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Electron-impact mass spectra of 32 isoxazolines, viz. monocyclic, bicyclic and tricyclic isoxazolines are reported. The major 
fragmmtation pattern for the isoxazolines with alkyl, aryl, methoxycarbonyl, (methylthio)methyl substituents at C·5 is 
<·cleavage while there is a competition between the groups at C-5 for elimination in the case of 5,5-disubstituted isoxazolines. 
Bicyclic and tricyclic isoxazolines undergo ring fission to afford {isoxazole+allyl radical cation) and (isoxazole + cyclopentane 
radical cation) respectively, to reduce the ring strain present in the parent isoxazolines. In the case of 5-(2-metbylphenyl)-
isoxazolines, the isoxazole cation is observed as the base peak arising out of CH3 loss followed by H-migration. 

lsoxazolines have emerged as potential building 
blocks for a number of bifunctional compounds 
such as .8-hydroxy-ketones, y·amino-alcohols etc., 
because of the facile ring cleavage under mild 
conditionst. The isoxazoline·reduction methodo­
logy has been successfully employed to accomplish 
the synthesis of several complex biomolecules. 
We have been involved in the synthesis of bio­
chemically active .B-cbiral ketols through isoxa­
zolines and during the course of this programme, 
we have examined the mass spectral fragmentation 
patterns of isox:az,:>lines with varying functionalities. 
In the present communication, we report the 

generalised mass spectral fragmentation pattern 
of these isoxazolines under electron-impac~ which 
will be of value in structure determinations though 
few monosubstituted · isox:azolines have already 
been studied2. 

Results aud Discussion 
The isoxazolines (1-32) bas been grouped into 

four major classes based on the complexity . m 
their structural arrangements. The relative 
abundance of various fragments in the mass 
spectra of the isox:azolines are presented in 
Tables 1 and 2. 

TABLE I-RELATIVE ABUNDANCE OF VARIOUS FRAGMENTS IN THE MASS SPECTRA OF JSOXAZOLINES (1-24) 
%Abundance 

Com pd. R:t R R2 R:t 
no. 

)c=CH2J': R 1 CO+ (M-R1 )"'" M+· RCNO 

R2 

1 CHa c.H. H 1 19 100 1 73 
2 CHaCH2 c.H. H 30 0 100 29 3 
3 c.H, c.H. H 42 0 100 13 5 
4 4CIC6H 4 c. H. H 61 11 100 24 5 
5 4CIC6H 4 coacH. H 25 11 0 0 100 
6 3-No.c.H. COOCH3 H 6 10 0 9 100 
7 CH 8 nBu H 21 6 100 3 1oo 
8 CH 3CH8 nBu H 11 2 0 0 oa 
9 c. H. nEu H 29 17 0 3 100 

10 4CIC6H 4 nBu H 34 24 0 0 100 
11 3-No.c.H, nBu H 11 13 0 0 100 
12 4CIC6H 4 CH2SCH3 H 8 10 4 0 100b (100) 
13 3-NO,C.H, CH,SCHa H 4 6 4 0 49b (100) 
14 CH3 c.H. CH3 12 20 68 lOOn 0 (86dJ 
15 CH3CH2 c. H. CH3 15 0 100 lOOc 0 (lOOd) 
16 c.H. c. H. CH3 40 7 53 lOOc 0 (42d) 
17 4C!C6H 4 c.H. CHa 7 4 21 soc 0 (5d) 
18 3-No.c.H, c.H. CH3 4 0 53 tooo 0 (6 ) 
19 4CJC .. H 4 COOCH3 CH3 7 7 0 0 17" 
20 3-No.c.H, COOCH3 CHa 3 7 0 0 100 
21 CH3 2CH3C6H 4 H 3 0 72 JOOf (0) Jg (74) 
22 CH,cH. 2CHsCsH4 H 8 0 62 Joot (O) 8g (48) 
23 C6H5 2CHaC6 1-l, H 40 7 54 lOOf (7) 40g (38) 
"24 3-No.c,H, 2CH3CaHc H 60 0 45 1001 (0) 66g (100) 

aBase peak at m.'z 70. bValue in parenthesis is for CH,SCH2 • cAbundance of PhCO+ ion· in 17, base peak is due to 
4C!CoH,CNO. dAbundance of (M-CHa)+ ion. <Base peak is due to CH co+ ion. f Abu~dance of Ph Co+ ion; the 
value in pa~enthesis is for 2CHaCsH,CO+ ion. gAbundance of (M-2CH:C.H4)+ ion; the value in parenthesis is for 
(M-Cf!,)+ JOn. 
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TABLE '-RELATIVE ABUNDANCE OF VARIOUS fRAGMENTS IN 
THE MASS SPECTRA OF JsoXAZOLINES (25 -32) 

