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The temperature conditions of the mass spectrometry of
complex organic compounds may often have a profound effect on
the general pattern of their mass spectra, characterizing the
fragmentation of the molecular iom of the initial substance.
Such a thermal effect as manifested in the change in peak in-
tensities or in the appearance of new peasks is largely due to
thermal degradation of the substance. The neutral, radical or
ionic thermal breakdown products of the initial molecule sub-
sequently undergo fragmentation as the result of electron im-
pact so that superposition of the mass spectra of the "ther-
mal® fragments on the mass spectra of the original substance
takes place, If in the thermal breakdown other bonds are rup-
tured than by electron impact, new peaks will appear in the

mass spectra, If the mass spectrometric splitting of the ther-
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maly decomposed neutral molecule coincides with the mass spec-
trometric splitting of the molecular ion, a change in intensi-
ty of the peaks characteristic of the given fragmentation
occurs, Analysis of such a composite spectrum meets with cer-
tain difficulties and does not always give a clear picture of
the fragmentation characteristic of the molecular ion. One
therefore ordinarily strives to obtain the mass spectra under
conditions excluding thermal degradation, excepting in parti-
cular cases such as degradation of polymers or thermal disso-
ciation of simple molecules (1). However, the desire to elimi-
nate the thermal effect in mass spectrometry (for example, by
introducing the sample directly into the ion source) often
leads to loss of valuable data on the structure of a substance,

We shall show the possibility of utilizing the thermal
effect as a means of obtaining information regarding the pro-
perties and structure of complex natural products on the
example of cyclic depsipeptides.

Earlier in studying the mass spectra of cyclic tetra- (I),
hexa- (II) and octadepsipeptides (III) of regular structure
we called attention to the temperature dependence of the in-
tensity of a number of peaks characterizing the morpholinic
type of fragmentation (2). Further study of the mass spectra
of these compounds over a wide range of temperatures showed
that the thermal effect is due to the tendency of the cyclo-
depsipeptides to form morpholines (IV) under the given condi-
tions (Reaction a in Schemes 1 and 2). The resultant 2,5-di-
oxomorpholines (IV) then undergo fragmentation by electron

impact (Scheme 2 and Table 1),
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SCHEME 1.
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= Me, X = CH,CHMe,, Y = CHMe,;

IIa: R=H, X =Y =1Y'= CHMe,;
ITb: R =Me, X =Y = Y'= CHMe,;
ITe: R = Me, X = CHMeEt, Y = Y'= CHMe,;
IId: R = Me, X = CH,CHMe,, Y = Y'= CHMe,;
IIIa: R =H, X =Y = Y'= CHHez;
IIIb: R = Me. X = Y = Y'= CHMe,;
IITe: R = H, X = CHMe,, Y = Me, Y'= CHMe,;
IVa: R =H, X =Y = CHde,;
Ih: R=Me, X =Y = CHMeZ;

R X

R X

R b4

IVe: = H, = CHMe2, Y = Me,

The morpholinization of cyclic hexa- and octadepsipepti-
des occurs at appreciable rates within the temperature range
150-175° and above 200° they are quantitatively converted in-
to 2,5-dioxomorpholines. Cyclotetradepsipeptides (2) are more

resistant to heat, the formation of morpholines in this case
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being very little even at 275°. Apparently the ability of cyc-
lic depsipeptides to transform into morpholines is associated
with the stability of 12-, 18- and 24-membered rings.

TABLE 1.
Mass Spectrometric Identification of Cyclie Depsipeptides

from the Peaks of the 2,5-dioxomorpholines Resulting from the
Thermal Effect*2

g::;a**) L F, Py Fy F5 3
Ila 199(0,5) I57(30) 72(45) 83(55) 57(25)
IIls 199(0,5) I57(70) 72(60) 83(50) 57(I5)
IVa 199(I1,0) I57(75) T2(I00) 83(60) 57(3,0)
IIb 213(2,0) I71(40) 86(20) 83(I00) TI(22)
IIIb 213(2,0) I7I(40) 86(I0) 83(I00) 7TI(IO)
v 2I3(I0) ITI(68) 86(I0) 83(I00) 7I(30)
IIc 227(3,0) 1I85(20) ITI(55) I00(I5) 83(I00) 7TI(45)
IIlc 227(7,0) 185(20) ITI(75) T00(20) 83(I00) TI(4T)
114 227(14) 185(60) ITI(23) TI00(72) 83(46) 7TI(I,0)
IIId 227(I0) 185(50) ITI(25) T00(75) 83(43) TI(II)

*) Substances heated to 200-240° before undergoing further
decomposition by electron impact.

