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Abtrwt-Methods of oonwting argin& &dues into omithine. N*-pyrimidylomithine, N%idazo- 
lidinonidenomithi~~ rcsidux in peptides have ban developed. Tk modi&d peptides undergo tk amino 
acid type of fragmentation. so that mass spcctmmetry can now be UEKI for amirbo acid aqucnce dctcrmina- 

tion in al@nbcontaining pcptidea. 

THE mass spectrometric method of amino acid sequence determination,2-5 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. 

[ 
RC*NHCHRC!NHCHRC* . . . .&NHCHRC~NHCHRC~R + 

1 1 
Repeated attempts to obtain interpretable mass spectra of arginine6 and its deriva- 

tives (arginine ethyl ester,’ W-ace@arginine,6 W-2,4-dinitrophenylarginine methyl 
ester,’ etc) proved unsuccessful. Similarly, the N”-acylpeptide esters, containing an 
arginine residue with unprotected guanidine grouping9 also proved unsuitable for 
the direct mass spectrometric determination due to thermal instability. The methyl 
esters of N”,N”,No-triacyl derivatives of arginine and an argininecontaining peptide 
(III, 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 620,595 563). 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 l), whereas the peptide chain was eliminated as a neutral 
particle. 

l For preliminary communication kc Ref. I. 
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Nm-Hax-N* .N’-(Dadz-Arg-Gly-OMa 

99 

RCO-m&N-COR 
I 

NH 
I 

WW3 

1 
RC~HCHR~)~-~CH~HCHR~)-~R 

2 

N’H . . . . ,- . . . . + N-R 

I 
NH--COR 1 

3 

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-coataining peptide 
Me esters are likewise unfit for the mass spectrometric determination of amino acid 
sequence. Consequently, it became necessary to modi@ the arginine-containing 
peptides as to make them suitable for mass spectrometric analysis. Since the Me 
esters of Na,N6diacylomithinecontaining peptides predominantly undergo the 
amino acid type of fragmentation2-4 and are thus amenable to mass spectrometric 
sequence determination, we considered converting the arginine residues to omithine 
residues in peptides. 

Several methods were explored. Incubation of the peptides with arginase under the 
conditions whereby Free arginine is transformed into omithine,‘O left the arginine- 
containing peptide with unchanged arginine. Neither did alkaline hydrolysis with 
Ba(OH), meet with success, because besides modifkation of the a&nine residue, it 
causes extensive splitting of amide bonds. Hy~olysis proved to be successful in 
converting arginine to omithine in peptides 4 + 5. The optimal reaction conditions 
causing minimum amide bond splitting were found to be 30 minutes refluxing in 2O”/, 
aqueous hydrazine. 



Mass spcctrometric amine acid scqucna determination in argi&ccontaining pep&s 5187 

(CH&-NHC( : NH)NH, 
I 

H-(NHCHRCO),-NHCHCO-(NHCHRCO~--OH = 

4 

W&--NH, 

+ H-(NHCHRCO),-NHCHCO-(NHCHRCO),-OH 

5 

The process was followed by paper chromatography (Table 4-6), the ornithine-con- 
taming peptides (XI-XIV, Table 23) 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 
lP/, of the initial peptide breaks down, although sometimes this figure can be much 
higher as in the case of arginylglycine, which suffered up to WA decomposition. The 
resultant ornithine-containing peptides, without purification, were acylated with the 
N-hydroxysu ccinimide ester of a fatty (usually decanoic) acid and the acylated 
products were esterifled with methanol in the presence of catalytic amounts of 
SO&l, (48 hr, 20”) (cf. ’ ‘). Chnithine 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 omithine 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 N’decanoylomithine and the 
second to the product resulting from the elimination of the elements of ammonia 
from this fragment : 

YH-CoC9H19 
H C’ 

F 
KHz), ‘CH, 

+ I 
H,N=CH 2’ c! C,H&O-N= H 

+ 
mJe 241 m!e 224 

These peaks are usually more prominent if the N”decanoylomithine residue is on 
the N-terminus of the peptide chain ; often the m/e 224 peak is the strongest in the 
spectrum. 

