g
DNP-gly-L-leu ethyl ester -33,9  -129.6" -18.3° -70.0° -20.4° -78.0°
DNP-gly-L-phe ethyl ester  ecece  eoeoo. -9.6°  -40.0° -4.5° -18.7°
DNP-L-ala-L-phe ethyl ester —-cew  meee_- +62.5°  +269.0° +162.6° +699.9°
DNP-L-val-gly ethyl ester +88.6  +326.4°  +31.4° +115.7° +156.0° +574.6°
DNP-L-val-L-leu ethyl ester +57.8"  +245.3° +36.2°  +153.7° +125.0° +530.6° L
DNP-L-val-L-phe ethyl ester +36.3°  +166.4° +30.4°  +139,4° +118.2° +541.9° Y
DNP-L-leu-gly ethyl ester +79.4°  +303.6°  +25.0° +495.6° +142.2°  +543.7°
DNP-L-leu-L-leu ethyl ester +60.0° +263.,1° +17.2°  +75.4° +128.7° +564.3°
DNP-L-leu-L-phe ethyl ester +41.2°  +194.7° +16.6°  +78.4° +117.1°  +553,3°
DNP-L-Ileu-gly ethyl.ester +75.8° +289.8° +21.8°  +83.4° +144.0° +550.6°
DNP-L-Ileu-L-leu ethyl ester +46.6° +250.9° +26.9°  +144.8° +124.8° +672.0°
DNP-L~Ileu~L-phe ethyl ester  cecece  cmeea. +19.5° +92.1° +111.5° +526.8°
. DNP-L-phe-gly ethyl ester -24.3" -101.2° -61.7° -256.9° +64.0°  +266,5°
DNP-L-phe-L-leu ethyl ester -49.0° -231,5° -59.7° -282.1" +717.6° +366.7°

DNP-L-phe-L-phe ethyl ester wecee  ccoeo- -59.7° -302.4" | +66.2°  +335,3°

Qi 20

o

¥




-43-

Modified seid chloride method

The N,N-dimethyl chloroformimidium chloride which is prepared

from dimethyl-formamide amd thionyl chloride is reacted with

DNP-L-anino acid at -5 in dimethyl-formamide.

Without isolation,

the acid chloride is added to the amino component in presence of

2 equivalents of base.
reaction are shown as below:
T é(/) H +
y SO%

o

The general equations for the overall

1 {9 R
| J/fHéHCOOH'
N, | )
O HeHeoe! + HCNCH + Hel
p |
| BpCHE0O CHy
2 )N
| % (%3
| NO. R R’

2

QN éHCONHéHcoo%HS t2 (cz%%A/:Hc(.



Materials:
DNP-L-2mino acid 0.002 mole
L-Amino acid ethyl ester hydrochloride 0.002 mole
Thionyl chloride 0.002 mole (0.238 gm.)
Dimethylformaride 20 ml.
Triethylamine 0.006 mole (0.606 gm.)

Thionyl ehloride was dissolved in 10 ml. dimethylformamide, the
golution kept at -10° for 2 hours, DNP-L-amino acid added and the
mixture was cooled at -10° for another 2 hours. A solution of freshly
prepared L-amino acid ethyl ester (prepared by stirring 1 equivalent
of the ester hydrochloride and 3 equivalents of triethylamine in
dimethylformamide) was added, the mixture kept at 5 for 72 hours
with occassional shaking, then stirred at room temperature for
another 24 hours. At the end of the reaction, the solution was
diluted with 50 ml. of water, amd extracted with ethyl acetate
(3 x 25ml. ). The organic iayer was washed successively with N HC1
(1 X 25 ml.), water (2 X 25ml.), saturated NaHCO; (3 X25ml.) and
water (2 X 25ml.). After drying the solution over anhydrous
sodium sulfate, the solvent was evaporated at room temperature
and the residue purified by recrystallizing with appropriate
solvents.

Yield, melting point and solvents of recrystallization of the

products are summarized in Table 12.
Specific rotations =nd molecular rotations of the above esters

in 95% ethanol, dimethylformamide amd glacial acetic acid are

. summarized in Table 13,



Table 12

Yield, melting point and ,
recrystallizing solvent of DNP-dipeptide ethyl esters

Crude Crude Pure Pure Solvents
Compound yield M.P. yield M.P. for recrys.
% - ’c % °c
.DNP-gly;gly ethyl ester 77-80 202-205 70-75 201-202 E
DNP-gly-L-leu ethyl ester 77-84 112-114 73-78 114-115 E-W
DNP-gly-L-phe ethyl ester 87-90 152-157 83-87 157-158 E
DNP-L-ala-L-phe ethyl ester 85-88 176-178 80-83% 178-179 E
DNP-L-val-gly ethyl ester 78-83 171-172 73-78 175-176 E-W
DNP-L-val-L-leu ethyl ester 80-82 114-116 71-76 120-121 E-W
DNP-L-val-L-phe ethyl ester 86-90 170-172 76-82 171-172 B-W A
DNP-L-leu-gly ethyl ester 72-76 131-132 70-73 131-132 P-W . é&
DNP-L-leu-L-leu ethyl ester 82-85 107-108 76-80 109-110 E-W b
DNP~L-leu-L-phe ethyl ester 87-91 133-134 80-85 135-136 E-W
DNP-L-Ileu-gly ethyl ester 81-83 169-170 72-77 170-171 E-w
DNP-L-Ileu-L-leu ethyl ester 77-82 130-131 69-75 133-134 E-W
DNP-L-Ileu-L-phe ethyl ester 83-86 152-154 73-79 155-156 ~ BE-w
DNP-L-phe-gly ethyl ester T1-74 125-134 60-65 137-138 B-W
DNP-L-phe-L-leu ethyl ester 81-86 131-134 74-80 135-136 E-W
DNP-L-phe-L-phe ethyl ester 81-84 184-185 70-76 187-188 B-W
DNP-L-try-gly ethyl ester 85-88 195-198 73-80 196-197 E-W
DNP-L-try-lL-leu ethyl ester 89-93 125-150 78-86 137~-138 E-W
DNP-L-try-L-phe ethyl ester 73=79 226-230 67-72 233-234 A-W

Wwhere E = ethanol; [&-W = ethanol-water; P-W = n-propanol-water; A-W = acetone-water.




Table 1

Specifie rotations and molecular rotations of DNP-dipeptide
ethyl esters in 95% ethanol, dimethylformamide and glacial acetic acid

Compound -

DNP-gly-L-leu ethyl ester
DNP-gly-L-phe ethyl ester
DNP-L-ala-L-phe ethyl ester
DNP-L-val gly ethyl ester
DNP-L-val-L-leu ethyl ester
DNP-L-val-L-phe ethyl ester
DNP-L-leu-gly ethyl ester
DNP-L-leu-L-leu ethyl ester
DNP-L-leu~-L-phe ethyl ester
DNP-L-Ileu-gly ethyl easter
DNP-L«Ileu-L-leu ethyl ester
DNP-L-Ileu-L-phe ethyl ester
DNP-L-phe-gly ethyl ester
DNP-Léphe-L-leu ethyl ester
" DNP-L-phe~L~phe ethyl éster
DRP-L-try-gly ethyl ester
DNP~L-try-L-leu ethyl ester

DNP-L-try-L-phe ethyl ester

95% Ethanol
e 2
ey [M]ZD
-33.,8 -129.2d

- e - - - - o os == o

Dimethyl
formamide
G A
-18.4 -70.4°
-9.6°  -40.0°
+62.6°  +269.4°
+31.5  +116.0°
436.4°  +154.5°
+30.3"  +138.9°
+25.2°  +96.4"
+17.2°  +75.4°
+16.5o +78.0°
+22.0"  +84.1°
+26.6°  +143.2°
+19.5°  +92.1°
-61.5" -256.1"
-60.0" -283,5°
-59.5  -301.4'
-150.6 -685.9°
-174.3° -891.6
-153.5" -837.4°

Glacial
acetic acid

wly oy
20,5 -78.47

-4.8"  -20.0°

+162.4°  +699.0
+156.0°  +574.6
+162.4" +689,3
+118.0°  +541.0°
+142.5"  +544.9°
+128.5°  +563.5°
+117.0°  +552.8°
+144.0"  +550.6
+125,1°  +637.7°
+111.6°  +527.3
+64.2° +267.3°
+77.5  +366.2°
+66.4°  +336.3°
+47.0°  +214.1°
+63.5°  +324.8°

+84.1  +458.8




Carbodiimide method

The two'éomponents, one containing a free carboxyl group (i.e.
DNP-L-amino acid) and the other a free amino group (i.e. L-amino
acid ethyl ester)couple directly and rapidly ih high yield on
treatment with N,N-dicyclohexyl-carbodiimide at room temperature.,

‘The general equations for the overall reaction are shown as below:

0, R R |
TR S S

0e _ + |
NHéHCONHéHcoo%- NH"COWHO

Materials:
DNP-L-anino acid |  0.002 mole
L—Amiho acid ethyl ester hyédrochloride 0.002 mole
Triethylamine | 0.002 mole (0.202gm.)
H,N'-Dicyelohexylcarbodiinide 0.0024 mole(0.495gm.)
Anhydrous ether : 125 ml.

DNP-L-3mino acid was dissolved in 50 ml. anhydrous ether; and
- to this a solution of freshly prepared L-amino acid ethyl ester in

ether (prepared by stirring 1 equivalent of the ester hydrochloride

with 1 equivalent of triethylamine in ether) was added, followed
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by a solution of dlcyclohexylucarbodllmlde in 50 ml. ether, The
mlxture was stirred a% roconm tenperature for 72 hours in the absence
of light. At the end of the reaction, the solvent was evaporated
at room temparature and the residue was extracted with ethyl acetate
(3 X 25ml. ), and the ethyl acetate solution washed succe881vely with
N HC1 (1 X 25ml.), water (2 X 25ml1.), saturated NaHCO; (3 X 25m1.)
-and. water (3 X 25ml.). After drying over anhydrous sodium sulfate,
the aolvent was evaporated at roonm temperature, and the residue was
purified by recrystallizing with appropriate solvents,

Purification of DNP-glycyl=-glycine and DNP-L-tryptophyl-glycine was
rather difficult due to a large excess of the dicyclohexyl urea present,
but this was resolved by ﬁsing instead 1~cyclohexy1-3-(2-morpholinoethy1)-
carbodiimide metho-p~toluenesu1f0nateg Yields up to 70% were obtained in

both cases. _ _
Yield, melting point and solvents of recrystallization of the

products ars summarized in Table 14.
Specific rotations and molecular rotations of the above esters in
95% ethanol, dimethylformamide and glecial acetic acid are sumnarized

“in Table 15.

Analytical results-fer the above dipeptide esters are summarized in

Pable 16.
Preparation of DNP-dipeptides

.Three methods of preparing DNP-dipeptides were employed:

(1) Bydrolyzing the DNP-dipeptide esters with N aqueous sodium hydroxide
in 95% ethanol.

(2) Reaoting the DNP-L-amino acid chlorides with the pertinent amino
acids (9).

(3) Reacting the dipeptides directly with FDNB.
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Yield, melting point and
recrystallizing solvent of DiP-dipeptide ethyl esters

Crude Crude Pure - Pure Solvents
Compounds yield M.P. yield M.P. for recrys.
% ‘c % %

DNP~gly-gly ethyl ester 96-99 110-190 35-42 201-202 E
DNP-gly-L-leu ethyl ester 90-94 80-105 71-75 114-115 | M-W
DNP-gly-L-phe ethyl ester : 98-101 154-157 88-92 157-158 E
DNP-L-ala-L-phe ethyl ester 98-104 149-155 90-93 177-178 E
DNP-L-val-gly ethyl ester 106-114 165-170 ‘ 89-92 173-175 E-W
DNP-L-val-L-leu ethyl ester 101-108 115-120 92-96 119-121 E-W
DNP-L-val-L-phe ethyl ester 115-120 160-165 93496 167-169 E '
DNP-L-leu-gly ethyl eat?r 76-83 105-130 ‘ 56-60 131.132 P-Ww ;;
DNP~L-leu-L-leu ethyl ester 92-96 85-100 80-85. . - 108-110 E-W
DNP-L-leu-L-phe ethyl ester 101-105 124-126 89-92 134-136 ' E
DNP~L-Ileu-gly ethyl ester 98-102 157-159 80-84 166-168 E
DNP-L~-Ileu-L-leu ethyl ester 106-110 124-130 T4-82 133-.134 E
DNP-L-Ileu-L-phe ethyl ester 103-107 147-151 65=-72 155-156 E
DNP-L-phe-gly ethyl ester 93-96 125-150 52-60 137-138 E
DNF-L-phe-L-leu ethyl ester 88-94 120-145 62-66 135-136 E
DNP-L-phe-L-phe ethyl ester 95-99 183-184 80-85 186-188 E
DNP-L-try-gly ethyl ester 115-121 85-100 54 =60 195-197 B
DNP-L-try-L-leu ethyl ester 125-130 80-100 4552 137-138 M
DNP-L-try-L-phe ethyl ester 78-85 220-230 67-72 233234 AW

Where E = ethanol; E-W = ethanol-water; M = methanol; M-W = methanol-water;

P-4 = n-propanol-water; A-W = acetone-water.,
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Specific rotations and molecular rotations of DNP-dipeptide
‘ethyl esters in 95% ethanol, dimethylformemide and glacial acetic acid

95% Hthanol Dimethyl Glacial
Compound [ ob]:;)?, [M]? [oaf%rmamiil;]%d [zci%tic aciﬁ }291
DNP-gly-L-leu ethyl ester -33.7° -128.9°  -18.6 -71.1 -20.2" -77.2°
DNP-gly-L-phe ethyl ester  eemee  eceme- -9.7°  -40.4° -4.6 219.2°
DNP-L-ala-L-phe ethyl ester emeee  cocee- +62.2° +267.7  +163.0 +701.6
DNP-L-val-gly ethyl ester +89,0° +327.8. +31.8° +117.1. +155.6' +575.2°
DNP-L-val-L-leu ethyl ester +58.2°  +247.0° +36.2°  +153.7° +162.8° +689.9°
DNP-L-&al-L—phe ethyl ester +36.8°  +168.7° +30.0°  +137.5 +118.5"  +543.3°
DNP-L-leu-gly ethyl ester +79.2° +302.8° +25.5°  4+97.5° +142.2°  +543.7° ‘é
DNP-L-leu-L-leu ethyl ester +59.8° +262.2° +17.5°  +76.7° +129.0°  +565.7°
DNP-L-leu-L-phe ethyl ester +42.0°  +198.4°  +16.5° +78.0° +116.8° +551.9°
DNP-L-Ileu-gly ethyl ester +76.5°  +292.5°  421.6° +82.6° +143.5°  +548.7°
DNP-L-Ileu-L-leu ethyl eater +47.1° 4253.6°  +26.6° +143.2°  +125.0" +673.1°
DNP-L-Ileu-L-phe ethyl ester  =meee  eeoceo +19.6° +92,6 +112.1  +529.7°
DNP-L-phe-gly ethyl ester 24,5 -102.0°  -61.5° -256.0°  +64.0°  +266.5°
DNP-L-phe-L-leu ethyl ester -48.9° -231.1°  -60.2° -284.4° +77.2°  +364.8°
DNP-L-phe-L-phe ethyl ester wcewe  ecceo- -60.6° -307.0° +66.6°  +337.3°
DNP-L-try-gly ethyl ester Cmmeee eemeen -151.2° -688.6°  +46.8°  +213.1°
- DNP-L-try-L-leu ethyl ester w=eee=  cceec- -174.9° -894.7°  463.6°  +325,3°

DNP-L-try-L-phe ethyl ester eeceee  ccceo- -153.0 -834.7° +83.7° +456.6°
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Table 16

Results of the elemental analyses

Compound

DNP-gly-gly ethyl ester
DNP-gly~-L-leu ethyl ester
DNP-gly-L-phe ethyl ester
DNP-L~ala~L~phe ethyl ester
DNP-L-val-gly ethyl ester
DNP-L-val-L-leu ethyl ester
DNP-L~val-L-phe ethyl ester
DNP«L-leu-gly ethyl ester
DNP-L-leu-L-leu ethyl ester
DNP-L-leu~L-phe ethyl ester
DNP-L<Ileu-gly ethyl ester
DNP-L-Ileu-L-leu ethyl ester
DNP-L-Ileu-L-phe ethyl ester
DNP=-L-phe~gly ethyl ester
DNP-L-phe-L-leu ethyl ester
DNP-L~phe-L-phe ethyl ester
DNP-L-try-gly ethyl ester
DNP-L-t#ry-L-leu ethyl ester

DNP-L-try-L-phe ethyl ester

Formula

CiaHyyNy On
CiHagy O7
Cig HyolNy. Of
CaotlgyNy Og
CigHyglNe O
CrgHagly O
CaatlyNy Op
Cretyliy Og
Caotlzoliy O
CyHpgly On
Cig Haall 407
CaotizoNy 09
CasthagNu Og

cinZSN‘f 07
c%u4N,Oq
Gyl Og

CogyglNg O

Cygtlyg Oq

o
44.17
50.62
54 .81
55.81
48.91
53.76
57.63
50.62
54.78
58.47
50.62
54.78
58446
54 .80
58.46
61.65
55.38
58.70
61.65

of DNP-dipeptide ethyl esters
Theory (%)
H

4.35
585
4.84
5415
547
6.65
5.71
5485
6.90
5.97
5.85
6.90
2.97
4.84
297
2417
4.65
5.71
4.99

17.17
14.72
13.46
13.02
15.21
13.20
12.22
14.72
12.78
11.86
14.72
12.78
11.86
13.46
11.86
11.06
15.38
13.69

12.84

44453
50,26
54 .43
55469
49.06
53.87
57.71

50.15

54 .86
58.68
50.44
54.80

58,29 |

55.26
58.41
61.84
55.70
58.39
61.81

Found (%)
H

4.39
5.78
4.81
5415
5.14
6.25
5446
5.71
6.82
5.85
5.63
6.64
5.81
4.89 .
6.15
5.04
4.48
5.32
4.87

17.16

14.65
13.31
12.88
15.11
13.14
12.20
14.71
12.81
11.63
14.73
12.88
11.89
13.34

11.81

11.03
15.34
13.72
12.80

-16~
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Alkaline hydrolysis method

Sixteen DNP-dipeptides were prepared by the hydrolysis of the

corresponding ethyl ester in 95% ethanol with N aqueous sodium
hydroxide. For most of the DNP-dipeptide esters, the hydrolysis
is carried out in ethanol with a small excess of alkaii for 4 to
8 hours at room temperature, but for some esters, they required
24 to 48 hours at O°C. The general equations for the overall

reaction are shown as below:

NO, R R

- [
Q HCHCONHCHCOO% + ANsOH
(O, R R

HetcONHEHCOE + CHOH
HCl

QR R |
HeHCONHAHCOOH + ey

Materials;

DNP-dipeptide esters | 0,001 mole
N HaoH : _ 1.2 ml,
95% ethanol 20 ml,

DNP-dipeptide ethyl estsr was dissolved in 20 ml. ethan01,~and

to thié N NaQH was added in small poitions. Theisolution was
stirred at room temparature for 4 to 8 hours
. or in an ice-water bath for 24 to 48 hours. After the reaction
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was completed, (as judged by formation of a c¢lear solution on addition‘
of a drop of this solution to a large excess of water.) the solution
was diluted with 50 ml. of water, 5 ml. saturated NaHCO3 added, and
washed twice with 25 ml. ethyl acetate. The aqueous layer was then
acidified with concentrated hydrochloric acid to pPH 2, and the DNP-
dipeptide was extracted with ethyl acetate (3 X 25 ml.). The
organic layer was washed with water (2 X 25 ml.), and dried over
anhydrous sodium sulfate. The solvent was evaporated at room
temperature and the residue purified by recrystallization from
ethanol-water,

Reaction times .and temperatures, together with yield and melting
point of products are summarized in‘Table 17.

