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Earlier, as the result of a systematic maas apectrometric 

study of various cyclodepaipeptides we established a number of 

correlations in the electron impact induced fragmentation of 

cyclohexadepeipeptides of regular structure /I/ . An elaborated 

treatment of the reeults obtained showed that the relatiqns 

discovered are of a more general nature than had previously 

been thought and could be satisfactorily extended to include 

also cyclohexadepeipeptidea of irregular structure, and thus to 

explain the behaviour of both types of compounds. Representa- 

tives of the former class are the enniatin antibiotics (ennia- 

tin A and B); the latter class includes the fungal metabolites, 

sporideamolides I - IV. 

The primary fragmentation act of the molecular cyclohexa- 
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depsipeptido ion is bond rupture in the ester or amide group 

-co-x-, according to the types 2, 1 and 2 shown in Scheme I. 

In addition rupture of the types b' and ct, accompanied by mi- 

gration of a hydrogen to the heteroatom also takes place. In 

some cases bond rupture in the -CO-X- group is preceded by 

splitting off of the side chain (type a). 

scHE%E 1*' 

(+.I 

a 
I I 
OH 

X = 0, NH or NMe; Y = H or Me. 

We had already shown"' that fragmentation of the cyclo- 

hexadepsipeptidee proceeds along three main routes. These are 

now claesified in a general way with reference to the type of 

bond rupture and account of fragment structure as determined by 

us in the mass spectrometric study of a number of regular and 

irregular cyclohexadepsipeptides (Schemes 2 - 6 and Table I). 

*/ The dotted line indicates the possibility of the occurence 
of both t.omo1yti.c and heterolytic rupture; the sign 4 
indicates homolytic rupturei2! 



I. The COX type of fragmentation (a particular case of which 

is the-CO2 type we observed earlier, especially typical of regu- 

lar cyclotetradepsipeptides) is associated with elimination of 

elements of the ester (-COO-) or amide (-CONH- or -CONMe-) group 

from the molecular ion due to successive or simultaneous bond ru- 

pture according to types 2 and b. The resultant ion-radical FI 

(see Scheme 2) may become further stabilized by eliminating in 

the form of a radical (; or k) part of the side chain from the 

carbon atom formerly attached to the heteroatom X. The ion F2 

thus produced undergoes a series of type 2 degradations with 

consecutive loss of amino or hydroxy acid residues and formation 

of fragments F3 - F7. According to our data this type of fragmen- 

tation is of a general character in all cases when the positive 

charge is localized at the C-terminus end the N-terminus is 

protected (for example by acylation); see the communication to 

follouJ3'. 

For cyclohexadepsipeptides of irregular structure several 

fragments FI, Fi and F!i differing in the structure of the side 

chains can form, depending on which of the groups -COO-, -CONH- 

or -CONMe- is eliminated. Further fragmentation of the ions Fi 

and F!i gives the homologous ions Fs - F+, and F$ - Fy. Usually 

the mass spectrum displays peaks of all possible fragments, but 

the contributions from the various routes differ. Table I shows 

the m/e values and relative intensities of the most important 

fragments FI - F7. 

It is to be noted that fragments F3 - F7 can also eliminate 

a CO group (F3 - 28), (F,+ - 28) etc., but in the case of our 

compounds the resultant ions give peaks of very low intensity. 



No.32 

HCYZ HCYZ HCYZ 
OC-&H-X-CO-h-I-X-CO-~&X 

H-C,] __i 
e 

HCZ(or Y) 
HcfYZ HYYZ HCYZ 

F2 yOC-CH-X-CO-CH-X-CO-&H-X 

1 
+ HFYZ HFYZ HCYZ 
OS-CH-X$0-CH-X-CO-bH-X, F3 

II 

c _. 

F4 
CH-CO] '-1 
HiZ(or Y) 

+ HFYZ t 

CH-COJ 
HEZ(or Y) 

H YZ F 
0=-c-CH-X;CO-CH-X, 

__ HCYZ 
OsC- H-Xl & 

c ----- 

;H-CO 1 
F' HlZ(or Y) F7 

CH-CG 
H&Z( or Y) 

X = 0, NH, NMe; Y = H, Me; Z = Me, Et, CHMe2 



No.32 2797 

2. The morpholinic type of fragmentation, of which the first 

atage is aseociated with fragmentation of the molecular cyclo- 

hexadepsipeptide ion (M+) to form either the 2.5~dioxomorpho- 

line ion (F,) and a neutral fragment, or the neutral 2,5-dioxo- 

morpholine molecule (MO) and the aepsipeptide ion-radical F9 re- 

sulting from eimultaneous or consecutive twofold 2 type bond rup- 

ture (Scheme 3). The 2,54ioxomorpholine ions (FS) may derive 

not only directly from M+, but from the ion-radical F9 which can 

undergo bond rupture of the 2 type *I, or from the neutral 2,5-di- 

oxomorpholine molecule that results from thermal degradation of 

the initial cyclohexadepaipeptide under the experimental con- 

ditionJ4/. The fragmentation of the 2,54ioxomorpholine ions 

(FS) has been described by us before'IP5' so that in the follo- 

wing we shall deal only with further fragmentation of the ion- 

SCHEME 3 

osc-CH-x-co-m-x 
ZYHC zmc x 0 

0 xx 

__ __ 
3 

c 
t. - 

0' x CHYZ 
.X-FH-CO-X-YH-CO 
HCYZ HCYZ 

PA0 Ff3 F9 
For the meaning of X, Y and Z see Scheme 2 

*/ In the case of cyclohexadepsipeptides of irregular str?.cture 
simultaneous formation of the 2,54ioxomorpholine and 2,5-C- 
ketopiperazine ions (for instance from F$; Scheme 5) takes 
place. This will be treated elsewhere. 
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TABLE 1 
The m/e and relative intensities of 
cyclohexadepsipeptide fragments 

