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The loss of methyl radicals from diphenylmethyl, 1,2-diphenylethyl and stilbene ions in the 
mass spectrometer has been studied by means of 2H and 13C labelling. Mechanisms by which these 
methyl radicals are eliminated have been proposed. 

A possible m o d e of fragmentation of ions in mass 
spectrometry is as f o l l ows : 

A - B - C + ^ A - C + + B . 

Recently such elimination of the neutral mole-
cules CO, H C N , C 2 H 4 , N 2 H 2 , H N C O f r o m non-
terminal positions in open-chain ions in the mass 
spectrometer has been reported 1 - 4 , but the similar 
loss of methyl radicals has only recently been ob-
served 5 ' 6 . 

The work described here concerns the loss of a 
non-terminal carbon atom as a methyl radical first 
observed during a study of the mass spectra of some 
sulphoxides. It was found that the 1,2-diphenylethyl 
ion produced by fragmentation of 1,2-diphenylethyl 
methyl sulphoxide showed a considerable loss of a 
methyl radical. It was found, too , that the diphenyl-
methyl ion produced f r o m diphenylmethyl b romide 
loses methyl, as does the parent ion f r o m stilbene. 

The three processes may be represented formal ly 
as : 

C6H5 - CH2 - +CH - C6H5 

C6H5 — +CH - C6H5 

CßHG - CH - +CH - C6H5 

c13H10+ +CH3 

C12H8+ + CH3 

CI3H9+ + CH3 

the overall reaction paths being verified by meta-
stable ions. 

In order to elucidate the mechanism for this un-
usual process, experiments have been carried out 
on 2 H- and 13C-labelled 1,2-diphenylethyl chloride 
( I ) (a more convenient source of the 1,2-diphenyl-
ethyl i o n ) , diphenylmethyl bromide ( I I ) , and stil-

bene ( I I I ) . The mass spectra of the unlabelled com-
pounds are shown in Fig. 1. The base peak in the 
chloride ( I ) is f o r m e d by the tropylium ion at m/e 
91 , but the ion of m/e 166 due to loss of a methyl 
radical f r o m the 1,2-dimethylethyl ion itself has an 
intensity 5 % of the base peak. 
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Fig. 1. 

The bromide ( I I ) shows no parent ion and the 
base peak in the spectrum is due to the diphenyl-
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methyl ion. The ion at m / e 152 produced by loss 
of a methyl radical f r o m the base peak has an in-
tensity 10% of the base peak. 

The loss of a methyl radical f r o m stilbene ( I I I ) 
is much more important than f r o m parent ions pro-
duced by ( I ) and ( I I ) . In this case the M - 1 5 ion is 
4 0 % of the intensity of the parent ion (also the base 
peak ) . As this loss of a methyl radical is such an 
important mode of fragmentation, the energy in-
volved in the process is of considerable interest. The 
difference in appearance potentials between the 
stilbene parent ion and the M-15 ion was measured 
in the usual manner and found to be ( 4 . 1 0 + 0 . 0 5 ) 
eV. 

The energy required to expel a methyl radical 
f r o m stilbene must contain an energy term ( E x ) f o r 
the decomposit ion of an ion-radical at the final 
stage, and also an energy term (E 2 ) required to f o r m 
this ion-radical. 

Thus, Ex + E2 = 4 . 1 e V . 
F r o m the ionisation potentials f o r ethylbenzene 

and the benzyl radical ( 9 .12 and 7 . 7 6 eV respec-
tively 7 ' 8 ) , and the C 6 H 5 C H 2 — CH 3 b o n d energy 
(2 .73 e V ) 9 , it is calculated that only 1 .37 eV is re-
quired to release the methyl radical f r o m the ethyl-
benzene ion-radical. 

For the process ( i ) 

C6H5CH2 — CH3 —> C6H5CH2+ + CH3\ Ex = 1.37 eV, 

and f or the process ( i i ) 

C 6 H 5 C H 3 " + ^ C 6 H 5 + + CH3\ Ex = 4 . 8 8 e V 1 0 . 

