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Diastereoisomeric cyclo(Gly-L-Ala-L-Leu)2 and cyclo(Gly-L-Ala-D-Leu)2 and an analogous cyclo-
hexapeptide pair with the L-valine residue instead of L-alanine were prepared f rom the corres-
ponding linear hexapeptides with the use of the azide method in the cyclisation step. As indicated 
by high resolution mass spectra, the fragmentation of cyclo(Gly-Ala-Leu)2 is limited to that ini-
tiating by ring cleavage at the leucine residue while with cyclo(Gly-Val-Leu)2, the fragmentation 
begins both at the leucine and valine residue. Differences in mass spectra inside the diastereoiso-
meric pairs are discussed in connection with their stereochemistry. 

In connection with investigations on the steric arrangement of cyclic peptides numer-
ous compounds containing the amino-acid residues of glycine, phenylalanine, and 
leucine1 ~3 have been prepared and their properties examined4 '5 . The basic type of the-
se compounds was represented by diastereoisomeric cyclohexapeptides with the 
Gly-Phe-Leu-Gly-Phe-Leu sequence,** the regularity of which in primary structure 
and absolute configuration may be reflected in conformational regularity. The effect 
of the aromatic ring in the side chain of phenylalanine might be elucidated with the use 
of analogous peptides with modified side chains. The synthesis and CD spectra 
of cyclohexapeptides with the S-benzylcysteine residue instead of the phenylalanine 
residue have been described some time ago6. In this paper, we wish to report prepara-
tion of additional compounds with exclusively aliphatic side chains of a various 
bulkiness and placed at positions previously occuppied by the benzyl side chain of 
phenylalanine. 

The sequence Gly-Ala-Leu-Gly-Ala-Leu, the methyl groups of which represent 
a side chain of the lowest steric requirements, and the sequence Gly-Val-Leu-Gly-
-Val-Leu with a bulky isopropyl side chain were selected. In both sequences, both 

* Part CXXXVII in the series Amino Acids and Peptides; Part CXXXVI This Journal 41, 
3467 (1976). 
** The nomenclature and symbols follow the published rules 7 , 8 . 
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Mass Spectra of Diastereoisomeric Cyclohexapeptides Cyclo(Gly-Ala-Leu)2 3643 

possible diastereoisomers with C 2 symmetry were synthesised, namely, cyclo(glycyl-
-L-alanyl-L-leucyl-glycyl-L-alanyl-L-leucyl) (la), cyclo(glycyl-L-alanyl-D-leucyl-glycyl-
-L-alanyl-D-leucyl) (lb), cyclo(glycyl-L-valyl-L-leucyl-glycyl-L-valyl-L-leucyl) (ic), and 
cyclo(glycyl-L-valyl-D-leucyl-glycyl-L-valyl-D-leucyl) (Id). All these four cyclohexa-
peptides were prepared according to Scheme 1 by an earlier reported procedure 1 ' 2 . 
The final step consisted in cyclisation of linear hexapeptides by the azide method 
proceeding in about 50% yields. The isolation of these cyclohexapeptides was some-
what difficult because of the high solubility in aqueous media. For the properties 
of thus-prepared compounds see Table I. 

Z—X—OH H—Leu—OMe 

Z—X—Leu—OMe 

/) HBr CH.COOH 
2) +Z —GIv —OH 

Z—Gly—X—Leu—OMe 

(II) 

( H I ) 

Z—Gly— X—Leu—N2H, (IV) H—Gly—X—Leu—OMe IV) 

Z—Gly—X—Leu—Gly—X—Leu—OMe (VI ) 

Z—Gly—X—Leu—Gly—X—Leu—N2H3 (VII) 

ly—X—Leu—Gly—X—Leu-. (/) 3 
Scheme 1 

Series a: X = L-Ala, Leu = L-Leu; b: X = L-Ala, Leu = D-Leu; c: X = L-Val, Leu = L-Leu; 
d : X = L-Val, Leu = D-Leu. 