Compd- R R • R a % Abundance 
no.* M+· RCNO Alkene l "': 

o too 
12 20 
8 1 ')0 
0 78a 

25 CH3 -(CH,)a- 97 
26 C6H5 -(CH.Ja- 100 
27 CH 3 - CH2) 4 - 8 
28 CH3CH 2 -(CH,)4- 0 

29 cH. '('/ 58b 12 sc (8) 

3() CH3CH, 0 194b 12 oc (23) 

31 c.H. 0 100 0 Oc (13) 

32 3-No.c.H. '0 67b 0 oc (6) 

*R2 =R4 =H 
aBase peak at m/z 67. bBase peak IS due to cyclopentenyl 

cation. cValue in parenthesis is for (M-C,H4)+ ion. ------
3 ·Alkyl- and 3 -aryl-5 ·monosubstituted-isoxazo/ines 

(1-13): The stabilities of the isoxazolines 
·towards electron-impact is found to increase when 
the substituent at C-3 is changed from alkyl to 
aryl group as evidenced by the observed h1gher 
abundance of M • · ion for the latter than for the 
former. Retrocycloaddition2, i.e. ring-opening of 
the Isoxazolines to afford the nitrile oxide and the 
alkene, is not a favourable fragmentation path 
for tho:: molecular ion as can be seen from the low 
abundance of the nitrile oxides. However. the 
abundance of alkene radical cations are found to 
be higher than those of the molecular ion and in 
certain cases the alkene radical cations are observed 
as base peak. This suggests that prior to retro­
cycloadditbn of the molecular ion, Joss of the 
group attached to the nitrile oxide moiety might 
take place and subsequent retrocycloaddnion leads 
to alkene radical cation and other low molecular 
weight fragments. Another important fragmenta­
tion path favourable for the 5-monosubstituted 
isoxazolines is the cleavage of C(5)-R' bond, 
known as o<. cleavage3• Thts process is factle when 
the C-5 substituent is alkyl (7 -11) or COOCH3 

·(5, 6) or CH2SCH3 (12, 13) groups whereas it is 
not favourable when the C-5 substituent is an aryl 
group (1-4). Thus ia the case of 5-[(methylthio)· 
methyl]isoxazolines, the base peak is observed due 
to the daughter ion of -<.-cleavage namely ·CH2SCH8 • 

In isoxazolme 12, the base peak is due to ·CH2SCH3 
and isoxazole cation, both of them arising out 
of o<.·cleavage In the case of isoxazoline 13. the 
base peak is due to ·CH2SCH8 while the isoxazole 
cation is observed in 49% abundance only. On 
·the other hand, ring-cleavage of the isoxazolines 
to afford the azirine and the carbonyl compound 
is found to occur when the C·5 substituent is an 
aryl group (Scheme 1). This is quite evident from 

<the occurrence of PhCQ+ /ArCO+ ions in 100% 

abundance in the case of 5-aryJ. substituted-isoxazo­
lines. It is also interesting to note the elimination 
of a molecule of NO followed by H-migrution in 
the case of 5-arylisoxazoltnes which leads to the 
formation of cyclopropenium or indenyl cation as 
shown in Scheme I. Similar type of indenyl cation 
was proposed in the mass spectral fragmentation 
of 2-arylthiophenes~. 

Scheme 1 

3-Aikyl- and 3-aryl-5 -methyl-5-pheny/isoxazo/ine 
and 3-aryl-5-methoxy carbonyl-5-methylisoxazo/ines 
(14- 20) : These geminal dtsubstituted compounds 
provide an opportunity to compare the relative 
ease of elimination of alkyl groups over aryl and 
methoxycarhonyl groups under electron-impact. 

The relative abundances of molecular ion are 
found to be less compared to those of the corres­
ponding 5-monosubstituted-isoxazolines, suggesting 
rhat the additional substitution leads to a facile 
elimination of one of the two groups at C-5 under 
electron-impact. The abundance of the alkene 
radical cation in these 5,5-disubstituted-isoxazolines 
is more or less similar to those observed in the 
case of 5-monosubstituted-isoxazolines. The 
abundance of PhCO"'" ion is found to be 100% in 
the case of 5-methyl-5-phenylisoxazolines. 
However CH3CQ+ ion is not observed in these 
compounds which indicates that the loss of CH3 

• and not Ph occurs in these geminal disubstituted 
compounds. Tbts observation may be explained 
on the basis of the relative conjugating abilities 
of the methyl and phenyl groups of which the 
latter is expected to exhibit more conjugating 
abilities than the former. The abundance of (M­
COOCH8)+ ion is found to be HIO% in the case of 
5-methoxycarbon) lisoxazolmes (5, 6). In the case 
of 5-methoxycarbonyl-5-metbylisoxazolines (19, 20), 
the abundances of (M-COOCHl)+ ions are found 
to be 17% and 100% respectively. In the geminal 
disubstituted isoxazoline, viz. 5-methoxycarbonyl-5-
methylisoxazoline, (M-CH3)+ peaks are not 
observed (equation 1). Therefore it is evident 
that when two groups compete for elimination 
under electron-impact, the bulkier the group more 
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facile is the elimination. However, when the 
bulkier group is capable of stabilising §positive 
charges (e.g. aryl groups), the smaller group is 
eliminated. 