!vl + 597 % 681 681 652 652 638 652 
CO,61 (51 (5) (661 (36) (9) (43) 

Fl 553 59 s g: z: t59o s 595 581 (2,5) (4 (171 (15) 62 5 

F2 558 622 622 
(0,6) 

:g 
(4) (5) 

E 5;: :2: 552 
(25) 

F3 (%: 't;5 :;3 :;: 481 467 481 (:n: 
(14) (12) (30) 

j$ p4 xv :;7 't7'f , ‘t;3; $27 7;; (q (g; 
I co,91 

EF !J 268 282 296 296 268 254 254 268 
(2) (22) (IO) (11) (3) (21 (6) (1) 

F6 168 182 196 196 163 155 155 
(6) (18) (7) (9) (2) (5) 7?5 (2) 

F7 
(4% (42s 

69 
(26) (2:s GS (1:: (755 (15: 
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TAFLE 1 
(continuation) 

‘/ The maximal peak (apparently composite) in the mass spectra 
of these compounds is in the region of low mass numbers (the 
m/e value for Ia, Id and IIc is 72, 68 and 57 respectively). 
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radical F9 (on Fig. I and 2 the peaka due to fragmentation of 

the 2,5_dioxomorpholine ion (FS) are designated by an asterisk). 

In the caee of cyclohexadepsipeptides of regular structure 

built up of the same alternating hydroq and amino acid resi- 

dues, the ion-radical F9 poesessea only a single structure, 

namely F4, whose 2' bond rupture is followed by stepwiae de- 

gradation according to Scheme 4 (cf. Table ). On the other hand 

+ RI R CHMe2 
0%&i-A-CO-;H-OH F4 

FIo 

R R CMe2 
&c-&kco&l 

FI2 
I 
-(CO) 

'14 

s! 

1 
+ 

FII 
1 
-(dHb!e,> 

F13 -(CO) 

'15 

For the weaning of R and RI aee Table I. 

the molecular ion of an irregular cyclohexadepsipeptide elimi- 

natea different 2,5-dioxomorpholines (MO) 80 that different 

ion-radica:La of type F9 may arise. However, in all the cases 

studied by us preferential elimination of the 2,5-dioxomorpho- 

line with the higher molecular weight and predominant forma- 

tion of the ion-radical F;; took place; further fragmentation 

of the latter being assooiated with fi type bond rupture accom- 

panied by elimination of CO (Scheme 5 and Table). 
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SCREMB 5 

a 
M=2P + CHMe2 cH=m-co~E-o 
&CH=C-N-CH=C 1 

HA ; dR Et, A b3i 
'16 F17 

For the meaning of R, RI and R2 see Table I. 

Analysis of the morpholinic type of fragmentation of the 

molecular cyclohexadepsipeptide ion gives the most reliable 

information as to the nature, number end sequence of the hydro- 

xy end amino acid residues in the molecule. 

3. The acylaminoketene type of fragmentation is characte- 

rized by bond rupture in the two ester or amide groups of the 

molecular cyclohexadepsipeptide ion according to routes b' and 2' 

with the formation of the acylsminoketene ion (FIB). The ion 

PI8 then undergoes further degradation by splitting off a methyl 

group (F19), CO (F20) and the side chain in the form of the ole- 

fine (F21). For cyclohexadepsipeptides of irregular structure 

the side chains of the fragments FIB - F21 may differ, depending 

upon what pair of ester or emide bonds participate in the for- 

mation of the acyleminoketene ion. Ordinarily the mass spectra 

display peaks of all the possible ions, but their intensities are 

different. Table I shows the fragments FIB - F2I corresponding 

to the most characteristic fragmentation route (see Scheme 6). 

It should be pointed out that the intensity ratio of the 
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SCHEME 6 

For the meaning of X, Y and Z see Scheme 2 

_ 

peaks characterizing the various modes of cyclohexadepsipeptide 

fragmentation depends to a considerable extent on experimental 

conditions. Factors affecting the relative importanck of a gi- 

ven fragmentation type in the mass spectrum are temperature, and, 

in the case of a heated inlet system, the material of the bulb /4! 

To illustrate the above described fragmentation types the 

mass spectra are presented of a regular cyclohexadepsipeptide 

(enniatin A, Ib) and an irregular cyclohexadepsipeptide (IIa), 

a synthetic analog of the sporidesmolides (see Figs. I and 2) 

(cf. also the mass spectra of the sporidesmolides I, II and 

III'%. 

The mass spectra were run on the commercial mass spectro- 

meter MX-1303. Compounds Ia-d were directly injected into the 

ion source at 120-130: whereas compounds IIa-d were injected 

with the use of glass inlet system at 225-240'. 
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