Mass Spectrometry 

Fig. 1A — D (p. 3647) shows mass spectra of both diastereoisomeric pairs cyclo(Gly-L-
Ala-L-Leu)2 (la), cyclo(Gly-L-Ala-D-Leu)2 (lb) and cyclo(Gly-L-Val-L-Leu)2 (Ic), cyclo 
(Gly-L-Val-D-Leu)2 (id). Intensive peaks of mje 30, 44 (or 72), and 86 are formed by the 
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"amine cleavage" ( c / . 1 1 - 1 3 ) and correspond to alkylideneimmonium ions of the 
R C H = N H 2 + ) type (Scheme 2). The upper region of mass spectra of cyclohexa-
peptides contains peaks of ions formed by stepwise fragmentation of the linear 
molecular ion. Chain opening of the cyclic molecular ion occurs at a position of the 
N-terminal peptide bond of the amino acid with the longest side chain12 and the 
fragmentation is initiated by elimination of this amino acid in the form of an alkyli-
deneimine molecule ("azomethine cleavage", c/ . 1 2 ' 1 3 ) , sometimes along with elimina-
tion of the hydrogen atom. The thus-formed (M — 85)+* or (M — 86) + ions undergo 
further decompositions by a gradual loss of HNCO and RCHNHCO fragments 
(Scheme 3). In the case of cyclo(Gly-Ala-Leu), a single sequential series of significant 

T 

HN—CH2—CO—NH—CH—CO—NH—CH—CO 

I ^ j | 
OC-^CH—NH^CO-LCH-^NH+CO-^H2—NH I 

S C H E M E 2 (+ ) 

Formation of Alkylideneimmonium Ions R C H = N H 2 in the Fragmentation of Cyclo(Gly-Ala-
-Leu)2 . 

The symmetrical cleavage is not shown. 

T 270 
227 269 340 
226 268 339 369 86 

^ 1 < i •< 1 1 , 
I I I , I , I | 

CO CH NH—CO—CH2—NH—CO—CH-H-NH—CO-t-CH-t-NH—CO-J-CH2-|-NH-,-CO-l-CH—NH 
I i ' I i 1 ! 1 
CH3 I I ' CH3I I i I I 

i i i 
^ 1 ^ 1 ^ 1 ^ 1 

.183 296 253 396 
297 254 397 

SCHEME 3 

Fragmentation of Cyclo(Gly-Ala-Leu)2 by Decomposition of the Open-Chained Molecular Ion 
In the last residue on the right side the side chain (isobutyl) is omitted. 

fragments is formed which might be used to obtain important information on the 
amino acid sequence. In accordance with the assumed formation in fragmentations 
of the open chain, the ions shown in Scheme 3 did not exhibit any differences in rela-
tive intensities in spectra of both diastereoisomers. However, a marked difference 
may be observed in population of the mje 241 ion in the cleavage of the cyclic M + * 
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molecular ion into two symmetrical halves by a transannular reaction. In the case 
of cyclo(Gly-L-Ala-L-Leu)2 (la), the population of this ion is 2-3 times higher than 
with the diastereoisomer lb. 

The mass spectra of cyclo(Gly-L-Val-L-Leu)2 and cyclo(Gly-L-Val-D-Leu)2 are 
much more complicated than those of the above discussed pair of isomeric cyclo-
hexapeptides. This observation might be explained as follows. The ring opening 
of the cyclic molecular ion occurs not only at a position adjacent to the leucine resi-
due but also (though to a lesser extent) at the N-end of the valine residue, the side 
chain of which is of a similar length as that of leucine. Consequently, the ions of the 
"first sequential series" (Scheme 4) are accompanied by less abundant ions of the 
"second sequential series" due to decomposition of the competitive linear molecular 
ion (Scheme 5). 

2 9 8 
2 9 7 
2 9 6 

CO—CH—NH—CO—CH2—NH—CO—CH-f-NH—CCH-CH-I-NH—CO-f-CH,*-t-NH—CO-rCH-
l l " l 

T 
-NH 

SCHEME 4 

Fragmentation of the Molecular Ion of cyclo(Gly-Val-Leu)2 after Opening at a Position Vicinal 
to the Leucine Residue (Formation of the "First Sequential Series" Fragments) 

4 2 5 
4 2 4 T ' i - ^ [ ^—i 1 

CO CH2—NH-i-CO-i-C H—N H—CO— CH—N H—CO—CH 2—N H—CO-rCH j-t-NH—CO-j-CH—NH 
i l l I ~ i l l 

I 
I 

SCHEME 5 

Fragmentation of the Molecular Ion of cyclo(Gly-Val-Leu)2 after Opening at a Position Vicinal 
to the Valine Residue (Formation of the "Second Sequential Series" Fragments) 

In the last residue on the right side the side chain (isopropyl) is omitted. 