Specific rotations and molecular rotations of the above DNf-di-
peptides in 95% ethanol, dimethylformamide and glacial acetic acid

are summarized in Table 18.

Acid chloride method

Because DNP-L-tryptophan does not yield the acid chloride and the
DNP-L-phenylalanyl chloiide only produced the hydrolysis product, only
ten DNP-dipeptides were prepared by reacting the DNP-L-amino acid
chldride with the L-amino acid in sodium carbonate medium, followed
by acidification with hydrochloric acid. The general equations for

the overall reaction are shown as below:
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Tsble 17

Resction time, temperature, yield and melting point of DNP-dipeptides

Compound Time Temp. Crude Crude Pure Pure

(hr) (°C) yield M.P. yield M,P.
(%) (°c) (%) (°c)
DNP--L-ala-L-phe 8 room 82-85 205-210 72-76  214-215
DNP-L-val-gly 24 0 75-80 208-215 68-72  226-227
DNP-L-val-L-lau 24 0 83-88 -=cu-e 70-74  146-147
DﬁP-L-val-L-phe 48 .0 90-92 199-201 80-84  206-207
DNP-L-leu-gly 24 0 75-80 150-153 72-76  158-159
DNP-L-leu-L-leu 24 0 78-82 135-140 75-78  146-147
DRP-L-leu-L-phe 48 0 80-82 125-140 65-72  147-148
DNP-L-Ileu-gly 24 0 81-84 170-175 72-74  181-182
DNP-L-Ileu-L-leu 4 room 90-94 108-110 86-88  116-117
DNP-L-Ileu-L-phe 8 room 92-98 199-202 86-90  206-207
DNP-L-phe-gly 4 room 72-80 165-168 66-70 170-171
DNP-L-phe-L-leu 4 room 76-80 160-165 70-73  167-168
DNP-L-phe-L-phe 8 room 82-88 165-175 58-64  199-200
DNP-L-try-gly 4 room  80-85 220-225 72-76  227-228 7
DNP-L-try-L-leu 4 room 82-86 123-130 72-77 127-128
8 room  86-92 217-220  80-84  223-224

DNP«L~try~L~phe
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Table 18

Specific rotations and molecular rotations of DNP-dipeptides
in 95% ethanol, dimethylformamide and glacial acetic acid

95% Ethanol Dimethyl Glacial
Py 2 formamide_ . acetic acid
wo

&y (s @l (M

DNP-L-ala-L-phe  +97.6  +392.7  +80.6° +324.3°  +159.5° +641.8

Compound

DNP-L-val-gly +101.8° +346.4°  +40.5 +137.8°  +167.2 +569.0
DNP-L-val-L-leu +68.9 +273.1°  +50.2° +199.0° +146.8 +581.9°

(-] o - » e o
DNP~L-val-L-phe +60.9 +262.1 +54.7 +235.4 +144.1 +620.2

DNP-L-leu-gly +85.7  +303.7  +32.0° +113.3°  +150.0 +531.5

DNP-L-leu-L-leu +70.4° +288.9° +35.7 +146.5  +143.0° +586.9

DNP-L-leu-L-phe  +55.1 +244.9°  +38.4° +170.7  +127.7° +567.6

(-4

DNP-L-Ileu-gly  +81.3° +288.1  +27.8° +98.5° +151.0 +535.0

DNP-L-Tleu-L-leu +64.5 +264.7°  +35.8° +146.9° +139.% +571.7°

o

DNP-L-Ileu-L-phe +51.4° +228.4°  +42.2° +187,6  +118.5 +526.7
DNP-L-phe-gly 32,0 -124.3°  -67.7° -262.9" +58.0° +225.2°
DNP-L-phe-L-leu -22,6° -100.4  -52.3° -232.4 +70.6° +313.8°
DNP-L-phe-L-phe  -26.4" -126.3" -53.0" -253.6" +69.9° +334.5°
o

DNP-L-try-gly -120.3 -514.1°  -206.9° -884.3  +51.4° +219.7

DNP-L-try-L-leu -151.0 -730.1" -242.1° -1170° +84.3°  +407.6°

DNP-L-try-L-phe  =74.3° -384.5"  -201.3* =1042°  +34.9" +180.6
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, % F il
cyv@«vﬁc(ﬁcom + %Néﬁcoo%:
ngo,

fVC%? R R’
o &
HEHCONHHCOSE+ Ny

HCI

| 02 R R’
Y HEHOONHAHCOOH + Nac

Haterials:

" DNP-L-amino acid chloride 0.002 mole
L-Amino acid 0.002 mole
Sodium carbonate : " 0.02 mole (2.12 gm.)
Water | . ' 50 ml.
Benzene- . 20 ml.

L-Anino acid and sodium carbonate were dissolved in water and to
this was slowly added a solution of DNP-L-amino acid chloride in
benzene over a two hour period with constant stirring at room temper-
ature of 40ﬁ, The solution Qas stirred for another 6 to 12 hours at
the same temperature, then transferred to a separatory funnel and
-allowed to stand two hours for separation of the layers. The lower

aqueous layer was removed and acidified with 4 ml. of concentrated




-57-

hydrochlorig acid, which precipitated an orange colored solid or
oil, The DNP-dipeptide was extracted with ethyl acetate (3 X 25ml.)
and the organic phase washed with ice water. After drying over
anhydrous sodium sulfate, the solvent was evaporated at room temper-
ature, the residue washed with 5 ml. of ether and recrystallized
from ethanol-water.

The reaction times and temperatures together with the yield and

melting point of the products are summarized in Table 19,

Table 19

Reaction time, temperature, yield and melting point of DNP-dipeptides

Time Temp. Crude Crude Pure Pure
Compound yield M.P. yield M.P.

' (nr.) (%) (%) (°c) (%) (°c)

DNP-L-ala-L-phe 12 » room 74-80 197-200 60-66 214-215
DNP-L-val-gly 16 room 50-58 185-210  40-44 226-227
DNP-L-val-L-leu 16 room 60-66 115-130 51-54 146-147
DNP-L-val-L-phe . 16 room 65-72 160-190 58-62 206-207
DNP-L-leu-gly 20 40 45-52 118-140 20-25 158-159
DNP-L-leu-L-leu 20 40 48-55 90-125 32-36 146-147
DNP-L-leu-L-phe 20 40 50-55 120-140 38-42 148-149
DNP-L-Ileu-gly 14 40 50-56 155-170 35-40 181-182
DNP-L-JIleu-L-leu 14 40 72-78 85-100 48-52 116-117

DNP-L-Ileu-L-phe 14 40 80-85 188-194 55=-60 206-207
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Specific rotations and molecular rotations of the above DNP-
dipeptides in 95% ethanol, dimethylformamide, and glacial acetic

acid are summarized in Table 20.

Table 20

Specific rotations and molecular rotations of DNP-dipeptides
in 95% ethanol, dimethylformamide and glacial acetic acid

95% Ethanol Dimethyl Glacisal
formamlde.” acetic ecid .

2 G N S €

Compound

DNP-L-ala-L-phe  +98.0 . +394.3  +80.6 +324.3  +159.8 +643.0
DNP-L-val-gly +102.07 +347.1°  +41.0° +139.5 +167.0 +568.3°

o o . °

DNP-L-val-L-leu  +68.5 +271.5°  +50.4° +199.8

o

+146.3 +579.9
DNP-L-val-L-phe  +61.2° +263.4  +54.5 +2354.6° +144.0 +619.8°
DNP-L-leu-gly +85.5  +302.9°  +32.3° +114.4°  +150.6° +535.6°
DNP-L-leu-L-leu  +71.1 +291.8°  435.6° +146.1°  +142.5 +584.9°
DNP-L-leu-L-phe  +55.0 +244.5  +39.0° +173.3°  +127.9° +568.5°
DNP-L-Ileu-gly  +81.2° +288.7  +27.5° +97.4° +151.0 +535.0°
DNP-L-Ileu-L-leu +64.5 +264,7°  +36.1° +148.2°  +140.1T +575.0°

DNP-L-Ileu-L-phe +52.0 +231.1  +42.2° +187.6° +118.8° +528.0°

Pinitrophenylation method

Due to limited availability of dipeptides, only eight DNP-dipeptides
were prepared by this method. The dipeptide was stirred with one
equivalent of sodium bicarbonate in 67% ethanol (by volume) for two

hours at room temperature. The general equations for the overall
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reaction are shown as below:

NO, %

R
N Q F o+ f@NéHCONHéHcoo@Na@

AG/iCCb
NO, R R'
. 2& o &
(}N H /'iCONHéHCOO Nat NaF + COZ + HZO
HCJ
NO, R R’

o @ HEHCONHEHCOOH + Nacy

Materials:

Dipeptide 0.001 mole

FDNB ‘ 0.001 mole

Sodium bicarbonate 0.01 mole (0.84 gm.)
‘Water | | 20 ml.
' Ethanol 30 ml.

Dipeptide and sodium bicarbonate Qere dissolved in water and to
this was added a solution of FDNB in ethanol. The mixture was
stirred mechanically for two hours at room temperature in the absence
of light, then concentrated to remove ethanol by vacuum distillation
below 40; the residue was dissolved in water and acidified with

concentrated hydrochloric acid to pH 2, which precipitated an orange
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solid. = .The crystals were filtered with suction, washed with ice
water to remove excess hydrochloric acid and dried in a vacuum
desiccator.

The crude product was purified by recrystallizing from ethanol-

water.

Yield and melting point of the products are summarized in Table 21.

Table 21

¥ield and melting point of DNP-dipeptides

Crude Crude Pure Pure

Compound yield M.P. yield M.P.

(%) (°c) (%) (°c)
DNP-L-ala-L-phe 78-82 207-210 59-62 214-215
DNP-L-val-L-leu 88-90 140-143 68-72 146-147
D"P-L-val-L-phe 73277 201-204 55-60 206-207
DNP-L-leu-gly 80-85 149-151 61-64 158-159
DNP-L-leu-L-leu 85-89 140-145 65-T70 146-147
DNP-L-leu-L-phel 73-78 74-82 50-52 147-148
DNP-L-phe-L-leu 62-68 155-165 47-50 167-168
* DNP-L-phe-L-phe® 78-85 185-190 40-45 199-200

1l = DNP-L-leu-L-phe was purified by first recrystallizing from ethanol<
water, then acetic acid-water.
2 = The Dinitrophenylation of L-phe-L-phe requires 24 hours at room

temperature and repeated addition of sodium bicarbonate and FDNB.
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Specific rotations and molecular rotations of the above DNP.
dipeptides in 959 ethanol, dinethylformamide, and glacial acetic

acid are summarized in Table 22,
Table 22

§peci§ic rotations and molecular rotations of DNP-dipeptides
in 95% ethanol, dimethylformamide and glacial acetic acid

95% Ethancl Dimethyl Glacial
2 ). - formamide i i
) y ' 2 1 acetic acid__
S €1 2 N €1
DNP-L-ala-L-phe  +97,5 +392.3 +80.5 +323.9° +160.0’ +643.8°

Compound

DRP-L-val-l-leu +69.0a +273.50 +50.0’ +198.2. +146.5’ +580.7°
DNP-L-val-L-phe  +61.2° +263.4°  154.2° +233.3°  +144.8° +623.3"
DNP-L-leu-gly +86.0d' +504.7¢ +32,8° +116,2° +150.5° +533,3°
DNP-L-leu-L-leu  470.6° +289.8  +36.1°  4143.2° +142.9° +586.5
DNP-LLleu-L-phe +55.4° +246.2°  1+38,5° +171.1°  +127.0° +564.5°
DNP-L-phe-L-leu -22,2’ -98.7°  -51.8° -230.2 +70.7°  +314.2°

DNP-L-phe-L-phe  -26.5" -126.8° -53.2° -254.5°  +69.2° +331.3°

Analytiocal results for the above DNP-dipeptide: are summarized in

Table 23,

Preparation of DNP-dipeptide hydrazides

A common approach to the synthesis of an N-protected amino acid or
peptide hydrazide has been the hydrazinolysis of a suitable ester, methyl
and ethyl esters being most preferred (74, 75). In the following
preparations, the hydrazinolysis of the DNP-dipeptide ethyl esters was
normally carried out in alcoholic solution. In most cases, it was

sufficient for the alcoholic solution to stand for & short time with




Results of the elemental analyses of DNP-dipeptides

Compound

DNP-L-ala-L-phe
DNP-L-val-gly
DNP-L~-val-L-leu
DRP-L-val-L-phe
DNP-L-leu-gly
DNP-L-leu-L-leu
DNP-L-leu-L-phe
DNP-L-Ileu-gly
DRP-L-Ileu-L-leu
DNP-L-Ileu-L-phe
DNP-L-phe-gly
DNP-L-phe-L-leu
DNP-L-phe-L-phe
DNP-L-try-gly
DNP-L-try-L-leu

DNP-L-try-L-phe

Formula

CrgHgNy.0q
CiaHyNy Og
CrgHaglle Op
Cas HyaNy O
CrpFigNe O
CgHyNe Oq
CyHagly O
CypH Ky, O
Cyg Hygli O
CosHaliy Op
CiqHyglus O
CayHagly On
Cygtyaly Og
CigHigls Oy
Gy Hygls Op

clest 07
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Table 23

Theory (%)
H

2373
45.88
51.51
55.81
47.46
52.67
56.75
47.46
52.67
56.75
52.58
56475
60.25
53.40
57.14
60.34

4.51
4.74

6.10

5.15
5.12
6.38
5.44
5.12
6.38
5.44
4.15
5.44
4.63
4.01
5.21

4.48

N

13.93
16.46
14.13
13.02
15.81
13.65
12.61
15.81
13.65
12.61
14.43
12.61
11.71

16.39

14.49

13.53

c
53.97
46.34
51.80
25.72
47.66
52.48
5715
47.56
52.18
56433
52,29
56.84
60.11
53.54
57.23
59.68

Found (%)
H

4.74
- 4.74
6.37
5.18
5.10
6.18
5.75
5.05

6.32

535
4.15
5.63
4.43
3.83
5.09
4.49

N

14.19

16.27

14.24
13.18
15452
13.54
12.80
15.45
13.24
12,73
14.44
12.56
11.59
16,34
14.05
13.33

e
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hydrazine hydrate. A large excess of hydrazine hydrate was required in

all cases. The general equation for the overall reaction is shown as

below: NO R R’

2
0 @ Hc/HCONHéHCOO% -+ HNNH; H,0

J

NO, R R’
ON HéHCONHéHCONHNHZ + CHOH

Materials:

DiP-dipeptide ester 0.001 mole
Hydrazine hydrate 0.02 mole (1.00 gm.) - ’
Absolute alcohol | : : 15 ml.

DNP-dipeptide ester:was dissolved in 15 ml. hot absolute alcohol,
hydrazine hydrate added, the solution refluxed for 15 minutes and
then allowed to stand at room temperature for 5 days in the absence
of iight. After refrigeration for a few hours, the crystals of the
hydrazide were filtered off aﬁd washed with a small amount of cold
ethanol.

The crude product was purified by récrystallizing with ethanol or

ethanol-watef.

Yiéld, melting point and the solvents of recrystallization of the
products are summarized in Table 24.

Specific rotations and molecular rotations of the above hydrazides
in dimethylformamide and glacial acetic acid are summarized in Table 25.

Analytical results for the above hydrazides are summarized in Table 26.




Table 24

Yield, melting point and
recrystallizing solvent of DNP-dipeptide hydrazides

Crude Crude Pure Pure Solvents
Compound yield M.P. yield M.P. for recrys.
(%) (°c) (%) (“c)

DNP-gly=-gly hydrazide 15=77 212-215 68-71 221-222 E
DNP-gly-L-leu hydrazide 76-80 202-20% 72-T76 205-206 E-W
DNP-gly-L-phe hydrazide 95-97 219-222 90-92 226-228 E
DNP-L-ala-L-phe hydrazide 95-97 233-235 92-94 234-23%6 E
DNP-L-val-gly hydrazide 91-93 209-211 ’85-88 210-211 E
DNP-L~-val-L-leu hydrazide 93-95 245-246 89-92 245-246 E .
DNP-L-val-L-phe hydrazide 96-98 248-250 93-95 249-250 E i;’.‘
DNP-L-leu-gly hydrazide 84-87 192-195% 80-82 195-196 E.W
DNP-L-leu-L-leu hydrazide 93-95 213-216 88-90 218-216 E.W
DNP-L-leu-L-phe hydrazide 94-96 208-210 90-93 210-211 E
DNP-L-Ileu-gly hydrazide 90-92 196-197 87-88 198~199 E-W
DNP-L-Ileu-L-leu hydrazide 94-96 237-239 91-93 239-240 E-W
DNP-L-Ileu-L-phe hydrazide 96-98 226-228 94-96 226-228 B
DNP~L-phe-gly hydrazide 83-86 185-187 81-83 186-187 E-W
DNP-L-phe-L-leu hydrazide 94-96 219-221 90-93 221-222 E
DNP-L-phe-L-phe hydrazide 95~96 245-247 92-94 251-253 E
DNP-L~try-gly hydrazide 90-92 209-211 86-89 211-212 E
DNP-L-try-L-leu hydrazide 92-94 229-231 88-90 237-2%8 E

wWwhere E = ethanol; BREe-W = ethancl-water.,
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Table 25
Specific rotations and molecular rotations of
DRP-dipeptide hydrazides in dimethylformamide and glacial acetic acid

Dimethyl Glacial
Compound formamide acetic acid

R WE ey
DNP-gly-L-leu hydrazide -26.2°  -96.5° -30.1°  -110.9°
DNP-gly-L-phe hydrazide -17.4° -70.0° +11.6° +46.7°
DAP-L-ala-L-phe hydrazide  +76.1  +316.9°  +207.3°  +863.2°
DNP-L-val-gly hydrazide +73.5  +260.4° +190.6°  +675.4°
DNP-L-val-L-leu hydrazide  +45.0°  +184.7 +166.4°  +683.0° o
DNP-L-v&l-L-phe hydrazide +36.7  +163.1° +131.8°  +585.8°
DNP-L-leu-gly hydrazide +19.2°  470.7° +128.5°  +473.%°
DNP-L-leu-L-leu hydrazi&e +25.7 +106.5° +125.6°  +533.1°

]