14 ·20 

3-A/ky/- and 3-ary!-5-(2-meth/phenyl)isoxazolines 
(21-24) : These compounds are similar in their 
structural arrangement to compounds 1-13 
discussed earlier except that a CH3 group is present 
in the C·S phenyl ring (in ortho-position) which 
makes all the difference. The abundance of 
the molecu Jar ion increases as the C-3 substituent 
is changed from alkyl to aryl group indicating that 
the 3-alkyJ-substituted-isoxazolines are less stable 
~o electron-impact than the 3-aryl-sul,stituted· 
isoxazolines. It is found that the abundance of the 
nitrile oxide is very low while those of the alkene 
radical cation vary from 45 to 72%. The abundance 
of Ph CO+ ions are observed to be 100% while 
those of the 2-CH8 C 11 H 4 CO+ ions are found to be 
in the range 0-7%. This suggests that prior to 
ring-cleavage, loss of CH3 might occur whi~h ~n 
further cleavage gives rise to the PhCO+ wn m 
high abundance. Support for this kind of methyl 
loss is derived from the observation of (M-CHa)+ 
ions in relative abundance of 38, 48, 74 and 100% 
in the mass spectra of 5-(2-methylphenyl)isoxazo­
lines. The higher abundance of (M-CHs)+ ions 
is visualised as an outcome of c.H. Joss followed 
by H·migration as shown in equation (2). Abun­
dance of [M-(2·CH 8 C 8 H,)]+ions are observed in 
3, 8, 40 and 66%. 

·!EQ 2l 

Bicyc/ic and tricyclic isoxazo/ines (25-32) : The 
bicyclic isoxazolines derived from the nitrile oxide 
cycloaddition with cyclopentene and cyclohexene 
are stable to electron-impact as revealed by their 
high abundant molecular ions (Table 2). Elimina­
tion of a molecule of ethylene or allyl radical are 
favoured in the case of isoxazoline fused to five­
membered ring (equation 3). The alkene radical 
cation, i.e. cyclopentene radical cation is observed 
in 100% abundance in the case of methyl-substi· 
tuted-isoxazoline. Loss of a molecule of NO is 
also favoured in these compounds. In the case 
of isoxazolines derived from cyclohexene, the 
prominent peak is due to cyclohexenyl radical 
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eation presumably formed by retrocycloaddition of 
the molecular ion. 

The tricyclic isoxazolines are also found to be 
stable to electron-impact as can be seen from 
their intense molecular ion peaks. Both the 
nitrile oxide and norbornene radical cation are 
either absent or weak in the mass spectra of 1these 
tricyclic isoxazolines. A significant fragmentation 
path for the tricycJic isoxazolines is the formation 
of isoxazole and cyclopentane radical cation 
through ring cleavage (equation 4). Similar kind 

of ring-cleavage in tricyclic compounds of the 
type 33 bas been proposed by Dimmel and Wolinsky 
(equation 5) 11 • Elimination of a molecule of 
ethylene from the molecular ion may be responsible 
for the occurrence of the (M-28)+ ion which is 
then transformed to the isoxazole cation via the 
elimination of allyl radical. The driving force for 
the ring fission and elimination of ethylene from the 
tricyclic isoxazolines is that the ring strain is 
reduced in going from the tricyclic to the bicyclic 
systems. 

d.· + cb CH I 
o/0 

Thus it is possible to conclude that elimination· 
of C-5 substituent, i.e. <(-cleavage is a predominant 
fragmentation path for 5-monosubstituted-isoxazo• 
Jines. When there is competition between the 
groups as in the cr se of 5,5- disubstituted-isoxa· 
zolines, the bulkier group, unless it is capable of. 
stabilising a positive charge, gets eliminated in 
preference to the smaller group. In the case of 
5-(2-methylphenyl)isoxazoJines, a methyl group 
from the C-5 phenyl group is eliminated followed 
by H-migration which gives rise to isoxazole cation. 
Bicyclic and tricyclic isoxazolines undergo facile: 
ring-fission. 
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Experimental 
All the isoxazolines were prepared by the 

1,3-dipolar cycloaddition of nitrile oxide with the 
corresponding alkenes6• The cis~fusion in the 
case of bicyclic isoxazolines as weJJ as the exo­
fusion in the case of tricyclic isoxazolines have 
been established with the help of 1 H nmr data 
of these compounds. The electron-impact mass 
spectra were recorded at 70 eV ionising source. 
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