As energy must be needed to rearrange the stilb-
ene ion, the value of 4 .1 eV is consistent with the 
methyl radical being lost f r o m an alkyl side chain 
as in process ( i ) , rather than f r o m an aromatic 
ring, as in process ( i i ) . The mechanism described 
later utilises this fact. 

The energy required to rearrange the stilbene ion-
radical to the final structure f r o m which the methyl 
radical is lost is given b y : 

E2 = 4 . 1 0 — 1.37 ^ 2 .7 e V . 

The metastable peak f o r the process of losing a 
methyl radical is quite narrow and not flat-topped, 
so it is deduced that the departing methyl radical 

7 R . I. R E E D , Ion Production by Electron Impact, Academic 
Press, New York 1962, p. 28. 
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does not carry away a large amount of kinetic 
energy 1 1 . 

In the mass spectrum of diphenylmethyl bromide , 
the ion f o rmed by elimination of a methyl radical 
occurs at m / e 152. The intensities of the peaks 
about m/e 152 are shown in Table 1, f o r diphenyl-
methyl bromide ( I I ) , l - 2 H-phenyl - l -phenylmethyl 
b r o m i d e ( I V ) , and l -pheny l - l - ( 2 ,4 ,6 - 2 H-pheny l ) 
methyl bromide ( V ) , the intensities having been 
corrected f o r naturally occurring 13C isotopes. 

m/e (II) (IV) (V) 

155 _ 69.5 
154 — 100.0 
153 — 100.0 38.4 
152 100.0 89.0 — 

Table 1. Partial mass spectra of diphenylmethyl bromides 
(II, IV and V). 

It can be seen that substitution with one 2 H atom 
in the ortho posit ion causes the ion of m / e 152 to 
split into two parts at m / e 152 and m / e 153 . The 
ion at m / e 153 is due to the loss of a CH 3 radical 
and that at m/e 152 to loss of a CH 2 2 H radical f r o m 
the diphenylmethyl ion, showing that ortho hydro-
gen atoms of the benzene rings are involved in the 
loss of the methyl group. The ratio ( 0 . 8 9 ) of the 
intensities of the ions of m / e 152 and m/e 153 is in 
excellent agreement with the generally accepted 
figure of 0 . 8 8 f o r the isotope effect involved in a 
transfer of 2 H atoms as compared with 1 H atoms 1 2 . 
If the central CH unit is lost, two hydrogen atoms 
must be provided f r o m the phenyl rings to f o r m a 
methyl group. These hydrogen atoms could either 
c o m e f r o m the two ortho positions of one phenyl 
ring or one ortho position of each ring. Examina-
tion of the relevant peaks in the mass spectrum of 
the 2H-labelled c o m p o u n d ( V ) shows that the radi-
cal lost has the composit ion C H 3 , 3 3 . 4 % ; C H 2 2 H , 
4 8 . 1 ; C H 2 H 2 , 18 .5%. If an ortho posit ion in each 
r ing is involved, only the CH 2 2 H radical should be 
lost, and if two ortho positions in the same ring are 
involved, only CH 3 and CH 2 H 2 radicals can be lost. 
In fact, the observed values mean that both mecha-
nisms operate simultaneously: 
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Table 2 shows the partial mass spectra of stilbene 
( I I I ) and 2,2' -2H-stilbene ( V I ) , corrected f o r na-
turally occurr ing 1 3C isotopes. 

The two aromatic rings in the labelled stilbene 
( V I ) had different isotopic contents. One ring con-
tained 6 2 . 5 % of 2 H in the ortho position and the 
other ring 8 5 . 5 % in the ortho position. The values 
in Table 2 are not corrected f o r unlabelled material. 

m/e (HI) (VI) 

167 86.4 
166 — 100.0 
165 100.0 24.7 

Table 2. 

