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The principles of the fragmentation of the simplest glycidyl and thioglycidyl eth- 
ers under the influence of electron impact, which were discovered by comparison of 
the spectra of homologs using data from photoelectronic spectroscopy and optical 
mass spectrometry, are examined as a manifestation of the general characteristics 
of the fragmentation of bifunctional compounds. 

The simplest oxygen-containing heterocyclic compounds --oxiranes --are included among 
substances with principles of fragmentation under the influence of electron impact that have 
been characterized in rather great detail but still remain anomalously complex [I]. This fea- 
ture of them is responsible for the urgency of mass-spectrometric investigations of homolo- 
gous series of compounds that contain three-membered heterorings, particularly when there are 
other heteroatoms in the molecules. The data available on thiiranes are limited primarily to 
methyl-substituted homologs [i], 

As a rule, a second heteroatom or functional group changes the mass-spectrometric char- 
acteristics of Such compounds significantly as a consequence of the possibility of alterna- 
tive localization of the positive charge in the molecular ions on two centers. The fragmenta- 
tion of a number of the simplest bifunctional oxiranes -- a,8-epoxy ketones" have been an- 
alyzed from these points of view [i]. Simple glycidyl (I) and thioglycidyl (II) ethers, which 
are examined in the present paper, constitute another class of similar substances. 
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I X=O; II X=S;a R=CH3;b R=C2Hs;c R=C3Hz, d R--C~Hg;e R=C3Hs, f R=CsHs, 
g R=p-CH3CoH, 

The mass spectra of glycidyl ethers have been described only in [2]; some peculiarities 
of the fragmentation of the simplest representatives of this series and two diglycidyl ethers 
were characterized in the same paper. A previously published atlas [3] includes the mass 
spectrum of indole (R = H) that is markedly distorted by impurities. The spectra of glycidol 
and ethers la, b, f have been presented in an atlas [4] in an uninformative graphical form. 
However, the common mass-spectrometric characteristics of a homologous series of alkylglycidyl 
ethers are not available, and thioglycidyl ethers have not been investigated at all. 

A comparison of the mass spectra of compounds of the I series recorded under different 
conditions and presented in [2] revealed significant differences in the intensities of the in- 
dividual peaks, including the major peaks. For this reason, in the present research we have 
attempted for the first time to discuss the statistically treated mass spectra calculated by 
averaging of the data obtained with different instruments and different techniques for intro- 
ducing the samples. The abbreviated mass spectra of the investigated compounds (the ion 
~eaks with relative intensities hi~her than 10%, but no less than lOmajor peaks) are present- 
ed in Table i. Statistical treatment makes it possible to detect the individual signals with 
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TABLE i. Mass Spectra of Glycidyl (la-g) and Thioglycidyl 
(lla, c-f) Ethers (70 eV) 

Com- 
pound m/z (relative intensity, ~)* ZlAI 

l a  88 (5) M, 72 (5), 58 (75), 57 (80), 45 (lO0), 43 (30), 42 (9), 31 408 
(35), 30 (9), 29 (47) 

Ib  59 (43), 58 (62), 57 (48), 45 (43), 44 (39), 43 (36), 41 (8), 31 137 
(lO0), 30 (8), 29 (77) 

Ic  59 (47), 58 (48), 57 (54), 45 (16), 44 (18), 43 (100), 41 (44), 39 165 
(13), 31 (86), 29 (66) 

Id 87 (25), 73 (58), 71 (18), 59 (29), 58 (55), 57 (lO0), 56 (60), 55 369 
(75), 45 (49), 44 (52), 43 (61), 42 (20), 41 (85), 39 (39), 31 (80), 
30 (35), 29 (96) 

le  I14 (2) M, 84 (18), 83 (22), 71 (34), 59 (13), 58 (100), 57 (97), 56 381 
(29), 55 (68), 45 (37), 44 (17), 43 (98), 42 (46), 41 (80), 39 (56), 
31 (67), 30 (291, 29 (81) 

I f  150 (70) M, 120 (13), 107 (24), 94 (lO0), 91 (I8), 79 (151, 66 (22), ':343 
65 (25), 57 (28), 51 (23), 41 (19), 39 (40), 31 (3I), 29 (40) 