Orn (Dee) _ Leu Gly _ L6U Ala IN6 --- 

423 

Lr.?... L.Lb 
777 80(1 

200 300 400 300 600 700 600 

Ro. 2 Ma88 spectrum of DeeOrn(Dc+Lcu-Gly-Lcu-Ala-OMc. 
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HO-C=CH 

7 

-NHCHCO- 

8 

NH-CEO+ NH, + 

(h), 

[; I 

m33 

-NHCHCO- 

9a 

CH=hH, 

+ 

-NHCHCO- 

9b 

Mass spectra of the diacylated omithinecontaining peptide esters are ordinarily 
complicated by the possible fission of the most varied C-C and C-N bonds in the 
Nddecanoylomithine side chain 6. The most pronounced fragmentations are those 
characteristic of secondary amides, namely : (1) rupture of the N*decanoyl residue 
Co-C6 bond with concomitant transfer of the H atom, giving rise to ions 7,112 mu 
less than the corresponding amino acid fragments ; (2) Co-CfarbonYl 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 !Ia and !Ib, 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*-pyrimidylomithine-containing peptides 
than in N’-acylomithinecontaining ones (see below). Loss of the elements of water 
can be represented by the scheme 11 + 12: 

[ 

OH + 
I[ 1 

+ II I 
-NH-CHR-C-N-CHR-CO- + -NH-CR=C=N4HR--C~ 

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 N*-acylomithine-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 N6-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 W,N*didecanoylomithylleucine 
methyl ester (XV, Table 8) obtained from the corresponding arginine compound by 
our method together with that from a pure sample. 

Oec 
OVl LCU B 

FIG. 3 Above : Mass spectrum of analytically pure Dec-Orn(Dec)-La&Me. 

Below : Mass SW of the same compound prepared from argenylleucine without purifi- 
CiltiOIl. 

Another method, for converting argininecontaining peptides into mass spectro- 
metric amenable compounds, is the acid catalysed condensation of arginine residues 
in the Na-acyl peptides with gdicarbonyl compounds, based on the well known 
reaction between guanidine and malonic dialdehyde to form 2-aminopyrimidine.’ 2 
This reaction was studied with NM-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 
(lO-12N methanolic HCl, 10-l 5 hr, 20”) under which high conversion of the arginine 
residues into N6-pyrimidylomithine residues (with tetraalkoxypropanes) or into 
N6dimethylpyrimidylomithine residues (acetylacetone) with simultaneous esteri- 
fication of the peptide carboxyl 13 + 14 (XXII-XLIV, Table 9)* take place. 

(CHd,-NHC(:NH)NH, 

I 
(R’O),CHCH,CH(OR’), 

RCO+NHCHRCO),-NHCHCO-(NHCHRCO),-OH 
or CH,COCH&OCH,; b 

13 
HCI, CH,OH 

RCCk(NHCHRCO),-NHC’HCO+NHCHRCO),-OCH, 
14 

R’=CH, or C,H,; R”=H or CH, 

l This reaction was used eimultaneously with and independently of us by King’” for transforming 
arginine residues in proteins (see ah Ref.14). 
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Compounds XXVII, 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 esteriflcation of the resultant No-acylpeptides 
with tetraalkoxypropane or acetylacetone in saturated dry HCl 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 jklicarbonyl 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-1,2dione 
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 soo/, aqueous ethanol, 1 hr, 20”) to yield N*~5,5cyclotetramethyl- 
enimidazolidin4on-2-idene)ornithinecon w-acylpeptides 15 which without 
purikation may be esterified by methanol in the presence of catalytic amounts of 
sulfuryl chloride (XLV-L, Table 10). 

CH2-CH, 
/ 

NH 

N=c/ 
\ I 

c 

CH,-CH, 

k 
+i 

( Hz), 
H-CO 

13 
cydohexon-1Jdionc 

OH- 
- RCO+NHCHRCO)n-NHCHCO-(NHCHRCO)m-OH 

15 

The mass spectra of the Ndpyrimidylomithine or Nddimethylpyrimidylomithine- 
containing N”-acylpeptide methyl esters indicated that such peptides under the inllu- 
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 

Fw. 4 Above: Mass spectrum of DceOm(Fyr~Leu-AMe, pure. 
Below : Mass 6pechum of the tame compound prepard from arginylkwylalanine without purification. 