DNP-L-leu-L-phe hydrazide +29.7 +136,2

-4

+135.,6° +621.7°

DNP-L-Ileu-gly hydrazide +36.8"  +135.6° +186.7  +688.7°
DNP-L-Ileu-L-leu hydrazide +18.2°  +77.%° +149.8°  4635.9°
DNP-L;Lleu-b-phe hydrazide +28.0°  +128.4 +158.7°  +727.6°
DNP-L-phe-gly hydrazide -76.8  -309.0° +60.1°  +241.8°
DNP-L-phe-L-leu hydrazide  -67.0°  -207.2° +105.0°  +481.4°
DBP-L-phe-L-phe hydrazide  =-57.9" -285.2"  481.5°  +401.4°
DNP-L- try-gly hydrazide -207.5  -915.9°  +37.4°  +165.1°

' o . ] o °
DNP-L-try-L-leu hydrazide -303.6  -1510 +82.2 +409.0



Results of the elemental analyses of DNP-dipeptide hydrazides

Compound

DNP-gly-gly hydrazide
DNP-gly-L-leu hydrazide
DNP-gly-L-phe hydrazide
DNP-L-ala~-L-phe hydrazide
DNP-L-val-gly hydrazide
DNP-L-val-L-leu hydrazide
UNP-L-val-L-phe hydrazide
DNP-L-leu-gly hydrazide
DNP-L-leu~-L-leu hydrazide
DNP-L-leu~-L-phe hydrazide
DNP-L-Ileu-gly hydrazide
UNP~L-Ileu-L-leu hydrazide
DNP-L-Ileu-L-phe hydrazide
DNP-L-phe-gly hydrazide
DNP-L-phe-L~leu hydrazide
k DNP~L-phe-L-phe hydrazide
- DNP-L-try-gly hydrazide
DNP-L-try-L-leu hydrazide

Formula

CroH;2Ng Og
CeHyslg Og
Q7HmN505
CmHMNGO‘
Cra Hig Ny Og
C,7 HZbNb O¢
CyotyyNe Og
CreHyoNg Og
qeﬂnNgOs
Cyy HyNe O¢
CI4HZON6 O¢
CrgHygNy O¢
Cy HygNg Op
CipHigNg Og
C”H%Né O¢
CagtzyNg Op
CiqHjqNq Of
Cyatlyqliy O;

A Table 26

38.46
45.65
50.74
51.92
44.06
49.75
54.05
45.65
50.93
55.01
45.65
50.93
55.01
50.74
55.01
58.53
51.82
55.53

Theory (%)

H
5.87
547
4.51
4.84
5.12
6.39
5.44
5.47
6.65
5.72
547
6.65
5.72
4.51
5.72
4.91
4.12
5.47

N
26.92
22.82
20.89
20.18
23,71
20.48
18.91
22.82
19.80
18.33
22.82
19.80
18.33
20.89
18.33
17.07
21.80
19.71

c
38.83
45.69
50.78
52.16
43.86

49.70

54.15
45.91
50.81
55.20
45.70
51.15
54.87
50.53
54.99
58.23
51.74
55.69

Found (%)
H

375
5.52
4.49
4.97
4.95
6.31
D34
547
6.85
245
5446
6.48
5.62
4.31
5.72
4.51
4.18
5026

N
26.86
22.81
21.20
20.47
24.03
20.67
18.77
23.08
19.96
18.18
22.73
19.64
18.49
21.05
18.26
16.84
21.89
19.88

-99-
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Preparation of DNP-tripeptide esters

Two methods of preparing DNP-tripeptide esters were employed.

(1) By converting DNP-dipeptide hydrazide to azide with nitrous
acid, and reacting the azide with the ethyl ester of the
pertinent amino acid.

(2) By reacting DNP-dipeptide with the ethyl ester of the pertinent
amino acid in the presence of l-cyclohexyl-3(2—morpholinoethy1)-
carbodiimide metho~-p-toluenesulfonate.

From the dipeptide hydrazide

The azide formation was carried in the mixture of acetic acid and
hydrochloric acid. Upon addition of sodium nitrite at low temperature,
the azide separates as an oil, and was extracted with ethyl acetate.

The mixture was dried over anhydrous sodium sulfate prior to the reaction
with the amino acid ester. The general equations for the overall

reaction are shown as below:
ﬁVQb R R’ |
%N ~ HéHcoNHé/-/CONHNHZ + NN, + HG

NO, R R :
HEHCONHCHCON, + 2 HO + NaCl

Ne

RD
HNCHCOOGH,

Oé R R o

YR meraconrsrconmidricoo i + AN,
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Materials:

DNP-dipeptide hydrazide 0.001 mole

L-Amino acid ethyl ester hydrochloride 0.001 mole
Triethylamine | 0.001 mole (0.101 gum.)
N NaNO, 1l ml.

Glacial acetic acid 20 ml.

6 X hydrochioric acid 5 ml.

Anhydrous ethgr » 100 ml.

DNP-dipeptide hydrazide was dissolved in 20 ml. glacial acetic acid,
to this 5 ml. of 6 N hydrochloriec acid was added, and the solution was
cooled to -5°in an ice-salt bath. with cooling and stirring, the
sodium nitrite solution was added slowly and tested constantly with
starch-iodide paper, until HNOy was present. The mixture was stirred
for another 5 minutes at -50, diluted with ice-water, and extracted
with ice-cold ether. The ether layer was quickly washed with ice-
water (2 X 25ml.), N NaHCOg (2 X 25 ml.), ice-water (2 X25ml.) and
rapidly dried over anhydrous sodium sulfate. The dry ethyl acetate
solution was added to an ethereal solution of the L-amino acid ethyl
ester.(prepared by stirring the ester hydrochloride with triethylamine
in anhydrous ether for 30 minutes.) After keeping at 5° for 6 days
with occasional shaking, the solution was filtered, and the residue
washed vith 50 ml. of ether. The washed liquid was combined with
the filtrate, and evaporated at room temperature to dryness., The
crude product was purified by recrystallizing with ethanol-water.

Yield and melting point of the products are summarized in Table 27,
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Table 27

Yield and melting point of DNP-tripeptide ethyl esters

Crude Crude
Compound yigld M6P°
(%) (°c)
DNP-L-ala~L-phe-gly ethyl ester 52-58 189-195

DNP-L-val-L-leu-L-phe ethyl ester 56-60 216-222

DNP~-L-Ileu-L-phe-L-leu ethyl ester 65-72 178-181

Pure Pure
yigld M;P.
(%) (°c)

45-48  201-202

50-55  225-227
60-64  184-185

Specific rotations and molecular rotations of the esters in dimethyl-

formamide and glacial acetic acid are summarized in Table 28.

Table 28

Specific rotations and molecular rotations of DNP-tripeptide
ethyl esters in dimethylformamide and glacial acetic acid

Compound _ Dimethyl
f@rmamid_&
E"D Mlp
DNP-L-ala-L-phe-gly ethyl ester +60.0° +292.5°

DNP-L-val-L-leu-L-phe ethyl ester +32,8°  +187.5°

DNP-L-Ileu-L-phe-L-leu ethyl ester +24.8° +145.2°

Carbodiimide method

Glacial
agcetic acid_j,

ey (v
+181.3° +883.8

o

+141.4° +808.3

+127.70  +747.9°

DNP-dipeptides were coupled with amino acid esters in a one step,

room temperature reaction using l-cyclohexyl-3(-2-morpholinoethyl)-

carbodiimide metho-p-toluenesulfonate as the condensing agent. The

desired DNP-tripeptide esters were formed in high yields. The

general equations for the overall reaction are shown as below:
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VR g R
(%’V@NHéHcoNHéHCOOH T mpitHe 00G/s5

CN-CHCH-N® O Z°

//
NG, R R R
9 O HCHCONHCHCONH&HCOOCZFS

+
Y
OWHCONHC%C/—?’V
where Z | s O3SCH3

Materials:

DNP-dipeptide ' 0.002 mole

L-amino acid ethyl ester hydrochlbride 0.002 mole
Triethylamine : 0.002 mole (0.202 gm,)
1-Cyclohexyl-3-(-2-morpholinoethyl)-

carbodiimide metho-p-toluenesulfonate 0.0024 mole (1.015 gm.)
Tetrahydrofuran ‘ 10 ml,

Dichloromethane ' 40 nml,
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DNP-dipeptide was dissolved in 10 ml. tetrahydrofuran, and to this

a solution of freshly prepared L-azmino acid ethyl ester in dichloro-

methane (prepared by stirring 1 equivalent of the hydrochloride with

1 equivalent of triethylamine in 20 ml. dichloromethane) was added,

followed by a solution of l-cyclohexyl-3(-2-morpholinoethyl)-carbo-

diimide metho-p-toluenesulfonate in 20 ml. dichloromethane.

mixture was stirred at room temperature for 96 hours in the absence - -

of light. After the reaction was completed, the solvent was evaporated

at room temperature and the residue extracted with ethyl acetate (3

X 25ml.). The ethyl acetate solution was washed successively with

N HC1 (3 X 25ml.), water (3 X 25ml.), saturated NaHCO, ( 3 X 25ml.)

and water (3 X25al.). After drying over anhydroﬁs sodium sulfate,

the solvent was evaporated at room temperature, and the residue was

purified by recrystallizing with appropriate solvents.

Yield, melting point and the solvents of recrystallization of the

products are summarized in Table 29,

Table 29

Yield, melting point and

recrystallizing solvent

Crude
Compound yield
(%)
DNP-L-ala-L-phe-gly Et 80-85
DNP-L-val-L-leu~-L~-phe Et 75-80

DNP-L-Ileu-L-phe-L-leu Et 76-82

of DNP-tripeptide ethyl esters

Crude
M.P.

(°c)
195-197
220-222

174-177

Pure
yield
(%)
72-76
65-T0

69-75

Yure
MQP'

(°c)
201-202
225-2217

184-185

SO&.Vt
DMF-W

E

BaW

where Et = ethyl ester; DMF-W = dimethylformanide-water; E = ethanols

E~-W = ethanol-water.
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Specific rotaﬁions and molecular rotations of the above esters in
dimethylformamide and glacial acetic acid are summarized in Table 30,

Table 56

. -Bpecific rotations and molecular rotations of DNP-tripeptide

ethyl esters in dimethylformamide and glacial acetic acid

Dimethyl. Glacial.
Compound EgJ; ormam1€§]f' é:3%§ic aCI%M]ﬁ
DNP-L-ala-L-phe-gly Et +60.6  +295.4° +181.5  +884.8°
DNP-L-val-L-leu-L-phe Et +33,0°  +188.6 +141.0°  +806.0°
UNP-L-Ileu-L-phe-L-leu Et +24.7 +144.7° +127.6°  +747.3°

Where Bt = ethyl ester.

Analytical results for the above DNP-tripeptide ethyl esters are

sumnarized in Table 31,

Table 31

Results of the elemental analyses of DNP-tripeptide ethyl esters

Compound Formula Theory (%) Found (%)
’ i N ¢ i N
I Cululs O 54.20  5.17  14.37  54.05 5.13  14.56
II  CuHylgOp  58.83  6.53 12.25  58.84 6.78 12.44
I1I CyqHzqNs Og 59.47 6.71 11.96 59.39 6.72 11.92

Where I = DNP-L-alanyl-u-phenylalanyl-glycine ethyl ester;

II = DNP-L-valyl-L-leucyl-L-phenylalanine ethyl ester;

III = DNP-L-isoleucyl-L-phenylalanyl-u-leucine ethyl ester.
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Preparation of DNP-tripeptides

Two methods of preparing DNP-tripeptides were employed.
(1) Hydrolyzing the DNP-tripeptide esters with N aqueous sodium

hydroxide in 95% ethanol.

(2) Reacting the tripeptides directly with FDNB.

Alkaline hydrolysis method

The hydrolysis was carried out in ethanol with a small amount excess
of alkali for 24 hours at room temperature. The general equation for

the overall reaction are shown as below:

% R R’ R

[ / -/
Q HCHCONH. G ~
4 ’ CHCONHCHCOOGH, +  NaOH
: fVC%,f? A ;?’ bf?»
;, [ / —
| %@NHCHCONHCHCONHCHCOO%? + CHOH
HCI

NG, R R R
HCHCONHéHCONHC{‘HCOOH + NaC/
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Materials:

DNP-tripeptide ethyl ester 0.001 mole
95% ethanol 20 ml.
N NaOH 1,2 ml,

DNP-tripeptide ester was dissolved in 20 ml. ethanol; to this N NaOH
was added in small portions and the solution stirred at room temperature
for 24 hours in the absence of light. At the end of the reaction,
the solution was diluted with 50 ml. of water, 5 ml. saturated NaHCOs
added, and the solution washed twice with 25 ml. ethyl acetate. The
aqueous layer was then acidified with concentrated hydroechloric acid
to pH 2, and the DN¥-tripiptide was extracted thrice with 25 ml, ethyl
acatate. The organic layer was washed twice with 25 ml. of water,
and dried over anhydrous sodium sulfate. the solvent was evaporated
at room temperature and the residue purified by the following methods.

For DNP—L-alanyl-h-phenylalanyl-glycine,‘the crude product was
dissolved in 10 ml. of acetone, filtered, water added to the filtrate

‘until the solution just turn eloudy, and the mixture refrigerated
overnight. The crystals were collected by filtering with suction,
dried in a vacuum desiccator and recrystallized from t-butanol-water
in the same manner to obtain a pure product.

For DNP-L-valyl-L-leucyl-L-phenylalanine, the crude product was first
recrystallized from ethanol-water, then from t-butanol-water to obtain
& pure product.

For DNP-L-isoleucyi-L-leucyl-L-phenylalanine, the crude product was
first recrystallized from ethanol~wa£er, then from t-butanol-water to

obtain a pure product.
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Yield and melting point of the products are summarized in Table 32,
: Table 32

Yield and melting point of DRP-tripeptides

Crude Crude Pure Pure

Compound yield M.P. yield M;P.

(%) (°c) (%) (°c)
DNP-L-ala-L-phe-gly 52-56 209-212 40-45 224-225
DRP-L-val-L-leu-L-phe 58-66 180-192 48-52 203-204

DNP-L-Ileu-L-phe-L-leu 65-70 191-225 58-62 232-233

Specific rotations and molecular rotations of the above DNP-tripep-
tides in dimethylformamide and glacial acetic ecid are summarized in
Tabls 33, Table 33

Specific rotations and molecular rotations of
DNP-tripeptides in dimethylformamide and glacial acetic acid

Dimethyl Glacial

Compound fgrmamide ~n acetic acid _,.,

2 A il A

@ il (AP ¢

. [-] o

 DNP-L-ala-L-phe-gly +67.2°  +308.7 +190.1  +873.4°
DNP-L-val-L-leu-L-phe +34.1  +185.4° +156.0°  +848.0°
' . ° ° o
DNP-L-Ileu-L-phe~L-leu +26.6 +148.3 +130.6 +728.2

Dinitrophenylation method

According to the method employed by Sanger and Thomson (41), the
tripeptide was reacted with FDNB in triethylamine, The generpal

equations for the overall reaction are shown a8 below:




-76-

N% R Rl R))
/
Q £+ héN({‘HCONHCHCONH({HCOOeN%{%)s
ey
% R R' RD
oy HéHCONHéHCONHéHcooe/\?H( 1 '
N CAILE
He/
: N02 \R _ //:\)’ Rn
ON HC{HCONHCHCONH&‘HCOOH

{%)3 N

Materials:

Tripeptide 0.001 mole

FDNB 0.001 mole (0.186 gm.)
Triethylamine 0.003 mole (0.303 gm.)
Ethanol -5 ml,

The tripeptide was dissolved in 30 ml. 1% triethylamine (prepared
bf agséolving 0.3 gn. triethylamine in 30 ml. water) and to this
was added a solution qf FDNB in 10 ml. ethanol. The mixture was
stirred for six hours at room temperature in the absence of light,
and the excess triethylamine removed by vacuum distillation from
é water bath maintained at 4(?, continuing the distillation until
. the pressure of the system had decrease to 25-30 nm. The residual

solution was acidified with concentrated hydrochloric acid to pH 2
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and refrigerated overnight. The product was filtered with suction,
washed witﬁ ice-water to remove eicess hydrochloric acid and dried in
a vacuum desiccator.

The crude produét was purified by recrystallizing from ethanol-
water.,

Yield and melting of the products are summarized in Table 34
‘ Table 34 '

Yi21d and melting point of DNP-tripeptides

Crude Crude Pure Pure

Compound yigld M.P. yield MGP'

(%) (°c) (%) (°c)
DNP-L-val-gly-gly 72-78. 202-204 66-70 207-208
UNP-L-leu-gly-gly 65-T0 185-188 52-56 189-190
DNP-L-phe-gly-gly 55-62 204-206 46-50 213-214

Specific rotat.ons and molecular rotations of the above DNP-

tripeptides in dimethylformamide and glacial acetic acid are summarized

in Table 35, -

Table 35

Spec?fic rotations and molecular rotations of
DNP-tripeptides in dimethylformamide and glacial acetic acid

Dimethyl tlacial
Compound 2£ormamide;; acetic acid _59
{eYo [M]p AR (o
(-}
DNP-L-val-gly-gly +50.2  +199.5 +174.00  +691.4°
o o -] o
DNP-L-leu-gly-gly +24.7 +101.6 +142.6 +588.6

DNP-u-phe-gly-gly -54.6° -243.2° +43.8° +195.1°

Analytical results for the above DNP-tripeptides are summarized in

Table 36.




Results of the elemental analyses of DNP-

Compound

DNP«L~ala-L-phe-gly
DNP-L-val-L-leu-L-phe
DNP-L-Ileu-L-phe~L-leu
DNP-L-val-gly-gly
DNP-L-leu~gly-gly

DNP-L-phe-gly=-gly

Formula

Cyolly Ns Og
CagHaals Og
CanHigsis Og
CrsHgNs Og
Cro iy Ng- Og

CqHjqls O

Tablé-§6

52,29
5745
58.16
45434
46.72
ol.24

Theory (%)
H

4.61
6.12
6.33
4.82
515
4.30

tripeptides

N c
15.25 52.64
12.88 57.74
12.56 58.64
17.63 45.86
17.02 46.97
15.73 51.14

Found (%)
H

4.71
5.92
6.74
4.88
5.18

4.33

15.16
13.02
12.51
17.87
16.76
16.17

_gL-
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Thin layer chromatography

Thin layer chromatography was carried out on a Mallinckrodt Chrora-
Kit, with Silic AR (TLC-7GF) as adsorbent. rour solvent systems were
used for developing, and gave good separations on most of the prepared
DNP-peptides and their corresponding esters. Unly 0.1 to Q.S}pg of
material was required on each individual compound, after developing,
ag little as O.%ﬂg giving a yellow spot thatbis easily visible by
transmitted daylight, therefore no sprayed reagent was required for
detection.

Purification of Solvents

(1) Benzene was purified by shaking the organic liquid (1 liter)
successively with portions of concentrated sulfuric acid (100 ml.)
until free of thiophgne, then with water until the washings were
neutral to litmus. The water was removed by shaking the benzene
with anhydrous calcium chloride, followed by refluxing for six hours
over sodium metal. The benzene was distilled, the initial and final
50 ml. of distillate being discarded, and the dry solvent was stored
over sodiunm, It was distilled just prior'to use.

