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Abstract—Methods of converting arginine residues into ornithine, N*-pyrimidylornithine, N*-imidazo-

lidinonidenornithine residues in peptides have been developed. The modified peptides undergo the amino

acid type of fragmentation, so that mass spectrometry can now be used for amino acid sequence determina-
tion in arginine~containing peptides.

THE mass spectrometric method of amino acid sequence determination,~3 based
on amino acid sequence information peaks, i.e. on the amino acid type of fragmenta-
tion, whereby the molecular ion 1 undergoes amide bond cleavage such that the
positive charge is always localized on the C-terminus of the N-acyl protected frag-
ment, can be used for N-acylpeptide esters containing all common amino acids,
excepting arginine. Since the latter is a constituent of most proteins, it was natural
to attempt to extend the method to arginine-containing peptides.
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Repeated attempts to obtain interpretable mass spectra of arginine® and its deriva-
tives (arginine ethyl ester,” N*-acetylarginine,® N°-2,4-dinitrophenylarginine methyl
ester,® etc) proved unsuccessful. Similarly, the N*-acylpeptide esters, containing an
arginine residue with unprotected guanidine grouping,”® also proved unsuitable for
the direct mass spectrometric determination due to thermal instability. The methyl
esters of N*,N® N®-triacyl derivatives of arginine and an arginine-containing peptide
(II1, IV, Table 1) have a very low volatility and suffer thermal decomposition under
the mass spectrometric conditions. Although IV did exhibit a molecular ion in the
mass spectrum (Fig. 1) it yielded no peaks indicative of the amino acid type of frag-
mentation (m/e 620, 592, 563). Apparently this was due to predominant localization
of the positive charge on the guanidine grouping of the arginine residue so that de-
composition of the molecular ion 2 gave rise to the diacylguanidine ion radical 3
(peak at m/e 366; Fig. 1), whereas the peptide chain was eliminated as a neutral
particle.

* For preliminary communication see Ref. !.
5785
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FiG. 1 Mass spectrum of N*-Hex-N*N*{(Dec),-Arg-Gly-OMe.
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Compound III underwent similar fragmentation. Moreover, such compounds suffer
considerable fission of the N-acyl aliphatic chains, producing a series of peaks (e.g.
m/e 608, 594, 552, 538, 524, Fig. 1) attributable to hydrocarbon radical elimination
from the molecular ion. This showed that triacylated arginine-containing peptide
Me esters are likewise unfit for the mass spectrometric determination of amino acid
sequence. Consequently, it became necessary to modify the arginine-containing
peptides as to make them suitable for mass spectrometric analysis. Since the Me
esters of N®N®-diacylornithine-containing peptides predominantly undergo the
amino acid type of fragmentation?~* and are thus amenable to mass spectrometric
sequence determination, we considered converting the arginine residues to ornithine
residues in peptides.

Several methods were explored. Incubation of the peptides with arginase under the
conditions whereby free arginine is transformed into ornithine,® left the arginine-
containing peptide with unchanged arginjne. Neither did alkaline hydrolysis with
Ba(OH), meet with success, because besides modification of the arginine residue, it
causes extensive splitting of amide bonds. Hydrazinolysis proved to be successful in
converting arginine to ornithine in peptides 4 — 5. The optimal reaction conditions
causing minimum amide bond splitting were found to be 30 minutes refluxing in 207,
aqueous hydrazine.
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The process was followed by paper chromatography (Table 4-6), the ornithine-con-
taining pep;id&s (XI-XIV, Table 2,3) and constituent amino acids (Table 3) serving as
references. Quantitative evaluation of the extent of amide bond rupture during the
hydrazinolysis showed (Table 7) that under the above conditions usually less than
10%, of the initial peptide breaks down, although sometimes this figure can be much
higher as in the case of arginylglycine, which suffered up to 609 decomposition. The
resuitant ornithine-containing peptides, without purification, were acylated with the
N-hydroxysuccinimide ester of a fatty (usually decanoic) acid and the acylated
products were esterified with methanol in the presence of catalytic amounts of
S0O,Cl, (48 hr, 20°) (cf. *!). Ornithine residues in different parts of the N-acylpeptide
methyl esters were thus obtained (XV-XXI, Table 8); and all proved suitable for the
mass spectrometric analysis without additional purification.

Although in these compounds the main fragmentation path of the molecular ions
is of the amino acid type, their spectra also contain specific ornithine fragmentation
peaks (Fig. 2). Thus, all the compounds investigated exhibit peaks at m/e 241 and
224, the first apparently due to the amine fragment of N3-decanoylornithine and the
second to the product resulting from the elimination of the elements of ammonia
from this fragment:

NH—COGC,4H,, H,
| AN
(CH:)3 H,C CH,
.
H,N=CH CoHisCO—N=CH
mje 241 mje 224

These peaks are usually more prominent if the N®-decanoylornithine residue is on
the N-terminus of the peptide chain; often the m/e 224 peak is the strongest in the
spectrum.
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200 300 400 500 600 700 800

Fi1G. 2 Mass spectrum of Dec-Orn(Dec)-Leu-Gly-Leu-Ala-OMe.
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Mass spectra of the diacylated ornithine-containing peptide esters are ordinarily
complicated by the possible fission of the most varied C—C and C—N bonds in the
N’-decanoylornithine side chain 6. The most pronounced fragmentations are those
characteristic of secondary amides, namely : (1) rupture of the N®-decanoyl residue
C.—C, bond with concomitant transfer of the H atom, giving rise to ions 7, 112 mu
less than the corresponding amino acid fragments; (2) C,—Cq,bony1 bond rupture
in the decanoic acid residue to form ions 8, 127 mu less than the corresponding
amino acid fragments; (3) elimination of the decanoic acid residue as a ketene or as
RCO- to give fragments 9a and 9b, 154 and 155 mu less than the respective amino acid
fragments ; (4) elimination of the N%-acyl group as amide with formation of ions 10,
171 mu less than the amino acid fragments.