Mass spcctrometric amine acid scqwna determination in arginimantaining peptides 5791 

determination in these peptides. In a number of cases the amino acid type of frag- 
mentation has been confirmed by metastable peaks. Thus, Wdecanoyl-N6-pyri- 
midylomithylleucylalanine methyl ester (XXVIII, Table 9) gave metastable peaks, 
which showed the occurrence of such type of degradation in the molecular ion : 

CPH,,CO-NHCHCO-NHCHCO-NHCHC-H il 

m* ,.d = 3764 
m/e 562 m*,, = 214.2 

m*c.,c = 3765 

/ 
\ 

mgw.. = 214.2 

MNH-y,), y m.,_6 _ x,.3 WUJ’JHPyr 

I 
CgH,&O-NHCHCSNHCHCkO+ m*ac’ - 261: C,H,,C~NHCHCbO+ 

mJe 460 mJe %47 

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

The presence of a I@-pyrimidylomithine 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 (123X 108, 
95 (96) and 79. A similar group, but 28 mu higher, is exhibited by W-dimethyl- 
pyrimidylomithine-containing peptides. The peak at m/e 193 is apparently due to 
ion 17 resulting from addition of an H atom to the Na-pyrifnidylomithine residue; 
ion 17 can further yield ion 16 (m/e 177) or an m/e 176 ion 18 by elimination of NH* 
or NH3 respectively. 

Pyr--F;H 
(CH.), - 

Qr--P;H Pyr-N-c\H, 

‘&H&O+ 
(YH2)3 - 

+C%c-Hc/ 
\ ,,CHz 

H,NCHC=O+ 
c 
H, 

mJe 177 m/e 193 mfe 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°Found = 1605 ; III&. = 160.5). 

None of the spectra of N*-pyrimidylomithine-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. 

-YH 
(CH,), 

H&d, 
m/e 165 

19 

pyr--/NC;L+,“, + 

i 
Hz’? _. ,C”, 

--/~=c\H 
- 

c 
HIC., _,CH, 

HI 
1 

c 

m/e 163 
H, 

m/e 148 
20 21 



5192 M. M. SHBNYAKIN et al. 

The appearance of ion peaks at m/e 136,122,loS is brought about by homolytic 
cleavage of C-C bonds in the side chain. Sometimes, particularly in the fission of a 
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-Nddimethyl- 
pyrimidylomithine methyl ester (XXII, Table 9) gives a metastable peak indicative of 
the reaction 22 -+ 23. 

r 1 
Me,PyrNH-(CHJ, I 1 

+ 
m*!%d = 716 

CH,CO-NHCHC-H, m*we’ 
- 176 

-+ 23 

m/e 294 

22 

The m/e 95 and 96 ions arise from Cd-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 Tom the pyrimidine ion. This group of charac- 
teristic peaks is an unequivocal sign of the presence of a N”-pyrimidylomithine 
residue in the peptide. 

Another characteristic feature in the mass spectrometric behaviour of the N’- 
pyrimidylomithine-containing peptides is rupture of the N-C, bond in the Nd- 
pyrimidylomithine 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 N6-pyrimidylomithine residue is on the C-terminus (XXIV- 
XXVII, XXX, XXXVI, XXXIX, Table 9), the spectra exhibit an intense peak at 
m/e 2% apparently due to the ion 24: 

In the case of Wdecanoyl-N*-pyrimidylomithylleucylalanine methyl ester the 
reaction 25 + 26 is substantiated by the presence of a metastable peak. 

PyrNH-tr,), y rs 
,Ii,,CO-NHCHCO-NHCHCO-NHCHCXSOCH 

- C&,CONH;-2H 
. 

m/e 562 
rn*,,- = 270-6 
m*,,,. - 2706 

CA CH, 

PY~-iG=C-CO-NHAHCO-NH~HCO-OCH, 

Hz&, ,\CH, 
c 
HZ 

m/e 390 

26 
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This process resembles the cleavage of the N-C, bondI by electron impact in 
aromatic or heterocyclic amino acid residues of acylpeptide esters. However, frag- 
mum&ion of the latter is accompanied by McLafkrty rearrangement with transfer 
of an H atom, while the N--C, bond cleavage in Ns-pyrimidylomithine-containing 
peptides is usually accompanied by expulsion of two H atoms together with the N- 
krminal 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*-pyrimidylomithine-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- 
midylomithine residue in the peptide chain. 