(2) Toluene was purified by the method similar to those used for
benzene, The toluene (1 liter) was successively shaken with portions
of concentrated sulfuric acid (100 ml.) until free of sulfur impurities,
then with water until the washings were neutral to litmus. The
organic layer was dried over phosphorus pentoxide and then fractionally
distilled.: The portion distilling between llooand llf was collected
‘and stored in a glass stoppered flask.

(3) Glacial acetic acid was purified by the method of Vogel (76).
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Approximately 600 gm. of commercial glacial acetiQ acid was partially
frozen and'about 300 ml. of liquid removed. The residue was melted
and mixed with 6 gm. of potassium permanganate and fractionally
distilled. The portion distilling between llS.BOand 116.8°a¢ 758 mm
was collected, partially frozen, and about half of the acid discarded
as liquid. The solid was melted and fractionally distilled, the
portion distilling between 116.2°and ll7.2°being collected and stored
in a glass stoppered flask. Precautions were taken to prevent the
ingress of moisture during the fractional distillation.

(4) Pyridine was purified by standing over freshly fusad potassium
hydroxide for 24 hours and then fractionally distilled. The portion
distilling between 115°and 116" was collected and stored.

(5) Chloroform (contained 0.75% ethanol) was purified by distilling
twice through a shoft column.

(6) Methanol was purified by distilling twice through a short
column,

(7) Benzyl alcohol was purified by fractional distillation at

reduced pressure with the exclusion of air.

Procedure for thin layer chromatography

A plate with & smooth, uniform layer 0.25 mm thick was prepared,
and activated at 80 or 100°in the oven for 2 hours. The samples to
be chromatographed were dissolved in acetone and applied on a line
parallel to and at least 2 em from the edge of the coated plate.

The samples were applied to the coated plate by means of a 5M micro-
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pipette. Approximetely 2 U1 was applied ét once, allowing time for
solvent evaporation between successive applieations, so that the spot
size is kept small. After the spots had been applied, the chromato-
gram was developed vertically in a saturated chamber. The solvent

was allowed to move up through the layer to a height of 10 to 15 ca,
the position of the solvent marked, and the solvent allowed to evapor-
ated. The distances moved by the samples wére measured, and their Rf

values calculated.

Thin layer chromatography of DNP-dipeptide esters

DNP-dipeptide esters were . chromatographed with chloroform: methanol
tglacial acetic (95:5:1) and toluene:pyridine:glecial acetic acid (803
10:1) as solvents. The Rg-values are listed in Table 36a. The distance
travelled by the individual DNP-dipeptide esters, DNP-L-amino acids and

in the mixture is shown in Fig 1-4.
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Table 36a
100 X éf-values of DNP-dipeptide esters and DNP-L-amino
acids with one-dimensional, ascending chromatography on
SilicAR TLC-7GF layer. Solvent systems (4) chloroform:
methanol:glacial acetic acid (95:5:1) and (B) toluene:

pyridine:glacial acetic acid (80:10:1) were used.

Compound 100 X Rf

A B
DNP-gly-gly ethyl ester ' 25.0 9.5
DNP-glycine 29.5 T4
DNP-gly-L-leu ethyl ester 30.2 39.8
UNP-L-tryptophan ‘ 31.0 5.0
DNP-L-try-gly ethyl ester 31.0 22.2
UNP-gly-L-phe ethyl ester 31.1 36.6
UNP-L-val-gly ethyl ester 32.1 32.5
DNP-L-phe-gly ethyl ester 33.0 335.7
UNP-L-1leu-gly ethyl ester 34.0 40.1
DNP-L-leu-gly ethyl ester 34.1 49.6
DNP-L-try-L-phe ethyl ester 373 42.5
UNP-L-try-L-leu ethyl ester 38.2 42.5
UNy-L-leucine 55.0 31.8
DNr-L-val-L-phe ethyl ester 56.3 61.8
UNP-L~val-L-leu ethyl ester 57.2 61.8
DNP-L-leu-L-phe ethyl ester 58.0 62.7
DNP-L- wvaline : 59.3 19.4
DNP-L-leu~L-leu ethyl ester 60.8 62.7
UNP-p-phe-L-leu ethyl ester 63.0 61.5
DNP-L-phe-L-phe ethyl ester 63.0 61.5
DNP~-u~Ileu-L-phe ethyl ester 63.5 62.9
DNP-L-phenylalanine 64.3 " 11.5
UNP-L-1leu-L-leu ethyl ester 66.2 62.9
DNP-L-isoleucine 67.7 28,0

DNP-p-ala-L-phe ethyl ester 60.8 58.9
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Figure I. Thin layer chromatography of DNP-compounds using chloroform

tmethanol:glacial acetic acid (95:5:1) =2s developer. where
4 = DNP-glycyl-glycine ethyl ester; B = DNP-glycine;

C = DNP-glycyl-L-leucine ethyl ester; D = DNP-glycyl-L=-
ﬁhenylalanine ethyl ester; E = DNP-L~phenylalanyl-glycine
ethyl ester; F = DNP-L-leucyl-glycine ethyl ester;

G = DNP-L-leucine; H = DNP-L-leucyl-L-phenylalanine ethyl
ester; I = DNP-L-leucyl-L-leucine ethyl ester; J = DNP-
L-phenylalanyl-L-leucine ethyl ester; X = DNP-L-phenyl-
alanyl-L-phenylalanine ethyl ester; L = DNP-L-phenylalanine;

H = 8 mixture Of A,B,C,D,E,F’G,H,I’J’K, and L'
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- Pigure 2. Thin layer chromatography of DNP-compounds using chloroform

smethanol:glacial acetic acid (95:5:1) as developer. Where
A = DNP-L-tryptophan; B = DNP-L-tryptophyl-glycine ethyl
ester; C = DNP-L-valyl-glycine ethyl ester; D = DNP-L-
isoleucyl-glycine ethyl ester; E = DNP-L-tryptophyl-L-
phenylalanine ethyl ester; F = DNP-L-tryptophyl-L-leucine
ethyl ester; G = DHP-L-valyl-L-phenylalaninesﬁ,H = DNP«Ll-

valyl-u-leucine ethyl ester; I = DNP-L-valine; J DNP-L-

alanyl-L-phenylalanine ethyl ester; K = DNP-L-isoleucyl-L-
phenylalanine ethyl ester; L = DNP-L-isoleucyl-L-leucine
ethyl ester; M = DNP-L-isoleucine; N = a mixture of A,B,

¢;D,E,F,G,H,1,J,K,L, and M.
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Thir layer chromatography of DNP-compounds using toluene:
pyridine:glacial acetic acid (80:10:1) a8 developer. Where

A = DNP-glycine; B = DNP-glycyl-glycine ethyl ester; C =
DNP-L-phenylalanine; D = DNP-L-leucine; E = DNP~L-phenyl-

alanyl -glycine ethyl ester; F = DNP-glycyl-L-phenylalanine

ethyl ester; G = DNP-glycyl-L-leucine ethyl ester; H =
DNP-L-leucyl-glycine ethyl ester; I = DNP-L-phenylalanyl-
L-phenylalahine ethyl ester; J = DNP-L-phenylalanyl-L-

leucine ethyl ester; X = DNP-L-leucyl-L~leucine ethyl

‘ester; L = DNP-L-leucyl-L-phenylalanine ethyl ester;

M = a mixture of A,B,C,D,E,F,G,H,I,J,K, and L.
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Pigure 4. Thin layer chromatography of DNP-compounds using toluene:

pyridine:glacial acetic acid (80:10:1) as developer. Wwhere
A = DNP-tryptophan; B = DNP-L-valine; C = DNP-L-tryptophyl-
glycine ethyl ester; D = DNP-L-isoleucine; E = DNP-L-valyl-
glycine ethyl ester; P = DNP-L-isoleucyl.glycine ethyl
ester; G = DNP-L-tryptophyl-L—phenylalanine ethyl ester;

H= DNP—L-tryptophyl-L-leﬁcine ethyl ester; I = DNP-L-
alanyl-L-phenylalanine ethyl ester; J = DNP-L-valyl-L-
leucine ethyl ester; K = DNP-L-valyl-L-phenylalanine ethyl
ester; L= DNP-L-isoleucyl-L-leucine ethyl ester; M = DNP-
'L-ieoleucyl-L-phenylalanine ethyl ester; N = a mixture of

A,B,C,D,E,F,G,H,I,J,K,L and M.

o < o O OJ+K+L+M
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Thin layer chromatography of DNP-dipeptides

DNP-dipeptides were chromatographed with toluene:pyridine:glacial
acetic acid (80:10:1), benzene:glacial acetic acid (20:3) and chloro-
form:benzyl alcohol:glacial acetic acid (97:2:1) as solvents. The

Rb-values are listed in Table 37.

Table 37

100 X @a?values of DNP-dipeptides with one dimensional,
ascending chromatography on SilicAR TLC-7GF layer. _
Solvents (A) toluene:pyridine:glacial acetic acid (80:10:1),
(B) benzene:glacial acetic acid (20:3), and (C) chloroform:

benzyl alcohol:glacial acetic acid (97:2:1) were used.

Compound A2 1003% Ry 03
DNP-L-ala-Lephe 31.9 " 39.4 32.1
UNP-L-val-gly 22,0 16.3 19.5
DNP-L-val-L-leu 92,7 80.0 8l1.6
DNP-L-val-L-phe 71.7 74.2 64.2
UNP=L-~leu-gly 36.6 27.0 28.5
DNP~L-leu-L-leu 100.,0 100.0 100.0
UNP-L-leu~-L-phe 82.3 94 .0 89.7
VNP=L-Ileu-gly 35.0 20.1 26.9
UNP-L-Ileu-L-leu 97.6 100.0 94.8
UNP-L-Ileu-L~-phe 84.7 90.5 88.2
DNP-L-phe-gly 24.4 28.6 24,2
UNP-L-phe~L=leu 95.3 94.0 92.7

. DNP-L-phe-L-phe 65.2 92.8 68.3
DNP~L-try-gly 4.9 T.2 10.3
DNp«L-try-L-leu 61.0 49.4 ' 42.8
DNP-L-try-L-phe 30.1 62.7 37.3

1 g& = migration distance of the sample/migration distance of

DNP-u-leucyl-L-leucine, .
2 DNP~L=-leucyl-L-leucine travelled 8.2 cm. as standard.

3DNP-—L-leucyl-L-leucine travelled 8.5 cm., as standard.
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Pigure 5.

-0 = DHP-tryptophyl-L-phenylalanine;

Thin laye» chromatography of DNP-dipeptides using toluene:

pyridine:glacial acetic acid (80:10:1) as developer. Where
A= DNP-L-tryptophyl-glyciﬁe; B = DNP-L-valyl-glycine;

D = DNP-L-leucyl-glycine;
k = DNP-L-tryptophyl-L-leucine; F = DNP-L-valyl-L-phenyl-
alanine; G = DNP-L-leucyl-L-phenylalanine; H = DNP~L-valyl-
L-leucine; I = DNP-L-leucyl-L-leucine; J = A mixture of
A,B,C,D,E,P,G,H and I.

DNP-L-leucyl-L-leucine travelled 8.2 cm. as standard.
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Figure 6. Thin layer chromatography of DNP-dipeptides using

toluene:pyridine:glacial acetic acid (80:10:1) as
developer. Where A = DNP-L-phenylalanyl-glycine;
B = DNP-L-alanyl-L-phenylalanine; C = DNP-L~
isoleucyl-glycine; D = DNP-L-phenylalanyl-L-
phenylalanine; E = DNP-L-isoleucyl-L-phenyl-
alanine; F = DNP-L-phenylalanyl-L-leucine;

G = DNP-L-isoleucyl-L-leucine; H = DNP-L-leucyl-

L-leucine; 1 = a mixture of A,B,C,D,E,F,G, and H.

DNP-L-leucyl-L-leucine travelled 8.2 cm. &3 standard.
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Figure 7. Thin layer chromatography of DNP-dipeptides using

benzene:glacial acetic acid (20:3) as developer.

Where A = DNP-L—tryptophyl—glycine; B = DNP-L-valyl-
glycine; C = DNP-L-leucyl-glycine; D = DNP-L-
tryptophyl-L-leucine; & = DNP-L-tryptophyl-L-
phenylalanine; F = DNP-L-valyl-L-phenylalanine;

G = DNP-L-valyl-L-leucine; H = DHP-L-leucyl-L-
rhenylalanine; I = DNP-L-levcyl-L-leucine; J =

a mixture of A,B,C,D,E,F,G,H and I.

DNP-L-leucyl-L-leucine travelled 8.5 cm. as standard.
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Figure 8. Thin layer chromatography of DNP-dipeptides using

benzene:glacial acetic acid (20:3) as developer.
Where A = DNP-L-isoleucyl-glycine; B = DNP-L-
rhenylalanyl-glycine; C = DNP-L-alanyl-L-phenyl-
alanine; D = DNP-L-isoleucyl—L-phenylalanine;

E = DNP-L~phenylalanyl-L-phenylalanine; F = DNP-
L-phenylalanyl-L-leucine; @ = DNP-L-isoleucyl-L-
leucine; H = DNP-L-leucyl-L-leucine; I =8

mixture of A,B,C,D,E,F,G and H.

DNP-L-leucyl~-L-leucine travelled 8,5 cm., as standard,

°
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Figure 9. Thin layer chromatography of DNP-dipeptides using

chloroform:benzyl alcohol:glacial acetic acid (97:

2:1) as developer. vhere A = DNP-L-tryptophyl-
glycine; B = DNP-L-valyl-glycine; C = DNP-L-

leucyl-glycine; D = DNP-L-tryptophyl-L-zhenyl-

alanine; E = DNP-L-tryptophyl-L-leucine; F =
DNP-L-valyl-L-phenylalanine; G = DNP-L-valyl-L-
leucine; H = DNP-L-leucyl-L-phenylalanine; I =
DNP-L-leucyl-L-leucine; J = & mixture of A,B,C,

DNP-L-leucyl-L-leucine travelled 8.5 cm. as standard.
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Figure 10. Thin layer chromatography of DNP-dipeptides using

chloroform:benzyl alcohol:glacial acetic acid

(97:2:1) as developer. where 4 = DNP-L-phenyl-
alanyl-glycine; B = DNP-L-isoleucyl-glycine;
C = UNP-L-alanyl-L-phenylalanine; D = DNP-L-

phenylalanyl-L-phenylalanine; E = DNP-L-isoleucyl-

L-phenylalanine; F = DNP-L-phenylalanyl-L-leucine;
G = DNP-L-isoleucyl-L-leucine; H = DNP-L-leucyl-L-
leucine; I = a mixture of A,B,¢,D,B,F,G and H.

DNP-L-leucyl-L-leucine travelled 8.5 cm. &s standard.
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Thin layer chromatography of DHP-tripeptides and their esters

DNP-tripeptides and their esters were chromatographed with toluene

:pyridine:glacial acetic acid (80:10:1); chloroform:methanol:glacial

acetic acid (95:5:1) and chloroform:benzyl alcohol:glacial acetic acid

(97:2:1) as solvents. The Qg-values are listed in Table 38.

The

distance travelled by the individual DNP-tripeptide and their esters

and in the mixture is shown in Fig. 11-13.

Isble 38

100 X gé-values of DNP-tripeptide and their esters with one

dimensional, ascending chromatography on SilicAR TLC-7GF layer.

Solvent systems (A) toluene:pyridine:glacial acetic acid (80:

10:1); (B) chloroform:methanol:glacial acetic acid (95:5:1.)

and (C) chloroform:benzyl alcohol:glacial acetic mecid (97:2:1)

were used.

Compound 5
A
DNP-L-val-gly-gly 1.0
DNP~L-leu-gly-gly 3.0
DNP-L-phe-gly-gly 2.0
DNP-L-ala-L-phe-gly 3.5
DNP-L-val-L-leu-L~-phe 30.0
DNP-L-Ileu-L-phe-L-leu 54.0
DNP-L-ala-L-phe-gly ethyl ester 61.0
DNP-L-val-L-leu~L-phe ethyl ester 96.0
DNP-L-Ileu-L-phe-L-leu ethyl ester 100.0

1

1002X E&

B
17.6
24.2
21.2
31.8
48.5
51.6
57.6
100.0
100.6

Rg = migration distance of the sample/migration distance of

DNP-L-isoleucyl-L-phenylalanyl-L-leucine ethyl ester.

2

6.6cm. as standard.

o3

5.0
12,0
8.0
22,0
58.0
72.0
63.0
95.0
100.0

= DNP-L-isoleucyl-L-phenylalanyl-L-leucine ethyl ester travelled

3. DNP-L-Ileu~L-phe-L-leu ethyl ester travelled 10 cm. as standard.
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Pigure 11. Thin layer chromatography of DNP-tripeptides and
their esters using toluene:pyridine:glacial acetic
acid (80:10:1) as developer. Where A = DNP-L-valyl-
glyeyl-glycine; B = DNP-Lophenyla1anyl~g1ycy1~glycine;
C = DNP-L-leucyl—glycyl»glycine; D = DNP-L-alanyl-L-
phenylalanyl-glycine; K = DNP-L-valyl-L-leucyl-L-
rhenylalanine; F = DNP-L-isoleucyl-L-phenylalanyl-L-
leucine; G = DNP-L~a1any1-L-phenyla1anyl-glycine
ethyl ester; H = DNP-L-valyl-L-leucyl-L-phenylalanine
ethyl ester; I = DNP-L-isoleucyl-L-phenylalanyl-L-

leucine ethyl ester; J = a mixture of A,B,C,D,E,?,G,H ;
and I. : o

DNP-L-iso1eucyl-L~phenylalanyl-L-leucine’ethyl ester travelled

6.6 cm. a8 standard.
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‘Figure 12. Thin layer chromatography of DNP-tripeptides and their

ethyl esters using chloroform:methanol:glacial acetic
acid (95:5:1) as developer. Where A = DNP-L-valyl-L-
glycyl-glycine; B = DNP-L-phenylalanyl-glycyl~glycine;
C = DNP—L-leucyl«glycyl~glycine; D = DNP-L-alanyl-L-
pPhenylalanyl-glycine; E = DNP-L-valyl-l-leucyl-L-
phenylalanine; P = DNP-L-isoleucyl-L—phenylalanyl-L-
leucine; G

DNP-L-alanyl-L-phenylalanyl~g1ycine
ethyl ester; H

[}

DNP-L-valyl-L-leucyl-L-phenylalanine
ethyl ester; I = DNP-L-isoleucyl—L-phenylalanyl-L-
leucine ethyl ester; J = a mixture of A,B,C,D,E,F,G,H
and I.

