
Tetrahedron Letters No.10, pp. 543-553, 1965. Pergamob Press Ltd. 
Printed in Great Britain. 

THE THERMAL EFFECT IN THE MASS SPECTROMEZRY 

OF ORGANIC COMPOUNDS. 

Y.A. Puchkov, B.S. Wulfeon, B.Q. Roeinov and Yu.Q. *) Denisov 

M.M. Shemyakin, Yu.A. Ovchinnikov and Q.T. Ivanov M) 

Institute for Chemistry of Natural Products, 

USSR Academy of Sciences, Moscow, USSR. 

(Received 18 January 1965) 

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 ion of the initial substance. 

Such a thermal effect as manifested in the change in peak in- 

tensities or in the appearance of new peaks 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 80 that superposition of the mass spectra of the wther- 

malw 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. Analyeis 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 depsipeptidee. 

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 cycle- 

depsipepti3es to form morpholines (IV) under the given condi- 

tions (Realction 5 in Schemes 1 and 2). The resultant 2,5-di- 

oxomorpholines (IV) then undergo fragmentation by electron 

impact (Sc:neme 2 and Table 1). 
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SCHEME 1. 

The morpholinieation of cyclic hexa- and octadepsipepti- 

I, II, III 

I: n = I; II: P = 

IIa: R=H, X- 

IIb: R = Me, x= 

11~: R = Me, X = 

IId: B = He, X = 

IIIa: R = H, X = 

IIIb: R = Me, X = 

111~: R = Ii, X = 

IVa: R = H, X = 

IV%: R=Me,X= 

IVc: R = Me, X = 

IV& R = Ye, X = 

IVe: R = H, X = 

s 
(4 *\ -a Y ‘0 

IV 

2; III: n = 3. 

Y = Y’= CHMe * 2' 

Y = Y*= CRMe2; 

CRBIeEt, Y = Y*= CIMIe2; 

CH2CRMe2, Y = Y*= CRMe2; 

Y = Y'= CRMe2; 

Y = Y*= CR?de2; 

CRb¶e2, Y 3 Me, Y'= C5¶e2; 

Y= CRMe2; 

Y= CRMe2; 

CRMaEt, Y = CRMe2; 

CH2CRMe2, Y = CRMe2; 

me2, Y = le. 

des occurs at appreciable rates within the temperature range 

ISO-1759 and above 200' they are quantitatively converted in- 

to 2,54ioxomorpholines. Cyclotetradepsipeptides (2) are more 

resistant to heat, the formation of morpholines in thie case 
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being very little even at 275'. Apparently the ability of cyc- 

lic depeipeptides to transform into morpholines ie aesociated 

with the etability'of f2-, i8- and 24-membered rings. 

TABLE 1. 

Mase Spectrometric Identification of Cyclic Depeipeptidea 

from the Peaks of the 2,5-dioxomorpholines Resulting from the 

Thermal Effect+! 

com- 
**I pound *i F2 *3 *4 *5 F6 

IIa 199(0,5) X57(30) 72(45) 83(55) 57(25) 

IIIa 199(0,5) 157(70) 72(60) 83(50) 57(I5) 

IVa 199(1,0) I57(75) 72(100) 83(60) 57(3,0) 

IIb 213(2,0) I71(40) 86(20) 83(100) 71(22) 

IIIb 213(2,0) I71(40) 86(10) 83(100) 71(10) 

IVb 213(IO) 17U6$(:1 86(IO) 83000) 71(30) 

IIC 227(3,0) 185(20) I'TI(55) TOO(I5) 83(100) 71(45) 

IIIC 227(7,0) 185(20) I71(75) IOO(20) 83(100) 71(47) 

ma 227(14) 185(60) 171(23) IOO(72) 83(46) 71(&O) 

ma 227(10) 185(50) 171(25) IOO(75) 83(43) 'II(II) 

*F) Substances heated to 200-240° before undergoing further 

decompoeition by electron impact. 