As a secondary amino group in the N*-pyrimidylomithine residue is capable of 
intermolecular methylation under the mass spectrometric conditions, the molecular 
and the amino acid fragmentation route ions of N’-pyrimidylomithinecontaining 
peptides are accompanied by + 14 mu satellites (Fig. 4 : m/e 545 and 576 peaks ; Fig. 
5: m/e 361, 553, 697 peaks), similar to the hi&dine and t.ryptophanGontaining 
peptides. I6 If the N*-pyrimidylomithine peptide has also a hi&dine or another 
N’-pyrimidylomithine residue the molecular peak and frequently the amino acid 

Orn (Pyr) Orn (Pyr) 

FIa5Ma9I3rpacmunof Duar@yT)-ompy+~-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*- 
pyrimidylomithine residues 27 yield peaks due to stepwise elimination of the side 
chain from one of the N*-pyrimidylomithine 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 Wdecanoyl-N*- 
pyrimidylomithyl-N&-pyrimidylomithylleucine methyl ester (X?RI, 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*roUnd = 460.6, m*,,,,. = 4608 

r 
PyrNH--WU, 1 4 

I RCO-NHkHCO-(NHCHRCO).-NHCHC$-(NHCHRCO@R 

I I 
27 1 

-122 -108 -94 
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A characteristic feature of the N’-pyrimidylornithinc peptides is loss of water by 
the molecular ion and to a lesser degree by ammo acid sequence information ions. 
The loss of water from the molecular ion could sometimes be confirmed by m&stable 
peaks as iu the case of NDdecanoyl-Nb-pyrimidylomithylltucylalanint and W- 
decanoyl-N*dimtthylpyrimidylomithylltucylalanine methyl esters (XXVIII, XXIX, 
Table 9) : m/e 562 + m/e 544, rn*r-,, 8: 526.2, m*c,lc. = 5266 ; m/e 590 + m/e 572, 
m* F_d = 5550, m*ctie. = 554.5. 

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

Although the derivatives of N~~5,5~clote~e~yl~~~~~4on-2-id~~ 
ornithin~ntaining peptides (XLV-L, Table 10) are less volatile than the corres- 
ponding N&-pyrimidylomithint 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 (Imdt 

FIG. 6 Mass spectrum of LlwPhe-Phc-Om(lmd~OMe. 

fragmentation features of the N”-pyrimidylornithine-containmg 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 tht N~-~~~~o~d~o~~e 
residue, in which lission 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 tht conversion 2% + 29: 

m/e 195 

28 
m/e 167 

29 

Since the N%mklaxolidinonidenoruithine 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-acylpcptide esters that contain amino acids usually present in 
proteins is dcsnibcd elscwhcr~.~-‘~ 16- ** 
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I. ~,N’-M-t-butyloxyuabnyl-L-onithyl-L-lcr (IX) and N-bmzyloxycmbonyl-L-phmylalm?yl-N’- 

benzyloxycarbonyl-L-ornirhyl-L&wine (X) 

These wre obtained by hydrolysis of their methyl esters V and VIII. The mspectivc ester (001 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 uacao to leave a residue which was diluted with 
water (25 ml) and extracted with AcOEt. The aqueous layer was acidified with 10% citric acid and the oil 
recovered AcOEt. The organic extract was washed with water, dried over Mg!IO, and evaporated in uacuo 
to give amorphous IX or X. IX : yield 67o/W [a];’ - 6” (c 1, CHCls) ; X : yield 73%. [a];’ - 2” (c 1, dioxan). 

8. Omithine-containing pepride acetates @I-XIII) (Table 2) 
N-Acylpeptide VI, VII or X (OGO2 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”. Tbe reaction mixture was filtered, 
evaporated, the acetate washed by decantation with abs ether and precipitated by ether from methanolic 
solution. 

9. L-Omithyl-L-leucine hydrochloride” (XIV) (Table 2) 
A soln of IX (ooO1 mole) in abs ether (3 ml) was treated with a saturated ethereal soln of HCl(3 ml). 