DNP-L-isoleucyl-L~-phenylalanyl-L-leucine ethyl ester travelledv

6.6 ¢m, as standard.
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Figure 13. Thin layer chromatography of DNP-tripeptides and their

ethyl ester.using chloroform:benzyl alcohol:glacial
acetic acid (97:2:1) as developer. Where A = DNP-L-
valyl-glycyl-glycine; B = DNP-L-phenylalanyl«glycy1~
g€lycine; C = DNP-L-leucyl~glycyl~glycine; D = DNP-~
L-alanyl-L-phenylalanyl~glycine; E = DNP-L-valyl-L-
leucyl-L-phenylalanine; F = DNP-L-alanyl-L-phenyl-
alanyl-glycine ethyl ester; G = DNP-L-isoleucyl-L-
phenylalanyl-L-leucine; H = DNP-L-valyl-L-leucyl-L-
Phenylalanine ethyl ester; I = DNP-L-isoleucyl-L-
phenylalanyl-L-leucine ethyl ester; J = a mixture
of A,B,C,D,E,F,G,H and I.

: DNP-L-isoleucyl-L-phenylalanyl-L-leucine ethyl ester travelled

10 c¢m. as standard.
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Ultraviolet Spectrometry

A PYE UNICAM Model SP 800 spectrophotometer and quartz cells of
1l cm. path length were employed in the ultraviolet studies of all
the DNP-compounds prepared. The ultraviolet spectrum of each
compound was determined in 95% athanol solution, glacial acetic
acid solution and in 4% sodium bicarbonate solution. A concentration
of 7.5 X 1072 molar was used for all samples.

The wavelengths of maximum absorption,;Amax, were determined
for each compound and the molar absorptivity, EM, at those wave-
lengths was calculated. The results of the determinations are

supmarized in Table 39-48.

Table 39

Absorption maxima and molar absorbancy of
DNP-L~amino acid amides in 95% ethanol solution.

Molar Absorptivity

Compound b max 6 max 7\max C(: max
. (mu) (mw)
DNP-L-valyl-amide 341 19070 258 10930
DNP-L-valyl-anilide 341 18930 239 24000
DNP-L-valyl-p-toluidide 341 19730 246 26000
DNP-L-leucyl amide 340 17870 257 10930
DNP-L-leucyl anilide 340 18270 240 23500
DNP-L-leucyl-p-toluidide 340 18130 244 26000
DNP-L-isoleucyl amide 341 18400 258 10930
DNP-L-isoleucyl anilide 341 19470 240 24700
DNP-L-isoleucyl-p-toluidide 341 20530 244 26700
DNP-L-phenylalanyl amide 342 17870 258 10930
DNP-L-phenylalanyl anilide 342 19470 240 24000
DNP-L-phenylalanyl-p-toluidide342 18130 245 24400

Where )mmm:‘ wavelength of maximum absorption;

imax = molecular extinction coefficient (molar absorbancy).,
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Table 40
Absorption maxima and molar absorbancy of
DEP-dipeptide ethyl esters in 95% ethanol solution.

Molar absorptivity

Compound 7\max Emax N max
(30 ()
DNP-gly-gly ethyl ester 345 17400 258
DNP-gly-L-leu ethyl ester 344 16900 257
DNP-gly-L-phe ethyl ester 345 16400 258
DNP-L-ala-L-phe ethyl ester 341 17100 258
DNP-L-val-gly ethyl ester 344 17500 259
DNP-L-vel-L-leu ethyl ester 345 18000 259
DNP-L-val-L-phe ethyl ester 345 16400 259
DNP-L-leu-gly ethyl ester 341 16500 256
DNP-L-leu~L-leu ethyl ester 342 17200 256
DRP-L-leu-L-phe ethyl ester 345 16600 258
DRP-L-Ileu-gly ethyl ester 343 17500 258
DNP-L-Ileu-L-leu ethyl ester 345 16800 258
DNP-L-Ileu-L-phe ethyl ester 345 17000 259
DNP-L-phe-gly ethyl ester 343 16800 258
DNP-L-phe-L-leu ethyl ester 345 16700 258
DNP-L-phe-L-phe ethyl ester 345 18800 258
DNP-L-try-gly ethyl ester 347 17000 265
290 7400
DNP-LQtry-L-leu ethyl ester 348 17200 265
290 7800
DNP-L-try-L-phe sthyl ester 346 16600 265

290 7600

Caax

10000
10400
8400
10400
9200
9000
8800
10000
10500
8200
9500
8600
8800
9800
9100
10400

13200
13500

13100
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Table 41

Absorption maxima and molar absorbancy of

DNP-dipeptide ethyl esters in glacial acetic acid solution.

Conpound

DNP-gly-gly ethyl ester
DNP-gly-L-leu ethyl ester
DNP-gly-L-phe ethyl ester
DNP-L-ala-L-phe ethyl ester
DNP-L-val-gly ethyl ester
DNP-L-val-L-leu ethyl ester
DNP-L-val-L-phe ethyl esfer
DNP-L-leu-gly ethyl ester
DNP-L-leu-L-leu ethyl ester
DNP-L-leu-L-phe ethyl ester
DNP-L-Ileu-gly ethyl ester
DNP-L-Ileu-L-lev. ethyl ester
DNP-L-Ileu-L-phe ethyl ester
DNP-L-phe-gly ethyl ester
DNP-L-phe-L-leu ethyl ester
DNP-L-phe-L-phe ethyl ester

DNP-L-try-gly ethyl ester
DNP-L-try-L-leu ethyl ester

DNP-L-try-L-phe ethyl ester

N\max
(mur)
337
337
357
357
337
338
337
336
336
336
337
337
338
336
336
336

339
288

339
288

339
288

Molar absorptivity

Emax

18670
16530
16000
16800
16530
16530
16670
16530
16000
16270
17070
18530
17070
16270
16270
17600

17070
8800

17600
9067

16800
8800

7\max
(mu)

264

264

Emax

11470
10400
10400
10400
9600
9600
9870
9870
9330
9600
10130
10670
10130
9600
9600
10130

14930
15330

14€77



Absorption mexima and molar absorbancy of

DNP-dipeptides in 95% ethanol solution.

Compound

DNP-L-ala-L-phe
DNP-L-val-gly
DNP-L-val-L-leu
DRP-L-val-L-phe
DNP-L~leu-gly
DNP-L-leu-L-leu
DNP-L-leu-L-phe
DNP-L-Ileu~-gly
DNP~L-Ileu-L-leu
DNP-L~Ileu-L-phe
DNP-L-phe-gly
DNP-L-phe-L-leu
DNP-L-phe-L-phe

DNP-L~try-gly
DNP-L-try-L-leu

DNP-L-try-L-phe

-101-

Table 42

A\nax
(mua)
342
342
342
343
340
340
341
342
342
342
342
342
342

346
288

346
288

344
288

Molar ahsorptivity

imax

18000
17200
17600
17470
17200
17330
17470
18400
18670
18400
17070
18270
16530

17870
8800

16130
8670

16800
8800

265

265

10270
9600
9600
9730
9600
9600
9870
10130
10130
10130
9870
10130
9470
14400

13470

14130
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Table 43

Absorption maxima and molar absorbancy of

DNP-dipeptides in glacial acetic acid solution.

Compound

DHP~L-ala-L~-phe
DRP-L-val-gly
DNP-L-val=-L-leu
DNP-L-val-L-phe
DNP-L~leu-gly
DNP-L-leu-L~leu
DNP-L~leu-L-phe
DNP-L-Ileu-gly
DNP-L-Ileu-L-leu
DNP~L-Ileu-L-phe
DRP-L-phe-gly
DNP-L-phe-L-leu
DNP-L-phe~L-phe

DNP-L-try-gly

DNP<«L-try-L-leu

DRP-L~try-L-phe

Mnax
(mux)
337
337
337
337
536
336
336
338
339
338
336
337
337

340
287

340
287

358
287

Molar absorptivity

%max

17470
17330
16270
16670
16400
17330
17070
17070
16530
16400
16000
16800
16270

16400
8800

15870
8670

17330
8800

7\max
(mu)

262
262
262
262
261
261
262
261
261
262
261
261
261

264
264

264

Cnax

10930
10670
10130
10130
10130
10400
10266
10400
10130
10130
10130
10400
10130

14530
14670

15070
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Table 44

Absorption maxima and molar absorbancy of

DNP-dipeptides in 4% sodium bicarbonate solution.

Molar absorptivity

D Compound 7\max Emax Nmax Emax
(i) ()

DNP-L-ala-L-phe 349 18130 264 10400
DNP-L-val-gly 350 17330 265 9730
DNP-L-val-L-leu 350 17330 264 9730
DNP-L-val-L-phe 351 17600 265 9330
DNP-L-leu-gly zA9 18270 264 10000
DNP-L-leu-L-leu | 349 18000 264 10130
DNP~L-leu-L-phe 350 17330 265 9600
DNP-L-Ileu-gly 351 17870 265 9870
DNP-L-Ileu-L-leu 351 17330 265 9600
DNP-L-Ileu~-L-phe 351 18400 265 10400
DNP-L-phe-gly 351 17070 264 9470
DNP-L-phe-L-leu 349 18000 264 10130
DNP-L-phe-L-phe 350 16400 264 9600
DNP~L-try-gly 352 18130 268 15200
DNP-L-try-L-leu 352 17600 268 14800

DNP-L-try-L-phe 352 - 18270 268 15730
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Table 45

Absorption maxima and molar absorbancy of
DNP-dipeptide hydrazidesin glacial acetic acid solution.

Molar absorptivity

Compound Naax 2max Nmax ¢max
() (mud)
DNP-gly-gly hydrazide 337 16670 258 12270
DNP-gly-L-leu hydrazide 338 16270 258 12400
DNP-gly-L-phe hydrazide 340 . 16670 257 16270
DNP-L-ala-L-phe hydrazide 337 16400 258 12270
DNP-L-val-gly hydrazide 338 16800 257 17470
DNP-L-val-l-leu hydrazide- 338 16530 258 12000
DNP-L-val-L-phe hydrazide 338 16800 258 12270
DNP-L-Leu~gly hydrazide 336 15470 259 11470
DNP-L-leu-L-leu hydra:ide 336 16270 259 12000
DNP-L-leu-L-phe hydrazide 336 16270 258 12130
DRP-L-Ileu-gly hydrazide 338 17600 256 17870
DNP-L-Ileu-L-leu hydrazide 339 16530 256 16000
DRP-L-Ileu-L-phe hydrazide 337 16530 257 12000
DNP-L-phe-gly hydrazide 337 15730 257 12800
DNP-L~-phe-L-leu hydrazide 337 16670 256 12270
DNP-L-phe-L-phe hydrazide 338 16530 257 16270
DNP-L-try-gly hydrazide 340 16000 261 18800
288 8530
DNP-L-try-L-leu hydrazide 340 17200 262 16000

288 8000



-105-

Table 46

Absorption maxima and molar absorbancy of

DNP-tripeptides and their esters in 95% ethanol solution.

Compound

DNP-L-ala~L~-phe-gly ethyl ester
DNP-L-Ileu-L-phe-L-leu ethyl ester
DNP-L-val-L-leu-L-phe ethyl ester
DNP-L-ala-L-phe-gly
DNP-L-val-L-leu-L-phe
DNP-L~Ileu~-L-phe-L-leu
DRP-L-val-gly-gly
DNP<L-leu-gly-gly

DRP-L-phe-gly-gly

Anax
(mp0)
340
342
342
342
342
341
340
340
342

Molar absorpfivity

fmax

19200
17730
17600
18670
19050
18800
18930
19730
17070

7\max imax
(mu)

258 11470
257 12000
258 10670
259 11070
258 11330
255 10930
259 11200
259 11870
258 10400
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Table 47

Absorption maxima and molar absorbancy of
DNP-tripeptides and their esters in glacial acetic acid solution.

Molar absorptivity

Compound Amax  Cmax Amax Imax
(mu) (mu)
DNP-L-ala-L-phe-gly ethyl ester 338 16400 261 10270
DNP-L-val-L-leu-L-phe ethyl ester 338 17G70 262 10130
DNP~L-Ileu-I-phe~-L-leu ethyl ester 338 16930 261 10270
DNP-L-ala-L~-phe-gly 337 16400 261 10130
DNP-L-val-L-leu-L-phe 339 16670 261 10270
DNP~L~Ileu-L-phe~L~leu 339 16930 260 10400
DNP~-L~val-gly-gly 338 17200 262 10400
DNP-L-leu-gly-gly 337 17330 261 10530
DNP-L~-phe-gly-gly 338 17200 261 10400
Table 48

Absorption maxima and molar absorbancy of
DNP-tripeptides in 4% sodium bicarbonate solution.

Molar absorptivity

¢ omp ound 7\max €ma.x 7\1118)[ Emax
(m0) (me)
DNP-L-ala-L-phe-gly 350 16630 265 9730
DNP-L-val-L=-leu=-L~phe 350 18530 265 8930
DNP-L-Ileu-L-phe-L-leu 350 18670 265 10400
DNP-L-val-gly-gly 350 18800 265 10670
DNP-L~leu-gly~-gly 349 17600 265 9870

- DNP-L-phe-gly-gly 349 16930 264 9200
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Infrared spectrometry

The infrared spectra of the above compounds were examined using
the mull technique in the region 5000 to 625 cm'l, where the mulls
were prepared by grinding about 2 to 5 mg. of the so0lid with a drop
of nujol (a high boiling petroleum fraction). A Perkin-Elmer
Model 700 Infrared Spectrophotometer, fitted with sodium chloride
windows, was used to obtained all infrared spectra. The speétra

are shown in Spectrum 1 to 74.



Discussion
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DNP-L-aminoacyl chlorides

All the acid chlorides prepared in this and previous work (9) are
liquid except DNP-glycyl chloride. .They were obtained in apparently
excellent yield of sufficient purity to use directly in the coupling
reaction. Attempts to prepare DNP-L-tryptophyl chloride by the same
method only resulted in tar formation.

N

DNP-dipeptide ethyl esters

Acid chloride coupling with L-amino acid esters in tetrahydrofuran

or anhydrous ether

Very good yields were obtained in most cases using triethylamine
as the condensing agent. The method could not be used for preparing
the DNP-L-tryptophyl peptide esters.

Method of Zaoral and Arnold

Failure to obtain DNP-L-tryptophyl chloride by the same means as

the other acid chlorides was resolved by using this alternative
~-method, in which thionyl chloride and dimethylformamide combine

to form N,N-dimethylchloroformimidium chloride which in turn converts‘
the DNP-L-amino acid to its chloride, the latter coupling with the
L-amino acid ester in presence of triethylamine in dimethylformamide.
In comparing this method with the previous one, it seen that (4) the
DNP-L~tryptophyl dipeptide esters were obtained, and in good yield;
(11) in the few cases where the yield had been low from the previous
coupling method, considerable improvement in yield by this modification
was achieved; (iii) although all the other DNP-peptide esters

obtained in very good yield by the first method were also obtained
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in good yield by this modification, nevertheless the yields by this
latter method were somewhat lower than by the former.

Carbodiimide method

Dicyclohexyl carbodiimide was satisfactory as condensing agent
in preparing the DNP-dipeptide esters, most of the products being
obtained in very good yield and gquality. Little or no difficulty
due to contaminating N,Nldicyclohexylurea was encountered in
purification, although this has frequently been reported in the
literature in synthesising other peptide derivatives (15, 16).

In the few instances where this was encountered, the difficulty
was resolved by using l-cyclohexyl-j-(2-morpholinoethyl)-carbodiimide
metho-p~-toluene sulfonate instead of Ny,N'-dicyclohexyl carbodiimide,
Although use of this condensing agent requires a longer reaction
time, yields were considerably improved. No advantage in the use
of this reagent was gained when used for making those esters prepared in

‘ satisfactory yield and quality by means of dicyclohexyl carbodiimide.
A DNP-dipeptide ester prepared by any one of those methods had the
same melting point and specific rotation as when prepared by the other

methods.

DNP~-dipeptide hydrazides

Excellent yields were obtained, although the hydrazinolysis is time

consuaing.,

DNP-tripeptide ethyl esters

Coupling a DNP-dipeptide with an amino acid ethyl ester by the
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carbodiimide method gave nmuch tetter Yields and much greater ease of
purification when l-cyclohexyl-}-(2-morpholinoethyl)-carbodiimide
metho-p-toluene sulfonate was used as condensing agent instead of
dicyclohexyl carbodiimide. This adaptation of the carbodiimide method
gave much better yields than the azide coupling method which gave only

fair yields.

DNP-Peptides

Dinitrophenylation of free peptides gives reasonably good yields,
but the free peptides are usually not readily available from commercial
sources, Coupling of a DNP-aminoacyl chloride with an amino acid in
aqueous solution (basic) was rather unsatisfactory in this study, giving
poor yields due tc extensive hydrolysis of the acid chloride. Hydrolysis
of the DNP-peptide ethyl ester gave much better results in terms of

yield of DNP-dipeptides, but substantially lower yields of DNP-tripeptides.

Thin layer chromatography

Free DNP-dipeptides

DRP-L-amino acids in this study were easily removed by extracting
the.DNP-dorivativés with ether. The remaining DNP-peptides were
separated by thin layer chromatography. when the chromatogram
is developed with toluene:pyridine:glacial acetic acid (80:10:1),
DNP-L-try-gly travels a much shorter distance than the other
DNP-dipeptides, and DNP-Leleu-L-leu travels further than the rest,
hence these two derivatives can be separated from the remainder.

On careful examination of the positions of the remaining DNP-

dipeptides, two well defined groups can be recognized on the chromatogram.%?
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Group 1 DNP-L-phe-gly, DNP-L-val-gly, DNP-L-ala~-L-phe, DAP-L-try-L-phe,

ﬁNP-L-Ileu-gly, DNP-L-leu-gly.

Group 2 DNP-L-try-L-leu, DNP-L-phe-L-phe, DNP-L-val-L-phe,

DNP-L-Ileu-~L-phe, DRP-L-phe-L-leu, DNP~L-Ileu-L-leu,
DNP-L-leu-L-phe, DNP-L-val-lL-leu.

Separation of group 1 components

On a chromatogram developed by benzene:glacial acetic acid
(20:3), DNP-L-val-gly travels the shoriest distance of this group.
The longest distance was travelled by DNP-L-try-L-phe, the nearest
after that being DNP-L-ala-L-phe. The location of DNP-L-phe-gly
is identical with that of DNP-L-leu-gly, but they are separated
by toluene:pyridine:glacial acetic acid (80:10:1). The positions
of DNP-L-Ileu-gly and DNP-L-val-gly are also so close as to require
the toluene:pyridine:glacial acetic acid system for their separation.

Separation of group 2 components

(DNP-L-try~L-leu + DNP-L-phe-L-phe + DNP-L-val-L-phe) and
(DNP-L-Ileu-L-phe + DNP-L-phe-L-leu + DNP-L-Ileu-L-leu + DNP-L-
Ileu-L-phe + DNP-L-val-L-leu), occupy positions on a chromatogranm
developed by toluene:pyridine:glacial acetic acid (80:10:1), such
that they can be classified in two well defined sub-groups. The
locations of DNP-L-try-L-leu, DNP-L-phe-L-phe and DNP-L~-val-L-phe
on a chromatogram developed by benzene:glacial acetic acid (20:3)
are quite distinct from one another; Benzene:glacial acetic acid
(20:3) causes the remainder of the second sub-group to move further
than DNP-L-val-L-leu. The toluene:pyridine:glacial acetic acid

developer causes DNP-L-Ileu-L-phe and DNP-L-leu-L-phe to move the
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same distance, so they would form one spot if both present
(spot A). DNP-L-phe-L-leu and DNP-L-Ileu-L-leu were found to
coincide (spot B) after use of this developer.