It may be inferred from the higher abundancy of the mje 410 and 211 ions (Scheme 
4) in the spectrum of cyclo(Gly-L-Val-L-Leu)2 (when compared with the other dia-
stereoisomer) that the ring opening of the cyclic molecular ion at a position adjacent 
to the leucine residue and the subsequent fragmentation according to Scheme 4 are 
more preferred processes in the case of the former isomer. Accordingly, the mje 
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324 ion, product of the other fragmentational path (Scheme 5), is more abundant 
in the spectrum of cyclo(Gly-L-Val-D-Leu)2. The yield of the symmetrical cleavage 
of the cyclic molecular ion (with the formation of the mje 269 ion) is almost equal 
with both isomers in contrast to different intensities of the analogous mje 241 ion 
in spectra of the isomeric pair of alanine cyclohexapeptides. 

The above differences in mass spectra of the two diastereoisomeric pairs must be 
due to different spatial structures. An explanation is therefore attempted as follows. 
As inferred f rom temperature dependence of C D spectra1 4 , conformation of the 
L,D-isomers with an unequal absolute configuration of the two vicinal amino-acid 
residues (lb, Id) is thermodynamically more advantageous and more stable than that 
of L,L-isomers (la, Ic). With the pair lb and Id, the steric interactions between side 
chains are obviously of a lesser importance than in the case of the pair la and Ic. 
An analogous situation (at least to a certain degree) may also be assumed with the 
cyclic molecular ion. In accordance with this idea, the molecular ions of L,L-isomers 
(la, Ic) in both diasteroisomeric pairs exhibit a higher content of energy, are less 
stable, the probability of their decomposition is higher and the peak of the correspond-
ing molecular ion in the mass spectrum is lower (in relative intensities of M + * ions, 
3-3% and 5-5% with alanine derivatives la and lb, resp., and 4-6% and 6% with valine 
derivatives Ic and Id, resp.). Easier decomposition of the molecular ion can affect 
various fragmentation reactions to a different degree. Thus in the series of alanine 
derivatives let us mention the transannular symmetrical bisection of the ring into 
two identical tripeptide fragments ( ra /e24l) , the relative intensity of which is 11% 
with the L,L-isomer and only 3-8% with the L,D-isomer. (There is not any substantial 
difference in the readiness of a further decomposition of diastereoisomeric acyclic 
mje 241 tripeptide fragments, only an enhanced population of the more readily 
formed fragment may be observed). According to the present knowledge1 5 the most 
probable spatial arrangements of cyclohexapeptides are characterized by two anti-
parallel tripeptide units connected through p-turn-like structures. In conformations 
of this type the possibility exists for transannular reactions between central amino 
acid residues of both tripeptide units. 

As inferred f rom 1 H - N M R spectra5 these central positions may be occupied 
in cyclo(Gly-Ala-Leu)2 not only by glycine residues (as in analogous valine or phenyl-
alanine derivatives) but also by alanine residues owing to the low bulkiness of the 
alanine side chain. The probability of a transannular reaction is thus greater with 
alanine derivatives than in the case of valine derivatives; in this situation, a higher 
steric strain (limited mobility of side chains) could manifest itself with the L,L-isomer 
la. With valine derivatives, the preferential opening takes place on the valine-leucine 
bond with the formation of an acyclic ion, the longer side chains (with a higher 
conformational freedom) of which are capable of absorbing the energy liberated 
by opening of the cyclic molecular ion. The relatively rigid at tachment of side chains 
in the cyclic system is replaced by a considerably higher conformational mobility 
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in the acyclic system; this change necesserily manifests itself by an increased entropy 
accompanying the fragmentat ion process (this increase is greater in the case of the 
L,L-isomer Ic since the side chain mobility of vicinal amino-acid residues was more 
restricted). The probability of this fragmentat ion should be thus higher with cyclo-
-(Gly-L-Val-L-Leu)2 (Ic) than with the diastereoisomer Id, in accordance with ex-
perimental observations. 

EXPERIMENTAL 

Melting points were taken on a heated microscope stage (Kofler block). Samples for analysis and 
physical measurements were dried for one day at 0-5 Torr over phosphorus pentoxide (and potas-
sium hydroxide pellets when crystallisations were performed f rom acetic acid). Optical rotations 
were measured on a photoelectric polarimeter. Purity of samples was checked by thin-layer 
chromatography on silica gel in the solvent systems 2-butanol-25% aqueous ammonia-water 
(85 : 7-5 : 7-5) and 2-butanol-99% formic acid-water (75 : 12-3 : 12-7). Spots were detected by 
chlorination and the subsequent treatment with the w/Ao-tolidine agent. 