Ig 164 (91) M, 134 (lO), 121 (25}, lOS (100), 107 (56), 93 (l l) ,  91 153 
(52), 79 (15), 77 (26), 65 (13), 57 (22), 51 ( l l ) ,  39 (11), 31 (28), 
29 (37) 

IIa 104 (98) M, 77 (27), 76 (30), 74 (16)~ 73 (51), 72 (18), 71 (lO0), 59 422 
(15), 58 {4l), 57 (22), 47 (12), 45 (94), 43 (29), 41 (54}, 39 (27), 
20 (31) 

IIc 132 (34) M, 90 (29), 75 (16), 74 (47), 73 (46), 59 (14), 58 (13), 57 120 
(62), 45 (49), 43 (IOOL 41 (47), 39 (19) 

IId 146 (100) M~ 91 (14), 90 (31), 89 (17), 87 (25), 74 (63), 73 (55), 440 
58 (27), 57 (76), 56 (26), 55 (19), 45 (34), 41 (70), 39 (20), 29 
(51) 

II.e 130 (1) M, 75 (13), 74 (85), 73 (100), 59 (14), 58 (11), 57 (27), 55 255 
(14), 45 (63), 41 (95), 39 (46), 29 (14) 

Ill 166 (I00) M, 134 (15), 120 (20), 94 (23), 91 (14), 77 (48), 75 (30), 
74 (29), 73 (78), 69 (20), 65 (35), 51 (30), 47 (24), 45 (68), 41 
(42), 39 (56)** 

*The slgnals with poorly reproducible intensities are glven in 
italics. 
**The datawere obtained by averaging of two spectra; statisti- 
cal treatment and evaluation of the Zl&l parameter were impos- 
sible. 

relative errors Ire I both on the scale of the relative intensities and in percent of the over- 
all ion current. In the opinion of the authors, the problem of the inclusion of such peaks 
in the fragmentation schemes requires special discussion. 

The El--AT parameter, where ~ are the average values of the intensities in percent of the 
overall ion current, and ~are their errors, which correspond to a confidence probability 
of 0.95, can serve as an "integral" characteristic of the interlaboratory error in the spectra 
as a whole; summation is carried out over all of the peaks of the spectra [5]. 

Molecular-ion peaks are virtually absent in the spectra of alkylglycidyl ethers at any 
ionization energy (W M < 0.1%), with the exception of glycidol and its methyl ether (W M = 1%). 
Aryl ethers If,g are characterized by W M : 16-17%. The WM values are close for both alkyl- 
and arylthioglycidyl ethers (-6-15%) but much smaller (0.1-0.2%) for allyl ethers. The W M 
parameter correlates satisfactorily with the so-called critical energies [the differences be- 
tween the ionization energies (IE) and the minimum appearance energies (AE) of the fragment 
ions] Ecr = AE-- IE, determined from the photoionization spectra (Table 2). 

In the photoelectronic spectra of ethers I the first band corresponds to ionization of 
the orbital localized on the exocyclic oxygen atom [6]. In the case of thioglycidyl ethers 
II the highest occupied molecular orbital (HOMO) is localized on the sulfur atom. This as- 
signment is confirmed by the fact that the ionization energies of ethers I virtually coincide 
with the range of IE of simple ethers (9.3 • 0.2 eV), while the IE of the series of ethers II 
are considerably smaller and approach the values for dialkyl sulfides (8.4 • 0.i eV) (evaluat- 
ed from the data in [7]). The advent of an isolated ~ bond in allyl ethers le and lie is 
equivalent to the development of a third center of charge localization and leads to anomalous 
fragmentation of these compounds. 

Information regarding the primary charge localization in the molecular ions can be used 
in discussing the schemes of the fragmentation of the compounds of the I and II series. Com- 
parison of the spectra of homologs is the principal method used to establish the general prin- 
ciples of the fragmentation of the series [5]. However, the complexity of the fragmentation 
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TABLE 2 

CON- ] ~"r4 
pound t7o eV.) 

Ia 1,2 
Id 0,1 
Ifle 10,2 

o . 1  e y I ~ . 

