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We have previously [1] shown the general i ty  of the behavior under mass-spectrometr ic  conditions of the cyc l ic  d i - ,  
t e t r a - ,  hexa- ,  oc t a - ,  and dodecadepsipeptides of regular structure, which is shown in the  appearance  of three main  
types o:f f ragmentat ion (morpholine,  acylaminoketene ,  and CO z) which are s imi lar  for a l l  the cyclodepsipept ides s tud-  
ied. The predominance  of one or other type of fragmentat ion depends fundamental ly  on the dimensions of the ring. 
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(CHa)2CH 
C2H~(CHa)CH 
(CHa)2CHCH2 
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C~Ha(CHa)CH 
(CH3)2CHCH2 
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(CHa)2CH 

(CHa)2CH 
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(CHa)2CH 
(CHa)~CH 
(CHa)2CH 
(CHa)2CH 
(CHa)2CH 

CHa 

In the present work, f ragmentat ion of cyclotetradepsipepfides of regular structure possessing a strained 12 -mem ber -  
ed ring is considered in de ta i l .  As the main subjects of investigation,  we selected the cyclotetradepsipept ides  of 

general  formula [1] (Table  1), made  up of ~wo s imilar  D-c~-hydroxyacid residues and two s imilar  or different L-o~- 
aminoacid  residues*: 

R X R" 
I I I 

O C  ~ C H - - N - - C O - - C H - - O  

I I 
O ~ C H - - C O - - N - - C H - - C O .  

1 I I 
R" X R' 

The; mass spectra were taken on a standard MKh-1303 instrument in three ways: using a stainless steel  inlet  sys- 
t em,  using a glass inlet  system, and with the direct introduction of the sample  into the ion source. In a l l  cases, there 
was littae difference in the pictures of the mass spectra of the cyclotet radepsipept ides  invest igated (the differences ob-  
served will  be considered below ).  

The predominance of the CC~ type of fragmentat ion is character is t ic  for the mass spec t ra  of cyc lo te t radeps ipept i -  
des Ia-Ih.  It begins with the homolyt ic  rupture of a bond of the strained 12-membered  ring, which leads to the e l i m i -  
nation of a molecule  of CO 3 and to the formation of ion-radica ls  of l inear  structure ( ¢1 and ¢3 ) as is shown in 
Scheme 1. The subsequent f ragmentat ion of the ion-radica ls  ¢ i  and ¢3 begins with the N-end part. The subsequent 
he terolyt ic  rupture of bonds with the e l imina t ion  of neutral  molecules  leads to the formation of the ion-radica ls  
(¢s"~9) in which a positive "charge is loca l ized  on a he te ro-  atom. The ions ¢10 and ¢11 arise as the result of the homo-  
lyr ic  rupture of the amide  bond in fragments ¢Tand Cs, accompanied  by the migrat ion of a hydrogen a tom to the n i -  
trogen atom. In the cyclotet radepsipept ides  Ia-Ig,  containing two c~-hydroxyisovaleric acid residues, s tabi l iza t ion of 
the C-end part of the ion-radica ls  Cs and ¢4 takes place  through the e l imina t ion  of a methyl  rad ica l .  The further 
fragmem:ation of the ions ¢~ and ¢~ so formed takes place  by the same mechanism as the f ragmentat ion of the ion-  
radicals  Cs and ¢ 4  and leads to the appearance of the ions ¢~-¢~, ¢I0, and ¢11- The transitions Cs -'* ¢5, ¢4 "+ ¢6, 

* Substance Ih is constructed of two L- lac t ic  acid residues, one L-val ine  residue and one D-va l ine  residue. Record- 
ing the mass spectra of the six different diastereoisomers of the cyclote t radepsipept ide  Ia showed that a change in the 
configuration does not affect the general  picture of the mass spectrum. 
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Os ~ O~ "" qbg, and 0a -+ ~ "+ ~b~ are confirmed by the presence of the corresponding metastable ions in the mass 
spectra of the cyclotetradepsipeptides Ia-Ig. The ions ~b~- ~; may also be formed by the loss of a methyl radical 
from the ion-radicals 0s- ~0; however, we have not observed the re®tastable ions corresponding to these transitions. 

Table 2 gives the m/e values of the fragments formed from the molecular ions of compounds Ia-Ih by CO2-type 
fragmentation. The mass spectra of the cyelotetradepsipeptides Ia-Id and Ig (Fig. 1 and Table 2 ) ,  where the values 
of the mass numbers of R and R' coincide and R" = (CH 3 )2CH, have two intense peaks in the region of high mass num- 
bers (Os = 04 and ~ '  3 = ck~ ) differing in magnitude of m/e by 15 mass units (stabilization of the C-end part through 
the loss of a methyl radical ). 

R" / i ' (  or 
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The spectra of the cyclotetradepsipeptides Ie and If (Fig. 1),  where R differs from R' by the homologous unit and R" = 
= (CH3)2CH, have two pairs of intense peaks in the region of high mass numbers (03 and ~ ) and (~4 and ~ ) displaced 
relative to one another by 14 mass units (within each pair the values of m/e  of the peaks differ by 15 mass units, be- 
cause of the elimination of a methyl radical). The mass spectrum of the cyclotetradepsipeptide lla, where R = R' and 
R" = CHz, has a peak with m/e  227 (Oa = ~b4 ), but lacks a peak with m/e  212 ( ~  = q54). 