If in any study the location of a spot corrésponded to spot A,
the only way to determine its composition without modifying the
C-terminal carboxyl group would be to extract, hydrolyse, and
‘determine whether the hydrolysate contained DNP-L-Ileu or DNP-L-leu
v(or both).  Alternatively, if the DNP-dipeptide carboxyl function
could be readily modified, the positions taken up by the new
DNP-dipeptide derivatives could be so different as to leave no
doubt about the compositibn\of the original spot A. In this
regard, it should be noted that the locations of DNP-L-Ileu-L-phe
ethyl ester and DNP-L-leu-L-phe ethyl ester on a chromatogram developed

. by chloroform:methanol:glacial acetic acid(95:5:1) are very far apart.

Similarly, composition of spot B'without modifying the C-terminal
carboxyl function would require hydrolysis to determine if either.
or both 6f DNP-L-phe and DNP-L-Ileu were present. As in the case of spot A,
modification of spot B carboxyl function might giveha ready means
of ascertaining the composition of spot B (DNP-L-phe-L-leu ethyl
ester and DNP-L-Ileu-L-leu ethyl ester take up very different
positions on a chromatogram developed by the same solvent mixture

as above).

Free DNP-tripeptides

DNP-L~-val-gly-gly, DNP-L-phe-gly-gly, DNP-L-leu-gly-gly and
DNP-L-ale-L-phe-gly hardly travel at all from the base-line when

toluene:pyriiine: glacial acetic acid (80:10:1) is used to develop
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the: chromatogram, not even as far as DNP-L-try-gly, hence at least
& partial screening of dipeptide and tripeptide fragments is possible
in the form of their DNP-derivatives. These four DNP-tripeptides
were later separated from one another by using chloroform:benzyl
alcohol:glacial acetic acid (97:2:1) as developer.

with the toluene:pyridine:glacial acetic acid (80:10:1) developer,
DNP~L-val-L-leu-L-phe and DNP-L-Ileu-L-phe-L-leu travelled much
further, occupying positions on the chromatogram close to those
occupied by DNP-L-leu-gly and the DNP-gly-L-phe:DNP-L—try-L-leu:
DNP-L-val-L-phe group: Use of chloroform:benzyl alcochol:glacial
acetic acid (97:2:1) as developer shifts DNP-L-val-L-leu-L-phe to
& position on the chromatogram very different from that occupied by
the L-leu-gly and L-Ileu-gly derivatives, and shifts
DNP-L-Ileu-L-phe-L-leu to a position very far from any
corresponding to any of DNP-L-val-L-phe, DNP-L-try-L-leu
or DNP-L-phe-L-phe.

Ultraviolet absorption spectra

As indicated in Part B, molecular weight calculation for DNP-peptides,
based upon the usual assumed average value of 16000 for gmax (66), gives
a result some 10-20% lower than the correct value. This assumed value
for Emax would also introduce error inte any colorimetric determination
of the amount of any given DNP-peptide present.

Since every DNP-peptide has been shown to have its own specific value
for Smax’ it follows that once the DNP-peptides from a given source have

been separated and identified, calculation of the amount of each, and

of their amounts relative to one another, must utilise the correct value

-

!
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of Emax for each given compound.

The spectra for the tryptophan-centaining DNP-peptides in glacial
acetic acid er in ethanol also give valuable additional information
concerning any spot on a chromatogranm corresponding to a tryptophan-
containing peptide, due to the additional pesk at 288 gu. Presence
or absence of tryptophan would be shown according to the nature of
the curve in this region, and if present the amount could be asgsessed
from the Smax value. If the result were different from the total
DNP material, some DNP-peptide material lacking tryptophan would be

present.

Infrared absorption spectra

The absorption frequencies found are those which would be assigned
as follows:

Carbonyl group

Carbonyl stretching of esters or carboxylic acids at 1740 cm'l

region, the latter apparently monomeric.

Ester group

1240 cm'l, strong band, ester C-0-C group asymmetric vibration,
and 1040 cm'l, small band, ester C-0-C group symmetric vibration
(11, 78).

Secondary amino group attached to a dinitrophenyl group
1

N-H stretching at 3400 cm ~, C-N stretching at 1330-1305 cm'l.(77)

Amide group

Secondary amide (amide group of peptide linkage)
1

1

N-H stretching at 3300 ecm ~, C-O stretching at 1660 cm™ —,
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N-H bending at 1550 cm-l, C-N stretching at 1290 em1

Primary amide

two free N-H stretching bands at 3500 and\
-1
3400 em . ( 77)

Nitro group

Two bands, asymmetric stretching at 1530 cm-l, and the symmetric
mode at 1350 cm-l, the latter having greater intensity because
of p-amino group. (77-80)
The frequencies and their assignments provide strong additional
confirmation of structure of the DNP-peptides, DNP-peptide esters, and
the DNP-amino acyl amides, anilides, p-toluidides. Because all the

spectra are so very similar they cannot be used to distinguish any one

member from another.
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NO 3230 S5h 1500 SSh 1255 SSh 940 SSh
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) 1610 SSh 1345 SSh  11%5 SSh 780 WSh

Abbreviations : S = strong, M = medium, W = weak, Sh = sharp, B = broad.
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Spectrum No. 79 ‘
© 2,4-Dinitrovhenyl-L-valyl-l- 3370 SSh 1500 Ssh 1203% S5h 1008 ¥Sh 775 WSh
phenylalanine ethyl ester 3350 Sgh 142% S5h 1168 85 980 WSh 760 ¥WSh
1730 S5h 1365 S5n 1140 ES3 845 W3 742 53h

1655 SSh 1340 $Sn 1120 $Sh 2% MSh 720 KSh

1625 3$5h 1315 SSh 1085 HSh 918 FSh 710 ¥3h

S5 55 MSh 860 WSh. A93 SSh
HGH O 832 WSh 665 NSh

2 oH H
0 W&o HCOOCoHs 1940 aah 1040 n 1ome

1520 S5h 1225 s5h 1030 M8nh 820 M9
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Ypectrum No. 20 '
2,4-Dinitrophenyl—L-leucyl glycine 5370 SSh 1500 $Sh 1160 SSh 918 MSh
ethyl ester 3330 35h 1430 SSh 1125 MSh 832 MSh

, : \ 1755 SSh 1345 SSh 1115 MSh 815 KSh
O 1660 SSh 1300 S$Sh 1060 MSh 760 MSh
2 C4H9 1250 S5h 122() S5h 10%3 MSh 752 MSh
, 1600 SSh 1265 Ssh 1012 MSh 740 MSh
HéHCONHCHZCOOCQHS 1560 SSh 1230 Sk 975 WB 712 lsh
' 1525 SSh 1190 8Sh 925 MSh 662 MSh
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Svectrum No. 27

2,4-Dinitrophenyl —L—leucyl L-leucine 3365 SSh 1530
ethyl ester 3345 SSh 1500
3115 SSh 1425
1750 SSh 1340

%

1205
1170
1150
1130

976 WS}
920 M

865 W1
818 MSh
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» 1625 SSh 1280 SSh 1080 X 742 MSh
02/\/ H HCONH HCOOCZH5 1595 SSh 1472 SSh 1060 ESh 715 WSh

1535 SSh 1242 SSh 1022 ¥Sh 687 MSh
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Spectrum No, 22 .

' 2,4-Dinitrophenyl-L-leucyl-]- 5360 SSh 1500 SB 1192 SSh 1000 MB 715 MSh
phenylalanine ethyl ester 5270 SSh 1425 SSh 1168 SSh 972 WB 700 MSh
1750 S8h 1340 SSh 1145 SSh 922 MSh 655 Msh

02 CoH. ” 1645 SSh 1300 SSh 1128 SB 855 W5

54 9 g7 7 : 1620 SSh 1280 SB 1118 SB 830 MSh

NHCHCONHCHCOOC H5 1595 SSh 1250 SB 1072 B 822 MSh

B . 2 1545 SSh 1238 SB 1062 MSh 765 3

1520 58h 1210 SSh 1020 M3 740 Msh
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Spectrum No. 23

2,4~-Dinitrophenyl-L~isoleucyl- ] 3350 38h 1530 SSh 1270 SSh 1048 MSh 833 WSh
glycine ethly ester 3310 S5h 1490 Ssh 1240 $Sh 10955 MSh 8§15 M9

3110 SSh 1420 $5h 1200 S$Sh 1040 MSh 760 WSh
o) 1750 8Sh 1355 $8h 1170 M5h 1070 SSh 754 WSh
2 A,CH 1660 SSh 1340 95h 1155 MSh 925 WSh 742 MSh
1625 SSh 1320 SSh 1140 MB 918 ¥Sh 715 MSh

'NH&HCONHC%COO@;% 1590 S8h 1300 SSh 1120 ESh 900 WSh 662 MSh

1560 SSh 1280 §S 1092 KSk 80% WSh 645 MSh




! FREQUENCY (CM™) »
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650

100

T T T LA R O S T —— ™ i :
NN S S RN R R R A S AR ey aae
- H £+ e N T et S O R ST A A i H . ;
AR e T SRS EEERE RS SN Y R AR S
90 L l RN i AN SRR RN B
N T T - T v
; I P! f R R i N O i !
! . : ] ! : ; e ; ! i
. o i e T O N o r/fr'f SRS NS DS A T H R D P i
: ! ! ! i [ , :
. ! i Lmal sl : i i
' ' : H

e}
- O
£
*} |
\s\‘
1
4
i
-

~
o
]
]
i
I
1
i
P
PR e
s
. /’J
1
1

O~
(@
I
1
i
i
=
¢

n
(@
NI aast

N
" ,
4 ;
Z ;
< A N I S | SN IS
< | ‘ \ ; . RIS M— e R :
= o, i ; | SO SO | ' NI I B R R U A T S I I I
= ' i ‘ 1 o N RN R R
5 401 - Lt . . S I , B S BN TERAN RN M A |
Z . . ; : : i ) ‘ . ; : ' ‘ LN
< : e e + T Hueaed B IS BRI ST E v Rl
e ) : ! ! i i - S ' Ced o
— 30 |~ ! et ; ; ; by [T S
i ‘ ! . : . ! ! s ; ! ‘ i !
[ (RPN (UURY DU U S PR R N SR A s S SO N T A A L i ;
A e e
20 IR . : i : :
T T T + i . -
1 | IR ' R K
' SR ,-J - S T S Pl 1y i 1 i -
P t . i ! i
10 aE ‘ ‘ ’ '
o - - e :
i : . : ! - - g R T b e R - +
H - B ! .
SHE ; ‘; i

L]

Spectrum No. 24
2y4~Dinitrophenyl-L-isoleucyl- 3350
L-leucine ethyl ester 1750

1650

1625
r ;,C4H Gl 1595
< HCHCONHéHcoocZH5 1939
1500

1340 SSh 1138 5Sh 866 w3
1305 SSh 1130 SSh 850 w8
1300 55h 1116 S4n 235 ESh
1275 $Sh 1088 $S3h 818 FSh
1265 $85h 1059 MSh 760 Wsh
1240 Suh 1020 HSh 742 S5
1200 &3h. 970 wWSh 716 s
1160 3Sh 920 MS 662 ISh
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Cpectrum Ko, 25
’ 2‘,4-Dinitrophenyl-—L-isoleucyl_- 3350 SSh 1345
L-phenylalanine ethgl ester - 1730 85h 1305
1650 SSh 1280
1625 SSh 1260
02 A.:C l—l 1595 $Sh 1225
1032 SSh 755 SSh

1525 $Sh 1220
OEN ) HéHCONHgHCZOOCZHf)‘ 1500 SSh 1168 1010 SB 743 MSh

1420 35h 1140 ¢ L 972 M3 715 8Sh

w

1120 SSh 922 MSh 698 IIJh
1105 c‘“h 870 WSh 665 K3k
1688 35h 835 MSh
1075 8sh 820 MSh
1058 5Sh 762 MSh
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- Spectrum No. 26

‘2,4—Dinitrophenyl-L-phenylalan,yl- 5350 SSh 1515 SSh 1250 SSh 1055 MSh 830 MSh

glycine ethyl ester 3315 8Sh 1500 SSh * 1230 SSh 1018 MSh 818 Keh

1740 8Sh 1440 SSh 1218 SSh 968 WB 760 SSh

O 1670 SSh 1420 $SSh 1143 SSh 940 WSh 740 SSh

2 C7H7 _ 1630 55h 1360 SSh 1132 SSh 920 SSh 712 SSh

, 1595 8Sh 1340 $Sh 1116 MSh 890 W3 00 SSh

O,N /‘/éHCONHCHZCOOCZ/‘j’b- 1555 SSh 1310 $Sh 1085 MSh 867 WB g64 SSh
1535 S8h 1265 SSh 1072 MSh 848 WB




: . FREQUENCY (CM™) :
4600 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650

100 - = Sttt T l
: e b S O S N A N I Vil ] | RERN N
; i il ] ; ' P N
90 RN : RN : ]
I | | | | i
S UL B Ok Sl S St N AR 08 i S PRI O R e s B R HIEE
N TR B AR I B SRR ER N f"\,f” :
o L e i
- , . SERERE ] g
52 . . "‘*-\x . _\r\ B padll A R § ;
60 I Vﬁf N s T NSURSIGE NUURRN I N 35 1 U N OO SO - :
w 11 P :
Z 50 ' L 1 -
- e : Pl PH G S i
[ R R S A4l 1 A R | L
z B an UH TR .
55 40] |- ’ - 1 - I
g e L L o y 1 Ao g
: RN na AL IRRR ( j e
~ 30 ; ! et 4 ; 4 S R L - i
: | Dl 5 ‘ ‘ B
g 1 N REEEE A RAREEEE R T R B
200 R e e |
- l : ! e P S iy . \ !‘%
10 . . 1 O O O O P S S - _ 0 NS AN IS NN SUUURION L S S R

()
L
n

Spectrum No. 2 7
2,4—-Dinitrophenyl-L-phenylalanyl— 3360 SSh . 1420 SSh 1150 8SSh 925 MB 740 5Sh
L-leucine ethyl ester 1725 8Sh 1365 SSh 1125 SSh 916 MSh - 720 MB
. : . 1660 SSh 1345 SSh 1105 S8 888 WSh 700 MNsh
) 1620 SSh 1268 SSh 1072 SSh 848 Wah 665 ISh
. 2 §7H7 &HQ 1590 S$8h 1245 SSh 1060 SSh 850G WS
1535 SSh 1230 SSh 1028 SB 833 MSh
OZN H /-{CONH COOC2H5 1520 SSh 1216 SSh 970 MSh 815 1iSh
1500 8Sh 1205 SSh 936 NMSh 762 WSh




[ FREQUENCY (CM")
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650
100 e

H : | f ) .

| ; ] i : R : I [ ” j
e e ’:T : by o - _f [ i - Speiedend 1. ,1~ it ,‘1 f : .

, AESEEEEE ‘ ] e i : !
90 -t H AR e A B R e R n

[ RETE CF S SUR SIS SRS A0S A N N AR A o de [ET S o PSR T L L i!'
) ' . : . v . H ; v H A&;_‘jﬂ" H 1 ‘ L{”’- 3 : N

80 |~ I AN = -

e EA U | ,,w-f‘ »

~
(@]

PR E i ta e TO—

b T . R S
H ; T :
v, st sl A IR P . .

P : 1 :
A ! H ”
o9 ! ; H [ b
s ' 8 N by i [ AE !
zZ i v Do i ‘ , ‘ :
< 504~ .- - 4 i N %A,I‘,-.ﬂ 1 S _*...%L., e Eaa CR EPRUIES [ SRS NI SR
— : i i re Co ‘ . .
t‘ . t+ T } §~ - J ' i - " - 1 { : ' P [
= ! LY ! N , k , B
G 40| - AT , ~e b N Rt et I el e
Z il v il j ; Ll 3
< i e T T T e ! [ w i 5 it
a4 : i : i o i ! ; ! : e .
~ 30 |- L : i i - X i ; - B R s B AR At hat
: N 4 - 1 “{ 1 1 { i 1 - i ,‘ it - Bl ll :L
20 bk , I ' : ; B ISR P IR L. RERRES RNE
; : I : T : ; B ST T
. - B - i RS S ) S OO N - ] ! | . J I
t | i i Ty : i
10b At d L . . — SR NI A N I N N S B NI SHS S A N B R et ERSESEAS SC WHRSE U NN SN (B SRR -

Spectrum NO. 2 &
¢,4-Dinitrophenyl-l-phenylalanyl- 3360 SSh 1525 SSh 1250 SSh 1075 MSh 833 1Sh
L-phenylalanine ethyl ester . © 3300 SSh 1500 SSh 1230 MB 1060 MSh 818 1Sh
1740 SSh 1440 SSh 1214 SSh 1035 }Sh 760 SSh
0 1675 SSh 1365 1178 SSh 1020 MSh 752 $S
2 C,H, g?H? 1625 SSh 1345 1150 SSh 970 WB 740 }Sh
1595 SSh 1320 1130 SSh 945 WB 700 SSh
aN HCHCONHCHCOOC,Hs 1360 ssn 1265 1115 MB 920 MSh 665 MSh

1540 SSh 1265 1095 B 860 WSh 652 MSh
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Spectrum No. 29
2,4~-Dinitrophenyl-L-tryptophyl- 3360
glycine ethyl ester 1760

1690

1415 85h 1156 S5h 1020 SSh 755 S5h
1350 SSh 1138 $Sh 968 ¥ 742 5oh
1330 8Sh 1125 SSh 926  MSh 718 HSh
1625 1300 SSh 111% SSh 914  ¥sh 690 Moh
1590 1260 S5h 1095 856 Wih 662 Soh
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Spectrum No. 3()
2,4-Dinitrophenyl-L-tryptophpl- 3370
L-leucine ethyl ester 3330

| 1745
NO,

W W

R S

1520 38h 1200 81 890 WSh
1490 S3h 1146 S

1410 S58h 1132 S%h

1365 55n 1100 835
1340 8%h  104%% SSh
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A

, 1655 $SSh 1300 SSh 1026 SSh
02N U,H HCONH, HCOOC2H5 1620 $Sh 1250 SSh 930  MSh
1585 S5h 1225 S5 G20  WSh
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2,4-Dinitrophenyl-L-—tryptophyl- 5430 SSh 1500 SSh 1210
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3295 SSh 1360 SSh 1150 SSh 995 MSh 749 SSh
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1665 SSh 1320 $Sh 1110 SSh 920 MSh 705 SSh
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Soectrum No. 43 - 5505 SSh 1520 $Sh 1220 SSh 1010 WSh 840 MSh
,2,4-Dinitrophenyl-L-phenylalanyl 1720 SSh 1430 SSh 1155 S8Sh 970 W3R 825 MSh
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1590 Ssh 1255 SSh 1065 MSh 900 WB  70% SSh
. 02/\/ HCHCONHCHCOOH 1540 SSh 1245 SSh 1020 MSh 860 WR .
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Spectrum No. 45 3360 SSh 1150 SSh 975 WSh 760 NSh.
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Spectrum 1\10.46 : 3350 SSh 1490 SSh 1190 SSh 1055 SSh 835 WSh
: 2,4-Dinitrophenyl-L- tryptophyl ' 1750 85h 1405 SSh 1170 SSh 1035 SSh 816 MSh
-L-leucine 1680 SSh 1350 SSh 1155 SSh 1020 SSh 805 ¥W5h
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Speétrum No. 47 , 3450 SSh 1500 SSh 1220 SSh 1020 WSh 825 }¥Sh
2,4-Dinitrophenyl-L-tryptophyl 3310 8Sh 1430 SSh 1190 SSh 1000 WSh 795 WSh
~L-phenylalanine 1735 SSh 1380 SSh 1150 83h 980 WSh 760 WSh

’ ﬁd 1665 SSh 1340 SSh 1140 5Sh 925 MSh 745 SSh
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The depression of the freezing point of a solvent has been used
with considerable success for determination of the molecular weights
of many organic compounds. Consequently, procedures are described
in detail in many physical and chemical manuals; (1-5)

Generally, temperature change.is measured either by a Beckmann
differential thermometer (6), calibrated thermocouple (7), a
resistance thermometer (8) or a thermistor (9). The present work
used a thermistor to determine the freezing point depression of
glacial acetic acid soiutions, and hence the molecular weight of the
solute (i.e., DNP-peptides).