After standing for an hr at 20” the mixture was evaporated, the residue dissolved in water, neutralixed with 
2% aqNH,OH (bromthymolblue check) and evaporated under reduced press XIV crystallixed when 
treated with EtOH. 

10. Elucidation of optimal conditions for hydrazinolysis of arginine-containing pqtides to omithine-con- 

raining peptides 

Arginine-containing peptides (5-10 umoles) were refluxed with aqueous hydra&e (05 ml), evaporated 
in uacw and traces of hydraxine removed by co-evaporation with water. The tesidue was dried (10 hr, 40”, 
@05 mm) and analysed. Table 3 shows the R,-valuea for the initial peptides, products and constitutive 
amino acids. Table 4 presents data on the dependence of the conversion of L-arginyl-L-kucine into L- 
omithyl-L-leucine as upon the hydraxlne concentration and Table 5 upon the reaction time. The results of 
the hydraxinolysis of argininecontaining peptides under optimal conditions (20% hydraxine, 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. Acm~rtrs AND HYDROCHLORIDHS OF ORNITHINLKDNLUNINO -ES 

Compound 
No Compound 

Yield 

(%) 

M-p.” (crystal- 
lixation 
solvent) 

Calk 

XI CHsCOOH.H-r.-Phe-L- 
Orn-OH 

68 167-169 +18”(c l,water) 
( MeOH-water) 

x11 

XIII 

CH,COCH.H-Gly-L-Om-OH 

CH,COOH.H-t-Phe-BGn- 
L-Let&H 

70 amorphous 

65 amorphous 

-4 (c 1, water) 

-6 (c 1, water) 

XIV HCLH-L-Orn-L-Leu-OH” 82 230 +7(c 1,water) 
(EtOH-water) 

11. Conversion oJa@tine~ontaining peptides into omithin peptide. and their acylation and esterijicarion 
The acetate or trilluoroaatate of the arginine-containing peptide (15 pmok) in WA aqueous hydra&e 

(@5 ml) was refluxed for 30 min and evaporated In uacw to dryness, 05 ml water was added and the evapora- 
tion repeated; the residue was dried for 10 hr at 40” in uucw. To the resulting substance dissolved in water 
(@7 ml) NaHCO, (45 umole) and NdecanoyloxysuccinGde (50 umoler in dioxan (07 ml) were added. 

* Excess Ndecanoyloxysuccinimide was taken in order to acylate the guanidine derivative which is 
eliminated from the peptide on hydraxinolysiaz3 



TABIJ 3. I,-VALIJFS OF AROIMNB- AND ORNITHINB-CONTAINING P@PTIDEp AND OF THEIR 

CO- AMINO ACIDS 

Compound Solvent systcmst 

H-L-Arg-t-Leu-OH” 028 (381 031 
H-L-P&L-Arg-OH” 025 073 o-37 
H-Gly-tArg-OH” 0.14 051 o-37 
H-tPhatArg-L&u-OH’ 056 048 
H-L-Om-L&II-OH D22 @78 025 
H-t-Phc-L&~-OH @16 065 0.29 
HGlyBUrn-OH 0088 045 @27 
H-t-Pho-t-Om-L-L-eu-OH 046 040 
H-L&g-OH 017 0% 0094 o-43 
H-L&U-OH 065 081 a-47 
H-~-Phc-OH 055 0.79 o-44 
H-L-Om-OH 012 0.49 009 Q35 
HGly-OH Q22 0.53 049 

1 2 3 4 

l R,-valuea in the systems l-3 given for Whatman No 3 MM paper; in the system 4 for 
Whatman No 20 paper. 

t k+ent systems: (1) n-BuOH-water-AcOH (4: 5: 1); (2) t-BuOH-pyridine-A&H- 
water (10:10:30:6); (3) isoamyl alkohotpyridine-water (1O:lO:T); (4) EtOH-water (7:3). 