9,5 0,2 
9,1 O,I 
8,9 0,1 
8,2 1,7 

Corn--1 ~%J lIE+0" 1 11Ece~v ~ 1 pound [ (7o ev) [eV 

IIa 
IId 
I l e  
I I f  

15 
12 
15 0'I 

8,8 0,6 
8,7 0,4 
8,7 0,2 
8,2 1,0 

A-C l- 
(w.:o) 

Scheme 1 

-RCH20 ~ 3.,, 
A ~ [ %Hs0  

-RCHO "~ 
B (~H) --- r %Hs0 ]§ 

e8 (1-19)  
-RCO" - H  0 ]+ 

C ~- [ C3H70 ]§ : D  [ C3H 5 
(--2H) 

59 (1-15) .4.1 (2-gg) 

-CzHa 0" }+ -CH20 
J D " -- I RCH20CH 2 ~-- [ RCH 2 ]+ 

E ~ [ CH20C~HsO ]+ [ CH20H I + 

�9 87 (0-7?)  3J. (~-~51 

of glycidyl and, in particular, thioglycidyl ethers consists in the existence of a large num- 
ber of processes that are specific only for individual homologs (which are manifested by the 
formation in the mass spectra of ions that are not observed in the fragmentation of other mem- 
bers of the series). 

The principal pathways of the fragmentation of the glycidyl ethers (A-E) can be repre- 
sented by scheme I* (see above.) 

The ions indicated in the scheme together constitute from 44% to 70% of the Dverall ion 
current. Only secondary processes are included in the fragmentation pathways confirmed by 
peaks of metastable ions, since W M = 0 for the aliphatic compounds of the I series~ Fragmen- 
tation pathways A-C, which do not have analogies with the fragmentation of the precursors (see 
the experimental section) of ethers I with a similar carbon skeleton -- alkoxy chlorohydrins 
[8] -- and are due to cleavage of the C-O bond in the e position relative to the exocyclic 
oxygen atom, are the most interesting. In fact, this combination of atypical processes (~ 
cleavage relative to one oxygen atom, y cleavage relative to the other, and 8 cleavage rela- 
tive to the ring) is due to the specific effect of thehe~eroring. Processes D and E are two 
variants of "traditional" B cleavage of the C-C bonds relative to the oxygen atom that pre- 
dominates in the molecular ions of alkoxy chlorohydrins [8], 

If process A is simple cleavage of the C-O bond, migration of a hydrogen atom from the 
RCH2 fragment is required for the formation of odd-electron ions with m/z 58. According to 
modern concepts, the mass-spectrometric behavior of compounds that contain three-membered 
heterorings is similar in many respects to the fragmentation of compounds with a --C=X bond 
(X = 0, NR) [I]. In particular, this pertains to a McLafferty rearrangement of the ~nside 
type with the participation of an oxirane ring [I], which explains the appearance of ions with 
m/z 58 in the mass spectra of ethers I: 

1 -RCH0 l ~" --- [ C~H~OH 
CH -- CH I 

L "~ "i] 

*Here and subsequently, the m/z values are presented under the formulas of the ions; the ranges- 
of the intensities of the peaks of these ions for the different homologs at 70 eV in per- 
cent of the overall ion current 127 are given in parentheses. 
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The rearranged character of the ions with m/z 58 is indicated by the sharp increase in 
their intensities (to 50-60% E27) with a decrease in the ionization energy to 12 eV. 

The ion peaks %dth m/z 59, which vary markedly in intensity (from 1% in the spectrum of 
la to 15% Z=7 for ether Ib), may be due to the so-called "double" migration of hydrogen, a 
structural prerequisite for which is the presence of several heteroatoms in the molecule [5, 
9]. 