**) por formulas of compouns and fragments see Schemes 1
and 2; intensities of peaks (J/Jpax + 100) are given in

parentheses,
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That morpholinization can proceed quantitatively has
been demonstrated on the exampie of the cyclohexadepsipep-
tide (IIz2). The thermal treatment of (IIc) was carried out in
the glass or stainless steel inlet bulb of the mass spectro-
meter. After heating (IIc) at 225° for I-I,5 hrs. the bulb
was coolad to 25—300, following which the mass spectrometric
analysis of the substance was carried out at I00°. The pro-
ducts in the bulb vaporized at I00° without leaving any re-
gidue and their mass spectrum showed them to be identical with
the dioxomorpholine (IVe). In the control run at I00° no (IIc)
spectrum could be obtained either in the high or low mass num-
ber region, thus excluding the possibility of the conversion
of the cyclohexadepsipeptide (IXe) into the dioxomorpholine
(IVe) by electron impact.

As a result of these experiments 1t becomes clear why the
morpholinic type of fragmentation is predominant in the ear-
lier described (2) spectra of cyclic hexa- (II) and octadepsi-
peptides (III), since their vaporization temperature in the in-
let system is ebout I75°, a temperature at which intensive
formation of the dioxomorphoiines (IV) takes place. The low
contribution of the morpholinic type of fragmentation in the
mass specira of the cyclotetradepsipeptides (I) is explained
by their little tendency to form dioxomorpholines at the wvapo-~
rization temperature (I75°).

It thus follows that the relative importance of the mor-
pholinic, acylaminoketenic and co2 types of fragmentation (2)
depends upon the degree of morpholinizaticn of the cyclodep-
sipeptides at the temperature of the mass spectrometric run.

This is confirmed by = comparison of the mass spectra of the
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cyclodepsipeptide (IIc) obtained at 200° (Pig. 1), using the
inlet bulb with those obtained at I20° (Pig. 2), the sample
introduced directly into the ion source. In the case of the
mass spectra obtained at 1200, vwhen thermal formation of mor-
pholines is practically absent, the contribution of the mor-
pholinic type of fragmentation (Peaks at m/e 227, 185, ITI,
83, 7I) is smaller relative to its contribution to the 200°
and 240° spectra (Table 2),

TABLE 2.
Temperature Dependence of Peak Intensities (J/Jpax - 100)

in the Morpholinic Fragmentation
of the Cyclohexadepsipeptide I1c*)

Pragments**’ (m/e)

Inlet System °¢ Fy: r, P, P Fe
(227) (1I85) (I7I) (83) (7I)

(R4
[

Direct Inlet 120 3,4 5,7 T,7 63,0 30,2
into Ion Source
Glass System 240 £ 5 2,9 19,7 43,0 I00,0 42,0

Steel System 200+s5 1,2 17,8 55,5 1I100,0 46,1

%) For formula of compound (IIc) see Scheme 1.

%%) Por formulas of fragments see Scheme 2.

The thermal effect is also observed in the mass spectro-
metry of cyclohexadepsipeptides of irregular structure (V) we
have investigated (as an example, see data on the compound Vb
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TABLE 3

Temperature Dependence of Peak Intensities (J/Jmax . 100)
in the Morpholinic and Diketopiperazinic Fragmentations of the
Cyclohexadepsipeptide Vb*J,

Inlet System

%) Glass Glass Steel
Pragments™’ of: m/e System System System

240 £ 5° 270 + 5° 240 % 5°

Morpholine IVa

Fy 199 1,5 2,0 0,2
Fy = Py 157 1,0 6,9 0,9
F, 72 13,8 41,0 27,4
Fg 83 20,8 65,7 24,4
Fg 57 48,6 100,0 100,0
Morpholine IVd
FI 227 2,0 3,9 0,7
P, 185 1,6 13,3 2,0
Fy I71 5,3 36,4 4,8
F4 I00 26,4 53,0 13,0
Fg 83 20,8 65,7 24,4
Fe I 18,7 36,0 21,6
Diketopiperazine VIb
P, 184 5,9 17,5 I2,1
Fg 226 15 3,9 0,3
Fqy 141 8,7 30,0 18,7
FIO I00 26,4 53,0 13,0
Py IT70 18,9 45,5 44,7
P12 I13 2,2 16,1 4,3
Frg 72 13,8 4I,0 27,4

#) For formulas of compound (Vb) and fragments of compounds
IVa, IVd and VIb see Scheme 2.
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in Table 3 and Scheme 2). In that case the mass spectra of the
resultant "thermal" fragments, 2,5-dioxomorpholine and 2,5-di-
ketopiperazine superpose on the mass spectra of the molecular
fon of the cyclohexadepsipeptides. Scheme 2 outlines the ther-
mal degradation route of the cyclohexadepsipeptides (V) of ir-
regular structure and subsequent fragmentation of the "ther-
mal" fragments, The fragmentation routes of the 2,5-diketopi-
perazines have been derived by us on the basis of a study of

a large number of different 2,5-diketopiperazines and will be
discussed in a separate paper,

It should be pointed out that dioxomorpholinization and
diketopiperazination are thermocatalytic reactions, since not
only the temperature but also the material of the inlet bulb
walls affect the intensity of the respective peaks (F1 - FIB’
Table 3).

Account of the thermal effect in the mass spectrometric
approach to structuro-analytical problems greatly facilitated
our elucidation of the structures of such natural cyclodepsi-
peptides as enniatins A and B, sporidesmolides I and II, ango-
lide, etc.
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