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The pect.liarities of dissociative electron capture by 20-hydroxyecdysone molecules with 
the formation of fragment negative ions were studied. In the region of high electron energies 
(5 - - I0  eV). processes of skeleton bond rupture are accompanied by the elimination of H20 
and H, molecules. In the region of thermal energies &electrons (-0 eV), the mass spectrum 
is formed mainly by the [M - n H2OI ' -  (n = 1--3) and [M - H 2 -  n H2OI ' -  (n = 0--3) ions 
that are generated exclusively by the rearrangement. 
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Eiectron i m p a c t  mass  s p e c t r o m e t r y  l,z wi th  de tec t ion  
o f  positive ions  is wide ly  used for s t ructura l  analyt ical  
s tudies of  ecdys te ro ids ,  w he r ea s  mass spectrometry,  o f  
negative ions ( N I )  wi th  c h e m i c a l  ion iza t ion  2 is used to 
a lesser extent.  In this  work,  we studied 20-hydroxyecdy-  
sone  (1) by mass  s p e c t r o s c o p y  o f  NI in the  regime o f  
r e sonan t  cap tu re  o f  e l e c t r o n s  (RCE) .  
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Experimental 

Compound I was isolated from the plant Serratulla coronata 
as described previously 3 with m.p. 246 ~ (AcOEt--MeOH, 9 : I). 
The NI mass spectrum was obtained on an MI-120I mass 
spectrometer adapted for the work in the regime of resonant 
electron capture 4 under the following conditions: electron cur- 
rent I laA. width of their energy distribution at the half-height 
AEb, 2 = 0.3--0.4 eV. electron energy scan in the 0--14 eV range 
w~ttt calibration ot the energy scaleby maxima of-the curves of 
effective yield (CEY) of S F r - / S F  6 (-0 eV) and NH2-/NH 3 
(-5.65 eV) ions. temperature of  the evaporator of the system of 
direct introduction of a sample 200 ~ and temperature of the 
ionization chamber -220 ~ 

Results and Discussion 

Cinder the RCE cond i t ions ,  c o m p o u n d  i forms no 
long-lived molecula r  negat ive ions [ M ' - I .  Only  dissocia- 

t i re  electron capture ( D E C )  was observed in the enemy 
range from 0 to I0 eV, which is charac ter ized  by a low 
cross section due to the great n u m b e r  o f  saturated bonds  in 
the molecule and the absence of  e lec t ron-wi thdrawing 
groups. The last tact and the presence o f  six OH groups 
determine the specific features of  the behav ior  o f  I under  
the DEC conditions.  Rear rangement  processes retated to 
the migration of the hydrogen a tom to the  OH groups 
result in the elimination of  one to three  water  molecules to 
form the [M - n H2OI " -  ions with re~z462, 444, and 426, 
and the peak of  the [M - H 2 0  ] ' -  ions has the highest 
intensity in the mass spectrum (Fig. I). 

The  relative intensi ty  o f  o t h e r  peaks  in the  mass 
s p e c t r u m . d o e s  not exceed 1--3%.  In add i t i on  to H_~O, 
the H a tom and  the H 2 molecule  are e l i m i n a t e d  to form 
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Fig. 1. Fragment of the NI mass spectrum of compound 1 
in the interval m/z 420--485 recorded at thermal energies of 
electrons. The following peaks of ions are marked (re~Z): 424 
[M - H 2 - 3 H2OI, 426 [M - 3 H201, '442 [M - H 2 - 2 H2OI, 
444 [M - 2 H201. 460 IM - H 2 -  H2OI, 462 [M - HzOI, and 
478 IM - H21. 
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the [M - H - n H20 j -  ions (n = I--3) with m/z 461. 
+443, and 425 and the [M - H2 - n H 2 0 ) ' -  ions (n = 
0--3)  with m/~. 478, 460. 442, and 424, respectively. 
The peaks of ions o f  the two last groups were detected 
only at the thermal enemies of  electrons. Their  absence 
or  a low yield in the region of  non-thermal energies are 

probably related to the short lifetime of  M ' -  as c o m -  
pared to that of  electron autoelimination, s By contrast,  
the ions formed by simple bond rupture (m/z  343, 325, 
301, 255, 159, 14t, and 85) followed by H shift were 
detected in the whole interval of  electron energy or  only 
in the high-energy region (Fig. 2). 
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Fig. 2. Curves of effective yield of NI from compound 1 in the electron energy 

i i 

g 

3 

0.07 

0.01 

0 

0.06 

4 6 8 kT/eV 

interval (E) of 0--11 eV at m/r 479 (a). 461 (b), 
443 (e), 425 (d). 343 (e), 325 0'). 301 (g). 159 (h), 141 (i), and 85 (]). The intensity (/) was normed by the maximum of the curve of 
the yield of [M - H 2 0 ] ' -  ions (100%). 
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in the context of existence of the rearrangement of 
IM - H2 - n 1-120]'- and [M - n H201"- ions, the 
question arises about the magnitude of the electron 
affinity (Eea) of the corresponding neutral species. It is 
known 6 that the simplest carbonyl-containing molecules 
in the ground electron state are characterized by a 
negative value of the electron affinity. However, when 
the C=O group is bound to the allyl group, the lowest 
unoccupied molecular orbital r~co* is stabilized due to 
the interaction with the unoccupied rtcc* MO. For 
example, for the methyl methacrylate (2) molecule, the 
energy of the r~co* MO, according to the MNDO 
quantum-chemical calculations, 7 has a negative value, 
which indicates positive electron affinity of the mol- 
ecule in the ground state, although this compound 
forms no long-lived M ' -  radical anion under RCE 
conditions. Similarly, for the fragmentation of 1 with 
the removal of H20 or H2, the formed rtcc bond is 
conjugated with the available ~cr and ~co bonds and 
stabilizes the lowest unoccupied rtco* MO to a still 
greater extent. Thus. one of the main conditions of the 
NI formation takes place for the [M - H-, - n HeO] 
and [M - n H20 ] fragments: Ee.a 
of the corresponding radical or O 
molecule is positive. A possible pro- H3C. J],~ofCH 3 
cess of autoelimination of an elec- / 