The spectra of all the compounds in question also exhibit peaks indicating loss of
the elements of water from molecular ions or from ions appearing in the course of
one of the above described fragmentation routes. This is characteristic of peptides
with the most varied amino acid residues, the latter affecting considerably the degree
of dehydration under the mass spectrometric conditions; for instance elimination
of water is much more pronounced in N%-pyrimidylornithine-containing peptides
than in N®-acylornithine-containing ones (see below). Loss of the elements of water
can be represented by the scheme 11 — 12:

+

O H M ]
[—NH—CHR— C—N—CHR—CO —:| o [—NH—CR=C=N—CHR——CO—
11 12

but this can occur with participation of two neighbouring or more remote amide
groups.

One should also bear in mind that mass spectra of N3-acylornithine-containing
peptides retain all the fragmentation patterns characteristic of the other constituent
amino acid residues.
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From an analytical point of view it is very important that N®-acylornithine-
containing peptides obtained without purification from unprotected arginine-con-
taining peptides give virtually the same mass spectra as the pure compounds. This is
illustrated in Fig. 3, showing the mass spectrum of N* N®-didecanoylornithylleucine
methyl ester (XV, Table 8) obtained from the corresponding arginine compound by
our method together with that from a pure sample.
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FI1G. 3 Above: Mass spectrum of analytically pure Dec-Orn(Dec)-Leu-OMe.
Below : Mass spectrum of the same compound prepared from argenylleucine without purifi-
cation.

Another method, for converting arginine-containing peptides into mass spectro-
metric amenable compounds, is the acid catalysed condensation of arginine residues
in the N*-acyl peptides with B-dicarbonyl compounds, based on the well known
reaction between guanidine and malonic dialdehyde to form 2-aminopyrimidine.!2
This reaction was studied with N*-acylpeptides 13 and their esters containing arginine
in different parts of the chain and in different chemical environments and with
1,1,3,3-tetraalkoxypropanes or acetylacetone. As a result, conditions were found
(10-12N methanolic HCI, 10-15 hr, 20°) under which high conversion of the arginine
residues into N®-pyrimidylornithine residues (with tetraalkoxypropanes) or into
N&-dimethylpyrimidylornithine residues (acetylacetone) with simultaneous esteri-
fication of the peptide carboxyl 13 — 14 (XXII-XLIV, Table 9)* take place.

(CH,),—NHO(:NH)NH, (R'0),CHCH,CH(OR’),
or CH,COCH,COCH;;

RCO—(NHCHRCO),—NHCHCO—(NHCHRCO o H
) )a—0 HCl, CH,0H

13

N-CR
A\

NH— CH

(CH, ‘

RCO—NHCHRCO),—NHCHCO—NHCHRCO),—OCH,
14
R'=CH; or C;H;; R"=H or CH,

® This reaction was used simultaneously with and independently of us by King!? for transforming
arginine residues in proteins (see also Ref.14).
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Compounds XXVIL, XXXII, XXXIX and XLII-XLIV were also prepared from the
corresponding free arginine-containing peptides by acylation of the latter with
N-hydroxysuccinimide decanoate in aqueous dioxan—-NaHCO, solution and subse-
quent condensation with simultaneous esterification of the resultant N*-acylpeptides
with tetraalkoxypropane or acetylacetone in saturated dry HCI methanol. The mass
spectrometry of type 14 compounds requires no purification at any stage of their
preparation including the final one (cf. mass spectra of XXVIII, on Fig. 4).

The acid catalysed heterocyclization with f-dicarbonyl compounds of arginine
residues in peptides can, of course, prove inapplicable to acid-unstable peptides, as
for instance those containing a tryptophan residue. We, therefore, explored the
possibility of heterocyclizing the arginyl guanidine grouping under alkaline condi-
tions. The most suitable reagent for this purpose proved to be cyclohexan-1,2-dione
which readily reacts'* with arginine in aqueous alkali solution to form 2-[(4-amino-
4-carboxybutyl)-imino]-5,5-cyclotetramethylenimidazolidin-4-one. We found that
this reagent readily condenses with the arginine residue in N®-acylpeptides 13
(02N NaOH in 50%, aqueous ethanol, 1 hr, 20°) to yield N®(5,5-cyclotetramethyl-
enimidazolidin-4-on-2-idene)ornithine-containing N*-acylpeptides 15 which without
purification may be esterified by methanol in the presence of catalytic amounts of
sulfuryl chloride (XLV-L, Table 10).

CH,—CH,
adie. 2

/NH \
N=C CH,—CH,

NH—CO

(CH,),
-1,2-di
13 °’°'°h“;;_2 e RCO—(NHCHRCO);—NHCHCO—(NHCHRCO)yn—OH
15

The mass spectra of the N*-pyrimidylornithine or N*~-dimethylpyrimidylornithine-
containing N*-acylpeptide methyl esters indicated that such peptides under the influ-
ence of electron impact undergo fragmentation mainly according to the amino acid
sequence pattern (see e.g. Fig. 4), so that this procedure may be used for sequence
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F1G. 4 Above: Mass spectrum of Dec-Orn(Pyr)-Leu-Ala-OMe, pure.
Below : Mass spectrum of the same compound prepared from arginylleucylalanine without purification.
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determination in these peptides. In a number of cases the amino acid type of frag-
mentation has been confirmed by metastable peaks. Thus, N°-decanoyl-N®-pyri-
midylornithylleucylalanine methyl ester (XXVIII, Table 9) gave metastable peaks,
which showed the occurrence of such type of degradation in the molecular ion:

[ PyrNH—CH,), CH, CH, "

|
C,H,,CO—NHCHCO—NHCHCO—NHCHCO—OCH
M gyvae = 3760 mje 562 Mg = 2142
m®,, = 376:5 M, = 2142
PyrNH-~(CH,), CH, (CH,);NHPyr

M®porng = 2613
m®c,,.. = 2618

C,H,,CO—NHCHCO—NHCHC=0" > C,H,,CO—NHCHC=0"

m/e 460 mje 347
PyrNH—(CH,), C.H, M. = 2790
R mPey, = 2787
CyH,,CO—NHCHCO—NH=CH
m/e 432

As the acylated N8-pyrimidylornithine-containing peptide esters are of high thermal
stability, their molecular peaks are often among the most prominent in the spectrum.