**I For formulae of compouns and fragments see Schemes 1 

aa 2; intensities of peak8 (J/J~~ 0 100) are given in 

parentheeee. 
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That morpholinization can proceed quantitatively haa 

been demonstrated on the example of the cyclohexadepsipep- 

tide (II:). The thermal treatment of (11~) was carried out in 

the glass or stainleaa steel inlet bulb of the mass spectro- 

meter. After heating (11~1 at 225' for I-I,5 bra. the bulb 

was cooled to 25-30 ', following which the mass apectrometric 

analysis of the substance was carried out at 100'. The pro- 

ducts Fn the bulb vaporized at 100' without leaving any re- 

sidue and their maas spectrum showed them to be identical with 

the dioxomorpholine (IVc). In the control run at 100' no (11~) 

spectrum could be obtained either in the high or low mass num- 

ber region, thus excluding the possibility of the conversion 

of the cyclohexadepsipeptide (IIc) into the dioxomorpholine 

(IVc) by electron impact. 

As a result of these experiments it becomes clear why the 

morpholinic type of fragmentation is predominant in the ear- 

lier desorlbed (2) spectra of cyclic hexa- (II) and octa4epeL 

peptides (III), since their vaporization temperature In the in- 

let system is about 175'. a temperature at which intensive 

formation of the dioxomorpholines (IV) takes place. The low 

contribution of the morpholinic type of fragmentation in the 

mass spectra of the cyclotetradepsipeptides (I) is explained 

by their little tendency to form dioxomorpholines at the vapo- 

rization temperature (175'). 

It thus follows that the relative importance of the mor- 

pholinic,, &oylaminoketenic and CO2 types of fragmentation (2) 

depends upon the degree of morpholintzation 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' (Fig. I), using the 

inlet bulb with those obtained at 120' (Fig. 2), the sample 

introduced directly into the ion source. In the oase'of the 

mass spectra obtained at 120'. when thermal formation of mor- 

pholines is practically absent, the contribution of the mor- 

pholinic type of fragmentation (Peaks at m/e 227, 185, 171, 

03, 71) is smaller relative to its contribution to the 200' 

and 240' spectra (Table 2). 

TABLE 2. 

Temperature Dependence of Peak Intensities (J/J,, l 100) 

in the Yorpholinic Fragmentation 

of the Cyclohexadepsipeptide IIc *) . 

Fragments**) (m/e) 

Inlet System Oc PI. P2 '3 "5 F6 

(227) (165) (I711 (83) (71) 

Direct Inlet 120 +, I 3.4 5.7 7.7 6390 30,2 

into Ion Source 

Glass System 240 +, 5 2.9 19.7 43,0 100,O 42,0 

Steel System 200 +, 5 I.2 17.8 55.5 100,O 46,1 

+) For formula of compound (11~) see Scheme 1. 

S--E) For formulas of fragments see Scheme 2. 

The thermal effect is also observed in the masa 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 Morphollnic and Diketopiperaeinic Fra entatione of the 

Cyclohexadepeipeptide Vb* P . 

Inlet Syetem 

*) of: Fragment3 de 
Glass Glass Steel 

System System System 

240 t 5' 270 f 5' 240 +, 5' 

Morpholilne IVa 

"1 I99 I,5 290 092 

F2 := F3 157 I‘0 699 0.9 

F4 72 13.8 4I,O 27,4 

F5 83 20,8 65,7 24,4 

*6 57 48.6 100,o 100,o 

Morpholine IVd 

FI 227 2,O 399 0.7 

*2 185 I.6 13.3 290 

*3 171 593 36.4 4,8 

F4 100 26,4 53.0 13.0 

F5 83 2098 65.7 24.4 

F6 71 18.7 36,0 21.6 

Diketopiperaeine VIb 

*7 I84 599 17,5 12,I 

Fs 226 I,5 399 093 

*9 I41 897 30,o IS,7 

%o 100 26,4 53.0 1310 

FII 170 IS,9 45.5 44,7 

F12 II3 292 16,I 493 

F13 72 13,s 4I,O 27,4 

+) For formulae of compound (Vb) and fragments of compounde 
IVa, IVd and VIb eee Scheme 2. 



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 

ion of the cyclohexadepsipeptidee. Scheme 2 outline8 the ther- 

mal degradation route of the cyclohexadepsipeptides (V) of ir- 

regular structure and subsequent fragmentation of the wther- 

mal" fragments. The fragmentation routes of the 2,5-diketopi- 

perazinee 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 Snlet bulb 

walls affect the intensity of the respective peaks (F1 - Fl3, 

Table 3). 

Account of the thermal effect in the mass spectrometric 

approach to structure-analytical problems greatly facilitated 

our elucidation of the structures of such natural cyclodepsi- 

peptides as enniatins A and B, sporidesmolidee I and II, ango- 

lide, etc. 
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