Consider first the removal of 1 H or 2 H f r o m an 
ortho posit ion in the ring which is 6 2 . 5 % labelled. 
Then, 

loss of 137.5 = 2 .5 : 1 
loss of 2H 62.5 x 0.88 

(the factor 0 . 8 8 is included to allow for the isotope 
e f fect ) , and similarly, in the other ring, 

loss of _ 114.5 
loss of 2H ~ 85.5x0.88 

= 1 .52 : 1 

If the parent ion f r o m the stilbene ( V I ) lost a 
central CH unit and one ortho hydrogen atom f r o m 
each ring, the radical lost would have the composi -
tion 

C H 3 , 2 . 5 x 1 . 5 2 = 3 . 8 , 

CHo 2 H, ( 2 . 5 x 1) + ( 1 . 5 2 x 1 ) = 4 . 0 2 , 

CH 2 H 2 , 1 x 1 = 1 

that is, 

CH 3 , 4 3 . 1 % ; C H 2 2 H , 4 5 . 6 % ; C H 2 H 2 , 1 1 . 3 % . 
It is f ound f r o m the values given in Table 2 that 

the actual composit ion of the radical lost is C H 3 , 
4 0 . 9 % ; C H 2 2 H , 4 7 . 4 % ; C H 2 H 2 , 11 .7%, in excel-

lent agreement with the calculated figures. The mo-
lecule does therefore lose one ortho hydrogen atom 
f r o m each ring along with a central C H unit. The 
slight discrepancy in the figures is probably due to 
some measure of randomisation of the hydrogen 
atoms over the whole molecule. A possible mecha-
nism is s h o w n : 

CH-CH^ C K c h c h J O ~ 
2 2 

^CH-

The elimination of a methyl radical f r o m the 
1,2-diphenylethyl ion produced f r o m 1,2-diphenyl-
ethyl chloride ( I ) gives rise to an ion of m / e 166. 

- C H y 

Q H 5 - C H - CH2 C6H*-* C6Hs- CH-CH2CsH5 — C,3 H10 

CI r H ' "CH/ 

C6H5CH-CHC6H$ C13H9 

+ ' m/e 165 

The partial spectra of 1,2-diphenylethyl chloride 
( I ) , 1- 1 3C-1,2-diphenylethyl chloride ( V I I ) , 1- 2H-
1,2-diphenylethyl chloride ( V I I I ) and l -phenyl-2-
(2- 2 H-phenyl ) -ethyl chloride ( I X ) are shown in 
Table 3 , corrected f o r natural 1 3C isotopes and un-
labelled material. 

m/e (I) (VII) (VIII) (IX) 

167 — 41.9 25.7 24.9 
166 34.2 100.0 100.0 100.0 
165 100.0 43.0 52.4 36.4 

Table 3. 

In the mass spectrum of the 1 3C labelled com-
pound ( V I I ) , the stilbene ion initially formed has 
the structure ( C 6 H 5 C H — 1 3 CHC 6 H 5 ) + ' , and ignoring 
the small isotope effect due to the 1 3C atom, the 
methyl g roup lost f r o m this ion will be half 12C-
methyl and half 1 3C-methyl. Thus the peak of in-
tensity 4 3 . 0 at m / e 1 6 5 due to loss of a methyl 
g r o u p f r o m stilbene means that 4 3 . 0 units of the 
1 0 0 units of intensity at m/e 166 also arise f r o m 
the labelled stilbene. The remaining 5 7 . 0 units of 
intensity at m / e 166 are due to the loss of a 13C-
methyl radical f r o m the diphenylethyl ion-radical, 
wrhile the peak at m / e 167 of intensity 4 1 . 9 units is 



due to the loss of a 12C-methyl radical f r o m the di-
phenylethyl ion. Hence, 

loss of 13C-methyl _ 57.0 
loss of 12C-methyl _ 41.9 

i. e. 5 7 . 7 % of the 13C-label is lost. 
The fact that the label is neither completely re-

tained nor completely lost means that considerable 
hydrogen migration occurs : 