TABLS 4. ckWJl?R!UON Oi L-ARGtNYL-L-WCINE BY u) MIN REF’LUXING WITH AQUEOUS HYDRA- 

ZlNB OF DIFFERENT CONCENTRATION3 

Hydrazinc 
concentration 

(“/,) 

R,-values for rcactioo products in the systems 1 

Detection with oinhydrin Detection according to Sakaguchi 

s 0.28 (H-Arg-Leu-OH) 028 (H&g&u-OH) 

10 028 (H-Arg-Lcu-OH) 0.28 (H-Arg-Leu-OH) 
D22 (H-Orn-Leu-OH) tracea 

2Q 0.22 (H-Om-Leu-OH) 
0.12 (H-Om-OH) 
065 (H&u-OH) 

The reaction mixture was allowed to stand for 24 br at 29“. diluted with twofold the amount of water, 
acidified with IN HCI aDd extracted with AcOEt. The organic layer was washed with water, dried over 
h&30, and evaporated fn voc1(0. To the residue carefully washed by dccantation with hot hexane and 
dried. a mctbanolic soln of SO&l, (@J ml) was added ((H# ml SO&l, in 25 ml MeOH). In 48 hr the 
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TABLES. L-ARGIN~L-L-L~~~I~~~~~!EFsIONBY 20% AQUKW~ wDRAZINEV~REMXIONTIUE 

Reaction 

(Z 

15 

R,-values of the reaction products in system 1 

Detection with uiuhydrirl Dctectioo according to Sakaguchi 

028 (H-Arg-Leu-OH) OZS (H-Arg-Leu-OH) 
022 (H-Oru-Leu-OH) 

34 022 (H-Om-Leu-OH) 
0.12 (H-Om-OH) 
065 (H&u-OH) 

90 022 (H-Oru-Lcu-OH) traces 
012 (H-Om-OH) 
0-65 (H-Leu-OH) 

reactiou mixture was evaporated and the residue carefully dried in uccuo to give the methyl ester of the 
correspoodiug dideumoylated omithiuc containing peptide (Table 8). 

12. Methyl eeters of UP-ocyl-N’dimethylpyn’midyl-L-ornithine, N%%xnoyl-NJ-pyrimidyl- and N’decanoyl- 
N’dimethylpyrimidyl-ornMne-contkning peptides (XXII-XLIV) (Tabk 9) 

(a) Prepmotion of XXII, XXIV-XXVI, XXVIII-XXXVIII, XL end XLI. A solu of methyl ester of a 
W-acylargiuiue-cootaiuiug peptide (0001 mole) iu abs MeOH (10 ml) was saturated with dry HCl and to 
the reaction mixture 1,1,3,3-tetraalkoxypropaue or acetylacetooe (00012 mole) was added. The mixture 
was allowed to stand for 10 hr at 20”, evaporated in uecuo, diilvecl in a small amount of MeOH and 
neutral&d with 5% NaHCOs. The precipitated IFacyl-NJ-pyrimidylomithiuecootaiuiug peptide methyl 
ester was f&red off and washed with water. 

(b) Compounds XXIIL XXVII, XXXIX and XLII-XLIV. These were pmpared from the corresponding 
Wdecauoylargiuiuecootaiuiug peptides with unprotected COOH under the conditions described iu 
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 argiuiuecontaiuiug peptides ; the acylatioo products were not isolated. The acetate or tri- 
fluoroacetate of an argiuinecootaiuiug peptide (10 pmole) was dissolved iu water (07 ml) coutaiuiug 
NaHCO, (20 pmole) and treated with Ndecanoyloxysucciuimide (10 pmole) in dioxau (07 ml). The mixture 
was allowed to staud for 24 hr at 20”, diluted with water, acid&d with 1N HCl and evaporated in vacua. 
The residue after decantatioo with hot hexaue and dryiug was dissolved iu MeOH (05 ml) aud saturated 
with HCl. To the solu obtained tetraalkoxypropaue (12 pmole) in 03 ml MeOH was added aud mixture 
was kept 15 hr at 20”. The solvent was stripped off in LWW, the residue dissolved iu MeOH (05 ml), ueutral- 
ixed with 5% NaHCO, and extracted with AcOEt The AcOEt solu washed with water and dried (MgSOJ, 
a&r evaporation gave the methyl ester of the Wdecauoyl-NJ-pyrimidylomithiuecootaiuiog peptide which 
could be used for mass spectrometric studies without further purilicatioo. 