If one introduces the concept of the average ratio of the intensities of peaks of ions 
that are formed as a result of processes that assume the presence of a charge on the exocy- 
clic oxygen atom to the intensities of the peaks of ions associated with charge localization 
on the ring heteroatom (the y coefficient), it can be used as a measure of the distribution of 
the charge of the molecular ions on two centers. In the case of alkylglycidyl ethers the ra- 
tio of the overall contributions of processes D and E to ions of the A-C type is ~0.9. This 
parameter differs substantially for arylglycidyl ethers, when processes B, C, and E are for- 
bidden by the structure of the investigated substances, but two new types of fragmentation 
appear: 

A - A r O "  ] *  
~ -a,--- { C3H50 I 

v A 1 ~v ( 4 - s )  

D ~ - , , ~  ~. Ar0CH 2 --o cH 2 c~----~-cu 2 (5) 

L I F - % H ~ o  l .~-OH j.. ~ secondary frag- 
I �9 (~e) (17-1B) ment ions 

G 
i -cll~o -cllo ~ l + 

(W~,,=16-17) G * ~ [ A r 0 C 2 H  ~ 1+" - - ~  [ A r C H  2 

(z) (x-z) 

The ions formed in processes A and D-G constitute more than 50% of the overall ion cur- 
rent (process F, which is associated with the migration of a hydrogen atom and is common to 
all compounds with aryloxy groups, is the principle process). The ratio of the intensities 
of the ion peaks of the processes (A + G)/(F + D) (the y coefficient) is six, which corres- 
ponds to predominant localization of the charge of the molecular ions on the oxygen atom con- 
jugated With the ~ system of~e aryl substituent. 

The mass spectra of the thioglycidyl ethers is considerably more complex. The scheme 
presented below reflects the principal pathways of their fragmentation. 

The overall intensities of the peaks of the ions presented in this scheme is 38-45% E27, 
while the estimate of the y factor from these data (<0.i) is in agreement with primary local- 
ization of the charge on the sulfur atom and corresponds to the photoelectronic spectral data. 
The loss of an SH" radical is a nonspecific process in the fragmentation of most aliphatic 

,, . . . 
sulfur-contamnzng compounds [9], 3ust llke the formatlon of [CHS]' (m/z 45) and [CH=SH] + (m/z 
47) ions, the specific mechanism of the formation of which cannot be established. 

I A-C D / 

J 

(w,~=6-1s) 

r 
-RCH20" 

A [ C~HsS 1+ 

73 (e-7)  
-RCH0 

B ~ ~ %H~S 1+" 

74  ( 2 - 7 )  
-RC0" 

C . . . . . .  i C3H7S I + (.,-2H) 
75 (z~3) 

Dt -NCH2OCH2~ ]+ 
[ C2II~S 

59 (1-2)  
I -CnH2~ 

(--H) [ IIOCH2C2H3S ]+" 

go (o-5)  
- S H "  

= [ RCH20C~H 4 ]+  (...~) 
(1-13)  

A peculiarity of the fragmentation of the only representative of arylthioglycidyl ethers 
llf is also the low selectivity of the fragmentation of the molecular ions: 

6 0 3  



F A 
-I +~ 

G 

(w~=15) 

-PhO" 
A 

73 (i0) 

I H2S 

[ C3H 3 1 + 
3g ('~) 

--C3~4S ]§ 
F . ,  { PhOH 

94 (4) 

-CH2S l§  
G ~-~ ~ Ph0C2H ~ 

,eo (2) 

[ C3H~S 1 + -C2H4,~ [ CHS ]+ 

45 (9) 

The overall intensity of the peaks of the ions presented in the scheme is -47%, and the 
y factor is -0.15. The consequences of a marked change in the character of the fragmentation 
as a result of replacement of the oxygen atom by a sulfur atom show up most distinctly when 
one compares the mass spectra of phenyglycidyl and phenylthioglycidyl ethers. This primarily 
pertains to the change in the ratio of the peaks of the ions formed during processes A and F 
and, as a consequence of this, the change in the y factor from 6 to less than 0.15. 

All of the investigated series, which are represented by several homologs, can be charac- 
terized by ionic-series spectra [5]. In this way of representing mass-spectrometric informa- 
tion the above-noted complexity and ambiguity of the fragmentation processe s of the investi- 
gated compounds are not an obstacle to the group identification of representatives of these 
series~ 

I. Alkylglycidyl ethers (homologous group YM = 4) 

CnH2~O2, MI=88; 

62, 344, 17~, 22, ,  11, 0, 0, 0, 0, 0, 0, 53, 11, 146, zS = 27, major peaks of 1, 2, 3, and 
13 groups. 