Benzyloxycarbonyl-L-valyl-D-leucine Methyl Ester (l id) 

D-Leucine methyl ester (obtained from 6-0 g of the hydrochloride by the action of chloroform 
saturated with ammonia) and N,N'-dicyclohexylcarbodiimide (6-2 g) were added at — 10°C 
to a solution of benzyloxycarbonyl-L-valine (7-5 g) in ethyl acetate (80 ml) and the mixture kept 
at 0°C overnight. Four drops of acetic acid were added, the mixture kept at room temperature for 
2 h, and filtered to remove N,N'-dicyclohexylurea. The filtrate was washed with 1M-HC1, 0-5M-
- N a H C 0 3 , and water, dried over anhydrous sodium sulfate, and evaporated to afford the ester 
lid. 

Benzyloxycarbonylglycyl-L-valyl-D-leucine Methyl Ester ( I H d ) 

Hydrogen bromide in acetic acid (50 ml of 35% solution) was added to the ester lid (8-3 g), the 
mixture kept at rom temperature for 40 min, and evaporated. The residue was repeatedly tri-
turated with eiher and subjected to the action of a saturated solution of ammonia in chloroform 
to liberate the dipeptide ester. The ammonium bromide was filtered off, the filtrate evaporated, 
and the residue dissolved in ethyl acetate (80 ml). Benzyloxycarbonylglycine (4-6 g) was added to 
the solution, the mixture cooled to — 10°C, treated with N,N'-d.'cyclohexyIcarbodiimide (4-6 g), 
and kept at 0°C overnight. Acetic acid (4 drops) was added, the mixture kept at room temperature 
for 2 h, and filtered to remove N,N'-dicyclohexyIurea. The filtrate was washed with 1M-HC1, 
0-5M-NaHC03 , and water, dried over anhydrous sodium sulfate, and evaporated to afford the 
protected tripeptide Hid. 

Benzyloxycarbonylglycyl-L-valyl-D-leucine Hydrazide (IVd) 

The tripeptide IHd (1-7 g) was refluxed in methanol (15 ml) with 98% hydrazine hydrate (1-7 ml) 
for 3 h, the mixture kept at room temperature overnight, evaporated, and the residue washed with 
water and ether to afford the hydrazide IVd. 

Collect ion Czechoslov. Chem. Commun. [Vol. 41] [1976] 



3652 Vicar, Trka, B laha : 

Benzyloxycarbonylglycyl-L-valyl-D-leucyl-glycyl-L-valyl-D-leucine Methyl Ester ( V I d ) 

Hydrogen chloride in te t rahydrofuran (14 ml of 1-6M solution) was added to the hydrazide IVd 
(1-15 g) in dimethylformamide (15 ml) with stirring at — 30°C, followed by n-butyl nitrite (0 63 ml; 
over 1 min) and, after 4 min, a precooled (— 30°C) solution of glycyl-L-valyl-D-leucine methyl 
ester hydrobromide (Vd ; obtained f rom Hid by the action of hydrogen bromide in acetic acid). 
The mixture was adjusted to p H 8-5 by means of N-ethylpiperidine, kept at 0°C overnight, and 
evaporated. The residue was repeatedly triturated with 1M-HC1, water, and ether to afford the 
protected hexapeptide VId. 

Benzyloxycarbonylglycyl-L-valyl-D-leucyl-glycyl-L-valyl-D-leucine Hydrazide (VHd) 

The protected hexapeptide VId (500 mg) was refluxed in methanol (25 ml) with 92% hydrazine 
(0-55 ml) for 10 h and the mixture kept at room temperature overnight. Another port ion of hyd-
razine (0-20 ml) was then added, the mixture refluxed for 10 h, kept at room temperature over-
night, and evaporated. Trituration of the residue with water and ether afforded the hydrazide 
VHd. 

Cyclo(glycyl-L-valyl-D-leucyl-glycyl-L-valyl-D-leucyl) (Id) 

Hydrogen bromide in acetic acid (8 ml of 35% solution) was added to the hydrazide VHd (185 mg), 
the mixture kept at room temperature for 30 min, and evaporated. The residue was triturated 
with ether to afford a powder (195 mg) which was dissolved in 0-5M-HC1 (5 ml). A solution of 
sodium nitrite (19 mg) in water (5 ml) was added dropwise with stirring at 1°C, the mixture kept 
at 1°C for 10 min, and poured into water (700 ml). The solution was adjusted to p H 6-6 by means 
of sodium hydrogen carbonate, kept at 0°C for 6 days, stirred with Dowex 50 ( H + ) ion exchange 
resin (25 ml), and filtered. The filtrate was passed through a column of Dowex 50 (H + ) resin 
(100 ml) and then a column of Amberlite IR-4B ( O H - ) resin (100 ml). The effluent was evaporated 
to afford the cyclohexapeptide Id. 