The presence of a N®-pyrimidylornithine residue in the peptide leads to the appear-
ance of a typical group of peaks at m/e 193, 177 (176), 163, 148, 136, 122 (123), 108,
95 (96) and 79. A similar group, but 28 mu higher, is exhibited by N°®-dimethyl-
pyrimidylornithine-containing peptides. The peak at m/e 193 is apparently due to
ion 17 resulting from addition of an H atom to the N®-pyritnidylornithine residue;
ion 17 can further yield ion 16 (m/e 177) or an m/e 176 ion 18 by elimination of NH,

or NH, respectively.

Pyr—r;lH Pyr——rl\lH Pyr—N—CH,
(CH,), (CH), —— "0=C—HC__CH,
*‘CHC=0" H ,NCHC=0" lci,
mfe 177 mje 193 mje 176

16 17 18

The conversion of the m/e 193 to the m/e 176 ion is confirmed by a metastable peak
in the mass spectrum of XXVIII (m®g ¢ = 160-5; mg,,.. = 160-5).

None of the spectra of N®-pyrimidylornithine-containing peptides exhibit a peak
corresponding to the ion of the amino fragment of the N®-pyrimidylornithine residue
{(m/e 165 19). Instead there is an intense peak at m/e 163 presumably due to the cyclic
ion 20, which can decompose further to the ion 21 with m/e 148. The latter can origin-
ate also by elimination of CO from 18.

Pyc—NH Pyr— NECENH,] ¢ Pyr—N=CH
+
. (?H,), HC . CH _ H,C\C/CH,
H N=CH H, H

me165 m/e 163 m/e 148
19 20 21
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The appearance of ion peaks at m/e 136, 122, 108 is brought about by homolytic
cleavage of C—C bonds in the side chain. Sometimes, particularly in the fission of a
C,—C, bond rearrangement concurrently takes place in which an H atom is trans-
ferred to the charged fragment. The genesis of some of these ions is confirmed by the
presence of the corresponding metastable peaks. Thus, N*-acetyl-N°-dimethyl-
pyrimidylornithine methy] ester (XXII, Table 9) gives a metastable peak indicative of
the reaction 22 —» 23.

. Me,PyrNHCH,CH, |*
[M”P’"N"_(TH‘)’ ]m‘pma=77'6 [ : ’ 3:'

m* ey, = 776 mje 151
CH,CO—NHCHCO—OCH,; ] ————~ 23
mfe 294
22

The m/e 95 and 96 ions arise from C;,—N rupture which proceeds with transition
of one or two H atoms to the charged fragment ; and finally the peak at m/e 79 is the
result of elimination of an H atom from the pyrimidine ion. This group of charac-
teristic peaks is an unequivocal sign of the presence of a N°-pyrimidylornithine
residue in the peptide.

Another characteristic feature in the mass spectrometric behaviour of the N*-
pyrimidylornithine-containing peptides is rupture of the N—C, bond in the N*-
pyrimidylornithine residue carrying the positive charge; this is accompanied by
elimination of the N-terminal part of the peptide as a neutral fragment together with
two atoms of hydrogen.

In particular, if the N®-pyrimidylornithine residue is on the C-terminus (XXIV-
XXVII, XXX, XXXVI, XXXIX, Table 9), the spectra exhibit an intense peak at
m/e 206 apparently due to the ion 24:

+
Pyr—N=C—COOCH,
né_ th,
C
H,

m/e 206
24

In the case of N®-decanoyl-N®-pyrimidylornithylleucylalanine methyl ester the
reaction 25 — 26 is substantiated by the presence of a metastable peak.

PyrNH—(CH,), C.H, CH,
| | | — C,H,,CONH;— 2H
sH,,CO—NHCHCO—NHCHCO—NHCHCO—OCH; | ————~
m = 2706
m/e 562 m::: = 270-6
25
C.H, (I:H,
+
Pyr —N=C—CO—NHCHCO—NHCHCO—OCH,
H, CH,
~c” mje 390
H,

26
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This process resembles the cleavage of the N—C, bond'® by electron impact in
aromatic or heterocyclic amino acid residues of acylpeptide esters. However, frag-
mentation of the latter is accompanied by McLafferty rearrangement with transfer

SECAATERAR L Aty 2aied ALV PSS e Ol0l ) SREAAG YA g2 =

of an H atom, while the N—C, bond cleavage in N‘-pynmldylormthme-contalmng
peptides is usually accompanied by expulsion of two H atoms together with the N-
terminal fragment of the molecule, so that rearrangement in this case apparently
proceeds by some other mechanism. Moreover, contrary to peptides containing the
usual aromatic and heterocyclic amino acids, one cannot follow the subsequent
fragmentation of ion 26 in the mass spectra of the N®-pyrimidylornithine-containing
peptides. Identification of the peak corresponding to the fragmentation path des-
cribed provides an independent means for determining the position of the N°-pyri-
midylornithine residue in the peptide chain.