: ~

Freezing point depressién and concentration of solution are related

in accordance with equation (1)

gy 2 n
s, - 0 o e - equation (1)

AH o+ 1000/14A

where ATf is the freezing point depréssion, To is the freezing point
of pure solvent, aH its molar heat of fusion, MA'its molecular weight
and m the molality of the solution. In very dilute solutions, m is

negligitle compared to IOOO/MA, and the relation becomes

re 2 m1,
ATf = = Kfm --------- equation (2)
OH 1000

where Kf is a constant of the solvent, defined by

2
M,RT_

1000 AR
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When a thermistor of high resistance is used to mezsure this
relatively small temperature change, the change in resistance becomes
essentially proportional to temperature change. Over a temperature
interval of several degrees the thermistor resistance can be expressed

quite accurately by

x 1 1 be
In— = B(—-=-=) = B ———2) -------- equation (3)
r, T T o

where r is the resistance of the thermistor at T, T, the resistance
at To and B a constant of the thermistor.
Substituting for oT. in terms of the thermistor resistance in

equation (2) gives

r RBmMA
In —— = — e equation (4)
ro 10004 H

Equation (4) is the resi;tance-concentration relation found most
convenient for use of the thermistor as temperature-sensitive element
in the present work.

Greater ease in calculating solute molecular weights from freezing

point depression can be achieved by rewriting equation (4) as

WA RBMA r .
MB = . / In —— . equation (5)
- NB OH ro :

where MB is the molecular weight of solute, W, the weight of solute,

A
and WB the weight of solvent.

The object of this part of the present work was to determine the
feasibility of calculating molecular weights of peptide fragments by

freezing point depression principles, from their DRP-derivatives, and
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to find the equivalent molality of solutions containing mixtures of
' DNP-peptideé as an approximate guide to the number of peptide fragments
present. Recognizing the need for adequate solubility of peptide
derivative in a solvent of adequate freezing point depression constant,
these studies were undertaken, utilising the thermistor as temperature-
sensitivé element. Recognizing also that a peptide or protein from
natural sources may only be available in limited quantity, and that
peptide chain length is likely to impose limits on solubil;ty, it was
important to ascertain the lowest concentration for which accurate
values could be obtainei since this would represent the smallest
actualhweight of material on which theee studies could be made.

The thermistor constant B was calculated by two methods, (a) by
determining the resistance at certain definite temperatures measured
by a Beckmann therumometer and (b) by finding the resistance of glacial
acetic acid solutions of benzoic acid of known concentrations ( three
separate runs on 18 solutions of different concentration); both

methods gave the same value for B.




Literature Survey
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In addition to the techniques of gel filtration chromatography
(10, 11) and gel electrophoresis (12-14) so often used for separating
and determining molecular weights of proteins and peptides, calculation
from direct measurement of osmotic pressure (15, 16) and calculation
from spectiroscopic data on DNP-derivatives (17-21) have received
attention, and attempts have been made to use mass spectra (22, 23)
to calculate peptide molecular weights.

The osmotic pressure method can be used for the determingtion of
molecular weights of less than 1.5 X 106. However, it is difficult
to prepare semipermeable membranes which would permit passage of
solvent'and hold back macromolecules of molecular weigh§ below 30000.
Furthermore, it is difficult to estimate accurately the degree of
permeability of the membrane to a given protein and the dependence
of the rate of permeation of the molecules through the membrane
(for molecules of molecular weight below the limit indicated) on the
molecular weight (24). Although the ejuipment required for osmometry
is simple, accurate determinations are difficult. In order to avoid
bacterial decomposition df the protein, the determinations must be
made at low temperatures and over short periods of time. Less than
0.5 ml of solution is reguired per measurement, and the result extremely
accurate,

Insulin had long been regarded as having a molecular weight of
approximately 48000 in concentrated solutions, 12000 in dilute solutions
and 6000 in non-aquecus solution, Following Sanger's (17) demonstration
that insulin contazins two pepitide chains, with N-terminal glycine and

K-terminal phenylalanine as the only N-terminal amino acids in the
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molecule, dinitrophenylation and subsequent calculations based on
absorption aata in the 350 to 360 gu,range with a molecular extinction
coefficient in the range of 15000-16000, led to a revised value of
6450 as the correct order of magnitude for the molecular weight,
detailed knowledge of the exact amino acid sequence of the two chains
leading to a value of 5733 as the actual molecular weight of a single
insulin molecule (25). From the value obtained, the spectroscopic
method will give the molecular weight of DNP-protein with an error
close to + 10%.

Tﬁe application of spectroscopic methodS to determine the molecular
weighté of some proteins were reported by Craig (18-21). By using
a molecular extinction coefficient of 14500 and measuring the molar
absorbance of the DNP-proteins at 350 9&, a value of 1300, calculated
1142 for gramicidin S (18); a value of 1353, calculated 1270 for
tyrocidine A (19); a value of 1470, calculated 1411 for Bacitracin 4
(20) and a value of 1340, calculated 1420 for Bacitracin B (21) were
obtained; these values gave an error close to + 10%.

Kamerling et al (22) and Aplin et al (23) attempted to use the
mass spectra to calculate peptide molecular weights. Important
observations were (a) the method appeared satisfactory for dipeptide
but not always satisfactory for tripeptides (vapor pressure too low);
(b) some peptide derivatives were prepared to obtain compounds of
some what higher vapor pressure (i.e. ethoxycarbonyl peptide methyl
ester, acetyl-peptide methyl ester, DNF-peptide methyl ester, etc.);
(¢) the method was only of borderline suitability for tripeptide ester

molecular weipghts and not at all suitable for longer chains when the
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amino function was dinitrophenylated, since some DRP-tripeptide esters
still have teo low a vapor pressure; (d) no difficulty was encountered
when the ethoxycarbonyl and acetyl groups were used for tripeptide
esters and even longer chains could be used with this as the amino
modifying group.

Temperature measured either by Beckmann differential thermometer,
calibrated thermocouple or resistance thermometer were widely used, and
different devices were described by many workers in order to measure the
freezing point depression and determine the molecular weights.

Use of the thermistor to measure the freezing point depression,
especially at low temperétures, did not receive too much attention before
1945. In 1949, Zeffsrt and Hormats (26) reported the results obtained
in the application of the thermistor for the accurate determination of
freezing points over an extended range at low temperature, This was
further investigated by Muller and Stolten (27), who stated that high
resistance thermistors are admirably suited for differential temperature
measurements of a high order of sensitivity and precision. By using
the thermistor to determine the freezing point depression of solvents, they
found the magnitude of the signal produced by thermistors permits
analytical determinations with a precision exceeding 1%.

Use of a thermistor as the temperature sensitive element in an
automatic recording system was first described by Johnson and Kraus (28),
who determined the freezing point depressions of aqueous uranyl fluoride
solutions, |

In 1956, Mc Mullan and Corbett (9) described an apparatus for the

adaptation of thermistors to accurate measurement of freezing point
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depression without the use of elaborate or expensive equipment. They
pointed out that measurement can be made by means of a thermistor with
an uncertainty less than that obtainable with the conventional Beckmann
thermometer techniqgues. A few years later, Neumayer (29) employed
isothermal distillation with two thermistors, and determined the
molecular weights up to 3500 with a relative error of less than 2%.

In 1961, Wilson et al (30) used a simple apparatus for routine

molecular weight determinations, they found that a highly sensitive

thermistor method for molecular weight determination with water, benzene,

l,4-dioxane, carbon tetrachloride, ethyl acetate and chloroform as
solvenfs gave the average deviation from theory of slightly less than
1%. Letton et al (31) in 1963 described an apparatus for routine -
determination, with reasonable accuracy, of molecular weights of some
known cempound in the range of 150-600, using.a few milligrams of

material in a very dilute solution of benzene, dioxan and nitrobenzene.




Experimental and Results
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Appsratus

The apperatus (Fig 1 and 2) is essentially the same as that used
by Mc Mullan and Corbett (9). The Wheatstone bridge circuit used
in these experiments is shown in Fig. 1. The bridge circuit included
three 1.5 volt dry cells in parallel, with a 500 ohm resistor in series
as the current source, a Jay-galvanometer for the detector, two 1000~
ohm standard resistors for the fixed arres and two decade boxes (1-,

10-, 100-, 1000- ohm steps) in parallel for the variable resistance,

To Thermistor

Figuré l. Wheatstone bridge circuit.

Where V: three 1.5 volt dry cells; Sl and SZ: single-pole,

single-throw switch; RI: 1000 ohm standard resistor; RQ:
500 ohm carbon resistor; R3: decade resistance box (1-, 10-,

100-, 1000- ohm steps); G: galvanometer, Jay Instruments.

The cryometric cell and thermistor assembly are shown in Fig. 2.

The cryometric cell employed was of all-glass construction, an air

jacket surroundS the sample chamber and can be evacuated to provide
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better insulation. The thermistor, which is attached through a
Wheatstone bridge circuit to.a galvanometer is placed in a thin wall
glass tube, and the bottom inch of this tube was filled with petroleun
ether for better thermal contact with the system. The solution in
the sample chamber is stirred magnetically with a Teflon-covered
stirring bar and the cooling bath is about 3° below the freezing
_pointbof the pure solvent.

oy TO Wheatstone bridge circuit

Vacuum tube i

connection P ]
T
& C
B L
E
\ D

FPigure 2. Freezing point cell.
Where A: 8 mm thick air jacket; B: sample chamber with a
diameter 35mm; C: 7mm glass; D: Thermistor, carbaloy D-102;
E: solvent; F: Petroleum ether; G: Teflon-covered stirring

bar; H: constant temperature water bath.
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Experimental procedure and results

Calibation of thermistor

A. From Beckmann differentisl thermometer

This need be done only over a narrow range (1-300) below the freezing
point of the solvent. A Beckmann differential thermometer was set to
give a reading at the freezing point of the solvent. The thermistor,
which was placed in a thin glass tube containing petroleum ether, and
the Beckmann thermometer were inserted into the sample chgmber of the
cryometric cell, at the bottom of which is a small Telfon-coated
magnetic bar, and a volume of solvent (i.e. glacial acetic acid )
sufficient to cover the thermistor and the bulb of the thermometer.

The cryometric cell was placed into the cooling bath which was well
circulated and already prepared and adjusted to give a temperature of
not more than.5°below the freeziag point of the solvent. The bath
rests just above the surface of a rapid rotatory magnet which is
switched on, and after a convenient time, the air ‘jacket of the cell was
evacuated, readings on the Beckmann thermometer were taken at 30 seconds
intervals simultaneously with the readings of the resistance in ohms,
until the solvent was about O.l° below its normal freezing point.

A minute crystal of solvent was added by means of a long handled spoon
from the top of the cell to induce crystallization; and the temperature
rose to the freezing point, which was then recorded from both the
Beckmann thermometer and the thermistor.

The apparatus was carefully removed from the cooling bath, the
insulating jacket opened and the solvent warmed at room temperature

with stirring until the crystals were melted. About 50 milligrams
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of a solid (i.e. benzoic acid) were added by means of the spoon, and
- the freezing point determined as before. This addition and freezing
were repeated a further four times. From the relations between the
resistance of the thermistor and the change in temperature, we can
calculate B the constant of the thermistor.

In this experiment, glacial acetic acid was used as the solvent,
and benzoic acid used as the solute, and the constant B was obtained

from the equation (3)

r
B = 1ln — ( = N . equation (3)
o] AT

The results are shown in Table 1.

Table 1
Calibration of +the thermistor by
Beckmann differential thermometar

r, = 1454.22 ohms. T _ = 289.78 °k.

T T ln—i- ATf TTO B
(ohas) (°k) (x1o'3) (°k) (x10t)  (x10°)

1469.03 289.555 1.01326 0.225 8.391 3.779

1482.35 2894355 1.91590 0.425 8.385 3.780
1501.25 283.075 3.18284 0.705 8.377 3.782
1529.10 288.670 502097 1.110 8.355 3.764

1556.95 288.270 6.82591 1,510 8.3%4 3.776
1587.92 287.840 8.79553 1.949 B.341 3.782

Ave.=3,780
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B, From & known concentration of sample.

In the calibration of a thermistor, it is not necessary to use the
Beckmann thermometer. From the relations between the concentration
and the ratio of the resistance r at the freezing point of a given
solution to the resistance T, for the puie solvent at the start of
the measurement, it is easy to calculate the thermistor constant by
equation (4). |

| 1000 aH T

B = In —— oo squation (4)
RMAm r

For glacial scetic acid, where sH = 2.803 X 10° °K cal mole'l(jz); R is
1l

the ideal gas constant and is equal to 1.987 cal. ok 1mole” 5 M, is the
molecular weight of glacial acetic acid and is equal to €0.052; m is
the number of moles of solute per 1000 grams of solvent.

Procedure

A known weight of glacial acetic acid (30 grams) was placed in the
sample chamber anl a Telfon coated magnetic bar was on the bottom of
the chamber. The thermistor was slipped into the thin glass tube,
which fits into the cryometric cell.. ' The cryometric cell was placed
in the cooling bath and the resistance at the freezing point of the
solvent was determined as described above. Then, the apparatus was
carefully removed from the cooling bath, the solvent was warmed as
described above, 15-30 milligram of pure benzoic acid placed in a
spoon and weighed accﬁrately on a microbalance, the spoon carefully
introduced via the top of the cell and its.-contenf emptied into the

solvent by rotating fhe spoon, which was withdrawn carefully and

reweighed., The resistance at the freezing point of the solution
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was then determined as before. The addition and freezing were repeated
& further four times and the constant B was then calculated from the °
above equation. The results are shown in Table 2.
“Table 2
Calibration of the thermistor by

known concentration of sample.

r

r, m X1072 r g B X107
(ohms) (moles) (ohms) (XlO'S)

1455.05 0.52 145627 0.8381 3,786
: 1.06 1457.53 1.7030 3.774
2.10 1459.96 3.2688 3,768

3,05 1462.22 4.9156 3,786

4.22 1464.99 6.8082 3,790

5.58 1468.13 8.9492 3,767

Ave.= 3,778

1454.88 0.65 1456 .40 1.0442 3.774
1.17 1457 .62 1.8815 3,718

2.09 1459.80 3.3750 3.795

3,22 1462.40 5.1555 3,761

4.13 1464 .60 €.6587 3,787

5.34 1467.37 8.5483 3.760

Aye,=3.776

1454.99 0.50 1456.17 0.8038 3,776
1,12 1457.63 1,8128 3.802

2.08 1459.86 343415 3774

3.31 1462.75 503192 3.775

4.25 1464.93 5.8084 3,763

5.18 1467.14 8.3159 3.771

Ave .=3,T777

‘i‘Ot&l ave '33 a777
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Determination of Molecular weight

A, For DNP-peptides

The molecular weight of eight of those previous prepared DNP-peptides
were determined by freezing point depression method. The procedure
was carried out exactly as the method B for the calidbration of the
thermistor, using glacial acetic acid as the solvent and UNP-peptides
ags the solute, Five consecutive additions of weighed sample were nmede
to the solvent and the above procedvre was repeated after each addition.
The molecalar weight of those DNP-peptides were calculated from equation
(5 ), and a measured value of B of 3.777 X 103 degrees obtained as .

described above was used.

WB RBMA r
My = —2- / In — ... equation (5)
WA oH rO

The results are shown in rable 3,
Table 3
Molecular weight determinations of DNP-peptides
by freezing point depression method.

W;(gm.) r(ohms) 113-5-—-)(10"3 Molecular weight
Compound o Theor. Found Error%

DNP-L~leu-L~leu 0.0639 1462.31 0.8073 410.44 414.72 +1,04

r, = 1461.13 ohms 0.1329 1463.57 1.6685 © 417.31 +1.67
W, = 30.6885 gm. 0.2427  1465.62  3.0683 . 414.43  +0.97
0.3828  1468.24  4.8543 413,16  +0.66
0.4986  1470.28  6.2427 418.46  +1.95
C.5291  1472.66  7.8602 419.33  +2.17

Ave-=416.23; +1u41




Compound
DNP-L~ala-L-phe
r°=1452.18 ohns

WAu 30.1538 gn.

DNP-L-val=-L-=leu
r°=1458.64 ohms

W,= 30,0226 gms

DNP-L-phe-gly
r°=l456.44 ohms

W,= 30,5210 gm.

Wy (gm.)