Cyclo(glycyl-L-alanyl-L-leucyl-glycyl-L-alanyl-L-leucyl) (la) 

The benzyloxycarbonyl protecting group of the hydrazide Vila (541 mg) was removed by hydro-
genolysis in methanol (35 ml) containing 1-7 ml of concentrated hydrochloric acid. The cyclisa-
tion was performed as above (reaction time, 14 days), the solution evaporated, the residue tritura-
ted with 1M-HC1 and water, and recrystallised f rom a mixture of acetic acid and water. 

Mass Spectrometry 

Mass spectra were measured on a MS 902 double focussing mass spectrometer (AEI, Manchester) 
with the use of direct inlet, ion source temperature of 180— 190°C and ionisation energy of 70 eV. 
High resolution measurements were performed at the resolving power of 15000; all exact masses 
were found in the range of ± 3 p.p.m. of the corresponding theoretical value. The following partial 
high resolution spectra were obtained (mje, formula; with multiplets, percentage is given in brackets 
f rom the ionic current of ions of the same mje): 

cyc/o(Gly-L-AIa-L-Leu)2 (la): 482(M), C 2 2 H 3 8 N 6 0 6 ; 426, C 1 8 H 3 0 N 6 O 6 ; 397, C 1 7 H 2 7 N 5 0 6 ; 
396, C 1 7 H 2 6 N 5 0 6 ; 369, C 1 6 H 2 7 N 5 0 5 ; 354, C 1 6 H 2 6 N 4 0 5 ; 353, C 1 6 H 2 5 N 4 0 5 ; 340, C 1 5 H 2 4 . 
. N 4 0 5 ; 339, C 1 5 H 2 3 N 4 0 5 ; 297, C 1 4 H 2 3 N 3 0 4 ; 296, C 1 4 H 2 2 N 3 0 4 ; 283, C 1 3 H 2 1 N 3 0 4 ; 270, 
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C 1 2 H 2 0 N 3 O 4 ; 269, C 1 2 H 1 9 N 3 0 4 ; 268, C 1 2 H 1 8 N 3 0 4 ; 241, C n H 1 9 N 3 0 3 , 227, C ^ H ^ O , ; 
226, C 1 1 H 1 8 N 2 0 3 ; 183, C 8 H 1 1 N 2 0 3 (65%); 183, C 9 H 1 5 N 2 0 2 (35%); 141, C 8 H 1 5 N O ; 112, 
C 5 H 6 N 0 2 ; 86, C 5 H 1 2 N ; 44, C 2 H 6 N ; 30, CH 4 N; 

cyclo(Gly-L-Val-L-Leu)2 (Ic): 538(M), C 2 6 H 4 6 N 6 0 6 ; 496, C 2 3 H 4 0 N 6 O 6 ; 495, C 2 3 H 3 9 N 6 0 6 

(55%); 495, C 2 5 H 4 5 N , 0 5 (45%); 468, C 2 2 H 3 8 N 5 0 5 ; 467, C 2 2 H 3 7 N 5 0 6 (65%); 467, C 2 2 H 3 9 . 
.N 6 O s (35%); 453, C 3 1 H 3 5 N 5 0 6 ; 424, C 2 1 H 3 6 N 4 O s ; 410, C 2 0 H 3 4 N 4 O 5 ; 396, C 1 9 H 3 2 N 4 O s ; 
381, C 1 8 H 2 9 N 4 0 5 ; 353, C 1 8 H 3 1 N 3 0 4 (85%); 353, C 1 6 H 2 5 N 4 0 5 (15%); 324, C 1 6 H 2 5 N 5 0 4 ; 
311, C 1 5 H 2 5 N 3 0 4 ; 298, C 1 4 H 2 4 N 3 0 4 ; 297, C 1 4 H 2 3 N 3 0 4 ; 296, C 1 4 H 2 2 N 3 0 4 (65%); 296, 
C 1 5 H 2 6 N 3 0 3 (35%); 269, C 1 3 H 2 3 N 3 0 3 ; 254, C 1 3 H 2 2 N 2 0 3 ; 211, C 1 0 H 1 5 N 2 O 3 (80%); 211, 
C 1 1 H 1 9 N 2 0 2 (20%); 129, C 6 H 1 3 N 2 0 ; 86, C 5 H 1 2 N ; 72, C 4 H 1 0 N ; 30, CH 4 N. 

The authors wish to thank Mrs H. Janesova for excellent technical assistance, Mrs Z. Ledvinova 
for optical rotations and the staff' of the Analytical Department (Dr J. Horacek, Head) of this Insti-
tute for elemental analyses. 
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