As a secondary amino group in the N3-pyrimidylornithine residue is capable of
intermolecular methylation under the mass spectrometric conditions, the molecular
and the amino acid fragmentation route ions of N3-pyrimidylornithine-containing
peptides are accompanied by + 14 mu satellites (Fig. 4: m/e 545 and 576 peaks; Fig.
5: mfe 361, 553, 697 peaks), similar to the histidine and tryptophan-containing
peptides.!® If the N®-pyrimidylornithine peptide has also a histidine or another
Né-pyrimidylornithine residue the molecular peak and frequently the amino acid

Orn (Pyr) Orn (Pyr) Leu OMe
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F16. 5 Mass spectrum of Dec-Orn(Pyr)-Om{Pyr)-Leu-OMe.

fragmentation peaks are accompanied by 14 and 28 mu higher satellites (Fig. 5:
m/e 361, 553, 697 and 567, 711). On the other hand, acyl peptide esters with two N°*-
pyrimidylornithine residues 27 yield peaks due to stepwise elimination of the side
chain from one of the N®-pyrimidylornithine residues in the molecular ion or in the
ions of the amino acid fragmentation route. This mechanisn of side chain elimination
was substantiated by the metastable peaks in the spectra; thus N*-decanoyl-N°-
pyrimidylornithyl-N3-pyrimidylornithylleucine methyl ester (XXXI, Table 9) shows
a metastable peak which can be due to loss of a 122 mu fragment from the molecular
ion: m/e 683 — m/e 561, m*,.4 = 4606, m*,,. = 460-8

PyrNH—(CH,), *
RCO—NHCHCO—(NHCHRCO), NHCHCO—0-(N HCHRCO),—*OR
7 CHy}-CHy CH,+-NH—Pyr

—122 —108 —94
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A characteristic feature of the N3-pyrimidylornithine peptides is loss of water by
the molecular ion and to a lesser degree by amino acid sequence information ions.
The loss of water from the molecular ion could sometimes be confirmed by metastable
peaks as in the case of N*-decanoyl-N°-pyrimidylornithylleucylalanine and N°*-
decanoyl-N*-dimethylpyrimidylornithylleucylalanine methyl esters (XXVIIIL, XXIX,
Table 9): m/e 562 — m/e 544, m*p .4 = 5262, m*c ;. = 5266; m/e 590 — m/e 572,
m*f'md = 555'0, m‘cﬁc‘ = 554'5.

It should also be emphasized that the mass spectra of such peptides exhibit typical
fragmentation patterns due to other amino acid constituents as well as to the N3-
pyrimidylornithine residue®.

Although the derivatives of N3{(5,5-cyclotetramethylenimidazolidin-4-on-2-iden)-
ornithine-containing peptides (XLV-L, Table 10) are less volatile than the corres-
ponding N®-pyrimidylornithine peptides, one can nevertheless quite clearly discern
in their spectra the amino acid fragmentation pattern (Fig. 6) and also all the main

Phe Phe Orn {Imd} QOMe

100 200 300 400 500 600 700
FiG. 6 Mass spectrum of Dec-Phe-Phe-Orn(Imd)-OMe.

fragmentation features of the N®-pyrimidylornithine-containing peptides. Thus,
these compounds exhibit the characteristic group of peaks at m/e 221, 206, 194, 180,
166, 152, 138 due to stepwise decomposition of the N®-imidazolidinonidenornithine
residue, in which fission of C—C bonds is often accompanied by transfer of an H
atom to the charged fragment. The formation of some of these ions has been confirmed
by metastable peaks, as for instance in the case of compound XLV (Table 10) whose
spectrum contains a metastable peak indicative of the conversion 28 — 29:

CH,—CH, v /CH +~—CH, ’
/NH——C\C NH
CH,CH,CH,—N=C | HimCH | v = 1430 | CH N=C CH;—CH,
\ meey, = 1430 \
NH~—CO NH—CO
mje 195 mfe 167
28 29

Since the NP’-imidazolidinonidenornithine residue has two N atoms capable of
undergoing intermolecular methylation, compounds with this residue also exhibit
satellite ions 14 and 28 mu higher than the molecular and amino acid sequence

* The mass spectrometric behavior of N-acylpeptide esters that contain amino acids usually present in
proteins is described elsewhere 2~ 3. 16-18
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information peaks. Also N®-imidazolidinonidenornithine-containing peptides under-
go dehydration. Often the methylation and dehydration ions are very intence, and
superposition of the two processes results in the appearance of strong — 4 mu
satellites at the molecular and the amino acid sequence peaks. The nature of these
satellites was confirmed by high resolution mass spectrometry; e.g. N¥*-decanoyl-
phenylalanylphenylalanyl-N®-imidazolidinonidenornithine methyl ester (XLVII,
Table 10) (Fig. 6) shows a very weak molecular peak (m/ep,.qq = 7304362,
C41HsgNgOg; mfecy.. = 730:4417) accompanied by two strong ones, namely
(M + 14)* ion, due to M + CH, (m/epyunq = 7444531, C,;HeoNOg; miecy.. =
744:4574) and (M — 4)* ion due to M + CH, — H,0 (m/egyyaq = 7264396,
C42HysNOo s m/ec,,. = 7264468)*.

However, the mass spectra of the N®-imidazolidinonidenornithine-containing
peptides are more complicated, than those of N®-pyrimidylornithine-containing pep-
tides, due in no small degree to the cyclotetramethylenimidazolidinone system., which
has the tendency to eliminate fragments of the cyclopentane ring. Thus, the mass
spectrum of XLVII (Table 10, Fig. 6) shows a very intense peak at m/e 698 due to
elimination of ethylene from the ion (M — 4)* as seen by exact mass number mea-
surements of the m/e 698 ion (m/egyyaq = 6984133, CoHs NgOs; miecy.. =
698-4155). Also the Né-imidazolidinonidenornithine residues often eliminates C;Hy:,
as can sometimes be confirmed by metastable peaks. Thus, XLV (Table 10) displays
a peak bearing evidence of the transition 30 — 31:

%,H.qco—-NH—-clznc:o— ' [CoH,0CO—NH—C=C=0|"
(<‘:H,)3 (?Hz),
N N
I I
HN” ONH |m*,.., = 3263 HN” “NH
\C C/ m¥,,. = 3261 \C c/
N A =N
H,C/C@ o cu, OH
5\
B H,C—CH—=H | L m/e 363
m/e 404 31

30

The complications in the spectra of imidazolidinonidenornithine-containing pep-
tides naturally hinder their interpretation, so that for mass spectrometric determina-
tion of amino acid sequence in arginine-containing peptides, it is more feasible,
whenever possible, to convert them into the corresponding N*-acyl- or N-pyrimidyl-
ornithine derivatives,

EXPERIMENTAL ¢
1. N*-Caproyl-N* N*-didecanoyl-L-arginine (I} (Table 1)
To vL-arginine (0-63 g, 0-003 mole) and NaHCO, (05 g, 0006 mole) dissolved in water (3 ml) a dioxan
soln (3 ml) of N-caproyloxysuccinimide (0003 mole)'? was added. The mixture was stirred for 24 hr at 20°
diluted with twofold the amount of water and extracted with AcOFEt. To the aqueous layer cooled to 5°

* For the high resolution data obtained on a AEI MS-9 mass spectrometer the authors express their
sincere gratitude to Dr. G. W. A. Milne (Bethesda, U.S.A.).