0.0576
0.1173
0.2346
0.3612

0.4755
0.6048

0.0714
0.1248
0.2355
0.3639
D.4662

0.5910

0.0642
0.1305
0.2436
0.3685
0.4731
0.5964
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Table 3 (Continued)

r{chns)

1453.30
1454.40
1456.59
1458.97
1461,.28

1463.61

1460.0%
1461.10
1463.24
1465.67
14€7.64
1470.23

1457.70
1458.97
1461.21
1463.73
1465.72
1468.00

1n§—x1o'5
0

0.7710
1.5276
3.0322
4.6648
6.2469

7.8401

0.9525
1.6851
3.1487
4.8080
6.1512

T.S144

0.8648
1.7356
3.2698
4.9929.
6.3515
7.9058

Molecular weight

Theor. Found
402.37 398.38
409.45
412,55

412.87
.405.88

411.34
Ave.=408.41;

396.41  401.46
386.64

400,56

405.34

405,89

399.92
Ave.=401.64;
388.35 391.10
395,10

392.47

385.96

392.40

397.41

Ave o=392. 57;

Error%
-0.99
+1.76.
+2.53
+2.61
+0.87
+2.,23

+1050

+1.27
+0.06
+1.05
+2.25
+2.39
+0.86
+1.32
+0.71
+1.99
+1.06
-0.62
+1.04
+2.33
+1.09
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Table 3 (Continued)

WB(gm.) r(ohms) ln—i‘:—XIO'5 Molecular weight
Compound o Theor. Found Erxror%

DNP-L-1leu~L-phe  0.0740 1454.10 0.8384 444 .46  446.46  +0.45

r =1452.88 ohme  0.1374  1455.17  1.5749 441,80 -0.60

W,= 31.7504 gm.  0.2579  1457.33  3.0582 443.62  -0.19
0.3972 1459.39 4.4707 449.91  +1.23
0.5199  1461.50  5.9155 445.07  +0.14
0.63507  1463.53  7.3035  451.18  +1.51

Ave.=446.34; +0.42 ;

DNP-L-ala-L-phe-  0.0663  1461.83  0.7596  459.43  460.37  +0.20 -

gly - 0.1323 1462.96 1.5323 455,40  -0.87

T,=1460.72 ohmws Lei6 1465.18  3.0486 457.79  -0.36

W= 324836 gm. o 4190 1267.70  4.7671 456.08  -0.73
0.5418  1469.91  6.2717 455.65 -0.82
0.6879  1472.48  8.0186 452.49  -1.51

Ave.=456.30; -0.68

DNP-L-val~L~leu- 0.0930 1464 .60 C.8575 543.59 539.22 -0.8C

L-phe 0.1695 1465.62 1.5637 545.22  +0.30
To=1463.33 ohmS 4 5561 1467.76  3.0228 542.63  -0.18
Wpm 31.9665 &me o 4874 1470.10  4.6158 542.02  -0.29
0.6507 1472.28 6.0976 536.76  -1.26 f
0.8202  1474.52  T.6179 541,55  -0.37

Ave.=541.23 -0.43

DRP-L-Ileu-L-phe 0.0819 1456 .67 0.7417 557 «62 551.19 -1.15

-L-leu 0.1539  1457.58  1.3662 562.29  +0.84

r =1455.59 ohms  0.3297  1459.89  2.9498 557.91  +0.05

W,= 32.2114 gm.  0.5103  1462.28  4.5855 555.49  -0439
0.6876  1464.56  6.1435 558,67  +0.19
0.8766  1466.96  T.7809 562,35 +0.85

AVB.=557.98; +0006 :
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B. For the mixture of DNP-peptides

The mean molecular weight of the mixture of eight DNP-peptides was
determined, the procedure was the same as described above. The
resistance at the freezing point of pure glacial acetic acid was :
measured, then 0.005 mole of each DNP-peptides were added together
to the glacial acetic acid, the resistance at the freezing point of
the solution was measured again, and the molecular weight was calculated.
Threé separste runs on the mixtures were made, the results of the

mean molecular weight determinations are shown in Table 4. -

Table 4
Mean molecular weight of DNP-peptides

mixture by freezing point method.

Run ro(ohms) WA(gm.) WB(gm.) r(ohms) Mean molecular weight n_
Theor. Found Error% X10

2
1 1456.68 32.2805% 0.5815 1466.23 450033 443.24 -1.57 4.06
2 1455.30  30.1947 0.5439 1464.57 450.33 456.13 +1.29 3.95
3 1457.29 30.7532 0.5540 1466.63 450.33 453.37 +0.68 3,97

Ave.=450.91;+0.13; 3.99

Where m = the equivalent molality of DNP-peptides in the mixture found

by the freezing point depression method.

C. For DNP-poly-L-valine

The molecular weight of poly-L-valine or its DNP-derivative was not
known. In the present studies, we attempted to use freezing point
depression method to determine this molecular weight. Unfortunately,
DNP~poly~L-valine does not dissolve in glacial acefic acid, and =&
suitable solvent could not be found for the molecular weight

determination. An indirect method was used, DNP-poly-L-valine was
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hydrolyzed by concentrated hydrochloric acid, and the hydrolysate
dinitrophenylated with FDNB, The product was then used for molecular
weight determination by freezing point depression method.

(1) Preparation of DNP-poly-L-veline

Crystalline poly-L-valinel (0.5 gram) ard 1 gram sodium bicarbonate
were dissolved in 10 ml. of water, 20 ml. ethanol and 0.5 ml. FDNB added,
and the mixture stirred mechanically for two hours at room temperature.
The DHP-poly-L-valine which had precipitated as an insoluble yellow
powder was centrifuged down and washed with water, ethanol and ether,
then dried under vacuurn. The yield of the product was 0.48 gram.

With a SP. 800 spectrophotometer, the ultraviolet absorption of
DNP-poly-l-valine in 96% sulfuric acid at 338 gu.was meesured,
using the Beer-Lambert equation A = abc, where A = absorbance; b = the
cell length = 1 cm.; ¢ = the concentration of the solution; a =
molecular extinction coefficient2 = 16000, The molecular weight
of DNP-poly-l-valine was obtained as follows;

DNP-poly-L-valine (10 milligram) was dissolved in 100 ml. of 96%
sulfuric acid and the ultraviolet absorption of the solution at 338 DU
was measured, a value of 0.952 for the absorbance was obtained. From
the above equation, a value of 5.95 X 10-5 M was obfained for the
concentration of the solution, therefore, the moleculaf weight of
DNP-poly-L-valine is equal to 0.1/5.95 X 10™° = 1680.

(2) Bydrolysis of the DNP-poly-L-valine

DNP-poly-L-valire (100 milligram) and 10 ml. 12 N hydrochloric acid

were heated in a sealed evacuated tube for 16 hours at 105°. After

From Nutritional Biochemicals Corporation, molecular weight 1000-5000,

2 an average value of DNP-L-val-gly (16530), DNP-L-val-L-leu (15600),
"~ DNP-L-val-L-phe (15700) and DNP-L-val-L-leu-L-phe (16130) found in
97% sulfuric acid solution.
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cooling, it was extracted three times with 25 ml. ether. The ether
extract was evaporated to dryness in vacuo and the DNP-L-valine was
purified by preparative thin-layer chromatography. The adsorbent
used was SilicAR TLC-7GF, the layer was 2 mm,, and the sample was applied
in a narrow band, and developed in the solvent (chloroform/methanol/
glacetic acetic acid; 95:5:1). After developing, the adsorbent
contaiﬁing the desired component was scraped from the glass plate,

and extracted thrice with ether, the solvent evaperated, gnd the
residue used for ultraviolet absorption measurement.

The amount of DNP-L-valine obtained from hydrolysis was estimeted
spéctroscopically. DNP-L-valine was dissolved in 100 ml. glacial
acetic acid, and 10 ml. of the resulting solution was diluted to 100 ml.

With a spectrophotometer, the ultraviolet absorption at 338 mAL Was
measured. By using the above equation and a messured value of 17200
for the molecular extinction coefficient, the concentration of DNP-IL-
valine in glacial acetic acid solution wes calculated, tharefore the
molecular weight of DNP-poly-L-valine. The results are shown in
Table 5.

Due to the instability of DNP-L-veline during hydrolysis, a survey
was made of the rafes of breakdown of this compound. A standard
solution was made of DNP-L-valine in 12 N hydrochloric acid, and some
poly-L-valine was added in case the rate of breakdown was influenced
by the presence of hydrolytic products of the peptide, and the mixture
was heated at 105o in a sealed tube for the required time. The
hydrolysate was extracted and purified as previously described. The

anount of DNP-L-valine recovered was measured spectroscopically,
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and it was found that 88% of DNP-L-valine remained unchanged after the

hydrolysis. This correction factor was used to calculate the amount

of DNP-L-valine obtiined after the hydrolysis of DNP-poly-L-valine.

Run

a A ¢ - - ai  m

Table 5
Molecular weight of DNP-poly-L-valine

obtained by spectroscopic method.

Molecular weight

-5 -5 -5y DNP-poly-~ poly-L-
(XIO ) (x10 ) (x1077) L-valine valine
1l 17200 0.93 541 5.41 6.14 1627.53 1461.453
22 .17200 0.96 © 5.58 558 6.34 1576.66 1410.,56
3 17200 0.91 5.29 529 6.01 1663,30 1497.20
Ave o=1622050; 1456040
Where a = molecular extinction coefficient; A = absorbance;
¢ = concentration of DNP-L-valine in glacial acetic acid solution;
m, = total amount of DNP-L-valine;
B,= total amourit of DNP-L-valine after correction = m, X 100/88;

molecular weight of poly-L-valine = molecular weight of DNP-poly-
L-valine - 166.10

(3) Dinitrophenylation of DNP-poly-L-valine hydrolysate

The hydrolysate after extraction with ether was diluted with 20 ml.

of water, the solvent was distilled under reduced pressure at 600, and to the

residue was added 10 ml. of water and 0.8 gram of sodium bicarbonate.

The mixture was stirred at room temperature for 5 minu‘es, and 0.2 gran

of fluorcdinitrobenzene in 20 ml. ethanol was added. The solution was

stirred two hours at room temperature in the absence of light. After

the reaction was completed, the alcohol was removed by vacuum distillation
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at 40° s and the excess of fluorodinitrobenzene was extracted thrice
with 20 ml. of ether. The solution was acidified with concentrated
hydrochloric acid to pH 2, and the DNP-L-valine extracted thrice with
25 ml. ether. The ether solution was washed with water and dried
over anhydrous sodium sulfate. The solvent was evaporated to dryness
under vacuum, and the residue was purified by the preparative thin
layer chromatography method used above, The yellow crystals of

DNP-L-valine were used for freezing point depression determinations.

(4) Determination of freezing point depression of the dinitro-

‘phenylated products.

The resistance of 30 grams (accurately weighed) of glacial acetic
acid at the freezing point‘was measured by the method as described
above; to this DNP-L-valine obtained from dinitrophenylation of the
hydrolysate was added, and the resistance at the freezing point of
the solution was measured again. From the freezing point depression,
the number . of moles of DNP-L-valine present was calculated
from equation (10), and the molecular weight of DRP-poly-L-valine was
calculated as follows:

The structural formula of DNP-poly=-L-valine is

CgHy  C.H |

] 37
DNP-NHCHCO-(NHCHCO-)yOH

The number of moles of DNP-poly-L-valine in 100 milligram is equal

to

Also
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Where N = number of moles of DNP-L-valine = m » 30/1000;

B
X = molecular weight of DNP-poly-L-valine;

the molecular weight of DNP-NHCH(CBH7)COOH = 283,32
and -HHCH(03H7)00- = 99,13,

From equation (a) and (b),

28,332

) X =
0.1-99.13NB

The results are shown in Table 6.

Table 6
Molecular weight of poly-L-valine

obtained by freezing point depression method.

Run r, r B m NB Molecular weight
(ohams) (ohms) (x10%)  (x107%) (x2074) DNP-poly- poly-L-
mole mole Levaline valine

1 1458.18 1464 .80 3.777 2,817 8445 1745.66 1579.56
2 1460.21 1466.77 3.777 2.788 8.364  1657.81 1491.71
3 1460.33 1466.94 3.777 2,809 8.427 1721.26 1555.16
Ave.=1708.24; 1542.14

Where 1n 1464.80/1458.18 - 4.52963 X 107%;

In 1466.77/1460.21 = 4.48244 X 10™;

In 1466.94/1460.33 = 4.51616 X 10-3.
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A very simple apparatus has been adapted to routine molecular
weight determination of peptide fragments (from freezing point data
for their DNP-derivatives), giving results of reasonable accuracy.
The thermistor is a very simple device to use as the temperature-
sensitive element in cryosccpy, requiring very little attention or

" manipulation. Over a temperature range of approximately 2 %, the
resistance-temperature behavior of the thermistor is described by
an equation involving only one constant, and over a period of several
months the calibration remained unchanged. Calibration by direct
measurement of thermistor resistance and of temperature (measured
by & Beckmann thermometer) at the freezing point of glacial acetic
acid gave a value of 3.78 X 103 degrees for B, and calibration of
resistance with solutions of benzoic acid at different concentrations
in glacial acetic acid (three separate runs were made, each inwolving
six different concentrations) gave a weighted average value of
3.7T77 XVlO3 degrees for B.

Glacial acetic acid is a good solvent for DNP-dipeptides and
DNP-tripeptides, has a fairly large freezing point depression coﬁstant,
and the solutions appear to obey Raoult's Law in dilute solution.

The resistance of pure solvent at its freezing poin% and of the -
solutions at their respective freezing points were measured to
+ 0.0l ohm, and the temperature coefficient of resistsnce of solvent
at its freezing point was 54 ohms per oC, indicating the precision
‘of the data to be of the order of 0,0002 C or better.

The consistency of the results obtained would seem to indicate

that the molecular weights of DNP-peptides can be determined by this
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method to within + 1.5% of the correct value, down to & concentration
of 5 X 10"2 molal with the apparatus described, using only 1.5 X 1074
mole of material. This represents the lowest order of magnitude of
concentration for which reliable results were obtained, but construction
of a cryometric cell with narrower cross section would vermit the
handling of smaller volumes of solution, hence the examination of
8till smaller quantities of solute, and a thermistor of greater
resistance-temperature coefficient would be helpful in the study of
8till more dilute soluticns. The availability of a cell capable of
handling smaller volumes of solution together with & thermistor of
greater resistance-concentration sensitivity would enable very small
quantities of material to furnish results of reasonable accuracy.

When compared with the spectroscopic calculation of molecular
weights, using the assumed average value of 16000 for Ekax’ the resulis
obtained spectroscopically for the DHP-dipeptides and DNP-tripeptides
are in general 10 to 20% lower than the correct value; in general,
spectroscopically determined molecular weights reported in the litersature
for peptides and proteins have been regarded as having + 10% accuracy,
requiring use of other related information to obtain the correct value.
If the identity of a peptide is known and the amount below the limit
which can be used for cryoscopic study, the correct value of E;ax for
that compound must be used for its quantitative estimation. If it
is unknown (hence smax is unknowr) and the amount is within the range
which can be used for cryometric study, its molecular weight could
probably be calculated more accurately by this adaptation of freezing

point depression principles than from spectroscopic data.
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The average of all value of E;ax tabulated in Tables 42 to 44 and

- 46 to 48 for the free DNP-peptides studied are 17849 in 95% ethanol,

16815 in glacial acetic acid and 17751 in 4% sodium bicarbonate
solution respectively. Recalculation of DNP-peptide molecular
weights after rounding off these coefficients to 18000, 17000 and

18000 respectively gives molecular weights of accuracy ranging from

+ 4% in 95% ethanol, + 2.33% in glacial acetic acid and + 2.91% in

4% sodium bicarbonate solution. The molecular weight of a DNP-peptide
fragment could probably be calculated therefore to + 5% of the correct
value by using the assumed E;éx value for the solvent used, if the
identity were unknown and the amount too small for cryoscopic study.

When compared with attempts to determine peptide molecular weights
from the mass spectra of the DNP-derivatives (22), results of reasonable
accuracy were obtained cryoscopically for the DNP-tripeptides without
any difficulty, even though the carboxyl group was free, This compares
favourably with the difficulties encountered with DNP-tripeptides in
mass spectra studies, even when the carboxyl group was modified.

The DNP-tripeptides examined in this work appeared to dissolve more
slowly in glacial acetic acid than did the other DNP-compounds, and all
DNP-peptide esters apparently dissolved in this solvent more rapidly
than any free DNP-peptide. Although DNP-peptides appear capable of
giving relatively more concentrated solutions in tertiary butyl alcohol,
it was glacial acetic acid which was found most suitable as solvent for
the cfyoscopic studies. These observations indicate that molecular
weight determinations on longer peptide chains (as DNP-derivatives)

would require modification of the carboxyl group, also, if dinitro-
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phenylation were chosen to modify y/-amino function.

The freezing point depression data obtained from the mixture of
DNP-peptides in glacial acetic acid indicate that no matter what
interaction may occur between the solutes, no complication exists in
calculating the equivalent molality of the mixture in glacial-acetic acid
solution. This finding, together with the observation that sll
peptides mentioned in this study can eventually be separated from one
another, identified and estimated, indicates that congiderable insight
into the structure of a large peptide could be gained if a mixture of
this type resulted from fragmentation of the large peptide. Further
study iﬁvolving the fragmentation of a large peptide into such a
nixture and examining the mixture by combined cryoscopic and thin layer
chromatography studies would be necessary fo teat this deduction to
its fullest extent, and substantial confirmation was afforded by the
studies invelving DNP-poly-L-valine.

Thebmolecular weight of poly-L-valine (as DNP-poly-L-valine) could
not be determined directly from freezing point depression data,
DNP-poly-L-valine being insoluble in acetic acid (presumably due to
peptide chain length), so the direct determination with the chain still
intact was made spectroscopically after dinitrophenylstion, giving
a molecular weight of 1514 for poly-L-valine. The chain would
therefore seem to possess some 15 amino acid residues; if the result
were accurate to + 5%, it would still be correct to less than one
amino acid residue. Jhen the DNP-peptide was hydrolysed and the
K-terminal DNP-L-valine estimated spectroscopically, the molecular

weight of poly-L-valine (after correcting for possible breakdown
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of derivative) was calculated to be in the 1400 to 1500 range; the
indirect séectroscopic calculation gives 13 to 15 as the number of
amino acid residues,

Removal of the DNP-L-valine from the hydrolysate, dinitrophenylation
of the remainder, and calculation of the number of DNP-L-valine
residues in the latter by the cryoscopic method led to an estimate
of 14 amino acids; this together with what had been previously removed
gave 15 as the total number of amino acid residues in the poly-L-valine,
and a calculated average molecular weight of 1542. Although this
cryoscopic calculation was indirect, the result is much more closely
consisfent with the value of 1514 noted in the previcus paragraph.
Apparently molecular weight of a larger peptide can be calculated more
accurately by the freezing point depression method (even though it

has to be done indirectly) than by the indirect spectroscopic calculation.




Conclusion
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Peptide fragments can be separated and identified as their
DiP-derivatives by thin layer chromatography; their quantitative
estimation by spectroscopic means requires an accurate knowledge
of their respective values of gmax in the solvent used.

When molecular weight can be determined directly, by cryoscopic
means, using the DNP-derivatives, the method is at least as
satisfactory as spectroscopic calculation, if not better. It is
certainly easier to determine tripeptide molecular weights with
reasonable accuracy from the DNP-derivatives by the cryoscopic method
than to study their mass spectra, because the vepour pressure problems
encountered in the latter study do not present any problem in the
cryoscopic study. When cryoscopic calculation of molecular weight
has to be made indirectly on a large fragment, the result is more
consistent with a direct spectroscopic calculation than is an indirect
spectroscopic calculation.

Indirect calculation of molecular weight from cryoscopic study of
& mixture of dinitrophenylated fragmentation products, in conjunction
with their separation and identification by thin: layer chromatography
affords a very simple and rapid means of gaining at least a partial
insight into the structure of a peptide chain.

Thin layer chreomatography also affords at least a partial screening
of peptides (as DNP-derivatives) according to chain length.

Separation and identification of peptide fragments (as suitable
derivatives) containing side chain alcoholic, side chain phenolie and
side chain basic groups should be studiedy some preliminary study was

made of a peptide containing side chain carboxyl function in earlier
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work (9).

The cryometric cell and thermistor should be modified to permit
molecular weight determination on much smaller quantities of peptide
and this method tested on a polypeptide substantially larger than a
tripeptide, followed by selective fragmentation to ascertain its
sequence (at least in part) from combined cryoscopic and chromatographic

study.
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