13. Methyl esters of N’-acyl-N’-(5,5-cyclotetramethylenbnidazolidin4on-24den)-ornithine-contaMng pep 
tides (XLV-L) (Table 10) 

To the Wdeamoylargiuiue-cootainiog peptide (02 mmole) iu 15 ml 02 N NaOH iu aqueous EtOH 
(1: l), 04 mmole of cyclohexau-1,2dioue was added and after stirring for 1 hr at 20” the mixture was 
acidified with 1N HCl to pH 6 and evaporated in uccuo to half its volume. The aqueous solu was decanted 
from the oil, which was theu dissolved in a small volume of MeOH aud acidilied with 1N methauolic HCl 
to pH 2. After evaporation, the residue was diluted with MeOH (2 ml) aud evaporated under reduced press. 
The residue was dissolved iu methauolk SO&l, (05 ml) ((H# ml SOsCls in 25 ml MeOH) after allowing to 
stand for 48 hr at 20”. the soln was made alkaline with PA NaHCO, and the resultant ppt extracted with 
AcOEt. The extract was washed with water, and after drying over MgSO, was evaporated [n wcw to give 
respective ester of Ndecanoyl peptide. 
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TABLE 6. HYD~UZIN~LYSIS OF THE ARGlNlNE-CGMAINlNG PBPTIDEI UNDBR OPTIMAL amD1rI0Ns @xx7 IO) 

starting 
compound 

Solvent Rrvalucs of the R,-values for the 
system starting compounds* reaction productst 

H-L-Arg-L&x-OH 1 028 922 (H-Orn-Leu-OH) 
012 (H-Orn-OH) 
065 (H-Leu-OH) 

2 @81 @78 (H-Om-Leu-OH) 
0.49 (H-Orn-OH) 
0.81 (H-Leu-OH) 

3 031 025 (H-Orn-Let&H) 
009 (H-Orn-OH) 
0.47 (H-Leu-OH) 

H-L-Phc-L&g-OH 1 025 @16 (H-PhaOm-OH) 

2 0.73 065 (H-Phe-Orn-OH) 

H-Gly-L&g-OH 

3 

1 

0.37 

@14 

@29 (H-Phe-Orn-OH) 

W88 (H-Gly-Om-OH) 
@22 (H-Gly-OH) traces 
@12 (H-Om-OH) traces 

2 051 045 (H-Gly-Orn-OH) 
O-53 (H-Gly-OH) traces 
@49 (H-Orn-OH) traces 

4 0.37 0.27 (H-Gly-Orn-OH) 
049 (HGly-OH) traces 
0.35 (H-Om-OH) traces 

H-L-Phe-L-Arg-L-I.&u-OH 1 056 CM6 (H-Phe-Orn-Leu-OH) 
O-16 (H-PhaOrn-OH) 
065 (H-Lcu-OH) 

3 Q48 O-40 @I-Phe-Orn-Leu-OH) 
@29 @I-Phe-Orn-OH) 
047 (H-Leu-OH) 

l Detected with ninhydrin and also a&r Sakaguchi. 
t Detected with ninhydrin, Skaguchi procedure giving negative response. 
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TABLE 7. PEPTtDE 8oND CLEAVAOE IN THE AROININWXBXWAININO F’EPllDB UNDm Ol’llMAL CONDlllOM OF 

HYDRAZINOLYSIS (Em 10) 

starting 
peptides 

Amount 

(runole) 

Amino acids found @mole) 

GIY LeU We 

PCpti& 
bond 

cl=w!e (%I 

H-t_-Arg-L-Leu-OH 11.4 1.34 11 
H-L-Phc-L-Arg-OH 10 ooo OGO 
H-Gly-L-Arg-OH 8 O-03 037 
H-L-PheL-Arg-L&u-OH 5 O-12 ooo 2.5 
H-L-Arg-Gly-OH 5 3-00 60 

Compound 
No 

TABLE 8. MEIWYL EIBIS OF DIDBCANDYIATED ORNITHINB-CX~NTAININD P-S 

Starting compound? 