+ Microanalytic data are given in Table 11.
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and vigorously stirred 1 N NaOH (6 ml) and decanoyl chloride (0006 mole) in dioxan (6 ml) were added
alternately. Stirring was continued for another 30 min at 5° and then for 2 hr at 20°, the reaction mixture
was brought to pH 2 with 1N HCl and the deposited oil was extracted with AcOEt. The organic layer was
washed with water, dried and after evaporation gave 1.

2. N*-Caproyl-N* N®-didecanoyl-L-arginylglycine (II) (Table 1)
This was prepared from L-arginylglycine according to the acylation procedure given for I.

3. N*-Caproyl-N®N*"-didecanoyl-L-arginine and N*-caproyl-N® N®-didecanoyl-L-arginylglycine methy!
esters (II1, IV) (Table 1)

I or II (0-001 mole) was dissolved in abs MeOH (5 ml), saturated with dry HCl and set overnight at 20°.
The solvent was removed, the residue III or IV carefully washed with abs ether and dried over NaOH and
P,0;, in vacuo.

TABLE 1. TRIACYL DERIVATIVES OF ARGININE AND ARGINYLGLYCINE

Compound Yield M.p.°(crystallization [«)3°
No. Compound (% solvent)
| M*-Hex-N*N*{(Dec),-L-Arg-OH 30 6668 - 04
(pet. cther) (c 0-5, DMF)
11 N*-Hex-N*N°®{Dec),-L-Arg- 45 86-87 -3
Gly-OH (pet. ether) (c. 05, DMF)
111 N*-Hex-N*N*<(Dec),-L-Arg-OMe 95 85-86 - 05
(AcOEY) {c 1, MecOH)
v N®-Hex-N*N®<Dec),-L-Arg- 95 amorphous -3
Gly-OMe (c 0-5, MecOH)

4. N*N*-Di-t-butyloxycarbonyl-L-ornithyl-L-leucine methy! ester (V)

To a soln of N*,N*-di-t-butyloxycarbonyl-L-ornithine (0-002 mole) and Et,N (0-002 mole) in THF
(10 ml) at —10° ethyl chloroformate (0002 mole) was added. After 10 min stirring at —10° L-leucine
hydrochloride methyl ester (00022 mole) with equimolecular quantity of Et;N in 509 THF aq (10 ml) was
added and stirring continued for another 30 min at —10° and for 2 hr more at 20°. On evaporation the
residue was dissolved in AcOEt, washed with IN citric acid, 5% NaHCO,, water and dried over MgSO,.
The AcOEt removed in vacuo, the residue was recrystallized from hexane to give V in 80% yield: m.p.
82-83°, [«]3° + 14° (¢ 1, AcOEY).

S. N-Benzyloxycarbonyl-L-phenylalanyl-N*-benzyloxycarbonyl-L-ornithine (VI) and N-benzyloxycarbonyl-
glycyl-N*-benzyloxycarbonyl-L-ornithine (VII)

The N-hydroxysuccinimide ester of N-benzyloxycarbonyl-L-phenylalanine or N-benzyloxycarbonylgly-
cine?¥ (0-01 mole) in dioxan (20 ml) was added to a soln of NaHCO (0-01 mole) and N®-benzyloxycarbonyl-
L-ornithine (0-01 mole) in 20 ml water. The reaction mixture was stirred for 18 hr at 20° and evaporated
in vacuo. The residue was diluted with water (20 ml) and acidified with 1N HCI to yield an oil, which was
recovered by AcOE, washed with water, dried over MgSO, and evaporated to give the residue VI or VII,
recrystallized from AcOEt—ether. VI: yield 70%, m.p. 114-115°, [a]3° +26° (c 1, dioxan); VII: yield 60%,
m.p. 107-109°, [«]2° +17° (c 1, dioxan).

6. N-Benzyloxycarbonyl-L-phenylalanyl-N*-benzyloxycarbonyl-L-ornithyl-L-leucine methyl ester (VI1I)
This was prepared by condensation of VI with L-leucine hydrochloride methyl ester according to the
procedure described for V. VIII: yield 75%, m.p. 138-139° (from AcOEt-ether), [«]3° —8° (c 1, DMF).
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7. N*N*-Di-t-butyloxycarbonyl-L-ornithyl-L-leucine (IX) and N-benzyloxycarbonyl-L-phenylalanyl-N°-
benzyloxycarbonyl-L-ornithyl-L-leucine (X)

These were obtained by hydrolysis of their methyl esters V and VIIL The respective ester (0-01 mole)
was dissolved in MeOH (25 ml) and 1N NaOH (15 ml) was added on stirring. The stirring was continued
for 1-5 hr at 20° the reaction mixture was evaporated in vacuo to leave a residue which was diluted with
water (25 ml) and extracted with AcOEt. The aqueous layer was acidified with 107 citric acid and the oil
recovered AcOEt. The organic extract was washed with water, dried over MgSO, and evaporated in vacuo
to give amorphous IX or X. IX: yield 67%, [«]3° —6° (c 1, CHCl,); X: yield 73%, [«]3° —2° (c 1, dioxan).