tron (autoneutralization) cannot  H - t ' ' ' ' t - ~  
impede the detection of these frag- 
ment ions, because the excessive 2 
energy of the DEC process is very 
low or converted to the kinetic energy of the uncharged 
dissociation fragment and redistributed over the vibra- 
tional degrees of freedom of the ion. 

The curves of effective yield of the [M - H - n H20]- 
ions (n = 0--3) with m/z 479, 461, 443, and 425 (see 
Fig. 2) exhibit maxima in four resonance regions: -0.5, 
I --2,  5--7, and >7 eV, and the intense peaks of the 
[M - I-I 2 - n 1420 ] ' -  ions (n = 0--3) are observed in 
the region of thermal energies (see Fig. I). The estima- 
tion of the energy balance of monomolecular decompo- 
sition, for example, for the [M - HI-  ions with the 
elimination of the H atom from any position show a 
theoretical threshold >2 eV. 8,9 and thus, these ions 
cannot be formed in the energy interval of 0-72 eV. Of 
course, the elimination of one 1,1~O motecule with the 
formation of the C=C bond gives a small energy gain 
(0.4--0..5 eV), 8 which likely results-in a moreefficient 
yield of the [M - 1,1 - HzO]- and [M - H - 2 H~.OI- 
ions as compared to that of the [M - HI-  ions (in the 
energy region of I--2 eV). However, this additional 
energy is insufficient for the formation of these ions in 
the epithermal region (-0.5 eV). It can be assumed that 
the appearance of the ions discussed in this energy 
range is related to the effect of a "hot" band, t~ where 
some molecules exist in the vibration-excited states 
even at low temperatures, and the fragment ions can 
appear at an energy lower than the theoretical threshold. 
This is indirectly confirmed by the substantial (by two 

orders of magnitude) difference in the intensities of the 
peaks of the [M - H 2 0 ] -  and [M - H 2] ' -  ions. This 
is related to the fact that the energy of e l imina t ion  of 
the H~ molecule to form the C=C bond is negative 
( - (0 .2--0 .3  eV)). 8 

The resonance state M ' - a t  Ee = 6 eV as a maximum 
or a shoulder on CEY of low-intensity ions is the most 
pronounced in the high-energy range (see Fig. 2). The 
existence of the [ M I ' -  state at Ee -~ 7.5 eV is indicated by 
the shape of the curves of yield of the ions with m/z 325 
and 159, and CEY of other ions verify DEC by mol- 
ecules i in the range Ee ~- 7--10 eV. The broad unstruc- 
tured curves in this energy region are the resull of 
overlapping of several nearby resonance states [ M ] ' - ,  
which can appear by the mechanism of electron-excited 
Feschbach resonance. This assumption is based on the 
results of our previous studies of the simplest carbonyl 
compounds. 11-13 For comparative analysis of the ion 
formation by molecules I in this energy region, we 
studied the mass spectrum of NI DEC of methyl meth- 
acrylate 2 (Fig. 3). 
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Fig. 3. Curves of effective yield of ions [M - HI- (a), 
[H2C=CCH3]- (b), and [OCH3I- (c) from compound 2. I is 
the intensity of the peak, and.E is the electron energy. 
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According to the published data, 12.13 the r e sonance  
state [ M ] ' -  in 2 at Ee = 5.9 eV is probably formed due 
to Vangier resonance, of  which the lowest Rydberg 
states of  the molecule are parent. The narrow resonance 
[M - H I -  with a maximum at E e = 6.3 eV indicates the 
dissociation of  the electron-excited state [ M ] ' -  similar 
to the [ M I ' -  state of  the propylene molecule in the 
region of  6- -7  eV. t4 Comparison of Figs. 2 and 3 reveals 
an analogy in the shape of  CEY of the ions from 
compounds 1 and 2 in the region of  high energies, 
which indicates a resemblance of the processes of  elec- 
tron capture by these molecules. According to the re- 
sults of  the study of  alkenes by t ransmit ted electron 
spectroscopy,  6 the resonance states that with E e = 
1.78 eV in ethylene and with Ee = 1.99 eV in propylene 
were attributed to the ~[~'1 state that appeared by the 
mechanism of  the shape resonance of  the ground state 
of the molecules.  It cannot be ruled out that the [M] "-  
state in compound  1 in this eneNy region (1- -2  eV) is 
formed accord ing  to a similar mechanism by capture 
of an e lec t ron  to the unoccupied molecu la r  orbital 

~cc ~'- 
Thus, 20-hydroxyecdysone (1) does not form long- 

lived molecular  negative ions under the condit ions of  
resonance capture of  electrons. Rearrangements with 
elimination o f  H20 and H 2 are the specific feature of 
DEC. 
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