xv DeeL-Om(Dcc)-0-Lcu~Me CH,COOH.H-L-Arg-L&u-OH 

XVI CF,COOH.H-L-Phe-L-A-OH 

XVII 

XVIII 

DeeD-Ala-L-Leu-L-Om(Ik)-OMe 

DeeL-PheL-Om(Dcc)-L-Leu-OMe 

CH,COOH.H-D-Ala-L-Lcu-L&g-OH 

CH,COOH.H-L-Phe-L-Arg-L-Lcu-OH 

XIX Dee-L-PhaL-Om(Dc+L-Lcu- 
D-Ala-OMe 

CH,COOH.H-L-Phc-L-Arg-L&u-D- 
Ala-OH 

xx Dee~-Try-~-Om(Dcc)-~-Leu-0Me CF,COOH.H-L-Try-L-Arg-L&u-OH 

XXI Dee-L-Om(Dcc)-L-Leu-ay-L- CH,COOH.H-L-Arg-L-Lcu-Gly- 
Leu-D-Ala-OMe L-Lcu-mAIa-OH 

l The compounds were prepared in pure state sufficient for direct mass spcctromctric study and were 
not subjected to further purification. 

t The preparation of the starting compounds was described in the communication XVI of this scrkp 
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Found Calculated 

Compound No Formula 

C H N C H N 

1 2 3 4 5 6 7 8 

I 66.37 1044 988 

II 6440 10.11 10.79 

III 6639 1060 9.32 

IV 64.35 1002 10-53 
V 57.59 9Q8 9-39 
VI 6564 6Q9 750 

VII 60-52 6QO 927 

VIII 6599 690 8.17 

IX 5680 8.88 927 

X 65.34 6.80 8.29 
XI 56-88 7.49 12-69 

XII 43.44 7.91 1640 

XIII 5860 800 1232 

XXII 5730 7.42 1920 

XXIII 65.11 9-34 13-82 

XXIV 61.85 7.83 15.27 
XXV 6276 791 1265 
XXVI 57-43 8.13 1622 
XXVII. 62.29 805 1282 
XXVIII 61.73 8.88 15.12 

XXIX 63-12 9.30 1439 
XXX 61.23 856 18.25 

XXX1 61.29 8.38 18.34 
XXX11 6569 850 1298 
XXX111 66.55 8.73 12-43 
XXXIV 65.28 8.70 1296 

XXXV 68-50 8Q3 11.89 
XXXVI 6U80 8.25 1868 
XXXVII 63.41 7-89 16Q9 
XXXVIII 63-78 8.17 1392 

XXXIX 61.42 850 17.75 
XL 63.15 8.29 13.10 
XL1 65.70 7-90 12Q2 

XL11 61.40 8.49 17.65 
XL111 6055 8.75 15Q8 
XLIV 63.32 8-13 15-69 
XLV 6071 8.70 14Q3 
XLVI 61.72 903 13-40 
XLVII 6728 793 11-41 
XLVIII 6540 8.67 11.78 
XLIX 6515 8.31 13.21 
L W62 8-90 14Ql 

66.17 10.41 9.65 

64.02 9.95 10.98 
6663 1051 942 
64.43 lOQ5 10.74 
57.49 899 9.14 
65.80 6Q7 7.67 

6038 5.95 9.19 
65.86 6.87 8.30 
5661 8.82 9-43 
6544 6.71 848 
56.62 7.42 12.38 

43.37 768 16.86 
5839 8Q2 12.38 
57.13 7.53 19Q3 
6499 9.42 13.78 
61.95 7.72 15-32 
62.85 7.84 12.57 
57.45 8.10 16Q8 
62.17 7.98 12.79 

61.89 8% 14.93 
6302 9-21 1422 
61.47 840 18.43 
61.47 8.40 18.43 
65.80 8-52 13.16 
66.64 8.77 1260 
6548 8.71 1304 
6854 8Q5 1199 
60% 8.28 18.82 
63.46 792 16.25 
63.89 8.18 13Q4 
61.36 850 17.89 
63.30 8.31 13.25 
65.89 7.92 12.22 
61.36 850 17.89 
6063 8.80 15.29 
63.49 8.16 15.75 
60-83 8.78 14.19 
6191 9Q9 1354 
67.37 8QO 115cl 
65.49 868 12Q6 
6528 8.35 13.32 
6073 8.92 14.17 

l S, found : 482, calculated : 4.88. 
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