2. Arylglycidyl ethers (YM - I0), evaluation with respect to two homologs 

CnH2~-sO2, Ml=150; 

0p 112, I,, 62, 0, 0, 11, 152, 41, 183, 343, 6,, 0, 41, ZS = 17, major peaks of i, 3, 7, 9, 
and I0 groups. 

3. Alkylthioglycidyl ethers (YM = 6) 

CnH2nOS, M1=104; 

21, 243, 62, 182, 9s, 5:, 16~, 31, 11, 0, 0, 31, 11, 123, ES = 23, major peaks of i, 3, 4, 6, 
and 13 groups. 

A comparison of these series with series that were previously characterized by ionic- 
series spectra [5] makes it possible to solve the problem regarding the distinctive character 
of their fragmentation and to uncover series with similar mass-spectrometric features. Using 
D = Eli: - I21 and D = Z(S: + $2) [i0] as the criterion for comparing the ionic'series spectra 
one can, for example, establish that of the isomeric alkylthioglycidyl ethers of the series 
with the general formula CnH2nOS , heterocyclic compounds that contain S and 0 atoms in the 
same ring (oxathianes, oxathiolanes), D = 74 < Z(S: + S=) = 81, and acyclic oxathiaalkenes 
with the general formula ROCH=CH2SCH2CH=CH2, which were characterized in [ii], D = 48 < E(SI + 
$2) = 56, have the most similar ionic-series spectra. The ionic-series spectrum of oxathia- 
alkenes has the form: iz, 171o, 22=, 261~, 6:, 4:, 72, 11, 0, 0, 0, 31, 11, 12=, ES = 33, ma- 
jor peaks of I, 2, 3, and 13 groups. 

However, even in the indicated cases the differences in the intensities of the individual 
components of the ionic-series spectra make it possible to reliably distinguish these series. 
Alkylthioglycidyl ethers and oxathiaalkenes, in particular, are characterized by noncoinciding 
values of the sums of the intensities of the peaks of the homologous group y = 2 (6 • 2% and 
22 • 2% of the overall ion current). 

EXPERIMENTAL 

The purity of the preparations was monitored by means of GLC with an LKhM-72 chromato- 
graph using a 3 m by 5 mm column packed with 5% XE-60 on Chromaton N-AW at 120-210~ and a 
catharometer as the detector. The mass spectra were recorded as follows: with an MKh-1320 
spectrometer with introduction of the samples through a chromatographic column and through 
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the SVP-3 system (ionization energies 70, 40, 20, and 12 eV, inlet-cylinder temperature 120~ 
and source temperature 120~ with an HP-5995 chromatographic mass spectrometer with intro- 
duction of the samples through a glass capillary column packed with OV-101 at 50~ and with 
an LKB-2091 chromatographic mass spectrometer using a 2 m by 2 mm column packed with OV-225 
under conditions of temperature programming from 50~ to 150~ The recording of the photo- 
electronic spectra and the determination of the ionization energies and the development of 
fragment ions were carried out with an MKh-1302 spectrometer (Scientific-Research Institute 
of Physics, A. A. Zhdanov Leningrad State Univerisity) by the method described in [13]. 

Compounds Ia, d-f were synthesized by a modified method [12]~ the physicochemical con- 
stants of the described substances were in agreement with the literature data. Preparations 
Ib, c,g were obtained in 0.01-mole amounts, and their mass spectra were recorded without 
preparative isolation of the compounds during the chromatographic mass-spectrometric analysis. 

Thio~lycidTl Ethers (Table 3). These compounds were synthesized by a general method. A 
0.3-mole sample of the glycidyl ether was added dropwise to 100 ml of an aqueous solution 
of KCNS (4 M), the reaction mixture was stirred for 1.5 h, and a second portion of the ether 
(0.1 mole) was added. Stirring was continued for 2 h, after which the aqueous layer was 
separated and treated with a solution of KCNS (0.2 M) with stirring in the course of 4 h. The 
aqueous layer was extracted with three 25-mi portions of ether, the extract was combined with 
the organic layer, and the mixture was dried with anhydrous MgSO~. The ether was removed by 
distillation, and the reaction product was distilled in vacuo. The mass spectrum of IIc was 
recorded without isolating the substance from the reaction mixture. 
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