8. Ornithine-containing peptide acetates (XI-XIII) (Table 2)

N-Acylpeptide VI, VII or X (0002 mole) was dissolved in a (9:1) mixture of abs MeOH and glacial
AcOH (25 ml) and hydrogenated in the presence of Pd black at 20°. The reaction mixture was filtered,
evaporated, the acetate washed by decantation with abs ether and precipitated by ether from methanolic
solution.

9. L-Omnithyl-L-leucine hydrochloride*' (XIV) (Table 2)

A soln of IX (0-001 mole) in abs ether (3 ml) was treated with a saturated ethereal soln of HCI (3 ml).
After standing for an hr at 20° the mixture was evaporated, the residue dissolved in water, neutralized with
25% aqNH,OH (bromthymolblue check) and evaporated under reduced press. XIV crystallized when
treated with EtOH.

10. Elucidation of optimal conditions for hydrazinolysis of arginine-containing peptides to ornithine-con-
taining peptides

Arginine-containing peptides (5-10 pmoles) were refluxed with aqueous hydrazine (0-5 ml), evaporated
in vacuo and traces of hydrazine removed by co-evaporation with water. The residue was dried (10 hr, 40°,
0-05 mm) and analysed. Table 3 shows the R -values for the initial peptides, products and constitutive
amino acids. Table 4 presents data on the dependence of the conversion of L-arginyl-L-leucine into L-
ornithyl-L-leucine as upon the hydrazine concentration and Table 5 upon the reaction time. The results of
the hydrazinolysis of arginine-containing peptides under optimal conditions (20, hydrazine, 30 min re-
fluxing) are given in the Table 6, and quantitative data (obtained by an amino acid analyser) on the cleavage
of peptide bonds under the above-mentioned conditions are presented in Table 7.

TABLE 2. ACETATES AND HYDROCHLORIDES OF ORNITHINE-CONTAINING PEPTIDES

. M.p.° (crystal-
Comrg: und Compound Y(l;];i lization [a]3°
° solvent)
X1 CH,COOH.H-L-Phe-L- 68 167-169 +18° (c 1, water)

Orm-OH (MeOH-water)

XII CH;COOH.H-Gly-L-Om-OH 70 amorphous —4(c 1, water)

XIII CH,COOH.H-L-Phe-6-Orn- 65 amorphous —6(c 1, water)

L-Leu-OH
XI1v HCLH-L-Om-L-Leu-OH?! 82 230 +7(c 1, water)

(EtOH-water)

11. Conversion of arginine-containing peptides into ornithine peptides and their acylation and esterification
The acetate or trifluoroacetate of the arginine-containing peptide (15 pmole) in 20% aqueous hydrazine
(0-5 m1) was refluxed for 30 min and evaporated in vacuo to dryness, 0-5 ml water was added and the evapora-
tion repeated ; the residue was dried for 10 hr at 40° in vacuo. To the resulting substance dissolved in water
(0-7 ml) NaHCO, (45 pmole) and N-decanoyloxysuccinimide (50 pmole)* in dioxan (07 ml) were added.
* Excess N-decanoyloxysuccinimide was taken in order to acylate the guanidine derivative which is
climinated from the peptide on hydrazinolysis.2?
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TABLE 3. R,-VALUES OF ARGININB- AND ORNITHINE-CONTAINING PEPTIDES AND OF THEIR

CONSTITUTIVE AMING ACIDS
R
Compound Solvent systemst
1 2 3 4
H-L-Arg-L-Leu-OH3? 028 081 031
H-L-Phe-1-Arg-OH?? 025 073 037
H-Gly-L-Arg-OH?? 014 0-51 037
H-r-Phe-L-Arg-L-Leu-OH® 0-56 048
H-L-Orn-t-Leu-OH 022 078 025
H-1-Phe-L-Om-OH 016 065 0-29
H-Gly--Orn-OH 0088 0-45 027
H-t-Phe-1-Om-1-Leu-OH 0-46 040
H-1L-Arg-OH 017 0-56 0094 043
H-1-Leu-OH 0-65 081 o047
H-L-Phe-OH 055 079 044
H-L-Omm-OH 012 0-49 009 035
H-Gly-OH 022 0-53 049

* R,-values in the systems 1-3 given for Whatman No 3 MM paper; in the system 4 for
Whatman No 20 paper.
¢+ Solvent systems: (1) n-BuOH-water-AcOH (4:5:1); (2) t-BuOH-pyridine-AcOH-
- water (10:10:30:6); (3) isoamyl! alkohol-pyridine-water (10:10:7); (4) EtOH-water (7:3).

" TABLE 4. CONVERSION OF L-ARGINYL-L-LEUCINE BY 30 MIN REFLUXING WITH AQUEOUS HYDRA-
ZINE OF DIFFERENT CONCENTRATIONS

Hydrazine R,-values for reaction products in the systems 1
concentration
) Detection with ninhydrin Detection according to Sakaguchi
s 0-28 (H-Arg-Leu-OH) 0-28 (H-Arg-Leu-OH)
10 028 (H-Arg-Leu-OH) 0-28 (H-Arg-Leu-OH)
0-22 (H-Orn-Leu-OH) traces
20 022 (H-Orn-Leu-OH)
0-12 (H-Orn-OH)
0-65 (H-Leu-OH)

The seaction mixture was allowed to stand for 24 hr at 28°, diluted with twofold the amount of water,
acidified with 1IN HCI and extracted with AcOEt. The organic layer was washed with water, dried over
MgSO, and evaporated in vacuo. To the residue carefully washed by decantation with hot hexane and
dried, a methanolic soln of SO,Cl, (0-$ ml) was added (0-04 m] SO,Cl, in 25 m! MeOH). In 48 hr the
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TABLE 5. L-ARGINYL-L-LEUCINE CONVERSION BY 207 AQUBOUS HYDRAZINE VS REACTION TIME

Reaction R -values of the reaction products in system 1
time
(min) Detection with ninhydrid Detection according to Sakaguchi
15 0-28 (H-Arg-Leu-OH) 0-28 (H-Arg-Leu-OH)
0-22 (H-Orn-Leu-OH)
30 0-22 (H-Orn-Leu-OH)
012 (H-Orn-OH)
065 (H-Leu-OH)
90 0-22 (H-Om-Leu-OH) traces
012 (H-Orn-OH)
0-65 (H-Leu-OH)

reaction mixture was evaporated and the residue carefully dried in vacuo to give the methyl ester of the
corresponding didecanoylated ornithine containing peptide (Table 8).