The absence of N-methyl groups in compounds Ig and Ih leads to some peculiarities in the mass spectra of these 
compounds; for example, the peak M - 44, corresponding to the fragments 0t = ~b2, has a considerably greater intensi- 
ty than the corresponding peak in the mass spectra of the N-methyl-substituted cyclotetradepsipeptides Ia-If  (Fig. 1 ). 
In addition, the spectrum of compound Ih has an intense peak for M -- 59 = M - 44 - 15, i . e . ,  stabilization of the 
C-end part through the elimination of a methyl radical takes place even at the stage of the ion-radical (31 = qb2 )- 

The mass spectra of compounds Ia-Ih taken with the use of a metallic or glass inlet system show fragments arising 
by the acylaminoketene and morpholine [1] types of fragmentation, but the relative intensities of the peaks of these 
fragments are low. Raising the temperature, and also increasing the time for recording the spectrum at constant 
temperature, leads to an increase in the intensities of these peaks, which indicates the occurrence of thermal decom- 
position of the cyclotetradepsipeptides in the inlet system. However, at a temperature of 200* the velocity of this 
process is low: in the mass spectrum of the cyclotetradepsipeptides Ia taken one hour after its introduction, the inten- 
sity of the peaks of acylaminoketene and morpholine origin is only 20-30% higher than in the spectrum taken directly 
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after introduction. The velocity of thermal decomposition of the cyclic tetradepsipeptides is also low at higher 
temperat ares. For example, in the mass spectrum of compound Ic held for one hour at a temperature of 800*in the 
glass inlet system, the intensity of the maximum peaks of acylaminoketene and morpholine origin was only 10-15% 
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Mass spectra of the cyclotetradepsipeptides, Fig. 1. 

I 

m/e 

of the intensity of the maximum peaks formed by the CO 2 type of fragmentation ( ~  = ¢'~ , m/e 296). The acyl - 
aminokete:ne and morpholine peaks are practically absent from the mass spectrum of the cyclotetradepsipeptide Ia ob- 
tained by the direct introduction of the sample into the ion source at a temperature of 70 *. 

We have also studied the dependence of the mass spectra of eyclotetradepsipeptide Ia on the energy of the ionizing 
electrons. At energies of 23-70 eV the spectra are practically identical, and at lower energies the intensities of the 
peaks in the region of low mass numbers and of the peaks corresponding to the ions ¢] - ¢~ fall sharply (Fig. '2). 

In order to confirm the general nature of the scheme for the CO~ type of fragmentation of the cyclotetradepsi- 
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peptides that we have proposed, we recorded the mass spectrum of cyclotetradepsipeptide II which contained similar 
aminoacid residues and different hydroxyacid residues (compound II is identical  in configuration with compound Ih ). 
It  was established that the main fragments in the mass spectrum of compound II are also formed by the CO S type of 
fragmentat ion (cf. Scheme 2 and Fig. 1 ) .  

TABLE 2 

C o m -  ] 
pound M+ 

No, 

01 
tt 

O2 

Value of m / e  of the fragments 

t 
O 3 O'  4 08 

¢ i 

0 7 O 8 03 04 o5 

l a  
lb 
l c  
ld 
le  
I f  

426 382 297 
454 410[ 311 
454 410[ 311 
454 4101 311 
440 3961 311 
440 396[ 311 
898 354 283 
342 298 227 

t 
297 2821 282 197 
3111 296] 296[ 211 
311[ 2961 962296 211 
311[ 296[ 211 
297[ 296[ 282[ 211 
2971 2961 2821 211 
283 2681 268 183 
227 - -  [ - -  155 

06 

197 
211 
211 
211 
197 
197 
18~ 
15E 

r s 
05 06 ¢7 09 

182 182 169 
t961 1961 !831 
1961 196] 1831 
1961 1961 1831 
1961 182[ 1881 
1961 189 

1551 168 ~8 1831 
127 i 

169 154 154 84 
1881 168[ 168[ 84 
1831 168[ 168[ 84 
1831 168[ 168 84 
169[ 168] 1541 84 
1691 1681 1541 84 14011_4018, 
1271 56 

O10 Oll  

180 100 
1O0[ 100 
100[ 100 
lOO 1 86 
100[ 86 
72 / 72 
72 72 

The mass spectra given in Fig. 1 were taken on a MKh-1308 instrument with a glass inlet system at a temperature  
of 175 ® and an energy of the ionizing electrons of 28 eV. 

Scheme 2 
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Summary 

1. The mass-spectrometr ic  behavior of various cyclotetradepsipeptides of regular structure has shown that the CO 2 
type of fragmentat ion is most characteristic for them.  
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2. The results of the present investigation, with the regular features of the mass-spectrometric behavior of other 
types of cyclic depsipeptides [1 ] taken into account, permits an adequate amount of information to be obtained from 

i : 

20 50 ~o eV 

Fig, 2, Dependence of the relative intensities of the peaks 

Is6/I~97 (1) and I9_~/I9.g7 (2) on the energy of the ionizing 
electrons for compound Ia. 

the mass spectra for deciding a number of questions of structure and analysis: the determination of the size of the ring, 
the regularity of the structure, the symmetry with respect to aminoacid and hydroxyacid residues, and also the nature 
of these residues. 
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