H 
Q-CH-CH-Q O - ^ - H - O 

If complete equil ibrium were attained, this ion 
would be 5 0 % A and 5 0 % B, and 5 0 % of the label 
would be lost as a methyl g roup . If there was no 
hydrogen migration and the ion was 1 0 0 % of f o r m 
A , then loss of the CH 2 unit plus one ring hydrogen 
would involve no loss of label. If the CH unit plus 
two ring hydrogen atoms were lost, none of the label 
would remain. As the actual figure of 5 7 . 7 % lies be-
tween 1 0 0 % and 5 0 % , the C H unit must be ejected 
along with two ring hydrogens, and the amount of 
equilibration of f o rms A and B which has occured 
equals 100~05- x 1 0 0 % = 8 4 . 5 % . 

As expected, studies at l ow electron volts show 
an increase in the amount of equil ibration which 
occurs. 

In the spectrum of the 1 - 2 H c o m p o u n d ( V I I I ) 
the fo l lowing possibilities arise: 

2 +• -*-• 
-13 ' '10 

CsH5C2H=CHCsH5+' + C6H5CH-CHCsH5+' 
l-CW/ I-CHj-
. . 2. .+ _ * + 

C13H9 m/e 167 m/e 166 
CnHa H 
m/e 166 m/e 165 

Comparison with the unlabelled c o m p o u n d ( I ) 
enables a calculation to be made of the proport ion 
of the peak at m/e 166 due to the ion-radical 
C 1 3 H 1 0 . In the spectrum of the unlabelled c o m p o u n d 
( I ) , fragment ions are f ormed at mje 165 and 1 6 6 , 
and f r o m Table 3 it is found that the intensity of 
the ion C 1 3 H 1 0 is 2 5 . 5 % of the sum of the intensities 
of the ions C 1 3 H 1 0 and C 1 3 H 9 . Thus in the mass 
spectrum of the labelled c o m p o u n d ( V I I I ) the sum 
of the intensities of the ions C 1 3 H 1 0 and C 1 3 H 9 2 H 
will be 2 5 . 5 % of the total intensities of the ions at 
m/e 165, 166 and 167, that is 

^ ( 2 5 . 7 + 100 .0 + 5 2 . 4 ) = 4 5 . 4 units. 
1 0 0 V 

The intensity of the ion-radical at m/e 167 , due to 
C 1 3 H 9 2 H is 25 .7 units, so that the intensity of the 
ion-radical C 1 3 H 1 0 at m / e 166 is 4 5 . 4 — 25 .7 = 19 .7 
units. 

Thus, loss of CH., 2H 19.7 X 1 0 0 . 0 % = 4 3 . 4 % 
loss of CH3 + CH22H 45.4 

A s in the 1 3C compound , migration of hydrogen 
occurs : 

CH2—C'H 

c 
^^-CH-CH'H 

and f r o m the loss of 4 3 . 4 % of 2 H the amount of 
equilibration which has occurred can be calculated 
as fo l lows. 

If complete equilibration was attained between 
ions C and D, one third of the 2 H atoms would 
appear on the CH and two thirds on the C H 2 parts 
of the ion. As the 13C-labelled c o m p o u n d shows that 
the CH unit is lost as methyl, 3 3 . 3 % of the 2 H con-
tent should be lost at the same time. If there was no 
hydrogen migration and the ion was exclusively of 
f o r m C, 1 0 0 % of the 2 H content would be lost, thus 
the amount of equilibration which has occurred is. 

100-43.40 
100-33.33 

X 1 0 0 % = 8 4 . 9 % , 

a value in excellent agreement with that ( 8 4 . 5 % ) 
calculated above f o r the 13C-labelled c o m p o u n d , ad-
ding further support for the mechanism. 