12. Methyl esters of N*-acyl-N*-dimethylpyrimidyl-L-ornithine, N*-decanoyl-N*-pyrimidyl- and N*-decanoy!-
Né-dimethylpyrimidyl-ornithine-containing peptides (XXII-XLIV) (Table 9)

(8) Preparation of XXII, XXIV-XXV1, XXVIII-XXXVIII, XL and XLI. A soln of methyl ester of a
N®-acylarginine-containing peptide (0001 mole) in abs MeOH (10 ml) was saturated with dry HCl and to
the reaction mixture 1,1,3,3-tetraalkoxypropane or acetylacetone (0-0012 mole) was added. The mixture
was allowed to stand for 10 hr at 20°, evaporated in vacuo, dissolved in a small amount of MeOH and
peutralized with 5%, NaHCO,. The precipitated N®-acyl-N*-pyrimidylornithine-containing peptide methyl
ester was filtered off and washed with water.

(b) Compounds XXIII, XXVII, XXXIX and XLII-XLIV. These were prepared from the corresponding
N*-decanoylarginine-containing peptides with unprotected COOH under the conditions described in
12-a, but the reaction time was prolonged to 15 hr.

(c) Compounds XXVII, XXXII, XXXIX and XLII-XLIV. These were also prepared from the COOH and
NH,-unprotected arginine-containing peptides ; the acylation products were not isolated. The acetate or tri-
fluoroacetate of an arginine-containing peptide (10 pmole) was dissolved in water (07 ml) containing
NaHCO, (20 pmole) and treated with N-decanoyloxysuccinimide (10 umole) in dioxan (0-7 ml). The mixture
was allowed to stand for 24 hr at 20°, diluted with water, acidified with IN HC] and evaporated in vacuo.
The residue after decantation with hot hexane and drying was dissolved in MeOH (0-5 ml) and saturated
with HCL. To the soln obtained tetraalkoxypropane (12 umole) in 0-3 ml MeOH was added and mixture
was kept 15 hr at 20°, The solvent was stripped off in vacuo, the residue dissolved in MeOH (0-5 ml), neutral-
ized with 5%, NaHCO; and extracted with AcOEt. The AcOEt soln washed with water and dried (MgSO,),
after evaporation gave the methyl ester of the N*-decanoyl-N*-pyrimidylornithine-containing peptide which
could be used for mass spectrometric studies without further purification.

13. Methyl esters of N®-acyl-N*(5,5-cyclotetramethylenimidazolidin-4-on-2-iden)-ornithine-containing pep-
tides (XLV-L) (Table 10)

To the N*-decanoylarginine-containing peptide (0-2 mmole) in 15 ml 0-2 N NaOH in aqueous EtOH
(1:1), 0-4 mmole of cyclohexan-1,2-dione was added and after stirring for 1 hr at 20° the mixture was
acidified with 1N HCIl to pH 6 and evaporated in vacuo to half its volume. The aqueous soln was decanted
from the oil, which was then dissolved in a small volume of MeOH and acidified with 1N methanolic HCl
to pH 2. After evaporation, the residue was diluted with McOH (2 ml) and evaporated under reduced press.
The residue was dissolved in methanolic SO,Cl, (0-5 ml) (0-04 ml SO,Cl, in 25 ml McOH) after allowing to
stand for 48 hr at 20°, the soln was made alkaline with 5% NaHCO, and the resultant ppt extracted with
AcOEt. The extract was washed with water, and after drying over MgSO, was evaporated in vacuo to give
respective ester of N-decanoyl peptide.
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TABLE 6. HYDRAZINOLYSIS OF THE ARGININE-CONTAINING PEPTIDES UNDER OPTIMAL CONDITIONS (EXPT 10)

Starting Solvent R,-values of the R -values for the

DT e A Quatases gtneting nremsmanndc® anatine smwsadie~tad
wiuaipuuuu Sydeiu Sial il vulupuUuLius 1Laiuunl prouuvidy

H-L-Arg-L-Leu-OH 1 028 0-22 (H-Orn-Leu-OH)
012 (H-Om-OH)
065 (H-Leu-OH)

2 081 078 (H-Orn-Leu-OH)
049 (H-Orn-OH)
081 (H-Leu-OH)

3 031 025 (H-Orn-Leu-OH)
0-09 (H-Orn-OH)
0-47 (H-Leu-OH)

H-L-Phe-L-Arg-OH 1 025 0-16 (H-Phe-Orn-OH)

2 073 0-65 (H-Phe-Orn-OH)

3 0-37 0-29 (H-Phe-Orn-OH)

H-Gly-L-Arg-OH 1 014 0088 (H-Gly-Orn-OH)
0-22 (H-Gly-OH) traces
012 (H-Orn-OH) traces

2 0-51 045 (H-Gly-Orn-OH)
053 (H-Gly-OH) traces
0-49 (H-Orn-OH) traces

4 037 0-27 (H-Gly-Orn-OH)
0-49 (H-Gly-OH) traces
0-35 (H-Orn-OH) traces

H-L-Phe-L-Arg-L-Leu-OH 1 0-56 046 (H-Phe-Orn-Leu-OH)
016 (H-Phe-Orn-OH)
065 (H-Leu-OH)

3 048 0-40 (H-Phe-Orn-Leu-OH)
029 (H-Phe-Orn-OH)
0-47 (H-Leu-OH)

* Detected with ninhydrin and also after Sakaguchi.
t Detected with ninhydrin, Sakaguchi procedure giving negative response.
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TABLE 7. PEPTIDE BOND CLEAVAGE IN THE ARGININE-CONTAINING PEPTIDES UNDER OPTIMAL CONDITIONS OF
HYDRAZINOLYSIS (ExPT 10)

Starti Amount Amino acids found (umole) Peptide
Hng bond
peptides (kmole) Glv T an Dha ravage (/)
Uty Lgu I o VagC /o)
H-1-Arg-L-Leu-OH 11-4 134 11
H-L-Phe-L-Arg-OH 10 000 000
H-Gly-L-Arg-OH 8 003 0-37
H-L-Phe-L-Arg-L-Leu-OH 5 012 000 25
H-L-Arg-Gly-OH 5 300 60

TABLE 8. METHYL ESTERS OF DIDBECANOYLATED ORNITHINE-CONTAINING PEPTIDES

Comrgz und Resulting compound*® Starting compoundt

XV Dec-L-Orn(Dec)-6-Leu-OMe CH,;COOH H-L-Arg-L-Leu-OH

XVI Dec-L-Phe-L-Orn{Dec)-OMe CF;COOH.H-L-Phe-L-Arg-OH

Xvil Dec-p-Ala-L-Leu-L-Om(Dec}-OMe CH,COOH.H-p-Ala-L-Leu-L-Arg-OH

Xvinl Dec-L-Phe-L-Orn(Dec)-L-Leu-OMe CH,COOH.H-L-Phe-L-Arg-L-Leu-OH

XIX Dec-L-Phe-L-Orn(Dec)-L-Leu- CH,COOH.H-L-Phe-L-Arg-L-Leu-D-
D-Ala-OMe Ala-OH

XX Dec-L-Try-L-Orn(Dec)-L-Leu-OMe CF;COOH.H-L-Try-L-Arg-L-Leu-OH

XXI Dec-L-Orn{Dec)-L-Leu-Gly-L- CH,COOH H-L-Arg-L-Leu-Gly-
Leu-p-Ala-OMe L-Leu-p-Ala-OH

¢ The compounds were prepared in pure state sufficient for direct mass spectrometric study and were
not subjected to further purification.
1 The preparation of the starting compounds was described in the communication XVI of this series.®
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TABLE 11. ELEMENTARY ANALYSIS OF COMPOUNDS I-XIIl AND XXII-L
Found Calculated
Compound No Formula
C H N C H N
1 2 3 4 5 6 7 8
I 66:37 1044 9-88 Cy;HgoN,O; 66-17 1041 9-65
11 64:40 10-11 10-79 C,,Hg3N;O¢ 6402 995 1098
I 6639 10-60 9-32 C33H¢,N O 6663 10-51 9-42
v 6435 1002 10-53 C;5HgsN;Og 64-48 1005 10-74
A% 57-59 908 9-39 C,,HN;0, 57-49 899 9-14
VI 6564 609 7-50 CioH13N;0, 65-80 607 7-67
viI 60-52 600 927 C,;H;:N;0, 60-38 595 919
VII 6599 690 817 C3;H (N, Oy 65-86 6-87 8-30
IX 5680 8-88 9-27 C,;,H;4yN,0, 56-61 882 9-43
X 6534 6-80 829 C,sH N, O, 6544 671 848
XI 56-88 7-49 1269 C;¢H;3sN,04 5662 7-42 12-38
XII 43-4 791 16-40 CoH,gN,0, 4337 7-68 16-86
X1 58-60 800 12-32 C,;H3N,O¢ 58-39 802 12:38
XXII 57-30 7-42 19-20 C,H;,N, O, 5713 7-53 19-03
XXI11 6511 9-34 1382 C,;H 3N O, 6499 9-42 13-78
XXIv 61-85 7-83 1527 C,3H 4N, 04 6195 772 1532
Xxv 6276 791 12-65 C,sHy;NO, 6285 784 12-57
XXVI 5743 813 1622 C,sH ;N O¢ 57-45 810 1608
XXVII* 6229 805 12-82 C,,Hs 3N OsS 62-17 798 12:79
XXVIIL 61-73 888 15-12 C,oHoNgOsy 61-89 896 1493
XXIX 6312 9-30 1439 C;3, H NOy 6302 921 1422
XXX 6123 8-56 1825 CysHysN Oy 61-47 840 18-43
XXXI 6129 8-38 18-34 C,5H . NgOy 61-47 8-40 18-43
XXXH 6569 8-50 1298 CysH NGOy 65-80 8-52 13-16
XXXIII 6655 873 12-43 C,,H4yNOy 6664 877 12:60
XXXIV 6528 8-70 1296 C41HgsN-Og 65-48 871 1304
XXXv 68-50 803 1189 CioHs6NgOs 68-54 8-05 11-99
XXXVI 60-80 825 18-68 C; HssNyOy 60-96 828 18-82
XXxXvil 6341 7-89 1609 Ce1Hg;NgOg 63-46 792 16:25
XXXVIII 63-78 817 1392 C,oH¢:1N,O, 63-89 8-18 13-04
XXXI1X 61-42 8-50 1775 CoHgsN;oO6 61:36 8-50 17-89
XL 6315 829 1310 CyoH4,N,0, 6330 831 1325
XLI 6570 790 1202 C4Hg3N,0, 65-89 792 1222
XLIf 61-40 849 1765 C.oHgN1o06 61-36 850 1789
XLIII 60-55 875 1508 C,;,Hg NgO, 60-63 8-80 1529
XLIV 6332 8-13 15-69 C47H13N 004 6349 8-16 1575
XLV 6071 8-70 1403 CysH 3N O, 60-83 8-78 14-19
XLVI 6172 903 1340 Cy,Hs¢NeOg 61-91 9-09 13-54
XLVII 67-28 793 1141 C.HsgNgOg 67-37 800  11-50
XLVIII 6540 8-67 11-78 Ci3HgoN¢Os 6549 8-68 1206
XLIX 6515 831 1321 CeoHg1N,Og 65-28 835 1332
L 60-62 890 1401 CeoH70NgOy 60-73 892 1417

* S, found: 4-82, calculated: 4-88.
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