Similarly, f r o m the mass spectrum of the labelled 
c o m p o u n d ( I X ) it can be shown that the methyl 
group lost contains 3 9 . 6 % of its 2 H content. The 
previous calculations have shown that two ring 
hydrogen atoms are ejected in the methyl radical, 
giving rise to three possibilities: 

( i ) two ortho hydrogen atoms f r o m both ortho 
positions of ring a ; ( i i ) two ortho hydrogen atoms 
of ring b ; ( i i i ) one ortho hydrogen atom f r o m each 
ring. If complete equilibration between E and F 
was attained, all three cases would result in a loss 
of 4 6 . 7 % of the 2 H content, the isotope effect of 
0 . 8 8 being included. If no hydrogen migration took 
place, and the ion was 1 0 0 % f o r m E, case ( i ) would 
give 1 0 0 % loss, case ( i i ) zero loss and case ( i i i ) 
4 6 . 7 % loss of 2 H. The calculated value of 3 9 . 6 % 
loss means that case ( i i ) is the situation obtaining, 



because loss of 2 H would be zero if no equilibration 
occurred and 4 6 . 7 % if complete equilibrium was at-
tained. The actual value of 3 9 . 6 % gives a degree of 
equilibration o f : ( 3 9 . 6 / 4 6 . 7 ) X 100 = 84 .7%, com-
pared with the values of 8 4 . 5 % and 8 4 . 9 % found 
above. The fact that ( V I I ) , ( V I I I ) and ( I X ) give 
equil ibrium values in such excellent agreement pro-
vides sound support f o r the mechanism of methyl 
radical loss as involving the loss of the CH unit plus 
two ortho hydrogen atoms f r o m one aromatic ring 
possibly as s h o w n : 

C " 2 - C W - Q 

O 
CH, + 

CH.— CH. 

C H c O = 

CH, 

Q - ^ X ) 

Furthermore, there can be no formation of a 
benzyl tropyl ium ion as this would lead to randomi-
sation of the 2 H label over the whole molecule. 

Experimental 

All mass spectra were recorded on an A.E.I. M.S. 9 
mass spectrometer with a source temperature of 200° 
and using a direct inlet system (except for appearance 
potential measurements made in a hot inlet system). 
The labelled compounds were prepared by well-estab-
lished literature methods for the preparation of the 
unlabelled compounds as indicated. 

2 2H-Benzaldehyde. By the thermal decomposition of 
2-2H-phenylmethyl methyl sulphoxide 13. 

2,4,6-2H-Bromobenzene. Prepared by diazotisation of 
2,4,6-2H-aniline u , and reaction with cuprous bromide 
and 50% hydrobromic acid 15. 

2-2H-Phenylmethyl bromide. From N-bromosuccini-
mide and 2-2H-toluene in carbon tetrachloride. 

Diphenylmethyl bromides. Prepared from the cor-
responding alcohol with phosphorus tribromide in py-
ridine. 

l-Phenyl-l-(2-2H-phenyl)methanol. By treatment of 
2-2H-benzaldehyde with phenyl magnesium bromide. 
Similarly, benzaldehyde and 2,4,6-2H-phenyl magne-
sium bromide afforded 1-phenyl-l-(2,4,6-2H-phenyl)-
methanol. 

1,2-Diphenylethyl chlorides. Prepared by the action 
of thionyl chloride on the corresponding alcohol. 

a-uC-benzaldehyde. Prepared from a-13C-benzoic 
acid by the MCFADYEN-STEVENS reaction 16. 

l-13C-l,2-Diphenylethanol. By reacting a-13C-benz-
aldehyde and benzyl magnesium bromide. Similarly, 
2-2H-phenylmethyl magnesium bromide and benzalde-
hyde gave l-phenyl-2-(2-2H-phenyl)ethanol, and 2-2H-
phenylmethyl magnesium bromide and 2-2H-benzalde-
hyde afforded l,2-di-(2-2H-phenyl)ethanol. 

l-2H-l,2-diphenylethanol. By reduction of benzyl 
phenyl ketone with lithium aluminium deuteride in 
ether. 

2,2' 2H-Stilbene. Prepared by the action of ethanolic 
potassium hydroxide on l,2-di-(2-2H-phenyl) ethyl chlo-
ride. 

All labelled compounds were checked against the 
unlabelled compounds by melting point (where appro-
priate), thin-layer chromatography, infra-red spectro-
scopy and mass spectrometry. 
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